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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(2) 147-151, 1987.--Rats were acutely (45 rain) exposed to white noise at 
intensity of either 70 or 100 dB. Sodium-dependent high-affinity choline uptake was determined in the striatum, frontal 
cortex, hypothalamus, and hippocampus immediately after exposure. The effects of noise on choline uptake varied 
according to the intensity of the noise and the brain area studied. Exposure to noise of 70 dB significantly increased the 
choline uptake in the frontal cortex, hypothalamus, and hippocampus as compared to the uptake of sham-exposed rats, 
whereas decreased choline uptake in the frontal cortex and hippocampus was observed after acute exposure to noise of 100 
dB. No significant effect on choline uptake in the striatum was seen after exposure to noise of either intensity. In addition, 
pretreatment of the rats with the narcotic antagonist naltrexone (1 mg/kg, IP) before noise exposure blocked the effects of 
noise on choline uptake in the central nervous system. Changes in cholinergic activity in the central nervous system could 
be a response to the stress effect of noise and may be mediated by endogenous opioids. 
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NOISE in the public and occupational environments has 
raised concern as a health hazard [2, 23, 24]. This problem is 
especially pertinent in occupational settings where short- 
term exposure to loud noise is unavoidable. On the other 
hand, it is possible that long-term exposure to environmental 
noise at moderate or low intensities is also detrimental to 
health. In addition to direct damage to the peripheral audi- 
tory system, noise could cause undesirable extra-auditory 
effects. For example, a popularly accepted notion is that 
noise is a "stressor,"  exposure to which can lead to detri- 
mental health effects [28]. 

The effect of noise exposure on health is still not well 
studied. Epidemiological studies reported both positive 
[14,18] and no [5,9] cause-effect relationship between en- 
vironmental noise and health. However, several experi- 
mental studies on humans [4,6] and animals [3, 13, 19] have 
shown that noise exposure affected endocrine functions, 
especially those of the hypothalamo-pituitary-adrenal axis. 
The effects are similar to those of stress. 

No study has so far investigated the effect of noise expo- 
sure on neurochemical changes in the brain. Noise, in addi- 
tion to its auditory sensory effect, can also elicit arousal 
responses. Thus, it is likely that noise can cause changes in 
neurochemistry in areas of the brain other than the auditory 
system. This paper reports the results of a series of studies to 
investigate the effects of acute white noise exposure on 
cholinergic activity in the central nervous system of the rat. 
Sodium-dependent high-affinity choline uptake was used as 

an index of cholinergic activity [29]. Four brain areas that 
contain the highest amount of cholinergic innervations, 
namely, the striatum, frontal cortex, hypothalamus, and hip- 
pocampus, were studied. The cholinergic system was 
studied since noise has been proposed to be a "stressor",  
and exposure to "stressor" is known to alter central 
cholinergic functions [8, 10, 11, 21]. The study examined the 
effects of acute exposure to two levels of white noise, a 
moderate noise intensity of 70 dB and an intense auditory 
stimulus of 100 dB. In addition, the possibility of endogenous 
opioid involvement in the effect of noise on central choline 
uptake was also studied, since endogenous opioids may be 
involved in the response of an animal to "stressor" [1]. The 
ability of a low dose of the narcotic antagonist naltrexone (1 
mg/kg, IP) to block the effect of noise was used as the crite- 
rion of involvement of endogenous opioids. 

METHOD 

Animals 

Male Sprague-Dawley rats (250-300 g) purchased from 
Tyler Laboratories, Bellevue, WA were used in the experi- 
ments. They were housed 4 to a cage in a temperature- 
controlled (22°C) vivarium that was maintained on a 12-hr 
light-dark cycle (lights on between 8:00 and 20:00 hr). They 
were provided with food and water ad lib. At least 24 hr 
before an experiment, rats were transported to the labora- 
tory where they would be exposed to noise. 

147 



148 LAI  

Method of  Noise Exposure 

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 drilled 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 built longitudinally in the cylinder (3 cm 
from the lower side), through which waste could 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 supply). The frequency 
range of the noise generated was up to 40 kHz. Noise inten- 
sity was measured with a sound-meter (B & K, Inc.) and 
found to be uniform inside the cage. The background noise 
intensity inside the cage was 60 dB which came mostly from 
the ventilation system in the room. 

In each experiment,  rats were exposed to the white noise 
at either 70 or 100 dB for 45 min. Control animals were 
sham-exposed, i.e., they were placed in the exposure cage 
and exposed to the ambient noise for 45 min. All exposures 
were done between 8:30 and 9:30 hr. In each experiment,  the 
experimenter would put an animal in the cage, turn on the 
noise, and leave the room. At the end of  the exposure period, 
he would remove and sacrifice the rat on a nearby work- 
bench. 

Method of  Sodium-Dependent High-Affinity 
Choline Uptake Assay 

A different experimenter,  who was blind to the noise ex- 
posure condition of  the rat, did the choline uptake assay 
from the brain tissues. Immediately after noise exposure,  
rats were sacrificed by decapitation and their brains were 
removed and dissected on ice into striatum, hypothalamus, 
and hippocampus according to the method of Glowinski and 
lversen [12]. The frontal cortex, consisting of the cerebral 
cortex anterior to a coronal cut at the optic chiasma with the 
olfactory tubercles, septum, and frontal portion of the 
striatum removed,  was also dissected out. 

Sodium-dependent high-affinity choline uptake in the 
brain tissue was assayed by the method described by Zucker 
et al. [36] as follows. Brain tissue was homogenized in 2 ml 
of  0.32 M sucrose solution with a glass homogenizer. The 
homogenate was centrifuged at 1,000xg for 10 min. The 
supernatant was then recentrifuged at 17,000xg for 15 rain, 
and the pellet was reconstituted in 2 ml of 0.27 M sucrose. Of 
this synaptosome preparation, 0.1 ml was added to each of a 
set of tubes containing 0.9 ml of a buffer (containing 4% 
dextrose, 126 mM NaC1, 1.28 mM Na2HPO4, 4.74 mM KCI, 
1.27 mM CaCI2, and 1.42 mM MgCI2; pH 7.2), 0.3 /zM 
choline chloride, and 0.4 ~Ci of  3H-choline (80 Ci/mmol, 
New England Nuclear, Boston, MA). Nonsodium-depend- 
ent choline uptake was determined by addition of 0.3 t~M of 
hemicholinium-3 (Sigma Chemicals, St. Louis, MO) to an- 
other similar set of  tubes. Each brain sample was assayed in 
triplicate. 

The samples were transferred from an ice-water bath to a 
water bath at 38°C for incubation for 4 rain. Uptake was 
terminated by return of  the samples to the ice-water bath. 
Synaptosomes were collected by centrifugation at 8,000xg 
for 20 min. The supernatant was discarded, and the pellet 
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FIG. 1. Effects of acute exposure to 70-dB (n= 12) or 100-dB (n=8) 
white noise on choline uptake in the striatum, frontal cortex, hypo- 
thalamus, and hippocampus. **Significantly different from uptake of 
sham-exposed controls (n=15) at p<0.01, as compared by the 
Newman-Keuls test. 

was washed with 1 ml of ice-cold 0.9% saline. The saline was 
removed, and the pellet was dissolved overnight with 0.7 ml 
of Protosol (New England Nuclear, Boston, MA). Protosol 
was then neutralized with 30/zl of glacial acetic acid, and 8 
ml of Econofluor (New England Nuclear, Boston, MA) was 
added. Radioactivity was determined by liquid scintillation 
at 36% counting efficiency. High-affinity choline uptake was 
determined as the difference in uptakes in the absence and 
presence of hemicholinium-3, and was found to be approx- 
imately 40-50% of  the total uptake. Protein concentration of 
the synaptosomal preparation was determined by the method 
of  Lowry et al. [22] with bovine serum albumin as standards. 

Drug Treatments 

In some experiments,  rats were injected with naltrexone 
hydrochloride (1 mg base/kg, IP; Du Pont Pharmaceuticals,  
Wilmington, DE) immediately before exposure. The drug 
was dissolved in pyrogen-free, sterile physiological saline 
and injected at a volume of 1 ml/kg. Some rats were injected 
with 1 ml/kg of  the physiological saline intraperitoneally. 

Data Analysis 

Sodium-dependent high-affinity choline uptake is ex- 
pressed as pmole/mg protein/4 min. Data were analysed by 
the one-way analysis of  variance, and difference between 
two treatment groups was compared by the Newman-Keuls 
test. A difference with at least a p<0.05 was considered 
statistically significant. 

RESULTS 

Effects of  acute exposure to 70- and 100-dB white noise 
on choline uptake in different areas of  the rat brain are 
shown in Fig. 1. One-way ANOVA showed significant 
treatment effects in the frontal cortex, F(2,32)=22.89, 
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FIG. 2. Effects of pretreatment with naltrexone on choline uptake in different brain areas of rats 
exposed to 70- or 100-dB white noise tdotted bars=saline-treated; shaded bars=naltrexone- 
treated)• *, **Significantly different from saline-treated, sham-exposed controls at p<0.05 and 
0.01, respectively, as compared by the Newman-Keuls test. Each bar represents data from 8 rats. 

p<0.005,  hypothalamus, F(2,32)=11.34, p<0.005, and hip- 
pocampus, F(2,32)=17.37, p<0.005. No significant treat- 
ment effect was observed in the striatum, F(2,32)=1.16, 
nonsignificant. After exposure to the 70-dB noise, choline 
uptake in the frontal cortex, hypothalamus, and hippocam- 
pus was enhanced, whereas no significant effect was found 
in the striatum. Exposure to the 100-dB noise decreased 
choline uptake in the frontal cortex and the hippocampus and 
no significant effect was observed in the striatum and hypo- 
thalamus. 

Effects of pretreatment with naltrexone on the effect of 
white noise on choline uptake in the different areas of the rat 
brain are shown in Fig. 2. Effects of noise on central choline 
uptake were similar in the saline-injected animals and the 
animals that received no injection (cf., Fig. 1). One-way 
ANOVA showed significant treatment effects in the 
striatum, F(5,42)=7.75, p<0.005,  frontal cortex, F(5,42)= 
9.28, p<0.005,  hypothalamus, F(5,42)=4.91, p<0.005,  and 
hippocampus, F(5,42)= 15.13, p<0.005. Data in Fig. 2 show 
that in the striatum, no significant effect was seen after expo- 
sure to 70- or 100-dB noise (i.e., no significant difference 
compared to the uptake of saline-treated, sham-exposed 
animals). However,  naltrexone treatment significantly re- 
duced the choline uptake in the striatum irrespective of the 
exposure condition (sham or noise exposure). 

Figure 2 also shows that naltrexone blocked the effect of 
70- and 100-dB white noise on choline uptake in the frontal 
cortex. No significant difference in uptake was observed in 
the 70- or 100-dB noise-exposed naltrexone-treated rats 
compared to sham-exposed naltrexone-treated rats. How- 
ever, naltrexone treatment did not significantly affect the 
frontal cortical choline uptake activity in the sham-exposed 
rats. Similar results were observed in the hippocampus; nal- 
trexone pretreatment blocked the effects of noise of both 
intensities on choline uptake. 

Pretreatment with naltrexone blocked the enhancement 
effect of  70-dB noise on choline uptake in the hypothalamus. 
Again, naltrexone treatment did not significantly affect 

choline uptake in the hypothalamus of  the sham-exposed 
rats. 

DISCUSSION 

Data presented in this paper show that cholinergic activ- 
ity in various regions of  the brain of the rat is affected by 
acute exposure to white noise. The effects are dependent on 
the intensity of  the noise and are blocked by pretreatment 
with narcotic antagonist. Furthermore,  different areas of the 
brain respond differently. 

Cholinergic innervations to the brain areas studied come 
from different sources: innervations to the hippocampus 
originate mainly from the medial septum/diagonal band of 
Broca, frontal cortical innervations originate from the nu- 
cleus basalis magnocellularis, cholinergic activity in the 
striatum are mainly from interneurons, whereas the hypo- 
thalamus contains intrinsic and extrinsic cholinergic inner- 
rat ions [7]. Activities of these cholinergic pathways are con- 
trolled by different neural mechanisms [26]. Thus, it is 
possible that they respond differently to acute noise stimula- 
tion. 

The neural mechanisms by which noise affects central 
cholinergic activity are not known. Since central auditory 
system does not directly innervate the frontal cortex, hip- 
pocampus, and hypothalamus, the effects of noise on 
cholinergic activity in these brain areas would be indirect. 
Perhaps the arousal effect of noise affects the reticular for- 
mation which in turn modulates the cholinergic systems. 
Acute exposure to noise has been reported to lead to behav- 
ioral changes suggestive of general arousal. Acute noise ex- 
posure has been shown to increase open-field behavior [17]. 
Interestingly, this effect was also shown to be blocked by 
naltrexone treatment. Another behavioral effect indicative of 
arousal is that acute exposure to noise of various intensities 
has been shown to induce eating behavior in rats [20]. An 
interaction effect between noise exposure and tail-pinch on 
eating behavior has also been reported [33]. 
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The cholinergic systems in the brain have been shown to 
be affected by restraint stress [8, 10, 11, 21]. Similar to the 
effect of noise, the effect of restraint on central cholinergic 
activity is also biphasic. Increase in choline uptake was seen 
in the hippocampus after short duration of restraint, and de- 
creases in uptake in the hippocampus and frontal cortex 
were observed after a longer period of restraint. Biphasic 
behavioral responses to other "stressors" have also been 
reported. A series of experiments [15, 16, 27] has pointed out 
the different effects on behavior produced by acute and 
chronic exposure to "stressor."  Acute exposure produces a 
behavioral activating effect whereas chronic exposure leads 
to a state of depression. However, it must be pointed out that 
in the above cases, biphasic response was observed after 
different durations of exposure to "stressor,"  whereas in the 
present study, biphasic response was a function of the in- 
tensity of noise. The neuromechanism of the biphasic re- 
sponse is not known. Endogenous opioids seem to play a 
role, since both components can be blocked by narcotic 
antagonist. 

Another interesting finding of the present experiments is 
that the effect of noise can be blocked by pretreating the 
animals with a low dose of the narcotic antagonist nal- 
trexone. However, naltrexone treatment has no significant 
effect on choline uptake in the frontal cortex, hippocampus, 
and hypothalamus in the sham-exposed animals. This finding 
would suggest that noise exposure activates endogenous 
opioids in the brain, which in turn cause the changes in 
cholinergic activity. In the striatum, where noise exposure 
has no significant effect, naltrexone treatment decreased 
cholinergic activity irrespective of the exposure condition. 
The cholinergic innervations in the striatum are probably 
under tonic control by endogenous opioids. Effects of 
opiates on striatal cholinergic functions have been reported. 
Morphine administration has been shown to enhance high- 
affinity choline uptake in the striatum of the mouse [32]. 
However, another study shows that the potent /z-agonist 
etorphine could suppress the turnover rate of acetylcholine 
in the striatum of the rat [34]. It is well known that choliner- 

gic activity in the hippocampus is modulated by endogenous 
opioids. Administration of morphine or endogenous opioids 
to rats has been shown to change cholinergic activity in the 
hippocampus. However, both enhancement and depression 
in cholinergic activity have been reported, and are probably 
dependent on the dose of opiate administered [25,31]. Effect 
of endogenous opioids on hypothalamic cholinergic activity 
is less well studied. It is conceivable that opioids can modify 
cholinergic activity in the hypothalamus, since both trans- 
mitters are present in high concentrations in that brain area. 
The finding that the effects of noise on frontal cortical 
choline uptake were blocked by naltrexone suggests that en- 
dogenous opioids are involved in the control of frontal corti- 
cal cholinergic activity. Morphine has been shown to cause a 
naltrexone-reversible decrease in turnover rate of acetyl- 
choline in the cerebral cortex [35]. However, another study 
[34] reported that various narcotic agonists had no significant 
effect on acetylcholine turnover rate in the frontal cortex of 
the rat. Furthermore, we [21] found that the effect of re- 
straint stress on frontal cortical choline uptake was not sig- 
nificantly affected by treatment with narcotic antagonist. In 
this respect, the effects of noise and restraint are different. 

Central cholinergic functions are involved in a wide vari- 
ety of behavioral and physiological functions, such as learn- 
ing, arousal, and motivational and consummatory behaviors 
[30]. The effect of noise on central cholinergic activity could 
result in detrimental behavioral effects, On the other hand, 
changes in cholinergic activity could be a direct consequence 
of the arousal effect of noise. The latter could be a coping 
mechanism to the stress. 

The present study is only a preliminary experiment in- 
vestigating the effect of acute noise exposure on brain func- 
tions. More questions can certainly be asked, e.g., what are 
the effects of varying the frequency of the noise, the effects 
of chronic exposure, the duration and reversibility of the 
effects after acute or chronic noise exposure, and the behav- 
ioral consequences of the effects? Further research on these 
aspects is certainly required. 
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