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Laboratory rodents are exposed to a number of environ-
mental factors that originate from both inside and outside 
of their cages, including cage mates, odors, light, relative 
humidity, and temperature. Noise in the animal facility is one 
such factor—it can vary from day to day, and at some level is 
unavoidable.26,43,53 Audiogenic stress is a recognized phenom-
enon.52 Experimental noise exposure has been used extensively 
as a psychogenic stressor in rodent models.52 Effects of audio-
genic stress include unfavorable reproductive outcomes,9,20,36,38 
changes in cardiovascular and immune parameters,2,7,54,58 and 
enhanced disease development.1,27 In addition, noise has been 
documented to increase plasma corticosterone levels in labo-
ratory rodents.3,10,24,28,53 The noise produced in many of these 
experiments is usually specifically targeted, very loud, and 
prolonged. Studies examining the effects of less-intense noise 
characteristic of that produced daily in an animal facility are 
considerably scarcer.41,52

Animal facility personnel make great efforts to control 
environmental factors. Food, lighting, temperature, relative 
humidity, and water supplies are often strictly controlled, but 
less consideration is given to the acoustic environment.53 De-
spite this lack of attention, members of the laboratory animal 
science community have been concerned about the potential 
effect of noise in animal facilities for decades.43,47 Anecdotal 
evidence and a small body of empirical research indicate that 
many noises in and around animal facilities are likely to cause 
measurable stress in laboratory rodents.5,16,37,41 For example, 
nearby construction and maintenance have been implicated 

in facilities experiencing poor breeding performance41 and the 
precipitous and confounding drop in appetite and weight in a 
growing rat.16 The noise produced by vacuuming was shown 
to exceed the hearing threshold for young mice of 2 common 
strains, suggesting that this activity could be a source of stress 
to these mice;37 but the behavioral and biologic significance 
of this finding was not explored. Blood vessels supplying the 
intestines of rats chronically exposed to noise similar to that 
produced by poorly maintained machinery were significantly 
more permeable than those of control rats.5 Several authors 
have recognized the paucity of research addressing the effects of 
nonexperimental noise on laboratory animals.46,52,56 Laboratory 
mice are particularly poorly represented given their prevalence 
as research animals, and measures taken to control facility noise 
in their environment might be based on assumptions rather 
than evidence.

Measuring physiologic stress responses in laboratory rodents, 
particularly mice, is challenging. Standard methods of blood col-
lection to quantify serum or plasma glucocorticoids are limited 
in these animals, because the collection methods themselves 
are significant stressors, and the animals’ small size does not 
allow for frequent or long-term sampling.50 Using a sample that 
can be collected noninvasively solves this problem, and assays 
to quantify fecal corticosterone metabolites (FCM) have been 
validated as a measure of stress-related hormone changes in 
laboratory mice.21,49-51

Behavioral testing to evaluate stress and anxiety is well-
established in mice.3,4,13-15,25,30,40,48 Open-field and light–dark 
box tests are 2 unconditioned response tests, which measure 
spontaneous, naturalistic behaviors within the innate repertoire 
of the animal. Specifically, open-field testing analyzes general 
locomotion and exploratory behavior. Light–dark box testing 
measures the conflict between the natural tendencies of mice to 
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ACTH stimulation test. Because our objective included study-
ing mice housed under standard conditions (that is, groups 
of 5 to a cage), sample collection, although noninvasive, did 
require minimal handling of the animals. To confirm that FCM 
measurements reflected changes in the HPA axis under our ex-
perimental protocol, an ACTH stimulation test was performed 
on mice housed and handled in an identical fashion to those in 
noise-exposure experiment 1. Mice in the treatment group (n = 
10) received 60 µg/100 g of synthetic ACTH50 (Cortrosyn, Am-
phastan Pharmaceuticals, Rancho Cucamonga, CA) in 1 mL 0.9% 
saline solution intraperitoneally. Mice in the control group (n = 
10) received 1 mL of 0.9% saline solution intraperitoneally.

Noise exposure. In the 2 noise-exposure experiments, mice in 
the noise groups (n = 10) were exposed to 1 h of noise produced 
by a vacuum cleaner (model 71, type A, Eureka, Bloomington, 
IL), whereas mice in the control groups (n = 10) were not. The 
vacuum-cleaner noise was measured prior to the experiments 
to ensure that it exceeded the hearing threshold of young adult 
C57BL/6 mice. Average sound pressure levels were measured 
at cage level by placing the instrument (Noise Dosimeter model 
Q300, Quest Technologies, Oconomowoc, WI) inside a closed 
microisolation cage that contained the bedding used to house 
the mice. Instrument configuration prevented placement of 
the wire bar lid. As for noise experiments 1 and 2, the vacuum 
cleaner was placed on a stand adjacent to but not touching the 
cage platform and was 15 cm from the cage during sound meas-
urement. Further characterization of the noise produced by the 
vacuum cleaner was performed by using a calibrated electronet 
microphone (ACO, Belmont, CA) placed inside the cage. The 
signal was produced by using analog-to-digital hardware (TDT 
System III, Alachua, FL), and a power spectrum displayed in 
¼-octave bandwidths (Matlab software, MathWorks, Natick, 
MA).

Fecal sample collection. Mice were housed in groups of 5, 
necessitating their separation for individual fecal sample collec-
tion. At each time point, feces were collected by gently placing 
mice into clean collection cages that were lined with clean paper 
towels and divided into sections by custom-made acrylic divid-
ers. One mouse was placed into each section for a maximum of 
10 min before being placed back into the home cage. Homecage 
groups were kept constant during transfer to collection cages, 
and home cages were left untouched during collection so that 
mice were immediately returned to their familiar environment. 
Fecal pellets then were placed into microcentrifuge tubes and 
frozen at −80 °C until extraction. Dividers were cleaned and 
disinfected with 0.4% quaternary ammonium solution (Steris, 
Mentor, OH) and 70% isopropol alcohol and allowed to dry 
completely between uses. To habituate the mice to this minimal 
handling procedure, all animals were placed in collection cages 
once or twice daily at anticipated sample collection times for 4 d 
prior to the experiments. Fecal samples were collected at 0, 2, 8, 
10, and 14 h after treatment with ACTH or saline. Fecal samples 
were collected at 0, 2, 4, 6, 8, 10, 14, 24, and 32 h after initiation 
of vacuum cleaner noise. Collection times that occurred during 
the dark phase were performed by using a low-light headlamp 
to minimize disruption.

Fecal sample extraction. Fecal samples were dried in an 
oven at 60 °C for 4 h, crushed with a mortar and pestle to form 
a powder, and weighed. For the ACTH stimulation test, the 
powder was suspended in 10 volumes of 100% ethanol (0.05 
g feces was suspended in 0.5 mL ethanol). The samples were 
shaken 3 times for 30 s each on a hand vortexer and centrifuged 
for 10 min at 2500 × g, and the supernatant was transferred 
to a clean microcentrifuge tube and stored at −20 °C until as-

explore a novel environment but avoid the aversive properties 
of an open field.8,13,17

The Guide for the Care and Use of Laboratory Animals rec-
ommends the consideration of sounds and their effects on 
laboratory animals.26 However, without more research into 
this issue, reasonable, evidence-based recommendations are 
difficult to formulate with regard to which noises should be 
controlled most rigorously and in which species or strain. The 
objective of this study was to determine whether noise gener-
ated by a vacuum cleaner induces an acute stress response in 
a commonly used strain of laboratory mouse under standard 
housing conditions. An initial adrenocorticotropic hormone 
(ACTH) stimulation test was performed to determine whether 
responses of the hypothalamic–pituitary–adrenal (HPA) axis 
changed. Subsequently, both physiologic (FCM concentrations) 
and behavioral (open-field and light–dark box testing para-
digms) criteria were evaluated for effects of noise exposure.

Materials and Methods
Animals and housing. Female C57BL/6Cr mice arrived at 

6 wk of age, were housed in groups of 5, and were allowed a 
2-wk acclimation period before experiments began. A total of 
60 mice were used; 20 mice were used for the ACTH stimula-
tion test and for each of 2 noise-exposure experiments. Mice 
were housed in the same room on the same rack shelf, within a 
suite and remote from loud air vents and cage washing areas. 
Mice were housed in static, polycarbonate microisolation cag-
ing (18.4 × 29.2 × 12.7 cm; Alternative Design, Siloam Springs, 
AR) as they had been at the breeding facility. The mice were 
housed on recycled paper bedding (Tek-Fresh, Harlan Teklad, 
Indianapolis, IN) that was changed once weekly. Mice were 
fed (Teklad Irradiated Diet 7912, Harlan Teklad) and provided 
with bottled tap water ad libitum. Environmental temperature 
and relative humidity were maintained at 18 to 26 °C and 30% 
to 70%, respectively. A 12:12-h light:dark cycle, with lights on 
at 0700 and off at 1900, was used. Paired sentinel female CD1 
mice housed in a single cage per rack were tested and found 
negative for mouse hepatitis virus, Sendai virus, pneumonia 
virus of mice, Mycoplasma pulmonis, mouse encephalomyelitis 
virus, reovirus 3, mouse parvovirus, rotavirus, lymphocytic 
choriomeningitis virus, ectromelia virus, and parasites. The 
Institutional Animal Care and Use Committee at the University 
of California–Berkeley approved the experimental protocol. 
Mice were euthanized with CO2 inhalation followed by cervical 
dislocation at the end of the experiments.

Experimental protocol. Three experiments were conducted, 
each on a different cohort of mice: 1) an ACTH hormone 
stimulation test assessed concentrations of FCM before and 
after administration of synthetic ACTH; 2) noise-exposure 
experiment 1 assessed FCM levels before and after exposure 
to vacuum cleaner noise; and 3) noise-exposure experiment 2 
assessed stress-sensitive behaviors before and after exposure to 
vacuum cleaner noise. All groups of mice were carried in their 
home cages to a nearby quiet room and allowed to acclimate for 
1 h prior to all experiments. For the ACTH test, all mice were 
carried to the same room. For the noise-exposure experiments, 
mice in the control and noise-exposure groups were placed 
in adjacent rooms, one of which was the room used for the 
ACTH stimulation test. In the noise room, the vacuum cleaner 
was placed on a stand adjacent to but not touching the cage 
platform, to avoid vibration. Experiments were not performed 
on the day after cage changes. A vacuum cleaner was not used 
in the living quarters during the animals’ stay. All experiments 
began between 0800 and 0900.
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for each of the experiments (ACTH test and noise experiment 
1) were analyzed by 2-way ANOVA (treatment or noise expo-
sure × time) by using GraphPad Prism software (GraphPad, 
La Jolla, CA). Data for noise experiment 1 were analyzed by 
2-way ANOVA (cage × time) to evaluate differences by cage 
within the noise exposure and control groups separately. Post 
hoc pairwise comparisons of main effects were performed by 
using Bonferroni-corrected t tests. Behavioral testing data were 
not normally distributed. Therefore, we analyzed the behavioral 
data by using the Kruskal–Wallis equality of populations rank 
test (Stata, StataCorp, College Station, TX). We tested for differ-
ences between groups at each time point and for differences over 
time within the noise and control groups. Statistical significance 
was defined as P < 0.05.

Results
Sound measurement. Ambient noise inside the cage in the 

quiet room had an average sound pressure level of 53 dB. This 
level did not change with the vacuum cleaner on in the adjacent 
room. In the room containing the vacuum cleaner, ambient noise 
inside the cage had an average sound pressure level of 49 dB. 
Turning on the vacuum cleaner resulted in an average sound 
pressure level of 85.6 dB. Real-time powers for frequencies 
around 4000, 8000, and 25,000 Hz were calculated to be 74, 70, 
and 75 dB, respectively. Given the hearing threshold of young 
adult C57BL/6 established in previous studies (55 dB at 8000 
Hz) and the high-frequency hearing of mice in general (best 
around 20,000 Hz),23,37 we concluded that the noise produced 
by the vacuum cleaner was audible to the mice.

ACTH stimulation test. The FCM concentrations of ACTH-
treated and saline control mice are presented in Figure 1. At 8 
h after injection, FCM were 3 times higher (t = 14.81, P < 0.001) 
in the treatment group compared with the control group. 
The 8-h peak reflects expected HPA axis activity in response 
to pharmaceutical stimulation after metabolism of plasma 
corticosterone and gut-transit of metabolites in female mice.51 
Significant sources of variation included time (F = 62.34, df = 4, 
P < 0.0001), treatment (F = 6.35, df = 1, P < 0.0001), and the treat-
ment × time interaction (F = 55.38, df = 4, P < 0.0001), indicating 
that FCM concentrations changed differently over the course of 
our experiment between groups. Results confirmed that FCM 
measurements reflected significant changes in the HPA axis 
activity under our experimental protocol.

Noise exposure experiment 1. The FCM concentrations of 
noise-exposed and control mice are presented in Figure 2. Mean 
FCM concentrations changed over time for both groups (F = 
9.37, df = 8, P < 0.0001), with a significant noise exposure × time 
interaction (F = 2.60, df = 8, P < 0.0114). Peak FCM concentrations 
occurred at the 8-h time point for noise-exposed mice and at the 
10-h time point for the control group. At the 10-h time point, 
mean concentrations of FCM were significantly (P < 0.01) lower 
in noise-exposed compared with control mice. Significant dif-
ferences were not detected for FCM levels or patterns between 
cages within groups (P > 0.5).

Noise exposure experiment 2. Noise-exposed and control 
groups did not differ significantly in the open-field or light–dark 
box testing before, at, or 24 h after noise exposure (Figures 3 and 
4; Kruskal–Wallis P values ranged from 0.14 to 0.94). Latency to 
emerge in the light–dark box tended to be shorter at the time 
of noise exposure for the control group (Kruskal–Wallis x2 = 
4.658, df = 2, P = 0.0974), but no such tendency was defined 
in the noise-exposed group (Figure 3 A). Time had a signifi-
cant effect on open-field behavior among controls (Figure 4), 
with mice spending less time in the inner zone in later trials 

sayed. For the noise-exposure experiment, the powder was 
suspended in 20 volumes of 80% methanol (0.05 g feces in 1.0 
mL methanol). The samples were shaken 3 times for 30 s each 
on a hand vortexer and centrifuged for 10 min at 2500 × g, and 
the supernatant was transferred to a clean microcentrifuge 
tube and dried under nitrogen before being stored at −80 °C 
until shipment for assay. Both ethanol and methanol have been 
used to extract steroids from the feces of many species34,35 and 
appear comparable in their extraction capabilities.29,55 We used 
80% methanol for samples from the noise experiment study be-
cause it was the solvent for extraction in previous studies using 
the 5α-pregnane-3β,11β,21-triol-20-one enzyme immunoassay 
(EIA) in mice.50,51

Fecal corticosterone metabolite assays. For the ACTH stimu-
lation test, immunoreactive metabolites were measured in 
duplicate by using a commercially available corticosterone EIA 
kit (Cayman Chemical, Ann Arbor, MI). Duplicates exhibit-
ing coefficients of variation greater than 20% were reassayed. 
Extracted samples were diluted with EIA buffer to bring the 
metabolite concentration within the range most reliably meas-
ured by the assay, and parallelism was demonstrated between 
dilutions of pooled fecal extracts and the standard curve. For the 
noise-exposure experiment, dried fecal extracts were shipped 
to the Institute of Biochemistry at the University of Veteri-
nary Medicine (Vienna, Austria) for analysis, and FCM were 
determined by using an extensively validated50,51 5α-pregnane-
3β,11β,21-triol-20-one EIA. This group-specific EIA was chosen 
for the noise experiment because it is better suited for assessing 
FCM levels in mice than are commercially available kits.49,50

Behavior testing. Animals were filmed in 2 consecutive 
5-min tests designed to assess anxiety levels, which was re-
flected in more time spent along the walls of the open field 
apparatus17,25,30,44,48 and in the dark chamber of the light-dark 
box apparatus18,25,30 as well as longer latency to leave the dark 
box.22,33 These tests were administered 3 times: 2 d before noise 
exposure (basal), within 2 h after noise exposure (at exposure), 
and 24 h after noise exposure (recovery). To acclimate the mice to 
handling before running the behavior tests, mice were handled 
gently daily for 2 d prior to the basal behavioral trials and on 
the day between the basal and at-exposure testing.

The open-field testing apparatus consisted of a square acrylic 
arena (58.4 × 58.4 × 45.7 cm).44 Mice were placed individually 
at the same corner of a marked inner zone to begin. The total 
amount of time spent in the aversive inner zone (10.2 cm from 
any wall) was recorded.44 The light–dark box testing apparatus18 
consisted of 2 attached, equal-sized acrylic chambers (38.1 × 38.1 
× 20.3 cm), one of which was clear and the other of which was 
black and opaque. An opening (10.2 × 10.2 cm) allowed mice 
to move freely from one chamber to the other. Immediately 
after the open-field test, mice were placed individually at the 
light–dark box opening heading into the dark chamber. Latency 
to exit the dark chamber and total time spent in the exposed 
chamber were recorded.18,22,33 To control for diurnal activity 
variability, all testing was performed between the hours of 0800 
and 1000. Testing was achieved under fluorescent light, and 
experimenters left the room during testing. Testing apparatuses 
were cleaned with 0.4% quaternary ammonium solution (Steris, 
Mentor, OH) and dried completely between mice. All behavior 
tests were scored under blinded conditions, where video tapes 
were labeled by using a numbering system to disguise the group 
identification from the scorer.

Statistical analysis. We tested all data for normality by using 
the Shapiro–Wilk test. FCM data were normally distributed 
and met requirements for parametric testing. Therefore, data 
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In noise-exposure experiment 1, FCM concentrations in the 
mice exposed to vacuum-cleaner noise differed significantly 
from those in control mice at one time point. Contrary to ex-
pectations, concentrations of FCM of noise-exposed mice were 
significantly lower than those of control mice 10 h after exposure 
to vacuum cleaner noise. Although noise exposure can improve 
some functions, such as maze navigation in rats45 and protection 
from age-related hearing loss in mice,56 it seems unlikely that 
the acute exposure to moderate noise reported in this study 
would reduce HPA activation. In addition, FCM concentrations 
at the 8-h point, when levels would likely reflect serum hormone 
levels at the time of noise exposure, did not differ between the 
noise-exposed and control groups.

(Kruskal–Wallis x2 = 7.47, df = 2, P = 0.024); noise-exposed mice 
showed a trend in the same direction (Kruskal–Wallis x2 = 5.59, 
df = 2, P = 0.061)

Discussion
In this study, we hypothesized that acute exposure to mod-

erately loud noise (85.6 dB) produced by a vacuum cleaner 
would induce measurable responses in the exposed mice. How-
ever, results indicated that FCM concentrations were lower in 
noise-exposed versus control mice at one time point, whereas 
behavioral testing scores did not differ between noise-exposed 
and mice.

Concentrations of FCM reflect plasma corticosterone levels 
after a time delay that incorporates metabolism of the plasma 
hormone and intestinal transit of the hormone metabolite before 
it is excreted in the feces. A prominent peak in FCM concentra-
tions occurred in the noise-exposed mice 8 h after administration 
of ACTH. These results are consistent with previous studies 
in female C57BL/6 mice50 and substantiate our experimental 
model. Mice were studied under standard housing conditions. 
Potential confounding variables included housing mice in 
groups of 5, minimal handling for individual fecal sample collec-
tion, and moving mice to a quiet room prior to noise exposure. 
Experimental and control groups were handled identically. 
Documenting that predictable changes in the HPA axis could 
be measured was important to show that a noise-induced HPA 
response could be detected under these conditions.

Figure 1. Mean fecal corticosterone metabolite concentrations in mice 
during the ACTH stimulation test and in control mice injected with 
saline. Significant (P < 0.001) differences between groups are marked 
with asterisks. Error bars represent standard error. Significant sources 
of variation include time (P < 0.0001), treatment (P < 0.0001), and treat-
ment × time (P < 0.0001).

Figure 2. Mean fecal corticosterone metabolite concentrations in mice 
exposed to vacuum-cleaner noise and in control mice. Significant (P < 
0.01) differences between groups are marked with asterisks. Error bars 
represent standard error. Significant sources of variation include time 
(P < 0.0001) and noise exposure × time (P = 0.0114).

Figure 3. Light–dark box test scores in mice before, immediately af-
ter, and 24 h after exposure to vacuum-cleaner noise. Comparisons 
between noise-exposed and control mice included: (A) latency to exit 
dark box in light–dark box apparatus, and (B) time spent in exposed 
side of light–dark box apparatus. Error bars represent standard error.

Figure 4. Open-field test scores in mice before, immediately after, and 
24 h after vacuum noise exposure. The control group spent signifi-
cantly (*, P = 0.024) less time in the inner zone of the apparatus during 
subsequent trials. Error bars represent standard error.
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circulating corticosterone levels in response to an ACTH stimu-
lation test, which produced predictable, significant changes in 
the HPA axis. Second, the 5α-pregnane-3β,11β,21-triol-20-one 
EIA used to measure FCM concentrations for the noise experi-
ment has been extensively validated and successfully applied 
in laboratory mice,19,48,50,51 including female C57BL/6 mice. In 
addition, this EIA has proven its sensitivity in detecting changes 
in adrenocortical activity to address welfare-based questions.6,39 
Finally, behavioral testing with a separate cohort supported the 
physiologic evaluation.

These results contribute to the greater body of knowledge 
regarding the effects of facility noise on laboratory mice. The 
development of an achievable noise-control plan requires em-
pirical evidence demonstrating not only which facility noises 
cause stress in strains of laboratory mice but also which ones 
might not. C57BL/6 mice were chosen as study subjects not 
only because they are the most commonly used strain at the 
study facility but also because they are the strain studied in 
the validation of the group-specific EIA used to measure FCM 
concentrations.50 In addition, the hearing threshold of C57BL/6 
mice has been well-characterized,37 making it possible to predict 
whether certain facility noise is likely to be audible to the mice 
exposed to it.

Female mice were used in this project because the effect of 
stress on breeding success is an important concern in many 
facilities. Circulating corticosterone levels might vary signifi-
cantly throughout the estrous cycle,50 but estrous cycles were 
not specifically determined in the mice for this study. However, 
we have several reasons to believe that our data are robust. First, 
due to the nature of the testing, individual mice are likely to 
represented a random distribution of estrus stages.40,50 Next, 
group-housing tends to suppress the estrous cycle in mice,11 
reducing the likelihood that differences in sex hormones are 
significantly affecting outcome variables. Finally, in one report, 
stage of estrus had no significant effect on behavioral tests (in-
cluding open-field, rotarod, acoustic startle, and tail-flick tests) 
in female C57BL/6 mice.32

These results apply to young adult, female C57BL/6 mice. 
Comparisons across sexes and across strains might reveal 
different responses to this particular source of facility noise, 
particularly among more stress-susceptible strains such as 
BALB/c and CBA.15 In addition, many other common facility 
noises could be examined for their effects on mice, including 
those at higher frequencies, which have the potential to interfere 
with mouse vocalization.47 Vibrations associated with noise 
might be a significant stressor. In this study, care was taken to 
avoid any contact between the source of the noise and the table 
on which the cages sat. This step was a purposeful attempt to 
avoid vibration as a variable, but future studies are planned 
comparing the response of young adult female C57BL/6 mice 
exposed to the same noise with its concurrent vibrations. Fi-
nally, results indicating a possible effect of facility noise on the 
diurnal rhythm of corticosterone in mice warrant further study, 
particularly given that certain facility noises occur once or even 
multiple times daily.

In summary, the current study contributes to the body of 
literature addressing the effects of common research animal 
facility noise on laboratory mice. Results indicated that expo-
sure to the moderate noise of a vacuum cleaner did not cause 
increased concentrations of fecal corticosterone metabolites or 
anxiety-related behavior in young adult female C57BL/6 mice 
compared with control mice. This and further research could 
contribute to the development of best practices in noise-control 
protocols for animal facilities.

Further examination of the data revealed that another expla-
nation for this unexpected result is possible. Over the testing 
period, both groups exhibited a significant change in FCM 
concentrations, with the levels increasing and then decreasing 
over time, but their peaks differed. The control group exhibited 
peak concentrations of FCM at the 10-h time point, similar to 
the control group in the ACTH stimulation test (Figures 1 and 
2). FCM concentrations in mice have been shown to reflect the 
diurnal variation of glucocorticoids in both male and female 
C57BL/6 mice,50 and the change in FCM concentrations exhib-
ited by both control groups could reflect the influence of diurnal 
rhythms on corticosterone levels in these mice. In contrast, after 
peaking at the 8-h time point, FCM concentrations in the noise-
exposed group fell below those of the control group at the 10-h 
time point. One interpretation of this difference is that noise 
exposure affected diurnal rhythms. The timing of noise exposure 
has been found to effect cyclic changes in serum corticosterone 
levels. In rats, serum corticosterone levels were found to pulse 
hourly; loud noise exposure during the rise of this peak caused 
an even greater increase whereas noise exposure during the fall 
of this peak did not change basal levels.57 Serum corticosterone 
levels in BALB/c mice increased immediately after exposure to 
loud noise (120 dB); this effect was even more pronounced at 
the start of the dark phase when diurnal corticosterone levels 
were peaking.28 Rather than exaggerating diurnal variation, 
attenuation or a shift of the diurnal peak might be a response 
to moderate noise in the C57BL/6 strain of this study.

To confirm and compare the physiologic measurement of 
stress responses reflected by FCM concentrations, behavioral 
measurements of stress were evaluated in noise-exposure 
experiment 2. As discussed previously, FCM measurements 
reflect serum corticosterone levels after a lag time that allows 
for metabolism and gut transit. Because an effect on behavioral 
testing would be expected to correspond with an effect on serum 
corticosterone levels, testing was performed immediately after 
noise exposure. Basal (prior to any noise exposure) and recovery 
(24 h after noise exposure) testing were performed at the same 
time of day to serve as a comparison.4,14 We chose to evaluate 
the mice by using 2 ethologically relevant testing paradigms: 
an open-field task and a light–dark box task. We administered 
these tests in sequence at the 3 time points described earlier. 
Although repeated testing on a given behavioral task might lead 
to acclimation or habituation, results of the open-field testing 
did not support habituation.12 Female C57BL/6 mice do not 
demonstrate this phenomenon when tested repeatedly on the 
open-field task or the light–dark box task.42 In C57BL/6 mice, 
the order of testing for these 2 particular tasks does not appear 
to result in differences in performance.31 Test results did not 
differ significantly between noise-exposed and control groups. 
Control mice spent significantly less time in the inner zone of the 
open-field test in later trials while noise-exposed mice exhibited 
a trend in the same direction. In comparison, control mice tended 
to emerge from the dark box sooner at the at-exposure time 
point than at other time points, but noise-exposed mice did not. 
Although these tendencies might reflect qualitative differences 
between the 2 groups, overall, in our study, acute exposure to 
moderate noise produced by a vacuum cleaner did not appear 
to increase anxiety-related behavior in exposed mice.

We predicted that exposure to noise produced by a vacuum 
cleaner would cause acute stress responses in the mice of our 
study. The results did not support our hypothesis but did 
suggest a possible attenuation or shifting effect on the diurnal 
rhythm of FCM concentrations of noise-exposed mice. Although 
the results were surprising, their reliability was supported in 
several ways. First, FCM were shown to be an indicator of 
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