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Decreased Blastocyst Production in Mice Exposed
to Increased Rack Noise

Bernadette M Zamora,*" Meisheng Jiang,? Ying Wang,? Minghua Chai,? P Timothy Lawson, and Gregory W Lawson!

This study was conducted to investigate the possible effect of rack type on the blastocyst yield of mouse embryo donors.
The first phase of the study consisted of housing some mice (group A) in a ventilated rack and others (group B) in a static rack
in the same room for 3 d, followed by euthanasia for blastocyst collection and corticosterone assay. Parametric tests were used
to compare groups. The number of blastocysts per donor was lower in group A (5.0 £ 1.4 blastocysts) than group B (13.1 £ 3.7
blastocysts). Mean noise was higher in the ventilated rack (80.4 dBC) than in the static rack (69.2 dBC). Serum corticosterone
concentrations did not differ between groups. For the second phase of the study, a third group of mice (group C) was housed
in a static rack without a ventilated rack in the same room. The noise level for group C was even lower (45.18 £2.91 dBC), and
the blastocyst count per donor (16.4 £ 2.4) was higher than that of group B. The mean noise levels of empty ventilated and
static racks differed significantly between groups for 10 different sound frequencies. Plotting mean blastocyst production
against mean rack noise revealed a negative linear relationship with good strength of correlation. These results support the
earlier observation that decreased blastocyst count occurs following housing of bred C57BL/6 donor mice in ventilated cages.

Success in the creation of transgenic mice depends to a large
extent on the provision of an ideal breeding environment, which
includes adequate ventilation, appropriate lighting, and pro-
tection from noise. Ventilated racks may offer the advantages
of keeping the air quality of the microenvironment at optimal
levels and solving space issues. However, questions began to
arise regarding the continued use of ventilated racks at our
facility because of the observed reduction in the number of
blastocysts collected from the female embryo donors. In this
facility, blastocysts from C56BL/6 mice are microinjected with
embryonic stem cells, usually from agouti 129/S] mice that are
provided by investigators, to create mice with gene-targeted
mutations. With the increasing number of requests from numer-
ous research groups to create transgenic mice to model human
diseases, the number of blastocysts harvested from the embryo
donors becomes critical. We therefore conducted the present
study to compare the effects of ventilated and static racks on
blastocyst production.

Materials and Methods

All experiments in this study were conducted according to
regulatory guidelines under the UCLA Transgenic Facility ani-
mal use protocol with approval from the Chancellor’s Animal
Research Committee, which is equivalent to an institutional
animal care and use committee.

Test animals. For the first phase of the study, a total of 96
female C57BL/6] mice were used as blastocyst donors, with 48
in group A, which was housed in a ventilated rack, and 48 for
group B, which was housed in a static rack in the same room. The
second phase consisted of 60 female C57BL /6] mice comprising
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the third group (group C), which was housed in a static rack
in the same room but without a ventilated rack in the room.

All blastocyst donors were obtained from the Department
of Radiation Oncology (University of California—Los Angeles;
principal investigator, Dr Collin McLean), which used both
ventilated and static racks. The colony’s C57BL/6 foundation
stock originally came from The Jackson Laboratory (Bar Harbor,
ME). The strain was maintained in the department’s mouse
breeding colony through a strict brother-sister mating scheme.
To test for genetic purity, representative samples from the F24
generation were sent to Charles River Laboratories (Wilmington,
MA) prior to this study. The female mice were selected randomly
and transferred from the Mouse Breeding Colony to the Trans-
genic Core Facility Vivarium after weaning at 21 d. They were
group-housed (4 or 5 female mice per cage) in their designated
racks (ventilated rack for group A and static rack for groups B
and C) for at least 3 d before receiving injections of synthetic
hormones to synchronize estrus and cause superovulation.
Male mice (C57BL/6NTac; Taconic Farms, Hudson, NY) were
shipped by land from the local facility (Oxnard, CA), acclimated
for 3 to 4 d in the new environment, trained for breeding with
experienced female mice for 2 wk, and individually housed for a
few days before superovulated female mice were placed in their
cages. Both male and female mice were assigned randomly into
groups. The same technician performed all procedures for all
groups and followed the same time schedule—from hormone
injection for superovulation to blastocyst collection—for the
different experiments.

Animal husbandry. All test animals were housed in the UCLA
Transgenic Core Vivarium, an SPF barrier facility with controlled
conditions of light (12:12-h light:dark cycle) and temperature
(20.0 to 22.2 °C) and free access to food and water.”? All cages,
bedding, food, and water were sterilized by autoclaving. The
mice tested free serologically of the following disease agents:
Sendai virus, pneumonia virus of mice, mouse hepatitis virus,
mouse parvovirus, Theiler murine encephalitis virus, reovi-
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rus, rotavirus, lymphocytic choriomeningitis, Ectromelia virus,
parvovirus NS1, polyomavirus, adenovirus types 1 and 2,
cytomegalovirus, mouse thymic virus, K virus, cilia-associated
respiratory bacillus, Mycoplasma pulmonis, and Encephalitozoon
cuniculi. In addition, the colony was Helicobacter-negative by
fecal PCR and free of internal and external parasites.

Superovulation and breeding technique. This procedure was
performed according to standard methods.'* Female mice were
injected with 5 IU pregnant mare serum gonadotropin (NIH
National Hormone and Peptide Program, UCLA, Los Angeles,
CA) per 12 to 15 g of body weight, followed 47 h later with 5 ITU
human chorionic gonadotropin (Calbiochem, San Diego, CA).
Immediately after receiving human chorionic gonadotropin,
the female mice were placed into cages containing male mice
for breeding, checked for vaginal plugs the following day, and
transferred to new cages of the assigned racks, where they were
group-housed (4 or 5 mice per cage) for 72 h until euthanasia
and blastocyst collection.

Experimental design. Housing and grouping for blastocyst
collection. Phase 1. The first phase of the study consisted of
2 groups: group A (n = 48) was housed in a ventilated rack
(Model Magnehelic, Thoren, Hazleton, PA), and Group B (n =
48) was kept in a static rack (750 SuperMouse cage, LabProducts,
Seaford, DE) in the same room. Depending on the age at su-
perovulation and blastocyst collection, each group was divided
further into 6 subgroups of 8 mice. Details on the number and
age of donors per subgroup are presented in Table 1. Three days
after breeding, the female mice were euthanized by isoflurane
overdose, the uterus was exteriorated, and the embryos flushed
out with M2 media. The total number of blastocysts pooled from
each subgroup was recorded and used to calculate the mean
blastocyst count per subgroup (u), mean blastocyst count per
donor (x), and their standard deviations (6 and s, respectively;
Table 1, Figure 1).

Phase 2. The ventilated rack was removed from the room,
and a similar experiment was conducted by using only the
static rack to house group C, which consisted of 6 subgroups of
10 female mice. The same data set for this group was collected
and presented in Table 1 and Figure 1.

Rack Noise Level Measurement. Experiment A. The sound
pressure levels (dBC) in the 2 types of racks were measured
while housing mice from the 3 treatment groups during the 3
d prior to blastocyst collection. Four sites were tested on each
rack (upper left, upper right, lower left, and lower right corners)
by using a sound-level meter (model 2900, Quest Technologies,
Oconomowoc, WI) set at the C-frequency weighting mode. No
other husbandry activity was taking place during the time of
testing. All results were reported by using dBC as the unit of
measurement to denote the sound-pressure level or amplitude
as well as the frequency-weighting mode applied for taking
the measurements. The instrument was calibrated prior to
testing, and all measurements were performed with the help
of personnel from the UCLA Environmental Health and Safety
Department.

Experiment B. The mean noise levels of the empty ventilated
and static racks were measured at 10 different frequencies from
31.5 to 16,000 Hz of the C-frequency weighting mode of a sound-
level meter. This measurement was conducted immediately after
the completion of phase 2 of the study.

Corticosterone assay. Blood samples collected through
cardiocentesis at the time of euthanasia from groups A (n =
12) and B (n = 12) were assayed individually in triplicate for
corticosterone by using a commercially available ELISA test kit
(ACE, Cayman Chemical Company, MI), a competitive enzyme
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immunoassay based on the competition between corticosterone
and corticosterone-acetylcholinesterase conjugate or tracer for
a limited number of corticosterone-specific rabbit antiserum
binding sites. The product of the enzymatic reaction has a dis-
tinct yellow color, which is measured spectrophotometrically
and expressed as absorbance units (AU). The intensity of this
color is proportional to the amount of acetylcholinesterase
bound to the well and inversely proportional to the amount of
free corticosterone present in the well.2 The sample reactions
were evaluated relative to the standard curve from 8 control
sera with known corticosterone concentrations, and expressed
as the percentage of the absorbance of the particular sample
or standard well to that of the maximal amount of tracer that
the antiserum bound in the absence of free corticosterone. The
assay was performed and the serum corticosterone content in
picograms per milliliter calculated according to the manufac-
turer’s recommendations.?

Data analysis. Blastocyst counts. The paired Student ¢ test (sig-
nificance level, P < 0.05; df = 5; Excel 5.0, Microsoft, Redmond,
WA, and SPSS for Windows Version 12.0.1, Chicago, IL) was
used to compare the subgroup and individual blastocyst counts
of groups A and B. Because of the different number of animals
used per subgroup in group C, only the mean blastocyst count
per donor was used to compare group C with groups A and B.
This parameter was derived by dividing the subgroup’s total
number of pooled blastocysts by the number of animals in the
subgroup (Tablel).

Rack noise levels. The results of experiment A were analyzed
by using 1-factor ANOVA. For Experiment B, the data were
compared by using 2-factor ANOVA. Excel 5.0, Microsoft, was
used to run these analyses.

Test for correlation. Correlation between blastocyst produc-
tion and rack noise level was assessed by plotting each group’s
mean for rack noise levels as the independent variable on the
x axis against the corresponding group’s mean for blastocyst
count produced per donor as the dependent variable on the y
axis. Computation was done for 2 coefficients, namely: a) the
Pearson product moment coefficient of correlation (r) to measure
linear correlation and indicate the direction of correlation and
b) the correlation of determination (R?) to show the strength of
correlation.>!

Corticosterone assay. The mean percentages of absorbance
for groups A and B were compared by using paired Student ¢
tests (Excel 5.0, Microsoft).

Results

Blastocyst counts. Phase 1. Group B showed significantly (P
< 0.05) higher mean blastocyst counts (subgroup, 105.0 * 29.5
blastocysts; individual donor, 13.1 * 3.7 blastocysts) than did
group A (subgroup, 40.3 blastocysts * 10.97; individual donor,
5.0 +£1.37; Table 1, Figure 1).

Phase 2. Removal of the ventilated rack from the room and
using only the static rack to house the blastocyst donors further
increased blastocyst production. Group C showed a significantly
(P < 0.05) higher mean blastocyst count per donor (16.4 + 2.4
blastocysts) than did group B (13.1 * 3.7 blastocysts per donor;
Table 1, Figure 1).

Rack noise levels. Experiment A. The ventilated rack had a
significantly (P < 0.05) higher mean noise level (80.40 + 1.25
dBC) than did the static rack (69.22 + 0.88 dBC). In the absence
of the ventilated rack, the mean noise level for group C’s static
rack (45.18 = 2.91 dBC) was significantly (P < 0.05) lower than
the static rack used for Group B (Figure 2 A).
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Table. 1. Animal groups and characteristics

Blastocyst count

Subgroup Age (d) of mice at injection of PMSG Age (d) at blastocyst collection Total for subgroup Mean per donor

Group A

1 24 30 30 3.8

2 25 31 36 4.5

3 26 32 28 3.5

4 24 30 42 53

5 25 31 53 6.6

6 26 32 53 6.6
Overall mean + 1 SD 40.3+11.0 50+14
Group B

1 24 30 116 14.5

2 25 31 130 16.3

3 26 32 58 7.3

4 24 30 138 17.3

5 25 31 98 12.3

6 26 32 89 1.1
Overall mean +1 SD 105.0 £29.5 13.1+£3.7
Group C

1 25 31 142 14.2

2 26 32 181 18.1

3 27 33 153 15.3

4 25 31 198 19.8

5 26 32 175 17.5

6 27 33 136 13.6
Overall mean +1 SD 164.0 +24.0 16.4+2.4

PMSG, pregnant mare serum gonadotropin

For groups A and B, each subgroup contained 8 donor mice; subgroups for group C contained 10 donor mice each.
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Figure 1. Group comparison of the mean blastocyst counts collected
from each donor kept in ventilated (group A) and static (groups B and
C) racks. The racks holding groups A and B were held concurrently in
the same room; group C was the only rack in the room. The housing
period was from acclimation to 96 h after breeding. Each group of 48
mice was allocated into 6 subgroups of 8 mice each; data from each
subgroup were pooled and used to generate group means. Overall
group mean blastocyst count per donor: group A, 5.0 + 1.4 blastocysts;
group B, 13.1 + 3.7 blastocysts; group C, 16.4 * 2.4 blastocysts,Paired
Student t tests (P < 0.05; df = 5) revealed significant differences be-
tween groups A and B (P = 0.002) and groups B and C (P = 0.002).

Experiment B. At specific sound frequencies, the emptied
ventilated rack had a significantly (P < 0.05) higher noise level
(60.62 +12.18 dBC) than did the emptied static rack (x = 39.24
+7.65 dBC; Figure 2 B).

Test for correlation. Simple linear regression analysis revealed
a negative linear relationship between the mean blastocyst
production per donor and mean rack noise level (r = -0.9013)
and a good correlation of determination (R?=0.8123, P =0.285;
Figure 3).

Corticosterone assay. The mean absorbance values of the as-
sayed sera from groups A (percentage of maximal absorbance,
12.08%) and B (11.62%) were greater than or equal to those
of the 3 vendor-supplied control sera with the highest corti-
costerone concentrations. Values for groups A and B did not
differ significantly (P = 0.819, Figure 4 A). The corticosterone
concentrations (pg/mL) of most of the samples exceeded the
standard curve’s linearity; the 5 lowest values from each group
are shown in Figure 4 A.

Discussion

The negative effects of noise on the behavior, physiology, and
various phases of growth and development in both humans
and animals have been described in the literature.3412131821
The present study was conducted to investigate an earlier
observation at our institution, in which bred superovulated
embryo donors tended to produce fewer blastocysts when kept
in ventilated racks. In our current results, blastocyst production
decreased as the holding rack’s noise level increased, as indi-
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Figure 2. (A) Noise levels (in dBC) measured by a sound-level meter
set on C-frequency weighting scale from 4 sites (1, upper left corner;
2, upper right corner; 3, lower left corner; 4, lower right corner) on the
racks used to house groups A, B, and C from the acclimation period to
72 h after breeding. Overall group mean noise level: group A, 80.4 +
1.25 dBC; group B, 69.22 + 0.88 dBC; group C, 45.18 +2.91 dBC. One-
way ANOVA revealed significant differences between groups A and B
(P =0.00007) and groups B and C (P = 0.00004). (B) Mean noise levels
of empty ventilated and static racks at various frequencies. Noise lev-
els of the ventilated rack (mean, 60.62 + 12.18 dBC) were significantly
(2-way ANOVA, P < 0.05) higher than those of the static rack (mean,
39.24 +7.65 dBC).

cated by the negative linear correlation coefficient (r = -0.9013)
and good coefficient of determination (R? = 0.8123), with rack
noise level as the independent variable and blastocyst count
as the dependent variable. The correlation coefficient, 7, shows
the direction of the correlation (whether positive or negative),
whereas the coefficient of determination, R?, demonstrates the
strength of the correlation.”!! Given the design and conditions
of this study and based on the definition of R?°!! 81.23% of
the reduction in blastocyst production (y) was presumed to be
associated with the increased rack noise level (x). However, the
correlation was not significant (P = 0.285), probably because
only 3 data points were available.

Four corners of the racks used to house groups A, B, and C
were tested for noise levels to take into account the collective
sound coming from various sources within and around the
racks, including the rack ventilation system, room air condition-
er, air handler, and laminar flow hood. The measurements were
done using a sound level meter set at C-frequency weighting
mode, which can detect audible sounds for fit, healthy humans
from 20 Hz to 20 kHz.° This setting was used in the current study
for the following reasons. First, the sounds produced by ventilat-
ing systems were reported to be in the low-frequency range.*
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Figure 3. Simple linear regression analysis showing negative linear
relationship between rack noise level and blastocyst production (r =
-0.9013; P = 0.285).
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Figure 4. Corticosterone assays. (A) Percentage of maximal absorb-
ance. Note that most of the absorbance values of groups A (ventilated
rack; squares) and B (static rack; triangles) are outside the linearity of
the standard curve (circles); only 3 or 4 samples lie within the standard
curve’s first 3 control sera with the highest corticosterone concentra-
tions. Mean maximal serum corticosterone for groups A (12.07%) and
B (11.62%) did not differ significantly (n = 12; df = 11; paired Student
T-test). (B) Corticosterone concentrations (pg/mL) of 5 samples each
from groups A (mean, 7192.63 pg/mL) and B (mean, 5864.11 pg/mL)
whose values were within the linearity of the standard curve. The cor-
ticosterone levels of the remaining 7 samples from each group were
beyond the upper limit of the standard curve.
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In addition, chronic exposure to low-frequency noise (less than
500 Hz) and vibration can cause genotoxic effects in exposed
mice and humans.?® Furthermore, this setting covers most of
the sound frequencies applied in acoustic startle reflex tests,
which are used in mouse phenotyping protocols (4, 12, and 20
kHz).2426 Depending on the amplitude, the hearing-frequency
range of a mouse can vary from a minimum of 1 to 16.4 kHz to
a maximum of 94 kHz,*%?5 all of which are detectable by the
frequency-weighting mode we used. Finally, although rats and
mice are known to be sensitive to ultrasonic frequencies (greater
than 20 kHz),® we did not measure the sound pressure level
under this frequency spectrum because the animals themselves
emit ultrasonic vocalizations,'® which can serve as confounders
that increase the noise levels in both ventilated and static racks;
the disadvantage of this aspect of the experimental design is
the exclusion of ultrasonic sounds from other sources that may
have been present in the room at the time of testing.

Regardless of the frequency range, the numerical magnitude
of a sound is expressed as the sound pressure level in logarith-
mic decibel units, with 0 as the reference minimal threshold
and 120 dB as the approximate threshold of pain.>!” In rodents,
the recommended sound pressure level maximum is 85 dB,
above which they are predisposed to auditory and nonaudi-
tory effects, including eosinopenia, increased adrenal weight,
and decreased fertility.8 For the current study’s experiment A,
group A’s ventilated rack had a mean noise level of 80.40 dBC,
which was below this recommended limit but still significantly
louder by 10.78 dBC than was the noise detected from group
B’s static rack (69.22 dBC; Figure 2). An increase of 10 dB within
the hearing range is perceived as a doubling in loudness,'? and
this change may have contributed to Group A’s significantly
decreased blastocyst counts relative to those of group B (Table
1, Figure 1). The noise level detected in the static rack appeared
to have originated mainly from the ventilated rack, because with
removal of the ventilated rack from the room during phase 2 of
the study, the sound pressure level in the static rack for group C
(45.18 dB) declined by at least another 20 dB whereas the mean
blastocyst count increased by 3.3 blastocysts compared with
those of group B (Figures 1 and 2).

The significantly higher noise level in the ventilated rack
used in this study can be attributed to the blowerfilter unit,
which was mounted on top of the rack. The ventilated rack’s
observed mean noise level (80.4 dB) was comparable to another
study’s macroenvironmental noise of 74 to 80 dB produced
by 3 commercially available individually ventilated caging
systems!® and close to the values applied in 1 study in which
preimplantation mortality occurred when mice were exposed
intermittently to a noise range of 83 to 95 dB during gestation.?”
The noise produced by these racks may have served as 1 of the
stress factors leading to reproductive problems such as sup-
pression of spermatogenesis, spontaneous abortion, reduced
fertility, and failure of embryo implantation.!#2” The complex
mechanism through which stress interferes with reproductive
processes is described adequately in the literature.!>1° Briefly,
stress-induced reproductive failures start at the highest level
of the hypothalamus—pituitary—gonadal and hypothalamus—
pituitary—adrenocortical pathways: decreased secretion of
hypothalamic gonadotropin-releasing hormone eventually
leads to decreased plasma levels of follicle-stimulating and
luteinizing hormones, whereas activation of the hypotha-
lamus—pituitary-adrenocortical axis stimulates secretion of
corticotrophin-releasing hormone, resulting in increased syn-
thesis and release of corticosteroids. Luteinizing hormone is
important in the maintenance of pregnancy, and during stress,

reduction of plasma levels of this hormone also occur from
the inhibitory effects of cytokines, specifically interleukin 1p.!
Moreover, failure of embryo implantation may be related to
reduced uterine blood flow due to a stress-induced increase in
catecholamine (epinephrine and norepinephrine) levels>!219.

Depending on the species, stress-induced corticosteroids may
be in the form of cortisol or corticosterone. Corticosterone, the
corticosteroid usually found in mice, was assayed in the present
study by using serum as test specimen. During phase 1, blood
was collected from the ventilated and nonventilated groups as
a terminal procedure shortly before blastocyst collection. High
levels of corticosterone were detected, most of which exceeded
those of the standard curve’s 3 control sera containing the high-
est corticosterone concentrations (Figure 4 A, B). Groups Aand B
did not differ significantly in this regard, and the high levels seen
can probably be attributed primarily to the stress of transporting
the animals from the vivarium to the laboratory and handling
prior to euthanasia. To document stress-induced reproductive
failures in future studies, fecal corticosterone can be assayed
in place of serum corticosterone during the 3-d housing period
before blastocyst collection, because fecal corticosterone assays
are neither invasive nor influenced by handling and restraint.??
Although our findings seem to support earlier observations at
our institution in which lower blastocyst counts were associated
with the use of ventilated racks, more thorough assessment of
the stress levels in groups placed in ventilated and static racks
is warranted. In addition to the application of a less-invasive
sample collection method for corticosterone assay, we also rec-
ommend testing catecholamine and luteinizing hormone levels
at multiple time points from breeding to blastocyst collection.

The current study has limitations. Because only 1 ventilated
rack was used and considering variations in product features
and specifications, the observations and conclusion drawn from
the current study should not be generalized to the possible ef-
fects of all commercially available ventilated racks on mouse
blastocyst production. Moreover, susceptibility to the negative
effects of noise varies according to mouse strain,?® and the
conclusion drawn from this study can be applied only to the
strain we used, C57BL/6].
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