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Effects of Various Cleaning Agents on the
Performance of Mice in Behavioral Assays of
Anxiety
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Cleaning behavioral equipment between rodent subjects is important to prevent disease transmission and reduce odor
cues from previous subjects. However, the reporting regarding the cleansing procedures used during such experiments is
sporadic and often incomplete. In addition, some investigators are reluctant to clean devices between subjects because they
are concerned that animals will react negatively to the smell of the cleansing agents. We hypothesized that mice tested on an
elevated plus maze (EPM) soiled with excretions from conspecifics would test as being more stressed than mice tested on the
same apparatus that was cleaned between animals. We tested the performance of C57BL/6]J mice on an EPM sanitized with 3
common cleaning agents—isopropyl alcohol, chlorine dioxide, and bleach—and on an EPM soiled with rodent urine, feces,
and presumably pheromones. We further tested the potentially aversive nature of the cleansing agents by using the classic
light:dark box and a 2-choice light:dark box. Our data indicate that cleaning the EPM compared with leaving it soiled did not
affect performance in male or female C57 mice, nor did cleaning agent choice. In addition, test subjects did not react to the
presence of the cleaning agents when incorporated into the classic light:dark test. However, in the 2-choice light:dark test,
mice given the option to avoid an area containing a cleaning agent showed aversion to all 3 agents, when all other conditions
were equal. Given the lack of an observable effect of cleaning on EPM performance, we recommend cleaning of the EPM
device between C57 mice to minimize the potential spread of disease.

Abbreviation: EPM, elevated plus maze; IPA, isopropyl alcohol

DOI: 10.30802/ AALAS-JAALAS-17-000161

Behavior testing in mice is used for a myriad of purposes in
research including, but not limited to, behavioral phenotyping
of novel mutant/transgenic mice, evaluation of neurodevelop-
mental disorders, and as an assessment of the emotional state
of the animal, often in response to external stressors or admin-
istered drugs. Common behavioral assays in rodents include
the elevated zero maze, open field, light-dark exploration, and
the elevated plus maze (EPM). The EPM test is one of the most
common assays used in current behavioral research?¢815 and
is often used in the development of novel anxiolytic drugs and
the investigation of the psychologic and neurochemical basis for
anxiety, including generalized anxiety, phobias, and posttrau-
matic stress.”? In addition, the EPM test has been used to better
understand the biologic basis of the emotional state related
to learning and memory, pain, hormones, and addiction and
withdrawal.” With recent advances in gene manipulation such
as the CRISPR—cas9 technique, the EPM assay has been used
for screening and phenotyping transgenic and knockout mice
with mutations potentially related to altered emotionality.”!®

The EPM assay requires stationary equipment that is reused
to test multiple animals over an extended period of time and
has led to the publication of thousands of studies (according to
a PubMed search of the term ‘elevated plus maze’). Cleaning
behavioral equipment between rodent subjects is important
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to prevent disease transmission and reduce odor cues, such
as scent-marking and pheromones from previous subjects.?
However, reports regarding the cleansing procedures used dur-
ing such experiments are sporadic and often incomplete. The
EPM literature contains variable descriptions regarding how
the maze was cleaned, ranging from complete to incomplete
or nonexistent. Some authors express concern regarding odor
effects and describe the cleaning methods in their publications.
For example, one study? states in the methods section that “the
apparatus [EPM] was cleaned with a 5% alcohol solution before
placement of animals to eliminate possible biasing effects from
odor cues left by the previous subject.” Another author describes
“...the maze [EPM]...[was] cleaned each time with an aqueous
solution containing ethanol (20% v/v) to minimize olfactory
signals between trials”.* For both of the cited studies, the efficacy
of these solutions in eliminating or reducing odors is unknown
and the concentration of alcohol used in both studies**® was
considerably lower than the standard, accepted antimicrobial
concentration of 70%.

Other articles clearly state that equipment was cleaned be-
tween trials but do not provide the rationale for the cleaning.
For example, “the maze was carefully cleaned with ethanol
solution after each animal”?® or “between animals, the ap-
paratus [EPM] was cleaned with 3% hydrogen peroxide and
thoroughly dried”.! Other groups acknowledge cleaning but
are vague: “the maze was thoroughly cleaned with a damp cloth
after each trial”!% or “the maze was cleaned between each test
trial”.1® Finally, many studies that make no mention of cleaning
whatsoever.!%1417.22
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The goal of this study was to determine whether the clean-
ing of EPM apparatus affects animal performance, because
few data in this field are available. One study in mice showed
decreased anxiety and neophobia in a light:dark test when tested
on a soiled apparatus as compared with a clean device.!®> We
examined the effect of 3 common cleaning agents—isopropyl
alcohol (IPA), MB10 (chlorine dioxide), and bleach—compared
with a fourth condition in which the EPM was soiled with ro-
dent urine, feces, and presumed pheromones (no sanitation).
We chose these cleansing agents because they are commonly
used in animal facilities, represent different methods of action,
have unique odors, and are readily available. In addition, to
better quantify the potential aversiveness of each agent, we
tested animal performance associated with these agents in the
classic light:dark box and a modified 2-choice light:dark box. We
hypothesized that subjects tested on an EPM soiled with animal
excretions would test as being more stressed than animals tested
on the same apparatus that was cleaned between animals and
that some agents would be more aversive than others. This
hypothesis is supported by a previous study® that examined
the effects of sex and alarm pheromones in rodents; the authors
concluded that “experimenters should assess current laboratory
protocols [including] behavioral assays. . .to prevent pheromonal
interference and stress-induced pheromonal release in their
research subjects.”

Materials and Methods

Test subjects. All mice in this study were C57BL/6] (The Jack-
son Laboratory, Bar Harbor, ME). EPM studies used 8-wk-old
mice; 16-wk-old mice were used for the classic light:dark study,
and 20-wk-old mice were used for the 2-choice light:dark study.
Mice were group-housed in conventional, open-top plastic
cages (Allentown, Allentown, NJ) containing 1/4-in. corncob
bedding (The Andersons Lab Bedding, Maumee, OH); cotton
nesting material (Ancare, Bellmore, NY) was provided in all
cages. Reverse-osmosis—purified water was supplied in water
bottles without restriction, and food (PicoLab 5053, LabDiet, St
Louis, MO) was available at all times. This study used a 12:12-h
light:dark cycle (lights on, 0600; standard overhead fluorescent
fixtures); all behavior testing was performed between 0900 and
1200, the early phase of the light cycle.

EPM. The EPM experiment consisted of 4 test groups of 20
mice each (10 males and 10 females per group). Mice were ac-
climated to the facility for 1 wk prior to the experiments and for
1 hin the EPM room prior to actual testing; standard overhead
illumination was used in the EPM room. The maze consisted of
2 open arms (8 cm X 25 cm) intersecting with 2 closed arms (8
cm % 25 cm, with 25-cm walls); the closed arm walls of the EPM
were solid black plastic, and the open arms were flat piers. The
EPM was positioned 25 cm above a water bath. An overhead
digital videocamera recorded all movement during the trials,
with each session lasting 5 min. At the beginning of each trial,
mice were placed at the intersection of the EPM arms and facing
an open arm. Because recent studies demonstrated that previous
EPM experience can affect subsequent trials,*!! we used a new
cohort of animals for each of the groups described.

The group design was predicated on the between-subjects
cleaning condition: IPA, MB10, bleach, or unsanitized. Each
cleansing agent was made fresh the morning of testing, and
ATPase testing (AccuPoint Advanced ATP Hygiene Monitor-
ing System, Neogen, Lansing, MI) was performed to ensure
sufficient disinfection of the EPM. Male and female mice were
tested on different days, with at least 4 d between; in addition,

different cleansing agents were tested on different days, with
at least 3 d between cleansers.

IPA. Before testing began, the apparatus was sprayed with
70% IPA and wiped until no liquid was apparent on the device.
We then waited 30 s after the final wipe before placing a subject
in the EPM. Between test subjects, the EPM was wiped with
distilled water to remove visible urine and feces, sprayed with
70% IPA, and then wiped a final time. We waited 30 s before
proceeding to the next test subject.

MB10. Before testing began, the apparatus was sprayed with
MB10 solution (200 ppm chlorine dioxide; Quip Laboratories,
Wilmington, DE), and then wiped down until no liquid was
apparent on the device. We then waited 30 s after the final wipe
before placing a subject in the EPM. Between test subjects, the
apparatus was wiped with distilled water to remove visible
urine and feces, sprayed with MB10, and then wiped down a
final time. We waited 30 s before proceeding to the next subject.

Bleach. We proceeded exactly as for the MB10 group, except
for substituting bleach for MB10. Bleach was prepared as a di-
lution of a commercially available product (Chlorox, Oakland,
CA), with a final concentration of 600 ppm sodium hypochlorite.

Unsanitized EPM. Prior to testing the unsanitized (control)
group, the EPM was first rendered ‘dirty’ by placing 2 compat-
ible mice (8- to 10-wk-old C57 mice, either sex) on the EPM and
allowing them to explore the maze for 5 min. This procedure
was repeated until the EPM was exposed to a total of 20 mice;
the device was not cleaned between mice, and none of the mice
used for this step were tested in the actual EPM assay. At this
point, the device was considered to be dirty, and EPM testing
began as described previously; the apparatus was not cleaned
between test subjects for this group.

Classic light:dark box. A standard 2-chamber configuration
was used and consisted of a clear acrylic chamber (20 x 16.5 x
18.5 cm) with overhead illumination attached to a darkened
chamber (19 x 14 x 15 cm). The dark chamber initially contained
absorbent material soaked with 20 mL of distilled water, which
was placed behind a perforated protective shield. For the first
trial (initial preference), mice were placed in the light chamber;
time spent in the light chamber, time spent in the dark chamber,
and the total number of entries into the dark chamber were
recorded. Initial preference trials lasted 2 min per mouse. For
the test trials, the water was replaced with an equal volume
of one of the prepared test agents. All 3 agents were tested on
8 male C57Bl/6] mice each, with each trial lasting 2 min and
administered on separate days.

Two-choice light:dark box. The apparatus consisted of an
illuminated center chamber (20.5 x 21.5 x 32 ¢cm) attached on
either side by small openings to 2 darkened chambers (12.5 x 8
x 11 cm each). Each dark chamber had a small receptacle to hold
water (control) or cleanser; odors for the dark chambers were
prepared by soaking absorbent material with 20 mL of cleanser
(or water) and placing the moistened material in the receptacle
(similar to classic light:dark test). Eight male C57BL/6] mice
were tested for each agent.

The first trial determined the side preference of each mouse, to
control for side bias. The mouse was placed into the illuminated
center chamber for a 2-min trial, during which the time spent
in each of the 3 chambers was recorded. Initially water was
used in both dark chambers; for each mouse, the dark chamber
in which the mouse spent most of the time was designated as
the preferred chamber for that mouse. For each trial thereafter,
the agent was placed in the preferred chamber, whereas water
remained in the nonpreferred chamber; trials lasted 2 min per
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mouse. The device was cleaned with distilled water between
subjects, and all agents were tested at least 24 h apart.

To control for possible side bias over multiple trials, each
mouse experienced an extinction trial between agents. During
these trials, water was placed in both dark chambers, but the
former control chamber was blocked off, forcing the mouse to
explore the chamber that previously held the cleansing agent
(but that now contained water). After this extinction trial, side
preference was again assessed prior to the next cleanser trial.

All procedures in this study were approved by the Rutgers
TACUC and followed all relevant AAALAC guidelines.!

Data analysis. EPM data were collected (AnyMaze, Wood
Dale, IL) and included time spent in each arm, distance trave-
led in each arm, and the number of entries into each arm. Each
measure was analyzed by using 2-way ANOVA to examine
differences between conditions (agent) and sex. Additional
pairwise comparisons were run to examine specific differences
between groups. For the classic light:dark box study, ANOVA
between conditions (agent) was performed to compare ratios
of time spent in each arm and the number of entries into the
light and dark boxes with data from the initial preference trial.
In addition, paired-samples t tests of 2-choice light:dark data
were performed to compare ratios of time spent in and entries
into the water and agent chambers compared with those from
control trials, in which both boxes contained water. ANOVA
then was used to examine differences between conditions in
the 2-choice light:dark test.

Results

EPM. Mice (1 = 20 per group) were tested under 4 conditions
(IPA, bleach, MB10, and unsanitized); data were lost from one
mouse (a male from the IPA group in the EPM data). Distance
traveled showed no interaction between sex and cleaning agent
(F,,, =2.216, P = 0.094; Figure 1) but revealed a sex-associated
effect (F,,, =8.153, P =0.053), with female mice travelling further
than males (11.35m [mean] compared with 10.70 m). In addition,
group had an effect on distance traveled (F, , =3.831, P = 0.013).
Tukey posthoc analyses showed that bleach differed from the
dirty (control) condition and thus animals traveled further in
the bleach condition (mean, 11.72 m) compared with the dirty
condition (10.25 m) (Figure 1). The ratio of the number of entries
into the open arms over closed arms entries differed between
sexes but not between conditions (F, ,, = 0.742, P = 0.530). Specifi-
cally, sex affected the ratio of entries into the open and closed
arms (F, , =8.169, P = 0.006), with female mice showing a higher
ratio (0.87 +0.14; male, 0.69 +0.111), indicating that female mice
entered the open arms more often male mice, regardless of the
cleaning condition (Figure 2).

The ratio of time spent in the open relative to closed arms
was evaluated by using 2-way ANOVA to assess effects of sex
and condition. Results indicated a significant main effect of sex
(F, ,, = 8.477, P = 0.005), with female mice having a higher over-
all ratio (0.65 + 0.565; male, 0.46 + 0.041; Figure 3), as well as a
main effect of condition (F, ,, = 3.896, P = 0.012). Tukey posthoc
analyses indicated a significant difference between the bleach
and control conditions (P = 0.006) for the ratio of time spent in
the open relative to closed arms. As noted, for all conditions,
both males and females spent more time in the closed arms, but
mice spent considerably more time in the closed arms when
unsanitized, whereas they spent the least amount of time in the
closed arms after they had been cleaned with bleach.

Light:dark box. Data were reported as the ratio of time spent
in the light chamber compared with the dark chamber (light:
dark). ANOVA of these ratios (control ratio:condition ratio)

Effects of cleaning agents on mouse behavioral assays
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Figure 1. Mean total distance (in meters) traveled in the EPM across
sex and cleaning agent during 5-min trials. Initially each group con-
tained 20 mice, but data from one mouse were lost. Error bars, SEM.
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Figure 2. Mean ratio of entries into the open arm divided by the num-
ber of entries into the closed arm in the EPM across sex and clean-
ing agent. Initially each group contained 20 mice, but data from one
mouse were lost. Error bars, SEM.
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Figure 3. Mean ratio of time spent in the open arm divided by the
time spent in the closed arm in the EPM across sex and cleaning agent.
Initially each group contained 20 mice, but data from one mouse were
lost. Error bars, SEM.
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showed no effect of cleanser on performance in the light:dark
task, indicating that the time spent in the dark chamber in the
presence of any cleanser did not change with regard to time
spent in the dark chamber in the presence of water (F,,, = 0.973,
P =0.42; Figure 4). This result indicates that the mice preferred
the dark chamber over the light chamber despite the presence
of any of the cleansers.

Two-choice light:dark task. Ratios were reported as time in
the chamber with the cleanser divided by time in the chamber
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Figure 4. Mean ratio of time spent in the light box divided by the time
spent in the dark box during the 2-min trial. The dark box contained one
of the cleaning agents. Each group contained 8 mice; error bars, SEM.

with water. A series of paired-samples t tests were performed
to examine whether the ratio of time spent in each chamber
changed between control or preference trials and odor trials.
Results indicated a significant difference between each cleanser
and the control condition (IPA: t,=-3.988, P = 0.008; bleach: ¢, =
-2.705, P = 0.030; MB10: t, = =3.355, P = 0.012; Figure 5). When
given a choice, mice preferred the dark chamber containing
water over the dark chamber containing any cleanser; that is,
mice still preferred the dark chamber over the light chamber,
but they avoided the dark chamber when it contained a cleanser.

In addition, mice behaved differently between agents and
avoided the chamber containing IPA more than chambers
containing either bleach or MB10, with no difference between
bleach and MB10 (F, ,, = 7.067, P = 0.005; Figure 5). Therefore
it appears that IPA was significantly more aversive than either
bleach or MB10 to the test mice.

Discussion

In this study, compared with an unsanitized EPM, neither
sanitization of the EPM nor cleanser choice affected the perfor-
mance of male or female 8-wk-old C57BL /6] mice. This outcome
is surprising, given that mice have a well-developed olfactory
system and are generally quite responsive to olfactory stimuli.'®
According to the literature, some investigators do not consider
the potential effect of a soiled apparatus when designing and
performing studies using the EPM. Investigators who do not
clean the apparatus between subjects argue that cleaning intro-
duces a new variable, namely novel odors associated with the
cleaning agent, into their studies. In addition, researchers are
sometimes reluctant to change their practices from a historical
precedent, according to anecdotal reports we have collected.

Mice normally use urine and feces to communicate domi-
nance and reproductive/health status,®?! so it is logical to
presume that urine and feces from previous animals affect the
performance of subsequent animals in the EPM. We hypothe-
sized thatlack of cleaning would serve as an additional variable
due to the persistence of pheromones and odors of urine and
feces from previous trials, which might affect the outcome of
the assay in a manner unrelated to the hypothesis being tested.
Contrary to our original hypothesis, however, this effect did
not occur in our study. In fact, mice spent the most time in the
closed arms after they had been soiled. Overall, compared with
males, female mice were more relaxed in the EPM regardless of
its condition, consistent with the current literature. This differ-
ence was evidenced by the female mice traveling farther in the

Time Spent
control:cleanser

IPA  Control MB10

Figure 5. In the 2-choice procedure, 2 dark boxes were attached to a
central light box. In the control condition for each agent, water was
placed in both dark boxes to establish a side preference in a 2-min trial.
Data for the control condition for each agent represent the time spent
in the nonpreferred dark box divided by the time spent in the pre-
ferred dark box (that is, the value will be less than 1). On the next trial
for each mouse, the cleaning agent was placed in the preferred dark
box and water in the less-preferred dark box, and a 2-min trial fol-
lowed. Data for each agent are time spent in the dark box with water
divided by the time in the dark box with the cleanser; therefore, val-
ues greater than 1 indicate the mouse preferred the dark box with the
water more than the dark box with the cleanser. Each group contained
8 mice; error bars, SEM; *, significant (P < 0.05) difference between
control (water) and odor trials.

o B N W b~ U1 O N

Control Bleach Control

EPM, being more likely to enter the open arms, and spending
more time in the open arms, regardless of experimental group.

Test subjects did not react to the presence of any of the
cleansing agents when incorporated into the EPM or the clas-
sic light:dark test. However, mice showed an aversion to all 3
agents when given the option to avoid an area containing the
agent when all other conditions were equal, as evidenced in the
2-choice light:dark test. The preparation of agents was identical
inboth the classic light:dark test and the 2-choice light:dark test,
even though the outcomes of the 2 assays were different. Accord-
ing to the 2-choice light:dark test, IPA was significantly more
aversive than either MB10 or bleach. This finding is important,
given that IPA is frequently used to clean animal equipment in
many laboratories.

Because the sanitization agents were aversive in the 2-choice
light:dark test, it is likely they remained aversive when applied
to the EPM and classic light:dark tests. Mice may have expe-
rienced 2 different, stressful events when placed in a freshly
cleansed EPM—namely, the novelty of the device and the odor
associated with the cleansing agent. The anxiety associated with
odor may have been superseded by the anxiety of being in the
device, perhaps explaining why the odor didn’t influence the
testing metrics when the EPM was cleaned. This hypothesis is
supported by the outcome of the classic light: dark test; namely
the illuminated chamber was more aversive than the smell of
any of the test agents placed in the darkened chamber. This ‘dual
stressor” hypothesis could also apply to the situation where
the device wasn’t cleaned—the novel experience of the EPM
outweighed any stress experienced by smelling pheromones,
urine, or feces of previous mice.

Because we did not observe an effect of cleaning on EPM per-
formance, we recommend cleaning of the EPM device between
mice to minimize the potential spread of disease. Because IPA
was the most aversive agent, investigators may want to consider
avoiding this product and use MB10 or bleach as an alternative.
Further experimentation is warranted for this work, given that
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we tested only a small subset of mice. This work should be re-
peated in other mice regarding strain effect (including sex and
age), additional sanitation agents, other behavioral assays that
might be affected by lack of sanitation prior to testing animals
(for example, the effect of sanitation on the open field test), and
in additional species using similar equipment, such as rats.
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