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Abstract

Aims—Miice are increasingly being used as models to investigate aspects of urinary dysfunction
that humans with lower urinary tract symptoms (LUTS) experience. One method used to examine
voiding function is the spontaneous void spot assay. The purpose of this study was to characterize
and identify animal husbandry conditions that might confound results of the spontaneous void spot
assay in male C57BI/6J mice.

Methods—Mice were placed in cages lined with filter paper for four hours and urine was
visualized with UV transillumination. Voiding parameters including urine spot number, spot size,
total urine area, primary void area, corner and center voiding were quantified.

Results—Adult male mice void more frequently with advancing age and a subpopulation (5-
10%) display a frequent spotting pattern at 6-9 weeks of age. Voiding was not significantly
different in male mice weaned to group housing (4—6 per cage) versus single housing, and was not
altered when they were used as breeders. Voiding was changed upon transferring group housed
adult males to single density cages, which decreased total urine area. Repeated assays of male
voiding behavior over three consecutive days increased primary void area by the third day of
monitoring and revealed that voiding behavior is impacted by routine cage changes and time of
day.

Conclusions—Together these results identify housing and husbandry practices that influence
male voiding behaviors in the spontaneous void spot assay and will inform voiding behavior
analyses conducted with male C57BI/6J mice.
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Introduction

Lower urinary tract symptoms (LUTS) associated with benign prostatic hyperplasia (BPH)
pose a significant burden to the aging population [1]. There is a growing need to identify the
underlying basis of LUTS to improve diagnosis and develop new noninvasive therapies.

Mice are frequently used to model aspects of urinary dysfunction experienced by humans,
including incontinence, overactive bladder, and bladder outlet obstruction [2-5]. However,
mice are anatomically and behaviorally distinct from humans, and cannot be assessed by the
same urodynamic tests. As the number of mouse models of urinary dysfunction expands, so
does the need for assays that quantify physiologically relevant aspects of voiding function
while minimizing variables associated with mouse voiding behavior.

Many assays are available for measuring mouse voiding function, including: cystometry for
measuring intravesicular pressures associated with bladder filling and emptying, bladder
organ baths for characterizing in vitro contractile responses to various stimuli,
electromyography for assessing neuromuscular function, and metabolic cages for examining
uroflow [2, 4, 5]. Many of these methods are invasive, labor intensive, require specialized
equipment, or do not allow for repeated analysis of urinary function. To complement these
approaches, the void spot assay has been used to study urinary function [6-14]. This method
is inexpensive, noninvasive and can be used to track individual mice over time. Mice are
housed for a fixed period of time in a cage fitted with filter paper, the paper is removed and
urine visualized under UV light. Urinary patterns are graded by blinded reviewers [12] or
analyzed by imaging software [6].

The void spot assay, like other urinary function assays in mice, is confounded by social and
behavioral influences. Mice void to scent mark territory, manifest social behaviors and
establish dominance [14, 15]. Yu et al., 2014 validated the spontaneous void spot assay in
female mice. They examined testing time of day, repeated days of testing, mouse age and
strain on several voiding parameters (spot number, total urine area, primary void area and
percentage of total urine area within primary void, corner voids and center voids). They
found minimal individual and within strain variability. However, variability was observed
between strains, revealing a genetic component to micturition.

Though male mice may be uniquely susceptible to behavioral influences on voiding function
[14, 15] there has been no study to identify husbandry practices (i.e. caging density) or
experimental factors (i.e. animal age, time of day conducted) that influence male voiding
behavior using the void spot assay. There is a particular need to understand whether and
how husbandry influences voiding in male mice so they can also be used to investigate
outcomes of prostate biology and function on voiding behavior. This study utilized the
C57BI/6J male mouse line to identify animal husbandry conditions that impact spontaneous
void spot assay outcomes. We found mouse age profoundly influences voiding frequency
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and 5-10% of male mice develop a frequent spotting pattern after 6 weeks of age. VVoiding
was stable across repeated daily measures, not influenced by mating or caging density at
weaning. Voiding was altered by time of day, routine cage changes and when caging density
was changed in adulthood. Together these results identify common practices that influence
male voiding behaviors in the spontaneous void spot assay. These results should be
considered when voiding behavior analysis is conducted with male C57BI/6J mice.

Materials and Methods

Animals

C57BL/6J mice were purchased from Jackson Laboratory (Bar Harbor, ME) and bred to
produce mice used in this study. Mice were housed in polysulfone cages containing corn cob
bedding and maintained on a 12 hour light and dark cycle at 25+5°C and 20-50% relative
humidity. Feed (Diet 2019 for males and Diet 7002 for pregnant females, Harlan Teklad,
Madison, WI) and water were available ad libitum except during the testing period, when
only feed was available. All procedures were approved by the University of Wisconsin
Animal Care and Use Committee and conducted in accordance with the NIH Guide for the
Care and Use of Laboratory Animals.

Spontaneous Void Spot Assay

Void assays were conducted and analyzed as described previously [6]. Single or group
housed animals (4-6 per cage) were moved to a clean, empty cage lined with 3SMM
Whatman filter paper (Fisher Scientific #057163W) with one animal per cage. Assays were
conducted over four hours with access to food but not water in the same quiet location and
time of day unless indicated otherwise. Filter papers were imaged using UV light and
analyzed using Image J Software (Version 1.46r). Images were analyzed by an individual
blinded to treatment conditions. Brightness and contrast were optimized to uniformly
visualize urine. Thresholding of images was done in Image J to make urine spots black.
Image J particle analysis (Image J 1.46r) was performed on spots greater than 0.02cm?
(corresponding to ~0.75ul urine), reducing non-specific marks potentially deposited by paws
and tails that pass through urine spots (Supplemental Figure 1). Overlapping urine spots
were defined by the presence of a definitive border outlining each spot in the raw images,
these spots were then counted by hand and area determined individually using the freehand
selection tool (Supplemental Figure 1). These values were incorporated into the Image J
analysis. Similarly if the primary void was in proximity to another distinct void, the primary
void area was calculated by hand using the freehand selection tool to only incorporate a
single spot.

Statistical analyses

All data are reported as mean = standard error of the mean unless indicated otherwise.
Statistical analysis was performed using R version 2.13.1. Homogeneity of variance was
determined using Levene’s test, p <0.05 indicating unequal variance and use of
nonparametric analysis. For parametric data, student’s T-test, or one way ANOVA followed
by Tukey’s Honest Significant Difference (HSD) test were used to identify significant
differences (p < 0.05) between or among treatment groups. For nonparametric data Welch’s
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T-test or Kruskal Wallis Test followed by Wilcoxon tests with bonferroni correction were
used to indentify significant difference (p<0.05) between or among treatment groups. For
assays conducted on the same animals, repeated measures ANOVA followed by pairwise T-
test with Holm correction were used to identify significant differences between or among
treatment groups.

Male mouse age influences voiding

Void spot assays can be used to evaluate voiding function over time. Baseline analysis often
begins during puberty or shortly after sexual maturation, and experimental cohorts are
matched within a defined age range. We examined whether age influences voiding behavior
in young mice, which are most likely to be used to initiate a study. Three, six and nine week
old male mice were evaluated by the void spot assay (Figure 1A) and relative frequency of
spot number determined (Figure 1B). Three week old males had a median void spot number
of 4, with 86% voiding less than 8 times within the testing period. Six week old mice had a
median void spot humber of 15, with 90% voiding less than 30 times within the testing
period. Nine week old mice had a median void spot number of 28, with 82% voiding less
than 60 times within the testing period (Figure 1B). A subpopulation of six and nine week
old male mice display frequent spotting, defined here as 50 and 100+ spots at six and nine
weeks respectively, and represent 5 and 10% of the population at these ages.

Mouse urine output and frequency increase with advanced age [6, 12]. Whether voiding
parameters also change over time in young male mice, and how quickly these changes
occur, is unknown. To test whether aging influences voiding parameters, the same cohort of
mice was tested at three, six, and nine weeks of age. Body mass significantly and
progressively increased with age (Figure 2A). Urine spot number (index of urinary
frequency) significantly increased from three to six or nine weeks of age (Figure 2B). Total
urine area (index of total urine output) significantly and progressively increased from three
to six and nine weeks (Figure 2C), while individual urine spot size did not change with age
(Figure 2D). Primary void area (largest void during the testing period) significantly
increased from three to six or nine weeks of age (Figure 2E). Percent total urine contained in
the primary void decreased between three and nine weeks of age (Figure 2F). Percent total
urine area within corners (each corner defined as 1% of paper area) significantly increased
from three to nine and six to nine weeks but not from three to six weeks (Figure 2G) while
percentage of total urine within the center (center defined as 9% of paper area) was
unchanged at all time points (Figure 2H). These results reveal that voiding parameters
rapidly change as C57BL/6J adolescent male mice undergo sexual maturation, particularly
during the three to six week age interval.

We next tested whether mouse body mass, which increases with age (Figure 2A), correlates
with voiding parameters. There was a significant positive correlation between mouse body
mass and urine spot number, total urine area, primary void area and percent total urine area
within corners (Supplemental Figure 2). There was no significant correlation between mouse
mass and individual urine spot size, percent total urine area in primary void and percent total
urine within center (Supplemental Table I). Therefore, it is appropriate to normalize urine
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spot number, total and primary void area and percent urine within corners to body mass.
When this was done on voiding data from mice at three, six and nine weeks of age, total
urine area remained significantly different between all three time points (Figure 2lI).
Together these results indicate that tightly matched age cohorts should help minimize
variability between groups. Initiating studies with baseline assays on six+ week old mice
will identify frequent spotting mice to ensure they are equally distributed among
experimental groups or excluded from studies when appropriate.

Conventional housing does not alter voiding behavior in young adult mice

If male mice are to be housed with other male mice, it is recommended that males be group
housed from time of weaning to reduce fighting and cage costs (Jackson Labs,
www.jax.org). We examined if spontaneous voiding is influenced by group versus single
housing. Male littermates were void tested prior to weaning and exhibited no significant
differences in voiding parameters listed above (results not shown). Mice were weaned with
littermates to group housing (up to six mice/cage) or transferred to single housing. Void spot
assays were repeated at six weeks of age. There were no significant differences in body
mass or measured void spot assay parameters between group or singly housed males (Figure
3A-B). Therefore, male littermates can be group housed up to at least six weeks of age
without altering voiding behavior relative to mice that were singly housed from weaning to
six weeks of age.

Group to single housing decreases urine area in mature mice

It is often necessary to place group housed animals into single cages once they reach
adulthood (i.e. recovery after surgery, monitoring food and water consumption, etc). A
change in caging density can be stressful. It can influence hormone levels, which in turn are
capable of influencing voiding [16, 17]. We therefore tested whether changes from group to
single housing after six weeks of age alters voiding. Adult virgin males group housed at
weaning were void tested at eight weeks of age, individually housed for one week, and void
tested again (Figure 3C-D). There was a significant reduction in urine area following the
move to single versus group housing (Figure 3D). There were no significant differences in
spot number, spot size, primary void area, percent urine area within primary void, corners or
center (Supplemental Table I1). This suggests a change in caging density after mice reach
adulthood alters voiding behavior. Therefore, maintaining animals in the same housing
conditions throughout an experiment will decrease variability in void spot assays.

We also examined if single housed males can be used for breeding without influencing
voiding behavior. The same singly housed virgin male mice used above were housed with a
multiparous female mouse for one week and then void tested (Figure 3C-D). There were no
significant differences in void spot assay parameters after males had been housed with
female mice versus when males were singly housed (Figure 3D, Supplemental Table I1).
Body mass significantly increased over the three week testing period; body mass did not
alter parameters affected by housing or breeding. However, normalizing to body mass
significantly reduced the difference in total urine area between group to singly housed males
and between group and breeding males (Figure 3E).
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Voiding exhibits stable daily patterns

Female mice display reproducible day to day void spot assay patterns, suggesting a single
void assay is representative of their voiding and acclimation to the cage fitted with filter
paper does not alter voiding on consecutive days [6]. To determine whether this is also true
for males, nine week old male mice were tested at the same time of day over three
consecutive days (Figure 4A). There were no significant differences in body mass, spot
number, urine area, spot size, percent area in primary void, percent urine area in corners and
percent area in center (Supplemental Table 111). There was a significant increase in average
urine area in the primary void on day 3 (22.8 cm?2) compared to days 1 (15.3 cm?) and 2
(16.2 cm?) (Figure 4B). These results suggest that void assays are relatively stable day to
day but male mice exhibit more variation in day to day voiding than females.

Routine cage changes affect voiding parameters

Routine cage changes increase anxiety behaviors in C57BI/6J mice [16]. Whether this
effects voiding behavior is unknown. Male mice (nine weeks old) were void tested one day
prior to cage changes, the following day cages were changed per normal animal husbandry
and void assays conducted that same day (Figure 4C). There was no significant change in
body mass, spot number, spot size, primary void area or percent area in primary void and
center before versus after cage changes (Supplemental Table IV). There was a significant
decrease in total urine area and increase in percent urine area in corners after cage changes
versus before (Figure 4D), indicating cage changes alone can alter voiding parameters.
These results in conjunction with those observed during testing over three consecutive days
suggests day to day changes exist in the male mouse population. Conducting repeated
measurements of voiding not on the day of routine cage changes may help reduce
variability.

Urine output is affected by time of day

Mice are typically maintained on a 12 hour light/dark cycle and are most active during the
dark cycle. Mouse and human voiding behavior change with activity (ie. mice urinate less
frequently during the light cycle) and mice are known to have diurnal variation in urine
production [18]. We next tested if time of day when voiding assays are conducted influences
voiding patterns as assessed by the void spot assay. The same cohort of virgin male mice
was tested either in the morning (9am-1pm), afternoon (2pm-6pm) or night (10pm-2am)
during a one week period (Figure 5A, representative images from same animal). Total urine
area was greater at night compared to morning and afternoon, and in afternoon compared to
morning (Figure 5B). The primary void area was also greater in afternoon compared to
morning (Figure 5C). There were no significant differences in spot number, spot size,
percent area in primary void, corners or center (Supplemental Table V). We also observed a
significant difference in body mass, lowest in the afternoon and highest at midnight (Figure
5D). The same voiding parameters (urine area and primary void area) were affected when
voiding was normalized to body mass (Figure 5E-F, Supplemental Table V). Normalized
values show an increase in total urine area from morning to afternoon or night, but not
between afternoon and night (Figure 5E) and an increase in primary void area from morning
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to afternoon (Figure 5F). These results indicate that time of day influences male mouse urine
output and conducting voiding assays at the same time of day should minimize variability.

Discussion

This study addressed animal husbandry and experimental design influences on spontaneous
void spot assays for male C57BI/6J mice. Isolating functional voiding parameters from
confounding variables is crucial to accurately assess physiological mechanisms responsible
for voiding function and dysfunction.

Our results indicate heterogeneity of voiding in relation to spot number as young adult male
C57BI/6J mice mature. This is likely due to multiple factors including increasing body mass
and fluid requirements, establishing dominance and/or age associated changes of the LUT
[6, 13-15]. Based on these findings, mice six weeks of age or older should be used to initiate
a study. Our results also reveal a subpopulation of young adult male mice which display
frequent spotting. These mice can be identified around six to nine weeks of age (coinciding
with sexual maturity). Conducting baseline voiding assays prior to experimentation is
essential for controlling the mouse population’s natural heterogeneity in voiding behavior.
The underlying cause for the appearance of frequent spotters within a population is unknown
and, in the inbred C57BL/6J mice used in this study, is not genetic. This pattern is typical of
dominant male voiding behavior [14, 15]. Whether these characteristics are innate,
potentially derived from an epigenetic origin, triggered by housing, stress or simply from
some mice being messier than others in regard to urine placement and/or tracking through
their urine or underlying inflammation/infection is an unknown mechanism that requires
further study.

Our results indicate that male C57BI/6J mice display more variability in day to day voiding
compared to that of females [6]. We observed an increase in primary void area on the third
consecutive void assay compared to the previous two days. No other voiding parameters
were significantly altered. This variation could be due to habituation to the cage/filter paper
environment and surroundings, both of which can influence behavior [19-20]. In an effort to
reduce these variables, our assays were conducted in the same style of cage used for routine
housing and the same rooms where mice are normally housed. These results suggest that
void assays collected over multiple days may vary and one or two days of testing may be
more accurate than three or more days of consecutive testing. We also found that routine
cage changes and time of day are significant factors that need to be controlled in voiding
studies using male mice.

Even though male mice scent mark their territory with urine in response to males of a
different strain, they do not typically mark in response to their own urine or that of
genetically identical mice [15,19-22]. Since the C57BI/6J mice used here are genetically
similar it is not surprising that our results indicate male mice can be group housed at
weaning without altering voiding parameters by 6 weeks of age-thus saving on housing
costs. However, our results did reveal moving from group to single housing once mice
reached six weeks of age was sufficient to decrease urine area. These results are consistent
with the fact that changes in caging density alone are sufficient to alter testosterone levels,
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which may subsequently influence voiding frequency in male mice [17]. Therefore, for all
experiments requiring single housing for any portion of the experiment, singly housing mice
for at least one week prior to and throughout the testing period should reduce variability in
the void spot assay.

There is a strong hormonal influence on male mouse marking behavior. Castration decreases
marking while addition of testosterone propionate and estradiol benzoate restore marking
behavior in castrated males [14, 23, 24]. Postnatally androgenized female mice also exhibit
increased marking behavior [23]. Therefore, chemical or genetic studies that alter mouse
hormone levels could potentially change void spot assay endpoints independent of
physiological changes of the prostate, bladder, urethra or other anatomical sites.
Additionally our studies were conducted on wild type mice. Studies using animal models of
bladder inflammation, obstruction, diabetes etc. in which voiding is altered may require
additional analysis (i.e categorizing spot number by size) [25] or optimization (i.e animal
models of diabetes which void large volumes of urine may not require a four hour testing
period).

As with any method there are both advantages and limitations to the void spot assay.
Advantages include its ease, requiring just cages and filter papers and a four hour time
period. One of the biggest advantages is that it can produce repeated measurements on the
same animal. Limitations are that it is a semi-quantitative analysis. Void spots can be
overlapped on the paper making quantitation more difficult and mice are able to walk freely
raising the possibility that they can leave spots on the paper from their paws or tails.
Similarly it is difficult to truly acclimatize mice to filter papers since changing out filter
paper introduces a new surface to mark on which to mark. Adaptations to the void spot assay
using wire mesh to suspend mice over the filter paper or video recording of voiding events
can be used as complementary approaches to minimize some of these variables. Overall the
void spot assay is a valuable tool that can be used in combination with other complementary
methods to analyze voiding function in mice.

Conclusion

Several steps can be taken to reduce variability when conducting void spot assays on
C57BI/6J male mice. Animals can be weaned with male littermates to group housing (two to
six mice/cage) until at least six weeks of age. Baseline assays around six weeks of age allow
for the identification and distribution of frequent spotters into the experimental design.
During the study, conducting void spot assays on the same day of the week, at the same time
of day, not on the day of a cage change and reducing changes in housing density should
reduce variability. These practices will help minimize variability due to handling, housing
and behavior and allow for a better representation of physiologically relevant changes in
voiding function.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Aging increases spot number in young adult male mice
Void assays were conducted and urine visualized under UV transillumination to quantify

spot number. (A) Representative images of spontaneous void spot assay testing in adult
virgin C57B1/6J male mice. (B) Relative frequency of urine spot number in 3-9 week old
male C57BI/6J mice. Results represent n=23, 41 and 28 mice at 3, 6 and 9 weeks of age
respectively.
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Figure 2. Ageinfluences several voiding parametersin young adult male mice
Void assays were conducted on the same cohort of mice at 3, 6 and 9 weeks of age.
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Quantification of (A) mouse mass, (B) spot number, (C) total urine area, (D) spot size, (E)
primary void area, (F) percent area within primary void, (G) percent area within corners and
(H) percent area within the center. (1) Total urine area normalized to mouse mass at three,
six and nine weeks. Results are mean+SE, n=11. Asterisk indicates significant differences

p<0.05.
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Figure 3. Group vs single housing has no appr eciable impact on voiding behavior from weaning
to 6 weeks of age but housing changes after 6 weeks of age decreasesurine area

(A) Representative images of spontaneous void assay testing in adult virgin C57BI1/6J male
mice singly or group housed from time of weaning to 6 weeks of age. (B) Quantification of
mouse mass, spot number, total urine area, spot size (diameter), primary void area, percent
area in primary void, corners and center. Results are mean=SE, n=9 single, n=19 (5 cages)
group. (C) Representative images of spontaneous void assay testing in adult virgin C57BI/6J
male mice. Mice group housed from weaning to 8 weeks of age were void tested, separated
into single housing for one week and void tested again, then paired with a multiparous
female for one week followed by a void assay. (D) Quantification of urine area. (E)
Quantification of urine area relative to mouse body mass. Results are mean+SE, n=6.
Asterisk indicates significant differences p<0.05.
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Figure 4. Consecutive daily void testing of mice increases primary void area
(A) Representative images of spontaneous void assay testing in adult virgin C57BI1/6J male

mice over three consecutive days. Asterisk indicates the primary void. Mice were tested on
three consecutive days at the same time of day. (B) Quantification of primary void area.
Results are mean£SE. Asterisk indicates a significant difference p<0.05. (C) Representative
images of spontaneous void assay testing in adult virgin C57BI/6J male mice before and
after routine cage changes. (D) Quantification of urine area and percent area in corners.
Results are mean£SE, n=10. Asterisk indicates significant differences p<0.05.
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Figure5. Time of day influences voiding behavior in adult male mice
(A) Representative images of spontaneous void assay testing in the same adult virgin male

mice. Mice were tested in the morning (9am-1pm), afternoon (2pm-6pm) or night (10pm-
2am) over a one week period. Quantification of (B) urine area, (C) primary void area, (D)
body mass, (E) urine area normalized to body mass and (F) primary void area normalized to
body mass. Results are mean+SE, n=8. Asterisk indicates significant differences p<0.05.
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