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Effect of Bedding Substrates on Blood Glucose
and Body Weight in Mice

Sylvia Y Kondo,'* Jasmine Kropik,? and Michael ADLY Wong!

Differences in cage microenvironments may contribute to variation in data and affect the outcome of animal studies involv-
ing metabolic diseases. To study this, we compared the effects 3 types of bedding—corncob bedding, hardwood bedding, and
hardwood bedding plus a cardboard enrichment item—on baseline fasting and nonfasting blood glucose and body weightin
mice. Mice housed on corncob bedding showed significantly higher fasting blood glucose than did mice housed on hardwood
bedding, with or without the enrichment item. None of the groups showed an effect of bedding type on nonfasting blood
glucose levels or body weight. This information informs the choice of bedding substrates for studies that measure fasting
blood glucose and potentially mitigates a variable that could confound research outcomes.

Abbreviations: FBG, fasting blood glucose; NFBG, nonfasting blood glucose
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Introduction

The use of mice for studying metabolic diseases, including
diabetes and obesity, has prompted standardization of method-
ologies for key metabolic techniques.? Cage microenvironments,
including bedding substrates, are potential variables that could
affect experimental treatments and outcomes.® Research
facilities use many types of bedding, including hardwood,
paper, and corncob. An ideal bedding substrate is highly
absorptive, inedible, tactilely desirable and comfortable for resting,
nontraumatic, nontoxic, safe for personnel, free of dust and
splinters, cost effective and offering opportunities for nesting,
digging and insulation from temperature fluctuations.®”1323
In addition, cage cleaning elicits numerous physiologic and
behavioral responses that may indicate aversive responses in
mice 2?2 Therefore, by minimizing detectable ammonia and
extending the interval between cage changes, bedding with
high absorptive capacity could reduce operating costs, improve
animal welfare, and reduce workers’ exposure to allergens and
pathogens.??? The choice of bedding type may be influenced
by the purpose of the study in which the mice will be used.?

One substrate that we assessed in the current study was
corncob bedding. The raw stock for corncob bedding is 100%
corncob, and the 1/8-in. product is produced from the woody-
ring portion of the cob. During production, whole corncobs
are ground, dried, sifted, and aspirated to make very uniform
particles that are essentially dust free.® Corncob bedding is more
absorbent than many other products, providing a drier micro-
environment and reducing the amount of ammonia,”!° thereby
potentially extending the interval between cage changes. Other
advantages of corncob include its ability to reduce the spread
of allergens.? In one study, corncob supported the lowest
unfavorable microbial load among the substrates evaluated.*
Another study found that commercially available rodent bed-
dings, especially corncob and mixes of corncob and paper, had
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high bacterial counts including coliforms and pathogenic agents,
leading to the recommendation that they undergo autoclaving
or irradiation prior to their use in strict barrier facilities.’! In
addition, mice may ingest corncob bedding, which contains
digestible material that reduces the efficiency of feed conver-
sion in mice fed a high-fat diet.! Rats housed in solid-bottom
cages ate so much corncob bedding that the material was seen
in centrifuged feces, leading to concerns that the bedding might
interfere with nutritional studies, particularly those investigat-
ing the health benefits of dietary fiber.!* The potential biologic
effects of corncob bedding include its high levels of estrogenic
compounds,?® which may induce endocrine disruption and
thus cause variability in breast and prostatic cancer studies!®
or alter rodent behavior.?8

The other bedding used in the current study is made from
100% virgin Great Lakes aspen hardwood. Aspen hardwood
bedding has a low rate of contamination from tars and resin,
does not significantly affect liver enzymes, and has not been
linked to any observed physiologic or behavioral confounding
effects.!® However, wood-based beddings generally display
poor fluid absorption and ammonia control,?” thereby poten-
tially limiting the interval between cage changes as compared
with other bedding substrates, like corncob.

Fasting blood glucose (FBG) levels are commonly measured
for metabolic and nutritional studies. Fasting levels may be more
consistent because food is removed for a designated amount of
time for all mice involved. Because mice primarily eat at night,
overnight fasting depletes liver glycogen stores and leads
to a catabolic state in mice. Overnight fasting can result in an
approximately 15% loss of lean body mass.? After a 4- to 6-h fast,
overtly healthy nondiabetic mice typically have an FBG of 80
to 100 mg/dL.” Data in the Mouse Phenome Database include
the serum glucose levels obtained from 41 strains of mice fed a
standard diet; blood samples were collected from 7- to 9-wk-old
male and female mice after a 4-h fast. The overall mean blood
glucose level after this brief fast was 179 + 31 mg/dL!" but var-
ied with age, sex, and strain. Females of a given strain tended
to have lower levels than males, with LP/] mice showing the
lowest values (female, 125 + 22 mg/dL; male, 146 + 19 mg/dL)
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and C57B1/10] mice showing the highest values (female, 230 +
25mg/dL; male, 263 + 57 mg/dL). In mice, serum glucose levels
decrease between the 3rd and 12th month of age; in C57BL/6 and
BALB/ c strains, the glucose level rises again after 24 months. !>
We measured both fasting and nonfasting blood glucose (NFBG)
levels in the current study.

Body weight is a useful, nonspecific indicator of mouse
health.?* In one study, the presence of environmental enrich-
ment had no significant effect on the body weight of mice, but
strain-associated differences remained until 11 wk of age.?’

Just as bedding substrates could alter the effects of treatment
outcomes, so too could environmental enrichment. However,
scientific evidence is scarce regarding whether these items pose
a variable that affects research results. One approach to environ-
mental enrichment is to provide animals with manipulanda that
promote species-typical behaviors.? Environmental enrichment
may improve the wellbeing of research rodents? but should not
negatively influence their health or safety or alter the outcome
of the study.?

The current study focused on assessing the effects of 2 bed-
ding substrates on indicators of metabolism; it also included
an additional treatment group in which mice on hardwood
bedding received an autoclaved cardboard toilet paper roll as
environmental enrichment.!! Researchers engaged in studies of
metabolism at our institution raised concerns about the possibil-
ity that mice might ingest some of the glue while chewing on
these rolls. Information provided by the vendor indicated that
the adhesive for the cardboard toilet paper roll contains food-
grade ingredients including gelatin, glycerin, water, Epsom salt,
and corn sugar. We therefore sought to determine whether this
form of enrichment altered the indicators of metabolism that
were assessed in the current study.

Materials and Methods

Animals and housing. C57BL/6NCrl female mice (1 = 30; age,
42 d) were purchased from a commercial vendor (Charles River,
Wilmington, MA). The mice were housed in the University of
Hawaii Animal and Veterinary Services’ vivarium. The program
is AAALAC-accredited and adheres to the standards set forth in
the Guide for the Care and Use of Laboratory Animals.'? The Univer-
sity of Hawaii’s IACUC approved the experimental procedures
described (protocol no. 18-2876). Mice were SPF for viruses
including EDIM, MHV, MPV, MVM, LCMV, and TMEV and
for pinworms and fur mites. Mice were housed in IVC (model
1285, Tecniplast USA, West Chester, PA) set at 75 air changes
per hour. IVC motors were tested every 4 mo. The temperature
set point for the room was 70 to 74 °F (21° to 23°C) and rela-
tive humidity ranged from 30% to 70%. Mice were housed in
14:10-h light:dark cycle with lights on at 0600 and 27 ft. candles
measured at 1200. Mice were fed irradiated chow (Teklad 2919,
Envigo, Indianapolis, IN) and given municipal water without
restriction from water bottles with stainless-steel sipper tubes.
Cages and accessories were sanitized at 180 °F (82°C). Cages
were changed weekly in a biosafety cabinet. Bedding substrates
included autoclaved 1/8-in. corncob (Teklad 7092, Envigo) and
pelleted aspen hardwood bedding (Teklad 7086G, Envigo).
Some mice on pelleted aspen hardwood bedding received en-
vironmental enrichment in the form of autoclaved cardboard
toilet paper rolls (Proctor and Gamble, Cincinnati, OH) that
contained food-grade adhesives (gelatin, glycerin, water, Epsom
salt, and corn sugar).

Collection of blood samples and body weights. Samples of
whole blood (5 uL) were collected by using a lancet (EasyTouch,
Fairfield, OH) to nick the tail vein of mice during restraint in a

Cage #|] Wk1 | Wk2 [ Wk3 [ Wk4 [ Wk5 [ Wk6
1 1 3 3 1 2 2
2 3 2 1 2 1 3
3 3 2 3 2 1 1
4 3 2 3 1 1 2
5 1 1 3 2 2 3
6 1 1 3 2 2 3

Figure 1. Schematic of randomized-block cage treatment schedule. Each
cage contained 5 randomly assigned mice, for a total of 6 cages. The
3 cage treatments were: 1) hardwood bedding; 2) hardwood bedding plus
an autoclaved cardboard toilet paper roll for enrichment; and 3) corncob
bedding. Each treatment exposure period lasted 1 wk; each cage
was exposed twice to each 1-wk treatment, for a total of 6 wk.

plastic tube holder. Whole blood was placed directly onto test
strips. NFBG samples were collected every Monday between
0800 and 1000 and FBG samples collected every Friday between
0800 and 1000, and immediately measured by using a glucom-
eter (EasyTouch). Mice were weighed twice a week on Mondays
and Fridays between 0800 and 1000 by using an electronic scale
(Tanita, Tokyo, Japan).

Timeline. Beginning on arrival and continuing until they
reached 8 wk of age, mice were acclimated to corncob bedding
inIVC cages, with unrestricted access to food and water. After
the acclimation period, a blood sample was collected from all
mice for baseline NFBG measurement. After this, groups of
5 mice were randomly assigned to each of 6 cages. Each cage
was subjected to 3, week-long treatments that were replicated
twice for each treatment over a 6-wk period (Figure 1). The 3
cage treatments were corncob bedding, hardwood bedding
plus an autoclaved cardboard toilet paper roll for environ-
mental enrichment, and hardwood bedding only. The order
of treatment of each cage was randomized to eliminate effects
due to the age of the mice or the order of exposure. Mice were
assigned to cages on day 0 between 0800 and 1000 and were
acclimated for 72 h before NFBG samples were collected.
Blood samples were collected from the tail vein of every mouse
on day 3 between 0800 and 1000 for measurement of NFBG.
On day 6, food was removed from cages between 1900 and
2100, for a 14-h overnight fast, with water available without
restriction. A new cardboard toilet paper roll was placed on
day 6, when food was removed for the overnight fast. On day
7 between 0800 and 1000, blood samples were collected from
the tail vein for measurement of FBG. After blood sampling,
each group of mice was transferred to a new treatment cage
with either corn cob bedding, hardwood bedding plus an
autoclaved toilet paper roll, or hardwood bedding only. For
each cage, the 7-d process was repeated weekly (2 iterations
per treatment) for 6 wk. Mice were weighed twice a week, on
days 3 and 7, between 800 and 1000.

Statistical analysis. Statistical analysis of FBG and NFBG levels
and body weights collected over a 6-wk period was performed
using R (GNU General Public License, R Core Team, Vienna,
Austria) for the Shapiro-Wilk normality test, Kruskal-Wallis
rank sum test, and Dunn All-Pairwise test (Prism 7, GraphPad
Software, La Jolla, CA). A P value of less than 0.01 was consid-
ered to be statistically significant. Data are reported as medians
with lower and upper quartiles.

Results
Comparison of FBG. Box plots for the 3 cage treatments
revealed that the FBG data for corncob bedding were more
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Figure 2. Box plot distribution of FBG levels in mice exposed to 3 cage
treatments, with median values and reference intervals. These box plots
revealed differences in FBG data for corncob bedding, which were
more dispersed and slightly different (P = 8.177 x 107°) from those for
the other 2 treatments.

dispersed than for the other 2 treatments (Figure 2). The
Shapiro-Wilk normality test revealed the distribution of the FBG
data to be nonnormal, so a Kruskal-Wallis test (a conceptual
analog of ANOVA) was used to determine whether the data
distributions differed. At least one treatment yielded FBG
levels that differed statistically from the others (72 = 18.823,
df =2, P =8.177 x 107°). A Dunn test to separate the medians
showed that the FBG for the corncob bedding (median,
105 mg/dL) was higher than those for hardwood bedding,
with and without enrichment (median, 98 and 96 mg/dL,
respectively). The FBG distribution for the hardwood bedding
values was not significantly affected by enrichment.

Baseline NFBG and body weight. Kruskal-Wallis rank sum
tests detected no significant treatment-related differences in
baseline NFBG ([? = 3.176, df = 2, P = 0.2043) or body weight
(0% =4.8169, df = 2, P = 0.08995).

Discussion

The present study found that mice housed on corncob
bedding had higher FBG levels than did mice on hardwood
bedding, and that FBG did not differ between mice housed on
hardwood bedding with or without enrichment. The higher
FBG in mice housed on corncob bedding suggested that they
might ingest the bedding during the overnight fast. Follow-up
observations of home cage behavior would confirm whether
mice did ingest corncob during fasting or nonfasting periods.

This study has several limitations. We used only a single sex
(female) and strain (C57BL/6NCrl) of mice; both sex and strain
could influence results. We evaluated 8 to 14 wk old mice in this
study. NFBG, FBG, and body weight might show age-related
differences. Aging in humans can naturally lead to significant
changes in weight, body fat percentage, and glucose metabolism
and may be difficult to translate from mice to humans.'® Also,
we evaluated only 2 types of bedding; other types of bedding
could be studied to determine any interaction between bedding
substrate and environmental enrichment. None of the treatment
groups in our study differed with regard to NFBG. The differ-
ences noted in the Mouse Phenome Database!” in the serum
glucose levels of 41 strains of mice indicates that blood glucose
levels vary with age, sex, and stain. Studying both sexes and
multiple strains and ages of mice would provide more informa-
tion on whether sex and strain are biologic variables in terms
of NFBG and bedding type.

None of the treatment groups in our study showed differences
inbody weight. In a previous study, strain-associated differences
in body weight were apparent until mice were 11 wk old.?
Therefore, future studies could include more strains to assess

Bedding effects on blood glucose and body weight in mice

effects of bedding substrate (with or without environmental
enrichment) on body weight.

The enrichment item used in our study (an autoclaved card-
board toilet-paper roll) had no effect on FBG, NFBG, or body
weight in mice housed on the hardwood bedding, even though
the rolls were always present in the cages, including during
the 14-h overnight fast. Based on information supplied by
the vendor, the item contained food-grade adhesives (gelatin,
glycerin, water, Epson Salts, and corn sugar). This variation of
a tube-shaped cardboard enrichment device is commonly used
at our institution to promote species appropriate behaviors in
mice at this institution.!! This lack of difference between groups
indicated that this enrichment item did not alter the FBG, NFBG,
or body weight of mice on hardwood bedding.

In conclusion, the reproducibility of animal research has
profound implications for scientific progress and ethical use
of animals. The reason for failures in reproducibility are likely
multifactorial and include microenvironmental factors, such as
the type of bedding used substrates in the primary enclosure. In
addition to potential effects on FBG, the source of raw materials,
production processes, and microbial contaminates of bedding
substrates may confound research results. Many husbandry
practices, including the bedding substrates used, are based on
industry standards and operational considerations. However,
these choices may influence research results, leading to wasted
resources.’’ Bedding substrates such as corncob may mask
treatment effects in metabolic studies that measure FBG, such
as research on diabetes. The information from the current study
may inform the choice of bedding substrates used.
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