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Abstract

In a recent study examining the effects of manipulating the gut microbiome on bone, a control group of mice in which the microbiome was
altered using a non-caloric, aspartame-based sweetener resulted in whole bone strength being 40% greater than expected from geometry
alone, implicating enhanced bone tissue strength. However, the study was not designed to detect changes in bone in this control group and
was limited to young male mice. Here we report a replication study examining how changes in the gut microbiome caused by aspartame-based
sweetener influence bone. Male and female C57BI/6 J mice were untreated or treated with a high dose of sweetener (10 g/L) in their drinking
water from either 1 to 4 mo of age (young cohort; n=280) or 1 to 22 mo of age (aged cohort; n=52). Sweetener did not replicate the modifications
to the gut microbiome observed in the initial study and did not result in an increase in bone tissue strength in either sex at either age. Aged male
mice dosed with sweetener had larger bones (+17% femur section modulus, p<.001) and greater whole bone strength (+22%, p=.006) but
the increased whole bone strength was explained by the associated increase in body mass (+9%, p<.001). No differences in body mass, whole
bone strength, or femoral geometry were associated with sweetener dosing in males from the young cohort or females at either age. As we
were unable to replicate the gut microbiota observed in the initial experiment, it remains unclear if changes in the gut microbiome can enhance
bone tissue strength. Although prior work studying gut microbiome-induced changes in bone with oral antibiotics has been highly repeatable,
the current study highlights the variability of nutritional manipulations of the gut microbiota in mice.
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Lay Summary

To replicate prior findings and to better understand how changes in the gut microbiome caused by aspartame-based sweetener influence bone,
mice (both male and female) were treated with high doses of a calorie-free sweetener in their drinking water until the age of 4 mo (young) or
22 mo (aged). Body weight, bone strength, geometry, and microbiome composition were measured in mice receiving sweetener and compared
to mice that were untreated. Sweetener did not change in the gut microbiome as much as observed in our prior study and no changes in bone
tissue strength were seen at either age in either sex. Aged male mice receiving sweetener had increased body weight and increased whole
bone strength as compared to untreated aged male mice. Sweetener treatment did not affect body weight or bone strength and geometry of
males in the young cohort or females at either age. Our work highlights the challenges of replicating microbiota composition across studies via
dietary manipulations to study bone and the need to preserve live communities of microbiota to improve replication.

gut microbiome on the physiology of mice is to apply a

Introduction cocktail of antibiotics (ampicillin + neomycin + vancomycin

The composition of the gut microbiota has been shown to
influence both bone quantity and quality.!* Specifically, the
gut microbiota has been associated with bone formation and
resorption through modulation of inflammatory responses®*°
and can influence mineralization and collagen structure of
bone.” A standard approach to studying the effects of the

+ metronidazole) in drinking water resulting in removal of
99.9% of microbes as indicated by a 400-fold decrease in
bacterial DNA in feces.®>’

In a recent study from our group, we applied the cocktail
of 4 antibiotics to explore the effect on bone. However,
in our hands, use of this cocktail of antibiotics resulted in
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insufficient water intake by the mice. To ensure adequate
intake of water, a non-caloric aspartame-based sweetener was
included with the cocktail of 4 antibiotics. A group of mice
receiving only the sweetener was included as an additional
control. Surprisingly, the group receiving only the sweetener
showed a 40% greater whole bone strength after accounting
for geometry when compared to untreated mice. The effect
was attributed to alterations in the mechanical properties of
the bone matrix (not just bone size/density).! This finding
was exciting in that it suggested that alterations to the gut
microbiota could increase the mechanical performance of
bone matrix. Bone tissue strength is a major contributor
to bone fragility but has not previously been explored as a
therapeutic target.' However, this prior study was limited
in that it was not designed to examine the effects of the
aspartame-based sweetener, it only examined male mice, and
it included only one time point (collected at 4 mo of age after
3 mo of dosing). As a result, it remained unclear how changes
in the gut microbiome caused by chronic sweetener influenced
whole bone strength and if the effect we previously observed
was limited to one sex or age.

Aspartame, a key constituent of the sweetener blend
that we administered, is a non-caloric sweetener that is
hydrolyzed in the small intestine and does not reach the
colon in its intact form.'! Although oral absorption of
aspartame is negligible, in humans, aspartame consumption
has been linked to changes in liver function,!? neurological
function,'3-1* glucose tolerance, and obesity,!*>1® suggesting
that either aspartame-induced changes in the gut microbiota
or byproducts of the breakdown of aspartame within the gut
can influence host health. The World Health Organization
has classified aspartame as a possible carcinogen based on
limited evidence associated with liver cancer in clinical and
murine studies.'”

The goal of this work was to determine the effect of
aspartame-based sweetener on the gut microbiota and bone
strength. Specifically, we sought to determine: (1) the effect
of changes in the gut microbiota caused by aspartame-based
sweetener on bone strength and geometry across age and sex,
(2) the effect of sweetener on the composition of the gut
microbiota, and (3) identify the microbial taxa associated with
changes in bone strength following dosing with sweetener.

Materials and methods
Mouse strains

Animal procedures were approved by the local Institutional
Animal Care and Use Committee. Male and female C57Bl/6 ]
mice were purchased from Jackson Laboratory and bred
using trio breeding. Pups were weaned at 3 wk of age and
randomly housed by sex (1 = 3-4/cage). Sterile cages contained
Y4-inch corn cob bedding (The Andersons’ Lab Bedding)
and cardboard hut (Ketchum Manufacturing). Breeding was
carried out in a barrier (specific pathogen free) facility and
upon weaning (3 wk of age), mice were transferred to a
conventional facility in the same building. Animals were bred
and raised at the same institution, in the same barrier (specific
pathogen free) and conventional facility as in Luna et al.,! but
in different rooms.

Diet and aspartame-based sweetener

Mice received standard laboratory chow (Teklad LM-485
Mouse/Rat Sterilizable Diet Irradiated, Envigo Diets; ingre-
dient list outlined in Table S1) and reverse osmosis sterilized
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water ad libitum with or without 10 g/L zero-calorie sweet-
ener (Equal: aspartame, dextrose, maltodextrin, acesulfame
potassium; Merisant Company).! Sweetener laced water was
freshly prepared and replenished every 3 d.

Study design

The study included both males and females and examined
bones from young (4 mo of age) and aged (22 mo of age)
animals. Pups were divided into 4 groups based on age and
treatment (number of animals in each treatment group is
outlined in Table S2): (1) chronic sweetener dosing from 1
to 4 mo of age, (2) untreated control 4 mo of age, (3) chronic
sweetener dosing from 1 to 22 mo of age, and (4) untreated
control 22 mo of age (Figure 1A). A sample size of 12 animals
per group had a statistical power of 0.80 to detect an effect size
of 0.88 in bone tissue strength with o =0.05. Larger sample
sizes were bred to maintain the sample size even after age-
related attrition; all available animals were used for the study
resulting in differences in sample size among groups. Dosing
consisted of reverse osmosis sterilized water containing zero-
calorie aspartame sweetener (10 g/L; freshly prepared every
3 d).! Weekly mixing of bedding between cages of the same
sex and treatment group was applied from 1 to 3 mo of age
to reduce cage-to-cage variation in the microbiota.'® Mice
were euthanized at either 4 or 22 mo of age, and femora were
dissected and preserved by wrapping in gauze soaked with PBS
and plastic wrap stored at —80°C.

Geometric measurements of femoral cortical bone

Femora were thawed to room temperature and scanned using
micro-computed X-ray tomography at a 10-um voxel size
resolution with a mineral calibration phantom, 100 kV with
a 1 mm aluminum filter, and an exposure time of 700-
900 ms (Bruker SkyScan 1276 mouse CT, Bruker Corpora-
tion). Images were processed using a standard methodology,
and geometric measurements were made from the diaphyseal
cross-section in the micro-computed tomography images.'+!”
Images were analyzed using a custom Java code and run in
Fiji (v.2.3.051) with a Bone] plug-in. Briefly, a Gaussian blur
was applied (o =1), the mid-slice of the mid-diaphysis was
determined, and a global threshold was applied using the Otsu
method.2%21 Cortical cross-sectional area, cortical thickness,
moment of inertia (I) about the medial-lateral axis (direction
of loading), distance from the neutral axis to the edge of the
bone surface (c), and section modulus (I/c) were measured.

Biomechanics

The mechanical properties of the mouse femur were deter-
mined by applying 3-point bending until failure. Mechanical
testing in 3-point bending was performed as follows: the right
femur was thawed, hydrated with PBS, and tested using 3-
point bending in anterior-to-posterior direction to failure
(loading rate = 0.1 mm/s, span length = 7.5 mm between outer
loading pins) using a materials testing device (858 Mini
Bionix; MTS). Force vs displacement curves were collected
using an 11.34 kg (25 Ibs) load cell (MLP-25, Transducer
Techniques; weekly manual calibrations) and linear variable
differential transducer at 100-Hz sampling. Data were pro-
cessed using a custom script in Matlab (R2021b, MathWorks)
using a smoothing function to minimize noise. The maximum
breaking force and displacement were recorded. A 10%
reduction in slope method was used to identify the yield force
and yield displacement.”?” The maximum breaking force was
used to calculate whole bone strength (max force x span
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Figure 1. Aged male mice receiving sweetener had greater body mass. (A) Study design. (B and C) Sweetener treatment to mice in the young cohort
had no effect on body mass or fat pad mass. (D) Body mass at euthanasia was greater in aged males chronically treated with sweetener but not aged
females. (E) Sweetener treatment did not influence perigonadal fat pad mass in aged mice. A one-way ANOVA was used to calculate differences in body
mass and normalized fat pad mass between treatment groups in each age and sex.



length/4). Bone tissue strength was calculated using whole
bone strength and geometric measurements from micro-
computed X-ray tomography (whole bone strength/section
modulus).

16S rRNA gene sequencing analysis

16S rRNA gene sequencing was used to determine the
composition of the microbiota from fecal samples collected
at 4 mo (young cohort) or 22 mo of age (aged cohort).
The University of California San Diego Microbiome Core
carried out DNA extraction, purification, library preparation,
and sequencing. DNA was isolated and purified using a
liquid handler robot (MagMAX Microbiome Ultra Nucleic
Acid Isolation Kit, Thermo Fisher Scientific). For quality
control, blanks and mock communities were used throughout
the processing pipeline (Zymo Research Corporation). 165
rRNA gene amplification was completed using a protocol
from the Earth Microbiome Project.?? Unique forward
primer barcodes (Illumina) were used to amplify the V4
region of the 16S rRNA gene (515fB-806r; forward -
GTGYCAGCMGCCGCGGTAA, reverse — GGACTACN-
VGGGTWTCTAAT?*%5), Amplification was individually
carried out on each sample as a single reaction (94°C 3 min,
94°C45s x35,50°C60s x35,72°C90s x35,72°C 10 min,
4°C hold), equal volumes of each amplicon were pooled, and
libraries were sequenced on Illumina MiSeq using paired-end
150 bp cycles.?® Quality control trimming and taxonomic
classification were carried out using QIIME2 (v. 2020.6)
with a SILVA database (SSU r138-1).2” Reads were assigned
at the genus level and normalized with a single rarefaction
step (feature count cut-off 46 067; range of feature sizes in
samples: 46 068-233 105; average and standard deviation of
feature size in samples: 110390 + 59 424).>% Feature count
cut-off was determined using standard rarefaction methods
in an effort to maximize the number of features relative
to the percent of samples retained.*28:2° Alpha (Shannon
index) and beta diversity (Bray—Curtis dissimilarity) were
calculated using the amplicon sequence variant (ASV) table
from QIIME2 output using the vegan package (v. 2.5-7) in
RStudio.*3? A principal coordinate analysis was carried out
on the Bray—Curtis dissimilarity matrix by sex and treatment
group. Microbiome Multivariate Associations with Linear
Models (MaAsLin2) was carried out to identify univariate
associations between treatment groups, sex, and microbial
abundance.?! Specifically, genera-level taxa were used in the
MaAsLin2 analysis that had >10% prevalence and post
hoc g-values associating treatment groups and microbes
were calculated with the Benjamini-Hochberg method.!
A secondary differential abundance analysis (ALDEx2 R
package) was performed using a rarefied ASV table (separated
by sex) to create Monte Carlo simulations of Dirichlet
distributions of each sample.’>»3> The distributions were
transformed using a centered log ratio transform, and a
generalized linear model was generated based on treatment
(sweetener vs untreated).>3 Volcano plots were generated by
sex, and significant ASVs (p<.05; magnitude of fold change
> |1l) are shown in upper left and right corners.

Statistical analysis

Values are shown as the mean + standard deviation. Statistical
analyses were performed using RStudio (v. 1.4.1106,2021).34
One-way ANOVA was used to calculate significance between
treatment groups by age and sex in body mass, fat pad mass,
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bone biomechanics, femoral geometry, alpha diversity, and
microbial abundance. For parameters that were correlated
(section modulus and whole bone strength), an analysis of
covariance was performed to detect differences in whole bone
strength between groups when accounting for differences in
section modulus.! Permutational multivariate analysis of vari-
ance (adonis2 function) was used to calculate differences in
beta diversity (microbiota composition) by treatment group.>’
A Pearson’s correlation matrix between femoral geometry,
body mass, fat pad mass, and biomechanics was performed
(95% confidence intervals are shown; p-values <.05 consid-
ered significant). Femoral geometry and bone biomechanics
are shown without (main figure) and with normalization
(Supplementary Table) by body mass. Normalization by body
mass was performed using a regression-based approach.3®

Results

Thirty-one percent of the aged females (22 mo age) dosed
with sweetener died prior to the end of the study (deaths
occurred between 9 and 22 mo of age; consistent with a
previous study>’), survivorship among untreated females and
males from both groups was 100%. Staff veterinarians did
not determine the cause of the premature death of the aged
females dosed with sweetener.

Aged male mice receiving sweetener had greater
body mass

Aged male mice (22 mo age) receiving chronic high dose
sweetener (10 g/L) had greater body mass (Figure 1D;
p<.001) and comparable perigonadal fat pad mass (normal-
ized by body mass; Figure 1E; p=.319) relative to untreated
mice. Young (4 mo) males and females (both young and aged)
receiving sweetener did not have differences in body mass or
fat pad mass relative to untreated mice (Figure 1B and C).

Aged male mice receiving sweetener had greater
whole bone strength and femoral geometry

Aged male mice treated with sweetener had greater whole
bone strength (Figure 2E; p=.006), maximum load (Table 1;
$=.006), and work to failure (Table 1; p=.028) relative to mice
not receiving aspartame. Additionally, sweetener-treated aged
male mice had greater femoral geometry including section
modulus (Figure 2F; p<.001), cross-sectional area (Figure 2G;
p=.021), and moment of inertia (Figure 2H; p<.001) than
untreated mice. Differences in whole bone strength and
femoral geometry were not detected in young males (4 mo
age) or in females at either age. There were no differences
in femur length, yield load, or yield displacement at either
timepoint in either sex (Table 1).

When normalized by body mass, differences in cross-
sectional area and whole bone strength between aged males
with and without sweetener were not significantly different
(Table $3).3¢ Femoral geometry (cross-sectional area, moment
of inertia, and section modulus) was positively correlated with
body mass and fat pad mass in both aged males (Table S4) and
females (Table S5). Additionally, cross-sectional area, moment
of inertia, and section modulus were positively correlated with
whole bone strength in both sexes in aged mice.

The biomechanical analysis from the young (4 mo age)
male and female mice suggested that chronic sweetener did
not affect bone strength or geometry in either sex during
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Figure 2. Aged male mice treated with sweetener had greater whole bone strength and femoral geometry. (A-D) Sweetener treatment to mice in the
young cohort had no effect on whole bone strength, section modulus, cross-sectional area, or moment of inertia. (E-H) Whole bone strength, section
modulus, cross-sectional area, and moment of inertia were greater in aged males treated with sweetener but not females. A one-way ANOVA was used

to calculate differences in biomechanics and femoral geometry between treatment groups in each age and sex.
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early growth. No differences in biomechanical parameters
were associated with sweetener treatment after normalizing
by body mass.

Sweetener dosing led to a distinct gut microbiota
from untreated, but not as different as seen in prior
work

Since we did not observe the difference in whole bone strength
in the young mouse cohort as we had observed in our prior
work, we looked in greater detail at changes in the gut
microbiota associated with sweetener in the current study.
Both aged males and females receiving chronic sweetener
had a significantly different microbiota composition (Bray-
Curtis beta diversity) relative to untreated (M: p=.007; F:
p=.026) (Figure 3A, Figure S1). The differences in beta diver-
sity in aged males receiving aspartame appeared to be caused
by a few individual mice that had a drastically different
taxonomic abundance of microbes compared to untreated
mice (Figure 3B). Sweetener did not appear to affect alpha
diversity (Figure S2: observed richness, Shannon diversity)
in either aged males or females. Notably, differences in the
gut microbiota associated with sweetener were substantially
smaller than were seen in the study by Luna et al.! (Figure 4).
MaAsLin analysis of the samples from the current study found
that Odoribacter was significantly decreased in aged males
and females receiving sweetener relative to untreated mice
(Figure 3C; M: p=.002; F: p=.052). Differential abundance
analysis by ALDEx2 determined that 1.8% (15/852) and
2.4% (21/875) of the ASVs identified in aged males and
females were significantly different in abundance (p<.05;
magnitude of fold change > I1l) in mice that received sweet-
ener relative to untreated mice (Figure 3D). ASVs with sig-
nificantly different abundance in aged males and females
belonged to either Bacteroides or Firmicutes phyla (Tables S6
and S7).

Discussion

In this study, we evaluated the effects of long-term high dose
sweetener on body mass, bone, and microbiota composition
in young (4 mo age; equivalent ~12.5 yr age in humans) and
aged (22 mo age; equivalent ~67 yr age in humans) cohorts
of male and female mice. Our goal was to evaluate how
consumption of high dose sweetener influenced bone strength
and the microbiome across different stages of skeletal growth
and development. Compared to our prior study,’ dosing with
sweetener generated significant, but much smaller changes
in the composition of the gut microbiota (Figure 4). Since
dosing with sweetener did not result in the same microbiota
across studies, our findings are unable to support or refute
our prior observation that changes in the gut microbiota can
increase bone tissue strength above what is seen in mice with
an unaltered gut microbiota.

Our prior study dosing mice with the same sweetener
resulted in a substantially different composition of the gut
microbiota and an increase in bone tissue strength (Figure 4)!
that were not observed in this more comprehensive follow-up
study. We implemented several methods to increase repeatabil-
ity of the gut microbiota, including breeding mice in the same
facility, using the same food, water, and sweetener. Further, to
reduce the risk of contamination, we prepare sweetener-laced
solutions in bottles that are regularly sterilized. It is possible
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Figure 3. Aged male and female mice receiving chronic sweetener had a different microbiota than untreated mice. (A) Both aged males and females
receiving sweetener had a different composition of the microbiota (Bray-Curtis beta diversity) than untreated mice. (B) A subset of aged male mice
receiving sweetener had a drastically different relative abundance of taxa compared to untreated mice. (C) Sweetener treatment decreased the abundance
of Odoribacter in both aged males and females relative to untreated. (D) Differential abundance analysis by ALDEx?2 identified significant ASVs from the

-5 0 5
Magnitude of fold change by treatment

Bacteroides and Firmicutes phyla in both males and females.

5 0 5
Magnitude of fold change by treatment



A Luna et al. 2021
Sweetener
@ Untreated

R2=0.515
p=0.002

Principal Coordinate 2
21.56% of all variance

e

Principal Coordinate 1
53.76% of all variance

B Luna et al. 2021
Untreated Sweetener

Phylum

s Actinobacteria
IS Bacteroidetes
B Firmicutes
S Proteobacteria
[ Tenericutes
S Verrucomicrobia
B NA

o

~
(6]

N
o

Relative Abundance (%)
o
o

JBMR Plus, 2024, Volume 8 Issue 8

Current study

R2=0.174 o
p=0.031

24.53% of all variance

Principal Coordinate 2

°

Principal Coordinate 1
31.35% of all variance

Current study
Untreated Sweetener

Phylum

[ Actinobacteria
B Bacteroidetes
B Firmicutes
B Proteobacteria
B Tenericutes
B T™M7

B Verrucomicrobia
B NA

o

~
[6)]

N
[¢)]

Relative Abundance (%)
[¢)]
o

Figure 4. Across 2 independent studies in male mice treated with sweetener from 1 to 4 mo of age, sweetener had a different effect on the microbiota
(Bray—Curtis beta diversity, relative abundance). (A) In our 2021 study (Luna et al."), male mice receiving sweetener had a large difference in the composition
of the microbiota relative to untreated mice (p=.02). In our current follow-up study (Current study), male mice receiving sweetener had a microbiota
composition more similar to that of the unaltered mice relative to Luna et al. (p=.031). (B) In our 2021 study (Luna et al."), male mice had decreased
Actinobacteria, decreased Firmicutes, and increased Bacteroidetes relative to male mice in our current follow-up study (Current Study).

that differences in gut microbiota before treatment and/or
subtle differences in composition of the chow or sweetener
received from the manufacturer prevented the same changes
in the composition of the gut microbiota reported by Luna
et al.' There was more than 1 yr of time between the start
of the current study and the initial study reported by Luna
et al.! and as a result we were not able to use the same lot or
batch of sweetener. High variability in the individual response
of the microbiome to dietary-induced manipulations has been
observed by others,'®38:3% contributing to the challenge of
replicating dietary-induced manipulations to the microbiota
composition across studies. In contrast, our prior work using
oral antibiotics to manipulate the gut has shown high repeata-
bility in both changes in the gut microbiota and bone pheno-
type, with similar results observed in 3 independent studies
in our facility!»>*" and one additional study at a separate
facility.*! Our findings highlight a technical limitation in
studying the effects of a complex microbiota on host physi-
ology: the microbial community is often difficult to replicate,
sometimes requiring a fecal microbiota transplant to directly
demonstrate the effects of the gut microbiome on a phenotype.
Stored microbiota are a limited resource that, when expended,
cannot be further replicated. However, a recent advancement
with in vitro culture techniques addresses this limitation by
enabling storage and subsequent growth of complex donor
communities*? (such an approach also enables sharing with
other labs). We are now implementing the development of
these “stock” microbial communities in our laboratory and
encourage the community to also maintain viable, frozen
stool-derived microbial communities where possible.

Although the changes in the gut microbiota in the current
study are much smaller than those seen by Luna et al., in
the aged cohort, the composition of the microbiota differed
in both males and females receiving the sweetener relative
to untreated mice with decreased abundance of Odoribacter
in mice that received sweetener. Odoribacter is a member of
Bacteroidetes phylum and Porphyromonadaceae family that
has previously been shown to be decreased with aspartame
treatment.'® Additionally, human-derived isolates of Odorib-
acter sp. have been used as probiotics to consume excess
succinate to modulate glucose tolerance and inflammation
in mice*’ and decreased abundance of Odoribacter with
sweetener treatment may partially explain a greater body mass
in aged male mice.** The secondary differential abundance
analysis via ALDEx2 was confirmatory of the results from
MaAsLin2 and identified significant ASVs in aged males
and females from the Bacteroides phylum and Porphyromon-
adaceae family.

This study has several limitations related to its scope. Specif-
ically, our study was not designed to explain the mechanism of
how the increased body mass caused by sweetener increased
femoral geometry and whole bone strength in aged male mice.
It is conceivable that sweetener increased mouse cage activity
leading to increased loading and bone formation. It has also
been reported that chronic aspartame impairs the function of
intestinal alkaline phosphatase through its byproduct pheny-
lalanine causing translocation of gut microbes and inflam-
mation.*> Therefore, it is also possible that the aspartame-
based sweetener used in our experiment could have inac-
tivated intestinal alkaline phosphatase and interfered with
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bone metabolism signaling downstream (TLR4/NF-kB signal-
ing pathways)*’ and/or microbial metabolites or translocated
microbes were directly influencing bone metabolism. How-
ever, noticeable changes in bone geometry were only seen in
the aged males. Further, our study was limited in that it did
not measure food intake, which could provide more insight
into why sweetener-treated aged male mice had an increased
body mass.

Our study involved mice receiving an extraordinarily
high dose of sweetener (estimated daily intake 1500 mg/kg,
assuming 2-3 mL water consumed/d, human equivalent
dose 122 mg/kg).*® Our dose was within the range of
prior carcinogenicity studies in rodents and accounted for
differences in the rate of aspartame metabolism in mice vs
humans.*”>*8 The zero-calorie aspartame-based sweetener
used in the study (Equal®) contains approximately 1.7%
aspartame by mass, therefore the human equivalent dose
of aspartame consumed daily is approximately 2.07 mg/kg
(excluding other fillers present in the Equal® sweetener).
Assuming a 60 kg adult, our dose of 2.07 mg/kg aspartame
would be the equivalent of <1 can diet soda/d (average can
diet soda contains 200-300 mg aspartame). The current
study was not designed to detect the effects of aspartame-
based sweetener on mouse health, so while we cannot make
conclusions regarding any detrimental effects of aspartame,
we did observe an increase in early mortality in females
receiving high dose sweetener, although the cause of death
is not clear.

In summary, changes in the gut microbiota induced by
high dose sweetener in the current study did not match those
observed in our prior study and we subsequently did not
observe the same increase in bone tissue strength reported
in our prior work. We did observe that aged male mice
receiving chronic sweetener had greater body mass, whole
bone strength, and femoral geometry relative to untreated
mice; an effect that was not observed in aged females and
appeared to be explained by increased body mass. Further
studies are necessary to elucidate the mechanism and potential
role of the microbiome. However, this finding suggests that
chronic use of aspartame-based sweetener negatively affects
metabolism in males that leads to secondary effects on bone
geometry and strength. Our study highlights the need for
replication in microbiome studies and the importance of long-
term rodent studies to understand the effects of compounds of
interest across the lifespan on bone.
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