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Abstract: Many preclinical reports have coalesced to identify a strong association between obesity
and increased levels of uric acid (UA) in tissues and, importantly, in the circulation (hyperuricemia).
Unfortunately, nearly all these studies were conducted with male mice or, in one case, female mice
without a side-by-side male cohort. Therefore, the relationship between obesity and hyperuricemia
in female mice remains undefined. This lack of clarity in the field has considerable impact as the
downstream effects of obesity and allied hyperuricemia are extensive, resulting in many comorbidities
including cardiovascular dysfunction, chronic kidney disease, and nonalcoholic fatty liver disease
(NAFLD). Herein we begin to address this issue by revealing phenotypic and metabolic responses
to diet-induced obesity (DIO) in a side-by-side male vs. female C57BL/6J study. Beginning at
6 weeks of age, mice were exposed to either an obesogenic diet (60% calories from fat) or control diet
(10% calories from fat) for 19 weeks. Similar to numerous reported observations with the 60% diet,
male mice experienced significant weight gain over time, elevated fasting blood glucose, impaired
glucose tolerance and significantly elevated circulating uric acid levels (2.54 ± 0.33 mg/dL) compared
to age-matched lean male controls (1.53 ± 0.19 mg/dL). As expected, the female mice experienced a
slower rate of weight gain compared to the males; however, they also developed elevated fasting
blood glucose and impaired glucose tolerance compared to age-matched lean controls. Countervailing
our previous report whereby the control diet for the female-only study was vivarium standard chow
(18% calories from fat), the obese female mice did demonstrate significantly elevated circulating UA
levels (2.55 ± 0.15 mg/dL) compared to the proper control (1.68 ± 0.12 mg/dL). This affirms that
the choice of control diet is crucial for reaching durable conclusions. In toto, these results, for the
first time, reveal elevated circulating UA to be a similar long-term response to obesogenic feeding for
both males and females and mirrors clinical observations demonstrating hyperuricemia in obesity for
both sexes.

Keywords: uric acid; xanthine oxidoreductase; female mice; diet-induced obesity; hyperuricemia;
impaired glucose tolerance

1. Introduction

Diet-induced obesity (DIO) is a sharply growing epidemic, as modern diets, which
emphasize convenience of time and money, have shifted to highly processed foods contain-
ing high levels of salt, sugar, and fat [1]. This change in diet has also resulted in enhanced
appetitive properties, leading to greater caloric intake in the context of a more sedentary
lifestyle [2]. Disease processes allied to DIO include metabolic syndrome and Type II
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diabetes, with several comorbidities affecting cardiorenal, vascular, and liver function [3].
A potential pathway contributing to this process is purine catabolism which ultimately
leads to the generation of uric acid (UA). For example, UA has been found to be a strong in-
dependent indicator of obesity as well as several comorbidities [4–6]; however, the question
of causation versus correlation regarding the contributory impact of UA on these processes
is yet to be fully determined. This is important because therapies to diminish UA levels are
U.S. Food and Drug Administration (FDA)-approved and could be employed to address
obesity and its downstream consequences.

A crucial downside to the current literature reporting DIO data in preclinical models
(rodent) is that the studies have been almost exclusively conduced with males. There are
reports that indicate differences in male and female mice responses to DIO in terms of
weight gain and glucose metabolism. Unfortunately, these investigations have been limited,
leaving the physiologic responses to DIO in females far less defined than those in males. It
is well known that DIO and/or genetically induced obese males demonstrate a significant
and tight linkage between obesity/metabolic dysfunction and elevated circulating UA
levels [7–13]. While there has been a report addressing female murine UA levels and obesity,
it was conducted without side-by-side male cohorts and used laboratory chow containing
18% calories from fat as the control diet [14]. This study, employing the 60% DIO model,
revealed a trend toward elevated plasma UA in female mice, but this increase was not
statistically significant compared to controls. The main conclusion from this report was that,
while obese female mice exhibit the same metabolic dysfunction as males (e.g., fasting blood
glucose, impaired glucose tolerance, increased plasma and liver triglycerides), they do not
show elevated circulating UA levels. However, the study limitations (e.g., fat content of
control diet and absence of side-by-side male cohorts) necessitate a follow-up reevaluation.
This is especially important as clinical data suggest a link between hyperuricemia and
obesity for both adolescent and adult females, underscoring the critical need to establish
the translatability of female preclinical models [15,16].

Given the extremely limited data on UA levels in female murine obesity and the
importance of establishing a preclinical-to-clinical link for obese female mice and patients,
this current study aims to examine the impact of DIO on circulating UA levels in age-
matched male and female mice.

2. Materials and Methods
2.1. Reagents

Uric acid standards were made using uric acid sodium salt (Sigma, St. Louis, MO, USA,
cat#U2875-5G). XO assay used xanthine sodium salt (Sigma, St. Louis, USA, cat#X2502-
10G), allopurinol (Sigma, St. Louis, MO, USA, cat#A8003-5G), and oxonic acid potassium
salt (Aldrich, Milwaukee, WI, USA, cat#156124-25G) and β-Nicotinamide adenine din-
ucleotide, free acid (MP Biomedicals, Cleveland, OH, USA, cat#MP21004991). Samples
were fractionated by HPLC on a C18 column (150 × 4.6 mm, Luna 3 µm particle size, Phe-
nomenex). UA content was quantitated via electrochemical detection (Thermo Scientific,
Waltham, MA, USA, UltiMate 3000 ECD-3000RS), using a UA calibration curve from 0.1 µM
to 50 µM.

2.2. Diet-Induced Obesity Studies

All animal studies were conducted under the approval of the West Virginia University
Institutional Animal Care and Use Committee (protocol# 1604002026). Male and female
C57BL/6J mice were fed a 60% fat diet (Research Diets D12492, Research Diets Inc., New
Brunswick, NJ, USA) for 19 weeks, beginning at 6 weeks of age. Age-matched controls
were fed a diet with the same amount of sucrose but containing only 10% of calories from
fat (Research Diets D12450J, Research Diets Inc., New Brunswick, NJ, USA). Diets and
water were supplied ad libitum for the entire study. Mouse weights and food consumption
were recorded weekly. Lean and fat mass were analyzed by EchoMRI after 16 weeks on
the diets.
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2.3. Glucose Tolerance Test (GTT)

Mice were fasted for 7 h starting at 7 a.m., and then injected (i.p.) with glucose
(1.3 g/kg). This dose remained constant throughout the study. Blood glucose was assessed
at 0 min, 20 min, 40 min, 60 min, and 120 min post injection using an Accu-Chek Guide Me
glucometer (Roche Diagnostics, North America).

2.4. XOR Activity Assay

Plasma samples were assessed for XO activity, while tissue samples were assessed for
XO and/or XDH activity, as previously described using reverse phase HPLC coupled to
electrochemical detection of uric acid [14,17]. Tissue samples were homogenized in RIPA
buffer with a protease inhibitor cocktail (Thermo Scientific, Waltham, USA, cat#89900) and
spun down (13,200 RPM for 15 min). The supernatant was transferred to a clean tube,
and 10 µL was added to the assay. For the plasma, no homogenization or spin down was
necessary, thus 10 µL samples were able to be added directly to the assay. One unit of
activity (U) is defined as 1 µmole of urate formed per min at 37 ◦C and pH 7.4. The lower
limit of detection is 300 nM.

2.5. Lipid Extraction and Sample Preparation

To analyze cholesterol, cholesteryl esters, and triglycerides in plasma samples, 15 µL
of each plasma sample was spiked with 5 pmol of d7-cholesterol (Avanti Polar Lipids Inc.,
Alabaster, AL, USA), 5 pmol of d7-16:0-cholesteryl ester (Avanti Polar Lipids, Inc.), and
19.7 pmol of TG17:0/17:0/17:0 (Avanti Polar Lipids Inc., Alabaster, AL, USA) as internal
standards for cholesterol, cholesteryl esters, and triglycerides, respectively. Lipids were
extracted by adding 200 µL of ethyl acetate, followed by 100 µL of water. The upper organic
phase was transferred to a clean vial, dried under nitrogen, and reconstituted in 200 µL
of a 50:50 (v/v) ethyl acetate/acetonitrile mixture. The reconstituted samples were then
subjected to liquid chromatography-mass spectrometry (LC-MS) analysis.

2.6. LC-MS Measurement of Cholesterol and Cholesteryl Esters

Cholesterol and cholesteryl esters were chromatographically resolved using a C18
reverse-phase column (2 × 100 mm, 5 µm, Phenomenex, Torrance, CA, USA) at a flow
rate of 650 µL/min. The gradient solvent system consisted of solvent A (50% water/50%
acetonitrile/0.1% formic acid) and solvent B (90% isopropanol/10% acetonitrile/0.1%
formic acid). The samples were applied to the column at 50% solvent B and eluted with a
linear gradient to 100% solvent B over 7.7 min. The gradient was held at 100% solvent B for
2 min, followed by a return to starting conditions over 3 min.

Quantification of analytes were performed in multiple reaction monitoring (MRM)
mode using a QTrap 6500+ triple quadrupole mass spectrometer (Sciex, San Jose, CA, USA)
equipped with an electrospray ionization source. The following MRM transitions were
used: 369.3/147.3 for cholesterol and cholesteryl esters, and 376.3/147.3 for d7-cholesterol
and d7-cholesteryl ester. The ionization in the QTrap 6500+ source hydrolyzes cholesterol
esters. The mass spectrometer parameters were as follows: electrospray ionization in
positive-ion mode, collision gas at 5 units, curtain gas at 40 units, ion source gas 1 at
55 units, ion source gas 2 at 50 units, ion spray voltage at 5500 V, and temperature at 600 ◦C.
The declustering potential was set at 90 eV, entrance potential at 5 eV, collision energy at
35 eV, and collision exit potential at 10 eV.
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2.7. LC-MS Measurement of Triglycerides

Plasma triglycerides were analyzed by high-performance liquid chromatography
coupled with high-resolution tandem mass spectrometry (HPLC-HR-MS/MS) using a C8
Luna column (2 × 150 mm, 5 µm, Phenomenex, Torrance, CA, USA) with a flow rate
of 0.4 mL/min. The mobile phases consisted of solvent A (acetonitrile/water, 9:1 v/v,
with 0.1% ammonium acetate) and solvent B (isopropanol/acetonitrile, 7:3 v/v, with 0.1%
ammonium acetate). The gradient program was as follows: 35% to 100% solvent B over
0.1 to 10 min, 100% solvent B from 10 to 13 min, followed by a 4 min re-equilibration to
initial conditions.

A Q-Exactive hybrid quadrupole-orbitrap mass spectrometer (Thermo Fisher, Waltham,
MA, USA) was used in positive ion mode with the following settings: auxiliary gas heater
temperature at 250 ◦C, capillary temperature at 300 ◦C, sheath gas flow rate at 20 units,
auxiliary gas flow rate at 20 units, sweep gas flow rate at 0 units, spray voltage at 4 kV,
and S-lens RF level at 60%. Full MS scans were obtained between 500 to 1100 m/z at a
resolution of 35,000, and MS/MS data was acquired for the confirmation of triglyceride
peaks at a resolution of 17,500.

2.8. Statistical Analysis

All statistical analyses were performed using Prism 10.2.3 (GraphPad, San Diego,
CA, USA). Data is expressed as the mean ± SEM. Normality and homoscedasticity of
all data distributions were assessed. Data were analyzed by Student’s t-test or linear
regression, unless otherwise specified. Differences between groups with p < 0.05 were
deemed significant. Data outliers were identified using the ROUT method with a minimum
false discovery rate (Q value) of 1%. No exclusion criteria were pre-established.

3. Results
3.1. Effect of the HFD on Weight Gain and Food Consumption

Male mice subjected to the HFD gained weight at a greater rate than the females, as
reflected in their attaining an average of 40 grams at week 12 vs. week 18, respectively
(Figure 1A,B). Additionally, male mice gained roughly 29.1% of their initial body weight
over the first two weeks, while the females only gained 16.1% of their original body weight
over the same time frame. Both male and female mice fed the HFD showed greater energy
intake compared to the control group (Figure 1C,D). This is evident from the steeper slopes
of the cumulative energy intake lines for mice on the HFD, which were significantly greater
than those of the control group. Interestingly, male mice exhibited a decrease in their
cumulative food intake when fed the high-fat diet (HFD) compared to controls. However,
this effect was not observed in females, as they consumed nearly identical amounts of food
regardless of the diet (Figure 1E,F).
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Amount of total food consumed by male (C) and female (D) mice during the diet, reported as kcals 
consumed per mouse per week. (E,F) Amount of total food consumed by male (E) and female (F) 
mice during the diet, reported as grams of food consumed per mouse per week. * p < 0.05, ** p < 
0.0001. Number in parenthesis indicates the number of mice in each group. 
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0.3278 ± 0.0750 vs. 0.3612 ± 0.0695 mg/dL/females: 0.3860 ± 0.0997 vs. 0.42652 ± 0.0883 
mg/dL). However, a glucose tolerance test (GTT) was performed after 10 weeks on the 
diets (Figure 2A,B). While both male and female HFD mice showed significantly greater 
fasting blood glucose levels (Figure 2C) and impairment in glucose tolerance, the males 
had a much greater impairment than the females (Figure 2C). For example, the HFD males 
had an average glucose level of 318 mg/dL at 2 h post injection whereas the HFD females 
had almost returned to fasting levels at 175 mg/dL. The degree of difference between the 

Figure 1. Impact of diet on weight gain and caloric intake. (A) Male weight gain recorded weekly
from the start of the diets. (B) Female weight gain recorded weekly from the start of the diets.
(C,D) Amount of total food consumed by male (C) and female (D) mice during the diet, reported
as kcals consumed per mouse per week. (E,F) Amount of total food consumed by male (E) and
female (F) mice during the diet, reported as grams of food consumed per mouse per week. * p < 0.05,
** p < 0.0001. Number in parenthesis indicates the number of mice in each group.

3.2. Fasting Blood Glucose and Glucose Tolerance

As a reference point, both males and females demonstrated unaltered plasma UA levels at
6 weeks on the diet comparing control versus high fat diet, respectively (males: 0.3278 ± 0.0750
vs. 0.3612 ± 0.0695 mg/dL/females: 0.3860 ± 0.0997 vs. 0.42652 ± 0.0883 mg/dL). However,
a glucose tolerance test (GTT) was performed after 10 weeks on the diets (Figure 2A,B).
While both male and female HFD mice showed significantly greater fasting blood glucose
levels (Figure 2C) and impairment in glucose tolerance, the males had a much greater
impairment than the females (Figure 2C). For example, the HFD males had an average
glucose level of 318 mg/dL at 2 h post injection whereas the HFD females had almost
returned to fasting levels at 175 mg/dL. The degree of difference between the male (26,095.9)
and female (15,454.8) AUC also demonstrates this. Using the glucose tolerance test (GTT)
as a benchmark, we concluded that females did not exhibit the same level of metabolic
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dysfunction as males. Therefore, to compare circulating UA levels between male and
female mice with similar metabolic dysfunction, we took the following steps: (1) extended
the diet for the females, (2) sacrificed a cohort of males at week 12 to collect tissue and
plasma to compare to females once they reached a level of metabolic dysfunction similar
to what we observed in males fed the HFD for 10 weeks, and (3) continued to monitor a
cohort of males to provide an age-matched comparison for the females.
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Figure 2. Males demonstrate greater impairment of glucose tolerance at week 10. (A) GTT curves for
male mice fed the HFD and control diet. (B) GTT curves for female mice fed the HFD and control
diet. (C) Fasting blood glucose for male and female mice. (D) Area under the curve (AUC) for male
and female mice, obtained after subtracting the initial fasting blood glucose value for each mouse.
For statistically significant differences, p values are reported. HFD males n = 17, control males n = 17,
HFD females n = 15, and control females n = 13.

The GTT was repeated after 14 weeks on the diet (Figure 3A,B). Again, both the male
and female HFD mice showed significantly greater fasting blood glucose levels (Figure 3C)
and greater impairment in glucose tolerance (AUC) (Figure 3D). The male HFD mice
demonstrated a greater degree of difference (AUC) compared to the female HFD mice;
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however, the female HFD mice at week 14 were very similar to the male HFD at week 10.
For example, the AUC of the week 10 HFD males was 26,095.9 (Figure 2D) while the AUC
for the week 14 females was 21,933.8 (Figure 3D), which is a large increase from 15,454.8
(Figure 2D) just four weeks earlier. A t-test between the week 10 male AUC and the week
14 female AUC resulted in a p-value of 0.1145. It was determined that the goal of matching
female metabolic dysfunction to the earlier male time point was achieved.

Gout Urate Cryst. Depos. Dis. 2024, 2, FOR PEER REVIEW 8 
 

 

 
Figure 3. Male and female mice present with similar impairment in glucose tolerance at week 14. 
(A) GTT curves for male mice fed the HFD and control diet. (B) GTT curves for female mice fed the 
HFD and control diet. (C) Fasting blood glucose for male and female mice. (D) Area under the curve 
(AUC) for male and female mice, obtained after subtracting the initial fasting blood glucose value 
for each mouse. For statistically significant differences, p values are reported. HFD males n = 8, con-
trol males n = 6, HFD females n = 15, and control females n = 13. 
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tolerance test as possible, while also allowing the mice sufficient time to recover the weight 
lost during fasting and the stress of the procedure. As expected, both HFD males and fe-
males demonstrate a significant elevation in total body weight (BW) which is driven by 
substantive increases in fat mass (FM) (Figure 4A,B). There is also a small but statistically 
significant difference in lean mass (LM) between HFD and control groups. Following 

Figure 3. Male and female mice present with similar impairment in glucose tolerance at week 14.
(A) GTT curves for male mice fed the HFD and control diet. (B) GTT curves for female mice fed the
HFD and control diet. (C) Fasting blood glucose for male and female mice. (D) Area under the curve
(AUC) for male and female mice, obtained after subtracting the initial fasting blood glucose value for
each mouse. For statistically significant differences, p values are reported. HFD males n = 8, control
males n = 6, HFD females n = 15, and control females n = 13.

3.3. Body Mass Composition and Organ Weights

Following 2 weeks of recovery post GTT, an analysis of body composition was per-
formed after 16 weeks on the diet. This timing was chosen to be as close to the glucose
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tolerance test as possible, while also allowing the mice sufficient time to recover the weight
lost during fasting and the stress of the procedure. As expected, both HFD males and
females demonstrate a significant elevation in total body weight (BW) which is driven by
substantive increases in fat mass (FM) (Figure 4A,B). There is also a small but statistically
significant difference in lean mass (LM) between HFD and control groups. Following
sacrifice, the organs were dissected, and mean organ weights were plotted (Figure 4C,D).
The liver, for both males and females demonstrated the largest increase in mass due to the
HFD; however, significant increases in organ weight were also observed for the kidneys in
both males and females. In the females, the heart, skeletal muscle and brain also showed
significant differences between the HFD and control groups, however, the magnitude of
these differences was minimal.
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Figure 4. Body composition analysis (week 16) and terminal organ weights (week 19). (A,B) Total
body weight of mice compared to lean mass and fat mass. (A) Male. (B) Female. (C,D) Terminal
organ weights after 16 weeks on diets. (C) Male. (D) Female. In males, the fasting terminal body
weights were 45.1 ± 1.2 g for mice fed the HFD and 26.0 ± 0.4 g for control mice. In females, the
fasting terminal body weights were 39.4 ± 2.1 g for mice fed the HFD and 20.4 ± 0.4 g for control
mice. Sk Mus–skeletal muscle. * p < 0.05. For statistically significant differences, p values are reported.
* p < 0.05. HFD males n = 8, control males n = 8, HFD females n = 15, and control females n = 13.
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3.4. Cholesterol and Triglycerides

Terminal plasma was also analyzed for metabolic endpoints cholesterol, cholesteryl
esters (CEs), and triglycerides (TGs). HFD males did not prove to have any elevation in
cholesterol or CEs compared to the control diet-fed males (Figure 5A,B). Conversely, the
females on HFD showed elevation in both total circulating cholesterol (Figure 5A) and total
circulating CE (Figure 5B). Neither diet nor sex played a role on circulating TG levels, as
there was no statistical difference in any of the groups (Figure 5C).

Figure 5. Plasma cholesterol, cholesteryl ester and triglyceride levels at week 19. (A) Plasma
cholesterol content. (B) Plasma cholesteryl ester content. (C) Plasma triglyceride content. HFD males
n = 8, control males n = 8, HFD females n = 15, and control females n = 13.

3.5. XO Activity and UA Levels

Terminal plasma was analyzed for both XO activity and UA concentration. For
the males, the circulating XO activity was not affected by HFD, whereas the HFD did
significantly elevate UA levels (Figure 6A,B). In the females, both XO activity and UA levels
were elevated in HFD when compared to the control. Importantly, these values can be
compared to the males terminated after 12 weeks on the diet, which had plasma UA levels
of 3.74 ± 0.45 mg/dL for HFD and 1.89 ± 0.35 mg/dL for controls, which is congruent with
what has been reported previously [9,18–20]. In the liver, total XOR (XDH + XO) activity
for both males and females were not affected by the HFD, whereas the liver UA abundance
was significantly elevated in only females (Figure 6C,D).
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Figure 6. XO activity and UA levels week 19. (A) Plasma XO activity. (B) Plasma UA levels. (C) Liver
XOR activity. (D) Liver UA levels. For statistically significant differences, p values are reported. HFD
males n = 8, control males n = 8, HFD females n = 15, and control females n = 13.

4. Discussion

The field of diet-induced obesity suffers from nearly exclusive use of male mice or
rats; thus, information regarding female DIO responses is limited. The impact of this
shortcoming in the field is especially prevalent when assessing UA levels in the circulation
and tissues of female mice. The importance of assessing the impact of DIO on circulating
UA content in preclinical models such as rodents (e.g., mice) is crucially important for the
following reasons: (1) uric acid levels correlate positively with human obesity [5,21,22],
as well as male rodent obesity [23,24]; (2) elevated UA has been reported to be tightly
associated with obesity as well as its downstream metabolic and cardiovascular/renal
consequences [25–28]; (3) elevated levels of UA have been reported to be pro-inflammatory
and thus causative of the metabolic consequences of obesity [29,30]; and (4) there is great
potential for modulating UA via off-label application of currently-approved pharmacologic
agents (e.g., allopurinol, febuxostat, etc.), thus preventing or alleviating the metabolic
dysfunction allied to clinical obesity. As such, understanding the impact of obesity on
UA levels in preclinical models of both sexes is crucial to successfully addressing key
experimental questions to move the field forward.

We previously reported that female mice (C57BL/6J) fed a high fat diet (60%) for
32 weeks did not demonstrate significant elevation in circulating UA levels [14]; however,
this study suffered from the absence of a side-by-side male comparison cohort and utilized
standard vivarium chow, containing 18% of calories derived from fat, as the control diet.
When taken together, these limitations incentivized the pursuit of the study described
herein, whereby we studied the impact of the 60% HFD on male and female and compared
it to control mice being fed a matched, purified control diet containing 10% calories derived
from fat.

When subjected to the 60% HFD, male mice gained weight at a faster rate than the
female mice, as expected, (Figure 1). For example, males achieved significance from controls
a week earlier than females, reaching an average of 40 g by week 12 on the diet. Females
required 18 weeks on the HFD to reach the mean weight of 40 g. However, by the end of
the study, the HFD male mice had gained an average of only 4 more grams than the HFD
female mice. Feeding male mice the HFD resulted in a suppression of food intake [31,32],
despite an overall greater calorie intake due to the greater energy density (5.24 kcals/g
for the HFD vs. 3.85 kcals/g for the control diet) of the HFD (Figure 1). Conversely, the
female mice fed the HFD did not demonstrate differences in grams of food consumed,
exacerbating the energy intake, compared to control mice. It is important to note that
conclusions regarding food consumption herein need to be tempered by the fact that each
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replicate is identified as a cage rather than a single mouse, meaning the n-values range
from 3–4 for each group.

For this study, we utilized impairment in glucose tolerance as a benchmark for
metabolic dysfunction. As it is established that female mice respond to diet-induced
obesity at a slower rate than males, we aimed to assess and compare females to males
both at an early time point as well as in a time frame whereby they present with similar
metabolic dysfunction (e.g., an extended time on the diet for females where they present
a similar GTT profile to the males). Therefore, the male data from the first GTT (week 10,
Figure 2) provided the benchmark of glucose intolerance to determine when the female
mice were deemed to be at metabolic dysfunction. While the HFD females at 10 weeks
(Figure 2D) already showed an elevated fasting blood glucose and a strongly significant
increase in AUC for the GTT compared to the age-matched females on the control diet,
it was only ~60% of the AUC of the males. Following only 4 additional weeks on the
diet, the GTT was repeated, (Figure 3). Based on analysis of AUC, there was no statistical
difference between males and females. As such, we deemed the females who met the
threshold of impaired glucose tolerance to be considered similar to the males. We let the
mice recover from the GTT for 2 weeks and performed a body mass composition analysis
before proceeding to sacrifice and tissue harvest for terminal endpoint comparisons.

Results from the echo-MRI demonstrated that fat accumulation was the principal
difference in weight gain between the HFD and control mice for both males (Figure 4A)
and females (Figure 4B). While there was a statistically significant greater lean mass for
both males and females, it was slight in magnitude and thus of questionable biological
relevance. For example, this increase in lean mass in the HFD groups could be caused by
compensation for carrying the added weight resulting from the fat accretion. As expected,
liver weights revealed that HFD mice (male and female, Figure 4C,D) had much greater
mass compared to the controls, with the male HFD liver being twice the mass of the
male control. Although we did not pursue examination of liver damage parameters, the
hepatic response to HFD in both males and females resembled the classic fat deposition and
development of non-alcoholic fatty liver disease (NAFLD) and there was trending elevation
in circulating cholesterol and cholesterol esters in male mice and a statistically significant
elevation of these parameters in the female mice, (Figure 5). This lack of difference found
in circulating triglyceride levels has been previously reported in mice whereas this is what
would be expected in the clinic [33,34].

Examination of the plasma taken during sacrifice (19 weeks) revealed no significant
difference in XO activity between males, regardless of the diet. Conversely, the HFD males
demonstrated significantly elevated UA levels compared to the age-matched male controls
(Figure 6). This was consistent with what we previously reported [35,36]. The female HFD
mice showed both elevated plasma XO activity and UA concentration compared to females
on the control diet. While humans have normal UA ranging from 3.5 to 7.2 mg/dL for males
and post-menopausal women, and 2.6–6.0 mg/dL for premenopausal women [37], mice
are reported to have a normal circulating UA concentration range of 0.5–2.0 mg/dL [38].
Given this range, the mice on the control diets for both male and female would be within
the normal levels, while the male and female HFD mice could be considered hyperuricemic.
This observation is important as it, for the first time, demonstrates that diet-induced, obese
female mice with similar metabolic dysfunction to age-matched, diet-induced obese males,
are hyperuricemic.

Examination of liver XOR activity revealed no significant differences between HFD
and controls, regardless of sex (Figure 6). As such, it could be expected that there would be
no difference in liver UA levels; however, this was not the case as both male and female
HFD mice demonstrated significant elevation (~2-fold) in UA content (UA/mg protein)
when compared to their respective controls. This difference in UA levels, without any
difference in XOR activity may be the result of changes to cellular clearance of UA [39].
If UA clearance (e.g., UA efflux transporters) or catabolism (e.g., uricase) is diminished,
then UA could be elevated within the cells in the absence of alteration in UA production
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by XOR. This observation is important to the continued exploration of causation versus
correlation regarding UA and the metabolic consequences of obesity, as it has been reported
that intracellular hyperuricemia can be responsible for fat accumulation within the liver via
ROS/JNK/AP-1 signaling [40]. Further studies are required to elucidate the mechanism(s)
linking HFD to intracellular hyperuricemia and NAFLD/metabolic syndrome.

While we have shown that female mice respond to obesogenic feeding with elevated
circulating UA, there are several limitations to our study. For example, we did not assess
differences in expression or activity of urate oxidase between the sexes or within a sex and
thus between lean and obese cohorts. This is important as urate oxidase catabolizes UA to
allantoin and thus is a point of control for UA levels. In the same light, we did not assess
UA or allantoin excretion or sex differences in this process (e.g., UA transporter expression
and/or activity). This too, is another important point of control for circulating UA levels. In
addition, we did not address the impact of sex hormones (e.g., estrogen) on UA production
(e.g., hepatic XOR expression/activity) or UA transporters. This is important as we have
previously reported that the hepatocyte XOR activity is a central driver in determining
plasma UA content [36] and can be impacted by circadian rhythm [41]. Again, this is
another critical point of regulation for circulating UA content. The limitations identified
above make it clear that UA levels are carefully orchestrated via multiple points of control
and a comprehensive understanding of UA homeostasis, or alteration (e.g., obesity) thereof,
requires detailed accounting of all these factors. What we have accomplished herein is
the first step that establishes a difference between controlled experimental groups and
thus future study will be directed to identify the contributions from each of the pathways
defined above.

In summary, we revealed, for the first time, that diet-induced, obese female mice with
similar metabolic dysfunction to age-matched, diet-induced obese males, are hyperuricemic.
This observation is of importance to the progression of the field, as exploration of the
linkages between UA and the metabolic consequences of obesity are being examined
and conclusions are being made that could be projected to clinical applications and must
consider the impact on both males and females.
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