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Abstract

Objective: Arsenic is an endocrine-disrupting chemical associated with diabetes risk. Increased 

adiposity is a significant risk factor for diabetes and its comorbidities. Here, the impact of chronic 

arsenic exposure on adiposity and metabolic health was assessed in mice.

Methods: Male C57BL/6J mice were provided ad libitum access to a normal- or high-fat diet and 

water +/− 50 mg/L sodium arsenite (iAs). Changes in body weight, body composition, insulin 

sensitivity, energy expenditure, and locomotor activity were measured. Measures of adiposity were 

compared to accumulated arsenic in the liver.

Results: Despite uniform arsenic exposure, internal arsenic levels varied significantly among 

arsenic-exposed mice. Hepatic arsenic levels in exposed mice negatively correlated with overall 

weight gain, individual adipose depots’ masses, and hepatic triglyceride accumulation. No effects 
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were observed in mice on a normal diet. For mice on a high-fat diet, arsenic exposure reduced 

fasting insulin levels, HOMA-IR, HOMA-β, and systemic insulin resistance. Arsenic exposure did 

not alter energy expenditure or activity.

Conclusions: Collectively, these data indicate that arsenic is anti-obesogenic, and that 

concentration at the source poorly predicts arsenic accumulation and phenotypic outcomes. In 

future studies, investigators should consider internal accumulation of arsenic, rather than source 

concentration, when assessing the outcomes of arsenic exposure.
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Introduction

The global burden of diabetes mellitus is projected to grow to a staggering 629 million 

individuals by 2045 (1). The consequences of this pandemic are devastating on an individual 

and collective basis, with diabetes costing $327 billion annually in the United States alone 

(2). As such, identifying and addressing diabetes risk factors is paramount for addressing 

this public health crisis. Both genetics and lifestyle factors are widely recognized for their 

roles in promoting diabetes risk. Less appreciated, however, is the contribution of 

diabetogenic endocrine-disrupting chemicals (EDCs), such as arsenic (3, 4). Arsenic is a 

complex metalloid contaminating the groundwater under an estimated 140 million people 

worldwide (5). Trivalent, inorganic arsenite (iAs) is thought to be the most toxic and 

prevalent form in drinking water. Several epidemiological studies have reported positive 

associations between arsenic exposure and metabolic abnormalities, including insulin 

resistance, glucose intolerance, and diabetes (6, 7, 8, 9, 10, 11, 12). These epidemiological 

studies are supported by animal models demonstrating arsenic-induced disruptions in 

glucose homeostasis (13, 14, 15, 16, 17).

Given the links between increased adiposity and diabetes as well as widespread persistent 

global exposure to arsenic, the potential relationship between arsenic exposure, adiposity, 

and metabolic health is of interest. Whether arsenic exposure via drinking water specifically 

promotes obesity is a controversial topic, with mixed results in both clinical studies (8, 18, 

19, 20) and animal models [reviewed in (21, 22)]. Studies have previously demonstrated that 

arsenic accumulates in the liver, pancreas, muscle, and other metabolically-relevant tissues 

(23, 24, 25, 26); however, to our knowledge there have been no reports evaluating a potential 

dose-response relationship between tissue arsenic levels and adiposity or other metabolic 

phenotypes. To clarify arsenic’s impact on adipose biology, the present study examines how 

trivalent, inorganic arsenite impacts weight gain, adipose accretion, liver lipids, and 

metabolic function under normo- and hyper-caloric conditions, with a specific focus on the 

hepatic accumulation of arsenic as a continuous independent variable of arsenic exposure.
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Methods

Animal care and arsenic exposure

Seven-week-old male C57BL6/J mice from the Jackson Laboratory (Bar Harbor, ME) were 

group-housed under 12-hour light/dark cycles at 22.2 ± 1.1°C. At 8 weeks of age mice were 

provided bottles of reverse osmosis-purified drinking water +/− 50 mg/L sodium arsenite 

(NaAsO2, iAs, Sigma Aldrich, St. Louis, MO). Though to date a variety of genetic 

backgrounds have been utilized for arsenic studies in mice, the most common has been the 

C57BL/6 background (17, 21, 27), which was selected on that basis for the present study. 

This exposure protocol has been used previously, resulting in liver arsenic accumulation 

comparable with previous mouse studies and below levels observed in some chronically-

exposed humans (16, 23). Mice had ad libitum access to a purified normal (NC) or high-fat 

diet (HFD). Nutrient details for each diet can be found in Table 1. Body mass, water intake, 

and food intake were measured weekly until sacrifice. As previous studies have 

demonstrated that sex and sex steroid hormones affect susceptibility to the effects of arsenic 

(24, 28), this study focused on male mice. All animal protocols were approved by the 

Institutional Animal Care and Use Committees (IACUC) at the University of Chicago and 

University of Illinois at Chicago. Mice were euthanized after 16 weeks of iAs exposure and 

their tissues were collected as described below. Figure 1A describes the experimental 

timeline.

Tissue collection

Mice were fasted for 5–6 hours and then euthanized with isoflurane anesthesia followed by 

exsanguination via cardiac puncture. Serum was collected from whole blood as described 

previously (13). Adipose tissue depots (perigonadal, perirenal, mesenteric, subcutaneous, 

and intrascapular brown adipose) were dissected, weighed, and flash-frozen in liquid 

nitrogen. Liver was collected, dissected and flash-frozen immediately. A slice of the left lobe 

of each liver was separately collected for liver arsenic accumulation measurements. Tissue 

samples were stored at −80°C.

Fasting Glucose and Insulin

Mice were fasted for 6 hours and then blood glucose was measured by tail vein sampling 

using a Freestyle Lite glucometer (Abbott Laboratories, Abbott Park, IL, range 20–500 mg/

dL). Prior to all tail vein blood sampling, 2% viscous lidocaine was applied to minimize 

animal stress (2% viscous lidocaine, Water-Jel, Carlstadt, NJ). Plasma was obtained from 

whole blood as described previously (13). Plasma insulin concentrations were measured 

using the Mouse Ultrasensitive Insulin ELISA kit according to the manufacturer’s 

instructions ([80-INSMSU-E01], ALPCO, Salem, NH, range 0.025–6.9 ng/mL). 

Homeostatic model assessment of insulin resistance (HOMA-IR) was calculated using 

fasting blood glucose and fasting plasma insulin levels as previously described (29).

Insulin tolerance tests (ITTs)

Mice were fasted for 3 hours and then blood glucose levels were measured via tail vein 

sampling. Mice were then injected intraperitoneally (i.p.) with Humalog insulin (0.5 U/kg 

Carmean et al. Page 3

Obesity (Silver Spring). Author manuscript; available in PMC 2020 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



body mass; Eli Lilly, Indianapolis, IN). Post-injection blood glucose readings were taken at 

15, 30, 45, 60, 90, and 120 minutes.

Indirect Calorimetry

After 14–15 weeks of exposure, indirect calorimetric measurements were carried out on a 

separate cohort of individually housed mice using the LabMaster System (TSE Systems, 

Chesterfield, MO) maintaining a 12-hour light-dark cycle (6 AM to 6 PM), 25 ± 0.5°C 

environment as described previously (30). Mice were provided ad libitum access to their 

respective experimental diets and water. After a 2-day acclimation period, O2 consumption, 

CO2 production, energy expenditure, locomotor activity (X/Y-axis movement activity and Z-

axis rearing activity), as well as food and water consumption were monitored at 20-minute 

intervals for 3 consecutive days. The respiratory exchange ratio (RER) was calculated as the 

ratio of O2 consumption to CO2 production at each interval. These values were then 

averaged for each mouse during each 12-hour cycle (light or dark).

Body composition

Body composition was assessed after 9 weeks of iAs exposure with the assistance of the 

Metabolic Testing Facility of the Diabetes Research and Training Center (DRTC) at the 

University of Chicago. After administration of anesthesia (80 mg/kg ketamine and 5 mg/kg 

xylazine) and determination of mouse mass and length, body composition was measured by 

dual-energy x-ray absorptiometry scanning (DEXA, Lunar PIXImus densitometer system; 

GE Healthcare) using the PIXImus 2 software package following system calibration 

according to the manufacturer’s instructions.

Serum analyses

Serum triglycerides were measured by colorimetric assay (Cayman Chemical, Ann Arbor, 

MI, range 1.1–2000 mg/dL) according to the manufacturers’ instructions.

Liver Triglycerides

Snap-frozen pieces of liver (20–40 mg) were homogenized in 750 uL of 10% extraction 

buffer (chloroform:isopropanol:NP40; 7:11:0.1) using a bead mill apparatus. Extracts were 

centrifuged 10 min at 15,000 x g. Lipids were dried then reconstituted in sample buffer (Cell 

Biolabs INC, cat#STA-384) and then subjected to triglyceride measurement using a 

commercially available kit (L-Type Triglyceride M, WAKO Chemical). Measurable range of 

the kit was 0.11 to 200 mg/L.

Liver Arsenic Quantification

Mouse liver samples were weighed and predigested overnight with 1.5 mL of high purity 

concentrated nitric acid (HNO3). The next morning, another 1.5 mL of HNO3 was added to 

each sample. Samples were completely digested using a microwave-assisted heating method 

without pressurization (MARS V, CEM, Matthews, NC), then allowed to cool to room 

temperature and diluted to 10 mL with double-deionized (>18 MΩ.cm) water. Digested liver 

samples, calibration standards, and several digested reference materials were diluted with a 

reagent containing a gallium internal standard, 0.005% Triton-X-100 (TX-100), and 2% 
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(v/v) HNO3 and analyzed for total arsenic on a PE ELAN DRC II Inductively Coupled 

Plasma – Mass Spectrometer (ICP-MS) (PerkinElmer, Shelton, CT). The ICP-MS 

instrument was operated in dynamic reaction cell (DRC) mode with a mixture of 10% (v/v) 

H2 gas in argon, to eliminate a polyatomic interference (40Ar35Cl) at the same mass-to-

charge ratio as 75As. The ICP-MS method limit of detection (LOD) for arsenic in liver was 

0.12 μg/g, while method repeatability (%RSD) was 4.1%. Levels below the LOD were 

assigned a value equal to the LOD divided by the square root of two (0.08 μg/g). Validation 

for arsenic in liver was established using NRC Certified Reference Material (CRM) TORT 3 

- Lobster Hepatopancreas (National Research Council, Ontario, Canada), and New York 

State Caprine Liver Reference Materials, G99–3 and G99–14 (NYS DOH, Wadsworth 

Center, Albany, NY). Staff were blinded to the arsenic exposure and diet status of samples 

until after all measurement and analyses were completed.

Statistics

For insulin tolerance tests, area-under-the-curve (AUC) of blood glucose over time was 

calculated using the trapezoidal rule using GraphPad Prism, version 7.0. Statistical 

significance was tested using the Kruskal-Wallis test for comparisons of exposure groups 

within each diet (NC or HFD). In collaboration with the Statistical Laboratory at the 

University of Illinois at Chicago, Analysis of Response Profile, which does not make a 

parametric assumption on the form of the mean trajectory, was used to analyze effects on 

insulin sensitivity using R (R Foundation for Statistical Computing, Vienna, Austria). The 

main goal in the Analysis of Response Profiles is to characterize the patterns of change in 

the mean response over time in the two groups and to determine whether the shapes of the 

mean response profiles do or do not differ for the two groups. The model employed for these 

analyses used time and treatment as main effects, and treatment-by-time interaction effects. 

For indirect calorimetry data, linear regression was performed on energy expenditure versus 

lean body mass as a possible covariate and the slopes of each line within each treatment 

group were compared within each dietary group. (31). Slopes and intercepts of linear 

regressions were evaluated for significance. Mean energy expenditure data were then ln-

normalized and subjected to Student’s t-tests to compare arsenic exposure groups within 

each dietary group. Statistical analyses were performed using GraphPad Prism, version 7.0, 

unless otherwise noted. The specific statistical tests performed are described in each figure 

legend. Data are presented as means ± SEM.. P<0.05 was considered statistically significant 

for all experiments.

Results

Inverse relationship between liver arsenic and change in body mass after HFD feeding

Within each diet group, 16 weeks of iAs exposure did not have a significant effect on final 

body mass (Figure 1B). Average water intake in the NC group was significantly lower with 

iAs exposure, and trended lower in the HFD group (P=0.07) (Figure 1C). Arsenic did not 

affect mean caloric intake in either dietary group (Figure 1D). Notably, mass gain in iAs-

exposed mice fed a HFD varied markedly from 5.0 – 22.8 g and was significantly lower than 

the weight gain in HFD control mice (Figure 1E). No association was observed between the 

change in body mass and hepatic arsenic concentration in the NC group (Figure 1F). In the 
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HFD group, however, there was a marked inverse relationship between these two 

parameters, suggesting an inhibitory effect of arsenic on body mass accretion (Figure 1G).

Inverse relationship between liver arsenic and adiposity following HFD feeding

Within each dietary group, arsenic exposure significantly decreased adiposity as measured 

by DEXA (Figure 2A) without significant effects on bone mineral density or animal length 

(data not shown). Exposure to iAs in the HFD group significantly decreased the combined 

masses of visceral adipose tissues (Figure 2B). In both dietary groups we observed a similar 

inverse relationship between changes in visceral adiposity and liver arsenic concentrations 

(Figures 2C and 2D). Arsenic exposure also decreased liver triglyceride content relative to 

HFD controls (Figure 2E). In the HFD group (R2=0.80), but not the NC group (R2=0.16), 

hepatic triglyceride levels correlated with hepatic arsenic levels (Figure 2F and 2G).

In HFD mice, iAs exposure reduced the masses of perigonadal and perirenal depots; 

however, these differences were not observed in the NC diet group (Figures 3A and 3C). 

Exposure to iAs did not change the mass of the mesenteric adipose depot (Figure 3E). 

Strikingly, in the HFD group, hepatic arsenic levels inversely correlated strongly with 

adipose mass; in perigonadal, perirenal, and mesenteric depots, the R2 value for these curves 

were 0.91, 0.88, and 0.96, respectively (Figures 3B, 3D, and 3F).

In consideration of whether differences in starting mass may be related to the accumulation 

of arsenic and its subsequent effect on adiposity, the starting masses of mice, which were not 

significantly different (Figure 4A), were compared to the final liver arsenic concentrations. 

In both the NC or HFD groups, hepatic arsenic content did not correlate with starting body 

mass (Figures 4B and 4C, respectively).

Arsenic affected measures of β-cell performance and insulin tolerance

Fasting blood glucose was not significantly different between iAs groups in either dietary 

group (Figure 5A); however, arsenic exposure decreased fasting plasma insulin in HFD mice 

(Figure 5B). Arsenic decreased both HOMA-IR and HOMA-β in HFD mice (Fig 5C and 

5D). An insulin tolerance test revealed no differences in insulin sensitivity between iAs 

exposure groups in the NC diet group (Figures 5E and 5G), however iAs-exposed mice on a 

HFD were significantly more insulin sensitive than HFD controls (Figures 5F and 5G). 

There was no correlation between glucose AUC during the insulin tolerance test and liver 

arsenic in the NC group (Figure 5H, R2=0.15). In contrast, despite overall improvements in 

insulin sensitivity relative to controls in the HFD group during the insulin tolerance test, 

glucose AUC was positively correlated with liver arsenic, suggesting that arsenic dose-

dependently impairs insulin sensitivity (Figure 5I, R2=0.87). However, the slope of this 

relationship was shallow suggesting a minimal effect across these arsenic concentrations. 

Among HFD-fed mice, visceral adiposity was inversely correlated with glucose AUC 

(Figure 5J, R2=0.70), revealing that mice with lower visceral adiposity were more insulin 

resistant. As with the relationship between glucose AUC and hepatic arsenic content, the 

slope of this relationship was shallow, suggestive of a minor relationship to insulin sensivity.

Carmean et al. Page 6

Obesity (Silver Spring). Author manuscript; available in PMC 2020 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Exposure to iAs did not affect indirect calorimetry measurements

Mice exposed to iAs showed no significant differences in mean respiratory exchange ratio, 

locomotor activity, or rearing activity compared to their controls within each dietary group 

(data not shown). Total body mass (Figure 6A) and lean body mass (Figure 6B) in this 

cohort were not significantly different; however, fat mass was significantly lower in iAs-

exposed mice fed a HFD versus controls (Figure 6C). There were no significant differences 

in food intake observed. Arsenic did not appear to affect energy expenditure per mouse 

(Figure 6E) or energy expenditure adjusted for lean body mass (Figure 6G) within dietary 

groups. There were no significant differences observed in linear regression analyses 

examining lean body mass as a potential covariate for energy expenditure in the NC diet 

(Figures 6G and 6H) or the HFD (Figures 6I and 6J), in agreement with hourly and mean 

values. Furthermore, the slope of each regression model was not significantly non-zero, 

suggesting that, in this model, lean body mass was not a significant covariate for energy 

expenditure.

Discussion

Arsenic exposure during HFD feeding significantly decreased weight gain, adiposity, and 

insulin resistance, while also decreasing β-cell performance. These findings largely agree 

with recent studies showing that arsenic-induced impairment of β-cell function is offset by 

improvements in insulin sensitivity at higher levels of arsenic exposure and in the context of 

hypercaloric feeding (32, 33). Given the uncertain relationship between arsenic exposure and 

obesity (21, 34, 35), we believe that this study provides new evidence that arsenic exposure 

in the context of diet-induced weight gain has an anti-obesogenic effect in mice. Accounting 

for the dramatic inter-animal variations in liver arsenic levels and treating other phenotypic 

endpoints as dependent variables enhanced our ability to interpret the effects of arsenic 

exposure on metabolic outcomes. These findings highlight the potential for inter-animal 

differences in arsenic accumulation to confound interpretation of data from arsenic-exposed 

mice. Furthermore, these analyses illuminate more complex exposure-phenotype 

relationships than reported previously. Given this improved power to relate tissue-level 

arsenic to other phenotypic data, our results support the conclusion that trivalent arsenic, 

which is present as the arsenite oxyanion in aqueous solution, is an anti-obesogenic 

compound that potentially exerts insulin-sensitizing effects in the context of HFD feeding.

In the context of using hepatic arsenic as a continuous independent variable of arsenic 

exposure, we noted a few surprising features in our dataset. Arsenic reduced adiposity and 

improved insulin sensitivity in mice on a HFD; however, within this group, hepatic arsenic 

levels were positively correlated with insulin resistance. This suggests a non-monotonic dose 

response relationship in which arsenic exerts separate, opposing effects across the exposure 

range. Arsenic dose-dependently decreases adiposity overall, promoting insulin sensitivity, 

while simultaneously exerting separate, deleterious effects on insulin sensitivity that 

manifest within this narrower band of improved sensitivity. Perhaps a β-cell defect in insulin 

secretion (36, 37) chronically reduces insulin, manifesting as decreased HOMA-β, which 

decreases glucose uptake and storage of dietary lipids (38). This could explain the overall 

reductions in adiposity and improvements in insulin sensitivity. Secondarily to that, however, 
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there may be other effects of arsenic that inhibit insulin sensitivity. Prior publications have 

revealed that arsenic is capable of dysregulating hepatic glucose output (32, 39) or inducing 

muscle insulin resistance (15), which could explain the positive association between insulin 

resistance and liver arsenic accumulation in our mice within the narrower band of improved 

sensitivity. Though it is tempting to draw parallels between reduced adiposity and a potential 

increase in hepatic glucose output, our data also shows that hepatic triglycerides were 

significantly lower in iAs-exposed mice, which would not be consistent with a 

lipodystrophy-induced hepatic glucose output mechanism. These complex, concentration-

dependent effects argue strongly for more robust studies examining arsenic’s impact on 

metabolic physiology across the full spectrum of exposure relevant for human populations 

with specific attention to divergent effects on the various metabolic tissues that regulate 

glucose and lipid homeostasis.

The causes of inter-animal variability with respect to hepatic arsenic accumulation remain 

unevaluated by our group; however, some possibilities include differences in water intake, 

arsenic metabolism, and/or arsenic excretion. We favor the hypothesis that inter-individual 

variation in arsenic metabolism and/or excretion are most likely to explain the observed 

variation, as water intake variability was not nearly as high as differences in arsenic 

accumulation. Our inter-animal variation in hepatic arsenic accumulation quantitatively 

agreed with prior publications (21, 40). Recently, Stýblo et al reported that mouse strain 

differences may cause up to a 7-fold difference in liver arsenic accumulation (17), showing 

similar variability in 4 of the 12 strains evaluated by their group (SE values of approximately 

20%).

Given the marked differences in hepatic arsenic accumulation and adiposity following HFD 

feeding, there are some limitations and unanswered questions that merit attention. We have 

not examined these parameters in female mice, which need to be explored. Additionally, the 

high drinking water concentration of sodium arsenite is both a strength and limitation of this 

study. While this exposure leads to liver arsenic concentrations that approximate levels 

observed in highly exposed human populations, and provided generated a wide range of 

internal arsenic levels, future studies will need to examine lower levels of exposure to fully 

model effects relevant for human health. Whether lower drinking water concentrations 

recapitulate both the observed reductions in adipose mass and the effects on insulin 

sensitivity will require further study.

Arsenic exposure is of immense global public health concern due to the ubiquity of exposure 

and its adverse health effects, including associations with diabetes. In the present study, we 

demonstrate that arsenic exposure is associated with reductions in weight gain, adipose 

mass, and hepatic liver triglyceride content in the context of HFD feeding. Moreover, our 

data provide evidence that tissue-level arsenic accumulation may be a more powerful 

method for assessing the impact of arsenic exposure on metabolic outcomes, which could 

ultimately increase the predictive power of future studies. Furthermore, evidence that 

exposure improved insulin sensitivity, while arsenic levels in the liver were positively 

correlated with insulin resistance suggests multiple modes of action that intersect at the level 

of insulin action. Therefore, the clinically relevant effects of chronic, low-dose arsenic 

exposure in animal models may be obscured when utilizing higher doses of arsenic. More 
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work is required to illuminate the mechanisms of arsenic-induced metabolic dysfunction. 

Uncovering these mechanisms will be important for informing our understanding of the 

consequences of arsenic exposure and shaping public policy.
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STUDY IMPORTANCE QUESTIONS:

What is already known about the subject?

• There are conflicting clinical and animal model data about whether 

environmental exposure to arsenic is obesogenic.

• Current animal model studies most commonly utilize source drinking water 

exposure as the primary metric of exposure.

What are the new findings in the manuscript?

• Arsenic decreases adiposity in the context of high-fat feeding.

• Hepatic arsenic content inversely correlates with adiposity.

How might your results change the direction of research or the focus of clinical 
practice?

• Investigators may improve the quality of their animal model studies by using 

tissue-level arsenic accumulation as a continuous independent exposure 

variable rather than arsenic concentration at the source.
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Figure 1. Arsenic reduces body mass following high fat feeding.
(A) Experimental timeline. (B) Final body mass, (C) daily water intake, and (D) caloric 

intake during 8 weeks of normal or high fat feeding +/− 50 mg/L arsenic exposure. (E) Total 

change in body mass of each mouse during the 8-week feeding protocol. Plot of the change 

in body mass versus liver arsenic concentration in arsenic-exposed mice with (F) normal diet 

or (G) high fat feeding. (F, G) Each plot was fitted with a 4-parameter logistic inhibitor 

dose-response curve using GraphPad Prism. Statistics: (B-E) Kruskal-Wallis test comparing 

groups within each dietary treatment, adjusted for multiple testing. *P<0.05 for the 

comparison indicated. Error bars are ±SEM.
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Figure 2. Arsenic exposure reduced adiposity.
(A) % fat mass measured by DEXA, (B) and visceral adiposity as a % of body mass 

calculated by summating the individual masses of perigonadal, perirenal, and mesenteric fat 

pads and dividing by total body mass at the time of necropsy. Plot of visceral adiposity 

versus liver arsenic concentration in arsenic-exposed mice with (C) normal diet or (D) high 

fat feeding. (E) Liver triglycerides after 8 weeks +/− iAs exposure. Plot of liver triglycerides 

versus liver arsenic concentration in arsenic-exposed mice with (F) normal diet or (G) high 

fat feeding. Each plots C, D, F, and G were fitted with a 4-parameter logistic inhibitor dose-

response curve using GraphPad Prism. Statistics: (A, B, E) Kruskal-Wallis test comparing 

groups within each dietary treatment, adjusted for multiple testing. *P<0.05, **P<0.01 for 

the comparison indicated. Error bars are ±SEM.
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Figure 3. Arsenic exposure decreased visceral adipose depot masses.
(A) Perigonadal fat, (C) perirenal fat, (E) and mesenteric fat pad sizes represented as a % of 

total body mass. (B, D, F) Plots of corresponding fat pads versus liver arsenic concentration 

in arsenic exposed mice on a high-fat diet were fitted with a 4-parameter logistic inhibitor 

dose-response curve using GraphPad Prism. Statistics: (A, C, E) Kruskal-Wallis test 

comparing groups within each dietary treatment, adjusted for multiple testing. *P<0.05 for 

the comparison indicated. Error bars are ±SEM.
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Figure 4. No apparent relationship between starting body mass and final arsenic accumulation.
(A) Starting body masses of mice in each treatment group. Plots of corresponding fat pads 

versus liver arsenic concentration in arsenic exposed mice on a normal (B) or high-fat (C) 

diet were fitted with a 4-parameter logistic inhibitor dose-response curve using GraphPad 

Prism. In panel B, this curve could not be plotted. Statistics: (A) Kruskal-Wallis test 

comparing groups within each dietary treatment, adjusted for multiple testing. *P<0.05 for 

the comparison indicated. Error bars are ±SEM.
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Figure 5. Arsenic exposure improved insulin sensitivity and decreased HOMA-β.
(A) Whole blood glucose and (B) plasma insulin were measured following 6 hr of fasting. 

(C) HOMA-IR and (D) HOMA-β were calculated from glucose and insulin values by the 

HOMA2 Calculator. Blood glucose levels during an intraperitoneal insulin tolerance test 

following 8 weeks on (E) normal or (F) high-fat diet. (G) Area under the curve (AUC) for 

insulin tolerance test blood glucose values. Plots of glucose AUC vs liver arsenic 

concentration in arsenic exposed mice on a (H) normal or (I) high-fat diet. (J) Plot of 

glucose AUC vs visceral adiposity in HFD mice exposed to arsenic. (H-J) A 4-parameter 

logistic inhibitor dose-response curve was fitted using Graphpad Prism for Glucose AUC 

measured during ITT versus liver arsenic on (H) normal diet or (I) high-fat diet. (J) The 

same curve was also fitted to glucose AUC from the ITT versus visceral adiposity measured 

during necropsy for mice on high-fat diet. Statistics: (A-D, G) Kruskal-Wallis test 

comparing groups within each dietary treatment, adjusted for multiple testing. (E, F) 
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Response analysis. For ITT data, two major outliers with AUC values greater than 2 

standard deviations above the median AUC value were excluded from time course and AUC 

charts. *P<0.05 for the comparison indicated. Error bars are ±SEM.
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Figure 6. Indirect calorimetry data.
Black: no arsenic; Gray: 14 weeks of 50 mg/L arsenic in drinking water. Final (A) Body 

mass, (B) lean body mass, (C) fat mass, and (D) mean 24-hour food intake. (E-F) Energy 

expenditure (E) per mouse and (F) per kg lean body mass (left panels) on normal or (center 
panels) high-fat diet. (Right panels) Mean 24-hr energy expenditure derived from left and 

center panels. (G-J) Linear regression analysis of lean body mass as a potential covariate. 

Plots of (G, I) energy expenditure versus lean body mass and (H, J) lean body mass-

adjusted energy expenditure versus lean body mass in (G, H) normo-caloric or (I, J) HFD 

dietary groups. Statistics: (A-D) Kruskal-Wallis test comparing only iAs exposure groups 

within each dietary treatment, adjusted for multiple testing. (E, F) Statistical analyses were 

not performed on hourly charts. (E, F, right panels) Student’s t-test was performed between 

groups within each dietary treatment following natural log-normalization of 24-hr mean 
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values. (G-J) P values are given in each chart for linear regression analysis comparing the 

two lines of best fit. *P<0.05 for the comparison indicated. Error bars are ±SEM.
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Table 1.

Diet details

Nutrient NC HFD

Company Envigo Envigo

Product # TD.97184 TD.16009

Carbohydrates (% of kilocalories) 64 21

Fat (% of kilocalories) 17 60

Protein (% of kilocalories) 19 18

Caloric Density (total kcal/g) 3.8 5.1

Copper (mg/kg diet) 6.2 8.5

Iron (mg/kg diet) 37.1 50.8

Iodine (mg/kg diet) .21 0.28

Manganese (mg/kg diet) 10.5 14.5
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