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Abstract
We examined sugar-induced obesity in mouse strains polymorphic for Tas1r3, a gene that codes
for the T1R3 sugar taste receptor. The T1R3 receptor in the FVB and B6 strains has a higher
affinity for sugars than that in the AKR and 129P3 strains. In Experiment 1, mice had 40 days of
access to lab chow plus water, sucrose (10 or 34%), or fructose (10 or 34%) solutions. The strains
consumed more of the sucrose than isocaloric fructose solutions. The pattern of strain differences
in caloric intake from the 10% sugar solutions was FVB > 129P3 = B6 > AKR; and that from the
34% sugar solutions was FVB > 129P3 > B6 ≥ AKR. Despite consuming more sugar calories, the
FVB mice resisted obesity altogether. The AKR and 129P3 mice became obese exclusively on the
34% sucrose diet, while the B6 mice did so on the 34% sucrose and 34% fructose diets. In
Experiment 2, we compared total caloric intake from diets containing chow versus chow plus 34%
sucrose. All strains consumed 15-29% more calories from the sucrose-supplemented diet. In
Experiment 3, we compared the oral acceptability of the sucrose and fructose solutions, using lick
tests. All strains licked more avidly for the 10% sucrose solutions. The results indicate that in mice
(a) Tas1r3 genotype does not predict sugar-induced hyperphagia or obesity; (b) sucrose solutions
stimulate higher daily intakes than isocaloric fructose solutions; and (c) susceptibility to sugar-
induced obesity varies with strain, sugar concentration and sugar type.
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1. Introduction
The average weight of Americans has increased steadily over the last 30 years, leading many
to infer the existence of an obesity epidemic [27,60]. Because the weight gain has occurred
in a genetically stable population, it has been attributed primarily to environmental factors
such as increased intake of calorically rich foods [10,61] and reduced expenditure of energy
[47,75]. There is speculation that the overconsumption of sugar-sweetened beverages is
contributing to the obesity epidemic [12,14], and that differences in desire for sweet tasting
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foods [22,68] may explain why some subpopulations are more prone to obesity [27,28]. At
this point, however, the relationship between sugar preference, sugar-induced hyperphagia
and obesity is unresolved [3,22,67]. To help fill this void, we examined this tripartite
relationship in an animal model.

It is well-established that rats [42,49,50,70] and mice [18,41,51,78] become obese when
offered free access to concentrated solutions of sugars. Although little is known about
whether rodent strains differ in susceptibility to sugar-induced obesity, we expected large
differences in mice. This is because mouse strains differ greatly in daily intake of sugar
solutions [48,62] and susceptibility to diet-induced obesity on high-fat diets [7,82]. The
strain differences in daily sugar intake have been related to polymorphisms in the Tas1r3
sweet taste receptor gene. Tas1r3 codes for a protein (T1R3) that is part of the heterodimeric
sweet taste receptor of mammals (T1R2+T1R3) [9]. Mice with the Sacb allele of Tas1r3 are
more sensitive to perithreshold concentrations of sugars, have stronger taste nerve responses
to suprathreshold responses to sugars, and show higher daily intake of and preference for
sugars [25,40,58]. It is not known, however, whether Tas1r3 genotype is associated with
differences in long-term sugar intake or weight gain.

Another unresolved issue is whether specific types of sugars are more likely to cause diet-
induced obesity. For instance, there is considerable speculation that the increased intake of
free fructose (as part of soft drinks sweetened with high-fructose corn syrup) is an important
contributor to the “obesity epidemic” [15,61,79]. Compatible with this view is a report of
weight gain in mice offered a fructose solution plus lab chow [41], but other studies failed to
observe fructose-induced weight gain in mice [11,56]. These discrepant findings are difficult
to interpret, however, because they were derived from different strains of mice and different
concentrations of fructose.

Below we describe three experiments to investigate these issues. In Experiment 1, we
compared sugar intake and weight gain across four strains of mice offered chow
supplemented with ad lib access to one of four sugar solutions (10% sucrose, 10% fructose,
34% sucrose and 34% fructose) over 40 days. In Experiment 2, we determined whether the
strains that gained the most weight in the prior experiment exhibited the least accurate
energy intake compensation when offered chow and a 34% sucrose solution (i.e., failed to
reduce chow intake to compensate for the extra calories obtained from the sugar). In
Experiment 3, we compared the palatability of the sucrose and fructose solutions in short-
term lick tests.

2. Are there strain differences in sucrose or fructose intake and sugar-
induced obesity? (Experiment 1)

This experiment addressed three questions. Are certain strains of mice more susceptible to
weight gain on the sugar-supplemented diets? Does prolonged access to isocaloric sucrose
versus fructose solutions have different effects on sugar intake, weight gain or adiposity?
Does intake of 10% versus 34% sugar solutions have different effects on intake, weight gain
and adiposity? We used the 10% concentration because it stimulates high daily intake in
mice [8,48,62], and because it approximates the concentration present in many sugar-
sweetened beverages. We used the 34% concentration because it is similar to that used in
studies of sugar-induced obesity in rats [42,70].

We focused on four strains of mice: FVB/N (FVB), C57BL/6J (B6), 129P3/J (129P3), and
AKR/J (AKR). The FVB and B6 strain express the Sacb allele of Tas1r3 [54], and thus have
a more sensitive sweet taste receptor and show higher daily intake of 8-12% sucrose than the
129P3 and AKR strains, which express the Sacd allele [8,48,62,64,73]. In addition, these
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strains differ in their initial licking responses to caloric and non-caloric sweeteners [33].
Although there are reports of diet-induced obesity in all four strains [2,4,7,52,57,82], 129P3
and FVB mice appear less obesity-prone than B6 and AKR mice [4,7,38,44]. It is notable,
however, that none of these prior studies of diet-induced obesity examined the impact of
protracted consumption of sugar solutions on weight gain.

2.1. Methods
2.1.1. Animals and housing conditions—All mice were purchased from The Jackson
Laboratory (Bar Harbor, Maine). Approximately equal numbers of adult males and females
were tested, beginning at 9 weeks of age (see Table 1 for sample sizes). Adults were used so
as to minimize any potentially confounding effects of diet composition (e.g., relative
amounts of lab chow versus sugar solution ingested) on growth and development. All mice
were housed and tested individually in standard polycarbonate shoebox cages (27.5 × 17 ×
12.5 cm) with Bed-O'Cobs™ bedding (Andersons; Maumee, OH) and Nestlets™ cotton
pads (Ancare; Bellmore, NY). The housing facility had automatically controlled
temperature, humidity and lighting (12 h:12 h light:dark cycle).

Following one week of acclimation, testing began. The initial weights of the mice (broken
down by gender) are provided in Table 1. All mice were offered laboratory chow (Rat Diet
5012, PMI Nutrition, Brentwood, MO) and tap water ad libitum throughout the experiments.
According to the manufacturer, the chow has a physiological fuel value of 3.43 kcal/g and
contains 13, 27, and 60% calories from fat, protein, carbohydrate, respectively. All testing
procedures were approved by the Institutional Care and Use Committee of Columbia
University.

2.1.2. Test solutions—The sugar solutions were prepared by dissolving food-grade
sucrose (Domino Foods, Inc., Yonkers, NY) or fructose (ZooScape.com, Buffalo, NY) in
deionized water at concentrations of 10% and 34%. The 10% fructose (0.57 M) and 10%
sucrose (0.30 M) solutions each contained 0.52 kcal/g; and the 34% fructose (1.9 M) and
34% sucrose (1.0 M) solutions each contained 1.37 kcal/g.

All solutions were presented at room temperature, and were replaced with fresh solutions
every two days. The mice in the sugar groups were given daily access to their designated
sugar and water in sipper tubes, which were positioned approximately 5 cm apart. To control
for side preferences, the left-right position of the sugar and water sipper tubes was alternated
each day. The mice in the water groups were given two sipper tubes containing water.

Daily fluid intakes were measured (to the nearest 0.01 g) by recording the change in weight
of the drinking bottles, using an electronic balance interfaced to a computer. Daily fluid
spillage was estimated by recording the change in weight of bottles representing each fluid
treatment in an empty cage. To correct for fluid spillage, we subtracted the estimated spill
from the quantity consumed over the 24 hr test. We initially monitored daily chow intake by
weighing the cage top with food hopper. However, we ceased once we realized that the daily
intake measurements were confounded by two factors: weight of the hygroscopic lab chow
fluctuated with room humidity, and the mouse strains differed in the amount of chow that
they spilled into the cage each day (see Experiment 2).

2.1.3. Experimental procedures—Mice from each strain were assigned randomly to the
five fluid treatment groups (i.e., water only, 10% sucrose, 10% fructose, 34% sucrose, 34%
fructose). Because of space limitations, we could not test all mice concurrently. As a result,
we tested the mice in four sequential cohorts (~ 40 mice per cohort). To avoid temporal
confounds, we interspersed mice from different gender, strain and fluid treatments across the
cohorts.
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Daily intake of the water and sugar solutions was measured over a period of 40 days. In
addition, body weight was measured on alternate days (to the nearest 0.01 g). At the end of
the experiment, we euthanized each mouse, measured its weight and body length (nose-
anus; to the nearest 1 mm), excised three intraperitoneal fat depots (retroperitoneal, gonadal
and mesenteric) and measured the wet weight of each (to the nearest 0.001 g). We focused
on these fat depots because they together constitute a large proportion of total body fat, can
be removed easily, and respond differently to high-calorie diets in mice [82]. The
retroperitoneal depot (in males and females) consisted of fat associated with the perirenal
capsule and the dorsal body wall near the kidneys. In cases where an adrenal gland was
embedded in the fat tissue, it was removed. The gonadal depot consisted of fat associated
with the epididymis and vesicular gland in males, and the ovary, fallopian tubes and uterus
in females. The mesenteric depot consisted of fat associated with the omental membrane and
the mesentery along the duodenum, jejunum, and ileum. The mesentery was carefully
stripped off the small intestine as a continuous piece; no attempt was made to dissociate fat
from the mesenteric tissue. We standardized the fat depot extractions across mice by having
the same person remove the fat depots from all mice (under a blind protocol).

2.1.4. Data Analyses—Because fluid intake tends to increase with body weight (e.g., see
[6]), we tested for an effect of strain and gender on initial body weights, using a two-way
ANOVA. There were significant main effects of strain (F3,151 = 168.5; P ≤ 0.05) and gender
(F1,151 = 350.7; P ≤ 0.05), and a significant interaction of strain x gender (F3,151 = 9.8; P ≤
0.05); the interaction reflected the fact that males were larger than females for all strains,
though to varying degrees (Table 1). Owing to these body weight differences, we
implemented two standardization procedures. First, in our strain comparisons of sugar
intake, we calculated total sugar calories ingested per 30 g body weight (the approximate
adult weight of many mouse strains) over the 40-day experiment, based on Bachmanov et al.
[8]. To make these calculations for each mouse, we used the average of its initial and final
weight. Second, we represented weight gain as the change in weight. To this end, we set the
initial weight of each mouse as zero, and then calculated the change in weight during each
successive 2-day period. Because the males and females within the same strain did not differ
significantly in total weight gain over the 40-day experiment (in all unpaired t-test
comparisons, P > 0.05), we combined data from both genders.

We examined the intake data in several ways. First, we analyzed changes in intake over time
with mixed-model ANOVAs, treating time as a within factor and fluid intake as a between
factor. Because we analyzed each strain separately and treated fluid intake as a repeated
measure, we did not need to standardize intake. For the analysis of each sugar, we used three
treatment levels (i.e., water, 10% sugar and 34% sugar); note that we used the same water
intake data for the analyses involving sucrose and fructose. Second, because the ANOVAs
revealed a significant interaction of time x solution intake, we compared initial and final
daily intakes of each sugar solution. This involved determining mean daily intakes and
preference scores (i.e., sugar solution intake / total intake × 100) across days 1-2 and days
39-40 of the experiment, separately for each sugar solution. We used two-way ANOVAs to
examine the main effects of time (i.e., initial versus final) and sugar solution on the daily
intakes and preference scores. Third, we used two-way ANOVAs to determine how total
sugar calories ingested per 30 g body weight varied as a function of mouse strain, sugar
type, and sugar concentration.

Next, we compared weight gain across mouse strains with a mixed-model ANOVA. Fluid
treatment (i.e., water, 10% sugar, and 34% sugar) was the between factor and time was the
within factor. We examined the results from each strain and sugar separately. Because the
interactions were significant, we also ran one-way ANOVA and Newman-Keuls multiple
comparison tests across the three fluid treatments levels on day 40 weights.
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We ran two analyses on the fat depot data. First, we compared fat depot wet weights across
fluid treatments with a one-way ANOVA and Newman-Keuls multiple comparison test,
separately for each strain. Second, we used a two-way ANOVA to test for an effect of
mouse strain and sugar type on total fat (i.e., combined weight of the gonadal, mesenteric
and retroperitoneal depots); we limited this test to the 34% sugar solutions. To control for
strain differences in constitutive fat weight, we calculated a standardized measure of fat
depot weight, separately for each strain and sugar. This involved subtracting mean fat
accumulated in mice offered water alone from that of each mouse offered 34% sucrose or
34% fructose.

Finally, we asked whether the experimental treatments altered two other measures of body
size: lean body weight (i.e., final body weight minus total weight of gonadal, retroperitoneal
and mesenteric fat pads) and body length. For each measure, we ran a one-way ANOVA
(and Tukey post hoc test) across the fluids, separately for each strain.

2.2. Results
2.2.1. Intake patterns—In Figure 1 (left column of panels), we illustrate how intake of
water, 10% sucrose and 34% sucrose changed over the 40-day experiment, separately for
each strain. See Table 2 for results of the two-way ANOVAs performed on these data. There
was a significant main effect of fluid in each mouse strain. This result reflects the fact that
for all strains, the relative daily intake was as follows: 10% sucrose > 34% sucrose > water.
There was also a significant main effect of time, revealing an overall increase in fluid intake
over the course of the experiment. The significant interaction of time x fluid demonstrates
that the extent to which intake increased over time varied across groups. For instance, the
time-dependent increase in intake of 10% sucrose was much more marked than that of the
other fluids.

In Figure 1 (right column of panels), we show how intake of water, 10% fructose and 34%
fructose changed over the 40-day experiment, separately for each strain. See Table 2 for
results of the two-way ANOVAs performed on these data. As with sucrose, there was a
significant main effect of fluid in each mouse strain. For all strains except AKR, the relative
daily intake was as follows: 10% fructose > 34% fructose > water. For the AKR strain, the
relative daily intake was 10% fructose = 34% fructose > water. The significant main effect
of time reflects the fact that intake generally increased with time. However, the significant
interactions of time x fluid shows that the extent to which intake increased was not uniform
across groups.

To better understand the time-dependent changes in sugar intake, we compared the daily
intake between the initial and final two days of the experiment (Figure 2, top row of panels).
See Table 3 for results of the two-way ANOVAs performed on these data. In virtually all
cases, the main effect of time was significant, demonstrating that the mice increased daily
intake of the four sugar solutions over the 40-day experiment; the only exception was that
the 129P3 mice did not increase intake of the 34% fructose solution. The AKR and 129P3
mice exhibited the largest changes. For instance, the AKR mice increased intake of the 10%
sucrose solution nearly three-fold, and the 129P3 mice increased intake of the 10% sucrose
and fructose solutions two- to three-fold.

We also compared the initial and final preference scores (i.e., percent sugar intakes) for the
different sugar solutions (Figure 2, bottom row of panels). See Table 3 for results of the two-
way ANOVAs performed on these data. The 129P3, B6 and FVB mice displayed strong
initial preferences for all of the sugar solutions over water, although those for 34% sucrose
were slightly but consistently weaker. In nearly all cases, the main effect of time was not
significant, indicating that the preferences were stable over the 40-day test—the one
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exception involved the 129P3, which displayed a small but significant increase in preference
for 10% fructose. Whereas the AKR mice showed strong initial and final preferences for the
sucrose solutions, their preference for the fructose solutions required time to develop.
Initially, the AKR mice were largely indifferent to the 10% and 34% fructose solutions (i.e.,
preference ratios near 0.5), but eventually developed moderate (and significantly higher)
preferences for both solutions. It is notable that the initial preference for 10% sucrose was
significantly greater in the FVB and B6 strains than in the AKR and 129P3 strains (P ≤ 0.05,
according to a Newman-Keuls multiple comparison test). A similar preference profile was
observed for 10% fructose, although in this case only the AKR mice differed significantly
from the FVB and B6 mice.

In Figure 3, we show total calories ingested per 30 g body weight from the sugar solutions
over the 40-day experiment. To examine the influence of sugar concentration and strain on
this dependent measure, we ran a two way ANOVA. For both sugars, there were significant
main effects of concentration (sucrose: F1,56 = 33.6, P ≤ 0.05; fructose: F1,55 = 77.7, P ≤
0.05) and mouse strain (sucrose: F3,56 = 40.8, P ≤ 0.05; fructose: F3,56 = 57.7, P ≤ 0.05); the
interaction of concentration × strain was significant for sucrose (F3,56 = 4.4, P ≤ 0.05) but
not fructose (F3,56 = 2.1, P > 0.05). These findings reveal that (a) the mice generally
acquired more calories per 30 g body weight from the 34% than the 10% concentrations of
both sugars; (b) the FVB strain obtained more calories per 30 g body weight than the other
strains from the 10 and 34% concentrations of each sugar; and (c) the AKR mice obtained
fewer calories per 30 g body weight than the other strains from all sugar solution except
34% sucrose.

In a separate analysis of the data in Figure 3, we used two-way ANOVA to determine
whether the mice obtained more calories from the sucrose or fructose solutions, separately at
the 10 and 34% concentrations. The most important result was that at each sugar
concentration, there was a significant main effect of sugar type on calories consumed (at
10%, F1,55 = 78.1, P ≤ 0.05; at 34%, F1,56 = 8.8, P ≤ 0.05). This establishes that the mice
generally obtained more calories from sucrose than fructose.

It is notable that even though the 129P3 strain initially consumed less 10% sucrose and 10%
fructose than the B6 strain (Figure 2), this difference disappeared after approximately 12
days, owing to a latent surge in intake by the 129P3 strain (Figure 1). As a result, the 129P3
strain ultimately obtained as many calories per 30 g body weight from the 10% sugar
solutions as did the B6 strain (Figure 3).

2.2.2. Body weight and fat changes—In Figure 4 (left column of panels), we show
weight changes in mice offered 34% sucrose, 10% sucrose or water alone. We present the
results of the two-way ANOVAs performed on these data in Table 4. For the FVB mice,
there was a significant main effect of time, but no significant main effect of fluid or
interaction of time x fluid. This shows that the FVB mice did not gain disproportionately
more weight on the sucrose solutions. In contrast, for the AKR, 129P3 and B6 mice, there
were significant main effects of fluid and time, and a significant interaction of fluid x time.
To explore the nature of these interactions, we compared final weight gains (i.e., on day 40)
across fluid treatments, separately for each strain and fluid treatment. These analyses
revealed that the AKR, 129P3 and B6 mice in the 34% sucrose group (but not the 10%
sucrose group) gained significantly more weight than did mice from the same strains in the
water group (see Fig. 4).

In Figure 4 (right column of panels), we illustrate weight changes in mice offered 34%
fructose, 10% fructose or water alone. We present results of the two-way ANOVAs
performed on these data in Table 4. For the B6 strain, there were significant main effects of
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fluid and time, and a significant interaction of fluid x time. These findings reflect the fact
that the mice offered 34% fructose (but not 10% fructose) gained significantly more weight
than those offered water alone. In contrast, for the AKR, 129P3 and FVB strains, there was a
significant main effect of time, but no significant main effect of fluid or interaction of time x
fluid. Accordingly, consumption of neither 10 nor 34% fructose caused significant weight
increase in these strains (relative to mice on the control diet). In fact, the 10% fructose
solution tended to reduce weight gain in the AKR, B6, and FVB during at least portions of
the 40-day test period.

In Figure 5, we compare weights of the fat depots (retroperitoneal, mesenteric and gonadal)
across the fluid treatments, separately for each mouse strain with Newman-Keuls multiple
comparison tests. For the FVB strain, there was no effect of fluid treatment on any fat depot.
For the AKR strain, the mesenteric and gonadal fat depots were heavier in mice offered 34%
sucrose and 34% fructose than in control mice. For the B6 strain, the mesenteric and gonadal
fat depots were heavier in mice offered 34% and 10% sucrose than in control mice; further,
the gonadal fat depot was also heavier in mice offered 34% fructose. For the 129P3 strain,
the retroperitoneal and gonadal fat depots were heavier in mice offered 34% sucrose than in
control mice.

In Figure 6, we illustrate standardized fat depot weight in mice offered 34% sucrose or 34%
fructose. A two factor ANOVA revealed significant main effects of sugar type (F1,56 = 13.5;
P ≤ 0.05) and strain (F3,56 = 9.1; P ≤ 0.05), but no significant interaction of sugar type x
strain (F = 2.1; P > 0.05). This result establishes that the mice on the 34% sucrose had
significantly more fat than those on the 34% fructose diet on day 40 of the experiments.
Further, among the mice offered 34% sucrose, standardized fat depot weight was higher in
the AKR strain than in all other strains (P ≤ 0.05; Newman-Keuls multiple comparison test).
Indeed, among the mice offered the 34% sucrose solution, those in the AKR strain had a
standardized fat depot weight that was almost 3 times larger than that in the 129P3 and FVB
strains, and more than 2 times larger than that in the B6 strain. In contrast, while there was a
trend for the AKR and B6 mice on the 34% fructose diet to have greater fat accumulation
than the B6 and AKR mice, the strain differences were not significant (P > 0.05; Newman-
Keuls multiple comparison test).

Finally, we examined two alternate explanations for the observed strained differences in
weight gain. First, they could have stemmed from changes in body length. However, there
were no significant main effects of the sucrose or fructose solutions on body length in any of
the strains (in all one-way ANOVAs, P > 0.05; data not shown). Second, because we did not
measure total body fat, it is possible that we overlooked fat accumulation in the depots that
were not examined (e.g., subcutaneous and interscapular). If this was the case, then the mice
on the sugar diets should have had a higher lean weight than mice on the control diet (note
that we defined lean mass as final body weight minus total weight of gonadal,
retroperitoneal and mesenteric fat pads). However, there were no significant main effects of
the sucrose or fructose solutions on lean mass in any of the strains (in all one-way
ANOVAs, P > 0.05; data not shown).

3. Are there strain differences in the energy compensatory response to
sucrose intake? (Experiment 2)

In Experiment 1, there were large strain differences in weight gain and sugar intake on the
34% sucrose diet. Unexpectedly, however, the highest sugar calorie intakes were not
associated with the highest weight gain and fat accumulation. In particular, when offered the
34% sucrose, the FVB strain ingested the most sugar calories per 30 g body weight, but
gained the least weight. Also, the AKR mice gained the most body fat but did not consume
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more sucrose calories per 30 g body weight than any of the other strains. These findings
were unexpected because weight gain usually increases with daily sugar energy intake in
mice [18,41,51,78,81].

Because we did not record intake of laboratory chow in Experiment 1, we could not
determine how many total calories the mice ingested each day. It is possible that even
though the FVB mice consumed more sugar calories than the other strains, they may have
reduced caloric intake from the laboratory chow, thereby obtaining the same number of
calories per 30 g body weight as the other strains. When mice from the NMRI strain were
offered a lab chow diet supplemented with a 10% sucrose or 15% fructose solution, they
compensated for the sugar calories by reducing chow intake; in so doing, the mice obtained
the same total number of calories as mice offered chow alone [41]. In contrast, there are
other reports in which mice [11,51,78,81] and rats [42,49,50,70] failed to show accurate
energy intake compensation when offered free access to a sugar solution.

Here, we examined energy intake compensation in the AKR, 129P3, B6 and FVB strains.
We hypothesized that the strain that gained the most weight in Experiment 1 (i.e., AKR)
would show the poorest energy intake compensation. To this end, we effectively repeated
Experiment 1, but quantified intake of calories from both sugar and chow. We focused on
the diet consisting of 34% sucrose solution and lab chow because it stimulated the greatest
intake and weight gain in the previous experiment. Further, we limited the study to 10 days
because our goal was to examine compensatory feeding responses, not long-term patterns of
weight gain.

3.1. Methods
3.1.1. Animals, housing conditions, and intake measurements—Ten males and
ten females from each strain (AKR, 129P3, B6, and FVB) were tested, beginning at 9 weeks
of age. All animal housing and test procedures were identical to those in the prior
experiment, except that the mice did not have Nestlets in their cages.

3.1.2. Experimental procedure—Mice from each strain and gender were assigned
randomly to two diet treatment groups. The experimental groups received a 34% sucrose
solution (1.37 kcal/g), water and laboratory chow (Rat Diet 5012; physiological fuel value =
3.43 kcal/g) ad libitum; the control groups received water and laboratory chow ad libitum.
All mice were tested concurrently over a 10-day period.

Daily fluid intakes were measured as described in Experiment 1. Daily laboratory chow
intakes were quantified as follows. Each mouse was given approximately 7 g of laboratory
chow pellets per day in the cage lid hopper, and the change in weight of the pellets was
measured daily. To correct for the effects of humidity on estimates of daily chow intake, we
measured weight changes in ~7 g chow rations placed on four empty cages and adjusted the
food intake measures accordingly. To recover any diet that fell into the cage as the mice ate,
we sifted the cage bedding each day by passing it through two sieves; the first had a grid
size of 2.3 × 2.3 mm and the second a grid size of 1.5 × 1.5 mm. The diet recovered from the
sifting was subtracted from the daily intake for each mouse (range = 0.1 to 1.6 g/day). The
absence of cotton bedding (i.e., Nestlets) in the bedding improved the yield of spilled diet.

To explore whether the strains differed in diet spillage, we calculated the percentage of diet
that was removed from the lab chow in the cage lid hopper, but not eaten (i.e., fell to the
bottom of the cage). Among mice offered the control diet, this percentage was 8.6% for the
129P3 and B6 strains; 6.1% for the FVB strain; and 4.1% for the AKR strain. The spillage
by the 129P3 and B6 strains was significantly greater than that by the AKR strain (P ≤ 0.05,
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according to a Newman-Keuls multiple comparison test). Thus, failing to control for diet
spillage would have confounded our strain comparisons of daily caloric intake.

3.1.3. Data Analyses—First, we compared weight gain across the two diets with unpaired
t-tests, separately for each strain. Second, we tested for energy intake compensation. To this
end, we estimated daily caloric intake from each diet component by multiplying daily intake
(in g) of laboratory chow × 3.43 kcal/g, and daily intake (in g) of 34% sucrose solution ×
1.37 kcal/g. Then, we compared daily kcal intake from each diet with an unpaired t-test,
separately for each strain. Third, to standardize kcal intake across strains, we calculated total
caloric intake per 30 g body weight over the 10-day experiment. We ran a two-way ANOVA
on these standardized caloric intake values, using strain and diet as between factors; we also
ran one-way ANOVAs (and Newman-Keuls multiple comparison tests) across strains,
separately for each diet.

3.2. Results
As in Experiment 1, the AKR, 129P3, and B6 (but not FVB) strains gained significantly
more weight on the experimental (chow + 34% sucrose) than on the control (chow only)
diet. For all strains except FVB, unpaired t values were > 3.37, df = 18, P ≤ 0.05; for the
FVB strain, t = 0.2, df = 18, P > 0.05. The weight gains for mice on the experimental versus
control diets were, in respective order: 2.25 vs. 1.32 g for AKR mice; 1.95 vs. 0.51 g for
129P3 mice; 1.57 vs. 0.72 g for B6 mice; and 0.88 vs. 0.97 g for FVB mice.

In Figure 7, we show total intakes (kcal/30 g body weight) over the 10-day experiment from
the control and experimental diets, separately for each strain. A two-way ANOVA on these
data revealed significant main effects of mouse strain (F3,72 = 18.4, P ≤ 0.05) and diet (F3172
= 31.4, P ≤ 0.05), but no significant interaction of strain x diet (F3,72 = 0.6, P ≤ 0.05). These
findings establish that even though mice on the experimental diet consumed less chow than
mice on the control diet, they did not accurately compensate for the increased calories
obtained from the 34% sucrose solution. Indeed, the presence of the 34% sucrose solution
caused the following percent increases in caloric intake per 30 g body weight (relative to the
chow-only condition): 15% for AKR mice, 26% for 129P3 mice, 29% for B6 mice, and 17%
for FVB mice.

We compared total intake (kcal/30 g body weight) across strains, separately for each diet.
There was a significant effect of strain for both the control (F3,39 = 15.4; P ≤ 0.05) and
experimental (F3,39 = 7.0; P ≤ 0.05) diets. A Newman-Keuls multiple comparison test
determined that both diets produced the same pattern of strain differences in total intake:
FVB > AKR = B6 = 129P3.

We also compared the mouse strains in terms of the percentage of total caloric intake
derived from the 34% sucrose solution. A one-way ANOVA revealed significant strain
difference (F3,39 = 22.0; P < 0.05) with the pattern of differences being AKR (63%) < B6
(72%) < 129P3 (79%) = FVB (84%) according to a Tukey post hoc test. One implication of
this finding is that the diet of the AKR mice contained a higher percentage of fat and protein
than did that of the other strains, owing to their greater reliance on chow as a source of
calories.

Taken together, these data provide three important insights. First, none of the strains showed
precise energy intake compensation, despite reducing chow intake when offered the sucrose
solution (see Fig. 7). Second, there was a disconnect between the pattern of strain
differences in weight gain and fat accumulation (in both the present and previous
experiments) and the pattern of strain difference in caloric intake per 30 g body weight (in
the present experiment). For instance, even though the FVB mice accumulated less weight
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and fat than the AKR mice on the diet containing 34% sucrose, the FVB mice nevertheless
consumed significantly more calories per 30 g body weight from this diet. Third, there was
no relationship between the accuracy of energy intake compensation and weight gain. This
is illustrated most clearly by the fact that the strain that accumulated the most weight and fat
(i.e., AKR) exhibited the most accurate energy intake compensation (15%).

4. Does sucrose have a more acceptable taste than fructose at isocaloric
concentrations? (Experiment 3)

In Experiment 1, all strains of mice consumed more of the sucrose than fructose solutions.
Here, we asked whether the higher intake of sucrose solution could have stemmed, at least in
part, from it having a more acceptable taste to the mice. In humans, the relative sweet
intensity of isocaloric concentrations of fructose and sucrose is controversial—some studies
report that fructose is sweeter [23,36,39], while others report that fructose is less sweet than
(or isosweet to) sucrose [29,37] concentrations. Despite this lack of consensus, it is often
assumed that fructose has a more acceptable taste than isocaloric concentrations of sucrose
for many species of mammal. For instance, several investigators have inferred (without any
empirical substantiation) that rats drank less fructose than sucrose solution in their studies
because (a) the fructose solutions had a more intense sweet taste, and (b) the rats needed to
drink less of the more intense fructose solution to satisfy their sweet tooth [49,50].

Given that the 10% and 34% fructose solutions have nearly twice the molar concentration as
the corresponding sucrose solutions, one might assume that they would have a more
acceptable taste. However, unpublished behavioral studies and chorda tympani nerve
recordings in our laboratory indicate that the opposite is the case in mice. In this experiment,
therefore, we compared the oral acceptability of two isocaloric concentrations of fructose
and sucrose: 10% and 34%. We used a short-term lick test to minimize any potential post-
ingestive effects on intake [31].

4.1. Methods
4.1.1. Experimental approach—A total of 7 mice from each strain (sex-ratio roughly
balanced) were obtained from Jackson Labs, and were tested at approximately 9 weeks of
age. To assess the relative taste acceptability of two isocaloric concentrations of sucrose and
fructose (i.e., 10% or 34%), we recorded the number of licks for each solution during
successive 5-s trials, and inferred that one solution was more acceptable if the mice took
significantly more licks from it. All mice were naïve to the sugar solutions prior to testing.

4.1.2. Lick tests—Each test was conducted in a commercial gustometer (Davis MS160-
Mouse; DiLog Instruments, Tallahassee, FL). We used a two-bottle no-choice testing
procedure, during which the mice were alternately presented with each isocaloric
concentration during 5-s trials across a 30-min test session. This testing procedure is
described in detail elsewhere [32].

4.1.2.1. Training procedure: Before taste testing was conducted, the mice were given three
days of training with water. This served to familiarize the mice with the gustometer and train
them to lick from the sipper tube to obtain fluid. Because the mice were placed on a water-
restriction schedule (see below) throughout training, they were highly motivated to lick from
the sipper tube. Each training session began when the mouse took its first lick, and lasted 30
min. On Training Day 1, the mouse could drink freely from a single sipper tube throughout
the session as the shutter was permanently open. On Training Days 2 and 3, the mouse could
only drink from a sipper tube during successive 5 s trials, which were separated by 7.5-s
inter-trial intervals.
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To encourage sampling from the sipper tube, we water-deprived the mice for 22.5 h prior
each training session. Following training sessions 1 and 2, we gave the mice water ad
libitum for 1 h, and then began the next 22.5 hr period of water-deprivation.

4.1.2.2. Testing: Testing began once training was completed. Two sugar solutions were
presented during successive 5-s trials during each 30-min test session. To control for
potential order effects across trials within the test session, we treated the two sugar solutions
as a block, and randomized (without replacement) the presentation sequence of each solution
within each block. The mouse could initiate up to 288 trials throughout the test session.

Each mouse was run through two test sessions, each on different days. In one session, the
mouse received 10% sucrose and 10% fructose, and in the other, it received 34% sucrose
and 34% fructose. To control for testing order effects, the order of the two sessions was
counter-balanced across mice within a strain.

To encourage sampling from the sugar solutions, we food- and water-restricted each mouse
for 23.5 h prior to each test session. This involved limiting each mouse to 1 g of laboratory
chow (dustless precision 1 g food-pellets; BioServ) and 2 ml of water. We interjected a
recovery day between the test sessions, during which food and water were available ad
libitum. Parenthetically, we have determined previously that this food- and water-restriction
procedure does not alter licking responses of B6 mice for sugars [32].

4.1.3. Data analysis—We quantified the oral acceptability of each sugar solution by
calculating mean number of licks per 5-s trial, separately for each sugar concentration and
mouse. As each strain initiated a mean of at least 25 trials per test session, we considered our
licking measures robust. We used paired t-tests to compare licks/trial for each isocaloric
concentration of sucrose and fructose, separately for each mouse strain.

4.2. Results
All strains exhibited more licks/trial for sucrose than fructose at both 10% and 34%
concentrations (Fig. 8). These differences were significant in all cases except one: the B6
mice licked only slightly more for 34% sucrose than 34% fructose. Thus, despite their lower
molar concentrations, the sucrose solutions were more orally acceptable than the fructose
solutions. The potential contribution of this finding to the long-term intakes of the sugar
solutions in Experiment 1 is discussed below.

5. General Discussion
Our results revealed significant strain, sugar and concentration differences in sugar-induced
overeating and obesity in mice. Consistent with prior results [11,51], B6 mice gained excess
weight and body fat when their chow diet was supplemented with a solution containing 34%
sucrose. We observed a similar pattern of sucrose-induced obesity in the AKR and 129P3
mice, but not the FVB mice. Fructose was less effective than sucrose in promoting obesity.
Only B6 mice gained excess weight with the 34% solution, although both AKR and B6 mice
had slightly increased body fat. Overall, the 10% sugar solutions promoted more
overdrinking than the 34% solutions, but did not significantly increase body weight or
adiposity. That inbred mice differ in their obesity response to sugar solutions is not
surprising given the many reports of strain differences in high-fat induced obesity
[7,45,59,82,83]. Nevertheless, the strain differences observed here are notable in several
respects.

The FVB mice consumed significantly more of the 10% and 34% sugar solutions than did
the B6, 129P3 and AKR strains across the 40-day period in Experiment 1. Despite this high
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intake, the FVB was the only strain to resist sugar-induced obesity. We demonstrated in
Experiment 2 that the FVB mice did not resist obesity by reducing chow intake to
compensate for the elevated sucrose intake. In fact, the sucrose-fed FVB mice actually
increased their total energy intake by 32% (relative to chow controls), which is more than
the 25% increase observed in the AKR mice and only slightly less than the 34-36% increase
of the 129P3 and B6 mice. It is possible that the sucrose-fed FVB mice expended their
excess sugar calories by increasing energetic expenditure. This could have been
accomplished by increasing activity levels [17,43], thermogenesis [20,63,76], expression of
mitochondrial leak channels (e.g., uncoupling protein 1) in interscapular brown adipose
tissue [26], and/or overall sympathetic nervous outflow [13,74,84]. In support of this
possibility, there is evidence that FVB mice exhibit higher levels of spontaneous activity
than many other mouse strains [80]. Increased energy expenditure may also account for the
ability of FVB mice to resist weight gain when offered the 34% fructose solution given that
their fructose intake was substantially higher than that of the other three strains.

The question of whether FVB mice are also resistant to fat-induced obesity is unclear. As
with sugar, the FVB mice exhibit high lick rates for and daily intakes of oil emulsions
compared with other mouse strains [34]. However, while some investigators reported that
intake of high-fat diets promotes obesity in FVB mice [30,52,57], others reported that it does
not [35,44]. There is no obvious explanation for these contradictory findings given that all of
the studies used similar procedures—e.g., initiated testing with juvenile mice (i.e., 3-5
weeks of age), maintained the mice on the test diets for 8-10 weeks, and used high-fat diets
with 41-58% of the calories derived from fat.

The overeating and obesity response of the AKR and 129P3 mice to the 34% sucrose
solution is noteworthy given that they express the Sacd allele of Tas1r3 (i.e., the T1R3
receptor with a lower binding affinity for sweeteners; [58,64]) and show relatively low
preference for and intake of 10% sugar solutions during 24-hr preference tests [48]. Here,
we replicated these findings—at the start of Experiment 1, both the AKR and 129P3
exhibited relatively low preferences for (i.e., 87-88%) and intake of the 10% sucrose
solutions, and the AKR mice initially showed weak-to-nonexistent preferences for the 10
and the 34% fructose solutions (60 and 49%, respectively). Yet, over the 40-day experiment,
the AKR and 129P3 mice consumed as many calories per 30 g body weight from the 34%
sucrose solution and gained as much (129P3) or more (AKR) body weight and fat as the B6
mice. Given that the AKR and 129P3 mice in the 10% sucrose groups increased their
sucrose preference to the level of the B6 and FVB mice over the 40-day test period, it is
possible that prolonged sucrose ingestion overrode the effect of Tas1r3 genotype on sugar
intake and preference. Other findings indicate, however, that the sweet taste deficit of 129P3
mice persists—e.g., their relatively low preference for saccharin persists following extensive
experience with sucrose [73]. Instead, the enhanced sucrose preference displayed by
experienced 129P3 mice may represent an increased central evaluation of sucrose flavor
(i.e., taste, smell, texture) conditioned by the post-ingestive nutritive actions of the sugar
[72,71]. Accordingly, a genetically-determined sweet taste deficit does not protect mice
from sugar-induced obesity because taste, while important, is not the only determinant of
sugar intake.

It is notable that the AKR strain developed the highest sugar-induced obesity in this study,
and fat-induced obesity in other studies [2,82]. While this observation indicates that the
AKR strain is particularly susceptible to obesity on both fat- and sugar-rich diets, this may
not be the case for all strains. For instance, the 129P3 strain developed sucrose-induced
obesity in this study, but did not consistently display fat-induced obesity in prior studies
[4,7]. These observations highlight the large amount of phenotypic diversity that exists
among mouse strains in sugar and fat processing. Up to this point, most studies of strain
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differences in susceptibility to diet-induced obesity have focused on high-fat diets (e.g., see
[5,24,66,77]). It might be useful to expand these studies to high-sugar diets, particularly
given current concerns about the overconsumption of contribution of sugar-sweetened
beverages [12,14,69].

In contrast to the 34% sucrose solution, the 10% solution did not significantly increase body
weight gain or adiposity in any of the four strains. Even though 10% sucrose stimulated the
greatest fluid intake, the mice obtained more calories from the 34% sucrose solution. The
higher caloric intake from the 34% sucrose solution presumably accounts for its greater
ability to promote weight gain and adiposity. Nevertheless, the AKR, B6, and 129P3 mice
that were offered the 10% sucrose diets weighed slightly more than their respective controls.
It is possible that more robust weight gains would have emerged if the animals had been
tested for a longer period. In support of this possibility, significant weight gains have been
reported when mouse strains (different from those tested herein) were maintained for > 40
days on a chow diet supplemented with a 10% sucrose solution [16,18].

5.1. Effect of sugar type on obesity and hyperphagia
Overall, fructose produced less weight gain and adiposity than did sucrose. The AKR and
B6 mice on the 34% fructose solution accumulated more fat than controls, although less so
than did the AKR and B6 mice fed 34% sucrose. In contrast, weight gain and adiposity of
the 129P3 and FVB mice were not altered by fructose. Note that the differential weight gain
response of B6 and AKR mice to fructose is opposite to that observed with sucrose. Further,
note that the 10% fructose solution tended to decrease weight gain (relative to controls) in
the AKR, B6 and FVB strains. Thus, we not only observed strain differences in sugar-
induced obesity, but the pattern of the differences varied as a function of sugar type.

Two previous studies of B6 mice [11,56] reported that 30% fructose produced weight gains
intermediate to that of the control, 30% sucrose and 30% glucose groups, whereas a 15%
fructose solution had no effect on body weight. In another study [41], outbred mice (NMRI
strain) gained excess weight on a 15% fructose solution, but not on a 10% sucrose solution.
In rats (Sprague Dawley strain), iscaloric fructose and sucrose solutions (13 – 32%) were
found to produce similar weight gains [42,49,50]. Accordingly, the present findings together
with results reported elsewhere, indicate that fructose is no more obesogenic than sucrose in
some rat and inbred mouse strains, and is less so in other mouse strains.

One consistent finding obtained in the present and previous studies is that mice and rats
consume less fructose than sucrose at isocaloric concentrations [11,42,49,50]. Although
some investigators attributed this to the higher oral acceptability of fructose [49,50], our data
suggest just the opposite. That is, in the brief access one-bottle tests, the mice licked more
for sucrose than fructose at 10% and 34% concentrations. Accordingly, higher oral
acceptability could have stimulated higher daily intakes of sucrose than fructose. In addition,
post-oral factors most likely contributed to the differential intakes of the two sugars. Rat
studies indicate that intragastric (IG) infusions of sucrose (and glucose) condition much
stronger flavor preferences than do fructose infusions [1]. This is also the case in B6 mice—
e.g., matched IG infusions of 16% sucrose or glucose stimulated daily intake of a saccharin
solution whereas 16% fructose infusions suppressed intake ([71]; Sclafani, unpublished
findings).

5.2. Strain differences in body fat distribution
Several investigators have reported that fat depots of mice do not respond uniformly to high
fat diets [7,78,82]. Indeed, each strain tends to distribute ingested fat across the depots in
unique ways. Our results with high sugar diets corroborate this prior work. In the AKR and
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B6 mice, there were significant effects of 34% sucrose on the weights of the gonadal and
mesenteric (but not the retroperitoneal) fat depots. Whereas fat accumulation occurred
principally in the gonadal fat depot of the AKR mice, it was distributed more evenly across
the gonadal and mesenteric fat depots of the B6 mice. In the 129P3 mice, there were
significant effects of 34% sucrose on the weights of the gonadal and retroperitoneal (but not
the mesenteric) fat depots. The vast majority of fat accumulation in the 129P3 mice occurred
in the gonadal depot. These strain differences in body fat distribution are of general interest
because higher mesenteric (i.e., abdominal) fat levels are co-morbid with cardiovascular
disease in humans [21,53]. Several investigators have already begun to explore the genetic
architecture of such strain differences in body fat distribution in mice (e.g., see [55,65]).

5.3. Conclusion
Our results serve as a cautionary tale. First, even though polymorphisms of the Tas1r3 gene
are associated with strain differences in intake of and preference for sugars in sugar-naïve
mice, we found that these genetically based differences are modified by dietary experience
with sugars. Second, many investigators assume that a positive relationship exists between
sugar intake and fat accumulation. We observed this positive relationship in the AKR,
129P3 and B6 mice, but not in the FVB mice. In fact, the FVB mice consumed significantly
more sugar calories than the other mouse strains, but avoided weight gain. It may be that
energy expenditure is a more important determinant of fat accumulation than energy intake
in the FVB mice. Several studies provide support for this hypothesis in humans [19,46].
Finally, it is generally assumed that fructose is more obesogenic than sucrose. Among the
strains we tested, we found the opposite result. We propose that because the sucrose
solutions were more orally acceptable and provided stronger post-oral reinforcement of
feeding, the mice consumed more of them. The elevated intake of the 34% sucrose solution
in particular increased caloric intake, resulting in obesity in three of the four mouse strains.
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Figure 1.
Daily intakes from one of three diet treatments (10% sugar, 34% sugar, or water alone) over
the 40-day experiment. The results from each strain are plotted in separate rows: FVB (first
row), B6 (second row), 129P3 (third row) and AKR (fourth row). Further, the results from
each type of sugar are plotted in separate columns: sucrose (left column) and fructose (right
column). Because only one group of mice per strain received water alone, we presented the
same water intake data in both the left and right panel for each strain. Further, even though
the mice offered the sugar solutions also received water, we did not present their water
intake data. These data are analyzed in Table 2. Each symbol represents mean ± S.E.; N = 8
mice per strain and solution treatment.
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Figure 2.
Illustration of how daily intake of and preference for the four sugar solutions changed over
the 40-day experiment in each mouse strain (mean ± S.E). Upper panels: comparison of
initial (i.e., mean daily intake during days 1-2) versus final (i.e., mean daily intake during
days 39-40) intake of each sugar solution. Lower panels: comparison of initial versus final
preference for each sugar solution over water. In each lower panel, we indicate indifference
(i.e., 50% preference) with a dashed line. For each solution and strain, we compare the
initial and final intakes and preferences with paired t-tests (* P ≤ 0.05). Additional analyses
are performed in Table 3. N = 7-8 mice per strain and solution treatment.
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Figure 3.
Total sugar intake (kcal/ 30 g body weight) over the 40-day test from the 10% and 34%
solutions of sucrose and fructose by the AKR, 129P3, FVB and B6 mice (mean ± S.E.).
Within each panel, we compare total caloric intake per 30 g body weight across strains with
the Newman-Keuls multiple comparison test; different letters above the bars (a-d) indicate
means that differ significantly from one another (P ≤ 0.05).
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Figure 4.
Weight changes in mice offered one of three diet treatments (10% sugar, 34% sugar, or
water alone) over the 40-day experiment. The results from each strain are plotted in separate
rows: FVB (first row), B6 (second row), 129P3 (third row) and AKR (fourth row). Further,
the results from each type of sugar are plotted in separate columns: sucrose (left column)
and fructose (right column). Within each panel, we compare the mean weights on day 40
across diet treatment with a Newman-Keuls multiple comparison test; treatment levels that
differ significantly from one another (P ≤ 0.05) are labeled with distinct letters (i.e., a and
b). Additional analyses on these data are performed in Table 4. Each symbol represents
mean ± S.E.; N = 8 mice per strain and solution treatment.
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Figure 5.
Wet weight of retroperitoneal (left column of panels), mesenteric (middle column of panels)
and gonadal (right column of panels) fat depots in FVB, B6, 129P3, and AKR mice at the
end of the 40-day experiment. We present fat depot weights of mice that were offered water
alone (Con), a sucrose solution (10 or 34%), or a fructose solution (10 or 34%). Within each
panel, we compare fat depot weights across diet treatments with a Newman-Keuls multiple
comparison test; treatment levels that differ significantly from one another (P ≤ 0.05) are
labeled with distinct letters (i.e., a, b, c). Each bar represents mean ± S.E.; N = 8 mice per
strain and solution treatment.
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Figure 6.
Strain comparison of standardized fat gain in mice offered the 34% sucrose or 34% fructose
solution. The standardized fat gain measure includes the gonadal, retroperitoneal and
mesenteric fat depots. A two-way ANOVA revealed a significant main effect of both sugar
type and strain, but a non-significant interaction of sugar type x strain (see text for details).
Each bar represents mean ± S.E.; N = 8 mice per strain and solution.
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Figure 7.
Total intake (kcal/30 g body weight) from the control (C; chow only) and experimental (E;
chow + 34% sucrose solution) diets over the 10-day experiment by AKR, 129P3, B6 and
FVB mice. For the experimental diet, we distinguish calories obtained from chow (black)
versus sucrose solution (white). A two-way ANOVA revealed a significant main effect of
both diet and strain on total kcal intake per 30 g body weight, but a non-significant
interaction of diet x strain (see text for details). Each bar represents mean ± S.E.; N = 10
mice per strain and diet.
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Figure 8.
Relative oral acceptability of the isocaloric concentrations of sucrose (Suc) and fructose
(Fruc) for each of the mouse strains. Top row of panels: number of licks per 5 s trial for the
10% sucrose and fructose solutions. Bottom row of panels: number of licks for the 34%
sucrose and fructose solutions. In each panel, we compare lick rates for the sucrose versus
fructose solutions with a paired t-test (* P ≤ 0.05). Each bar indicates mean ± S.E.; N = 7
mice per strain and concentration.
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Table 1

Initial body weights (mean ± S.E.) of the male and female mice from each strain in Experiment 1.

Strain

Gender AKR 129P3 B6 FVB

Male 29.3 ± 2.3 22.8 ± 1.5 24.6 ± 1.6 25.9 ± 1.9

Female 26.0 ± 2.0 * 17.7 ± 1.4 * 18.8 ± 1.4 * 19.7 ± 1.3 *

N= 20 males and 19-20 females from each strain; these mice were divided evenly across the five diet treatments. We compare body weights across
gender within each strain with unpaired t-tests.

*
P ≤ 0.05
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Table 2

Analysis of the daily sugar solution intakes in Fig. 1. We show F-ratios (df) from two-way ANOVAs,
performed separately on each sugar type and strain.

Source of variation

Sugar type Strain Sugar solution Time Interaction

Sucrose AKR 27.0 (2,819) * 9.5 (39,819) * 5.1 (78,819) *

129P3 231.4 (2,819) * 4.9 (39,819) * 2.9 (78,819) *

B6 530.0 (2,819) * 4.9 (39,819) * 2.9 (78,819) *

FVB 532.7 (2,819) * 3.6 (39,819) * 1.8 (78,819) *

Fructose AKR 3.5 (2,819) * 7.2 (39,819) * 1.7 (78,819) *

129P3 42.9 (2,780) * 14.9 (39,780) * 6.9 (78,780) *

B6 52.9 (2,819) * 5.3 (39,819) * 1.8 (78,819) *

FVB 156.8 (2,819) * 3.1 (39,819) * 1.1 (78,819)

*
P ≤ 0.05
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Table 3

Analysis of the results in Fig. 2. We show F-ratios (df) from two-way ANOVAs, performed separately on each
ingestive measure and strain.

Ingestive measure
Source of variation

Strain Time Sugar solution Interaction

Intake AKR 120.4 (1,28) * 27.3 (3,28) * 6.9 (3,28) *

129P3 109.9 (1,27) * 41.8 (3,27) * 18.7 (3,27) *

B6 117.2 (1,28) * 74.4 (3,28) * 3.9 (3,28) *

FVB 71.4 (1,28) * 65.3 (3,28) * 1.9 (3,28)

Preference AKR 20.8 (1,28) * 31.6 (3,28) * 3.8 (3,28) *

129P3 3.4 (1,27) * 13.0 (3,27) * 1.2 (3,27)

B6 < 0.1 (1,28) 42.5 (3,28) * 0.4 (3,28)

FVB < 0.1 (1,28) 37.4 (3,28) * 0.5 (3,28)

*
P ≤ 0.05
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Table 4

Analysis of the weight changes in Fig. 4. We show F-ratios (df) from two-way ANOVAs, performed
separately on each sugar type and strain.

Source of variation

Sugar type Strain Sugar solution Time Interaction

Sucrose AKR 9.9 (2,399) * 57.2 (19,399) * 2.6 (38,399) *

129P3 3.9 (2,399) * 53.3 (19,399) * 1.9 (38,399) *

B6 4.1 (2,399) * 84.2 (19,399) * 3.7 (38,399) *

FVB 3.0 (2,399) 14.0 (19,399) * 1.3 (38,399)

Fructose AKR 3.1 (2,399) 24.4 (19,399) * 0.4 (38,399)

129P3 1.6 (2,380) 42.5 (19,380) * 0.7 (38,380)

B6 4.7 (2,399) * 88.6 (19,399) * 2.7 (38,399) *

FVB 0.7 (2,399) 14.4 (19,399) * 1.4 (38,399)

*
P ≤ 0.05
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