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Abstract

Purified carbohydrates and fats are usually palatable to humans and other animals, and their consumption often induces weight gain and
accumulation of fat. In this study, we examined consumption of complex carbohydrates (cornstarch and Polycose) and fats (soybean oil and
margarine) in mice from two inbred strains, C57BL/6ByJ and 129P3/J. At lower concentrations of liquid nutrients tested using two-bottle
tests, when the amounts consumed had negligible energy content, the C57BL/6ByJ mice had higher acceptance of Polycose and soybean oil.
This was probably due to strain differences in chemosensory perception of Polycose and oil. At higher concentrations, the mice consumed a
substantial part of their daily energy from the macronutrient sources, however, there were no or only small strain differences in nutrient
consumption. These small differences were probably due to strain variation in body size. The two strains also did not differ in chow intake.
Despite similar energy intakes, access to the nutrients resulted in greater body weight (BW) gain in the C57BL/6ByJ mice than in the 129P3/]
mice. The diet-induced weight gain was examined in detail in groups of 2-month-old C57BL/6ByJ and 129P3/] mice given ether chow, or
chow and margarine to eat. Access to margarine did not increase total energy consumption of either strain. It increased BW and adiposity of
the C57BL/6ByJ mice, but only after they reached the age of ~ 3 months. There were no differences in BW and adiposity between control
and margarine-exposed 129P3/J mice. The results suggest that diet-induced adiposity in the B6 mice depends on age and does not depend on
hyperphagia. © 2001 Elsevier Science Inc. All rights reserved.
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1. Introduction ity of mice from C57BL/6ByJ (B6) and 129P3/J (129)
strains. Dietary carbohydrate was provided as either corn-
starch or Polycose, and dietary fat was provided as margar-

ine or soybean oil.

Human obesity depends on a combination of genetic and
environmental factors and is most frequently expressed
when individuals are exposed to ample, energy-dense diets.
There is evidence that diet selection is in part genetically
mediated [1], which can contribute to the development of
obesity. Mouse strains differ in nutrient selection and in

2. Materials and methods

predisposition to diet-induced adiposity, and thus can serve
as a model to examine interactions between genetic and
environmental contributions to obesity. In this study, we
compared the nutrient appetite and nutrient-induced adipos-
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2.1. Animals

Mice of the B6 (#=83) and 129 (n=285) strains were
obtained from The Jackson Laboratory (Bar Harbor, ME).
Mice were housed in individual cages in a temperature-
controlled room at 23°C on a 12-h light:12-h dark cycle. In
Experiment 5, naive mice were used. Mice used in Experi-
ments 1—4 and 6 had been previously tested in two-bottle
tests with several non-nutritive sweeteners or sugars; no
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strain differences in body weight (BW) changes during
these tests were noted.

2.2. Food and nutrients

During all experiments, mice had ad libitum access to
deionized water and pelleted chow Teklad Rodent Diet 8604
(Harlan Teklad, Madison, WI; 24.5% protein, 50.3% carbo-
hydrate and 4.4% fat; 3.93 kcal/g gross energy).

Dietary carbohydrate was provided as either cornstarch
(Sigma, St. Louis, MO; 4.0 kcal/g) or Polycose (Ross
Laboratories, Columbus, OH; 3.8 kcal/g). Dietary fat was
provided as margarine (Fleishmann’s Unsalted Spread,
Nabisco, East Hanover, NJ; 6.4 kcal/g) or soybean oil
(“BestYet Vegetable Oil,” Scrivner; 8.6 kcal/g).

Nutrient solutions and emulsions were prepared every 48
h. Polycose was dissolved in deionized water and provided
as a solution. The cornstarch and soybean oil (except for
100% oil) were provided as emulsions and prepared using
deionized water stabilized with 0.3% (weight/volume)
xanthan gum (Sigma). Xanthan gum is tasteless to humans,
it does not affect animal growth [2], and 0.3% xanthan gum
has negligible caloric value. Neither strain distinguished
0.3% xanthan gum from water (Experiments 2, 4). There-
fore, the use of xanthan gum was unlikely to have affected
strain-dependent differences in nutrient-emulsion intake.
The starch and oil emulsions were homogenized using a
motor-driven propeller. No separation of the emulsions was
noted during the tests.

2.3. Measurement of food and fluid intakes

Food and fluid intakes were measured daily in the middle
of the light period. The BW of individual mice was
measured before and after each test series.

Chow intake was measured by weighing the cage tops
containing food pellets to the nearest 0.1 g. The bottoms of
the cages were covered with corrugated cardboard sheets.
When the cage tops were weighed, the cardboard sheets
were changed, and any spilled food was collected and
weighed. Food intake was corrected for spillage, although
this did not exceed 0.1 g/day/mouse.

Solid margarine was offered to the mice in foil cups.
Each day, a new cup with margarine was weighed to the
nearest 0.1 g and placed into the cage; the next day, it was
removed from the cage, weighed, and discarded. The cage
floors were covered with cardboard sheets to detect spillage,
although none was noted.

Cornstarch (0.03—6%), Polycose (0.003-30%), and
soybean oil (1-100%, all weight/volume) were tested
in increasing order of concentrations using two-bottle
preference tests in which one bottle contained the nutri-
ent and the other bottle contained either deionized water
(Polycose solutions and 100% oil) or 0.3% xanthan gum
(cornstarch and soybean oil emulsions). Each concentra-
tion was tested for 2 days. The positions of the tubes

were switched every 24 h to control for side preferences.
The construction of the drinking tubes and other experi-
mental details have been previously described [3]. The
drinking tubes were positioned to the right of the feeder
with their tips 15-mm apart, and each extended 25 mm
into the cage. Each tube had a stainless steel tip with a
3.175-mm diameter hole from which the mice could lick
the fluids. Fluid volumes were measured to the nearest
0.2 ml

2.4. Dissection of fat depots

Mice were sacrificed with carbon dioxide, weighed, and
their length from the base of the lower incisors to the anus
was measured to the nearest millimeter. Bilateral adipose
tissue deposits were excised and weighed to the nearest 0.01
g. In Experiment 5, the gonadal (epididimal), retroperito-
neal, mesenteric, inguinal, and subscapular depots were
excised. In Experiment 6, only gonadal (epididimal) and
retroperitoneal depots were excised.

2.5. Analysis of body fat composition

Mice were shaved. After dissecting fat depots, the
gastrointestinal tract from the esophagus to the anus includ-
ing the stomach was removed, weighed, and discarded. The
carcass, together with the dissected adipose tissue, was
autoclaved, homogenized and dried. A sample of the dry
homogenate was mixed with petroleum ether, centrifuged,
and the supernatant was collected; this was repeated three
times. The homogenate and supernatant samples were left
overnight to allow the ether to evaporate. Fat content of
samples was calculated as average of (i) dry weight of the
supernatant, and (ii) the difference between the sample
weights before and after fat extraction, and expressed as a
percentage of the wet BW.

2.6. Data analyses

For each mouse, we calculated average daily (24 h) food
and fluid intakes. Preference scores in two-bottle tests were
calculated for each mouse as the ratio of the average nutrient
solution or emulsion intake to average total fluid intake,
expressed in percent (%).

The B6 mice were heavier and larger than the 129 mice.
Often, they also had higher intakes, more fat, and greater
BW gain, which could be attributed, at least partially, to
their bigger size. To account for these differences in body
size, we used two approaches. First, we used BW or length
as a covariate in ANOVA to assess significance of differ-
ences. Second, we calculated ratios: BW gain in percent
relative to initial BW, intakes per 30 g of initial BW, and
adiposity measures per 10 cm of body length (the approx-
imate weight and length of an adult mouse). We used
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initial BW (measured before access to the nutrients) for
both corrections because nutrient consumption was often
accompanied by BW gain, and thus affected final BW.
Although using ratios to account for differences in body
size has disadvantages [4,5], its advantage is in adjusting
mean values, as well as significance levels. Generally, the
results of both corrections were similar, with a few
exceptions (see Results).

To summarize, food and fluid intakes were analyzed (i)
using initial BW as a covariate, and (ii) expressing intake
per 30 g BW. The results of the two-bottle tests with starch,
Polycose, and soybean oil were analyzed using two-way
ANOVAs with strain as the between-group factor and
concentration as the within-group factor. ANOVAs for
energy intakes from Polycose or soybean oil were con-
ducted using only higher concentrations (3—30% for Poly-
cose and 3—100% for oil). The lower concentrations were
excluded because these solutions had negligible caloric
content compared with higher concentrations. Thus, includ-
ing all concentrations in the ANOVA complex would result
in strong correlation between means and variability, violat-
ing one of the ANOVA assumptions.

Three approaches were used to analyze BW gain in
Experiments 2—4: (i) Initial and final BW were analyzed
using two-way ANOVAs with strain as the between-group
factor and period (before and after the tests) as the within-
group factor; (ii) BW increase was calculated in grams (final
BW — initial BW) and strain differences were analyzed using
one-way ANOVA with initial BW as a covariate; (iii) BW
increase was calculated in percent [(final — initial)/initi-
al x 100] and the strains were compared using ¢ tests.

Because BW depends on the amount of body fat, BW is
not suitable for correcting adiposity. Instead, we used body
length to account for differences in body size. Weight of fat
depots was analyzed (i) using body length as a covariate in
ANOVA, and (ii) by calculating adiposity index (weight of
dissected fat depots per 10 cm of body length).

Differences between individual means were evaluated
using Tukey Honestly Significant Difference post hoc tests
or planned comparison tests. These tests used a two-tailed
criterion for significance of P<.05. To assess the signifi-
cance of preference or avoidance of the nutrients in two-
bottle tests, the intake from one tube was compared to the
intake from the second tube using paired ¢ tests. This
comparison was made for each nutrient concentration for
each strain, so the total number of comparisons was 44. To
avoid a potential inflation of significance levels due to
multiple testing, we applied a Bonferroni correction, which
set the critical level of statistical significance at P<.05/44
or .0011.

2.7. Experiments
2.7.1. Experiment 1: food intake

Six-month-old B6 (n=11) and 129 (r=12) male mice
had free access to water and Teklad Rodent diet. Food

intake was measured daily for 3 days. BW was measured on
the last day of testing.

2.7.2. Experiment 2: starch and margarine intake

Four-month-old B6 (n=12) and 129 (n=12) male mice
were offered six concentrations of cornstarch emulsions.
After the last cornstarch emulsion, the mice received water
in both drinking tubes for 2 days, and for the next 2 days,
they received one tube containing 0.3% xanthan gum and
another tube containing deionized water. Next, margarine
intake was examined using the same mice over an 8-day
period. On the first 4 days, margarine was given to mice, but
no measurements of intake were made. On the next 4 days,
margarine intake was measured daily. Chow intake was not
measured in this experiment.

2.7.3. Experiment 3: Polycose intake

Four-month-old B6 (n=12) and 129 (n=12) male mice
were offered 11 concentrations of Polycose solutions. Chow
intake was not measured in this experiment.

2.7.4. Experiment 4. oil intake

Four-month-old B6 (n=11) and 129 (n=12) male mice
were offered six concentrations of soybean oil. One to
thirty percent oil emulsions was tested with 0.3% xanthan
gum. Pure (100%) oil was tested with deionized water.
After the last oil concentration was tested, the mice
received water in both drinking tubes for 4 days, and
for the next 2 days they were presented with one tube
containing 0.3% xanthan gum and the other tube contain-
ing deionized water. Chow intake was not measured in
this experiment.

2.7.5. Experiment 5: effect of margarine on BW gain and
adiposity

In 2-month-old B6 (2=19) and 129 (n=20) male mice
with ad libitum access to chow and water, BW and chow
intake were measured daily for 4 days (Week 0). Based on
these BW measurements, the mice from each strain were
distributed into two groups with similar average BW and
similar BW variation. For the next 10 weeks, one group
(control) from each strain was maintained on water and
chow, and the other group was given water, chow, and
margarine. Chow and margarine intakes were measured
daily on 3 days each week. BW was measured twice a
week. Individual intake and BW measurements were aver-
aged for each week and analyzed using ANOVA. For BW,
all data before and during access to margarine (i.e., for
Weeks 0—10) were analyzed together using ANOVA with
strain, group and period factors, and with no covariates. The
data for intakes were analyzed using BW before access to
margarine (Week 0) as a covariate. We did separate analyses
for (i) period before access to margarine (two-way ANOVA
with strain and group factors), and (ii) period during access
to margarine (three-way ANOVA with strain, group, and
period factors).
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At the end of the experiment, the mice were sacrificed,
their gonadal (epididimal), retroperitoneal, mesenteric,
inguinal, and subscapular adipose tissue deposits were
dissected, and their fat content was measured. An adiposity
index was calculated using total weight of all these depots.
The dissected fat and carcasses were used to analyze body
fat composition.

2.7.6. Experiment 6. adiposity in older male and female
mice

B6 (nine males and nine females) and 129 (eight males
and nine females) mice were maintained on Teklad Rodent
diet from the time they were purchased at the age of 2
months until they were 7 to 9 months old, when they were
sacrificed. Their retroperitoneal and gonadal adipose depots
were excised. An adiposity index was calculated using total
weight of these two depots. Although only retroperitoneal
and gonadal depots were analyzed in this experiment, these
measurements predict total adiposity, because weight of
these depots highly correlates with percentage body fat
(r=.922; Reed et al., unpublished results).

3. Results

In all groups, the B6 mice were heavier than the 129
mice. In all experiments where variable concentrations of
solutions and emulsions were tested, the nutrient concentra-
tion significantly affected all indices measured (Table 1).

3.1. Experiment 1: food intake
The B6 and 129 mice did not differ in intake of chow

and energy derived from chow. The chow (Teklad diet
pellets) intakes were respectively 3.2+0.2 and 2.8+0.05

Table 1
ANOVA results for two-bottle tests in Experiments 2, 3, and 4

g/mouse (ns, ANOVA with BW as a covariate), or
3.0+£0.1 and 2.9+£0.04 g/30 g BW (ns, ¢ tests). The
intakes of energy derived from chow were respectively
12.5£0.6 and 11.2+0.2 kcal/mouse, or 11.7+0.4 and
11.3£0.1 kcal/30 g BW (ns). The B6 mice were heavier
than the 129 mice (32.1+£0.4 and 29.5+£0.5 g, respec-
tively; P=.0013, 7 test).

3.2. Experiment 2: starch and margarine intake

The B6 and 129 mice did not differ in consumption of
starch, energy derived from starch, and starch preferences
(Fig. 1A, Table 1). The B6 mice were indifferent to 0.03—
0.3% starch and preferred 1-6% starch (i.e., consumed
significantly more starch emulsion than 0.3% xanthan
gum, P<.0011, paired ¢ tests; Fig. 1A, bottom). The 129
mice were indifferent to 0.03—1% starch and preferred 3—
6% starch. Thus, starch preference thresholds were lower in
the B6 mice than in the 129 mice.

In a separate 48-h test conducted 2 days after the end
of testing cornstarch, the mice were presented with one
tube containing 0.3% xanthan gum and the other tube
containing water. The B6 mice drank daily 3.1+0.4 ml
xanthan gum and 1.7 +£0.3 ml water (ns, paired ¢ test). The
129 mice drank 2.1+0.3 ml xanthan gum and 2.1+£0.3 ml
water (ns). Preference scores for xanthan gum over water
were 64+7% in the B6 and 50+7% in the 129 strain
(ns, ¢ test).

The B6 mice ate more margarine and energy derived
from margarine per mouse compared with the 129 mice, but
the two strains did not differ when intakes were expressed
per BW (Fig. 2).

During access to starch and margarine, the BW of the B6
mice increased, whereas it did not change in the 129 strain
(significant Strain x Period interaction; Table 2, Fig. 3).

Solution or emulsion consumption

Energy consumption

F values F values
Nutrient  Effect of: df Intake per mouse® Intake per 30 g BW®  Preference®  df® Intake per mouse® Intake per 30 g BW®
Starch Strain 1,21 2.8 0.0 2.6 1,21 2.4 0.0
Concentration 5,110 2]. 1% 19.1%** 55. 1% 5,110 90.4%** 76.8%**
Strain x Concentration 5,110 0.9 0.6 1.6 5,110 0.5 0.2
Polycose  Strain 1,21 49%* 0.0 17.5%** 1,21 4.8% 0.8
Concentration 10,220 248.8%** 222 4x** 114.7%** 4,88 910.2%** 759.5%**
Strain x Concentration 10,220 2.5%* 0.6 10.7*%* 4,88 3.5% 2.6*
Oil Strain 1,20 5.8% 41.1%%* 20.5%** 1,20 0.0 3.7
Concentration 4,84 39.5%** 39.4%** 63.9%** 3,63 211.3%** 250.7%%*
Strain x Concentration 4,84 12.2%** 10.0%** 13.7%** 3,63 4.3%%* 8. 1***

? ANOVAs for energy intakes were conducted using 0.03—6% starch, 3—30% Polycose, and 3—100% oil (see explanation in Materials and methods).

® ANOVA with initial BW as a covariate.
¢ ANOVA with no covariates.

* P<.05.

*k p< 01,

*kk p< 001,
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Fig. 1. Average daily intakes of nutrient emulsions or solutions (the top two rows), energy derived from the nutrients (the third and fourth rows), and nutrient
preferences (the bottom row) by B6 and 129 mice in two-bottle 48-h preference tests. (A) Cornstarch emulsions (Experiment 2); (B) Polycose solutions
(Experiment 3); (C) Soybean oil emulsions (Experiment 4). Vertical bars represent S.E.M. * Significant difference between B6 and 129 mice; P <.05, post hoc
tests, ANOVA with initial BW as a covariate (intakes per mouse), or with no covariates (intakes per BW and preferences).

Although BW gain in percent (compared using ¢ tests) was when BW gain was expressed in grams and analyzed with
greater in the B6 mice, the strains did not differ significantly initial BW as a covariate (Table 2).
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Fig. 2. Average daily intakes of margarine and energy derived from margarine by B6 and 129 mice in Experiment 2. Vertical bars represent S.E.M.
* Significant difference between B6 and 129 mice; P<.05, ANOVA with initial BW as a covariate (intakes per mouse), or ¢ tests (intakes per BW).
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Table 2

BW changes of B6 and 129 mice during access to nutrients in Experiments 2, 3, and 4 (Mean+S.E.M.)

BW increase®

grams (g)° %4 F values® for effects of:
Nutrient Test duration (days) B6 129 B6 129 df Strain Period® Strain x Period®
Starch 12 1.2+£0.3 0.2+0.2 39+1.0 0.8+0.9* 1,22 53.0%** 14.1%* 6.8*
Margarine 8 3.7+04 0.6+0.5 11.2+1.1 2.3+ 1.8%** 1,22 49.2%%* 47.6%** 25.4%x*
Polycose 22 6.0£0.3 1.8+£0.3%** 19.9+0.8 7.4+ 1.0%** 1,22 80.4%** 432.5%** 124.0%**
Oil 10 3.6+0.4 0.03+0.18%** 11.6+1.2 0.3£0.7*** 1,21 80.7%** 73.0%** 70.3%**

? Difference between BWs before and after testing a nutrient.
® ANOVA with no covariates.

© Effect of strain assessed using one-way ANOVA with initial BW as a covariate.

4 Relative to initial BW. Strain differences were assessed using ¢ tests.

¢ Effect of period assessed difference between BW before and after tests with the nutrients.

* P<.05.
T p<.0l.
" Pp<.001.

3.3. Experiment 3: Polycose intake

The B6 mice had higher absolute intakes of Polycose
solutions and energy derived from Polycose, but the
two strains did not differ when Polycose and energy
intakes were expressed per BW (Fig. 1B; Table 1). The
B6 mice preferred 0.3—30% Polycose to water, whereas
the 129 mice preferred 3—30% Polycose to water. Thus,
Polycose preference thresholds were lower in the B6
mice than in the 129 mice. The B6 mice had higher
preference scores than did the 129 mice at 0.1-3%
Polycose concentrations.

Compared with the 129 mice, the B6 mice had a greater BW
gain during access to Polycose (significant Strain x Period
interaction; Table 2, Fig. 3).

3.4. Experiment 4: oil intake

Compared with the 129 mice, the B6 mice drank more 1—
10% oil emulsions expressed per mouse or per BW (Fig. 1C,
Table 1). Compared with the 129 mice, they also consumed
more calories from 10% and 30% oil, when energy intake
was expressed per mouse. Energy intake expressed per BW
was significantly affected by Strain x Concentration interac-
tion, but in post hoc tests no significant strain differences for
individual oil concentrations were found. The B6 mice
preferred 1-30% oil; the 129 mice preferred 10% and 30%
oil. Thus, oil preference thresholds were lower in the B6
mice than in the 129 mice. The B6 mice had significantly
higher preference scores than did the 129 mice at 1% and 3%
oil concentrations.

Starch Margarine Polycose Oil
Experiment 2 Experiment 2 Experiment 3 Experiment 4
401 - r r
-o— B6
T by
o # o #
L —0— L L F -
3 o- 129 / g
S _ o - * - */
2 3¢ — F % 3 L : * *
g * . * *
@ o— 9 o
5t O ) L i §/¢ # ) o
20 * + . . : * - -
Initial Final Initial Final Initial Final Initial Final

Fig. 3. BW changes of B6 and 129 mice during access to nutrients in Experiments 2, 3, and 4. Vertical bars represent S.E.M. Initial and final BWs were
measured before and after tests with a nutrient, respectively. Significant differences are indicated by * (B6 vs. 129 strains) or * (initial vs. final BW); P<.05;

post hoc tests, ANOVA with no covariates (Table 2).
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During access to soybean oil, the BW of the B6 mice
increased, but it did not change significantly in the 129
strain (significant Strain x Period interaction; Table 2,
Fig. 3).

In a separate 48-h test conducted 4 days after the end of
testing the soybean oil, the mice were presented with one
tube containing 0.3% xanthan gum and the other tube
containing water. The B6 mice drank daily 2.4+0.5 ml
xanthan gum and 2.0£0.4 ml water (ns). The 129 mice
drank 1.9+0.3 ml xanthan gum and 1.4+ 0.2 ml water (ns).
Preference scores for xanthan gum over water were
53+8% in the B6 and 55+5% in the 129 strain (ns).
These results are similar to the results of testing xanthan
gum in Experiment 2.

3.5. Experiment 5: effect of margarine on BW gain and
adiposity

In Experiments 2—4, access to nutrients caused a greater
weight gain in the B6 than in the 129 mice. But in these
tests, we did not measure intake of chow, and thus, could
not estimate total energy intake. Experiment 5 was designed
to assess whether the greater weight gain in the B6 mice is
accompanied by hyperphagia, and whether it is due to body
fat accumulation.

Before access to margarine (during the first 4 days of the
experiment), there were no differences between the B6 and
129 strains in chow and energy intakes (Fig. 4B,C). When
the mice were given margarine in addition to chow, they
consumed more margarine (in grams) than they consumed
chow (Fig. 4A,B). Although margarine consumption chan-
ged during the experiment [effect of period, F(8,144)=23.6,
P <.001], there were neither significant strain differences nor
a Strain X Period interaction. Margarine-exposed mice had
much lower chow intake compared with chow intakes during
the initial period and by the control mice [effect of group,
F(1,34)=1303.7, P<.001]. Although there were some
changes in chow intake during the period of the experiment
[effects of period F(8,280)=7.3, P<.001; Group X Period
interaction F(8,280)=6.2, P<.001; Strain x Group x Period
interaction F(8,280)=5.4, P<.001], they were minor rela-
tive to the difference between control and margarine-exposed
groups. Intake of energy from chow (in the control group) or
chow and margarine (in the margarine-exposed group) did
not differ significantly between the B6 and 129 strains, but
margarine-exposed mice from both strains consumed less
energy than did the control mice [effect of group F(1,34) =
18.2, P<.001]. Although there were some changes in energy
intake during the period of the experiment [effects of period
F(8,280)=12.6, P<.001; Strain x Period interaction
F(8,280)=2.5, P<.05; Group x Period interaction
F(8,280)=4.8, P<.001; Strain x Group X Period interaction
F(8,280)=3.2, P<.01], it remained more-or-less constant.

Throughout the experiment, the B6 mice were heavier
than the 129 mice [effect of strain F(1,35)=50.3, P<.001],
and all mice gained weight [effect of period F(10,350)=
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Fig. 4. Average daily intakes of margarine (A), chow (B), and energy
derived from all food sources (C), and BW (D) of B6 and 129 mice in
Experiment 5. Vertical bars represent S.E.M. On Week 0, all mice had only
chow to eat. On Weeks 1—10, margarine groups had margarine in addition
to chow. Significant differences between control and margarine-exposed
mice are indicated by * (B6 mice) or * (129 mice); P <.05; post hoc tests,
ANOVA with BW before access to margarine (Week 0) as a covariate (A—
C) or with no covariates (D).

257.9, P<.001; Fig. 4D]. BW differences between control
and margarine-exposed mice were expressed differently
depending on strain and period of experiment [interactions
Strain x Period, F(10,350)=34.1, P<.001; Group x Period,
F(10,350)=12.3, P<.001; Strain x Group x Period,
F(10,350)=29.1, P<.001]. The control and margarine-
exposed 129 mice had similar BWs throughout the experi-
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Table 3
BW, length, and adiposity of B6 and 129 mice maintained on chow (control) or chow and margarine (margarine) in Experiment 5 (Mean+S.E.M.)
B6 129 ANOVA, F(1,35), effect of:
Index Units Control (n=9) Margarine (n=10) Control (n=10) Margarine (z=10)  Strain Group Strain x Group
Length™® cm 8.4+0.1 8.7+0.1 8.3+£0.2 8.3+0.1 6.5% 1.6 2.1
BW® g 30.2+0.7 36.3+1.3" 26.9+0.8 253+0.5 65.1%** 6.4% 18.4%**
Retroperitoneal fat® g 0.20+0.03 0.57+0.06" 0.12+0.02 0.15+0.02" 35.01%FE Q7 8FKF Q] Hx*
Gonadal fat® g 0.59+0.06 2.05+0.21" 0.43+0.05 0.74+0.07° 25.3%%*  AB.oFFE 18.7F**
Mesenteric fat’ g 0.43+0.03 0.80+0.07% 0.41+0.03 0.40+0.03" 13.4%%%  ]3.6%*%*%  14.9%**
Inguinal fat® g 0.40+0.04 1.20+0.15% 0.35+0.03 0.55+0.04" 12.7%* 33.4%%% []1%*
Subscapular fat® g 0.28+0.03 0.98+0.12" 0.19+0.02 0.30+0.04 24.0%** 32 9%k 16 5%F*
Total fat dissected® g 1.89+0.16 5.60+0.58" 1.50+0.13 2.14+0.19" 23.9%%* 39 Rk ]B.0¥**
Adiposity index®®  g/10cm  2.24+0.19 6.39+0.65" 1.81+0.15 2.58+0.21" 33.0%% 44 1wkx D( Riwk
Body fat content® % 11.8£1.2 26.1+£2.0" 124+1.3 16.1+1.4° 9.9%* 37.0%%*  ]3.0%**

? Post hoc tests were not conducted because there was no significant Strain x Group interaction.

® ANOVA with no covariates.

¢ ANOVA with body length as a covariate.
4 Total fat dissected/length x 10.

* P<.05, ANOVA.

"* P<.01, ANOVA.

P<.001, ANOVA.

# Significant difference between the control and margarine-exposed mice from the same strain, P<.05, post hoc tests.
T Significant difference between the B6 and 129 mice from the same experimental group, P<.05, post hoc tests.

ment. BWs of the control and margarine-exposed B6 mice
did not differ during the first 5 weeks of access to margar-
ine, but starting from the sixth week, the margarine-exposed
B6 mice began gaining more weight than did the control B6
mice. By the end of the experiment (after 10 weeks of
access to margarine), the margarine-exposed B6 mice were
20% heavier than the control B6 mice (Table 3).

The B6 mice had longer bodies than did the 129 mice,
but there were no significant differences in body length
between the control and margarine-exposed mice (Table 3).
BW, weight of fat depots, adiposity index, and body fat
content had similar pattern of differences: The margarine-
exposed B6 mice were heavier and fatter than the control B6
mice and both groups of the 129 mice. The last three groups
did not differ significantly from each other (ns, post hoc

Table 4

tests), except for the B6 controls being heavier than the
margarine exposed 129 mice (P <.01).

3.6. Experiment 6: adiposity in older male and female mice.

In Experiment 5, the 2—4-month-old control B6 and 129
mice maintained on chow did not differ in adiposity.
However, it is possible that obesity develops in the chow-
maintained mice spontaneously in older age. The goal of
Experiment 6 was to compare the spontaneous adiposity of
older B6 and 129 mice, and to assess the role of gender.

Although there was a small variation in mouse ages, the
groups did not differ significantly (Table 4). ANOVAs with
age as a covariate (not shown) yielded similar results to
ANOVA without using age as a covariate (Table 4). The B6

Age, BW, length, and adiposity of B6 and 129 mice in Experiment 6 (Mean+S.E.M.)

Males Females ANOVA: F values for effect of:

Index Units B6 (n=9) 129 (n=38) B6 (n=9) 129 n=9) df Strain Gender Strain x Gender
Age? months 8.1+£0.3 8.2+0.2 74+0.3 8.2+0.2 1,31 32 1.2 1.2

Length® cm 9.3+0.1 8.8+0.1% 8.4+0.1 8.6+0.1 1,31 5.7% 39.2%** 16.2%**

BW* g 33.7+0.6 27.8+0.7" 26.4+0.5 22.8+0.8" 1,31 54.4%%% 89.2%#* 3.2
Retroperitoneal fat” g 0.46+0.05 0.23+0.03" 0.16+0.02 0.08+0.02 1,30 13.1%% 9.9%* 0.2

Gonadal fat® g 1.21+0.13 0.77+0.07% 0.50+0.05 0.43+0.09 1,30 3.0 4.4%* 0.0

Total fat dissected” g 1.67+0.18 1.00+0.10% 0.66+0.06 0.51+0.11 1,30 53% 5.8% 0.1

Adiposity index™* 2/10 cm 1.79+0.19 1.13£0.10% 0.78 +£0.07 0.59+0.11 1,31 10.7%* 36.3%%* 3.2

# ANOVA with no covariates.

® ANOVA with body length as a covariate.
¢ Total fat dissected/length x 10.

* P<.05, ANOVA.

** P<.01, ANOVA.

" P<.001, ANOVA.

# Significant difference between the B6 and 129 strains, P<.05, planned comparisons.
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males had longer bodies than did the 129 males, but body
length was similar in females from the two strains. Both
males and females from the B6 strain were heavier than the
129 mice of the corresponding gender. Although overall, the
B6 mice had more body fat than did the 129 mice (sig-
nificant effects of strain on retroperitoneal and total fat, and
adiposity index), planned comparison tests detected signifi-
cant differences only between B6 and 129 males, but not
females. However, the B6 females also tended to have more
fat than did the 129 females. Males were longer, heavier,
and fatter than females.

4. Discussion

Although consumption of diets with various macronutri-
ent contents has been extensively studied in rodents, research
on the chemosensory perception of fats and complex carbo-
hydrates has involved only rats. To our knowledge, this is the
first study of the acceptance of fats and complex carbohy-
drates by Mus musculus. We demonstrated that mice, like
other rodents [6—10], avidly consume starch, Polycose,
soybean oil, and margarine. We also have shown differences
between the B6 and 129 mouse strains in acceptance of
Polycose and soybean oil. In addition, these two stains differ
in BW gain when they consume these nutrients.

The larger size and heavier weight of the B6 mice
compared with the 129 mice likely contributed to strain
differences in nutrient consumption. The B6 mice had higher
absolute (expressed per mouse) intakes of Polycose, soy-
bean oil, and margarine (only in Experiment 2, but not 5).
However, these differences dissipated when intakes were
calculated per BW, except for consumption of dilute oil
emulsions. Preference scores do not depend on BW, and
they were higher in the B6 than in the 129 mice for low
concentrations of Polycose and soybean oil. Altogether, the
strain differences in indexes of acceptance free from effects
of body size were observed only for dilute Polycose (0.1-
3%) and oil (1-10%), with almost no calories. More
concentrated nutrients were more palatable (as indicated
by higher preference scores) to mice and provided them
with more energy, but no strain differences free from effects
of BW were observed for these concentrations. This sug-
gests that the strain differences in acceptance of Polycose
and oil may be attributed to chemosensory perception of
their flavor, rather than to appetite for their nutritive value.
In addition, the acceptance of starch was similar in the B6
and 129 mice, suggesting that the strain differences in
Polycose and oil consumption are specific rather than
dependent on generalized mechanisms like neophobia or
exploration of novel foods. Similar chow intakes by the B6
and 129 mice (Experiments 1 and 5) also suggest that the
strains do not differ in general feeding motivation.

The higher acceptance of the dilute Polycose solutions by
the B6 mice may be explained by higher sweet taste
sensitivity of this strain [3,11-15]. Polycose contains

approximately 9% glucose and maltose, sugars that have a
sucrose-like taste to mice [16,17]. In addition, the two
strains differed in acceptance of Polycose, but not starch,
a non-sweet carbohydrate with similar nutritive value.
However, studies using rats suggest that chemosensory
perception of Polycose is complex and involves a mechan-
ism distinct from those transducing tastes of sweeteners or
starch [18—21]. Thus, the strain differences in Polycose
consumption could also be due to variation in this Polycose-
specific chemosensation.

The strain difference in acceptance of soybean oil may be
due to either sensory [10,22,23] or postingestive [24,25]
factors. Fat perception may involve the sensation of fatty
acid taste [22,23] or flavors of fat impurities [10], and both
might have mediated strain differences in oil acceptance.
Postingestive factors, such as the ease and speed of oil
digestion might also differ by strain. Several obesity-prone
mouse and rat strains have elevated voluntary consumption
of dietary fat compared with obesity-resistant animals [26—
29]. Mutations of the leptin receptor gene [29] and possibly
other genes that lead to obesity may have a pleiotropic effect
on the acceptance of dietary fat. Thus, the greater accep-
tance of oil by the B6 mice might be related to their genetic
predisposition to become obese.

Our previous studies have shown that B6 and 129 mice
differ in consumption of sucrose and ethanol [3,11]. Both
these compounds have caloric value for animals. Thus,
higher intakes of sucrose and ethanol by the B6 mice could
possibly be due to a greater appetite for calories in this strain
compared with the 129 strain. In the previous studies,
sucrose and ethanol consumption was much higher in the
B6 strain compared with the 129 strain, regardless of
whether it was expressed per mouse or per BW. On the
contrary, in this study, the two strains did not differ in
energy intake expressed per BW. This suggests that the
strain differences in sucrose and ethanol intakes are not
caused by the appetite for calories.

Although the B6 and 129 mice did not show large
differences in consumption of energy from nutrients tested
in Experiments 1—4, during access to these nutrients, the B6
mice gained more weight than did the 129 mice. Experiment
5 was designed to assess whether this higher BW gain by
the B6 mice is explained by hyperphagia, and whether it is
due to body fat accumulation. In this experiment, access to
margarine did not cause hyperphagia (increased total energy
intake) in either mouse strain. However, it resulted in greater
BW gain and adiposity in the B6 mice compared to control
B6 mice on chow. On the contrary, margarine-exposed and
control 129 mice did not differ in BW gain and adiposity. In
addition, in Experiment 6 with older mice fed chow, the B6
mice were fatter than the 129 mice despite similar food
intakes (measured in Experiments 1 and 5). In previous
studies using rats, access to concentrated sources of carbo-
hydrates or fats promoted hyperphagia and stimulated
weight gain [8,9,30—32]. However, under some conditions,
access to high-fat diets stimulated body fat accumulation in
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the absence of hyperphagia [26,33]. This suggests that
dietary fat may have genotype-dependent metabolic effects
that induce obesity [34,35], which seems to be also the case
with the B6 mice. This is consistent with results of other
studies showing that the C57BL/6J mouse strain is predis-
posed to obesity [26,34,36—39], whereas the 129/Sv strain
is lean [40].

In Experiment 5, the B6 mice started gaining more weight
after 5 weeks of access to margarine, whereas in Experiment
2, the effect of margarine in the B6 mice was noticed after
only 8 days of margarine consumption. Age could account
for this difference between the two experiments. In Experi-
ment 5, the mice were 2 months old when they first had
access to margarine, and the B6 mice did not gain excess
weight compared to controls until they became older than 3
months. In Experiment 2, the mice were 4.5 months old
when they first had access to margarine. Although we did
not have control (given only chow) groups in Experiment 2,
the gain of 11% BW by the B6 mice in 1 week is much
higher than the usual growth rate of mice on a regular diet
and is most likely due to accumulation of body fat. These
data suggest that predisposition of the B6 mice to diet-
induced obesity develops only after the age of 3 months.

Further evidence for the role of age was obtained in
Experiment 6, in which ~ 8-month-old B6 mice maintained
on chow were fatter than the 129 mice. In contrast, ~ 4-
month-old control B6 and 129 mice on chow had similar
fatness in Experiment 5. This suggests that fat accumulation
in B6 mice is facilitated by access to purified sources of
energy, and it develops more slowly (or at a later stage) on
the regular diet. Experiment 6 also demonstrated that males
of both strains are fatter than females, and that the strain
differences in adiposity are expressed more strongly in
males than in females.

In summary, the B6 and 129 mice appear to differ in
chemosensory perception of Polycose solutions and oil
emulsions, but they have no or only minor differences in
energy consumption. The addition of a carbohydrate or fat
source to the standard diet resulted in large weight gain in
the B6 mice compared with little or no gain in the 129 mice,
despite similar energy intakes. These results confirm that B6
mice are susceptible to dietary obesity, whereas 129 mice
are resistant. The data also suggest that the B6 mice develop
a propensity to become fat only after they become 3 months
old, and that this propensity increases with age. We con-
clude that the B6 and 129 strains provide a model to
characterize genes involved in dietary obesity under condi-
tions of free dietary choice.
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