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Abstract

The feeding response following administration of the free fatty acid oxidation inhibitor, mercaptoacetate (MA) is conceptualized as an
experimental model of lipoprivation, which may contribute to the understanding of inter-individual differences in the modulation of this homeostatic
response. Although variation in the intake of food, water and glucoprivation as well as intake of several nutrients is known to be associated with
genetic variation, it is not known whether MA-induced feeding is similarly dependent upon genotype. The present study therefore examined MA-
induced feeding in mice of 11 inbred (A/J, AKR/J, BALB/cJ, CBA/J, C3H/HelJ, C57BL6/J, C57BL10/J, DBA/2J, SIL/J, SWR/J, 129P3/J) and one
outbred (CD-1) strains across a wide range of previously determined effective MA doses (5, 35, 70, 100 mg/kg) and test times (1—4 h). MA produced
significant dose-dependent and strain-dependent increases in food intake with strong responses noted in DBA/2J, outbred CD-1 and AKR/J mice.
More limited dose-specific increases in food intake following MA occurred in C3H/Hel, BALB/cJ, CBA/J, SIL/J, SWR/J and C57BL/6J mice. In
contrast, MA failed to significantly increase food intake in A/J, C57BL/10J and 129P/3J mice. MA-induced food intake correlated significantly
across strains only following the two highest doses, and intake following only the highest MA dose correlated significantly across strains with intake
following only a moderate glucoprivic dose of 2-deoxy-D-glucose. Thus, these inter-strain differences suggest that lipoprivic (e.g., MA intake) and
glucoprivic (e.g., 2-deoxy-D-glucose intake) responsivity operate via only partially overlapping genetic mechanisms of action. The demonstration of
genotype-dependent variability in this lipoprivic response may provide the basis for the subsequent identification of trait-relevant genes.
© 2006 Elsevier Inc. All rights reserved.
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1. Introduction

The free fatty acid oxidation inhibitor, mercaptoacetate (MA:
[8]) significantly increases food intake following systemic
administration [19,33]. This lipoprivic ingestive response has
been compared with increases in food intake [12,40,41]
following systemic administration of the anti-metabolic glucose
analogue, 2-deoxy-D-glucose (2DG: [48]) to determine if they
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share similar circuitry [16]. Both MA and 2DG administration
elicit c-fos responses in the nucleus of the solitary tract, lateral
parabrachial nucleus, central nucleus of the amygdala and the
dorsal motor nucleus of the vagus [27], and elevate sympathoa-
drenal plasma levels of epinephrine and norepinephrine [34].
However, MA-induced and 2DG-induced feeding show differ-
ent sensitivities to vagotomy [32], capsaicin treatment [31],
brain lesions [13,24,28], peripheral responses [30], interoceptive
sensory signals [10], and macronutrient selection [29,35,36,38].

Within a given species, substantial inter-individual variability
in ingestive responses has been demonstrated, and is often
associated with genetic variance (e.g., see review: [26]). In the
mouse, for example, strain differences have been reported for the
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intake of salts (e.g., [2,6,7,9,44]), bitter tastants (e.g., [6,11,44]),
fats (e.g., [5,43]), saccharin (e.g., [11,14,23,26,44]), sucrose
(e.g.,[4,11,18,21,23,25]) and food and water [3]. Our laboratory
[21] found differences in the threshold, magnitude and kilo-
calories in sucrose (0.0001-20%) intake among 11 inbred and
one outbred strains in two-bottle 24-h preference tests such that
A/J, C57BL/6J, C57BL/10J, CD-1 and SWR/J strains consumed
the greatest amounts (11.6-22 ml) and percentages of kilo-
calories (44—56%) of sucrose. Correspondingly, AKR/J, CBA/J,
C3H/HelJ and DBA/2J strains consumed lesser amounts (6.9—
7.9 ml) and percentages of kilocalories (20—30%) of sucrose. We
[22] subsequently used a similar strategy in assessing strain
differences in the magnitude of intake across four 2DG doses
(200-800 mg/kg) and test times (1—4 h). Orderly strain-specific
and dose-dependent increases in 2DG-induced feeding were
observed in outbred and inbred mouse strains with the greatest
effects noted for CD-1 and DBA/2J mice. Wherecas BALB/cJ,
SJL/J, 129P3/J, CBA/J and AKR/J) mice displayed moderate
levels of 2DG-induced feeding, 2DG elicited limited increases
(C57BL/6J and C3H/HelJ mice), no changes (C57BL/10J mice),
and actual reductions (SWR/J mice) in intake in other mouse
strains. Further, rat strains differentially susceptible to dietary
obesity show similar responses to 2DG-induced feeding, but
MA is more effective in eliciting feeding in diet-susceptible
relative to diet-resistant strains [37].

In addition to assessing the contribution of genetic background
in the variability of ingestive behaviors, inbred mouse strain
surveys can also identify strains with highly divergent responses
to serve as progenitors in quantitative trait loci (QTL) mapping
[17], which can then be used to map chromosomal regions and
potentially genes that contribute to complex traits. This general
mapping approach has been applied to differences in the intake of
fat, carbohydrate, bitter tastants, saccharin, sucrose, and total
kilocalorie intake [ 11,43]. Thus, identification of QTLs associated
with variability in ingestive behaviors like lipoprivation is an
important first step in the genetic dissection of obesity, and to our
knowledge, a QTL for this response has yet to be identified. In
fact, in contrast to other ingestive processes, it is currently un-
known whether this response is subject to response variability at
all, and/or whether such potential response variability is asso-
ciated with genetic variability.

To begin to provide for the genetic analyses of MA-induced
feeding, the present study surveyed the same 11 inbred (A/J, AKR/
J, BALB/cJ, CBA/J, C3H/HeJ, C57BL6/J, C57BL10/J, DBA/2J,
SJL/J, SWR/J, 129P3/J) and one outbred (CD-1) strains used in our
previous studies [21,22] for feeding responses across a wide range
of previously determined effective systemic MA doses (5, 35, 70,
100 mg/kg) and test times (1—4 h). The order of MA doses was
controlled by exposing half of the mice of each strain to an
ascending dose order and the remainder to a descending dose order.

2. Methods
2.1. Subjects

Outbred (CD-1, Charles River Laboratories, Wilmington, MA;
n=10) and inbred (A/J, AKR/J, BALB/cJ, CBA/J, C3H/HelJ,

C57BL6/J, C57BL10/J, DBA/2J, SIL/J, SWR/I, 129P3/],
Jackson Laboratories, Bar Harbor, ME; n=10 each) male mice
(12 weeks of age) were initially acclimated to the Queens College
vivarium for 1 week in group (5 per cage) housing. Then, each
animal was housed individually in plastic cages (30 x20% 15 cm)
throughout the entire study, and maintained on a 12 h light:12 h
dark cycle (lights off at 2000 h) at a constant temperature of 22 °C
with chow (Purina 5015 Mouse Diet, 5.3 kcal/g) and water
available ad libitum.

2.2. MA intake procedure

All procedures were approved by the Queens College
Institutional Animal Care and Use Committee. Each animal was
moved to a test cage at 4—6 h into the light cycle and provided
with a water bottle and a pre-weighed ration of chow placed on a
stainless steel grid on the bottom of the test cage. A brown paper
towel was placed below this grid to collect spillage. Animals were
acclimated to this test cage prior to and during 4 days of baseline
data collection in which pre-weighed food pellets were placed on
the grid floor, and cumulative intake was assessed after 1, 2 and
4 h. Food intake (+0.1 g) was assessed by weighing food pellets
prior to and following each time interval and adjusting for any
spillage. After determination of stable baseline food intake, the
animals were then tested with vehicle and four doses of MA
(Sigma Chemical Company, St. Louis, MO: 5, 35, 70 and 100 mg/
kg, ip) at 4-6 h into the light cycle. MA was dissolved fresh in
distilled water at concentrations of 0.5, 3.5, 7 and 10 mg/ml and
injected intraperitoneally in a 10 ml/kg volume. The interval
between each injection was minimally 72 h, and maximally after
1 week. Half of the mice of each strain were tested in an ascending
MA dose order, and the remaining half were tested in a des-
cending order.

2.3. Statistics

Alterations in cumulative MA-induced feeding relative to
vehicle intake were assessed using a three-way randomized block
analysis of variance with the 12 strains as the between-subject
variable, the five (vehicle and 4 MA doses) conditions as a within-
subject variable, and the three intake (1, 2, 4 h) times as a second
within-subject variable. Because significant strain differences
were observed in food intake following vehicle treatment across
the 4 h time course (Vehicle Intake, Table 1), Tukey comparisons
(P<0.05) were performed in the presence of significant effects
only relative to corresponding vehicle values within strains. A
subsequent separate three-way randomized-block analysis of
variance was performed on MA difference scores in which each
intake value at effective time points (2 and 4 h) following vehicle
in each animal in each strain was subtracted from each corres-
ponding MA dose value with the 12 strains as the between-subject
variable, the four MA dose conditions as a within-subject var-
iable, and the two later (2—4 h) intake times as a second within-
subject variable. Additionally, percent change of food intake after
4 h following each of the MA doses relative to corresponding
vehicle values was calculated for each animal. A separate two-
way randomized-block analysis of variance was performed on
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Food intake difference scores (g, +S.E.M., minus vehicle values) relative to vehicle baseline intake, and percentage change over vehicle baseline intake 4 h following
MA in 12 mouse strains

MA dose/strain

Vehicle intake (4 h)

Measures

5 mg/kg

35 mg/kg

70 mg/kg

100 mg/kg

0.00 (0.14) 29%
+0.30% (0.12) 28%1
+0.17 (0.12) 19% 1
+0.12 (0.10) 42% 1
+0.22 (0.13) 39% 1
+0.14 (0.09) 31% 1
+0.16 (0.22) 30% 1
~0.17 (0.10) 39% |
+0.47* (0.06) 63% 1
+0.18 (0.09) 22% 1
+0.06 (0.07) 9% 1

+0.04 (0.04) 19% 1
+0.38% (0.19) 57% 1
+0.02 (0.10) 2% 1

+0.00 (0.07) 0%
+0.10 (0.07) 32% 1
+0.03 (0.08) 7% 1
+0.59* (0.16) 63% 1
~0.14 (0.07) 35% |
+0.33% (0.10) 55% 1
+0.11 (0.12) 21% 1
+0.21 (0.09) 39% 1

~0.01 (0.10) 0%
+0.04 (0.17) 16% 1
+0.07 (0.11) 6% 1
+0.22° (0.11) 66% 1
+0.08 (0.13) 22% 1
~0.07 (0.07) 11% |
+0.65% (0.21) 60% 1
~0.06 (0.10) 2% 1
+0.61% (0.18) 103% 1
+0.08 (0.10) 10% 1
~0.14 (0.11) 11% |

A/l 0.59 (0.09) Diff. Score % Veh ~ —0.11 (0.07) 15% |
AKR/J 0.80 (0.06) Diff. Score % Veh ~ +0.02 (0.11) 1% |
BALB/cJ 0.73 (0.11) Diff. Score % Veh ~ —0.13 (0.16) 22% |
C57BL/6] 0.40 (0.05) Diff. Score % Veh ~ —0.13 (0.09) 24% |
C57BL/10J 0.66 (0.09) Diff. Score % Veh ~ +0.29 (0.18) 44% 1
CBA/J 0.58 (0.05) Diff. Score % Veh  +0.05 (0.12) 24% 1
CD-1 1.01 (0.13) Diff, Score % Veh ~ +0.08 (0.13) 3% 1
C3H/He) 0.42 (0.07) Diff. Score % Veh  +0.37% (0.17) 80% 1
DBA/2J 0.84 (0.11) Diff. Score % Veh  +0.17 (0.14) 37% 1
SIL/J 0.78 (0.06) Diff. Score % Veh  +0.04 (0.06) 8% 1
SWR/J 0.69 (0.08) Diff. Score % Veh ~ —0.07 (0.06) 17% |
129P3/] 0.58 (0.15) Diff. Score % Veh ~ +0.11 (0.17) 164% 1

+0.06 (0.17) 173% 1 +0.25 (0.15)222% 1 +0.16 (0.14) 183% 1

 Significant increase or # decrease in 2DG-induced food intake relative to vehicle values.

these values with the 12 strains as the between-subject variable
and the four MA dose conditions as the within-subject variable.

Narrow-sense trait heritability was determined by comparing
the between-strain variance to the total variance. Since animals
are isogenic (i.e., genetically identical) within individual inbred
strains, between-strain variance provides a measure of additive
genetic (‘allelic’) variation (VA), whereas within-strain variance
(‘error variance’) represents environmental variability (VE). An
estimate of narrow-sense heritability (k%) for each trait was
obtained using the formula: h2:VA/(VA+VE) [15]. Since
animals in strains were initially chosen randomly, these values
are likely accurate estimates of the true trait heritabilities [17].

All correlations of strain means were calculated using Pearson
product-moment correlation coefficients (») subject to Bonferroni
correction for multiple comparisons. To assess whether observed
differences in vehicle intake were due to enduring strain-specific
effects, correlations of strain means at 1, 2 and 4 h following
vehicle treatment in the present study were compared with cor-
responding vehicle values collected in our previous study eval-
uating 2DG [22]. Correlations of strain means were also performed
among the 4 h difference scores for the four doses of MA-
induced intake. Subsequent correlations assessed whether
inter-strain differences were observed between lipoprivic res-
ponses 4 h following each MA dose in the 12 tested mouse
strains with previously determined [22] food intake difference
scores elicited by four doses (200—800 mg/kg) of the gluco-
privic stimulus, 2DG.

3. Results

Significant differences in cumulative food intake were ob-
served among strains (£(11,99)=16.74, p<0.0001), among the
injection conditions (F(4,36)=7.30, p<0.002), across test times
(F(2,18)=803.47, p<0.0001), and for the interactions between
strains and times (F(22,198)=8.52, p<0.0001) and among strains,
conditions and times (F(88,792)=2.04, p<0.0001), but not be-
tween strains and conditions (#(44,336)=3.01, p>0.07) or condi-
tions and times (F(8,72)=2.05, p>0.053). Significant differences
in short-term vehicle cumulative intake were observed across
strains (F(11,99)=5.76, p<0.0001), across test times (F(2,18)=

490.63, p<0.0001) and for the interaction between strains and
times (F(22,198)=2.75, p<0.0001). Table 1 summarizes the
strain-specific differences in cumulative vehicle intake with CD-1
mice consuming the greatest amount (~1 g/4 h) followed by
DBA/2J, AKR/J, SIL/J and BALB/cJ mice (~0.7-0.8 g/4 h),
C57BL/10J and SWR/J mice (~0.6 g/4 h), A/J, CBA/J and 129P3/
J (~0.5 g/4 h) and finally C57BL/6J and C3H/HeJ mice (~0.4 g/
4 h). Correlations of strain means for vehicle intakes in the present
and our previous glucoprivation study [22] revealed that
significant relationships among strains failed to be observed for
vehicle intakes after 1 (r=0.32),2 (r=0.21) or 4 (»=0.38) h in the
two studies. This suggests that short-term differences in light cycle
intake among strains are probably due to simple inter-animal
variability rather than systematic strain-specific effects.
Significant differences in the difference scores for cumulative
MA-induced intake were observed among strains (F(11,99)=3.03,
»<0.0016), among MA doses (F(3,27)=3.39, p<0.032), across
the two test times (F(1,9)=5.31, p<0.047), and for the interactions
between strains and times (F(11,99)=3.38, p<0.0005) and among
strains, doses and times (F(33,297)=1.51, p<0.041), but not be-
tween strains and doses (F(33,297)=2.64, p>0.14) and doses and
times (F(3,27)=1.09, p>0.41). There were clear strain differences
in the magnitude and pattern of MA-induced intake relative to
corresponding vehicle conditions. MA produced significant dose-
dependent increases in cumulative food intake following each of
the three highest (35 (4 h), 70 (4 h), 100 (2—4 h) mg/kg) doses in
DBA/2J mice (Fig. 11), following each of the two highest (70—
100 mg/kg, 4 h) doses in CD-1 mice (Fig. 1G), and following each
of the two middle (35 (4 h)-70 (1-4 h) mg/kg) doses in AKR/J
mice (Fig. 1B). MA produced significant dose-specific increases in
food intake following only the lowest (5 mg/kg) dose in C3H/HeJ
(1-4 h) mice (Fig. 1H), following only the lower middle (35 mg/
kg) dose in BALB/cJ (2 h) and CBA/J (1-2 h) mice (Fig. 1C and
F), following only the high middle (70 mg/kg) dose in SJL/J (2 h)
and SWR/J (1-2 h) mice (Fig. 1J and K), and following only the
highest (100 mg/kg) dose in C57BL/6J (4 h) mice (Fig. 1D). In
contrast, MA failed to significantly increase food intake in A/J,
C57BL/10J and 129P/3J mice (Fig. 1A, E, and L). Table 1 also
summarizes the food intake difference scores 4 h following each
MA dose in the 12 tested mouse strains, allowing for inter-strain
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comparisons across MA doses. Thus, DBA/2J mice displayed
significantly greater magnitudes of MA-induced feeding following
the 100 mg/kg dose than all other inbred strains, following the
70 mg/kg dose than A/J, BALB/cJ, CBA/J, C57BL/6J and C3H/
HelJ mice, and following the 35 mg/kg dose than A/J, BALB/cJ,
CBA/J, C57BL/6J, C3H/HeJ, CD-1, SJIL/J, SWR/J and 129P/3]
mice. CD-1 mice displayed significantly greater magnitudes of
MA-induced feeding following the 100 mg/kg dose than all other

inbred (except DBA/2J) strains and following the 70 mg/kg dose
than A/J, BALB/cJ, CBA/J, C57BL/6J, C57BL/10J, C3H/Hel,
SJL/J, SWR/J and 129P/3] mice. AKR/J mice displayed sig-
nificantly greater magnitudes of MA-induced feeding following
the 70 mg/kg dose than all other inbred (except C3H/HeJ and
DBA/2]J) strains and following the 35 mg/kg dose than A/J and
C3H/He] mice. C57BL/6J mice displayed significantly greater
magnitudes of MA-induced feeding following the 100 mg/kg dose
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Fig. 1. Cumulative food intake (g, +S.E.M.) following four doses of mercaptoacetate (MA) in 12 mouse strains over 4 h. Ordinates are identical to facilitate interstrain
comparisons. The crosses (+) denote significant alterations in food intake relative to the corresponding vehicle value obtained within each strain (Tukey comparisons,
P<0.05).
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Fig. 1 (continued).

than C3H/HeJ, CBA/J and SWR/J mice. Significantly greater
magnitudes of MA-induced feeding following the 70 mg/kg dose
were observed in SJL/J mice relative to C3H/HeJ and C57BL/6J
mice, and in SWR/J mice relative to A/J, C3H/HeJ and C57BL/6J
mice. Significantly greater magnitudes of MA-induced feeding
following the 35 mg/kg dose were observed in BALB/cJ and
CBA/J mice relative to C3H/HelJ mice. Finally, significantly greater
magnitudes of MA-induced feeding following the 5 mg/kg dose
were observed in C3H/HeJ mice relative all other strains except
129P/3]J mice.

Evaluation of percent change of intake following MA doses
relative to vehicle values revealed significant differences among
strains (F(11,99)=2.62, p<0.027), for the interaction between
strains and doses (£(33,297)=2.68, p<0.0001), but not among
doses (F(3,27)=1.63, p>0.2). Table 1 also summarizes the
percent change in food intake 4 h following MA doses for all
strains. Given that individual 129P/3J mice ate very little (0.1—
0.2 g/4 h) under vehicle treatment, some of the MA effects were
therefore very pronounced, and this strain showed significantly
greater increases relative to all other strains. DBA/2J mice dis-
played significantly greater increases in the percent change of
intake 4 h following the 100 mg/kg dose relative to C3H/Hel,
BALB/cJ, SWR/J, A/J, SJL/J and CBA/J mice. Finally, C3H/HeJ
mice displayed significantly greater increases in the percent
change of intake 4 h following the 5 mg/kg dose relative to
BALB/cJ, C57BL/6J, SWR/J and A/J strains.

Narrow-sense heritability estimates were obtained for 4 h
cumulative food intake following only the highest MA dose
(100 mg/kg), where more robust genetic effects are to be expected,
and they were compared to 4 h cumulative intake following
vehicle. The obtained 4? values were moderately high for both
MA (0.37) and vehicle (0.43) values. These values are consistent

with calculated heritability estimates obtained in our previous
study [22] investigating strain differences in 2DG-induced
feeding: 2DG (800 mg/kg at 4 h): #°=0.51; vehicle: /”=0.44.
In addition, Table 2 compares food intake difference scores 4 h
following each MA dose in the 12 tested mouse strains as well as
with previously determined [22] food intake difference scores
elicited by the glucoprivic stimulus, 2DG. In analyzing possible
relationships among intakes elicited by the MA doses themselves,
Bonferroni-corrected pairwise correlations revealed significant
effects only between intakes following the two highest (70 and
100 mg/kg) MA doses across all strains. Further, in analyzing
possible relationships among intakes elicited by the wide range of
four MA doses used in the present study and the wide range of
four 2DG doses used previously [22], the pairwise correlations
revealed significant effects only between intakes following the
highest (100 mg/kg) MA dose and a moderate (400 mg/kg) 2DG
dose.

Table 2

Pearson product-moment correlation coefficients for the strain means of
difference scores for food intake after 4 h across the 11 inbred and one outbred
mouse strains subtracted from corresponding vehicle values after the four MA
doses, and as compared with previously derived and published four 2-deoxy-D-
glucose (2DG) doses®

MA 5 35 70 2DG* 200 400 600 800
(mg/kg) (mg/kg)

MAS - +0.21 -0.14 +0.03 -0.01
MA35 -0.07 — +0.18 +0.18 +0.45 —0.09
MA 70 -0.30 +0.55 — +0.10 +0.19 +0.34 +0.02

MA 100 +0.13 +0.55 +0.68* +0.57 +0.66*% +0.55 +0.14

Significant correlation (*p<0.05) after Bonferroni corrections.
* Data derived from [22].
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4. Discussion

First, to our knowledge, this is the first demonstration that
outbred CD-1 mice significantly and dose-dependently increase
their food intake following the free fatty acid oxidation inhibitor,
MA in the same manner as observed for outbred rats [19,33]. As
with different rat strains [37], strain-specific effects for MA-
induced feeding were observed that varied as functions of post-
injection test time and MA dose. Any dose-dependent effect of
MA is important given the fact that the ingestive responses elicited
by only the two highest MA doses significantly correlated with
each other across strains. Moreover, moderately high heritability
estimates were observed for intake following the largest MA dose
(h*=0.37) and vehicle (h*>=0.43). To this end, orderly and sig-
nificant dose-dependent increases in food intake were observed
following the three highest (35—-100 mg/kg) MA doses in in-
bred DBA/2J mice and the two highest (70—100 mg/kg) doses in
outbred CD-1 mice. Dose-specific increases in intake were ob-
served following the two middle (35—70 mg/kg) MA doses in
AKR/J mice, only the 5 mg/kg MA dose in C3H/HeJ mice, only
the 35 mg/kg MA dose in BALB/cJ and CBA/J mice, only the
70 mg/kg dose in SJL/J and SWR/J mice, and only the 100 mg/kg
dose in C57BL/6J mice. In contrast, MA failed to significantly
increase food intake at any dose in this wide range in A/J, C57BL/
10J and 129P/3]J mice. The demonstration of genotype-dependent
variability in this lipoprivic response may provide the basis for the
subsequent identification of trait-relevant genes.

The intake of dietary fat also systematically varies as a function
of genetic predisposition among a host of other variables (see
review: [47]) and has led to the identification of dietary resistance
and susceptibility phenotypes in inbred and outbred strains of
mice (e.g., [42,45,46]). Thus, moderate intake of high-fat diets of
shortening, lard or powder promoted weight gain and obesity in
AKR/J mice, yet large intake of a high-fat diet was not ac-
companied by weight gain in SWR/J mice. Notably, AKR/J mice
showed significantly increases in food intake following 35 and
70 mg/kg MA doses, and SWR/J mice displayed MA-induced
feeding only following the 70 mg/kg dose. Indeed, whereas AKR/
Jand C57BL/6J mice self-selected the highest proportion of fat in
macronutrient diet selection with ependymal fat correlating with
fat consumption, SWR/J strains consumed a great deal of fat that
was inversely correlated with ependymal fat [39]. Although AKR/
Jand C57BL/6J mice responded similarly in this latter study, the
C57BL/6]J strain displayed a very muted feeding response fol-
lowing MA in the present study. Moreover, whereas the diet-
sensitive AKR/J and DBA/2J strains consumed greater amounts
of fat, displayed more adiposity and displayed elevated levels of
leptin and insulin, the C57BL/6J strain showed an equal pre-
ference between protein and fat, and displayed normal insulin and
leptin levels [1] Interestingly, both DBA/2J and AKR/J strains
displayed greater feeding sensitivity to MA relative to C57BL/6J
mice. In contrast, obesity-resistant SWR/J and A/J mice consume
more fat than carbohydrate, but fail to gain weight, potentially
because of lower insulin levels, increased capacity of skeletal
muscle to metabolize fat, enhanced paraventricular galanin, and
reduced arcuate NPY [20]. Of importance was the inability of A/J
mice to increase food intake at any time point following any of the

MA doses. Thus, there appears to be no overall clear picture in
which strain differences fully explain lipoprivic responses on the
one hand, and predict fat intake on the other hand.

Functional comparisons between lipoprivic feeding induced
by MA and glucoprivic feeding induced by 2DG have been
examined previously. One similarity between these ingestive
responses is that each elicit c-fos responses in the nucleus of the
solitary tract, lateral parabrachial nucleus, central nucleus of the
amygdala and the dorsal motor nucleus of the vagus [27].
Sympathoadrenal plasma levels of epinephrine and norepineph-
rine are also elevated by 2DG and MA respectively [34]. How-
ever, there are differences in sensitivity to different physiological
manipulations with MA-induced feeding reduced to a far greater
degree than 2DG-induced feeding by vagotomy [32], destruc-
tion of visceral sensory neurons with capsaicin [31], lesions
placed in the lateral parabrachial nucleus [13] or the central
nucleus of the amygdala [28] or administration of the beta-2-
adrenoceptor agonist, salbutamol [24]. 2DG, but not MA, in-
creases c-fos responses in the adrenal medulla and sympathetic
preganglionic spinal cord neurons [30] and elicits interoceptive
sensory signals similar to that of food deprivation [10]. Whereas
2DG stimulates intake of all three macronutrients, MA reliably
stimulates protein, but not fat intake, and stimulates carbohy-
drate intake only when carbohydrate palatability is enhanced
[29,38]. A wider range of intravenous nutrients reduces feed-
ing induced by MA (glucose, lipid, fructose) relative to 2DG
(glucose) [35], and intraventricular glucose reduces feeding
responses following 2DG, but not MA [36]. Finally, rat strains
differentially susceptible to dietary obesity show similar re-
sponses to 2DG-induced feeding, but MA is more effective in
eliciting feeding in diet-susceptible relative to diet-resistant
strains [37]. In analyzing possible relationships among intakes
elicited by the wide dose ranges of MA and 2DG, the present
study only found significant correlations between intakes across
strains following the highest (100 mg/kg) MA dose and a mo-
derate (400 mg/kg) 2DG dose, and not for any other pair. Thus,
the differences among diverse genotypic mouse strains in
their ingestive responses to lipoprivation induced by MA) and
glucoprivation induced by 2DG support the notion that they
employ different neural circuitry and indeed provide evidence
that the two responses operate via only partially overlapping
genetic mechanisms of action.
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