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In addition to its role in the storage of fat, adipose tissue acts as an
endocrine organ, and it contains a functional renin-angiotensin
system (RAS). Angiotensin-converting enzyme (ACE) plays a key
role in the RAS by converting angiotensin I to the bioactive peptide
angiotensin II (Ang II). In the present study, the effect of targeting
the RAS in body energy homeostasis and glucose tolerance was
determined in homozygous mice in which the gene for ACE had
been deleted (ACE�/�) and compared with wild-type littermates.
Compared with wild-type littermates, ACE�/� mice had lower body
weight and a lower proportion of body fat, especially in the
abdomen. ACE�/� mice had greater fed-state total energy expen-
diture (TEE) and resting energy expenditure (REE) than wild-type
littermates. There were pronounced increases in gene expression
of enzymes related to lipolysis and fatty acid oxidation (lipoprotein
lipase, carnitine palmitoyl transferase, long-chain acetyl CoA de-
hydrogenase) in the liver of ACE�/� mice and also lower plasma
leptin. In contrast, no differences were detected in daily food
intake, activity, fed-state plasma lipids, or proportion of fat ex-
creted in fecal matter. In conclusion, the reduction in ACE activity
is associated with a decreased accumulation of body fat, especially
in abdominal fat depots. The decreased body fat in ACE�/� mice is
independent of food intake and appears to be due to a high energy
expenditure related to increased metabolism of fatty acids in the
liver, with the additional effect of increased glucose tolerance.
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The renin-angiotensin system (RAS) is important in both
cardiovascular and body fluid homeostasis (1–3) and has

recently been implicated in obesity and energy balance (see ref.
4 for a review). All of the components of the RAS are present
in adipose tissue and evidence suggests that this RAS is fully
functional and can contribute to the accumulation of fat and to
obesity (5–7). Recent studies showed that transgenic mice lack-
ing the precursor peptide, angiotensinogen (AGT), have im-
paired weight gain and adipose tissue development (8), whereas
mice with an overabundance of AGT in adipose tissue have
markedly increased fat mass (9).

Overexpression of genes associated with the RAS has been
reported in human visceral adipose tissue in overweight subjects
(10), and polymorphisms of the angiotensin-converting enzyme
(ACE) gene have been linked to the incidence of obesity and
alterations of body mass index (11, 12). ACE plays a key role in
the RAS in that it converts angiotensin I to the bioactive peptide
angiotensin II (Ang II). Ang II has been identified as a trophic
factor in the differentiation of preadipocytes to mature adipo-
cytes (13). There is evidence that administration of ACE inhib-
itors reduces body weight gain in spontaneously hypertensive rats
(14), obese Zucker rats (15), and humans (16). However, some

studies have shown that the activity of the RAS is inversely
related to the gain of body weight. For example, infusion of Ang
II caused a reduction in food intake and body weight in rats
(17–19) and sheep (20). Overall, it is still unclear how the RAS
influences energy homeostasis to induce changes in body weight
gain and adipose tissue growth.

In this study, we investigated animals with a genetic deletion
of ACE (21). As a result of the deletion of this gene in somatic
cells and testis, the mice have reductions of Ang II of 70% in
plasma and between 85–97% in tissues (22). Characterization of
their phenotype has shown a reduced blood pressure, fertility,
and hematocrit (21, 23) and decreased ability to concentrate
urine (24). They have not been studied in regard to energy
homeostasis, although it is known that they have a lower body
weight compared with wild-type mice (21). The aim of our study
was to determine how the absence of ACE influences body
weight by measuring all aspects of their energy balance com-
pared with wild-type littermates. Specifically, we tested for
differences in energy intake as food, excretion in feces, storage
as adipose tissue and expenditure in relation to locomotor
activity. The expression of key genes involved in lipid metabolism
in the liver, fat, and muscle tissues was also measured.

One of the risk factors associated with obesity is decreased
insulin sensitivity and there is evidence that Ang II may be
involved in insulin signaling as improved glucose metabolism and
insulin sensitivity has been demonstrated in both rats (15) and
humans (25) treated with RAS antagonists. As a further impor-
tant marker of energy metabolism, we tested for differences in
insulin sensitivity in the ACE�/� mice by comparing their
response to an oral glucose challenge with that of wild-type
littermates.

Results
Food, Water Intake, and Fecal Fat Content. Daily food intake in
ACE�/� mice was not different from wild-type mice either as a
raw figure or adjusted for body weight. Water consumption of
the ACE�/� mice was more than double that of the wild-type
mice (see Table 1; n � 14 per group). There was no difference
between ACE�/� and wild-type mice in the proportion of fat
excreted in the fecal matter (n � 7 per group).
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Body Weight, Body Composition, and Visualization of Regional Fat
Mass. In comparison with wild-type littermates, ACE�/� mice
weighed �20% less (P � 0.01; Fig. 1A; n � 14 per group) and
had �50% less body fat (P � 0.001; Fig. 1B; n � 7 per group).
There was no difference between the fat-free mass or bone
mineral density (BMD) of ACE�/� mice and wild-type mice (see
Table 1; n � 7 per group). Visual comparison of MRI images of
wild-type and ACE�/� mice demonstrated that the mass of
adipose tissue was considerably less in the latter group (Fig. 1C).
This effect was most noticeable in abdominal fat mass, as
indicated by the arrow.

Glucose Tolerance Testing. An oral glucose load resulted in a rapid
increase in blood glucose in both ACE�/� and wild-type mice
(Fig. 2). Glucose was cleared more rapidly in ACE�/�, and
plasma glucose returned close to the baseline level after 60 and
120 min. In contrast, plasma glucose remained elevated at these
times in the wild-type mice. The area under the curve of the
graph for plasma glucose vs. time (Fig. 2) was significantly less
in the ACE�/� mice compared with the wild-type mice.

Indirect Calorimetry. Calorimetric measurements were conducted
during the fed state and after overnight fasting. The respiratory
quotient (RQ) of ACE�/� mice did not differ from wild-type
littermates during either condition (Fig. 3). The RQ of both
groups was lower in the fasted state (both P � 0.01).

During the fed state, ACE�/� mice had higher TEE (Fig. 4A)
and REE (Fig. 4B) compared with ACE�/� mice. Fasting
resulted in a reduction in TEE of �50% in ACE�/� mice,
whereas this reduction was smaller (�25%) when measured in
the wild-type littermates (Fig. 4A). After overnight fasting, the
reductions in REE (Fig. 4B) were even greater for both ACE�/�

(�70%) and wild-type mice (�35%).

General Locomotor Activity and Running Wheel Activity. Running
wheel activity (distance traveled and average speed; Fig. 5A) and
general locomotor activity (Fig. 5B) were not different between
ACE�/� and wild-type mice. General locomotor activity was not
altered by fasting.

Plasma Composition and Hormone Levels. No differences were
observed in the basal plasma concentration of glucose, triglyc-
eride (TG), or total cholesterol (Table 2). Plasma leptin levels
were substantially lower in ACE�/� mice compared with their
wild-type littermates (Table 2).

Gene Expression. No differences were detected in adipose tissue
gene expression between the wild-type and ACE�/� mice for
all measured transcripts, including lipoprotein lipase (LPL),
hormone-sensitive lipase (HSL), fatty acid synthase (FAS),
peroxisome proliferator activated receptor � (PPAR�), PPAR�
coactivator-1 (PGC-1�), and uncoupling protein 1 (UCP-1).

Table 1. Food intake (FI), water intake (WI), fecal fat, and body
composition of ACE�/� and ACE�/� mice

Appetite and body
composition ACE�/� ACE�/�

FI, g (n � 14) 3.5 � 0.2 3.0 � 0.2
FI, g/body weight, g (n � 14) 0.11 � 0.01 0.13 � 0.01
WI, ml (n � 14) 4.2 � 0.2 9.8 � 0.5*
Fat in dry feces, % (n � 7) 4.7 � 0.2 4.9 � 0.1
Digestability, % (n � 7) 94.1 � 0.3 94.5 � 0.2
Body fat, g (n � 7) 5.5 � 0.7 2.3 � 0.2*
Fat-free mass, g (n � 7) 26.4 � 0.6 24.9 � 1.0
Bone density, g/cm2 (n � 7) 0.078 � 0.001 0.076 � 0.001

Values are mean � SEM. *, P � 0.05 (ACE�/� vs. ACE�/�).
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Fig. 1. ACE deficiency altered body weight, fat mass, and distribution. (A and
B) The ACE�/� mice (open bars) had significantly lower body weight (A) and
proportion of body fat (B) than ACE�/� mice (filled bars). The values are
mean � SEM (n � 14 per group); *, P � 0.05. (C) Proton density-weighted axial
MRI images across the body of ACE�/� and ACE�/� mice. Bright, white areas
denote fat. The white arrowhead indicates the larger android fat stores in
ACE�/� mice.
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Fig. 2. After glucose load, ACE�/� mice had faster clearance than ACE�/�

mice, blood glucose was significantly lower at 60 and 120 min, with a reduced
AUC. n � 6 per group. *, P � 0.05 vs. ACE�/� mice; †, P � 0.05 vs. baseline.
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fed-state conditions or during fasting. Fasting resulted in a significantly lower
RQ in both ACE�/� and ACE�/� mice. n � 6 per group. †, P � 0.05 vs. baseline.
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Similarly, skeletal muscle expression of the genes for carnitine
palmitoyl transferase 1 (CPT-1), LPL, PPAR�, and PGC-1� was
also unaffected. However, the ACE�/� mice exhibited 400-fold
less expression of UCP-1, suggesting a lack of residual adipocytes
within the skeletal muscle. There were considerable alterations
in liver gene expression, with the ACE�/� mice having higher
levels (2- to 4-fold) of the transcripts for key genes involved in
fatty acid metabolism LPL, long-chain acyl-CoA dehydrogenase
(LCAD), CPT-1, and PGC-1� (see Table 3).

Discussion
This study demonstrates that mice with a deletion of the ACE
gene have 50–60% less body fat, accounting for 60–70% of the
body weight difference, between ACE�/� mice and their wild-
type littermates. It is shown that the lower body fat in ACE�/�

mice is primarily due to increased energy expenditure and is not
related to differences in food intake or energy digestibility. The
increase in energy expenditure was independent of locomotor
activity and appears to be mediated by increased fatty acid
oxidation in the liver. Furthermore, this study demonstrates that
glucose clearance is improved in ACE�/� mice, consistent with

reports that drugs that inhibit Ang II protect against the
development of insulin resistance (15, 25).

The finding that there was no difference in food intake or
faecal fat output between ACE�/� and wild-type mice is con-
sistent with the work of Massiera et al. (8) in AGT-deficient mice.
Similar findings on appetite and body composition have been
observed in animals chronically treated with an ACE inhibitor
(26). Thus, the decreased body fat observed in Ang II-deplete
models is independent of energy intake or digestive efficiency.
The large increase in water intake in the ACE�/� mice is a well
known feature of both of these mouse models, which have an
impaired ability to concentrate urine due to abnormal renal
development (27, 28).

To investigate the alteration in energy homeostasis further,
energy expenditure and locomotor activity were measured si-
multaneously and in combination with fed and fasted states. In
the fed state, ACE�/� had increased total and resting energy
expenditure compared with the wild-type littermates, whereas
general locomotor activity was not different. Similarly, running
wheel activity in both the light and dark phases was not different.
This finding is in contrast to AGT�/� mice, which had higher
locomotor activity yet an unchanged energy expenditure relative
to wild-type mice (8). ACE�/� mice reduced their energy
expenditure after an overnight fast. This result is of interest,
because it demonstrates their reduced energy storage as fat.

In regard to the possibility that the differences in body fat and
energy expenditure were due to differences in fat metabolism,
we measured increases in the expression of key genes involved in
hepatic lipid metabolism (LPL, LCAD, and CPT-1) in ACE�/�

mice. LPL increases hydrolysis of triglycerides into free fatty
acids, whereas CPT-1 transfers the fatty acids into the mito-
chondria where they are metabolized (29). LCAD is an impor-
tant enzyme that catalyzes breakdown and �-oxidation of fatty
acids in both mitochondria and peroxisomes. There was also
increased expression of PGC-1�, a key transcriptional regulator
of metabolic pathways that has also been implicated in mito-
chondrial and peroxisomal biogenesis (30). The quantification of
mRNA transcripts is generally accepted as a reliable marker of
increased hepatic protein or enzyme activity, and previous
studies have correlated the expression of hepatic enzymes with
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Table 2. Fed-state plasma biochemistry, hematocrit, and leptin of
ACE�/� and ACE�/� mice

Plasma biochemistry ACE�/� ACE�/�

Triglyceride, mmol/liter (n � 7) 0.85 � 0.26 0.47 � 0.06
Cholesterol, mmol/liter (n � 7) 1.68 � 0.14 1.97 � 0.11
Glucose, mmol/liter (n � 7) 14.31 � 1.72 10.81 � 0.87
Leptin, �g/ml (n � 6) 8.3 � 2.0 1.3 � 0.3*

Values are mean � SEM. *, P � 0.05 (ACE�/� vs. ACE�/�).

Table 3. Fold-increase (FI) in expression of genes involved in
lipid metabolism in the livers of ACE�/� mice compared with
ACE�/� mice

Gene FI
Role in fat

metabolism

Lipoprotein lipase 4.4* Lipolysis
PPAR� coactivator-1 2.8* Induction of fat

metabolism
Carnitine palmitoyl transferase 2.3* Fatty acid oxidation
Long chain acyl-CoA dehydrogenase 2.1* Fatty acid oxidation
Hormone sensitive lipase 1.4 Lipolysis
Fatty acid synthase 1.0 Fat storage

*, P � 0.05 (ACE�/� vs. ACE�/�).
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fatty acid oxidation in animal models of obesity (31, 32). This
study shows that changes in hepatic fatty acid metabolism might
be related to the reduction in fat mass in the ACE�/� mice. The
results are summarized by the scheme in Fig. 6, which shows how
deficiency in ACE alters the relationship among energy intake,
storage, and expenditure to reduce body fat mass.

The current observations on the fat-reducing effects of ACE
deficiency complement a number of previous studies, which have
shown a direct link between the RAS and adiposity. Evidence
from cultured adipocytes suggests that Ang II can inhibit lipol-
ysis directly and increase the activity of fatty acid synthase (33),
mediated by the AT1-receptor (34). Consistent with this evi-
dence, AGT�/� mice have a reduced plasma TG and total
cholesterol level compared with the wild-type mice, and these
changes are associated with a decrease in fatty acid synthase
activity in epididymal fat pads (8).

Other studies have investigated the effect of Ang II on adipose
tissue perfusion and lipolysis. Whereas i.v. infusion of Ang II at
both sub- and pressor doses had little effect on whole body
lipolytic rates (35), interstitial infusion of Ang II into s.c. fat over
the abdomen reduced lipolysis in both lean and obese human
subjects (36). In aged animals, chronic treatment with angio-
tensin antagonists preserved renal mitochondrial oxidative ca-
pacity (37). These data suggest that local effects of the RAS in
adipose tissue are important in local lipid metabolism, whereas
our study showed that the influence of the RAS extends to
hepatic fatty acid oxidation and whole-body energy utilization.
In contrast, Cassis et al. (38) have shown that systemic infusion
of rats with Ang II for 2 weeks caused an initial reduction,
followed by a prolonged increase in whole-body oxygen con-
sumption, that was accompanied by decreases in appetite and
body weight.

Although the majority of studies have focused on the systemic
influences of the RAS on metabolism, there is also evidence that
brain angiotensin may also have a determining influence. Rats
with a deficiency in brain angiotensinogen that is induced by an
angiotensinogen-antisense gene coupled to a glial cell-specific
promoter were found to have reduced body fat composition,
improved glucose tolerance, low blood pressure, and increased
appetite compared with wild-type rats (39, 40). Because both
AGT�/� and ACE�/� mice have the respective gene deleted
from all somatic cells, it remains possible that the role of
angiotensin in the brain may have a determining influence on
metabolism, appetite, and body composition.

Importantly, comparison of axial MRI images of ACE�/� and
wild-type mice demonstrated that the influence of ACE defi-
ciency was on the accumulation of android fat, particularly in the
visceral region. Android fat deposition has been implicated as a

factor in insulin resistance and diabetes (41, 42). This is consis-
tent with our finding that ACE�/� mice have a faster glucose
clearance after glucose load, indicating improved insulin sensi-
tivity relative to wild-type mice. There was also a tendency for
fed-state plasma glucose and triglyceride levels to be lower in
ACE�/� mice. Although this difference was not statistically
significant, it suggests a favorable effect of ACE inhibition on
glucose and lipid metabolism.

The reduction in body fat mass was accompanied by a large
reduction in circulating levels of the adipocytokine leptin. The
relationship between body fat mass and the plasma leptin level
is consistent with previous reports (43, 44), although it is
noteworthy that AGT-deficient mice had similar levels of leptin
to wild-type mice despite a greatly reduced fat mass (8). One
notable difference between the two strains is that ACE�/� mice
have significantly elevated levels of bradykinin (22). It is unlikely
that bradykinin is involved in the effects on body weight and
composition, because AGT�/� mice also display the decreased
body weight phenotype. However, it is possible that the increased
level of bradykinin could explain the improvement in glucose
tolerance, because there is evidence in both human and animal
models of the insulin-sensitizing effects of bradykinin (45, 46).
Intracellular signaling in response to insulin involves activation
of a tyrosine kinase-mediated signaling pathway that eventually
results in increased cellular uptake of glucose via the GLUT-4
transporter (47). Bradykinin appears to enhance this pathway by
increasing nitric oxide generation, which inhibits dephosphory-
lation of insulin receptor substrate-1, thereby prolonging insulin
signaling (48). Ang 1-7, which is elevated in ACE�/� mice, has
also been shown to potentiate the action of bradykinin, possibly
by increasing arteriolar dilation and delivery of glucose to
tissues. Ang 1-7 signals via the G protein coupled receptor Mas.
Deletion of this receptor in FVB-n Mas knockout mice caused
a phenotype that included increased insulin and leptin, a 50%
increase in abdominal fat mass and decreased insulin-stimulated
uptake of glucose into adipocyte (49). This suggests that any
effect of increased Ang 1-7 signaling via the Mas receptor does
not have a strong effect in ACE�/� animals.

There is also evidence that the improved glucose uptake may
be directly related to the reduction in Ang II. It has been shown
that inhibition of Ang II signaling by treatment with an AT1
receptor antagonist increases the expression of GLUT-4 recep-
tors and improves glucose uptake in skeletal muscle of obese
Zucker rats (50). Similarly, a recent paper has shown that chronic
treatment with AT1 receptor antagonist protects against insulin
resistance during aging in Fischer 344 rats (51).

In summary, our study demonstrated the effect of life-long
ACE deficiency on body fat accumulation, energy expenditure,
and glucose tolerance. The significant reduction of body fat in
the ACE�/� compared with wild-type mice confirms the critical
role of RAS on adipose tissue growth. The decrease of body fat
in ACE�/� mice was independent of food intake and digestive
efficiency and appears to be due to a higher energy expenditure
related to increased fatty acid metabolism in the liver and
independent of energy utilized for general locomotor activity.
Although the increase in fatty acid oxidation may also mediate
the increased glucose tolerance, it is also possible this effect is
mediated by increased bradykinin in the ACE�/� mice.

Materials and Methods
Mice. Male and female heterozygous ACE knockout mice (ACE�/�) were
obtained from the laboratory of Pierre Meneton [Institut National de la Santé
et de la Recherche Médicale (INSERM) U367, Paris]. They were maintained on
a C57BL/6J background at the Howard Florey Institute. Heterozygous (ACE�/�)
mice were bred to produce 14 wild-type (ACE�/�) and 14 homozygous ACE-
null offspring (ACE�/�). Real-time PCR incorporating dual-labeled Taqman
probe technology (Applied Biosystems) was used for genotyping of ACE�/�

and ACE�/� offspring. Mice were housed in individual plastic cages with

ENERGY STORAGE
↓ Body fat composition 
↓ Abdominal adiposity  
↔ Lean mass 

ENERGY EXPENDITURE
↔ Locomotor activity 
↑ Whole body energy expenditure 
Liver 
↑ Fatty acid hydrolysis 
↑ Fatty acid oxidation 
↑ Mitochondrial -oxidation

ENERGY INTAKE
↔ Food intake 
↔ Digestive efficiency

Fig. 6. A scheme of energy balance in ACE�/� mice, where energy intake as
food is normal, but the equilibrium between energy storage and utilization is
in favor of the latter. The increases in whole-body energy expenditure (mea-
sured by indirect calorimetry) and hepatic fatty acid oxidation dissipate in-
gested calories, reducing energy storage in adipose tissue and lowering body
fat mass.
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sloping grill lids (Wiretainers). The animals were maintained on the same diet
throughout the study (Barastoc Mouse Breeder Cubes; Barastoc Stockfeeds).
Food pellets were available ad libitum on the sloping section of the lid, and
there was free access to tap water. The mice were maintained on a 12-h
light/dark cycle. Age-matched male ACE�/� and ACE�/� mice pairs that were
12 months old and had been maintained in the same housing conditions were
selected for the study. The amount of food and water consumed was moni-
tored daily for 1 week. The animal procedures were approved by the Animal
Ethics Committees of the Howard Florey Institute and La Trobe University.

Body Composition Analysis by Dual Energy X-ray Absorptiometry (DEXA).
Whole-body composition of ACE�/� (n � 7) and ACE�/� (n � 7) mice was
performed by DEXA, using a densitometric scanner (QDR 4500; Hologic)
equipped with software developed for small animals (version 9.10). The
animals were scanned while in a prone position under anesthesia induced by
i.p. injection (0.02 ml/g body weight) of a mixture of ketamine (0.75 ml of 100
mg/ml Ketaplex; Apex Lab) and xylazine (0.25 ml of 20 mg/ml Rompun; Bayer).

Visualization of Adipose Tissue Distribution by MRI. Regional body fat distri-
bution was visualized by MRI. Images were acquired on a Bruker BIOSPEC
47/30 MRI scanner equipped with a horizontal 4.7 tesla Oxford magnet.
Proton density weighted axial images with the following parameters: number
of slices, 20; slice thickness, 1 mm; field of view (FOV), 6 cm; matrix size, 256 �
256; repetition time (TR), 815 ms; echo time (TE), 17.9 ms were acquired. Mice
were anesthetized by placing them in an induction chamber with an exposure
to an isoflurane (Abbott Australasia Pty. Ltd.) concentration of 5% in medical-
grade air and subsequent reduction to the concentration of 2%.

Running Wheel Activity. Animals (n � 5 per group) were allowed free access,
for 14 days, to running wheels equipped with a speedometer (Sigma Sport
BC700 calibrated for running wheel radius) fitted to the individual plastic cage
with grill lid. The distance run (km) and speed (km/h) were measured daily over
the final 10 days of testing. The mice were allowed free access to food and
water.

Indirect Calorimetry and General Locomotor Activity. ACE�/� (n � 6) and ACE�/�

(n � 6) mice were placed in the calorimetry system cages for 36 h; the first 12 h
was considered the acclimation phase, and data were analyzed only for the
final 24 h. The system used was a custom-built, four-cage, open-circuit calo-
rimetry system feeding. Drinking and general locomotor activity were also
continuously measured (LabMaster; TSE Systems). The data analyzed were
TEE, REE, RQ, and general locomotor activity. Animals were placed in this
system twice, at least 1 week apart. On one occasion, they had ad libitum
access to food, and on the other, they were fasted.

Analysis of Fecal Fat Content. The lipid from 5 g of feces was extracted using
2:1 chloroform: methanol solution. The total lipid content was determined
gravimetrically after extraction for 24 h at room temperature. The dry weight
of the feces was determined on the lipid extracted residue. The total dry

weight of feces was determined by adding the weight of the lipid extract to
the dry weight of the fecal residue.

Glucose Tolerance Testing. Animals were fasted overnight with ad libitum
access to water. The following morning, mice were restrained, a small seg-
ment was cut from the tip of the tail, and blood was drawn. Blood samples
were collected in microcuvettes (HemoCue), and fasting blood glucose was
measured (HemoCue Glucose 201 blood glucose analyzer). A glucose load was
injected (2g/kg body weight i.p.) and blood glucose was measured 30, 60, and
120 min after the injection.

Blood Analyses. At the end of the experiment, mice were anesthetized by i.p.
injection of the ketamine and xylazine mixture as described above and killed
by cardiac puncture. The blood was collected into heparinized syringes and
chilled on ice. Subsequently, the plasma was separated by centrifugation at
3,000 rpm for 15 min in a refrigerated centrifuge (Sorvall-RT7; Sorvall) and
stored at �80°C until biochemical analysis. The plasma triglyceride and total
cholesterol and glucose levels were measured by spectrophotometry accord-
ing to the procedures described in commercially available kits (Beckman
Coulter). Plasma leptin was measured as previously described (52).

Analysis of Gene Expression. When the animals were killed, samples of liver,
perirenal adipose, and quadriceps skeletal muscle tissue were snap-frozen in
liquid nitrogen and stored at �80°C until quantitative analysis of RNA tran-
scripts. RNA was extracted from �20 mg (wet weight) of liver and �40 mg
adipose tissue by using the ToTALLY RNA Kit protocol and reagents (Ambion).
RNA integrity and quantity were assessed on an Agilent Bioanalyzer 2100 with
a RNA 6000 Nano LabChip-Kit (Agilent Technologies). Reverse transcription
was performed using the AMV reverse transcriptase kit (A3500; Promega)
protocols and reagents. To perform PCR, specific primers were designed for all
genes by using Primer Express 2.0 software (Applied Biosystems) on SPECIFIC
sequences obtained from GenBank and confirmed by BLAST sequence align-
ment determination. Real-time PCR was performed using the GeneAmp 7500
Sequence Detection System (Applied Biosystems), where target expression
normalized to the amount of endogenous control (cyclophilin) relative to
control value is given by 2-		Ct (Applied Biosystems).

Statistical Analysis. Data are reported as mean � SEM in tables and figures
with percentage differences also used in text. The differences between the
two groups in respiratory quotient, total and resting energy expenditure, and
locomotor activity were analyzed by two-way ANOVA. Glucose tolerance was
analyzed by repeated-measures ANOVA. All other differences were analyzed
by t test, and significance was accepted at P � 0.05 (Statistica 7.1; Statsoft).
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