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Abstract
Thyroid hormone receptor β (TRβ also listed as THRB on the MGI Database)-selective agonists
activate brown adipose tissue (BAT) thermogenesis, while only minimally affecting cardiac
activity or lean body mass. Here, we tested the hypothesis that daily administration of the TRβ
agonist GC-24 prevents the metabolic alterations associated with a hypercaloric diet. Rats were
placed on a high-fat diet and after a month exhibited increased body weight (BW) and adiposity,
fasting hyperglycemia and glucose intolerance, increased plasma levels of triglycerides,
cholesterol, nonesterified fatty acids and interleukin-6. While GC-24 administration to these
animals did not affect food ingestion or modified the progression of BW gain, it did increase
energy expenditure, eliminating the increase in adiposity without causing cardiac hypertrophy.
Fasting hyperglycemia remained unchanged, but treatment with GC-24 improved glucose
tolerance by increasing insulin sensitivity, and also normalized plasma triglyceride levels. Plasma
cholesterol levels were only partially normalized and liver cholesterol content remained high in
the GC-24-treated animals. Gene expression in liver, skeletal muscle, and white adipose tissue was
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only minimally affected by treatment with GC-24, with the main target being BAT. In conclusion,
during high-fat feeding treatment with the TRβ-selective agonist, GC-24 only partially improves
metabolic control probably as a result of accelerating the resting metabolic rate.

Introduction
Thyroid hormone is a highly metabolic molecule. When given to animals and humans, it
rapidly increases energy expenditure (Klitgaard et al. 1952), while lowering serum
cholesterol (Hansson et al. 1983) and triglycerides (Abrams et al. 1981) levels. However,
side effects resulting from the pleomorphic actions of thyroid hormone, such as cardiac
arrhythmia (Klein & Ojamaa 2001), bone loss (Ross 1994, Murphy & Williams 2004,
Galliford et al. 2005), nervousness, and anxiety (Placidi et al. 1998), to name a few, prevent
it from widespread clinical use. Ideally, one would want to harness the beneficial metabolic
effects of thyroid hormone mediated at the liver, adipose tissue, and skeletal muscle, while
sparing the myocardium, bone, brain, and other tissues.

Our current understanding of thyroid hormone action allows for the development of such
strategies. Tri-iodothyronine (T3) effects are mediated by thyroid hormone receptors (TRs),
which are ligand-dependent transcription factors that regulate the expression of different sets
of genes involved not only in metabolic control, but also in development and growth (Yen
2001). The fact that the TR encoding genes are differentially expressed in various tissues
indicates that the T3 effects can be TR isoform specific. Also, studies in patients with
syndrome of resistance to T3, and studies in mice with targeted disruption of TRα, TRβ,
(listed as THRA and THRB on the MGI Database) or both, have illustrated selective
functions of TRs, and some actions that are preferentially triggered by a specific TR isoform
(Hsu & Brent 1998,Brent 2000,Bassett et al. 2007). As an example, studies using knockout
and knockin mouse models have shown that TRβ is involved in mediating the T3 effects on
liver metabolism such as reducing plasma cholesterol and triglycerides (Sadow et al.
2003,Fugier et al. 2006,Shin et al. 2006).

Thus, it makes perfect logic to use thyroid hormone analogs capable of tissue specificity
either by selective uptake and/or by selective binding to the two TR isoforms (Chiellini et al.
1998, Ocasio & Scanlan 2006). Activation of TRβ with a selective thyroid hormone analog
(GC-1 compound) in rats results in the induction of UCP1 gene, while only minimally
mediating synergism between thyroid hormone and the sympathetic nervous system (Ribeiro
et al. 2001). In fact, the use of GC-1 or other TRβ-selective agonists in rodents and primates
has recently been shown to increase energy expenditure, decrease fat mass and plasma levels
of cholesterol (Grover et al. 2004), while sparing the heart (Trost et al. 2000) and the
skeletal system (Freitas et al. 2003). Also, in the ob/ob mouse model, the administration of
different TRβ agonists improves glucose homeostasis (Bryzgalova et al. 2008). It is still not
clear, however, how much of the effects of these molecules is due to TR selectivity as
opposed to liver-specific uptake (Trost et al. 2000).

In the present study, we tested the hypothesis that chronic TRβ activation minimizes the
metabolic consequences of feeding a high-fat diet. To such end, we used GC-24, a second
generation TRβ-selective molecule, which binds to TRβ with 40-fold higher affinity than
TRα (Borngraeber et al. 2003, Miyabara et al. 2005). Our results indicate that the use of
GC-24 prevents much of the metabolic alterations associated with feeding a high-fat diet,
while not affecting the overall body and cardiac weights. Notably, changes in gene
expression triggered by GC-24 were primarily detected in the brown adipose tissue (BAT),
while only minimally affecting liver, skeletal muscle, and white adipose tissue.
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Materials and Methods
Drugs and reagents

All drugs and reagents were purchased from Sigma Chemical Co. unless otherwise
specified. GC-24 was kindly provided by Dr Thomas Scanlan.

Animals and treatments
Male Wistar rats weighing 150–200 g, were purchased from University of Sao Paulo
Medical School (FMUSP, Sao Paulo, Brazil) and maintained on a 12 h light: 12 h darkness
cycle at 25°C with food and water ad libitum.

In one set of experiments, animals were fed either chow (~1·8 kcal/g) or high-fat diet (~4·5
kcal/g), consisting of 42% carbohydrate, 24% proteins, and 23% fat. After 10 days on the
high-fat diet, the animals were started on a treatment with T3 (30 ng/g body weight (BW)
per day) or equimolar doses of GC-24 (17 ng/g BW per day) for 3 weeks. Administration
was via daily i.p. injections. At the end of the experimental period, animals were studied for
resting metabolic rate (RMR), glucose tolerance test (GTT), and insulin tolerance test (ITT).
Animals were subsequently killed by exsanguinations under urethane anesthesia, and blood
processed for plasma isolation and tissues samples were collected and immediately frozen
for further analyses. Carcasses were frozen at −80 °C for further processing.

On a second set of experiments, animals fed chow diet were treated with T3 (15 ng/g BW
per day) or equimolar doses of GC-24 (8·5 ng/g BW per day) for 45 days. Administration
was via daily i.p. or s.c. injections. At the end of experimental period, animals were killed
by exsanguinations under urethane anesthesia, and blood processed for plasma cholesterol
determination.

Oxygen consumption
RMR was estimated by measuring oxygen consumption (VO2) in an open circuit
respirometer system (O2-10, Sable System, Las Vegas, NV, USA) as previously described
(Withers 1977, Curcio et al. 1999). The experiments were carried out over a period of 30
min in the afternoon (1400–1800 h) at room temperature (25 °C) in animals fed ad libitum.
Animals were maintained in their normal experimental conditions until immediately before
the measurements. The data were collected and analyzed by the Sable Systems software.
The results are expressed as milliliters of O2/min per g BW.

Glucose tolerance test
Animals were fasted overnight, and glucose (2 g/kg) was administered by i.p. injection
between 0900 and 1000 h. Blood samples were collected from the tail at various times after
the glucose load, as indicated, and glycemia was immediately determined on a glucose
analyzer (LifeScan, Inc., Milipitas, CA, USA).

Insulin tolerance test
Food was removed 6 h before the experiment, which was carried out between 1400 and
1500 h. Blood samples were collected from the tail at various times after insulin (0·5 U/kg)
was administered by i.p. injection, as indicated, and glucose serum levels determined
immediately using a glucose analyzer.

Blood chemistry
Plasma cholesterol and triglycerides were assessed by colorimetric method using a
commercial kit (Roche Molecular Biochemicals). Plasma NEFA was assessed by
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colorimetric method using a commercial kit (WACO NEFA C kit; Wako Chemical
Industries USA, Inc., Richmond, VA, USA). The plasma concentrations of tumour necrosis
factor α (TNFα) and interleukin-6 (IL6) were measured by commercial ELISA kits (TNFα,
IL-6, R&D System, Belgium), according to the manufacturer’s instructions (Yu et al. 2007).
The protein concentration was determined by the method of Bradford (1976).

Liver chemistry
Lipids were extracted from the liver by disrupting ~200 mg frozen liver samples in 2 ml
isopropyl alcohol with a Potter Elvehjem homogenizer (model MA 099; Marconi,
Piracicaba, SP, Brazil). Homogenates were maintained at 37 °C for 30 min and then at 4 °C
overnight. Total cholesterol and triacylglycerols were determined by enzymatic methods
(Roche Diagnóstica) in a supernatant aliquot. Protein concentration was determined
according to the method of Lowry et al. (1951) in liver samples (200 mg) previously
homogenized in 4 ml of water.

mRNA analysis
Total RNA of liver, epididymal white fat and interscapular BAT was extracted using the
Trizol (Life Technologies Inc.), according to the manufacturer’s instructions, and quantified
by spectrophotometry. For the reverse transcriptase reaction, 0·8 μg of total RNA was used
in the SuperScrit First-Strand Synthesis System for real-time (RT)-PCR (Invitrogen) on
Robocycler thermocycler (Stratagene, La Jolla CA, USA). About 120 ng cDNA was used
for amplification. Quantitative RT-PCR (RT-qPCR) was performed using IQ SYBR Green
PCR kit (BioRad) on iCycler thermal cycler machine (Bio-Rad). Primers were designed with
the help of Beacon Designer 3.0 (Premiere Biosoft Intl., Palo Alto, CA, USA), and the
housekeeping gene cyclophilin A used as internal reference. Primer sequences are available
upon request. The cycle conditions were: 5 min at 94 °C (Hot start); 30 s at 94 °C, 30 s at 58
°C, and 45 s at 72 °C for 50 cycles followed by the melting curve protocol to verify the
specificity of amplicon generation. Gene expression was determined by ΔΔCt, and all values
were expressed using cyclophilin A mRNA as an internal control (Christoffolete et al.
2004).

RIA—Total thyroxine (T4) and T3 serum levels were measured in 25 μl serum samples in
duplicate using specific RIA (Coat-A-Count T3 Uptake Test Kit and Coat-A-Count T4
Uptake Test Kit; DPC, Los Angeles, CA, USA).

Fat mass measurement
Carcasses were thawed overnight at 4 °C, weighed, chopped in small pieces and then, using
a motorized blender (Kinematica AG, Lucerne Switzerland), thoroughly homogenized in a
volume of distilled water that equals the weight of the carcasses. Aliquots of homogenates
were used for measurements of water, protein, and fat content. The water content was
calculated as the weight variance after 24 h at 100 °C, as previously described (Bertin et al.
1998). Fat content was determined as previously described (Folch et al. 1957, Hartsook &
Hershberger 1963, Azain et al. 1995), after lipid was extracted with a 2:1
chloroform:methanol solution. The lipid-containing chloroform layer was separated and
dried to constant weight. The protein content was determined as described by Bradford
(1976).

Histological examination
After careful dissection, tissues were immersed in buffered formol solution and fixed for 24
h. Paraffin-embedded tissues were sectioned and processed as described (Kerr et al. 1995).
Analyses were performed after hematoxylin–eosin staining. The area of the white adipocytes
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was estimated by analyzing pictures taken at 100× magnification. Picture printouts were cut,
and the area of at least 40 adipocytes per animal was estimated.

Statistical analysis
Results are expressed as the mean ± S.E.M. throughout the text, tables, and figures. Multiple
comparisons were performed by one-way ANOVA, followed by Student–Newman–Keuls
test.

Results
Feeding a high-fat diet resulted in ~30% compensatory reduction in food intake as early as
the first experimental week (Fig. 1A). Despite this, at the end of the 4-week period, the
animals on the high-fat diet gained significantly more BW (~30%; Fig. 1B), and
accumulated more fat in absolute and relative terms (~22 and ~50%; Fig. 1C and D).
Concomitant treatment with GC-24 (1·7 μg/100 g BW per day) did not affect serum T3
levels or the T3/T4 ratio in the serum (Table 1). At the same time, it did reduce body fat to
levels below those found in animals fed chow diet (−~23%; Fig. 1C and D), but did not
affect total body water nor prevent the accelerated increase in BW (Fig. 1B; Table 2). High-
fat feeding caused visible fat deposition in liver, which was prevented by treatment with
GC-24 (Fig. 1E). A similar, but much less dramatic, pattern was observed with the size of
the fat cells (Fig. 1E and F). The estimated adipocyte area was doubled with the high-fat
diet, while treatment with GC-24 only partially reduced it, to levels still above controls
(~40%; Fig. 1E and F). Notably, this effect of GC-24 took place without changes in food
ingestion (Fig. 1A) or cardiac weight (Table 1), a sensitive index of thyroid hormone effects
in the heart. As a reference, other animals were placed on a high-fat diet and treated with
equimolar amounts of T3 (3 μg/100 g BW per day), in a dosage equivalent to 10 times the
daily T3 replacement dose. Such animals gained less BW (−~65%), had less total fat content
(−~70%), less total body water (~15%; Table 2), while at the same time exhibited cardiac
hypertrophy (~23%; Table 1).

Rats placed on a high-fat diet developed the expected fasting hyperglycemia (86 vs 65 mg/
dl) and glucose intolerance with a 30-min peak after glucose load reaching 281 mg/dl (Fig.
2A); at least in this setting, these animals did not exhibit resistance to insulin (Fig. 2B).
Whereas the GC-24-treated animals still had significant fasting hyperglycemia (96·5 mg/dl),
the maximum 30-min glucose peak was ~30% reduced (Fig. 2A). Insulin sensitivity was
increased at early time points after insulin administration in GC-24-treated animals (Fig.
2B). Likewise, treatment with T3 mimicked the effects of GC-24 (Fig. 2A and B).

Animals placed on a high-fat diet exhibited significantly higher plasma levels of
triglycerides, total cholesterol, NEFA, and IL6 (Table 1). At the same time, treatment with
GC-24 normalized plasma triglycerides concentration but failed to prevent the increase in
NEFA and IL-6 (Table 1). Plasma cholesterol concentration was only partially normalized
by GC-24 (Table 1). In addition, liver total cholesterol levels, which were increased during
high-fat feeding, were not at all affected by treatment with GC-24 (Table 1). Notably,
treatment with T3 had very similar metabolic effects as GC-24, except that it did prevent the
increase in plasma and liver cholesterol associated with the high-fat diet (Table 1).

Because TRβ-selective agonists were shown to reduce cholesterol levels in a number of
different settings (Trost et al. 2000, Grover et al. 2003, 2004, 2005), we tested whether the
failure to do so in the present study was explained by the fact that the animals were placed
on a high-fat diet. Route of administration (s.c. versus i.p.) was also evaluated because of the
possibility that the metabolic effects of T3 and/or TRβ-selective agonists depend on a first-
pass effect on the liver after i.p. administration. Thus, rats kept on a chow diet were treated
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with GC-24 (0·85 μg/100 g BW per day) for 45 days via i.p. or s.c. daily injections.
Remarkably, regardless of the administration route, GC-24 administration significantly
decreased BW gain (−~37%; Fig. 3A and B) and plasma cholesterol levels (−~10%; Fig.
3C), without affecting heart weight (Fig. 3D). Again, treatment with equimolar amounts of
T3 (i.p.) produced similar effects, while increasing cardiac weight (~36%; Fig. 3A–D).

RMR was significantly increased during high-fat feeding, ~25% (Fig. 4A). This increase
was observed even when oxygen consumption was corrected by total body mass (Fig. 4B).
Notably, a further pronounced increase in RMR was observed in the GC-24-treated animals,
which almost doubled the rates observed in the control animals (Fig. 4A and B). Likewise,
T3 treatment also resulted in a substantial elevation in the RMR (Fig. 4A and B).

To gain insight into the mechanism by which GC-24 triggers such a wide array of metabolic
effects, we used RT-qPCR for measuring the expression of multiple key metabolic genes
and found that GC-24 acts predominantly in the BAT (Fig. 5A). While feeding a high-fat
diet per se promoted marked changes in BAT gene expression (Fig. 5A), treatment with
GC-24 stimulated even further the expression of several genes, such as ACC-1 (2·3-fold),
CPTI (5·6-fold), and SD (11-fold; Fig. 5B). The effects of T3 in the BAT were less
pronounced and restricted to ACC (1·4-fold; Fig. 5B). These changes in gene expression
correlated with BAT activation as seen in Fig. 5E. Notably, liver, gastrocnemius, and white
adipose tissue of animals fed a high-fat diet responded poorly to treatment with GC-24 or
T3. There was a significant stimulation of gastrocnemius PGC-1α (threefold) and CPT1
(twofold) expression, with no major changes in white adipose tissue (Fig. 5). In the liver,
only the type 1 iodothyronine deiodinase gene (Dio1), a known T3-resposive gene, was
further stimulated by GC-24 (1·4-fold; Fig. 5A).

Discussion
Recent studies indicate that the administration of TRβ-selective agonists has beneficial
metabolic effects, e.g. increase in energy expenditure, while lowering serum cholesterol and
triglycerides (Trost et al. 2000, Grover et al. 2004, Johansson et al. 2005, Villicev et al.
2007). In the present study, we expanded these findings and have shown that the
administration of GC-24, a novel and even more selective TRβ agonist, prevented some of
the metabolic abnormalities associated with feeding a high-fat diet, namely increase in fat
mass (Fig. 1C and D), glucose intolerance (Fig. 2A), and hypertriglyceridemia (Table 1),
while it did improve sensitivity to insulin (Fig. 2B). At the same time, other parameters that
were elevated by high-fat feeding were only partially or not affected at all by treatment with
GC-24, such as IL6, NEFA, and cholesterol levels (Table 1).

It is remarkable that in rats fed a high-fat diet, a substantial improvement in key metabolic
parameters, i.e. plasma TG, body fat, glucose tolerance, and insulin sensitivity, is achieved
with GC-24 treatment without affecting cardiac weight. One consideration is that GC-24
activates a number of well-known T3-responsive pathways, e.g. lipolysis, β-oxidation, which
combined would improve the overall metabolic status of these animals. For example, it has
been shown that T3 administration improves glucose tolerance in ob/ob mice via TRβ
activation (Bryzgalova et al. 2008), while it up regulates GLUT4 expression (Casla et al.
1990, Torrance et al. 1997). At the same time, a more comprehensive explanation could
simply be that GC-24 markedly accelerates the RMR by mimicking T3 actions (Fig. 4). An
accelerated RMR would balance the increased energy intake, limit fat accumulation, and
improve glucose homeostasis. This second hypothesis is supported by previous findings that
a major contribution of TRβ-mediating effects in through energy expenditure (Grover et al.
2004, 2005, Villicev et al. 2007).
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Given the predominance of TRβ in the liver (Schwartz et al. 1992) and the substantial
effects of TRβ-selective agonists as cholesterol-lowering agents, it is assumed that the bulk
of the effects of these molecules take place in the liver (Grover et al. 2004, Erion et al.
2007). However, our analysis of gene expression in liver, skeletal muscle, white fat and
BAT indicates that the latter was predominantly affected. In the BAT, there was a
significant increase in Cpt1, Sd, and Acc1 gene expression by GC-24, indicating the
activation of this tissue (Fig. 5). In turn, this would explain the increase in metabolic rate by
GC-24.

At the same time, a number of other metabolic parameters were not restored or affected by
GC-24, namely increased IL6 and NEFA plasma concentrations, fasting hyperglycemia as
well as hypercholesterolemia and liver cholesterol content. Persistently elevated IL6 and
NEFA indicate that despite improvements, these animals remain metabolically challenged
due to the elevated fat intake. Fasting hyperglycemia remains despite increased insulin
sensitivity most likely as a result of higher hepatic glucose production via stimulation of
PEPCk gene expression (Loose et al. 1985, Klieverik et al. 2008).

The suboptimal effects of GC-24 on cholesterol metabolism are particularly notable. Thus,
treatment with GC-24 only minimized, but not normalized, the increase in plasma
cholesterol levels resulting from the high-fat feeding, while liver cholesterol content
remained high (Table 1). Because TRβ-selective agonists were shown to be effective
cholesterol-lowering agents (Trost et al. 2000,Grover et al. 2003,2004,Johansson et al.
2005,Miyabara et al. 2005), one explanation is that GC-24/T3 signaling could be decreased
in the liver of high-fat fed animals (Crunkhorn & Patti 2008). This is supported by the
observation that in rats kept on chow diet, GC-24 did reduce plasma cholesterol (Fig. 3C).
However, the liver expression of Dio1, Sd, and Pgc1α was all increased by GC-24 in high-
fat fed animals, indicating that GC-24/T3 signaling seems to be preserved in these animals.
In addition, in such animals, both plasma cholesterol and liver cholesterol concentrations
were normalized by treatment with equimolar doses of T3 (Table 1). While it is not clear
what the mechanism interfering with GC-24 actions in liver is, reduced effectiveness of this
TRβ-selective agonist as a cholesterol-lowering agent when combined with a high-fat diet is
an important finding, which could have substantial impact on their planned therapeutic
utilization.

Most studies with TRβ-selective agonists so far involved either oral gavage or i.p.
administration. Because both routes involve a first passage through the liver, it has been
suggested that this anatomic aspect contributes to the liver selectivity of these compounds.
Our data, however, indicate that this is not the case given that animals kept on chow diet
while receiving s.c. injections of GC-24 had their plasma cholesterol levels lowered (−10×
%) and gained less BW (−~37%; Fig. 3).

In conclusion, the present studies show that administration of a highly TRβ-selective agonist
to rats during feeding with a high-fat diet prevented a number of metabolic alterations
typical of this condition such as increase in fat mass (Fig. 1C and D), glucose intolerance
(Fig. 2A), and hypertriglyceridemia (Table 1). The overall mechanism seems to be
acceleration in the RMR, which takes place in BAT. However, GC-24 treatment did not
restore hypercholesterolemia, increased hepatic cholesterol content, elevated NEFA and IL6
levels, indicating that these metabolic pathways are less sensitive to activation of TRβ
signaling during feeding with a high-fat diet. These findings should have important
repercussions to the potential usage of TRβ-selective agonists as cholesterol-lowering
agents.
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Figure 1.
Effects of GC-24 on body weight and composition. Rats were placed on a high-fat diet for 4
weeks and treated with of T3 10× (30 ng/g BW per day) or GC-24 in equimolar dosage. (A)
Food intake; *P<0·005 versus other groups; (B) total body weight gain; *P<0·001 versus
control; +P<0·001 versus high fat; (C) body fat content; *P<0·05 versus control; +P<0·001
versus high fat; (D) total body fat; *P<0·001 versus control, #P<0·001 versus high fat; (E)
sections of epididymal adipose tissue and liver stained by H–E; magnification is 200×; (F)
estimated individual adipocyte area; 40 cells for each group were analyzed. All entries are
mean ± S.E.M.
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Figure 2.
Effects of GC-24 on GTT and ITT. Rats were placed on a high-fat diet for 4 weeks and
treated with of T3 10× (30 ng/g BW per day) or GC-24 in equimolar dosage. (A) Glycemic
levels (mg/dl). After fasting overnight, animals were injected with 2 g/kg of glucose, and
plasma glucose levels were measured in 30 min intervals via tail bleeding; #P<0·01 versus
all other groups; *P<0·01 versus other groups. (B) Glycemic levels (in arbitrary units). After
fasting for 6 h, animals were injected with 0·5 U/kg of insulin and glucose blood levels were
measured in 15 min intervals via tail bleeding; *P<0·001 versus control and high
fat; #P<0·05 versus control and high fat; §P<0·001 versus high fat+T3. Entries are mean ±
S.E.M.; n=5.
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Figure 3.
Effects of GC-24 on body weight, cholesterol levels, and heart weight. Rats were placed on
a chow diet and treated with of T3 5× (15 ng/g BW per day) or GC-24 in equimolar dose via
i.p. or s.c. daily injections. (A) Total body weight. (B) Body weight gain; *P<0·01 versus
control. (C) Plasma cholesterol levels; *P<0·001 versus control and +P<0·05 versus control.
(D) Heart weight; *P<0·001 versus other groups. Entries are mean ± S.E.M.; n=6.
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Figure 4.
Effects of GC-24 on resting metabolic rate (RMR). Rats were placed on a high-fat diet for 4
weeks and treated with of T3 10× (30 ng/g BW per day) or GC-24 in equimolar dosage. (A)
Normalized RMR (ml/min per kg BW); *P<0·001 versus control; #P<0·01 versus high fat.
(B) Total RMR (ml/min per rat); *P<0·001 versus control; #P<0·01 versus figh fat. Entries
are mean ± S.E.M.; n=6.
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Figure 5.
GC-24 increases the expression of key metabolic genes and BAT histology. Gene expression
profile of animals placed on a high-fat diet for 4 weeks and treated with of T3 10× (30 ng/g
BW per day) or GC-24 in equimolar dosage, in liver (A), BAT (B), gastrocnemius (C), and
white adipocyte tissue (D). Sections of brown adipose tissue stained by H–E; magnification
is 200×. Tissue mRNA levels were measured using real-time qPCR technique, and data is
expressed relative to control group. Where *P<0·05 versus control; **P<0·005 versus high
fat; ***P<0·05 versus high fat treated with T3. Entries are mean ± S.E.M.; n=3.
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Table 1

Effects of tri-iodothyronine (T3) (10×) or equimolar doses of GC-24 in animals placed on a high-fat diet.
Values indicated as mean ± S.E.M.

Control HF HF+T3 HF+GC-24

Heart (mg/g) 3·8±0·1 3·6±0·2 4·7±0·16* 3·5±0·1

Fasting glucose (mg/dl) 65±7·8 86±5* 90±5* 97±7*

TG (mg/dl) 67±6 130±19* 80±15‡ 70±6·9‡

Cholesterol (mg/dl) 82±8 125±21* 65±5§ 99±7·5||

NEFA (mg/dl) 6±0·3 12±0·5† 14±0·3‡ 14±1·6‡

IL6 44·6±3·6 61±3·8*,¶ 47±3·1§ 59±2·7*

TNFα 8·1±1·1 10±0·5* 9±0·8‡ 10±0·9||

Liver cholesterol (mg/mg) 1·7±0·2 2·5±0·7* 1·7±0·05§ 2·8±0·5

T3 (ng/dl) 62·3±7·8 62·9±2·6 52·4±1 66·8±11·9

T4 (μg/dl) 3·8±0·4 4·8±1·9 <1 3·1±0·7

*
P<0·01 versus control;

†
P<0·001 versus control;

‡
P<0·05 versus high fat (HF);

§
P<0·01 versus high fat;

||
P<0·05 versus control. High fat +T3 (HF+T3); high fat +GC-24 (HF+GC-24);

¶
P<0·05.
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Table 2

Effects of tri-iodothyronine (T3) (10×) or equimolar doses of GC-24 in animals placed on a high-fat diet.
Values indicated as mean ± S.E.M.

Control HF HF+T3 HF+GC-24

Total water (ml/kg BW) 274±13 260±23 236±7* 274±19

Lean body mass (%) 85±2·2 79±9 91±3·7 88±2·4

*
P<0·05 versus HF and P<0·05 versus HG+GC-24.

J Endocrinol. Author manuscript; available in PMC 2011 July 11.


