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Abstract

The current study examined the relationship between skeletal muscle levels of adiponectin and parameters of insulin sensitivity. A
high fat/sucrose diet (HFD) for 20 weeks resulted in significant increases in body weight, serum insulin, triglycerides (TG), and free fatty
acids (FFA) (all p < 0.01). Interestingly, this diet leads to a slight increase in serum adiponectin, but significant decreases in gastrocne-
mius muscle and white adipose adiponectin (all p < 0.05). HFD for 4 weeks also resulted in a significant decrease in muscle adiponectin,
which correlated with serum insulin, TG, and FFA (all p < 0.05). Treatment of the 4-week HFD rats with a PPARc agonist GI262570
ameliorated the diet-induced hyperinsulinemia and dyslipidemia, and effectively restored muscle adiponectin (all p < 0.05). This study
demonstrated that HFD-induced hyperinsulinemia and dyslipidemia appeared without changes in serum adiponectin, but were associ-
ated with decreased tissue adiponectin. This provides the first evidence for a connection between tissue adiponectin and diet-induced
hyperinsulinemia and dyslipidemia.
� 2006 Elsevier Inc. All rights reserved.
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The adipokine, adiponectin, has been shown to have
insulin-sensitizing, anti-atherogenic, and anti-inflammato-
ry properties [1]. Studies by Maeda et al. [2] showed that
adiponectin knockout mice developed hyperglycemia and
hyperinsulinemia while on high fat diet, which was reversed
by adenoviral-adiponectin expression. Administration of
adiponectin caused glucose-lowering effects and ameliorat-
ed insulin resistance in mice [3,4]. The insulin-sensitizing
effect of adiponectin was reported to be mediated by an
increase in fatty acid oxidation through activation of
AMP-activated protein kinase (AMPK) [5,6], a decreased
hepatic glucose production during a pancreatic euglycemic
clamp [7], and an increased post-absorptive insulin-medi-
ated suppression of hepatic glucose output [1].
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It has been well documented that plasma adiponectin is
lower in obese subjects than in lean human subjects, lower
in diabetic patients than in non-diabetic patients [1,8–10],
and is negatively correlated with body weight, visceral fat
mass, and insulin level [8,9]. A study by Tschritter et al.
[11] in non-diabetic individuals analyzed the associations
between plasma adiponectin and insulin sensitivity and
serum lipid parameters, and concluded that plasma adipo-
nectin predicts insulin sensitivity of both glucose and lipid
metabolism. Several studies have shown that in humans
low adiponectin levels predict future insulin resistance
[12], hyperglycemia [13], and diabetes [14–16].

Although adiponectin levels clearly correlate with body
mass index (BMI) in every study, the predictive value of
adiponectin with regard to future obesity [17] and the rela-
tionship of adiponectin with changes in body weight are
not so clear. Weight loss due to bariatric surgery [18],
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caloric restriction [19], or a long-term weight management
program in women [20] does result in increased circulating
levels of adiponectin. The situation with regard to weight
gain is less clear. A study in mice on a high fat (36% lard)
diet found no change in serum adiponectin levels [21]. In
several diet-induced obesity studies in mice, adiponectin
mRNA expression in WAT was unchanged in one [22],
while in three others it was reduced [23–25].

Our own recently reported studies [26] in male SD rats
showed that high fat/sucrose diet for 2–4 weeks led to
hyperinsulinemia and dyslipidemia, but a slightly higher
level of serum adiponectin. Hotta et al. [27] have reported
that adiponectin decreased in parallel with the progression
of type 2 diabetes (T2D) in rhesus monkeys with a strong
correlation between plasma adiponectin and systemic insu-
lin sensitivity. Insulin-sensitizing PPARc agonists have a
marked effect of up-regulating serum adiponectin. Combs
et al. [28] reported that PPARc agonist rosiglitazone in-
creased plasma adiponectin in db/db mice. Yang et al.
[29] reported rosiglitazone-increased plasma levels of
adiponectin in T2D patients.

Skeletal muscle is the most important organ for energy
expenditure and is one of the major sites for insulin action
[30]. T2D is characterized by the resistance of peripheral
tissues, including skeletal muscle, liver, and adipose, to
the action of insulin [31]. AMPK is an enzyme that has
been shown to increase muscle fatty acid oxidation and
insulin sensitivity [32]. Tomas et al. [6] reported that, in
both in vivo and in vitro models, globular adiponectin
led to increases in AMPK activity and phosphorylation
of both AMPK and acetyl CoA carboxylase (ACC), and
in 2-deoxyglucose uptake in skeletal muscles. Yamauchi
et al. [5] showed that globular and full-length adiponectin
stimulated phosphorylation and activation of AMPK in
skeletal muscle and stimulated phosphorylation of ACC,
fatty acid oxidation, glucose uptake, and lactate produc-
tion in myocytes. In cultured myocytes, TNF-a decreased
fatty acid transport protein 1 mRNA expression, insulin-
receptor substrate 1 (IRS-1)-associated phosphatidylinosi-
tol 3 kinase (PI3) activity, and glucose uptake, whereas
adiponectin increased these parameters [2]. For these rea-
sons, skeletal muscle is one of the most important sites of
action for adiponectin as well as insulin, and alterations
of tissue adiponectin level in skeletal muscle could be
important to the early stage of insulin resistance.

The present studies were designed to examine the effect
of longer-term high fat diet on adiponectin levels in rats
and to explore the involvement of skeletal muscle tissue
adiponectin level in the sub-acute high fat/sucrose diet-in-
duced hyperinsulinemia and dyslipidemia in male SD rats,
and the effect of PPARc agonists.
Methods

Experimental animal and protocols. All procedures performed were in
compliance with the Animal Welfare Act and U.S. Department of Agri-
culture regulations, and were approved by the GlaxoSmithKline Animal
Care and Use Committee. Male cesarian-derived Sprague–Dawley rats
(SD, 225–250 g) (Charles River, Indianapolis, IN) were fed a rodent reg-
ular chow Purina 5001 (Harlan Teklad, Indianapolis, IN). All studies were
conducted after 1-week adaptation period. For the first set long-term diet
study, SD rats were fed a high fat/sucrose diet (TD88137, Harlan Teklad,
Indianapolis, IN, containing 34.146% sucrose, 42% of calories from fat) or
chow Purina 5001 (served as normal diet control) for 20 weeks (n = 9/
group). For the second set short-term diet study, SD rats were fed the high
fat/sucrose or a regular chow diet for 4 weeks. SD rats on the 4-week high
fat/sucrose diet were treated with vehicle (0.5% hydroxypropyl methyl-
cellulose and 0.1% Tween 80), PPARc agonist GI262570 [33,34] (0.2, 2, 20,
or 100 mg/kg, QD), for the last 2 weeks. Tail vein bleeding was performed
in all rats between 9 and 11 am at day 0, day 2, week 2, 4, 8, 14, and 20,
under isoflurane (Abbott Laboratories, IL). Body weight was also
recorded. Serum was obtained for determining glucose, insulin, triglycer-
ides (TG), free fatty acids (FFA), leptin, and adiponectin. White adipose
tissue (WAT, epididymal fat pad), liver, and gastrocnemius muscle were
collected from rats (under isoflurane) in the first set 20-week diet study and
stored in �80 �C for determining adiponectin content. In the second set 4-
week diet study, whole body fat mass was determined at day 0 and week 4
by DexScan; hind limb muscle was saved for determining adiponectin level
and location; and WAT was saved for determining mRNA levels of
PPARc response gene FABP3. At the end of the study, all rats were
euthanized with CO2.

Determination of body fat mass by DexScan. Whole body fat mass of
rats in normal diet controls and high fat/sucrose diet alone group was
determined by using Hologic QDR-4500A (Hologic, MA). Briefly,
Hologic QDR-4500A was calibrated with Small Animal Step Phantomn
prior to body composition measurement. Rats were anesthetized with
isoflurane, and placed on the densitometer table in the prone position with
their spines parallel to the long axis of the table, and tails bent around
their bodies. The laser beam scan was positioned approximately 1 inch
posterior to tail insertion. Rats were scanned with Small Animal Rat
Whole Body software (Hologic, MA). Visible analysis was then done with
the global region of interest including the entire animal.

Determination of postprandial serum chemicals and leptin. Serum glu-
cose, TG, and FFA were measured using Ilab600 Clinical Chemistry
System (Instrumentation Laboratory). Leptin was determined by using
TiterZyme EIA for rat leptin (Assay Designs, Ann Arbor, MI), according
to the manufacturer’s instruction.

Determination of serum and tissue adiponectin. Serum adiponectin of
rats in short-term set was determined by using adiponectin RIA kit (Linco
Research, MO), according to the manufacturer’s instruction. Adiponectin
in other serum and tissue samples was determined by using adiponectin
ELISA kit (B-Bridge International, CA), according to the manufacturer’s
instruction. Hind limb muscle, liver, and WAT samples were homogenized
in sample diluent of the ELISA kit (added with 5 lM leupeptin, 1 mM
PMSF, and 0.05% protease inhibitor cocktail from Sigma) at 100 mg/ml.
The homogenates were centrifuged at 9000 rpm, for 10 min at 4 �C.
Supernatants were collected and analyzed for adiponectin.

Determination of insulin level. Serum insulin level was determined using
Rat Insulin ELISA kit (Crystal Chem, IL), according to the manufac-
turer’s instruction.

Localization of adiponectin in hind limb muscle tissues by immunohis-

tochemical (IHC) stain. The muscle (gastrocnemius) samples were fixed in
10% buffered formalin for 24 h, transferred into 70% alcohol for several
days, and then embedded in paraffin. Four-micron sections were prepared.
All IHC assays were run on a Ventana Discovery System (Ventana
Medical Systems) until counterstaining. Normal goat serum was used as
the background blocker. Primary antibody rabbit anti-mouse adiponectin
was applied onto the sections for 6 h. Pre-immune serum was used at the
same concentration as primary antibodies for negative controls.
Biotinylated goat anti-rabbit IgG was used as the second antibody. The
sections were then visualized by DAB staining (DAB Map Kit from
Ventana) and then counterstained with hematoxylin/bluing. Pre-incuba-
tion of the primary antibody with adiponectin-relevant peptide at 1:1 for
2 h completely blocked the IHC signal, indicating the specific reactivity
with the primary antibody.
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Determination of FABP3 mRNA level in white adipose tissue by real-

time PCR. Total RNA in epididymal fat pad was isolated by the TRIZOL
method [35]. All RNA samples were DNased using the DNA-free kit
(Ambion—according to protocol). The samples were then converted to
cDNA using the High Capacity cDNA Archive Kit (Applied Biosys-
tems—according to protocol). Samples were diluted to a final concentra-
tion of 5 ng/ll cDNA. PCR results were generated using the 5 0 nuclease
assay (TaqMan) [36] and the ABI 7900 Sequence Detection System
(Applied Biosystems, Foster City, CA). Primers and probe for FABP3 are:
forward-GTCGTGACACTGGACGGAGG; reverse-TTCCCATCACTT
AGTTCCCGTG; probe-CAGAAGTGGGACGGGCAGGAGACTA
CG. The primers and probe for internal control gene cyclophilin are:
forward-TATCTGCACTGCCAAGACTGA; reverse-CCACAATGCTC
ATGCCTTCTTTCA; probe-CCAAAGACCACATGCTTGCCATCCA.

Statistical analysis. There were 7–9 rats for each data point. Data are
presented as means ± SEM. Correlation between two parameters and the
significant level of correlation were analyzed by Pearson correlation
analysis. Differences between vehicle and treated groups were analyzed by
two-way ANOVA. P value less than 0.05 was taken to be significant.

Results

Long-term diet study

Rats on the high fat/sucrose diet had significantly higher
body weight, serum postprandial insulin, TG, FFA, and
leptin than those on normal diet (Table 1 and Fig. 1).
Changes in triglycerides, free fatty acids appeared after 2
Table 1
High fat/sucrose diet in rats for 20 weeks resulted in higher level of postprand
level of adiponectin (n = 8–10/data point, except n = 3 at day 2)

Time Insulin (ng/ml) TG (mg/dL) FFA (m

Control Diet Control Diet Control

Day 0 1.1 ± 0.2 1.1 ± 0.2 70 ± 10 82 ± 12 0.17 ± 0
Day 2 0.9 ± 0.1 1.1 ± 0.2 108 ± 26 338 ± 62* 0.19 ± 0
Week 2 0.9 ± 0.1 1.8 ± 0.2** 105 ± 10 569 ± 66** 0.29 ± 0
Week 4 1.1 ± 0.1 2.5 ± 0.3** 107 ± 12 399 ± 59** 0.34 ± 0
Week 8 1.6 ± 0.1 3.1 ± 0.2** 121 ± 13 428 ± 52** 0.34 ± 0
Week 14 1.7 ± 0.3 4.2 ± 0.6** 123 ± 12 260 ± 36** 0.29 ± 0
Week 20 2.6 ± 0.3 3.5 ± 0.4** 120 ± 15 254 ± 19** 0.29 ± 0

* p < 0.5 vs control.
** p < 0.01 vs control.
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Fig. 1. Compared with rats in normal diet, high fat/sucrose diet in SD rats led
statistical significance after 2–4 weeks of diet and were sustained during the d
days of diet. The other differences appeared 2–4 weeks after
starting the diet. All these differences remained for the
whole diet period. There was not any difference in serum
glucose between rats on normal diet and high fat/sucrose
diet (Table 1). During first 2 months, serum adiponectin
was similar in both normal diet group and high fat/sucrose
group. Interestingly, serum adiponectin seemed to be slight-
ly higher in the high fat/sucrose group than in the normal
diet group, the difference reaching statistical significance
at week 14 (Table 1). However, at the end of 20-week diet
period, tissue adiponectin content in WAT and gastrocne-
mius was significantly lower in rats on the high fat/sucrose
diet than rats on the normal diet; tissue adiponectin content
in liver was similar in both groups of rats (Fig. 2).

Short-term diet study

Similar to the long-term diet study, rats fed the high fat/
sucrose diet for 4 weeks also showed significantly higher
postprandial serum levels of insulin, TG, and FFA, with-
out changes in postprandial serum levels of glucose and
adiponectin (Table 2). Rats on normal diet for 4 weeks
showed only a slight increase in whole body fat mass
(6.67 ± 0.37% vs. 8.00 ± 0.59% of body weight, p = NS).
Rats on the 4-week high fat/sucrose diet had a marked
ial serum insulin, TG, FFA without change in glucose, and slightly higher

Eq/L) Glucose (mg/dL) Adiponectin (lg/ml)

Diet Control Diet Control Diet

.02 0.22 ± 0.04 178 ± 4 173 ± 3 5.0 ± 0.6 4.4 ± 0.5

.03 0.35 ± 0.01* 161 ± 1 164 ± 4 3.7 ± 0.6 4.4 ± 0.7

.03 0.50 ± 0.03** 167 ± 4 163 ± 3 5.2 ± 0.4 5.6 ± 0.6

.04 0.46 ± 0.04** 171 ± 4 173 ± 3 5.8 ± 0.4 6.6 ± 0.9

.02 0.46 ± 0.02** 170 ± 4 172 ± 4 5.6 ± 0.7 7.5 ± 0.6

.03 0.45 ± 0.04** 167 ± 5 179 ± 6 3.7 ± 0.3 4.9 ± 0.4*

.03 0.65 ± 0.02** 188 ± 8 182 ± 6 4.8 ± 0.4 5.4 ± 0.3*
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Fig. 2. Adiponectin content in skeletal muscle (gastrocnemius), WAT,
and liver after 20 weeks of high fat/sucrose diet. Compared with rats on
normal control diet, rats on high fat/sucrose diet had markedly lower
adiponectin content in gastrocnemius and WAT. Liver adiponectin
content of rats on normal diet or high fat/sucrose diet was similar (n = 9).
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increase in whole body fat mass (5.84 ± 0.47% vs.
17.30 ± 1.30% of body weight, p < 0.01). Thus, the whole
body fat mass in the high fat/sucrose diet group, after 4
weeks of diet, is �2.2 times of that in normal diet group
(p < 0.01). Interestingly, hind limb muscle tissue adiponec-
tin content was significantly lower in rats on the high fat/
sucrose diet than rats on the normal diet (Fig. 3). The hind
limb muscle adiponectin was negatively correlated with
postprandial serum insulin, TG, and FFA (r: �0.4273,
�0.5673, and �0.6434, respectively; all p < 0.05, Fig. 4).
Treatment of rats on HFD diet with GI262570 (0.2, 2,
20, or 100 mg/kg/day) for the later 2 weeks effectively
restored hind limb adiponectin with maximal effect at
20 mg/kg/day (Fig. 3). GI262570 treatment also dose-de-
pendently increased serum adiponectin and FABP3 mRNA
levels in WAT, which confirmed in vivo PPARc activation
and did not reach maximal effect even at 100 mg/kg/day
(Fig. 3). GI262570 also diminished the high fat/sucrose
diet-elevated postprandial serum insulin, TG, and FFA
(Table 2). Up to the maximal efficacious dose on hind limb
muscle adiponectin (20 mg/kg/day), muscle tissue adipo-
nectin in the GI262570-treated rats was also negatively cor-
Table 2
Effect of 4-week high fat/sucrose diet and GI262570 on postprandial serum in

Group Insulin (ng/ml) TG (m

Normal diet 1.23 ± 0.22 122 ±
High fat/sucrose diet
Vehicle 2.39 ± 0.35** 388 ±
GI262570 (mg/kg/day)

0.2 1.82 ± 0.17 418 ±
2.0 1.48 ± 0.07+ 257 ±
20 1.41 ± 0.19+ 124 ±
100 1.41 ± 0.19++ 101 ±

** p < 0.01 vs control.
+ p < 0.05 vs vehicle.

++ p < 0.01 vs vehicle.
related with insulin, TG, and FFA (r: �0.5738, �0.4891,
and �0.3453, respectively; all p < 0.05, Fig. 5).

Immunohistochemical staining of gastrocnemius with
anti-adiponectin antibody revealed that adiponectin was
localized in vascular endothelium and white adipocytes
between the epimysiums of the skeletal muscle, and on
the perimysium and epimysium of the muscle. The muscle
cells showed no stain. There was no staining difference
for adiponectin among normal diet, high fat/sucrose diet,
and diet plus GI262570 groups. There was an increase in
adipocyte content of muscle in rats on high fat/sucrose diet
(Fig. 6).

Discussion

The adipocyte-secreted plasma protein adiponectin has
gathered broad interest and attention in the area of obesity
and diabetes in recent years. Experimental studies indicated
its potential insulin-sensitizing and anti-atherogenic prop-
erties [1]. It has been well documented that obese and
T2D patients have lower levels of plasma adiponectin
[1,8–10]. Hypoadiponectinemia has been suggested to be
involved in the development of insulin resistance and
hyperinsulinemia [10,27,37,38]. However, all these data
are from humans, long-term chronic animal studies, and
genetically obese rodents, representing cumulative changes
over long time periods. There is evidence that weight loss
can lead to increases in circulating adiponectin [18–20],
but the inverse study of weight gain in humans would be
ethically challenging. Such studies in rodents have shown
that long-term weight gain does not lead to decreased
serum adiponectin levels. A study by Naderali et al. [39]
showed that 2 days feeding on a fat/glucose-enriched diet
resulted in higher serum lipid and lower plasma adiponec-
tin, and that 16 weeks on the diet increased body weight
and fat pad mass, but did not decrease serum adiponectin.
This is consistent with other studies in rodents, including
our own earlier report [21,26]. There is one study in rhesus
monkeys reporting that adiponectin levels did decrease
during weight gain-induced progression to type 2 diabetes
with a strong correlation between adiponectin levels and
insulin sensitivity [27]. The present studies observed the
sulin, TG, FFA, and glucose (n = 8/group)

g/dL) FFA (mEq/L) Glucose (mg/dL)

9 0.24 ± 0.02 177 ± 3

44** 0.67 ± 0.06** 167 ± 4

47 0.53 ± 0.05 195 ± 8
26+ 0.31 ± 0.03++ 162 ± 6
17++ 0.37 ± 0.04++ 160 ± 6
15++ 0.37 ± 0.04++ 152 ± 3
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Fig. 3. Effects of high fat/sucrose diet and PPARc agonist GI262570 on adiponectin levels of serum (up-right) and hind limb muscle (up-left), and FABP3
mRNA level in white adipose tissue (n = 5–8). High fat/sucrose diet for 4 weeks had no effect on serum adiponectin level, but significantly decreased hind
limb muscle tissue adiponectin content. Treatment with GI262570 for the later 2 weeks elevated serum adiponectin in a dose-dependent manner and
restored hind limb muscle tissue adiponectin content. The different dose–response curves for serum adiponectin and muscle adiponectin indicate that the
muscle adiponectin is not from the contamination of serum adiponectin. GI262570 up-regulated FABP3 mRNA in WAT, indicating in vivo PPARc
activation.
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changes during 20 weeks of high fat/sucrose diet, and
found that serum adiponectin was slightly higher (instead
of lower) in rats on diet, and that hyperinsulinemia and
insulin resistance appeared before any significant changes
in serum adiponectin, consistent with the previous reports
in rodents. These findings indicate that change in circulat-
ing adiponectin is not involved in the development of insu-
lin resistance and hyperinsulinemia in rodents, calling into
question the direct involvement of adiponectin in insulin
sensitization. One way to restore this direct connection
between adiponectin and insulin sensitivity and to reconcile
the rodent and monkey results would be if the tissue levels
of adiponectin were not always directly related to the circu-
lating levels.

Adiponectin is specifically secreted from adipocytes.
Adipose mass would affect adiponectin circulating level.
The present studies showed that WAT adiponectin content
in long-term high fat/sucrose diet group was only �46% of
that in control diet group, while our short-term diet study
also showed that fat mass in the high fat/sucrose diet group
was �2.2 times of that in control diet group [26]. It is pos-
sible that the diet-increased fat mass balances the reduced
adiponectin secretion from adipocytes, with the result that
the circulating level of adiponectin in the present study did
not go down after 20 weeks on a high fat/sucrose diet.

Yamauchi et al. [40] cloned adiponectin receptors 1 and
2 (AdipoR1 and AdipoR2). These authors reported that
AdipoR1 is abundantly expressed in skeletal muscle,
whereas AdipoR2 is predominantly expressed in liver. This
study concluded that AdipoR1/R2 served as receptors for
globular and full-length adiponectin, and that the receptors
mediated the increased AMP kinase and PPARa ligand
activities, as well as fatty acid oxidation and glucose uptake
by adiponectin [42]. Skeletal muscle is an important site for
insulin action [30], including fatty acid oxidation and glu-
cose uptake [32]. High fat diet and/or obesity result in
decreased insulin sensitivity and lead to insulin resistance-
hyperinsulimemia-T2D. Adiponectin increases insulin sen-
sitivity and ameliorates insulin resistance via activation of
AdipoR1 in skeletal muscle [40]. Therefore, alterations of
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Fig. 4. Correlation for hind limb muscle adiponectin vs postprandial serum insulin, triglycerides, and free fatty acids in rats on both normal diet and high
fat/sucrose diet. Hind limb muscle adiponectin content is negatively correlated with all postprandial serum insulin, triglycerides, and free fatty acids.
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adiponectin level in skeletal muscle would be more critical
in development of insulin resistance than that of serum
level of adiponectin. The present study showed that rat
serum adiponectin was first unchanged, then slightly
increased over 20 weeks of high fat/sucrose diet, but adipo-
nectin level in skeletal muscle tissues was markedly
decreased after 4 weeks of high fat/sucrose diet. Interest-
ingly, the present study also discovered that PPARc ago-
nist GI262570 resulted in increases in serum adiponectin
and skeletal muscle tissue adiponectin in different dose–re-
sponse styles. The dose-dependent increase in serum adipo-
nectin did not reach a maximum at a dose of 100 mg/kg/
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day, whereas the dose-dependent preservation in skeletal
muscle tissue adiponectin reached maximal effect at
20 mg/kg/day (�10 times of clinical efficacious dose) [33].
These findings indicate that the level of adiponectin mea-
sured in the muscle is simply not due to contaminating
blood and that the tissue levels of adiponectin are relevant
to the development of insulin resistance.

Adiponectin circulates as a homotrimer, hexamer, and
even larger multimers, known as the high molecular
weight (HMW) form. Various studies have suggested
that the different forms of adiponectin have different
activities [10,41] and even that the HMW form may be
most relevant to its biological activities [42–44]. In the
present study, within the limits of non-denaturing gel
electrophoresis, the high fat/sucrose diet did not change
the distribution of adiponectin multimers in either serum
or tissue samples (data not shown).

In summary, the present study demonstrated that the
decrease in skeletal muscle tissue adiponectin content
and increases in serum insulin and lipids happened with-
out any significant change in serum adiponectin;
GI262570 preserved skeletal muscle adiponectin,
increased serum adiponectin, and normalized serum insu-
lin and lipids. The present study provides the first evi-
dence for a connection between skeletal muscle tissue
adiponectin content and diet-induced insulin resistance
and dyslipidemia.
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