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Jun Hyun Jeong, Hee Geun Park, Young Ran Lee and Wang Lok Lee. Moderate exercise training is more effective than resveratrol 
supplementation for ameliorating lipid metabolic complication in skeletal muscle of high fat diet-induced obese mice. JENB., Vol. 
19, No. 2, pp.131-137, 2015 [Purpose] The aim of this study was to compare the effectiveness of moderate exercise training 
or resveratrol supplementation with a low fat diet on lipid metabolism in the skeletal muscle of high fat diet-induced obese mice. 
[Methods] C57BL/6J mice (5 weeks old, n = 30) were fed a high fat diet (45% fat) for 8 weeks first to make them obese. Afterward, 
all the mice were fed a low fat diet during 8 weeks of intervention with moderate exercise training and resveratrol supplementation. 
Before the intervention, the mice were separated into 3 groups: low-fat diet control (HLC; n = 10), low fat diet with resveratrol 
(HLR; n = 10) or low fat diet with exercise (HLE n = 10). The exercise group (HLE) performed treadmill running for 30-60 min/day 
at 10-22 m/min, 0% grade, 5 times/week for 8 weeks, while the resveratrol group (HLR) received a daily dose of resveratrol (10 
mg/kg of body weight), 5 days/week for 8 weeks. [Results] Body weight was significantly reduced in HLE. Further, the lipogenesis 
marker SREBP and the inflammatory cytokine TNF-α were significant reduced in HLE. However, there was no significant effect 
from resveratrol supplementation with a low fat diet. Taken together, exercise training with a low fat diet has the positive effect 
of ameliorating lipid disturbance in the skeletal muscle of high fat diet-induced obese mice. [Conclusion] These findings suggest 
that exercise training with a low fat diet is most effective to improve lipid metabolism by reducing lipogenesis and inflammation 
in the skeletal muscle of high fat diet-induced obese mice. [Key words] High fat diet, Obese, Exercise, Resveratrol, Lipolysis, 
Lipogenesis, Inflammation

INTRODUCTION*

Recently, the polyphenol resveratrol (3,5,4-trihydroxystil-
bene) was spotlighted as a health functional food throughout 
the world. Resveratrol is known to increase the expression 
of enzymes related to nitric oxide synthesis, reduce blood 
pressure and protect heart function by inhibiting platelet 
aggregation [1-3]. Further, previous studies reported that 
resveratrol delayed or protected against neuro degenerative 
disease and stroke induced brain damage [4,5]. Other studies 
showed that resveratrol prevents aging and increases the life 
span by activating sirtuin, which regulates gene transcription, 
DNA repair, cell signaling and apoptosis as its key role in 
promoting longevity [6,7].

Ungvari et al. [8] reported that resveratrol improves endurance 

capacity by increasing mitochondria number, reducing reactive 
oxygen species (ROS) and ameliorating lipid metabolism. 
This result was supported by the finding that resveratrol- 
mediated activation of AMPK increased intercellular NAD+ 
level [9,10] and decreased PGC-1α (peroxisome proliferator 
activated receptor-γ coactivator-1α) acetylation through deacet-
ylation of SIRT-1 (silent mating type information regulation 
2 homolog) [11,12]. In addition, resveratrol contributes to 
changing the type of muscle twitch fiber and PGC-1α 

activation by improving the function of mitochondria biogenesis 
[13]. Surprisingly, the maximal oxygen consumption was 
significantly increased and average running distance was 
about 2 times as long in the resveratrol supplementation group 
compared to the control group [13]. 

In obese research, it was reported that resveratrol supple-
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Product (#)
High fat Diet (D12451) Low fat diet (D12450)

g% kcal% g% kcal%
Protein 24 20 19.2 20
Carbohydrate 41 35 67.3 70
Fat 24 45 4.3 10
Total 100 100
kcal/gm 4.73 3.85

Table 1. Formu las of rodent feed

mentation reduced lipid volume, body weight and glucose 
tolerance, and improved insulin sensitivity by increasing 
metabolic rate [14]. In human studies, it was shown that 
resveratrol supplementation (150 mg/kg) in obese individuals 
significantly increased citrate synthase activity but not in the 
control group. However, there was no significant difference 
in mitochondria biogenesis and aerobics capacity [14]. 

Excessive nutrient-induced accumulated fat is known to 
result in chronic low inflammation, especially the inflammatory 
cytokines TNF-α (tumor necrosis factor-α) and interleukin-6 
(IL-6), which are higher in obese individuals than in normal 
weight individuals [15,16]. Also, it has been reported that 
these inflammatory cytokines inhibit lipid oxidation in skeletal 
muscle, but increase lipid synthesis. Borst et al. reported that 
adipose tissue-induced TNF-α increased the enzyme activity 
related to lipid synthesis such as SREBP-1c (sterol regulatory 
element binding protein-c), ACC (acetyl-CoA carboxylase) 
and FAS (fatty acid synthase) [17].

It is well known that moderate endurance exercise training 
reduces body weight and glucose tolerance while improving 
insulin sensitivity, maximal oxygen consumption and mito-
chondrial biogenesis [18-20]. These positive results from 
exercise training were similar with the results of previous studies 
on resveratrol supplementation [8-13]. Thus, resveratrol was 
believed to have efficacy as an exercise mimicker [18,21,22]. 

On the other hand, previous studies on diet intervention 
for obese-induced metabolic complications reported that low 
fat and nutrient balanced diets improved pro-inflammatory 
milieu through the reduction of CRP, IL-6, IL-18, TNF-α, insulin 
sensitivity, endothelial function, metabolic syndrome, Type 
2 DM and morbidity of CHD (coronary heart disease) [23,24].

Similarly, Calder et al. showed that a low fat diet was a 
key factor for positive changes in weight loss, lipid meta-
bolism and inflammatory cytokine response [25]. Further, it 
was suggested that exercise intervention was more effective 
than low fat diet treatment for reducing hepatic steatosis, but 
both exercise and a low fat diet were effective in improving 
the anti-inflammatory response and metabolic outcomes [26,27].

Nonetheless, there are few studies comparing the effects 
of exercise training and resveratrol supplementation. In 
addition, there is little research to our knowledge, comparing 
the effects of exercise training and resveratrol supplemen-
tation using a low fat diet as a base in high fat diet-induced 
obese mice. The effect of a low fat diet has been well 
documented and a low fat diet can be easily applied as a 
treatment for obese-induced metabolic complications. Also, 
in previous rodent studies, there were positive effects 
observed with resveratrol dosage (25-30 mg/kg/day or 400 
mg/kg/day). These doses for mice would be equivalent to 

2,100 or 28,000 mg/kg/day for humans (70 kg). Thus, these 
doses are unlikely to be obtained from natural or functional 
foods [9,13]. 

We hypothesized that if a low fat diet were combined with 
either exercise training or resveratrol supplementation, the 
efficacy of resveratrol as an exercise mimicker would be 
clearly identified. Consequently, we investigated the effect of 
either moderate exercise training or resveratrol supplemen-
tation with a low fat diet on lipid metabolism in the skeletal 
muscle of high fat diet-induced obese mice.

METHODS

Animals care and diet

Male C57BL/6 mice (5-weeks-old) were purchased from 
Raonbio (Seoul, Korea) and housed in standard cages placed 
in a room at 22 ± 2.0℃, 55 ± 10% relative humidity, and a 
12 hour-light/12 hour-dark cycle. All mice consumed a 
commercial diet and tap water ad libitum for 1 week. Mice 
were randomly assigned to three groups: (1) HFD for 8 weeks 
and low-fat diet for 8 weeks as the control (HLC; n = 10); 
(2) HFD for 8 weeks and low-fat diet for 8 weeks with 
resveratrol (HLR; n = 10); (3) HFD for 8 weeks and low-fat 
diet for 8 weeks with exercise (HLE; n = 10). The mice were 
weighed every week during the experimental period. 
Commercially available dried resveratrol (Sigma Aldrich, St 
Louis, MO) was used, dissolved in dimethyl sulfoxide. The 
control (HLC) and exercise (HLE) groups were orally 
administered with 100 μl of dimethyl sulfoxide as a vehicle. 
The resveratrol group was orally gavaged with resveratrol (10 
mg/kg body weight) dissolved in dimethyl sulfoxide. This 
dose is similar to the amount that humans consume from 
natural or functional foods. Each treatment was administered 
once per day, 5days/week for 8 weeks [27,28].

Exercise protocol

Exercise training was performed on a motor treadmill at 
moderate intensity for 8 weeks, 5 days/week for 30-60 
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Gene
Sequences

Forward primer Reverse Primer
TNF-α CAAGGGACAAGGCTGCCCCG TAGACCTGCCCGGACTCCGC
IL-6 TAGTCCTTCCTACCCCAATTTCC TTGGTCCTTAGCCACTCCTTC
MCP-1 AGGTCCCTGTCATGCTTCTG TCTGGACCCATTCCTTCTTG
CPT-1 CTCCGCCTGAGCCATGAAG CACCAGTGATGATGCCATTCT
ACOX CGGCGCCGTCGAGAAATCGAG ATGCCCTCGGTGCACAGAGTTT
SREBP ATGCTCCAGCTCATCAACAACC CGGTGAGGGCTGTGGCGCTG
ACC ATGAGATCCAGCATGTCTGGCT TGGAACATAGTGGTCTGCCATC
FAS CCTGGATAGCATTCCGAACCT AGCACATCTCGAAGGCTACACA
β-Actin TCACCCACACTGTGCCCATCTACGA CAGCGGAACCGCTCATTGCCAATGG

Table 2. List of primers for real-time RT-PCR.

Fig. 1. Effects of exercise training and resveratrol supplementation on body 
weight in high fat diet induced obese mice. Values represent means ± SD. 
* P < .05 versus HLC, # P < .05 versus HLR.

min/day during the dark cycle. 1 week of adaptation was 
employed for treadmill running (with the speed of 8 m/min). 
Warm-up for all exercises was conducted for 5~10 minutes 
at the speed of 8-10 m/min and the main exercise was 
performed at the speed of 10-22 m/min for 30~60 minutes, 
following the principle of cumulative overload.

This exercise intensity corresponds to 65-70% of maximal 
oxygen uptake [29]. To control for any stress associated with 
the training protocol, animals in the control and resveratrol 
groups were exposed to the same noise and handling as the 
exercise groups.

Tissue preparation

The animals were sacrificed 24 hours after the 8th week 
of exercise training. Skeletal muscle (gastrocnemius muscle) 
tissue was stored at -70℃ until analysis. This study used the 
gastrocnemius muscle because it was determined that aerobic 
exercise for 8 weeks can affect the muscles. 

RNA extraction and quantitative RT-PCR

Total RNA was isolated from the skeletal muscle tissue of 
each mouse using Trizol (Invitrogen, Carlsbad, CA, USA). 
Quantitative real-time RT-PCR was conducted using the 
Biorad CFX96(Biorad, USA) PCR system. The mRNA levels 
were normalized to the β-actin mRNA levels.

Statistical methods

The data was analyzed using SPSS ver. 20.0 (SPSS, Inc., 
Chicago, IL, USA) to obtain means ± standard deviations. To 
investigate the effects of moderate exercise and resveratrol 
intake on body weight, inflammation, and lipid metabolism 
in skeletal muscle, all the groups were compared by a one-way 
ANOVA. The differences were considered statistically signifi-
cant at α = 0.05.

RESULTS

Changes of body weight

Fig. 1 shows body weight in the low fat diet, resveratrol 
supplementation and moderate exercise training groups 
following consumption of a low fat diet for 8 weeks after 
8 weeks of a high fat diet was used to induce obesity in 
mice. The body weight of HLE was significantly reduced 
compared to HLC and HLR (p < 0.05, Fig. 1).

Inflammatory marker mRNA expression

Fig. 2. shows mRNA expression of inflammatory cytokines 
in low fat diet, resveratrol supplementation and moderate 
exercise training groups following consumption of a low fat 
diet for 8 weeks after 8 weeks of a high fat diet was used 
to induce obesity in mice. 

The TNF-α mRNA expression of HLE was significantly 
reduced compared to HLC and HLR (p < 0.05, Fig. 2).
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Fig. 2. Inflammatory cytokines mRNA expression in low fat diet, resveratrol supplementation and moderate exercise training groups following consumption 
of a low fat diet for 8 weeks after 8 weeks of a high fat diet was used to induce obesity in mice. Values represent means ± SD. * P < .05 versus HLC, 
# P < .05 versus HLR.

    

Fig. 3. Effects of exercise training and resveratrol supplementation on mRNA expression of lipolysis markers in high fat diet induced obese mice. Values 
represent means ± SD. 

Fig. 4. mRNA expression of lipogenesis markers in low fat diet, resveratrol supplementation and moderate exercise training groups following consumption 
of a low fat diet for 8 weeks after 8 weeks of a high fat diet was used to induce obesity in mice. Values represent means ± SD. * P < .05 versus HLC, 
# P < .05 versus HLR.

Lipolysis mRNA expression

Fig. 3 shows lipolysis markers mRNA expression in low 
fat diet, resveratrol supplementation and moderate exercise 
training groups following consumption of a low fat diet for 
8 weeks after 8 weeks of a high fat was used to induce obesity 
in mice.

Lipogenesis mRNA expression

Fig. 4 shows the mRNA expression of lipogenesis markers 
in low fat diet, resveratrol supplementation and moderate 

exercise training groups following consumption of a low fat 
diet for 8 weeks after 8 weeks of a high fat diet was used 
to induce obesity in mice.

SREBP mRNA expression of HLE was significantly reduced 
compared to HLC and HLR (p < 0.05, Fig. 4).

DISCUSSION

Since calorie restriction is known to increase life span, the 
popularity of one meal per day, low calorie consumption and 
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interval fasting diets has increased.
A previous research reported that the effects of calorie 

restriction are caused by a protein called sirtuin [30]. Sirtuin 
is activated by NAD+-dependent deacetylases during the 
fasting condition in the brain, liver and kidney [31]. Further, 
it has been shown that sirtuin regulates metabolism and gene 
expression by stimulating the activation of SIRT-1 deacety-
lation. It even recovers damaged genes by activating PGC-1α, 
inhibiting weight gain and aging [6,11,13]. These results were 
supported by studies reporting a reduction in body weight 
changes and increased life span in the artificially sirtuin- 
activated group compared to the control group. However, after 
treatment with high carbohydrate or high fat diets, the positive 
effects of sirtuin vanished [6,30,31].

It seems that the reason why resveratrol research has been 
spotlighted may be related to the increment of SIRT-1. Interest 
in resveratrol supplementation increased because the effects 
coincided with those of calorie restriction [6]. Also, research 
interest in resveratrol was dramatically increased after a few 
studies reported that resveratrol supplementation could mimic 
the effects of exercise such as body weight reduction, mito-
chondria biogenesis improvement, endurance performance 
enhancement and energy consumption increment [5,7].

Body weight in this study was significantly reduced by 
moderate exercise training but not by resveratrol suppleme-
ntation. This result contrasted with a previous study that 
reported significant weight reduction following resveratrol 
supplementation (200-400 mg/kg/day) in obese mice [13]. 
However, our previous results also showed no significant 
effect on body weight. In this research, 10 mg/kg each of 
quercetin and resveratrol were injected into high fat diet- 
induced obese mice for 8 weeks. The body weight of the 
group was then compared to the moderate exercise training 
group. Body weight was significantly reduced only in the 
exercise group, which coincides with other studies [28,32,33]. 
Further, it seems that the dose of resveratrol was not enough 
to reduce body weight.

It seems that even if the effect of polyphenols such as 
quercetin and resveratrol depends on the amount used, 
intervention with moderate exercise training is more effective 
in reducing body weight.

Adipocyte-produced inflammatory cytokines such as IL-6 
and TNF-α have been reported to inhibit lipid oxidation but 
to increase lipid synthesis in skeletal muscles. Especially, 
TNF-α activates SREBP-1c, ACC and FAS, which are related 
to lipid synthesis. However, ACOX and CPT-1 were inhibited, 
which deteriorated insulin sensitivity [17,18].

In this research, TNF-α gene expression was significantly 
decreased in HLE compared to HLC and HLR, but there was 

no significant difference in IL-6 and MCP-1 gene expression. 
These results show that resveratrol supplementation had no 
positive effects on inflammatory cytokine production compared 
to moderate exercise training. Further, CPT-1 and ACOX 
were not significantly different but were slightly increased 
only in the HLE group. There was no change in the HLR 
group. The lipogenesis markers ACC, FAS and SREBP were 
slightly decreased in HLE, but only SREBP was significantly 
lower in HLE. In contrast, there was no significant difference 
in HLR. This result shows that moderate exercise training 
might inhibit lipid synthesis and promote lipid oxidation in 
the skeletal muscle of high fat diet-induced obese mice.

In addition, in the review of our previous research that 
compared the effects of moderate exercise training and 
quercetin supplementation for 8 weeks in 12-week high fat 
diet-induced obese mice, SREBP, FAS and ACC were 
significantly decreased in the exercise group compared to the 
polyphenol supplementation group. At the same time, LEPTIN 
and ACOX in exercise group were positively changed [33]. 

In a similar experiment, we analyzed the effects of either 
resveratrol supplementation or moderate exercise training on 
inflammation cytokines, mitochondria biogenesis, lipolysis 
and lipogenesis markers in the soleus and tibialis anterior 
muscles after exhaustive exercise in high fat diet-induced obese 
mice. We found that IL-6, TNF-α and MCP-1 were signifi-
cantly reduced and so were MCD, ACC and SREBP-1 [32].

In previous studies of obese animals, polyphenol compounds 
such as resveratrol and quercetin appeared to mimic the effects 
of calorie restriction or exercise training. However, the dosage, 
duration and side effects of polyphenols should be studied 
further [5]. The effects of resveratrol with a low fat diet did 
not exceed the effects of only a low fat diet in this study. 
On the other hand, the effects of moderate exercise training 
with a low fat diet were much higher compared to either a 
low fat diet alone or resveratrol with a low fat diet in terms 
of improving lipid metabolism in the skeletal muscles of high 
fat diet-induced obese mice. This research evaluated only the 
resveratrol dose (10 mg/kg) similar to the amount that humans 
can obtain from natural or functional foods. The effect of 
resveratrol supplementation was not enough to reduce body 
weight, whereas moderate exercise training had a positive 
effect. 

In conclusion, moderate exercise training combined with 
a low fat diet was more effective than resveratrol supplemen-
tation with a low fat diet in ameliorating lipid metabolic 
complications in the skeletal muscles of high fat diet-induced 
obese mice.



136 Exercise, resveratrol on lipid metabolism of high fat diet induced obese mice

ACKNOWLEDGEMENTS

This work was supported by the Chungnam National 
University (CNU-2014)

All experiments were approved by the Animal Care and 
Use Committee at the Chungnam National University (CNU- 
00202).

REFERENCES

[1] Atmani D, Nassima C, Atmani D, Berboucha M, 
Debbache N, Boudaoud H. Flavonoids in human health: 
From structure to biological activity. Current Nutrition 
& Food Science. 2009;5:225-237.

[2] Rivera L, Moron R, Zarzuelo A, Galisteo M. Long-term 
resveratrol administration reduces metabolic disturbances 
and lowers blood pressure in obese Zucker rats. Biochem. 
Pharmacol. 2009;7:1053-1063.

[3] Wang Z, Huang Y, Zou J, Cao K, Xu Y, Wu JM. Effects 
of red wine and wine polyphenol resveratrol on platelet 
aggregation in vivo and in vitro. Int. J. Mol. Med. 2002; 
9:77-79.

[4] Baur JA, Sinclair DA. Therapeutic potential of resveratrol: 
the in vivo evidence. Nat. Rev. Drug Discov. 2006;5: 
493-506.

[5] Pezzuto JM. Resveratrol as an inhibitor of carcinogenesis. 
Resveratrol in Health and Disease. 2006;233-283.

[6] Baur JA. Biochemical effects of SIRT1 activators. 
Biochim. Biophys. Acta. 2010;1804:1626-1634.

[7] Catalgol B, Batirel S, Taga Y, Ozer NK. Resveratrol: 
French paradox revisited. Front. Pharmacol. 2012;3:141.

[8] Ungvari Z, Sonntag WE, de Cabo R, Baur JA, Csiszar 
A. Mitochondrial protection by resveratrol. Exerc. Sport 
Sci. Rev. 2011;39:128-132.

[9] Price NL, Gomes AP, Ling AJ, Duarte FV, Martin- 
Montalvo A, North BJ, Agarwal B, Ye L, Ramadori G, 
Teodoro JS, Hubbard BP, Varela AT, Davis JG, Varamini 
B, Hafner A, Moaddel R, Rolo AP, Coppari R, Palmeira 
CM, de Cabo R, Baur JA, Sinclair DA. SIRT1 is required 
for AMPK activation and the beneficial effects of 
resveratrol on mitochondrial function. Cell. Metab. 2012;15: 
675-690.

[10] Um JH, Park SJ, Kang H, Yang S, Foretz M, McBurney 
MW, Kim MK, Viollet B, Chung JH. AMP-activated 
protein kinase-deficient mice are resistant to the metabolic 
effects of resveratrol. Diabetes. 2010;59:554-563.

[11] Lin J, Wu H, Tarr PT, Zhang CY, Wu Z, Boss O, 
Michael LF, Puigserver P, Isotani E, Olson EN, Lowell 

BB, Bassel-Duby R, Spiegelman BM. Transcriptional 
coactivator PGC-1 alpha drives the formation of slow- 
twitch muscle fibres. Nature. 2002;418:797-801.

[12] Canto C, Jiang LQ, Deshmukh AS, Mataki C, Coste A, 
Lagouge M, Zierath JR, Auwerx J. Interdependence of 
AMPK and SIRT1 for metabolic adaptation to fasting 
and exercise in skeletal muscle. Cell. Metab. 2010;11: 
213-219.

[13] Lagouge M, Argmann C, Gerhart-Hines Z, Meziane H, 
Lerin C, Daussin F, Messadeq N, Milne J, Lambert P, 
Elliott P, Geny B, Laakso M, Puigserver P, Auwerx J. 
Resveratrol improves mitochondrial function and protects 
against metabolic disease by activating SIRT1 and PGC- 
1alpha. Cell. 2006;127:1109-1122.

[14] Timmers S, Konings E, Bilet L, Houtkooper RH, van de 
Weijer T, Goossens GH, Hoeks J, van der Krieken S, 
Ryu D, Kersten S, Moonen-Kornips E, Hesselink MK, 
Kunz I, Schrauwen-Hinderling VB, Blaak EE, Auwerx 
J, Schrauwen P. Calorie restriction-like effects of 30 days 
of resveratrol supplementation on energy metabolism and 
metabolic profile in obese humans. Cell. Metab. 2011; 
14:612-622.

[15] Lopez-Lluch G, Hunt N, Jones B, Zhu M, Jamieson H, 
Hilmer S, Cascajo MV, Allard J, Ingram DK, Navas P, 
de Cabo R. Calorie restriction induces mitochondrial 
biogenesis and bioenergetic efficiency. Proc Natl Acad 
Sci USA. 2006;103:1768-1773.

[16] Invitti C. Obesity and low-grade systemic inflammation. 
Minerva Endocrinol. 2002;27:209-214.

[17] Borst SE, Conover CF. High-fat diet induces increased 
tissue expression of TNF-alpha. Life Sci. 2005; 77:2156- 
2165.

[18] Matsakas A, Narkar VA. Endurance exercise mimetics 
in skeletal muscle. Curr. Sports Med. Rep. 2010;9:227- 
232.

[19] Murase T, Haramizu S, Shimotoyodome A, Tokimitsu I, 
Hase T. Green tea extract improves running endurance 
in mice by stimulating lipid utilization during exercise. 
Am. J. Physiol. Regul. Integr. Comp. Physiol. 2006;290: 
R1550-6.

[20] White AT, Schenk S. NAD(+)/NADH and skeletal 
muscle mitochondrial adaptations to exercise. Am. J. 
Physiol. Endocrinol. Metab. 2012;303:E308-21.

[21] McQuillan N. "A Literature Review of Dietary Resveratrol 
Supplements: Do they Mimic the Effects of Endurance 
Exercise?". Honors Projects. Paper. 192.2012

[22] Narkar VA, Downes M, Yu RT, Embler E, Wang YX, 
Banayo E, Mihaylova MM, Nelson MC, Zou Y, Juguilon 
H, Kang H, Shaw RJ, Evan, RM. AMPK and PPARdelta 



Jun Hyun Jeong et al. / J Exerc Nutr Biochem 19(2):131-137, 2015 137

agonists are exercise mimetics. Cell. 2008;134:405-415.
[23] Giugliano D, Ceriello A, Esposito K. The Effects of Diet 

on Inflammation. J Ameri. Col. Cardiology. 2006;48(4): 
230-240.

[24] Shapiro ME. Effects of Treatment of C57BL/6j Mice Fed 
High vs. Low Fat Diets with Metformin or Rosiglitazone 
on Adiposity, Food Intake, Hyperglycemia and Insulin 
Resistance. Endocrine Society Annual Meeting.Poster 
Session. 2002.

[25] Calder PC. Dietary modification of inflammation with 
lipids. Proc. Nutr Soc. 2002;61:345-58.

[26] Vieira V, Valentine R, Wilund K, Antao N, Baynard T, 
Woods J. Effects of exercise and low-fat diet on adipose 
tissue inflammation and metabolic complications in obese 
mice. Endocrin. Metabo. 2009. Vol. 296 no. 5, E1164- 
E1171

[27] Leonor R, Rocio M, Antonio Z, Milagros G. Long-term 
resveratrol administration reduces metabolic disturbances 
and lowders blood pressure in obese Zucker rats. Bioche. 
Pharma. 2009;77:1053-1063

[28] Lee YR, Jeong SH, Park HG, Jeong JH, Lee WL. The 
effects of either resveratrol supplementation or aerobic 
exercise training combined with a low fat diet on the 
molecules of adipogenesis and adipocyte inflammation in 
high fat diet-induced obese mice. J Exerc. Nutr. Biochem. 

2013;17(1):15-20.
[29] Schefer V, Talan MI. Oxygen consumption in adult and 

aged C57BL/6J mice during acute treadmill exercise of 
different intensity. Exp. Gerontol. 1996; 31,387-392.

[30] Howitz KT, Bitterman KJ, Cohen HY, Lamming DW, 
Lavu S, Wood JG, Zipkin RE, Chung P, Kisielewski A, 
Zhang LL, Scherer B, Sinclair DA. Small molecule 
activators of sirtuins extend Saccharomyces cerevisiae 
lifespan. Nature. 2003; 425:191-196.

[31] Dali-Youcef N, Lagouge M, Froelich S, Koehl C, 
Schoonjans K, Auwerx J. Sirtuins: the 'magnificent seven', 
function, metabolism and longevity. Ann. Med. 2007; 
39:335-345.

[32] Kwon SM, Park HG, Jun JK, Lee WL. Exercise, but not 
quercetin, ameliorates inflammation, mitochondrial bioge-
nesis, and lipid metabolism in skeletal muscle after 
strenuous exercise by high-fat diet mice. J Exerc Nutr 
Biochem. 2014;18(1):51-60.

[33] Lee YR, Kwon SM, Yoon AR., Min KE, Lee WL. 
Effects of either aerobic exercise training or quercetin 
supplementation with a low-fat diet on lipid metabolism, 
mitochondrial biogenesis, and inflammatory cytokine in 
skeletal muscle of high fat diet-induced obese mice. 
Exercise Science. 2013;22:2, 113-123.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


