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Abstract

Background: Irisin is a new myokine secreted from the skeletal muscle and appears to affect the metabolism of adipose tissue.
Objectives: The mechanisms of cellular and molecular identification by which exercise training exerts its benefits remain unclear
and are under investigation.

Methods: We examined the effect of 8-week resistance exercise on plasma irisin levels and expression profiles of muscle FNDC5 and
subcutaneous adipose tissue UCP1 in male rats. Sixteen adult male rats were divided into two groups, control (n = 8) and exercise
training (n=8) groups. The training group received exercise for 3 days/week on a specificladder (120 cm height) with a carrying load
of 50% of body weight, which was attached to their tails.

Results: The weight of the load was gradually increased during the training sessions, ultimately reaching 200% of the body weight
of rats in the final week. There were three sets of five repetitions with a 3-min rest between each set of exercise sessions and 1 minute
between repetitions. Plasma irisin levels and relative mRNA expression of the genes UCP1 and FNDC5 were assessed. The results
demonstrated a significant increase in the irisin levels after 8 weeks of resistance exercise (P< 0.001, t=4.48). The relative expression
of FNDC5 (P < 0.001, t = 6.18) and UCP1 genes (P < 0.001, t =13.91) was also significantly increased.

Conclusions: Therefore, we can conclude from this study that resistance exercise may improve body composition possibly through
increased thermogenesis in white adipose tissue through the secretion of irisin.
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1. Background sion is increased in the muscle (1,17). Then expression of fi-
bronectin type-Ill domain-containing 5 (FNDC5) is induced,
which is proteolytically cleaved from muscle to form the
hormone, irisin (17). In a landmark study, Bostrém et al.

showed that irisin, a newly identified myokine, induces

Physical exercise is one of the fundamental approaches
for weight management (1). The mechanisms by which ex-
ercise exerts its protective effects are yet to be fully eluci-

dated. Although most of the metabolic adaptations caused
by endurance training are essential, the potential value
of resistance training is also important (2-4). The Amer-
ican college of sports medicine (ACSM) suggested resis-
tance training as an adult fitness program (5-8). However,
the role of resistance training in the prevention of over-
weightness and obesity is unexplored and requires inves-
tigation. Resistance training could have a positive effect
on weight control because of an increase in fat-free mass
(9) and fat oxidation (10-13). Increased fat-free mass could
lead to an increase in resting metabolic rate (14) and phys-
ical activity energy expenditure (15, 16). Thus, it seems that
resistance training increases energy expenditure by vari-
ous mechanisms (16). In 2012, it was suggested that dur-
ing muscular exercise, peroxisome proliferator-activated
receptor-gamma (PPAR-y) coactivator-lae (PGCla) expres-

the browning of subcutaneous white adipose tissue by in-
creasing the uncoupling protein-1 (UCP1), with subsequent
the stimulation of oxygen consumption and thermogen-
esis (1, 17). This effect improved the metabolic profile and
increased whole body energy expenditure (1, 17). Huh et
al. (18) recently reported that irisin could improve adipose
tissue metabolism and regulate muscle growth. Although
theinitial data on irisin from mice studies were promising,
little knowledge is available from other animal species. In
humans, recent studies raised numerous questions about
the regulation and function of irisin and its relation to ex-
ercise (1). However, Timmons et al. (19) did not show such
a response of FNDC5 mRNA in human muscle to exercise.
Some other research groups have investigated the effects
of exercise on irisin levels in human serum (19, 20). How-
ever, these studies had reported contradictory results. Huh
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etal. (18) found a significantincrease in serum irisin as a re-
sponse to acute exercise after moderate training of 1 week,
while no result of acute exercise was seen after 8 weeks
of training intervention. There was also a report about
the short-term effects of exercise on irisin levels in several
other studies (20, 21), but no systematic effects of exercise
on circulating irisin were found (20, 22, 23). Taking into ac-
count the huge controversy in the literature about irisin
and related genes and considering the Bostrom theory of
change in phenotype from white to brown adipose tissue
and, on the other hand, by considering the positive effect
of resistance exercises in reduction of weight and body fat
and the role of thermogenesis in this type of training com-
pared with other types, it seems that resistance training
has an effect on the phenotype of fat tissues.

2. Objectives

Based on this assumption, the question for this study
is that “Can resistance exercise alter irisin levels and the ex-
pression of FNDC5 gene in the soleus muscle tissues and the
UCP1 gene in the abdominal subcutaneous white adipose
tissues of Sprague Dawley male rats?

3. Methods

3.1. Animals

All animal experiments were conducted in accordance
with the policy of the ethics committee of the University
of Kharazmi (Tehran, Iran). Sixteen Sprague Dawley male
rats weighing about 200 - 220 g, 8 weeks age, were housed
in special cages under normal light conditions (12-h light—
dark cycles, temperature of about 23 £ 1°C, and humidity
of 50 & 3%). The animals had free access to water and were
fed with pellet rodent diet ad libitum. One person was in
charge of the whole study. The weight of rats was measured
before and after the protocol with digital weight scale. Af-
ter 2 weeks of human intervention, the rats were divided
into two groups.

3.2. Exercise Protocol

This study was performed for 8 weeks, with three ex-
ercise sessions per week. During the first week, the load
tied to the rats’ tails was about 50% of their body weight
and was gradually increased to about 200% of their body
weight in the final week. The exercise was performed on
a 1.2-m long ladder in such a way that the weight was at-
tached to the rat’s tail through a cylinder and the rat tried
to climb the ladder. This exercise was performed three
times, with five repetitions per week (24). The rest time be-
tween the exercise trials was 3 minutes, with an interval of

1 min between each repetition. This exercise method was
adopted from some valid sources, and the influence of this
type of resistance exercise on muscular preparation has
been validated in previous studies (24). During this time,
the control group did not do exercise.

3.3. Muscle and Subcutaneous Adipose Tissue Biopsy and Blood
Samples

After 48 hours from the last exercise session (8 weeks),
the animals were anesthetized intraperitoneally with a
mixture of xylazine (3 - 5 mg/kg of body weight) and ke-
tamine (30 - 50 mg/kg of body weight). From each animal,
3 mL of blood was collected from the right ventricle and
immediately transferred to an EDTA tube. The blood sam-
ples were centrifuged for 15 minutes at 1,000 X g for sep-
aration of plasma. All the collected plasma samples were
stored in a deep freezer (-80°C) for subsequent measure-
ments. After collecting the blood samples, the abdominal
part of the rats was opened and a portion of the subcuta-
neous abdominal adipose tissue was excised and washed
in ice-cold saline. In addition, the soleus muscle tissues
were cut out and, after measuring the weight, they were
stored in a freezer (-80°C) for further usage.

3.4. Measurement of Plasma Irisin Levels

Using Soluble FNDC5 (Human, Mouse, Rat) ELISA Kit
provided by the Canadian Company of Phoenix (Cat. No:
EK-067-53), the irisin levels in the plasma samples were de-
termined.

3.5. Quantitative Real-Time PCR Analysis

All measurements were performed in duplicate. For ex-
traction of RNA, 50 mg of the frozen adipose or muscle tis-
sue was homogenized and total RNA was isolated by the
RNA-Plus kit (Cinna Gen., Iran), according to the manufac-
turer’s instructions. Then, the RNA solution was extracted
and decontaminated from any DNA and RNA destructive
enzymes, using RNase-free DNasel (Fermentas, Germany).
From each sample, 2 g of RNA was used for synthesizing
the first cDNA using the cDNA Synthesis Kit (Vivantis) uti-
lizing the oligo-dT primer. RT-PCR was performed using 2
g of cDNA and 5 pmol of each primer in a total volume of
20 pg PCR reaction mixture. Real-time PCR was conducted
in a thermal cycler (Biorad., USA), as suggested by the pro-
tocol (TaKaRa). The PCR mixture contained 10 ug of Rotor-
Gene SYBR Green PCR Master Mix (TaKaRa), 3 pmol of each
primer, and 25 ng of cDNA for each reaction in a final vol-
ume of 20 pg. Relative mRNA concentrations were calcu-
lated from take-off point of reactions using the software
provided by the manufacturer and normalized to (-actin
expression level in the same samples. Data were assessed
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and reported according to the AACt method. The list of
primers is shown in Table 1.

3.6. Statistical Analysis

All statistical results were expressed as mean & SEM
(standard error of mean). Independent t-test was used to
compare groups. SPSS (version 19) software was used for all
statistical analyses. P < 0.05 were considered to be statisti-
cally significant.

4. Results

The normality of the distribution was analyzed us-
ing Shapiro-Wilk test (P = 0.254, t = 1.18). Data showed
that plasma irisin levels were significantly higher in the
resistance-trained group than those in the control group
(P < 0.001, t = 4.48) (Figure 1). Soleus FNDC5 expression
was also significantly increased (P < 0.001, t = 6.18) in the
trained rats (Figure 2A). In addition, abdominal subcuta-
neous white adipose tissue UCPI expression was signifi-
cantly (P < 0.001, t =14.26) higher in the trained rats (Fig-
ure 2B). No significant difference in the rats’ weights was
observed before (P = 0.254, t = 1.18) and after exercise (P =
0.662, t=0.44). However, the mean weight gain of the exer-
cise group was lower, although not significantly different
between the groups (P=0.096, t=1.72). The soleus muscle’s
weight showed a significant increase after the exercise (P <
0.000, t=5.0) (Table 2).

5. Discussion

The present study was intended to address whether 8
weeks of resistance training modulated plasma irisin lev-
els and expression of muscle FNDC5 and subcutaneous adi-
pose tissue UCP1 genes. Our data revealed a significant in-
crease in plasma irisin levels (Figure 1) and an increase in
mRNA expression of FNDC5 and UCPI genes after 8 weeks
of resistance training (Figure 2A and 2B). These results
demonstrate that 8 weeks of resistance exercise probably
results in the release of irisin hormone. Therefore, it seems
that resistance exercises are stimulants for this myokine
and related genes (25). In a previous study, we showed
that one session of resistance training increased plasma
irisin protein levels and expression of soleus muscle FNDC5
and abdominal subcutaneous adipose tissue UCP1 genes
(25). Exercise training is well known for its beneficial ef-
fects on metabolism (25). In the past few decades, sev-
eral animal studies have investigated whether exercise has
beneficial effects on BAT activity (17, 26-29). Studies in
rodents showed that exercise has stimulating effects on
brown adipose tissue (17, 26-29). Another study showed
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Figure 1. The changes in plasma irisin protein (in exercise (5.37£1.05) and control
(0.84 &£ 0.1) groups

Irisin, U/mL

Control

Training

*significant in P < 0.001.

thatalowlevel of exercise training in rats is effective for the
metabolic response under cold exposure in brown adipose
tissue (26). Xu et al. (28) showed that exercise could result
in a twofold increased recruitment of adipogenic progen-
itor cells in the inter-scapular expression of BAT and UCP1
in mice. Besides these stimulating effects, they also found
an increased thermogenic expression in visceral adipose
tissue, including increased UCP1 levels (twofold). De Mat-
teis et al. (30) demonstrated the occurrence of browning
of visceral cells of rats after 1 week of exercise. An eightfold
increase was observed in the number of brown cells in the
exercise rats compared with controls (30). A recent study
by Bostrom et al. showed that endurance exercise predom-
inantly causes browning of subcutaneous white adipose
tissue (17). They observed that mice that overexpressed
the transcriptional co-activator PGCl-o showed increased
browning in inguinal white adipose tissue (17). In addi-
tion, as exercise also increases PGCl-v, these investigators
considered the effect of endurance exercise on markers of
browning and observed similar effects. Furthermore, they
found that the irisin precursor FNDC5 induced browning
in primary subcutaneous white adipose tissue, which was
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Table 1. List of the Primers®

Genes Primers Melting Temperature (°C)
FNDC5
F 5/-GTCTCCCACCACCATCTT-3 63
R 5’ TCTGTCTCTGAGTGTAGCCTTAGC-3 63
B-actin
F 5/ GGAGAAGATTTGGCACCACAC-3’ 54
R 5’ -GGATGGCTACGTACATGGCTG-3 56
UCP1
F 5’ -GATCCTGGAACGTCATCATGTTTGTG-3" 60
R 5’ -CCCAATGGTTAGCATCCCTTTC-3' 66

*Fand R, forward and reverse primer respectively.
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Figure 2. A, The changes in relative expression of FNDC5 of mRNA genes with respect to /3 actin gene in exercise (4.43 = 0.55) and control groups; B, The changes in relative
expression of UCP1 of mRNA genes with respect to 8 actin gene in exercise (3.39 £ 0.16) and control groups; *significant in P < 0.001.

demonstrated by increased UCP1 mRNA expression (7 to sue (17, 29). In addition, the same exercise methods were
500-fold) and upregulation of thermogenic genes (UCP1).  used in C557BL|6 mice, which showed increased irisin lev-
In FNDC5-overexpressed mice, plasma irisin levels werein-  els leading to improved glucose tolerance, decreased fast-
creased by three to fourfold, which increased UCPI mRNA  ing insulin, increased oxygen consumption, and reduced
expression by 13-fold in subcutaneous white adipose tis-  body weight (17, 29). All these results indicate the pos-
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Table 2. Weight Profile of the Male Rats®

Variable Exercise Group Control Group t Pvalue
Weight before exercise, gr 21414 9.73 208.5 £7.97 118 0.25
Weight after exercise, gr 282+9.9 3011£125 -0.4 0.66
Weight gain (mean), gr 68.7+ 6.52 92,51+ 12.66 172 0.09
Soleus weight, gr 0.05 £ 0.002 0.025 £ 0.004 -5 0

Values are expressed as mean + SEM in each group (n=8).

sible beneficial effects of exercise on the recruitment of
brown cells within subcutaneous white adipose tissue and,
consequently, the potential of irisin to induce a healthier
metabolic phenotype (29). Our results showed that after
8 weeks of resistance training, irisin levels and mRNA ex-
pression of UCP1in subcutaneous white adipose tissue and
muscle FNDC5 increased. Similarly, Prestes et al. (2015) (31)
showed that high-intensity resistance training increased
irisin levels after 16 weeks of training in sedentary elderly
women. Increases in serum irisin, FNDC5, or PGCl-« af-
ter chronic exercise have been reported in mice and hu-
mans (1, 17). However, Timmons et al. failed to detect any
significant effects of exercise on FNDC5 muscle expression
in a larger cohort, despite improvements in physical fit-
ness and insulin sensitivity, observing about 30% up reg-
ulation of FNDC5 gene only in the skeletal muscle of highly
active elderly subjects (19). Lecker et al. have shown that
ENDC5 expression was higher in the group of individuals
with a higher aerobic performance (23, 32), and Huh et al.
(21) reported a mild increase in circulating irisin levels 30
min after sprint exercise in 15 moderately trained healthy
young men, but failed to detect an effect of 8 weeks of exer-
cise training intervention. In contrast to our results, Kur-
diova et al. (23) showed that exercise training failed to af-
fect circulating irisin levels as well as muscle FNDC5 expres-
sion. Moreover, muscle FNDC5 mRNA expression and cir-
culating irisin levels (60 minutes post-exercise) were unaf-
fected by an acute bout of exercise in both sedentary and
trained individuals, indicating that muscle contraction is
perhaps not the primary switch of FNDC5/irisin produc-
tion. The large inconsistency could be related to the dif-
ferences in the study design and populations. Besides the
species differences, these discrepancies may be related to
physiological and technical differences between the stud-
ies. The different types (sprinting, cycling, or swimming;
endurance or resistance) and intensities of exercise would
have diverse influence on muscle metabolism and disrup-
tion and, in turn, on irisin concentrations (1). Another fac-
toris the timing of irisin measurement after exercise; since
studies have measured irisin levels at different time points,
the possibility exists that irisin increases for a short period
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post-exercise, after which it returns to baseline concentra-
tions (1). There may also be a mechanism for irisin uptake
or clearance from circulation, which has not been assessed
yet.

5.1. Conclusion

It appears that irisin increases in adaptation to re-
sistance exercise in rats, and its production leads to the
following sequence: resistance exercise stimulates FNCD5
gene expression, causing increased irisin levels. Then, it
seems that irisin causes the browning of subcutaneous
white adipose tissue and increases energy expenditure via
thermogenesis, independent of exercise or food intake in
rats. In conclusion, future studies must investigate the di-
rect effects of exercise on browning of subcutaneous white
adipose tissue and should focus on various types of train-
ing exercise in rodents and humans.

References

1. Samy DM, Ismail CA, Nassra RA. Circulating irisin concentrations in
rat models of thyroid dysfunction - effect of exercise. Metabolism.
2015;64(7):804-13. doi:  10.1016[j.metabol.2015.01.001. [PubMed:
25720940].

2. Kelley GA, Kelley KS. Impact of progressive resistance train-
ing on lipids and lipoproteins in adults: a meta-analysis of
randomized controlled trials. Prev Med. 2009;48(1):9-19. doi:
10.1016/j.ypmed.2008.10.010. [PubMed: 19013187].

3. Ormsbee M]J, Thyfault JP, Johnson EA, Kraus RM, Choi MD, Hick-
ner RC. Fat metabolism and acute resistance exercise in trained
men. | Appl Physiol (1985). 2007;102(5):1767-72. doi: 10.1152[japplphys-
i01.00704.2006. [PubMed: 17234805].

4. Pitsavos C, Panagiotakos DB, Tambalis KD, Chrysohoou C, Sidossis LS,
Skoumas ], et al. Resistance exercise plus to aerobic activities is as-
sociated with better lipids’ profile among healthy individuals: the
ATTICA study. Q/M. 2009;102(9):609-16. doi: 10.1093/qjmed/hcp083.
[PubMed: 19570991].

5. Garber CE, Blissmer B, Deschenes MR, Franklin BA, Lamonte MJ, Lee
IM, et al. American College of Sports Medicine position stand. Quan-
tity and quality of exercise for developing and maintaining car-
diorespiratory, musculoskeletal, and neuromotor fitness in appar-
ently healthy adults: guidance for prescribing exercise. Med Sci Sports
Exerc. 2011;43(7):1334-59. doi: 10.1249/MSS.0bo13e318213fefb. [PubMed:
21694556].


http://dx.doi.org/10.1016/j.metabol.2015.01.001
http://www.ncbi.nlm.nih.gov/pubmed/25720940
http://dx.doi.org/10.1016/j.ypmed.2008.10.010
http://www.ncbi.nlm.nih.gov/pubmed/19013187
http://dx.doi.org/10.1152/japplphysiol.00704.2006
http://dx.doi.org/10.1152/japplphysiol.00704.2006
http://www.ncbi.nlm.nih.gov/pubmed/17234805
http://dx.doi.org/10.1093/qjmed/hcp083
http://www.ncbi.nlm.nih.gov/pubmed/19570991
http://dx.doi.org/10.1249/MSS.0b013e318213fefb
http://www.ncbi.nlm.nih.gov/pubmed/21694556
http://asjsm.com/

ReisiJ et al.

10.

1.

3.

15.

17.

18.

. Haskell WL, Lee IM, Pate RR, Powell KE, Blair SN, Franklin BA, et al.

Physical activity and public health: updated recommendation for
adults from the American College of Sports Medicine and the Amer-
ican Heart Association. Med Sci Sports Exerc. 2007;39(8):1423-34. doi:
10.1249/mss.0b013e3180616b27. [PubMed: 17762377].

. Williams MA, Haskell WL, Ades PA, Amsterdam EA, Bittner V, Franklin

BA, et al. Resistance exercise in individuals with and without car-
diovascular disease: 2007 update: a scientific statement from the
American Heart Association Council on Clinical Cardiology and
Council on Nutrition, Physical Activity, and Metabolism. Circula-
tion. 2007;116(5):572-84. doi: 10.1161/CIRCULATIONAHA.107.185214.
[PubMed: 17638929].

. Washburn RA, Donnelly JE, Smith BK, Sullivan DK, Marquis ], Her-

rmann SD. Resistance training volume, energy balance and weight
management: rationale and design of a 9 month trial. Contemp
Clin Trials. 2012;33(4):749-58. doi: 10.1016/j.cct.2012.03.002. [PubMed:
22446169].

. Rabelo HT, Bezerra LA, Terra DF, Lima RM, Silva MA, Leite TK, et al. Ef-

fects of 24 weeks of progressive resistance training on knee exten-
sors peak torque and fat-free mass in older women. J Strength Cond
Res. 2011;25(8):2298-303. doi: 10.1519/]SC.0b013e3181e86106. [PubMed:
21606859].

Ormsbee MJ, Choi MD, Medlin JK, Geyer GH, Trantham LH, Dubis GS, et
al. Regulation of fat metabolism during resistance exercise in seden-
tary lean and obese men. J Appl Physiol (1985). 2009;106(5):1529-37.
doi: 10.1152[japplphysiol.91485.2008. [PubMed: 19265063].
Chatzinikolaou A, Fatouros I, Petridou A, Jamurtas A, Avloniti A,
Douroudos I, et al. Adipose tissue lipolysis is upregulated in lean
and obese men during acute resistance exercise. Diabetes Care.
2008;31(7):1397-9. doi: 10.2337/dc08-0072. [PubMed: 18375413].

. Washburn RA, Kirk EP, Smith BK, Honas ]], Lecheminant ]D, Bailey

BW, et al. One set resistance training: effect on body composition in
overweight young adults. ] Sports Med Phys Fitness. 2012;52(3):273-9.
[PubMed: 22648465].

Kirk EP, Donnelly JE, Smith BK, Honas |, Lecheminant ]D, Bailey BW,
et al. Minimal resistance training improves daily energy expendi-
ture and fat oxidation. Med Sci Sports Exerc. 2009;41(5):1122-9. doi:
10.1249/MSS.0b013e318193c64e. [PubMed: 19346974].

. Alpert SS. The cross-sectional and longitudinal dependence of

the resting metabolic rate on the fat-free mass. Metabolism.
2007;56(3):363-72. doi:  10.1016[j.metabol.2006.10.018. [PubMed:
17292725).

Fatouros IG, Tournis S, Leontsini D, Jamurtas AZ, Sxina M, Thomakos
P, et al. Leptin and adiponectin responses in overweight inactive el-
derly following resistance training and detraining are intensity re-
lated. ] Clin Endocrinol Metab. 2005;90(11):5970-7. doi: 10.1210/jc.2005-
0261. [PubMed: 16091494].

. Ades PA, Savage PD, Brochu M, Tischler MD, Lee NM, Poehlman ET.

Resistance training increases total daily energy expenditure in dis-
abled older women with coronary heart disease. | Appl Physiol (1985).
2005;98(4):1280-5. doi: 10.1152[japplphysiol.00360.2004. [PubMed:
15772059)].

Bostrom P, Wu ], Jedrychowski MP, Korde A, Ye L, Lo JC, et al. A PGCI-
alpha-dependent myokine that drives brown-fat-like development
of white fat and thermogenesis. Nature. 2012;481(7382):463-8. doi:
10.1038/nature10777. [PubMed: 22237023].

Huh JY, Dincer F, Mesfum E, Mantzoros CS. Irisin stimulates mus-
cle growth-related genes and regulates adipocyte differentiation and
metabolism in humans. Int | Obes (Lond). 2014;38(12):1538-44. doi:

19.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

10.1038/ij0.2014.42. [PubMed: 24614098].

Timmons JA, Baar K, Davidsen PK, Atherton PJ. Is irisin a human ex-
ercise gene?. Nature. 2012;488(7413):9-10. doi: 10.1038/nature11364.
[PubMed: 22932392].

Albrecht E, Norheim F, Thiede B, Holen T, Ohashi T, Schering L, et
al. Irisin - a myth rather than an exercise-inducible myokine. Sci Rep.
2015;5:8889. doi: 10.1038[srep08889. [PubMed: 25749243].

Huh JY, Panagiotou G, Mougios V, Brinkoetter M, Vamvini MT, Schnei-
der BE, et al. FNDC5 and irisin in humans: I. Predictors of circulating
concentrations in serum and plasma and II. mRNA expression and
circulating concentrations in response to weight loss and exercise.
Metabolism. 2012;61(12):1725-38. doi: 10.1016/j.metabol.2012.09.002.
[PubMed: 23018146].

Pekkala S, Wiklund PK, Hulmi JJ, Ahtiainen ]JP, Horttanainen M,
Pollanen E, et al. Are skeletal muscle FNDC5 gene expression and
irisin release regulated by exercise and related to health?. | Phys-
iol. 2013;591(21):5393-400. doi: 10.1113/jphysiol.2013.263707. [PubMed:
24000180].

Kurdiova T, Balaz M, Vician M, Maderova D, Vlcek M, Valkovic L. Are
Skeletal Muscle & Adipose Tissue Fndc5 Gene Expression and Irisin
Release Affected by Obesity, Diabetes and Exercise? In vivo & in vitro
studies. ] Physiol. 2013:264655.

Lee S, Farrar RP. Resistance training induces muscle-specific changes
in muscle mass and function in rat. | Exercise Physiol on Line.
2003;6:80-7.

Reisi ], Rajabi H, Ghaedi K, Marandi SM, Dehkhoda MR. Effect of Acute
Resistance Training on Plasma Irisin Protein Level and Expression of
Muscle FNDC5 and Adipose Tissue UCP1 Genes in Male Rats. | Isfahan
Med School. 2013;31(256):1657-66.

Seebacher F, Glanville EJ. Low levels of physical activity increase
metabolic responsiveness to cold in a rat (Rattus fuscipes). PLoS
One. 2010;5(9):13022. doi: 10.1371/journal.pone.0013022. [PubMed:
20885954].

Slocum N, Durrant JR, Bailey D, Yoon L, Jordan H, Barton J, et al.
Responses of brown adipose tissue to diet-induced obesity, exer-
cise, dietary restriction and ephedrine treatment. Exp Toxicol Pathol.
2013;65(5):549-57. doi: 10.1016/j.etp.2012.04.001. [PubMed: 22542811].
Xu X, Ying Z, Cai M, Xu Z, Li Y, Jiang SY, et al. Exercise ameliorates
high-fat diet-induced metabolic and vascular dysfunction, and in-
creases adipocyte progenitor cell population in brown adipose tis-
sue. Am | Physiol Regul Integr Comp Physiol. 2011;300(5):1115-25. doi:
10.1152/ajpregu.00806.2010. [PubMed: 21368268

Vosselman MJ, van Marken Lichtenbelt WD, Schrauwen P. Energy dis-
sipation in brown adipose tissue: from mice to men. Mol Cell En-
docrinol. 2013;379(1-2):43-50. doi: 10.1016/j.mce.2013.04.017. [PubMed:
23632102].

De Matteis R, Lucertini F, Guescini M, Polidori E, Zeppa S, Stocchi
V, et al. Exercise as a new physiological stimulus for brown adi-
pose tissue activity. Nutr Metab Cardiovasc Dis. 2013;23(6):582-90. doi:
10.1016/j.numecd.2012.01.013. [PubMed: 22633794].

Prestes |, da Cunha Nascimento D, Tibana RA, Teixeira TG, Vieira
DC, Tajra V, et al. Understanding the individual responsiveness to
resistance training periodization. Age (Dordr). 2015;37(3):9793. doi:
10.1007/s11357-015-9793-x. [PubMed: 25971877].

Lecker SH, Zavin A, Cao P, Arena R, Allsup K, Daniels KM. Expression of
the irisin precursor FNDC5 in skeletal muscle correlates with aerobic
exercise performance in patients with heart failure. Circulation: Heart
Failure. 2012;5(6):812-8. doi: 10.1161/circheartfailure.112.969543.

Asian | Sports Med. 2016; 7(4):e35205.


http://dx.doi.org/10.1249/mss.0b013e3180616b27
http://www.ncbi.nlm.nih.gov/pubmed/17762377
http://dx.doi.org/10.1161/CIRCULATIONAHA.107.185214
http://www.ncbi.nlm.nih.gov/pubmed/17638929
http://dx.doi.org/10.1016/j.cct.2012.03.002
http://www.ncbi.nlm.nih.gov/pubmed/22446169
http://dx.doi.org/10.1519/JSC.0b013e3181e86106
http://www.ncbi.nlm.nih.gov/pubmed/21606859
http://dx.doi.org/10.1152/japplphysiol.91485.2008
http://www.ncbi.nlm.nih.gov/pubmed/19265063
http://dx.doi.org/10.2337/dc08-0072
http://www.ncbi.nlm.nih.gov/pubmed/18375413
http://www.ncbi.nlm.nih.gov/pubmed/22648465
http://dx.doi.org/10.1249/MSS.0b013e318193c64e
http://www.ncbi.nlm.nih.gov/pubmed/19346974
http://dx.doi.org/10.1016/j.metabol.2006.10.018
http://www.ncbi.nlm.nih.gov/pubmed/17292725
http://dx.doi.org/10.1210/jc.2005-0261
http://dx.doi.org/10.1210/jc.2005-0261
http://www.ncbi.nlm.nih.gov/pubmed/16091494
http://dx.doi.org/10.1152/japplphysiol.00360.2004
http://www.ncbi.nlm.nih.gov/pubmed/15772059
http://dx.doi.org/10.1038/nature10777
http://www.ncbi.nlm.nih.gov/pubmed/22237023
http://dx.doi.org/10.1038/ijo.2014.42
http://www.ncbi.nlm.nih.gov/pubmed/24614098
http://dx.doi.org/10.1038/nature11364
http://www.ncbi.nlm.nih.gov/pubmed/22932392
http://dx.doi.org/10.1038/srep08889
http://www.ncbi.nlm.nih.gov/pubmed/25749243
http://dx.doi.org/10.1016/j.metabol.2012.09.002
http://www.ncbi.nlm.nih.gov/pubmed/23018146
http://dx.doi.org/10.1113/jphysiol.2013.263707
http://www.ncbi.nlm.nih.gov/pubmed/24000180
http://dx.doi.org/10.1371/journal.pone.0013022
http://www.ncbi.nlm.nih.gov/pubmed/20885954
http://dx.doi.org/10.1016/j.etp.2012.04.001
http://www.ncbi.nlm.nih.gov/pubmed/22542811
http://dx.doi.org/10.1152/ajpregu.00806.2010
http://www.ncbi.nlm.nih.gov/pubmed/21368268
http://dx.doi.org/10.1016/j.mce.2013.04.017
http://www.ncbi.nlm.nih.gov/pubmed/23632102
http://dx.doi.org/10.1016/j.numecd.2012.01.013
http://www.ncbi.nlm.nih.gov/pubmed/22633794
http://dx.doi.org/10.1007/s11357-015-9793-x
http://www.ncbi.nlm.nih.gov/pubmed/25971877
http://dx.doi.org/10.1161/circheartfailure.112.969543
http://asjsm.com/

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Animals
	3.2. Exercise Protocol
	3.3. Muscle and Subcutaneous Adipose Tissue Biopsy and Blood Samples
	3.4. Measurement of Plasma Irisin Levels
	3.5. Quantitative Real-Time PCR Analysis
	Table 1

	3.6. Statistical Analysis

	4. Results
	Figure 1
	Figure 2
	Table 2

	5. Discussion
	5.1. Conclusion

	References

