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Menopause and obesity are associated with metabolism. The purpose of this study was to examine
the changes of PPAR 7, PGC-1(a, B), NRf-1 and TFAM mRNA and mitochondria biogenesis in adipo-
cytes and investigate the effect of swimming exercise for 6weeks on ovariectomized rats. Rats were
randomly assigned to 3 groups: (1) ovariectomized rats fed with a control diet (C, n=4), (2) ovariec-
tomized rats fed with high fat diet (H, n=4), and (3) ovariectomized rats trained to exercise and fed
with high fat diet (H+EX, n=4). Exercise was performed by swimming for 5 days/wk, with a pro-
gressive increase in exercise over the course of 6 weeks. Results showed that the fat tissue weight
in the H group was markedly increased (z<0.01) compared to other groups, however, regular exercise
significantly decreased fat weight. The PPAR-7 (2<0.05), PGC-1a (p<0.01), -1B (p<0.05), NRf-1 (p<0.01)
and TFAM (p<0.05) mRNA expression in the adipocytes of H+EX were higher than in the H group.
These results suggest that regular exercise for 6 weeks might exert positive effects by increasing
PPAR-7, PGC-1 (a, B), NRf-1 and TFAM mRNA expression and mitochondria in adipocytes. Thus,
regular exercise may be helpful in the improvement of mitochondria biogenesis function in obese,
ovariectomized rats.
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Table 2. Sequences of primers used for RT-PCR

Gene UP (u) and Down (d) primer sequences sli);zd(lll;;’t) ?g;l;j}ljgi

PoCa 5 GACAANTGCICTTIGETITATIC » 3
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PPAR-7, PGC-1a, PGC-13 mRNA
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NRf-1, TFAM mRNA

NRF-1 mRNAE HF o] o2 o Hl8] 713 @A dd s
Rom fofgk 2po](p<0.05)7F Ue ALZ YR oH, Hi
°] TFAM mRNA®# <A Ao yepya eokrt. whd
H+EXT-oll 4 2] NRF-1, TFAM mRNAE HT3 Col 13

of A7l dojxl BE BIe zz
& o] 83te], 7 Ml gk 7] A X (meantSD) S A Z718 A3 9@ 20](p<0.05, p<0.01)7F A= AO= e
F53 G0 7 9 FoIB A A3 ARIEAE  WohFig. 2)
Ao Jek 2F Fo3 ol7h Y& 7 LSD (least
significant difference)E o] &3t AMSAFTS AAISHAT & ZREN oA
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Table 3. The weight of fat mass (g)

group C H H+EX
Fat mass 2.66+0.5 6.45+0.64* 2.58+0.85++

(p7<0.05), **(p<0.01): H group vs C group, ++(p<0.01): H vs H+EX.
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Fig. 1. The expression of PPAR- 7, PGC-a and
PGC- mRNA in adipocytes. PPAR-7,
PGC-a and PGC-B mRNA were
significantly increased in H+EX group.
*(p<0.05): H group vs C group,
+(p<0.05), ++(p<0.01): H vs H+EX. C:
ovariectomized rats fed with a control
diet, H: ovariectomized rats fed with
high fat diet, H+EX: ovariectomized rats
trained to exercise and fed with high fat

H HEX diet.

Fig 2. The expression of NRf-1 and TFAM
mRNA in adipocytes. NRf-1 and TFAM
mRNA were significantly increased in
H+EX group. *(p<0.05): H group vs C
group, +(z<0.05), ++(p<0.01): H vs
H+EX. C: ovariectomized rats fed with
a control diet, H: ovariectomized rats
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Fig. 3. Photomicrographys of mitochondria allocation in fat tissue. Mitochondria (see arrows) are observed in fat tissue and more
increased in H+EX group (C) than H group (B). Magnification x200. Bar size: 200 um. A: C group (ovariectomized rats
fed with a control diet), B: H group (ovariectomized rats fed with high fat diet), C: H+EX group (ovariectomized rats trained

to exercise and fed with high fat diet).

A -3
Al 0}04 A A e ALl
HA[6] ©ol5 %1’3 7170 #FAlo] BotA|
}% 3% %4‘—‘:% at7] 918 Al €]
DNAE % 7] PAR-y, PGC-1,
NREF-1, TFAM9] FHAAES
& 35}= PPAR-y © A ATHE3] F 49} Z%% adipocytic %Z‘j
AE] B S A Aste] AW
PPAR-7 ¢ o] Z7}std TNF A4
A3tA)1 7111, adiponectined] A4t &0 7t
AL o] AGA S e HEZE}
oo
PGC-1& a8t BE FiEatH Aikitstel #
S 793 42 A 9tk & estrogen receptor re
receptord] 4§ o A3l E‘:“‘”‘Pi}e g % Btk o
YeH11] rIEZ= ol gy #d T
Ao} o] 53 AAEE F7HA LEHZS]. Att7F PGC-1
+ NRF-19} TFAMY] upstream©l] =1 917] W&ol P&
glod GAJNAEH Adete Absh 1Abst FEFHA
AANSGES To HEZcgolE: 2, 3E,
(thermogenesis), 12|31 DNAY] HALE SAJAA
glote] 5 F7HZ 4 Ao [29] NRF-19] &4
o} NRE-1& TFAMS] $4< A28k A4S
o, 402 TFAME XA A mDNA EA 5 4
s %9 1 58 FVRIES E9FT 1YBE o5
AL MEZEL oL Ex]]o}oq 1FE Z7]"‘]7]
QA=) 719[33] ol & FHAE4
o desttta £} 1gEE B dFE
]E’l’ Al HE ol A PPAR-7, PGC-1(q,
ZAEFH A, 1 AT gE F T

_|_,
I
[o
gk
ox,
>,
[

o

)

AN -

x] H} >z Z o]] /\1 ul

of
=

lom
FIO{N:lOHHru&

2t PN FHJ

A
A%

Qm
mEO{N:io
lilrﬂtkorzimﬂ_?ﬂr;lﬂ (o

His 25 Al Ao yeygth 18y S5& T3S
H+EX9] PPAR- 7, PGC-1(a, B), TFAM, 127 NRf-19] 8
e H Bo} S S719 202 yeiskon, 22 f st
1 e EZELY £ IA] FoeHA Sk Alow #E
e} o8 A nA R olo] wE Aate] F7pE w]
EZcgote] 429} 4k} 14kl (oxidative phosphorylation) &
BT AATNA nEZE ot A #HE fAES T
go] AAlslo] 1§} FraHTE R334 HAHw
o ARATAME | A} Alsdh

Fasshauer®} Paschke [9]9] 2]5}H PPAR-7 o] 28L& 32
3] Blta dgd A A o] Yehdtial &9 on, Civitarese
s = H]U}O] Z]Z]er sl EtAFE ARHAI7] L, o]0l A
4E& A9A 'J‘:}El Hustyoh 1ejRE
EZT ol A¥A &

7}& calmodulin dependent kinase
24 © & PGC-1q, 18, TFAM, NRf-1
o FEE fste] mEZE=o] ARYE VMG
[18]. ¥t OME} T2 ALFFFE w2 Ad20]EES T

= RS =20 ol ROSE HiOE 5
7HN7IH, 57 Pﬂ H:0,= PGC-laE 35A1A PIEZEL o}
ARE frEste Aoz deA Sls4].

Suarez 5[32]9} Vina 5[33]2 +522 AAH ATP 57}
7k Abe} QIdkgke) SES B HEEAR] Hie] vEZE
gote] 7o BA 5 SR Buskgit. R
e ol HATAEL W v EZE= oA
AAEe BAE 7ML, o84 7k MEZEL )
= S vd Aoz A Bk 73 H
7471 ikl QlojA 1 wpAge] g WKt



1002  AY3s|%| 2011, Vol. 21. No. 7
ARAE H rlEZ = oL A FAAE9 &5l T34
o2 #4849 7tsAol soha AdHh
References
1. Baar, K, A. R. Wende, T. E. Jonesm, M. Marison, L. A.

10.

11.

12.

13.

14.

Nolte, M. Chen, D. P. Kelly, and ]J. O. Holloszy. 2002.
Adaptations of skeletal muscle to exercise: rapid increase
in the transcripotional coactivator PGC-1. FASEEB 16,
1879-1886.

. Baar, K. 2004. Involvement of PPAR7y co-activator -1,

nuclear respiratory factors 1 and 2, and PPARa in the
adaptive response to endurance exercise. Frac. Nutr. Soc. 63,
269-273.

. Baker. M. A. and S. M. Horvath. 1946. Influence of water

temperature on oxygen uptake by swimming rats. /. Appl
Physiol. 19, 1215-1218.

. Bray, G. A. 2004. Medical consequences of obesity. /. (/in.

Endocrinol. Metab 89, 2583-2589.

. Bournat, J. C. and C. W. Brown. 2010. Mitochondrial

dysfunction in obesity. Curr: Opin. Endocrindl. Diabetes Obes.
17, 446-452.

. Choo, H. J,, J. H. Kim, C. S. Kwon, ]. Y. Lee, S. S. Han,

G. Yoon, K. M. Choi, and Y. G. Ko. 2006. Mitochondria are
impaired in the adipocytes of type 2 diabetic mice.
Diaetolagia 49, 784-791.

. Civitarese, A. E., S. R. Smith, and E. Ravussin. 2007. Diet,

energy metabolism and mitochondrial biogenesis. Curr:
Opin. Clin. Nutr. Metab Care 10, 679-687.

. Endo, N., C. Emilio, M. Salvador, and O. C. Michele. 2004.

Mitochondrial biogenesis as a cellular signaling framework.
Biochem Pharmacol. 67, 1-15.

. Fasshauer, M. and R. Paschke. 2000. Regulation of

adipocytokines and insulin resistance. Diabefologia 46,
1594-1603.

Ferre, P. 2004. The biology of peroxisome proliferator
activated receptors: ralationship with lipid metabolism and
insulin sensitivity. Diabetes 53, S43-50.

Finck, B. N. and D. P. Kelly. 2007. Peroxisome
proliferator-activated receptor gamma coactivator-1 (PGC-1)
regulatory cascade in cardiac physiology and disease.
Circulation 115, 2540-2548.

Gao, C. L., C. Zhu, Y. P. Zhao, X. H. Chen, C. B. Ji, C.
M. Zhang, ]. G. Zhu, Z. K. Xia, M. L. Tong, and X. R. Guo.
2010. Mitochondria dysfunction is induced by high levels
of glucose and free fatty acids in 3T3-L1 adipocytes. Mol
Cell Endocrinal. 320, 25-33.

Gomez-Ruiz, A, F. 1. Milagro, J. Campién, J. A. Martinez,
and C. de Miguel. 2010. Caveoiln expression and activation
in retroperitoneal and subcutaneous adipocytes : influence
of a high-fat diet. /. Cell Physidl. 225, 206-213.
Guikherme, A., J. V. Virbasius, V. Puri, and M. P. Czech.
2008. Adipocyte dysfunctions linking obesity to insulin
resistance and type 2 diabetes. Nat. Rev. Mol. Cell Biol. 9,
367-377.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Haddock, B. L., H. P. Hopp, J. J. Mason, and G. Blix. 2000.
The effect of hormone replacement therapy and exercise on
cardiovascular disease risk factors in postmenopausal
women. Sports Medicine 29, 39-49.

Hagey, A. R. and M. P. Warren. 2008. Role of exercise and
nutrition in menopause. (lin. Obestet. Gynecol. 51, 627-641.
Hargrave, K. M., B. ]. Meyer, C. Li, M. ]. Azain, C. A. Baile,
and J. L. Miner. 2004. Influence of dietary conjugated
linoleic Acid and fat source on body fat and apoptosis in
mice. Obes. Res. 12, 1435-1444.

Irrcher, I, P. J. Adhihetty, T. Sheehan, A. M. Joesph, and
D. A. Hood. 2003. PPARgamma coactivator-lalpha
expression during thyroid hormone and contractile
activity-induced mitochondrial adaptations. Am /. Physiol.
Cell Physiol. 284, C1669-C1677.

Johannsen, D. L., L. M. Redman, and E. Ravussin. 2007. The
role of physical activity in maintaining a reduced weight.
Curr. Atheroscler. Rep 9, 463-471.

Kang, D., S. H. Kim, and N. Hamasaki. 2007. Mitochondrial
transcription factor A (TFAM): role in maintenance of
mtDNA and cellular functions. Mitochdrion 7, 39-44.
Kissebah, A. H. and G. R Krakower. 1994. Regional
adiposity and morbidity. Physial. Rev. 74, 761-811.

Liu, C, S. Li, T. Liu, J. Borjigin, and J. D. Lin. 2007.
Transcriptional ~ coactivator ~ PGC-la  interates  the
mammalian clock and energy metabolism. Nature 447,
477-481.

Melton, S. A, M. Hegsted, M. J. Keenan, Y. Zhang, S.
Morris, B. L. Potter, C. E. O'Neil, and G. S. Morris. 2000.
Swimming eliminates the weight gain and abdominal fat
associated with ovariectomy in the retired breeder rat
despite high-fat diet selection. Appetite 35, 1-7.
Mogensen, M., K. Sahlin, M. Fernstroom, D. Glintborg, B.
F. Vind, H. Beck-Nielsen, and K. Hgjlund. 2007.
Mitochondrial respiration is decreased in skeletal muscle of
patients with type 2 diabetes. Diabetes 56, 1592-1599.
Park, H.,, V. K. Kaushik, S. Constant, M. Prentki, E.
Przybytkowski, N. B. Ruderman, and A. K. Saha. 2002.
Coordinate regulation of malonyl-CoA decarboxylase,
sn-glycerol-3-phosphate acyltransferase and acetyl-CoA
carboxylase by AMP-activated protein kinase in rat tissues
in response to exercise. /. Biol Chem 6, 277, 32571-32577.
Pasquali, R, F. Casimirri, A. M. Labate, O. Tortelli, G.
Pascal, B. Anconetani, M. R. Gatto, R. Flamia, M. Capelli,
and L. Barbara. 1994. Body weight, fat distribution and the
menopausal status in women. The VMH Collaborative
Group. Int. Obes. Relat. Metab. Disord 18, 614-621.
Richard, D. 1986. Effects of ovarian hormones on energy
blance and brown adipose tissue thermogenesis. Am /.
Physiol. Regul. Interative Comp Physiol. 250, R245-249.
Rodgers, J. T., C. Lerin, W. Haas, S. P. Gygi, B. M.
Spiegelman, and P. Puigserver. 2005. Nutrient control of
glucose homeostasis through a complex of PGC-lalpha and
SIRT1. Nature 434, 1123-118.

Puigserver, P. and B. M. Spiegelman. 2003. Peroxisome
proliferator-activated receptor- 7 coactivator and metabolic



30.

31.

32.

regulator. Endorc. Rev: 24, 78-90.
Semple, R. K., V. C. Crowley, C. P. Sewter, M. Laudes, C.
Christodoulides, R. V. Considine, A. Vidal-Puig, and S.

Metab Disard 28, 176-179.

Newsweek 147, 87-88.

Journal of Life Science 2011, Vol. 21. No.7 1003

and cytosolic calcium induced by hyperglycemia are
restored by mitochondrial transcription factor A in
cardiomyocytes. Am J. Physid. Cell. Physiol. 295, C1561-1568.

O'Rahilly. 2004. Expression of the thermogenic nuclear 33. Vina, J.,, M. C. Gomez-Cabrera, C. Borras, T. Froio, F.

hormone receptor coactivator PGC-lalpha is reduced in the Sanchis-Gomar, V. E. Martinez-Bello, and F. V. Pallardo.

adipose tissue of morbidly obese subjects. /nt. J. Obes. Relat 2009. Mitochondrial biogenesis in exercise and in ageing.
Adv. Drug. Delivery Rev: 61, 1369-1374.

Stempeer, M. 2006. Supplements aren’t the secret to health. 34. Yan, Z., M. Okutsu., Y. N. Akhtar, and V. A. Lira. 2011.
Regulation of exercise-induced fiber type transformation,

Suarez, J., Y. Hu, A. Makino, E. Fricovsky, H. Wang, and mitochondrial biogenesis, and angiogenesis in skeletal

W. H. Dillmann. 2008. Alterations in mitochondrial function muscle. /. Appl. Physiol. 220, 264-274.

230| DX[ZAo| HAEMEF S XLYMZM O|EZ=E|ot MEHY FMAISS| Hist

H747 Hghe o] ASFT S B Sl ofd B AT e GAEAR ARE FET dF A 1AL
o) g wghe fE3le] o]E AWAEAA WEEE PPARy, PGC-1q, -1B, NRf-1, TFAM #4259 ¥t
ZARSFIL 65730 A A £ES st I Aolo] WE BFHE RS HA e Fi AT B A3
A AR AT E 3AFEE e 2o TR (1) EuH ol (C group, n=4), (2) LALA o] F(H
group, n=4), (3) aAFA o] o} EFT(HHEX group, n=4)0. & Wrolth FHAQ) &5 FHEF S stglon,
TS F 53], F 677 FAA ARSVIE FReA. 2 A3, A A= H 2FAA fFelstA =
(p<0.01) E}WM TAAQ FLFES FAH3] ZaHAT T3 724 52 PPAR-7 (p<0.05), PGC-1a
(p<0.01), -1B (p<0.05), NRf-1 (p<0.01), TEAM (p<0.05)¢] FHAAES BF frolstA F7H A o9 27%E
FEat 677ke] FHH 985 AWAL W) PPAR-7, PGC-1a, -1B, NRE-L, TFAMS| mRNA 28 37}
g mEZEgote] & F7to] GFS v Aow FSEh webA A 52 H77] He 2 Higs)l
AARE FEATL ARAE W rlEZ =] o] A7 MAAA MIEZEL o + A2 AT

A& Aoz A7 H



