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- Abstract -

Background: Studies for the regulation of fatty acid metabolismm are deficient relafively in
skeletal muscle and heart. The investigations in pathological conditions for malonyl-CoA
decarboxylase (MCD) and for the relation of MCD and PPAR-a - -y agonists are insufficient
in particular.

Methods: In the current study, fully differentiated H9c2 muscle cells were exposed to
pathological condifions such as hyperlipidemic (0.1 mM Palmitate) and hyperglycemic
(16.5 mM Glucose) condition with 5 uM PPAR-v agonist (rosiglitazone) and 10 uM PPAR-a
agonist (WY14,643) and then experiments such as MCD activity assay, MCD real-fime
RT-PCR, MCD reporter gene assay, MCD Western blofting, PPAR-a Western blotting, and
palmitate oxidation test were carried out.

Results: Only PPAR-a agonist increased MCD activity. In the result of real-time RT-PCR, both
PPAR-a and PPAR-v agonists elevated MCD mRNA expression in hyperlipidemic condition.
MCD protein expression was decreased in hyperlipidemic condition, however, increased in
rosiglitazone, or WY14,643 treated conditions. Rosiglitazone, and WY 14,643 treated groups
showed incresed MCD protein expression in hyperglycemic condition.

Hyperlipidemic control group and PPAR-a - -v agonists freated groups presented about 3.8
times more increased palmitate oxidation level than normolipidemic control group in
hyperlipidemic condition.

PPAR-a agonist freated group showed 49% more increased palmitate oxidation rate than
hyperlipidemic control group in primary cultured rat skeletal muscle cells. The amount of
palmitate oxidation from differentiated H9c2 muscle cells that had overexpressed PPAR-a
structural genes was more increased than control group.
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Conclusion: This study suggests that PPAR-a agonist ameliorates the defects induced by
hyperlipidemic condition through the regulation of MCD.

In summary, a closely reciprocal relation among PPAR-a agonist, MCD, and fatfty acid
oxidation existed distinctly in hyperlipidemic condition, but not in hyperglycemic condition.

(J Kor Diabetes Assoc 30:324~335, 2006)
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£491 PPAR (peroxisome proliferator-activated receptor)
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-dependent glucose uptake S ZZA]7|= insulin sensitizer
224 28t A AEES T] Ao v B2 o] lsdl
o] Wz AEEE E3A7IE 7I5E gk =gk GLUT 4
o il A FH e R0 o] 55 FuAA Aoz gl
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WY14,6432 PPAR-g activator®4] mitochondria®}
peroxisome©l|A A|RPARe] pARtE Hdsl= 3450 4
A AAE FARNZ e &2 AL ABRLE Fiste] A 74
23} hypolipidemic ZIHS VERHCPY.
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2 FelAl= 23]8 MCD mRNA 'H3lo| 7hasigick =
3 3AHAS AFIRE F9] A Wi MCD 42 3hass)
ek

B odfoli= T AIEE AEZ slod pathophysiological
conditionE & hyperlipidemic condition® hyperglycemic
conditionollA] A|EEol| FAlel| rosiglitazone¥} WY 14,643
59 PPAR agonistg= *2|sle] MCD %4, mRNA 4
) protein Hs =o] wizlE enzyme activity assay, real
time RT-PCR, Western blotting 5] A&S 3l dols
oz A 8 nELg 2710 WA Aeelld MCD7h
AL oAb 2ol ofgA] Agsh=rlE ATl
PPAR-a T widlek 243 siqich o]¢} 252 MCDeoll
ik 2] Aok Al A AR AR (palmitate
oxidation test) S G=3%sle] MCD2] AWk thAt =4 75
< Ssieh. w3 PPAR-a T2 FAAE A % Al
3ol transfectiondlo] o] 5 It Wk A7 & Ak Ak3) A
3} PPAR-a S WIS 2gsjo] AL Aol v]
X PPAR-a®] 2485 g golrglct

Chat o
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1. M2

HOc2 o AlEFe = AIEF 23PellA] Fdsiiet
(A2, iz,

AzaeE Ak ALAETL (A, ol
GIBCO (Carlsbad, California, USA)ollA] Figich A4
AT vk 22 IAEESE gk
American Radiolabled chemicals, Inc. (St Louis, MO,
USA), PerkinElmer Life Sciences, Inc (Boston, MA,
USA). ABI Prism 7700 Sequence Detection System¥}
TagMan EZ RT-PCR Core Reagents< Applied
Biosystems (Foster City, CA, USA)ollA Fdc} rat
MCD/Luc reporter gene (+1~-325)< 54 27 44
(AHSE, A% CHITHERE Fol Wk ra
PPAR-a FEFAAE 8% 25 @174 (A, A
£, UiRHISH 2 5] o] Wkt reporter gene assayoll =
o]= luciferase assay system<- Promega (Medison, WI,
USA)ollA] %1813 O-nitrophenyl B-D-galactopyranoside
(ONPG):= SIGMA-ALDRICH (St. Louis, MO, USA)oilA]
TPt FASL vhet A2 AEETE 79k
guinea pig polyclonal anti-MCD (PEPTRON, Inc., Seoul,
Korea), goat polyclonal anti-PPAR-a (Santa Cruz
Biotechnology, Inc., California, USA), goat polyclonal
anti-cyclophilin B (Santa Cruz Biotechnology, Inc.,

California, USA). chemiluminesence Western blot

detection kit= Amersham Pharmacia Biotech (Little
Chalfont , England)ZHF¥€] i3ic}

2. H9c2 = MIEFQ| H{Fn} XX|

6 well 32 12 well vk HAJol]l AEE £53 5
10% fetal bovine serum (FBS) ¥+F ®lA] (DMEM-F12,
55 mM Z5% =50 DMEM EES w24 80%
A% confluencedld wi7bA] zebA g+ 5] 1% FBS & &2
3} A2 wiA S Zobrar 49 F]F myotube HEIE 35}
5 ARk 49 B 23 F 29 Wl iR E v A
AFEEAMEE (0.1 mM palmitate) 32 ZLEEEED (16.5
mM glucose) FENE RTHEOI1FEIL FA9l| rosiglitazone (5 1
M) T} WY14,643 (10 uM)S H2l3kc}

3. HepG2 ZHeH MIZZQ| HH2IR} X

6 well 22 12 well ¥ Al AEE B33 5 10%
FBS 35 A (DMEM-F12)24] 80% X confluencedl]
A A 22| gk 5 AlEe] ks WA s S8l
1% FBS 3hr viAZ Zol & g, 2 &< 34 (0.1
mM palmitate) JEIE THEo]S=3L FAlol rosiglitazone (5
M) T} WY14,643 (10 uM)S X2lshc}

4. F A2 M= BT MK

Blau$} Webster™ 9 Sarabia 5°V¢] H-S 2-83]0]
H AT wiekE AlRgeitl A & 24T 235 15 mL
DMEM/F-12 mediacl] Woi Z2-& AA] B3
£oll4 25 mL 0.05% trypsin/EDTA®IA] 3027} 3
2 AEE el Eelals B9 B2 AlEE 4T B
Fslcl BalEl AlZHS 1200 rpmollA] 48 ok YA B
2 & AFAE el 3 AERE AT uid
(DMEM/F-12 with 10% FBS, 1% Antibiotics)2 %ol =Y
R A70ek 23k AlZAS 100 mm vl FHAJol] Hof
95% 0, 5% CO, incubatorol] Hol wHEA| 71tk wlokel-2-
20]| B ulFo] Fol 70~80% confluence”} o] Fol A=
uflol] Agol] o] gk} B} 1l XX Hoc2 % AEFS]
Wel] v

5. MCD &4 &M =X

6 well HiE HAlellA 4d FF ESHAIL 1 529 &
o X3k AEES 0.5 mL MCD 33 k=80 (pH 7.4
HEPES buffer containing protease inhibitors: 0.575 mM
PMSF, 0.002 mg/mL leupeptin, 0.001 mg/mL pepstatin A,
0.002 mg/mL aprotinin, 1 mM EDTA, 10 uM DTS ¥
3 2 9 shiE 3 % 13,000 rpmoflA] S 3t A
2% o] 2 gBolg Haow AgYch MCD Ek
4 24e Mo, EAMPRE olgshen thea ek 4
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Table 1. Primer and Probe Sequences Used for Real Time RT-PCR

Gene Primer/Probe Sequence
MCD Forward 5’-CGGCACCTTCCTCATAAAGC-3’

Reverse 5’-GGGTATAGGTGACAGGCTGGA-3’

Probe 5’-FAM-AGTGGTCAAGGAGCTGCAGAAGGAGTTT-TAMRA-3’
Cyclophilin Forward 5’-CTGATGGCGAGCCCTTG-3’

Reverse 5’-TCTGCTGTCTTTGGAACTTTGTC-3’

Probe 5’-FAM-CGCGTCTGCTTCGAGCTGTTTGCA-TAMRA-3’

2 (20~30 pg)e] E4HE 1 mM pHS.0 Tris-HCI, 0.02
mM DTE, 0.018 mM malonyl-CoA[(hot:cold=1:3) 0.0375
uCi], ST = T3 WS Eqtolel] Hrlslo] #HE F-
3|7} 150 uL7} =A] gkl 1417 304 5] ik AT
10% perchloric acid 25 pLE 7ksto] WS A7 ©f
5 A5 FollA 205 Bt WAIE] 0,7t Sl EAs

=% k. Mcos IR FolE vialel &l

scintillation solutiong 3L countingS 3ht
6. MCD mRNA &gk =5

MCD mRNA w2 Z4s17] 93l Alxs<s 2 44
T 3704 100 mm FAell 25, 8}, Telar X3k H
mRNA 3% A9l TriZol& 1 mL4 Y3 v wel
mRNAE =3k} MCD mRNA w3k 242 real time
RT-PCR (ABI Prism 7700 Sequence Detection System)
WS A8sl=1] TagMan EZ RT-PCR Core Reagents
< Ag3to] geefgich 50 L whe E9kEe] AL okt
2t

100 ng total RNA, TagMan EZ buffer, 3 mM Mn
(OAc),, 300 pM dATP, 300 uM dCTP, 300 M dGTP,
600 uM dUTP, 200 nM MCD forward and reverse
primers (or 200 nM Cyclophilin forward and reverse
primers), 100 nM MCD Probe (or 100 nM cyclophilin
Probe), 0.1 U/L rTth DNA Polymerase, and 0.01 U/L

AmpErase.

one-step real time RT-PCR®] 2712 oS3} 2t}

2 min at 50C (initial step), 30 min at 60°C (RT step),
5 min at 95C (deactivation step), 40 thermal cycles of 20
seconds at 94C (melting) and 1 min at 62°C (annealing

and extend)
7. &AL 0|2 (Transfection)

7} 6 well BleE HAol] A|ZE- 80% A X confluences}|
Aol & vhe
(1) & well 2 100 L ®iA] (- &) + 3 L

Lipofectamine

(2) 8 well B 100 pL ¥HA] (- EH) + 1 g
plasma DNA + 2 yL Plus reagent, ()3} 2)&
247y s E2A] 42 5 d2ellA] 53 5]t eiek

th (DI 2)F 412 kS 308 B9t AolA ik
2k A (- ) 800 ULE 7+ wellell WolErh

u}. Z} welloll transfection complexE 7

vk 377CeA] 3A17E 51L miek

2} Lipid/DNAE AA

ol. 7 well& PBSE Holeal IS I3kt viAE |

o ohg upAlgl ok

i

8. Reporter gene assay

7}. Luciferase assay reagent =FH|

Luciferase assay substrateS -2 -27]0l] assay buffer&
7tk

L Al sl F4)

29 BeF Ay, 3EEY, T2]a FAlol]l PPAR-19b
PPAR-c¢ agonistE *2]dk ¥ MCD promoter gene
constructZ- transfectionA]7] wiekst A|ZEolA] wljokel S A
7]8k 5] phosphate buffered saline (PBS) 2.2 Hols t}-S-
uijek HAJQ] 7+ wellell 1 x lysis bufferS Y shf] 3
12000 gollA] QAERIE 3ot AS5Hnt F gk

t}. LuminometerE- A8ty 74

Luminometer tubeol] 20 pL2] A|E shflelS- Y31 100
UL®] substrate s H7Fslod FA3sc)

2}. B-galactosidase assay

96 well plateol] A|ZE el 50 LS Y3 2 x buffer
50 uLE 7R F & 43 GNe Ayde] okl ks
g w7bA] 37°CellA] 304 &2t HESAIZ] tha 1 M sodium
carbonate 150 pLE H7}lslo] vES-S Z2)A)7]1 £ 420 nm
sellA =S 4%k

9. CHHZl HIS{2F =M (Western blot analysis)

AZ71 80% A confluencestA] A1+ 100 mm HHSk

Aloll ghlA ZeZol 200 pLE W3 52 F 50 BQF
voltexing& so] AIES sJiigt 5 2082 <k ¥} 20T
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F $ 15,000 rpmofl4] 102 “5<F A4E=]
sjod A5l vk Felsle] B2 F Breadford WO E th
RS =43 5| SDS-PAGES AX|ght}. #A7]|edFo
E1pH vEE nitrocellulose membraneol] 147} 304 =<t
transferE 3k ¥ 5% (w/v) fat-free milk powder /| TBS-TZ
2] overnight blocking% A A&} blocking 3 TBS-TEH
1024 39 AolWar o o 2% (w/v) fat- free BSA /
TBS-Toll 3]4X]Z1 anti-MCD = PPAR-a polyclonal
primary antibody & 2A]7F 52+ *elgc}l. TBS-TZ4] 10%
4 31 Aol 5 5% (w/v) fat-free milk powder / TBS-T
ol] 3]4A]71 HRP-conjugated secondary antibodyE- 1X]7F
ol Aelet = TBS-T2H 1054 381 TBSE 105 £t
1 Ao]¥l ¥ ECL western blotting detection reagentl:‘—;%
Helsle] vke-& A7l ¥ ATE 1% iz thide
A] cyclophiling ARg-s}9iHt

—_

10. X|gHAF AbSl2F &N (Palmitate oxidation)

Palmitate oxidation 2742 Rognstad®] W>& g}

*

40 l—l

MCD Activit:
(pM/min/ ugg

Ctr 165Gk Rosi WY
[Hyperglycemial

o] Ag3tl & 12 well viFHAlolA] A|EZE- serum-free
media 490 pLE Y wleksle=d], 10 pLe] 7)AH
([9,10-3H] palmitic acid, 0.2 uCi, final concentration = 5
umol/L)& 7ksled 3417 5<F 37°C 95% O, : 5% CO»
incubatoroll4] wljekelc) wljoF X wljoke} 100 pLE- ion
-exchange resin®] ¢ )= columnol] HiL vljokle] Sk
3] g7k Foll 57 0.75 mLE 7 Woll 2 yoj Ff
o]l non-oxidized palmitate (charged state)< resinol] Zed
column&hol] W24 =31, oxidized palmitater= A7
columng Fste] E (HO'H)®| HElZ oz 2] vial
o RolAtk *HO| radioactivityS liquid scintillation

spectrophotometer & ©]-&3slo] A}

11. EAHEN 24

=T =T

T AY T Aol FAIH oz ou] 9E Xo] i =
Student’s t-testE AREslo] AAS|IP A P < 0.05€w] 2]
JE Fre g slglon RE AY A Ak + TF L

=22 Uephgicr.

MCD Activit;
(oW/min/ug)

Ctrl 0.1Pal Rosi wy
[Hyperlipidemia]

Fig. 1. The alteration of MCD activities in hyperglycemic (A) and hyperlipidemic
(B) conditions. Fully differentiated myotubes were treated with 5 uM rosiglitazone

and 10 uM WY14,643 in hyperglycemic condition and in hyperlipidemic condition.
Only WY-14,643 increased MCD enzyme activity in hyperglycemic and

hyperlipidemic conditions.
* P < 0.05

o
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MCD mRNA
(Relative Expression)
o
w

00-

Ctrl 16.5GIlc Rosi WY
[Hyperglycemial

Fig. 2. The alteration of MCD mRNA expressions in hyperglycemic (A) and
hyperlipidemic (B) conditions. The elevation of MCD mRNA expression by PPAR
agonists was observed in hyperlipidemic condition, however, not in hyperglycemic

condition.
* P < 005

o
T

MCD mRNA
(Relative Expression)
o
(4]

00-

Ctrl 0.1Pal Rosi WY
[Hyperlipiderrial

- 328 -



— 08T 9 7Q: TNy N NEEY ZWHOIN HIYYT 3K NES| T A0 DINI= PPAR— 29f PPAR— » agonist® 23 —

1. MCD &4 &AM

HOc2 5 A5 wikgAlell 80%7HA] AleHA] & % A
ZA (BA 10% FpolA 22k wiA (BH 1% T
2 vl 49 B]F B3I B3t T v 2
QF ¥ g 32 HelE s SAlell PPAR-vet
PPAR-a agonistE *|2]8l| Tt} vlioke] £t F wix|E A
71831 phosphate buffered saline (PBS)-& ARSslo] AIEE
AolF vhe F3telar shilslo] MCD #4344 24 9]
g a4 NS A=k

“co, EREE A8sled MCD B4 B4
733} PPAR-a agonistQ] WY-14,643%F0] I XM} 8] ¥ T
T Aol Ask MCD #4= 24 S7HIZE e
PPAR-V agonist?] rosiglitazone= AW} 8l y¥Tdt &=

271014 MCD ¥4 848 71714 £t (Fig. 1).

2

A0

ped

AN
i odl
f-

d
f

2. MCD mRNA usizf

Real time RT-PCR A3 W& o]8slo] MCD mRNA
e A% A9 e 2Rede B vz,

== p(GL-3

e Ctr]
- |5.5Glc
== Rosi
acm WY

ez Ctrl
cm().1Pal
=3 Rosi
— WY

15000000 4

10000000 4

Lucif-Gal

5000000

I | [

[Hyperglycemia]

Fig. 3. The result of MCD promoter gene assay in hyperglycemic
and hyperlipidemic conditions. The expression rate of MCD
promoter gene was increased by PPAR agonists in hyperlipidemic
condition, however, not in hyperglycemic condition.

* P <005

Cyclophilin— & && &8 &6

MCD— N—

Ctrl 16.5GIc Rosi WY
[Hyperglycemial

TEED 2T 2283 rosiglitazone 3 WY14,643 *]E|
T5 Aolof] 2Ju] gl MCD mRNA Haleke] xjol7} ¢l
ek e A 270 aA vizTe] A4 o
ZarREo 114 AEE ZAsIdedl  rosiglitazone  H
WY14,643 *2|E s 5 8l o4 MCD mRNA #F&ao]
=71kt (Fig. 2).

3. MCD reporter gene assay

MCD promoter gene construct (+1~-325)5 HIC2 A%
ol] o]dAJZl F reporter gene assayE ¥+ 727} real time
RT-PCR 77} fARIAl A Z71of|Awt PPAR-a$}
PPAR-V agonist£°] MCD promoter gene2] B&& 715
doFzrt

5 AxE 27 4 AfTE Aeldl MCD
promoter gene g Xol7} giick T} AW =
ZolA = rosiglitazone 3! WY14,643 X28|& WE AdT-
o] A} T K} MCD promoter gene BF-go| =7}
8}9Jtk. MCD real time RT-PCR Z3}9} 2] w1 thz
To| 238 A4 thzTEr} promoter gene & Eo] <kt
H S7ksIiel (Fig. 3).

(¢}

N

P

4. MCD CcHiZ! dis

om

SR A MCD B WIS A AT
B SAH 0 ol G Mok glRlaL SEET 271
4] PPAR-V - -a agonist52Q! rosiglitazone¥} WY-14,643=
Aelge 735 s whsske] ZHglck A 271004
© % =] MCD thid 3leke] 42% & A8l= %
2 rosiglitazone™} WY-14,643-5 X2|glS uf] 20l o]
o] F7FsISIt (Fig. 4).

5. H9c2 3T MEFQt HepG2 ZHE MIZF0|A X
A M3t

HO2 % AIEFS] 7% nEET 27604 7 AT

Cyclophilin—» = & v 3

MCD—
Ctrl  0.1Pal Rosi WY
e — |
[Hyperlipidemial

Fig. 4. The alteration of MCD protein expressions in hyperglycemic (A) and

hyperlipidemic (B) conditions. MCD protein expression that was decreased in

hyperlipidemic condition was increased by treatments of PPAR agonists. In

hyperglycemic condition PPAR agonists increased MCD protein expression.

* P < 005
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| A A Kol giodel ey A =71
A 2T PPAR-q, -V agonistE-S X2lgt &
| A4 tztoll vlsl] A4t Adsteko] oF 3.8ul F7Hl
b ey A 27} agonistg2 *2IgE 75 Ale]
of] XAt Abslekol] Xol= $iich

SR 2710014 HepG2 7HA AIESS] XAt A3} oF

4

gul

3

2
2
ol

g
o

uf

A [H3c2 celll
0.100
5 0075

0.050

0.025

0.000
Ctrl 18.5Gl Rosi WY

[Hyper gl yceni al

& [HepG2 cell]

—

Girl

Fig. 5. The effects of PPAR agonists on palmitate oxidations from H9c2 cells (A, B) in
hyperglycemic (A) and hyperlipidemic (B) conditions, and from HepG2 cells (C) in hyperlipidemic

=

& HE3F H9c2 T AIETS w72 AW izt
PPAR-q, -V agonistgo X2|g v-5o] A4 thzxrol vls)
AL Aslepo] Frksiick aeiv aA uzgw)
PPAR agoniste-= *|2]8t 75 Alo]ol] AuAl Abslekol] 2}

ol it (Fig. 5).

B

(nmolf mg)

Oxidation Rate

01Pal  Rosi
[Hyperl i pi deni al

[H9c2 cell]
-
1.00

0.50
0.25

0.00
Ctrl 0.1Pal  Rosi wY

[Hyperl i pi dem al

wy

condition. Palmitate oxidation was increased in only hyperlipidemic condition.

The increase of palmitate oxidation from H9c2 cells occurred only in hyperlipidemic condition, but
palmitate oxidation rates among hyperlipidemic control group and PPAR agonists treated groups were
not different. HepG2 cells in hyperlipidemic condition was like to the palmitate oxidation aspect of

HO9c2 cells in same condition.
* P <005
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Fig. 6. The effects of PPAR agonists on palmitate oxidations from primary cultured rat
skeletal muscle cell in hyperglycemic (A) and hyperlipidemic (B) conditions. There was

no differences among experimental groups

in hyperglycemic condition. But in

hyperlipidemic condition the palmitate oxidation rates of hyperlipidemic control group
and PPAR-a agonist treated group were more increased than normolipidemic control
group and hyperlipidemic control group respectively, however, the palmitate oxidation
rate of PPAR-v agonist treated group was decreased in comparison with hyperlipidemic

control group.
* P < 005
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|
oft
Ly
)
>
Ir
N

f

7. PPAR-q CHHE di5iat

>

SR 27100A A iz, AN &, 1e]al 3
Z7A] rosiglitazone-s *2l3t AY F5& 25 &

A
% 422] PPAR-a 1 W M-S kb PPAR-

Cyclophilin —» ) § o . - .

Ctrl 0. 1Pal Rosi Wy

PPARa —» 2 w—
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*
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Relative Density

Ctrl 0.1Pal Rosi wY
[Hyperlipidemial

Fig. 7. The alteration of PPAR-a protein expression
in hyperlipidemic condition

In hyperlipidemic condition, only protein expression
of WY14,643 treated group was increased.

* P < 0.05.

]

*

(nmol/mg)

Oxidation rate

Ctrl PPARa PPARaWY

a agonist®] WY-14,643-& X3t Ay FollAnt oh2 Ay
5ol vlsll PPAR-a ©HiA wEd=ko] oF 2ulE STkl
ol Al wiAlIRAA 1xET Zdke 24
PPAR-a agonist?] WY-14,643-% X2|3F Ag Follxwt
PPAR-g Thi#d b wjz} 3w 9det (Fig. 7).

8. PPAR-a T& FIXIE LUAAIZ! MEHOIM K|

A ASl2Eo| Bi519L PPAR-o THMZEl UISIEkO| s}

=

PPAR-a 72 FAAE 28 A)71 7§ dzg-tHe) 2
WAk Astere] F7kslglel. PPAR-a T HAHE

AZIMA FAlell WY14,6438 X2|3t Ay zpied
A7) ATt A Asteke] k= slIAINE B

&

ks

oE & o

A7 75 HzTEe 713 AR PPAR-a 2 4
g el A7HA BAlell WY 14,6435 H2I3t Ajl
< ghaksnk A7 AR} A akdeko] v Z7)s)A|

= ¥3hk (Fig. 9).
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2 s el wEH WY-14,643 HelE B
hepatoma cells¥} fenofibrate (PPAR-a agonist)& 22l
Otsuka Long-Evans Tokushima fatty (OLETF) ratol] 4]
MCD mRNA "lo] Z7sigi o] Hamslgle), & =%
oll4] PPAR-a= MCD promotert}2] PPREsol| ZAg3to &
2] rat hepatic MCD transcriptions ZZIA]7]|2 ul}A]
MCD+ malonyl-CoA 2] FEE WAl o 2x] AHkAl A
3k} 2AJskEl PPAR-a Atole] =4 71 olzliel=tl F
2% qBe ¥ 4 dokn wask Yo,

Campbell 52] W10l PPAR-7} Zofs) A2

PPARa — =+ - —
1 —
Ctrl PPARa PPARaWY
B *

*

100

Relative Density

Ctrl PPARg PPARoWY

Fig. 8. The variations of palmitate oxidation (A) and PPAR-a protein

expression (B) rates after PPAR-a structural gene overexpression. PPAR-a

overexpression group showed increased palmitate oxidation rate and PPAR-a

protein expression as comparison with control group.

* P < 0.05.
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