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( insulin resistance, IR ) ( Type 2 DM )

Peroxisome proliferator-activated receptors  ( PPARs ) 

F i b r a t e s thiazolidinediones  ( TZDs ) P PA R P PA R

F i b r a t e s ( TG )

( HDL-C ) T Z D s

( pleiotropic effects )

( dual ) PPA R / ( glitazars ) phase III

G l i t a z a r s P PA R P PA R P PA R s

( class effects of PPARs ) ( angiotensin receptor antagonists

ARBs ) P PA R ( selective PPA R modulation )

P PA R / P PA R P PA R

P PA R s

( Peroxisome Proliferator-Activated Receptor,

PPAR )

Fibrates

Thiazolidinediones

( Angiotensin receptor antagonists, ARBs )

( Pleiotropic effects )

( obesity )

( metabolic syndrome ) 

( insulin resistance, IR )
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( Type 2 DM )

I s s e m a n

G r e e n1 1 9 9 0 ( perox-

is om e  )  f i -

b r a t e s thiazolidinediones  ( TZDs ) 

P PA R s

( dual ) PPA R / ( gli-

tazars ) phase III P PA R /

P PA R ( SPPA R M )

P PA R s

P PA R s

P PA R (  f i -

brates ) P PA R ( TZDs ) dual PPA R s

P PA R /

( P PA R ) ( pan- ) PPA R s P-

PA R ( selective PPAR modulator S P-

PARM ) 

P PA R s
P PA R ( nu-

clear receptors ) ( ligand )

D N A 6 0 - 8 0 %

( natural ligands ) ( fatty acids )

( eicosanoids ) f i-

brate s T Z D s ( fatty

acid binding protein FABP ) P PA R s

P PA R retinoid-x receptors  ( RXRs ) 

( heterodimers ) p r o m o t e r

pero xisome  prol if era to rs-re sp onse  element

( PPRE 5 - A G G T C A - 3

) ( transactivation ) 

( transrepression ) ( transcription )

P PA R s

( common

cofactors ) ( specific cofactors ) 

( pleiotropic effects ) 
2
( 

3 
)

S P PA R M
4 P PA R s

P PA R

P PA R

P PA R

P PA R s
P PA R

( brown adipose tissue

B AT )

/ ( foam cells ) 

P PA R

( lipoprotein ) 

( VLDL )

( triglyceride-rich lipoprotein ) 

( apolipoprotein ) 

( apoAI apoAII ) A B C A - 1

S P PA R M s P PA R

S P PA R M
3 P PA R perox is ome proli ferator-ac -

tivated receptor R X R ret inoid-X recep-
t o r P P R E peroxis om e prol if erators -re-
s ponse elem ent S P PA R M s s e l e c t i v e
P PAR modulators
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S R - B 1 ( reverse

cholesterol transport via ABCA-1 and SR-B1 trans-

porter ) 5 - 6 , 7

8 P-

PA R ( 
9
)

F i b r a t e s P PA R f i b r a t e s

g e m f i b r o z i l f e n o f i b r a t e b e z a f i b r a t e

f i b r a t e s (  9 - 1 5 )

f i b r a t e s ( TG )

( HDL-C )

( LDL-C ) L D L - C

(  mor e buoyant , less

atherogenic  ) f i b r a t e s

T G H D L - C S t a t i n s

L D L - C f i b r a t e s

( f e n o f i b r a t e

)

P PA R
( white adipose tissue, WAT )

/

P PA R

( homeostasis ) p r e -

a d i p o c y t e
1 6

1 7 , 1 8 P PA R
1 9

( lipotoxicity )

P PA R

c y t o k i n e s

P PA R r e s i s t i n tumor necrosis factor

( TNF ) a d i p o n e c t i n 2 0 - 2 3

P PA R
2 4 , 2 5

T Z D s

( migration )
2 6 , 2 7 ( 9 )

P PA R T Z D s T Z D s

p i o g l i t a z o n e rosiglitazone ( trogli tazone

)

P PA R

/ P PA R
A p o a p o l i p o p r o t e i n C R P

C- reac ti ve pro tei n I F N i n t e r f e r o n
T N F t um or n ec ros is  fa ct or I L i n-
t e r l e u k i n N F - k B nu c le a r  f a c t o r-
ka ppa B F M D flo w-m ed iat ed di lat a-
t i o n PA I - 1 p la s m in o ge n a c t iv a t or
i n h i b i t o r - 1 9.

/ P P A R

G L U T 4 glucose transporter  4
C R P C -reac tive prot ein T N F t u m o r
nec rosi s fac t or I L i n t e r l e u k i n N F -
k B nu cl ea r f a ct o r-k a pp a B F M D
flow -mediat ed di lat ation PA I - 1 p l a s-
minogen ac tivator inhibi tor-1 M M P - 9
matrix m et al loproteinase-9 9.
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( H b A 1 C 1-2% ) p i-

o g l i t a z o n e ( partial ) PPA R

T G H D L - C 2 4 , 2 8 , 2 9

( 9,  28-33 ) P R O a c t i v e

P PA R 9

T G H D L - C L D L - C

F i b r a t e s

G e m f i b r o z i l

F e n o f i b r a t e

B e z a f i b r a t e

H H S Helsinki Heart Study VA - H I T The Veterans Affairs High-density lipoprotein cholesterol Intervention Tr i a l
D A I S Diabetes Atherosclerosis Intervention Study F I E L D The Fenofibrate Intervention and Event Lowering in Diabetes trial
B I P Bezafibrate Infarction Prevention S E N D C A P The St. Mary's, Ealing, Northwick Park Diabetes Cardiovascular Disease
Prevention study A 1 C H b A 1 C T 2 D M

G e m f i b r o z i l1 0 , 11

F e n o f i b r a t e11

B e z a f i b r a t e1 2 - 1 4 A 1 C 0 . 3 %
T 2 D M

2 0 - 3 0 %
2 5 - 4 0 %

2 1 - 5 0 %

6 - 1 2 %
1 0 - 1 5 %

1 8 - 2 0 %

0 - 5 %
1 0 - 1 5 %

7 %

H H S

VA - H I T

Gemfibrozil 600mg/

v s

Gemfibrozil 

1 2 0 0 m g / v s

4 0 8 1 4 0 - 5 5

( H D L - C 2 0 0 m g / d l )

2 5 3 1 7 5

(HDL-C 4 0 m g / d l
LDL-C 1 4 0 m g / d l

TG 3 0 0 m g / d l )

5

5 . 1

T G L D L - C
H D L - C

H D L - C

T G H D L - C

L D L - C

D A I S

F I E L D1 5

F e n o f i b r a t e
2 0 0 m g / v s

F e n o f i b r a t e
2 0 0 m g / v s

4 1 8 T 2 D M

1

9 7 9 5

T 2 D M

3

5

T G L D L - C
H D L - C

T G L D L - C
H D L - C

/

B I P

S E N D C A P

B e z a f i b r a t e
4 0 0 m g / v s

B e z a f i b r a t e
4 0 0 m g / v s

3 0 9 0 4 5 - 7 4
/

( 
1 8 0 - 2 5 0 m g / d l

HDL-C 4 5 m g / d l
T G 3 0 0 m g / d l
LDL-C 1 8 0 m g / d l

1 6 4 T 2 D M
( )

6 . 2

3

T G H D L - C

T G
/ H D L - C

H D L - C

TG 2 0 0 m g / d l
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3 1
( pioglitazone ) p i o g l i t a-

z o n e ( 

) ( 

) 

D R E A M 3 2 r o s i g l i t a z o n e

T Z D s

P PA R 9

T G H D L - C L D L - C

T h i a z o l i d i n e d i o n e s

/

P i o g l i t a z o n e

R o s i g l i t a z o n e

Tr o g l i t a z o n e

P R O a c t i v e Prospective Pioglitazone Clinical Trial in Macrovascular Events D R E A M Diabetes Reduction Approaches with
Ramipril and Rosiglitazone Medications A D O P T A Diabetes Outcome Progression Tr i a l T 2 D M I F G

I G T
* 1 8 0 m g / d L

P i o g l i t a z o n e2 8 - 3 0

R o s i g l i t a z o n e2 8 - 3 0

HbA1C (1-2%)
HbA1C (1-2%)

1 0 - 1 5 %
0 - 5 %

1 0 - 1 5 %
1 0 - 1 5 %

5 - 1 5 %
1 0 - 2 0 %

Pioglitazone       

026 Study

P R O a c t i v e 3 1

Pioglitazone 30mg/

v s

P i o g l i t a z o n e
1 5 / 3 0 / 4 5 m g / v s

(
)

1 9 7 T 2 D M

5 2 3 8
T 2 D M

1 6

3 4 . 5

A 1 C

C - p e p t i d e

T G H D L - C

T G L D L - C
H D L - C

Patel et al.

D R E A M3 2

A D O P T3 3

R o s i g l i t a z o n e

1 - 2 m g /
v s

Rosiglitazone 8mg/

v s

Rosiglitazone 8mg/
vs metformin 2g/

vs glyburide
1 5 m g /

3 8 0 T 2 D M

5 2 6 9 I F G I G T
( )

4 3 6 0
T 2 D M

(

)

1 2

3

4

T 2 D M
I F G

I G T
R o s i g l i t a z o n e

*

A 1 C

H D L - C

L D L - C

L D L - C (

)

Troglitazone      
Study group

Tr o g l i t a z o n e
2 0 0 / 4 0 0 / 6 0 0 /

8 0 0 m g / v s

3 3 0
T 2 D M

1 2 A 1 C
T G
H D L - C ( 6 0 0

8 0 0 m g / )
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3 4 T Z D s

( 4 % )

T Z D s
3 5

I I I - I V ( NYHA

Fc III-IV ) T Z D s 3 4 T Z D s

lipoprotein ( a ) 3 6 , 3 7 lipoprotein ( a ) 

T Z D s

T Z D s

P PA R / ( P PA R )
P PA R

P PA R P PA R

P PA R P PA R

( )

P PA R gene knock-out P PA R

( oncogenesis ) 
3 8 - 4 1

P PA R

( ) GW501516 ( GSK )

1 0 0 0 P PA R 4 2 , 4 3

G W 5 0 1 5 1 6 H D L - C a p o A I a p o A I I
4 2 , 4 4 - 4 6

( small

dense  L DL  ) 4 0 T G

( ketones ) G W 5 0 1 5 1 6 H D L - C

f e n o f i b r a t e 4 6 P PA R

H D L - C

( ) 

G W 5 0 1 5 1 6

P PA R
4 3 , 4 7 , 4 8

( true sensitizer )

P PA R T Z D s

( ) ( dissipat ion ) 

P PA R

( uncoupling and dissipation ) ( mi-

tochondria ) 4 3 , 4 9 , 5 0 P PA R

( thermogenesis )
4 3 , 4 7

( ) ( oxidative capacity )

( fuel switching ) P PA R

( muscle remodeling )

( oxidative myofibril )

( endurance ) 4 7 , 5 1 P PA R

5 2 5 0

P PA R

( 

P PA R ) 

( 

) P PA R 5 3 , 5 4

( ) ( BAT ) ( an-

giogenesis ) B AT
5 5

P PA R P PA R

a d i p o n e c t i n

( ) ( anti-atherogenic ) P-

PA R ( 

) ( ABCA-1 )

H D L - C a p o A I
4 2 , 4 5

P PA R 5 6

( ) P PA R

( oligodendrocytes ) 

( myelin ) 5 7

( ) ( keratinocytes ) 

P PA R
5 8 , 5 9 ( stellate cells )

P PA R
6 0 6 1

( ) 

P PA R 6 2 , 6 3

P PA R
4 0 , 6 4

P PA R

P PA R
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P PA R / ( dual PPA R /
a g o n i s t s glitazars )

f i b r a t e s T Z D s

P PA R P PA R P PA R

P P A R

( ) P PA R ( )

g l i t a z a r s P PA R

T G H D L - C

P PA R

g l i-

t a z a r s P PA R P PA R P-

PA R f i b r a t e s

( phase III ) ( 3 , 6 5 , 6 6 )

P PA R /

P PA R P PA R

S P PA R M 6 7 , 6 8

P PA R P PA R P PA R

P PA R s

P PA R ( selective
alternative PPA R m o d u l a t o r

S P PA R M )
g l i t a z a r s

P PA R ( antagonists ) S P-

PA R M S P PA R M

P PA R /

P PA R

p r o m o t e r S P PA R M

P PA R P-

PA R ( S R - 2 0 2 GW9662 ) 

T Z D s
6 9 , 7 0 S P PA R

M T Z D

T Z D P PA R ( partial agonists ) ( 
7 1 - 8 3

)

GW0072 ( Glaxo-Welcome ) 

P PA R / g l i t a z a r s 3

T C L D L H D L T G A 1 C F P G F P I FA

M u r a g l i t a z a r / B r i s t o l - M y e r s 2 0 0 6 / 0 5 / 1 8
B M S - 2 9 8 5 8 5 S q u i b b / M e r c k

( P a rg l u v a )

Te s a g l i t a z a r / A s t r a Z e n e c a 2 0 0 6 / 0 5 / 2 6
A Z - 2 4 2

R a g a g l i t a z a r / Novo Nord isk =
D R F - 2 7 2 5

I m i g l i t a z a r / Ta k e d a 2 0 0 4 / 1 2 / 2 0
TA K - 5 5 9 P h a r m a c e u t i c a l s

K R P - 2 9 7 / K y o r i n / B a n y u 2 0 0 3 / 11 / 2 0
M K - 0 7 6 7 ( M e r c k )

T C T G A 1 C H b A 1 C F P G F P I FA
C R P C-reactive protein G F R a p o a p o l i p o p r o t e i n.

[

( T I A )
]

G F R

( )

( h e m a n g i o s a r-
c o m a )

C R P

platelet activator
i n h i b i t o r- 16 5

a p o A I

a p o C I I I

a p o B (
)

a p o B

a d i p o n e c t i n (
)6 6
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S P PA R M

( angiotensin

receptor antagonists ARBs ) -

- ( RAA axis ) P PA R

t e l m i s a r t a n
7 7 - 8 0

M e t a g l i s e d a n S P PA R M ( 

P PA R )

( P PA R )

m e t a g l i s e d a n

M e t a g l i s e d a n p i o g l i t a z o n e

r o s i g l i t a z o n e
8 4

( phase II )

Te l m i s a r t a n S P PA R

M Te l m i s a r t a n

r o s i g l i t a z o n e 3 0 % P PA R

t e l m i s a r t a n

a d i p o n e c t i n r e s i s t i n

( ARBs )

P PA R S R - 2 0 2 T Z D

T Z D s

6 9 , 7 0 P PA R

P PA R
8 5

*

S P PA R M7 1

( % ) ( ) ( ) ( )

G W 0 0 7 2 ~ 2 0 - 4 0 %

n T Z D p a ~ 2 5 %

F K - 6 1 4 ~ 6 5 %

Te l m i s a r t a n ~ 3 0 %

PA - 0 8 2 ~ 4 0 %

H a l o f e n a t e / ~ 1 0 - 1 5 %
m e t a g l i s e d a n

C B P cAMP-response element binding protein C R E B -binding protein
S R C 1 steroid receptor coactivator- 1 T I F 2 transcription intermediary factor- 2 S R C 3 steroid receptor coactivator- 3
P G C - 1 P PA R c o a c t i v a t o r- 1 N C o R nuclear receptor co-repressor S M RT silencing mediator for retinoid and thy-
roid hormone receptor P B P P PAR-binding protein P R I P P PAR-interacting protein D R I P 2 0 5 vitamin D receptor- i n t e r-
acting protein-205 P 3 0 0 coactivator P300 T R A P 2 2 0 thyroid hormone receptor-associated protein-220

C B P S R C 1
T I F 2 S R C 3

P G C - 1

N C o R S M RT

C B P S R C 1
P B P P R I P P G C - 1

N C o R S M RT

S M RT
D R I P 2 0 5

T I F 2

S R C 1 T I F 2 S R C 3
P G C - 1

C B P P 3 0 0
T R A P 2 2 0

N C o R S M RT

( p r e c l i n i c a l )7 2

7 3

7 4 - 7 6

7 7 - 8 0

7 2

Phase II
( m e t a g l i s e d a n )8 1 - 8 3
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P PARs  ( pan-PPARs )

( 8 5 )

P PA R s ( PPA R )

F i b r a t e s t h i a z o l i d i n e d i o n e s

( 

) 

P PA R / g l i t a z a r s

g l i t a z a r s

S P PA R M

( ) 

P PA R

P PA R

A R B s

S P PA R M A R B s

A R B s

P PA R

P PA R s
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PPARs and Agonists Review of Literatures

Sung-Kien Sia, Yi-Sun Yang1, Kwo-Chang Ueng, and Chien-Ning Huang1

Obesity and metabolic syndrome are becoming an epidemic worldwide. The medical problems associated

with obesity and metabolic syndrome, including insulin resistance, type 2 diabetes mellitus, hypertension, hy-
perlipidemia and cardiovascular disease have costed a huge medical financial burden. These are also the nox-

ious members of the Taiwan top-ten leading causes of death. PPARs are intra-nuclear receptors. They act as
regulators of lipid and glucose metabolism. Fibrates and thiazolidinediones (TZDs) are marketed PPAR and

PPAR agonist respectively, and are used in the treatment of metabolic syndrome. Fibrates lower serum triglyc-

erides and increase HDL-cholesterol, while TZDs improve glycemic control and insulin resistance. Both amelio-
rate inflammation and improve vascular function, and have been proved to decrease cardiovascular risks. Recently,

many dual PPAR / agonists, the glitazars have entered phase III clinical trials. Glitazars obtain the beneficial
effects of PPAR and PPAR agonists, as well as the side effects of each PPAR due to class effects. Pan-P-

PAR and selective PPAR modulator (SPPAR M) have also gained much attention in the literature; however
their clinical applications still need further investigation. Angiotensin receptor antagonists (ARBs) have recently

been found to posses selective PPAR modulation activity, and can be used to treat multiple components of
metabolic syndrome. PPAR / has gained most interests recently because it has unique features other than

the PPAR and PPAR activity. We here reviewed some of literatures and summarized them to the readers.
( J Intern Med Taiwan 2008; 19: 14- 26 )


