
CHAPTER I I I

RESULTS

Effects of Bezafibrate on Oxidative Phosphorylation by 

Isolated Rat Liver Mitochondria.

1. Effect on mitochondrial respiration with 

glutamate plus malate as substrates.

Typical tracings demonstrating the effect of 

bezafibrate on mitochondrial oxygen consumption are shown 

in figure 14. Curve A is the control response of the 

mitochondria to the additions of ADP+Pi (state 3 

respiration) and DNP (state รน respiration). Addition of 

ADP caused respiratory stimulation which was followed by a 

cut-off (transition from "state 3" to "state 4" 

respiration) when the added ADP had been phosphoryใated 

to ATP. When DNP was added, the mitochondrial oxidative 

phosphorylation was uncoupled and the respiration was 

stimulated to a rate exceeding that of state 3 respiration. 

This respiratory stimulation proceeded until all the 

dissolved oxygen in the incubation medium was consumed. 

The RCI value calculated from curve A was 6.34 indicating 

the mitochondria used were the good intact ones. Curves B, 

c, and D show the inhibition of state 3 and state รน
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respiration evoked by 20, 50, and 100 jj.M bezafibrate

respectively. The inhibitory effect was dose-dependent, 

and state 3 respiration was slightly more inhibited than 

state 3u. From figure 14, 100 bezafibrate produced 

28.85 and 22.08% inhibition on states 3 and 3u respiration 

respectively. state 4 respiration, however, was 

practically unaffected by bezafibrate.

Dose-response curves of bezafibrate effect on 

state 4, state 3, and state 3u respiration with glutamate 

plus mal ate as substrates are shown in figure 15. States 3 

and รน respiration were inhibited by bezafibrate at 

concentration as low as 10 ^M, and the degree of inhibition 

increased as the dose was raised. On the other hand, 

bezafibrate at concentration up to 100 JUM did not 

significantly alter state 4 respiration.

2. Effect on mitochondrial respiration with 

succinate as substrate.

I t  is well known that glutamate plus malate 

donate electrons to mitochondrial respiratory chain via 

complex I [19,20]. In this experiment 1succinate which 

donates electrons to Co Q via complex I I  was used as 

substrate. Figure 16 reports the dose-response curves of 

bezafibrate effect on state 4, state 3, and state รน 

respiration with succinate as substrate. Bezafibrate, at
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c o n c e n t r a t i o n  r a n g i n g  f r o m  1 0  t o  1 0 0  ^ M ,  d i d  n o t  a f f e c t  

m i t o c h o n d r i a l  s t a t e  4  r e s p i r a t i o n  s i n c e  t h e  o x y g e n  

c o n s u m p t i o n  r a t e s  w e r e  n o t  a l t e r e d  s i g n i f i c a n t l y .  H o w e v e r ,  

s t a t e s  3  a n d  3 u  r e s p i r a t o r y  r a t e s  w e r e  s o m e w h a t  f l u c t u a t e d  

a s  t h e  c o n c e n t r a t i o n s  o f  b e z a f i b r a t e  w e r e  i n c r e a s e d ,  b u t  

t h e  d i f f e r e n c e  i n  o x y g e n  c o n s u m p t i o n  r a t e s  b e t w e e n  

b e z a f i b r a t e  a n d  c o n t r o l  w a s  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .

T h u s  b e z a f i b r a t e  w a s  f o u n d  t o  m o d e r a t e l y  

d e p r e s s  m i t o c h o n d r i a l  o x i d a t i v e  p h o s p h o r y l a t i o n  s u p p o r t e d  

b y  g l u t a m a t e  p l u s  m a l a t e  b u t  h a d  n o  o r  i n s i g n i f i c a n t  

e f f e c t  w h e n  s u c c i n a t e  w a s  e l e c t r o n  d o n o r .

3 .  E f f e c t  on RCI and p / o  r a t i o .

W h e n  g l u t a m a t e  p l u s  m a l a t e  w e r e  e l e c t r o n  d o n o r s ,  

b e z a f i b r a t e ,  f r o m  2 0  ^ t M ,  p r o d u c e d  t h e  s t a t i s t i c a l l y  

s i g n i f i c a n t  r e d u c t i o n  o f  t h e  R C I  v a l u e  a s  s h o w n  i n  t a b l e

2 .  T h e  c o n t r o l  R C I  v a l u e  w a s  6 . 5 9 + 0 . 1 8  a n d  g r a d u a l l y  

d e c r e a s e d  t o  4 . 6 4 + 0 . 0 2  a s  t h e  b e z a f i b r a t e  c o n c e n t r a t i o n s  

w e r e  r a i s e d  t o  1 0 0  ^ M .  B e z a f i b r a t e  d i d  n o t  s i g n i f i c a n t l y  

a l t e r  t h e  p / o  r a t i o  a t  a l l  d r u g  c o n c e n t r a t i o n  t e s t e d .

E f f e c t  o f  b e z a f i b r a t e  o n  R C I  a n d  p / o  r a t i o  

w h e n  s u c c i n a t e  w a s  s u b s t r a t e  i s  r e c o r d e d  i n  t a b l e  3 .  

U n d e r  t h i s  c o n d  i  t i  o n , t h e  R C I  v a l u e  w a s  s i g n i f i c a n t l y  

d e c r e a s e d  o n l y  w h e n  t h e  d r u g  w a s  p r e s e n t e d  a t  r a t h e r  h i g h
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c o n c e n t r a t i o n s  ( 7 0 ,  8 0 ,  a n d  1 0 0  ^ . M ) .  T h e  p / o  r a t i o  w a s

u n a f f e c t e d  b y  a l l  b e z a f i b r a t e  c o n c e n t r a t i o n s .

F a c t o r s  I n f l u e n c i n g  The E f f e c t  o f  B e z a f i b r a t e  on O x i d a t i v e  

P h o s p h o r y l a t i o n  by  I s o l a t e d  R a t  L i v e r  M i t o c h o n d r i a .

1. E f f e c t  o f  pH .

A s  d e c r i b e d  e a r l i e r ,  b e z a f i b r a t e  i s  a  w e a k  

a c i d  w i t h  a n  i o n i z a b l e  c a r b o x y l i c  g r o u p .  T h u s ,  t h i s

c h e m i c a l  c a n  e x i s t  a s  i o n i z e d  a n d  u n i o n i z e d  f o r m s ,  t h e  

r e l a t i v e  c o n c e n t r a t i o n  o f  w h i c h  d e p e n d s  o n  t h e  p H  o f  

i n c u b a t i o n  m e d i u m .  I n  t h i s  e x p e r i m e n t ,  t h e  p H  o f  r e a c t i o n  

m i x t u r e  w e r e  a d j u s t e d  t o  6 . 8 ,  7 . 2 ,  a n d  7 . 6 .  T h e  r e s u l t s  

s h o w i n g  t h e  i n f l u e n c e  o f  p H  o n  t h e  b e z a f i b r a t e - i n d u c e d  

i n h i b i t i o n  o f  s t a t e s  3 a n d  ร น  r e s p i r a t i o n  a r e  r e c o r d e d  i n  

t a b l e  4 .  I t  i s  s e e n  t h a t  b e z a f i b r a t e ,  a t  4 0  a n d  1 0 0  u M 1

p r o d u c e d  l e s s  i n h i b i t i o n  o n  b o t h  s t a t e s  3  a n d  ร น

r e s p i r a t i o n  a s  t h e  p H  i n c r e a s e d  f r o m  6 . 8  t o  7 . 6 .  H o w e v e r ,  

s i g n i f i c a n t  i n h i b i t i o n  w a s  o b s e r v e d  a t  h i g h  d o s e  l e v e l  

( 1 0 0  ^  M ) a n d ,  p a r t i c u l a r l y ,  a t  p H  7 . 6 .  s t a t e  4

r e s p i r a t i o n  ( n o t  s h o w n )  w a s  n o t  a l t e r e d  b y  b e z a f i b r a t e  a t  

t h r e e  d i f f e r e n t  p H  t e s t e d .

2 .  E f f e c t  o f  d i t h i o t h r e i t o i  ( D T T ) .

D T T ,  a  s u l f h y d r y l - p r o t e c t i n g  s u b s t a n c e ,  w a s
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i n t r o d u c e d  t o  t h i s  e x p e r i m e n t  i n o r d e r  t o  i n v e s t i g a t e  

w h e t h e r  b e z a f i b r a t e  a c t s  b y  c o m b i n i n g  w i t h  m i t o c h o n d r i a l  

s u l f h y d r y l  g r o u p .  A s  s h o w n  i n  t a b l e  5 ,  1 . 0 5  mM D T T  d i d  

n o t  a f f e c t  m i t o c h o n d r i a l  o x i d a t i v e  p h o s p h o r y l a t i o n ,  a n d  

t h i s  r e a g e n t  c o m p l e t e l y  f a i l e d  t o  a l l e v i a t e  t h e  i n h i b i t o r y  

e f f e c t  o f  b e z a f i b r a t e  o n  b o t h  s t a t e s  3  a n d  ร น  r e s p i r a t i o n .  

I t  s h o u l d  b e  m e n t i o n e d  t h a t  t h e  c o n c e n t r a t i o n  o f  D T T  

e m p l o y e d  i n  t h i s  s t u d y  i s  s u f f i c i e n t  t o  e f f e c t i v e l y  

a n t a g o n i z e  t h e  e f f e c t  o f  D T N B ,  a  s u l f h y d r y l - b l o c k i n g  

c o m p o u n d ,  o n  m i t o c h o n d r i a l  e n e r g y  m e t a b o l i s m .

3 .  E f f e c t  o f  M q 2 + .

M g 2 +  i s  t h e  m a j o r  d i v a l e n t  c a t i o n  i n  t h e  

c y t o s o l  a n d  a l s o  s e r v e s  a s  t h e  i m p o r t a n t  c o f a c t o r  o f  m a n y  

c e l l u l a r  b i o c h e m i c a l  r e a c t i o n s .  I n  t h i s  s t u d y ,  t h e  

c o n c e n t r a t i o n  o f  M g 2 +  i n  t h e  i n c u b a t i o n  m e d i u m  w a s  v a r i e d  

f r o m  0  t o  9 . 4 2  m M . A s  r e p o r t e d  i n  t a b l e  ธ ,  t h e  i n h i b i t e d  

s t a t e s  3  a n d  ร น  r e s p i r a t i o n  p r o d u c e d  b y  b e z a f i b r a t e  w a s  

n o t  s i g n i f i c a n t l y  a l t e r e d  b y  v a r y i n g  t h e  M g 2 +

c o n c e n t r a t i o n s  e x c e p t  o n e  i n s t a n c e ,  i . e . ,  4 0  j A M b e z a f i b r a t e  

a n d  9 . 4 2  mM M g 2 + . s i n c e  o m i s s i o n  o f  M g 2 +  d i d  n o t

s i g n i f i c a n t l y  a f f e c t  t h e  i n h i b i t o r y  e f f e c t ,  t h i s  s u g g e s t e d  

t h a t  e x t r a m i t o c h o n d r i a l  M g 2 +  w a s  u n n e c e s s a r y  f o r  

b e z a f i b r a t e  t o  i n h i b i t  m i t o c h o n d r i a l  r e s p i r a t i o n .
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4 .  E f f e c t  o f  b o v i n e  s e r u m  a l b u m i n  ( BSA)

B e z a f i b r a t e  a s  w e l l  a s  m a n y  o t h e r  d r u g s  b i n d  

t o  s e r u m  a l b u m i n .  I t  i s  t h e r e f o r e  i n t e r e s t i n g  t o  s t u d y  

w h e t h e r  B S A  c a n  a t t e n u a t e  b e z a f i b r a t e  e f f e c t  b y  b i n d i n g  t o  

a n d  t h e r e b y  r e m o v i n g  t h e  d r u g  f r o m  t h e  m i t o c h o n d r i a .  T h e  

s t u d y  o n  s t a t e  3 u  r e s p i r a t i o n  w a s  o m i t t e d  b e c a u s e  B S A  

f o r m s  c o m p l e x  w i t h  D N P  a n d  i n h i b i t s  i t s  u n c o u p l i n g  

a c t i v i t y .  I t  i s  s e e n  f r o m  t a b l e  7 t h a t  2 0  m g  B S A  h a d  

p r a c t i c a l l y  n o  e f f e c t  o n  s t a t e  3  r e s p i r a t i o n  w h e r e a s  1 0 0  j uM 

b e z a f i b r a t e  d e c r e a s e d  t h e  r a t e  f r o m  1 9 9 . 8 2 + 5 . 1 0  t o  

1 4 8 . 7 9  n g - a t o m s  o / m i n / m g  p r o t e i n .  A d d i t i o n  o f  5 ,  1 0 ,  o r  

2 0  m g  B S A  c o u l d  s u b s t a n t i a l l y  a n t a g o n i z e  t h e  i n h i b i t o r y  

e f f e c t s  o f  b e z a f i b r a t e  o n  s t a t e  3  r e s p i r a t i o n .  E v i d e n t l y ,  

t h e  a c t i o n  o f  B S A  w a s  d o s e - r e l a t e d ,  a n d  s i g n i f i c a n t  

a n t a g o n i s m  w a s  o b s e r v e d  w i t h  a l l  t h r e e  B S A  d o s e s .

E f f e c t  o f  B e z a f i b r a t e  on C a l c i u m - S t i m u l a t e d  R e s p i r a t i o n  by  

I s o l a t e d  R a t  L i v e r  M i t o c h o n d r i a .

W h e n  C a 2 +  w a s  a d d e d  t o  r e s p i r i n g  m i t o c h o n d r i a ,  

i t  i s  a c c u m u l a t e d  b y  t h e  m i t o c h o n d r i a  a n d  s i m u l t a n e o u s l y  

s t i m u l a t e s  m i t o c h o n d r i a l  o x y g e n  c o n s u m p t i o n .  E f f e c t  o f  

b e z a f i b r a t e  o n  c a l c i u m - s t i m u l a t e d  r e s p i r a t i o n  w i t h  

g l u t a m a t e  p l u s  m a l a t e  a s  s u b s t r a t e s  i s  s h o w n  i n  f i g u r e  1 7 .  

C u r v e  A  s h o w s  t h e  c o n t r o l  r e s p i r a t o r y  r e s p o n s e  o f  r a t  

l i v e r  m i t o c h o n d r i a  t o  C a C l 2 . A d d i t i o n  o f  C a C l 2 c a u s e d
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r e s p i r a t o r y  s t i m u l a t i o n  w h i c h  w a s  f o l l o w e d  b y  a  c u t - o f f  

w h e n  p r a c t i c a l l y  a l l  o f  t h e  a d d e d  C a 2 +  h a d  b e e n

t r a n s p o r t e d  i n t o  t h e  m i t o c h o n d r i a .  C u r v e s  B ,  c,  a n d  D s h o w  

t h e  i n h i b i t o r y  e f f e c t  o f  2 0 ,  4 0 ,  a n d  1 0 0  j j L \ A  b e z a f i b r a t e  o n  

o x y g e n  c o n s u m p t i o n  r a t e  d u r i n g  c a l c i u m - s t i m u l a t i o n  

r e s p e c t i v e l y .  P e r c e n t  i n h i b i t i o n  o b s e r v e d  w i t h  1 0 0  u M  

b e z a f i b r a t e  w a s  a p p r o x i m a t e l y  2 5 %  ( c u r v e  ว ) .  T h e

i n h i b i t i o n  w a s  d o s e - d e p e n d e n t  a s  s h o w n  i n  t h e  d o s e - r e s p o n s e  

c u r v e  ( f i g u r e  1 8 ) .  T h e  o x y g e n  c o n s u m p t i o n  r a t e  g r a d u a l l y  

d e c r e a s e d  w i t h  i n c r e a s i n g  b e z a f i b r a t e  c o n c e n t r a t i o n .  

S i g n i f i c a n t  i n h i b i t i o n  w a s  o b s e r v e d  w i t h  t h e  c o n c e n t r a t i o n  

o f  b e z a f i b r a t e  a s  l o w  a s  1 0  j i M .

E f f e c t  o f  B e z a f i b r a t e  on C a l c i u m  T r a n s p o r t  by  I s o l a t e d  R a t  

L i v e r  M i t o c h o n d r i a .

T h e  r e s u l t s  p r e s e n t e d  i n  t h e  p r e c e d i n g  s e c t i o n  

i n d i c a t e d  t h a t  b e z a f i b r a t e  i n h i b i t e d  m i t o c h o n d r i a l  C a 2 +  

a c c u m u l a t i o n .  F u r t h e r  e x p e r i m e n t s  w e r e  t h e n  p e r f o r m e d  

w i t h  c a l c i u m - s e l e c t i v e  e l e c t r o d e  t o  d e t e r m i n e  d i r e c t l y  

c a l c i u m  t r a n s p o r t  a c r o s s  m i t o c h o n d r i a l  i n n e r  m e m b r a n e .

1. E f f e c t  on s u b s t r a t e - s u p p o r t e d  c a l c i u m  t r a n s p o r t .

F i g u r e  1 9  s h o w s  t h e  e f f e c t  o f  b e z a f i b r a t e  o n  

m i t o c h o n d r i a l  c a l c i u m  u p t a k e  ( l e f t  p a n e l )  a n d  r e l e a s e  

( r i g h t  p a n e l )  w i t h  g l u t a m a t e  p l u s  m a l a t e  a s  s u b s t r a t e s .
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I n  c o n t r o l s  ( c u r v e  a ,  b o t h  p a n e l s ) ,  c a l c i u m  w a s  r a p i d l y  

t a k e n  u p  b y  t h e  m i t o c h o n d r i a  a n d  t h e  a c c u m u l a t e d  c a l c i u m  

w a s  w e l l  r e t a i n e d  d u r i n g  1 0  m i n  i n c u b a t i o n  p e r i o d .  I n  t h e  

l e f t  p a n e l ,  w h e n  5 0  a n d  1 0 0 b e z a f i b r a t e  w e r e  i n i t i a l l y  

p r e s e n t  i n  t h e  m e d i u m  ( c u r v e s  b  a n d  c  r e s p e c t i v e l y )  

c a l c i u m  u p t a k e  w a s  r a t h e r  s l i g h t l y  r e d u c e d .  H o w e v e r  t h e  

a c c u m u l a t e d  c a l c i u m  c o u l d  n o t  b e  r e t a i n e d  b y  t h e  

m i t o c h o n d r i a ,  a n d  w a s  c o m p l e t e l y  r e l e a s e d  s u b s e q u e n t l y .  

T h e  c a l c i u m - r e l e a s i n g  e f f e c t  w a s  m o r e  r a p i d  i n  o n s e t  a n d  

r a t e  w i t h  h i g h e r  d r u g  c o n c e n t r a t i o n  ( 1 0 0 j U , M ) .  C u r v e  d  

s h o w s  t h e  e f f e c t  o f  1 0  u g  r o t e n o n e ,  t h e  s i t e  I  r e s p i r a t o r y  

c h a i n  i n h i b i t o r ,  p r e s e n t  i n i t i a l l y  w h i c h  c o m p l e t e l y  

i n h i b i t e d  c a l c i u m  u p t a k e  b y  t h e  m i t o c h o n d r i a .

I n  t h e  r i g h t  p a n e l ,  s i m i l a r  c a l c i u m - r e l e a s i n g  

e f f e c t  w a s  a l s o  o b s e r v e d  w h e n  b e z a f i b r a t e  w a s  a d d e d  a f t e r  

t h e  m i t o c h o n d r i a  w e r e  a l l o w e d  t o  t a k e  u p  c a l c i u m  f o r  5  m i n  

( c u r v e s  b  a n d  c ) .  C u r v e s  d  a n d  e  s h o w  t h e  c a l c i u m - r e l e a s i n g  

e f f e c t  o f  t h e  u n c o u p l e r ,  D N P ,  a n d  t h e  r e s p i r a t o r y  c h a i n  

i n h i b i t o r ,  r o t e n o n e ,  r e s p e c t i v e l y .  C o m p a r e d  w i t h  

b e z a f i b r a t e ,  t h e  c a l c i u m  e f f l u x  r a t e  w a s  m o s t  r a p i d  w i t h  

D N P  w h i l e  r o t e n o n e  p r o d u c e d  a n  i n i t i a l  r a p i d  f o l l o w e d  b y  a  

s l o w e r  r a t e  o f  c a l c i u m  e x t r u s i o n .  T h e  t h r e e  d r u g s  

p r a c t i c a l l y  r e l e a s e d  a l l  o f  t h e  a c c u m u l a t e d  c a l c i u m  b y  t h e

m i t o c h o n d r i a .
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2 .  E f f e c t  ๐ ท A T P - s u p p o r t e d  c a l c i u m  t r a n s p o r t .

T h e  e f f e c t  o f  b e z a f i b r a t e  ๐ ท  A T P - s u p p o r t e d  

m i t o c h o n d r i a l  c a l c i u m  t r a n s p o r t  i s  s h o w n  i n  f i g u r e  2 0 .  I n  

t h e  l e f t  p a n e l ,  c a l c i u m  u p t a k e  w a s  s l i g h t l y  i n h i b i t e d  b y  

5 0  a n d  1 0 0  jJ L  M b e z a f i b r a t e  ( c u r v e s  b  a n d  c  r e s p e c t i v e l y )  

w h e n  c o m p a r e d  w i t h  t h e  c o n t r o l  ( c u r v e  a ) .  T h e  r e l e a s i n g  

e f f e c t  a l s o  o c c u r e d  b u t  w a s  s m a l l  w i t h  5 0  [ A . M  b e z a f i b r a t e  

w h e r e a s  1 0 0  jA .  M b e z a f i b r a t e  c a u s e d  m u c h  m o r e  r a p i d  a n d  

n e a r l y  c o m p l e t e  r e l e a s e .

T h e  r i g h t  p a n e l  s h o w s  t h e  b e z a f i b r a t e  ( c u r v e s  

b  a n d  c )  -  a n d  D N P  ( c u r v e  d )  -  i n d u c e d  c a l c i u m  r e l e a s e  

c o m p a r e d  w i t h  c o n t r o l  ( c u r v e  a ) .  T h e  r e l e a s i n g  e f f e c t  

e x e r t e d  b y  5 0  p - M  b e z a f i b r a t e  w a s  s m a l l  c o m p a r e d  w i t h  1 0 0  k m  

b e z a f i b r a t e  a n d  D N P .  N e i t h e r  d r u g s  c a u s e d  c o m p l e t e  c a l c i u m  

r e l e a s e  d u r i n g  1 5  m i n  i n c u b a t i o n  p e r i o d .

3 .  E f f e c t  o f  b e z a f i b r a t e  on m i t o c h o n d r i a l  c a l c i u m  

t r a n s p o r t  c o m p a re d  w i t h  r u t h e n i u m  r e d .

I t  i s  g e n e r a l l y  a c c e p t e d  t h a t  m i t o c h o n d r i a l  

c a l c i u m  u p t a k e  i s  m e d i a t e d  v i a  a  c a l c i u m  u n i p o r t e r  w h i c h  

i s  s p e c i f i c a l l y  b l o c k e d  b y  r u t h e n i u m  r e d .  E x p e r i m e n t a l  

r e s u l t s  c o m p a r i n g  t h e  e f f e c t s  o f  b e z a f i b r a t e  a n d  r u t h e n i u m  

r e d  o n  m i t o c h o n d r i a l  c a l c i u m  t r a n s p o r t  a r e  d e p i c t e d  i n  

f i g u r e  2 1 .  I n  t h e s e  e x p e r i m e n t s  g l u t a m a t e  p l u s  m a l a t e



56

w e r e  r e s p i r a t o r y  s u b s t r a t e s .  I n  t h e  l e f t  p a n e l ,  

b e z a f i b r a t e  a d d e d  i n i t i a l l y  h a s  o n l y  m i n o r  i n h i b i t o r y  

e f f e c t  o n  c a l c i u m  u p t a k e  b u t  e x e r t e d  s t r o n g  c a l c i u m 

r e l e a s i n g  e f f e c t  s u b s e q u e n t l y  ( c u r v e  b )  a s  c o m p a r e d  w i t h  

c o n t r o l  ( c u r v e  a ) .  I n  c o n t r a s t ,  m i t o c h o n d r i a l  c a l c i u m

u p t a k e  w a s  t o t a l l y  i n h i b i t e d  b y  3  ,น.g  r u t h e n i u m  r e d  p r e s e n t
/

i n i t i a l l y  ( c u r v e  c ) .

I n  t h e  r i g h t  p a n e l ,  b e z a f i b r a t e  a n d  r u t h e n i u m  

r e d ,  a d d e d  5  m i n  a f t e r  c a l c i u m  a c c u m u l a t i o n  b y  t h e  

m i t o c h o n d r i a ,  p r o d u c e d  t h e  c a l c i u m - r e l e a s i n g  e f f e c t  

( c u r v e s  b  a n d  c  r e s p e c t i v e l y ) .  T h e  b e z a f i b r a t e - i n d u c e d  

c a l c i u m  r e l e a s e  w a s ,  h o w e v e r ,  c o m p l e t e  w h e r e a s  t h e  

r u t h e n i u m  r e d - i n d u c e d  w a s  n o t ,  w h e n  o b s e r v e d  d u r i n g  t h e  

s a m e  e x p e r i m e n t a l  p e r i o d .

E f f e c t  o f  B e z a f i b r a t e  o n  A T P a s e  A c t i v i t y  o f  R a t  L i v e r  

M i t o c h o n d r i a .

I n  o r d e r  t o  i n v e s t i g a t e  w h e t h e r  b e z a f i b r a t e  

i n h i b i t s  o x i d a t i v e  p h o s p h o r y l a t i o n  b y  i n t e r f e r i n g  w i t h  t h e  

m i t o c h o n d r i a l  A T P  s y n t h a s e ,  t h e  e f f e c t  o f  b e z a f i b r a t e  o n  

m i t o c h o n d r i a l  A T P a s e  a c t i v i t y  w a s  s t u d i e d .  T h e  A T P a s e  

r e a c t i o n  i s  g e n e r a l l y  b e l i e v e d  t o  r e p r e s e n t  t h e  r e v e r s e d  

p r o c e s s  o f  t h e  A T P  s y n t h a s e  r e a c t i o n  [ 3 0 ] .  A g e n t s  w h i c h  

i n h i b i t  A T P  s y n t h e s i s ,  f o r  e x a m p l e  o l i g c m y c i n ,  a l s o  

d e p r e s s  t h e  u n c o u p  1 e r - i n d u c e d  A T P a s e  a c t i v i t y .  T h e  e f f e c t
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o f  b e z a f i b r a t e  ๐ ท  m i t o c h o n d r i a l  A T P a s e  a c t i v i t y  w i t h  a n d  

w i t h o u t  D N P  i s  p r e s e n t e d  i n  t a b l e  8 .

I n  t h e  a b s e n c e  o f  D N P ,  t h e  c o n t r o l  A T P a s e  a c t i v i t y  

w a s  v e r y  l o w  s i n c e  t h e  e n z y m e  f u n c t i o n s  i n  t h e  d i r e c t i o n  

o f  A T P  s y n t h e s i s .  B e z a f i b r a t e  a t  5 0  a n d  1 0 0  M s l i g h t l y  

e n h a n c e d  t h e  e n z y m e  a c t i v i t y .  T h e  s t i m u l a t i o n  w a s  

s i g n i f i c a n t  w i t h  h i g h  d o s e  ( 1 0 0  เ^ M ) .  O l i g o m y c i n ,  a t  

c o n c e n t r a t i o n  w h i c h  c o m p l e t e l y  b l o c k s  s t a t e  3  r e s p i r a t i o n ,  

n o t  o n l y  f a i l e d  t o  i n h i b i t  b u t  f u r t h e r  s t i m u l a t e d  t h e  

b e z a f i b r a t e - a c t i v a t e d  m i t o c h o n d r i a l  A T P a s e  a c t i v i t y .

W h e n  0 . 1  mM D N P  w a s  p r e s e n t ,  t h e  A T P a s e  a c t i v i t y  

g r e a t l y  i n c r e a s e d  d u e  t o  t h e  e n e r g y - d i s s i p a t i n g  e f f e c t  o f  

t h e  u n c o u p l e r .  A s  u s u a l ,  t h e  D N P - a c t i v a t e d  A T P a s e  a c t i v i t y  

w a s  s e v e r e l y  i n h i b i t e d  b y  o l i g o m y c i n .  B e z a f i b r a t e  a t  5 0  

a n d  1 0 0  J A .M  c a u s e d  s m a l l  b u t  s i g n i f i c a n t  i n h i b i t i o n  o f  t h e  

e n z y m e  a c t i v i t y  w h i c h  w a s  m a x i m a l l y  s t i m u l a t e d  b y  D N P .

E f f e c t  o f  B e z a f i b r a t e  ๐ ท M i t o c h o n d r i a l  M onoam ine  O x i d a s e  

( M A O ) A c t i v i t y .

T h e  e f f e c t  o f  b e z a f i b r a t e  o n  M A O  a c t i v i t y  b y  

i s o l a t e d  r a t  l i v e r  m i t o c h o n d r i a  i s  s h o w n  i n  f i g u r e  2 2 .  I n  

t h i s  s t u d y ,  b e n z y l a m i n e  w a s  t h e  s u b s t r a t e  f o r  t h e  e n z y m e  

M A O .  R o t e n o n e  w a s  f i r s t  a d d e d  t o  p r e v e n t  o x y g e n  

c o n s u m p t i o n  d u e  t o  o x i d a t i o n  o f  e n d o g e n o u s  s u b s t r a t e s .
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C u r v e  A  i s  t h e  c o n t r o l  r e s p o n s e  o f  m i t o c h o n d r i a l  M A O  t o  

t h e  a d d i t i o n  o f  b e n z y l a m i n e .  T h e  i n i t i a l  r a t e  o f  o x y g e n  

c o n s u m p t i o n  w a s  s l o w ,  b u t  w h e n  b e n z y l a m i n e  w a s  a d d e d  t h e  

r a t e  i n c r e a s e d  t h r e e f o l d ( f r o m  8 . 3 4  t o  2 5 . 8 6  n g - a t o m s  

o / m l / m i n ) .  P a r g y l i n e ,  a  M A O  i n h i b i t o r ,  c o m p l e t e l y  b l o c k e d  

t h e  i n c r e a s e  i n  o x y g e n  c o n s u m p t i o n  i n d u c e d  b y  b e n z y l a m i n e  

( c u r v e  B ) .  B e z a f i b r a t e ,  a t  5 0  a n d  1 0 0  j x M ,  h a d  n o  e f f e c t  o n  

t h e  b e n z y 1 a m i  n e - i n d u c e d  i n c r e a s e  i n  o x y g e n  u p t a k e  

i n d i c a t i n g  t h a t  M A O  a c t i v i t y  w a s  u n a f f e c t e d  b y  t h e  d r u g  a t  

c o n c e n t r a t i o n s  e m p l o y e d ( c u r v e s  c  a n d  D ) .

C o m p a r i s o n  o f  The E f f e c t s  o f  B e z a f i b r a t e  and C l o f i b r i c  A c i d  

on O x i d a t i v e  P h o s p h o r y l a t i o n  and C a l c i u m  T r a n s p o r t  by 

I s o l a t e d  R a t  L i v e r  M i t o c h o n d r i a .

C l o f i b r i c  a c i d ,  t h e  a c t i v e  f o r m  o f  c l o f i b r a t e ,  

w a s  u s e d  i n  t h i s  s t u d y  t o  c o m p a r e d  w i t h  b e z a f i b r a t e  a c t i o n  

o n  t h e  m a i n  b i o e n e r g e t i c  f u n c t i o n s  o f  m i t o c h o n d r i a .

1. E f f e c t  on o x i d a t i v e  p h o s p h o r y l a t i o n .

I n  f i g u r e  2 3 ,  c u r v e  A  i s  t h e  c o n t r o l  r e s p o n s e  

o f  m i t o c h o n d r i a  t o  t h e  a d d i t i o n  o f  A D P + P i  a n d  D N P .  C u r v e  

B s h o w s  t h e  i n h i b i t o r y  e f f e c t  o f  1 0 0  jx M b e z a f i b r a t e  o n  

s t a t e s  3  a n d  3 u  r e s p i r a t i o n .  N o t e  t h a t  s t a t e  4  

r e s p i r a t i o n  w a s  n o t  a l t e r e d  b y  b e z a f i b r a t e .  T h e  e f f e c t  o f  

4 0 0  j x M  c l o f i b r i c  a c i d  i s  s h o w n  i n  c u r v e  c .  C l o f i b r i c  a c i d
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s i g n i f i c a n t l y  s t i m u l a t e d  b y  4 0 0  j x  M c l o f i b r i c  a c i d  w h i l e  

1 0 0  j u M  b e z a f i b r a t e  h a d  n o  e f f e c t .  M o r e o v e r ,  b e z a f i b r a t e  

a p p e a r e d  t o  i n h i b i t  s t a t e  3  s t r o n g e r  t h a n  s t a t e  3 u

r e s p i r a t i o n  w h e r e a s  t h e  o p p o s i t e  w a s  o b s e r v e d  w i t h

c l o f i b r i c  a c i d .

s t i m u l a t e d  s t a t e  4  r e s p i r a t i o n  a n d ,  s i m i l a r  t o  b e z a f i b r a t e ,

i n h i b i t e d  s t a t e s  3 a n d  รน r e s p i r a t i o n .  I t  c a n  a l s o  b e

s e e n  f r o m  t a b l e  9 t h a t  s t a t e  4  r e s p i r a t i o n  w a s

T a b l e  1 0  s h o w s  t h e  e f f e c t  o f  b e z a f i b r a t e  a n d  

c l o f i b r i c  a c i d  o n  R C I  a n d  p / o  r a t i o .  B o t h  d r u g s  

s i  g n i f i c a n t l y  d e c r e a s e d  t h e  R C I  v a l u e s  b u t  d i d  n o t  

s i g n i f i c a n t l y  a l t e r  t h e  p / o  r a t i o .

2 .  E f f e c t  on c a l c i u m  t r a n s p o r t .

T h e  e f f e c t s  o f  b e z a f i b r a t e  a n d  c l o f i b r i c  a c i d  

o n  m i t o c h o n d r i a l  c a l c i u m  t r a n s p o r t  a r e  d e p i c t e d  i n  f i g u r e  

2 4 .  L e f t  p a n e l  s h o w s  e f f e c t s  o n  m i t o c h o n d r i a l  c a l c i u m  

u p t a k e .  C u r v e  a  i s  t h e  c o n t r o l  i n  w h i c h  t h e  a d d e d  c a l c i u m  

w a s  r a p i d l y  t a k e n  u p  b y  t h e  m i t o c h o n d r i a  a n d  t h e

a c c u m u l a t e d  c a l c i u m  w a s  w e l l  r e t a i n e d  d u r i n g  1 0  m i n

i n c u b a t i o n  p e r i o d .  C u r v e s  b  a n d  c  s h o w  t h e  e f f e c t s  o f  1 0 0  

j A ,  M b e z a f i b r a t e  a n d  4 0 0  c l o f i b r i c  a c i d ,  p r e s e n t e d

i n t i a l l y ,  r e s p e c t i v e l y .  I t  i s  s e e n  t h a t  t h e  m a i n  e f f e c t s

o f  b o t h  d r u g s  w e r e  t o  e n h a n c e  c a l c i u m  r e l e a s e  f r o m  t h e

m i t o c h o n d r i a .  I n  t h i s  r e s p e c t ,  b e z a f i b r a t e  w a s  e v i d e n t l y



m o r e  a c t i v e  t h a n  c l o f i b r i c  a c i d .

r e c o r d e d  i n  

t h a t  b o t h

T h e  e f f e c t  o n  m i t o c h o n d r i a l  c a l c i u m  r e l e a s e  i s  

t h e  r i g h t  p a n e l .  T h e  r e s u l t s  c l e a r l y  c o n f i r m e d  

d r u g s  s t i m u l a t e d  m i t o c h o n d r i a l  c a l c i u m  e f f l u x

a n d  t h a t  c l o f i b r i c  a c i d  w a s  l e s s  p o t e n t .
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F i g u r e  14 .  T r a c i n g s  i l l u s t r a t i n g  t h e  i n h i b i t o r y  e f f e c t  

o f  b e z a f i b r a t e  on  s t a t e  3 and s t a t e  รน 

r e s p i r a t i o n  o f  r a t  l i v e r  m i t o c h o n d r i a  w i t h  

g l u t a m a t e  p l u s  mal a t e  as  s u b s t r a t e s .

C o m p o s i t i o n  o f  r e a c t i o n  s y s t e m :  37.70 mM H E P E S  b u f f e r  p H

7.2, 1 . 8 8  mM M g C l 2 . 86.70 mM K C 1 , 13.09 mM s u c r o s e ,  5.24

mM p o t a s s i u m  g l u t a m a t e ,  5.24 mM p o t a s s i u m  m a l a t e ,  0.31 mM 

ADP+0.63 mM P i ,  0.05 mM D N P ,  a n d  b e z a f i b r a t e  a s  i n d i c a t e d .  

T h e  m i t o c h o n d r i a l  p r o t e i n  w a s  2.04 m g / m l . T o t a l  v o l u m e

1 . 9 1  m l .  T e m p e r a t u r e  37°c. T h e  f i g u r e s  i n  p a r e n t h e s e s  

a r e  r a t e s  o f  o x y g e n  c o n s u m p t i o n  i n  n g - a t o m s  o / m l / m i n .



A . B .  c . ว .
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F i g u r e  15 .  The d o s e - r e s p o n s e  c u r v e s  o f  b e z a f i b r a t e  e f f e c t  

on  s t a t e  4 s t a t e  3 and s t a t e  รน r e s p i r a t i o n  o f  

r a t  l i v e r  m i t o c h o n d r i a  w i t h  g l u t a m a t e  p l u s  

mal a t e  a s  s u b s t r a t e s .

C o m p o s i t i o n  o f  r e a c t i o n  s y s t e m :  37.70 mM H E P E S  b u f f e r  p H

7 . 2 ,  1 . 8 8  mM M g C l 2 > 86.70 mM K C l , 1 3 . 0 9  mM s u c r o s e ,  5 . 2 4

mM p o t a s s i u m  g l u t a m a t e ,  5 . 2 4  mM p o t a s s i u m  m a l a t e ,  0 . 3 1  mM 

A D P  +  0 . 6 3  mM P i ,  0 . 0 5  mM D N P  a n d  b e z a f i b r a t e  a s  i n d i c a t e d .  

T h e  a v e r a g e  m i t o c h o n d r i a l  p r o t e i n  w a s  2 . 1 4  m g / m l . T o t a l  

v o l u m e  1 . 9 1  m l .  T e m p e r a t u r e  37°c. A D P + P i  w e r e  a d d e d  1 

m i n  a f t e r  b e z a f i b r a t e  a n d  D N P  a d d e d  d u r i n g  s t a t e  4  

r e s p i r a t i o n .  E a c h  p o i n t  r e p r e s e n t s  a  m e a n  +  S E M  f r o m  

f o u r  e x p e r i m e n t s .

a  -  p  < 0 . 0 5

b  -  p  < 0 . 0 1  c o m p a r e d  w i t h  c o n t r o l  ( n o  b e z a f i b r a t e )  

c  -  p  < 0 . 0 0 5
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F i g u r e  16 .  The d o s e - r e s p o n s e  c u r v e s  o f  b e z a f i b r a t e  e f f e c t  

on s t a t e  4 ,  s t a t e  3 ,  and s t a t e  รน r e s p i r a t i o n  

o f  r a t  l i v e r  m i t o c h o n d r i a  w i t h  s u c c i n a t e  as  

s u b s t r a t e .

C o m p o s i t i o n  o f  r e a c t i o n  s y s t e m :  37.70 mM H E P E S  b u f f e r  p H

7 . 2 ,  1 . 8 8  mM M g C l 2 , 86.70 mM K C 1  , 13.09 mM s u c r o s e ,  5 . 2 4

mM p o t a s s i u m  s u c c i n a t e ,  0.31 mM A D P  +  0.63 mM P i ,  0 . 0 5  mM 

D N P  a n d  b e z a f i b r a t e  a s  i n d i c a t e d .  T h e  a v e r a g e  m i t o c h o n d r i a l  

p r o t e i n  w a s  1.93 m g / m l . T o t a l  v o l u m e  1.91 m l .  T e m p e r a t u r e  

37°c. A D P + P i  w e r e  a d d e d  1 m i n  a f t e r  b e z a f i b r a t e  a n d  D N P  

a d d e d  d u r i n g  s t a t e  4  r e s p i r a t i o n .  E a c h  p o i n t  r e p r e s e n t s  a  

m e a n + S E M .

a  -  p  < 0 . 0 5

b  -  p  < 0 . 0 1  c o m p a r e d  w i t h  c o n t r o l  ( n o  b e z a f i b r a t e )  

c  -  p  < 0 . 0 0 5
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T a b l e  2 .  E f f e c t  o f  b e z a f i b r a t e  ๐ ท  r e s p i r a t o r y  c o n t r o l  i n d e x  

( R C I ) a n d  p / o  r a t i o  o f  r a t  l i v e r  m i t o c h o n d r i a  w i t h  

g l u t a m a t e  p l u s  m a l  a t e  a s  s u b s t r a t e s .

B e z a f i b r a t e  ( t , M) R C I P / O

0 ( c o n t r o l ) 6 . 5 9 + 0 . 1 8 2 . 7  8 + 0 . 0 5

1 0 6 . 4 7 + 0 . 2 7 2 . 7 9 + 0 . 0 2

2 0 6 . 1 1 + 0 . 1 8 a 2 . 8 6 + 0 . 0 5

3 0 5 . 8 7 + 0 . 1 0 a 2 . 8 7 + 0 . 0 4

4 0 5 . 6 7 + 0 . 0 9 a 2 . 8 9 + 0 . 0 3

5 0 5 . 5 8 + 0 . 1 4 a 2 . 9 0 + 0 . 0 6

6 0 5 . 3 1 + 0 . 1 2 a 3 . 0 1 + 0 . 0 8

7 0 5 . 0 2 + 0 . 0 5 a 2 . 8 6 + 0 . 0 9

8 0 5 . 0 0 + 0 . 0 5 a 2 . 9 4 + 0 . 0 9

9 0 4 . 7  4 + 0 . 0 9 a 2 . 9 9 + 0 . 0 8

1 0 0 4 . 6 4 + 0 . 0 2 a 2 . 9 5 + 0 . 1 1

a  -  p  < 0 . 0 5  c o m p a r e d  w i t h  c o n t r o l

C o m p o s i  t i o n o f  r e a c t i o n  s y s t e m :  3 7 . 7 0  mM H E P E S

b u f f e r  p H  7.2, 1 . 8 8  mM M g C l 2 , 86.70 mM K C 1 ,  13.09 mM

s u c r o s e ,  5 . 2 4  mM p o t a s s i u m  g l u t a m a t e ,  5 . 2 4  mM p o t a s s i u m  

m a l a t e ,  0.31 mM A D P  +  0.63 mM P i ,  0 . 0 5  mM D N P ,  a n d

b e z a f i b r a t e  a s  i n d i c a t e d .  T h e  a v e r a g e  m i t o c h o n d r i a l  p r o t e i n  

w a s  2 . 1 4  m g / m l . T o t a l  v o l u m e  1.91 m l .  T e m p e r a t u r e  37°c. 

T h e  m i t o c h o n d r i a  w e r e  p r e i n c u b a t e d  w i t h  b e z a f i b r a t e  f o r  1
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m i n  b e f o r e  A D P + P i  w e r e  a d d e d .  T h e  R C I  v a l u e s  a n d  p / o  

r a t i o s  a r e  e x p r e s s e d  i n  m e a n s + S E M  f r o m  f o u r  e x p e r i m e n t s .



70

T a b l e  3 .  E f f e c t  o f  b e z a f i b r a t e  ๐ ท  r e s p i r a t o r y  c o n t r o l  i n d e x

( R C I )  a n d p / o  r a t i o  o f  r a t  l i v e r m i t o c h o n d r i a  w i t h

s u c c i n a t e a s  s u b s t r a t e .

B e z a f i b r a t e  (  U , M ) R C I P / O

0 ( c o n t r o l ) 3 . 6 9 + 0 . 0 9 1 . 9 8 + 0 . 0 9

1 0 3 . 7  8 + 0 . 1 4 1 . 9 4 + 0 . 1 3

2 0 3 . 6 9 + 0 . 0 8 1 . 9 8 + 0 . 1 6

3 0 3 . 9 2 + 0 . 1 6 2 . 0 0 + 0 . 1 2

4 0 3 . 7 8 + 0 . 1 6 1 . 9 6 + 0 . 1 1

5 0 3 . 6  5 + 0 . 0 9 1 . 9 4 + 0 . 1 3

6 0 3 . 6 0 + 0 . 1 5 2 . 0 2 + 0 . 1 5

7 0 3 . 5 0 + 0 . 0 5 a 2 . 0 5  +  0 . 1 4

8 0 3 . 5 1 + 0 . 0 9 a 1 . 9 9 + 0 . 1 5

9 0 3 . 5 3 + 0 . 1 7 2 . 0 1 + 0 . 0 9

1 0 0 3 . 4 2 + 0 . 1 2 a 2 . 0 1 + 0 . 1 5

a  -  p  < 0 . 0 5  c o m p a r e d  w i t h  c o n t r o l

C o m p o s  i  t i  o n o f  r e a c t i o n  s y s t e m : 3 7 . 7 0  mM H E P E S

b u f f e r  p H  7 . 2 , 1 . 8 8  mM M g C l 2 , 8 6 . 7 0  mM K C l , 1 3 . 0 9  mM s u c r o s e ,

5 . 2 4  mM p o t a s s i u m  s u c c i n a t e ,  0 . 3 1  mM A D P  +  0 . 6 3  mM P i ,  0 . 0 5  

mM D N P ,  a n d  b e z a f i b r a t e  a s  i n d i c a t e d .  T h e  a v e r a g e  

m i t o c h o n d r i a l  p r o t e i n  w a s  1 . 9 3  m g / m l . T o t a l  v o l u m e  1 . 9 1  m l .  

T e m p e r a t u r e  3 7 ° c .  T h e  m i t o c h o n d r i a  w e r e  p r e i n c u b a t e d  w i t h

b e z a f i b r a t e  f o r  1 m i n  b e f o r e  A D P + P i  w e r e  a d d e d .  T h e  R C I
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v a l u e s  a n d  p / o  r a t i o s  a r e  e x p r e s s e d  i n  m e a n s + S E M  f r o m  f o u r  

e x p e r i m e n t s .
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T a b l e  4 .  E f f e c t  o f  p H  ๐ ท  t h e  i n h i b i t i o n  o f  s t a t e  3  a n d  

s t a t e  ร น  r e s p i r a t i o n  b y  b e z a f i b r a t e .

B e z a f i  b r a t e % i n h i b i t i o n  o f % i n h i b i t i o n  o f

p H (  j ^ M ) s t a t e  3  r e s p i r a t i o n s t a t e  ร น  r e s p i r a t i o n

6 . 8 4 0 1 7 . 2 2 + 2 . 9 7 1 8 . 1 8 + 3 . 8 9

1 0 0 3 1 . 3 8 + 0 . 7 1 a 2 7 . 7 6 + 2 . 7 0

7 . 2 4 0 1 4 . 9 4 + 2 . 4 6 1 2 . 6 9 + 2 . 9 8

1 0 0 2 3 . 9 0 + 2 . 5 6 1 9 . 9 1 + 1 . 8 4

7 . 6 4 0 5 . 2 8 + 2 . 5 4 6 . 6 5 + 2 . 6

1 0 0 1 4 . 8 9 + 2 . 4 5 a ’ b 1 2 . 0 5 + 1 . 9 2 a ’ b

a -  p < 0 . 0 5  c o m p a r e d  w i t h  pH 7 . 2  

b -  p < 0 . 0 5  c o m p a r e d  w i t h  pH 6 . 8

C o m p o s i t i o n  o f  r e a c t i o n  s y s t e m :  3 7 . 7 0  mM HEPES

b u f f e r  pH 6 . 8 ,  7 . 2  and  7 . 6 ,  1 . 8 8  mM M g C l 2 , 8 6 . 7 0  mM K C 1 ,

1 3 . 0 9  mM s u c r o s e ,  5 . 2 4  mM p o t a s s i u m  g l u t a m a t e ,  5 . 2 4  mM 

p o t a s s i u m  m a l a t e ,  0 . 3 1  mM ADP + 0 . 6 3  mM P i ,  0 . 0 5  mM DNP,  

a n d  b e z a f i b r a t e  a s  i n d i c a t e d .  The a v e r a g e  m i t o c h o n d r i a l  

p r o t e i n  was  2 . 1 8  m g / m l . T o t a l  v o l u m e  1 . 9 1  m l .  T e m p e r a t u r e  

3 7 ° c .  ADP+Pi  w e r e  a d d e d  1 m i n  a f t e r  b e z a f i b r a t e  a n d  DNP 

a d d e d  d u r i n g  s t a t e  4 r e s p i r a t i o n .  P e r c e n t  i n h i b i t i o n  o f  

s t a t e  3 a n d  s t a t e  รน r e s p i r a t i o n  a r e  e x p r e s s e d  i n  means+SEM



f r o m  f o u r  e x p e r i m e n t s .  T h e  c o n t r o l  s t a t e  3 a n d  s t a t e  3u 

r e s p i r a t o r y  r a t e s  wh e n  i n c u b a t i o n  m e d i u m  pH w e r e  6 . 8 ,  7 . 2  

a nd  7 . 6  w e r e  9 9 . 7 8 + 6 . 7 1  and  1 1 8 . 5 0 + 1 7 . 2 6 ,  1 1 5 . 2 0 + 5 . 6 3  and  

1 7 2 . 9 5 + 9 . 1 5 ,  a nd  1 0 4 . 0 8 + 3 . 6 2  a n d  1 6 8 . 8 9 + 7 . 8 5  n g - a t o m s  

o / m i n / m g  p r o t e i n  r e s p e c t i v e l y .
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T a b l e  5 .  E f f e c t  o f  d i t h i o t h r e i t o i  ( D T T )  o n  t h e  i n h i b i t i o n

o f  s t a t e  3  a n d  s t a t e  ร น  r e s p i r a t i o n  b y  b e z a f i b r a t e .

R a t e s  o f  o x y g e n  c o n s u m p t i o n  

E x p e r i m e n t s  ( n g - a t o m s  o / m i n / m g  p r o t e i n )

S t a t e  3  S t a t e  ร น

C o n t r o l 1 9 7 . 4 5 + 1 4 . 5 2 2 4 2 . 0 6 + 1 4 . 0 4

1 . 0 5  mM DTT 2 0 1 . 6 1 + 1 4 . 7 3 a 241 . 32+1  1 . 2 9 a

100 fxM b e z a f i b r a t e 1 4 5 . 5 8 ±  8 . 7 6 1 9 7 . 4 6 ±  8 . 5 5

1 . 0 5  mM DTT +

100 ^ M b e z a f i b r a t e 1 4 7 . 2 9 + 8 . 0 9 b 1 9 0 . 4 2 + 5 . 8 6 b

a -  p > 0 . 0 5  c o m p a r e d  w i t h  c o n t r o l  

b -  p > 0 . 0 5  c o m p a r e d  w i t h  100 j x M b e z a f i b r a t e

C o m p o s i t i o n  o f  r e a c t i o n  s y s t e m :  3 7 . 7 0  mM HEPES

b u f f e r  pH 7 . 2 ,  1 . 8 8  mM M g C l 2 , 8 6 . 7 0  mM K C 1 , 1 3 . 0 9  mM

s u c r o s e ,  5 . 2 4  mM p o t a s s i u m  g l u t a m a t e ,  5 . 2 4  mM p o t a s s i u m  

mal  a t e , 0 . 3 1  mM ADP + 0 . 6 3  mM P i ,  0 . 0 5  mM DNP,  1 . 0 5  mM DTT,  

a n d  b e z a f i b r a t e  a s  i n d i c a t e d .  The  a v e r a g e  m i t o c h o n d r i a l  

p r o t e i n  was  2 . 5 6  m g / m l . T o t a l  v o l u m e  1 . 9 1  m l .  T e m p e r a t u r e  

3 7 ° c .  B e z a f i b r a t e  was a d d e d  1 m i n  a f t e r  DTT;  ADP + Pi  

w e r e  a d d e d  1 m i n  a f t e r  b e z a f i b r a t e .  DNP was  a d d e d  d u r i n g  

s t a t e  4 r e s p i r a t i o n .  The r a t e s  o f  o x y g e n  c o n s u m p t i o n  a r e  

e x p r e s s e d  i n  means+SEM f r o m  f o u r  e x p e r i m e n t s .
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T a b l e 6 . E f f e c t o f M g 2 +  o n  t h e  i n h i b i t i o n o f  s t a t e  3  a n d

s t a t e 3 u r e s p i r a t i o n  b y  b e z a f i b r a t e .

M g 2 +  B e z a f i b r a t e % i n h i b i t i o n  o f % i n h i b i t i o n  o f

( m M ) (  J A M ) s t a t e  3  r e s p i r a t i o n s t a t e  3 u  r e s p i r a t i o n

0 40 9 . 1 8 + 1 . 9 6 1 0 . 1 5 + 1 . 3 7

100 2 4 . 8 8 + 2 . 3 8 2 2 . 7 2 + 1 . 0 5

1 . 8 8 40 1 2 . 3 0 + 1 . 7 4 1 1 . 2 6 + 1 . 2 6

100 2 5 . 5 2 + 1 . 8 4 1 9 . 8 9 + 0 . 9 8

4 . 7 1 40 1 0 . 2 3 + 0 . 9  7 1 0 . 7 3 + 1 . 9 3

100 2 1 . 5 5 + 0 . 7 0 1 9 . 2 6 + 1  . 7 2

9 . 4 2 40 1 0 . 2 1 + 1 . 8 4 a 8 . 8 3 + 2 . 1 9

100 2 3 . 6 4 + 2 . 9 3 1 4 . 4 7 + 1 . 9 0

a -  p < 0 . 05 c o m p a r e d  w i t h  1. 88 mM Mg2 +

C o m p o s i t i o n o f  r e a c t i o n  s y s t e m : 3 7 . 7 0  mM HEPES

b u f f e r pH 7 . 2 , 1 3 . 0 9  mM s u c r o s e , 5 . 2 4 mM p o t a s s i u m

g l u t a m a t e ,  5 . 2 4 mM p o t a s s i u m  mal  a t e ,  0 .31  mM ADP + 0 . 6 3  mM

P i  1 0 . 0 5  mM DNP, and b e z a f i b r a t e as i n d i c a t e d .  Th e

c o n c e n t r a t i o n s  o f  M g C l 2 a nd  KC1 w e r e :
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0 mM M g C l 2 a n d  8 9 . 5 3  mM KCl  o r

1 . 8 8  mM M g C l 2 a n d  8 6 . 7 0  mM KCl  o r

4 . 7 1  mM MgCl  2 a n d  8 2 . 8 9  mM KCl  o r

9 . 4 2  mM M g C l 2 a n d  7 5 . 7 9  mM KCา

Th e  a v e r a g e  m i t o c h o n d r i a l  p r o t e i n  wa s  1 . 6 0  m g / m l . 

T o t a l  v o l u m e  1 . 9 1  m l .  T e m p e r a t u r e  3 7 ° c .  ADP + P i  w e r e  

a d d e d  1 m i n  a f t e r  b e z a f i b r a t e  a n d  DNP a d d e d  d u r i n g  s t a t e  4 

r e s p i r a t i o n .  P e r c e n t  i n h i b i t i o n  o f  s t a t e  3 a nd  s t a t e  รน  

r e s p i r a t i o n  a r e  e x p r e s s e d  i n  means+SEM f r o m  f o u r  e x p e r i 

m e n t s .  The  c o n t r o l  s t a t e  3 a n d  s t a t e  รน r e s p i r a t o r y  r a t e s  

wh e n  Mg2+ c o n c e n t r a t i o n s  w e r e  0 ,  1 . 8 8 ,  4 . 7 1  a nd  9 . 4 2  mM 

w e r e  1 4 3 . 3 1 + 3 . 0 5  a n d  1 9 2 . 3 6 + 1 0 . 3 0 ,  1 4 3 . 0 7 + 2 . 1 3  a nd  1 9 5 . 0 2 +  

9 . 1 9 ,  1 3 4 . 6 1 + 2 . 3 2  and 2 0 2 . 5 7 + 9 . 8 1 ,  a n d  1 3 2 . 0 0 ± 1 . 4 8  a nd

2 0 9 . 9 1 + 9 . 1 4  n g - a t o m s  o / m i n / m g  p r o t e i n  r e s p e c t i v e l y .
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T a b l e  7 .  A t t e n u a t i o n  o f  t h e  b e z a f i b r a t e - i n d u c e d  i n h i b i t o r y  

e f f e c t  o n  s t a t e  3  r e s p i r a t i o n  b y  b o v i n e  s e r u m  

a l b u m i n  ( B S A ) .

E x p e r i m e n t s

R a t e s  o f  s t a t e  3  r e s p i r a t i o n  

( n g - a t o m s  o / m i n / m g  p r o t e i n )

C o n t r o l  

20 mg BSA

100 [/CM b e z a f i b r a t e|/U

1 9 9 . 8 2 + 5 . 10 

1 9 4 . 4 5  + 5 . 3 8  

1 4 8 . 7  9 + 1 . 6 9

5 mg BSA + 100 jH-M b e z a f i b r a t e 1 6 0 . 9 8 + 0 . 9 3 a

10 mg BSA + 100 J A .M b e z a f i  b r a t e 1 6 9 . 3 8 + 4 . 4 8 a

20 mg BSA + 1 00 b e z a f i  b r a t e 1 8 2 . 9 1 + 4 . 3 4 a

a - P < 0 . 05 c o m p a r e d  w i t h 100 น M b e z a f i b r a t e

C o m p o s i t i o n  o f  r e a c t i o n  s y s t e m :  3 7 . 7 0  mM HEPES

b u f f e r  pH 7 . 2 ,  1 . 8 8  mM M g C l 2 , 8 6 . 7 0  mM KC1,  1 3 . 0 9  mM

s u c r o s e ,  5 . 2 4  mM p o t a s s i u m  g l u t a m a t e ,  5 . 2 4  mM p o t a s s i u m  

m a l a t e ,  0 . 3 1  mM ADP+ 0 . 6 3  mM P i , b e z a f i b r a t e  a n d  BSA as  

i n d i c a t e d .  Th e  a v e r a g e  m i t o c h o n d r i a l  p r o t e i n  was  1 . 2 6  mg / ml  

T o t a l  v o l u m e  1 . 9 1  m l .  T e m p e r a t u r e  3 7 ° c .  B e z a f i b r a t e  was  

a d d e d  1 m i n  a f t e r  BSA a nd  ADP+ P i  a d d e d  1 m i n  a f t e r  

b e z a f i b r a t e .  s t a t e  3 r e s p i r a t o r y  r a t e s  a r e  ทาeans+SEM f r o m

f o u r  e x p e r i m e n t s .
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F i g u r e  1 7 .  T r a c i n g s  d e m o n s t r a t i n g  t h e  i n h i b i t o r y  e f f e c t  o f  

b e z a f i b r a t e  o n  c a l c i u m - s t i m u l a t e d  r e s p i r a t i o n  

o f  r a t  l i v e r  m i t o c h o n d r i a .

C o m p o s i t i o n  o f  r e a c t i o n  s y s t e m :  3 7 . 7 0  m M  HEPES b u f f e r  pH

7 . 2 ,  1 . 8 8  mM M g C l 2 , 8 6 . 7 0  mM K C 1 1 0 . 9 4  mM p o t a s s i u m

p h o s p h a t e ,  1 3 . 0 9  mM s u c r o s e ,  5 . 2 4  mM p o t a s s i u m  g l u t a m a t e ,

5 . 2 4  mM p o t a s s i u m  m a l a t e , 0 . 4 2  mM C a C l 2 , a n d  b e z a f i b r a t e  as  

i n d i c a t e d .  T h e  m i t o c h o n d r i a l  p r o t e i n  was  2 . 1 2  m g / m l . T o t a l  

v o l u m e  1 . 9 1  m l .  T e m p e r a t u r e  3 7 ° c .  The  f i g u r e s  i n  p a r e n t h e s e s  

d e n o t e  r a t e s  o f  o x y g e n  c o n s u m p t i o n  i n  n g - a t o m s  o / m l / m i n .



A .  B .  c .  D .

CD
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F i g u r e  1 8 .  T h e  d o s e - r e s p o n s e  c u r v e  o f  b e z a f i b r a t e  i n h i b i t i o n  

o n  c a l c i u m - s t i m u l a t e d  r e s p i r a t i o n  o f  r a t  l i v e r  

m i  t o c h o n d r i  a .

C o m p o s i t i o n  o f  r e a c t i o n  s y s t e m :  3 7 . 7 0  mM HEPES b u f f e r  pH

7 . 2 ,  1 . 8 8  mM M g C l 2 , 8 6 . 7 0  mM K C 1 , 0 . 9 4  mM p o t a s s i u m

p h o s p h a t e ,  1 3 . 0 9  mM s u c r o s e ,  5 . 2 4  mM p o t a s s i u m  g l u t a m a t e ,

5 . 2 4  mM p o t a s s i u m  m a l a t e ,  0 . 4 2  mM C a C l 2 , a nd  b e z a f i b r a t e  

a s  i n d i c a t e d .  T h e  a v e r a g e  m i t o c h o n d r i a l  p r o t e i n  was  1 . 8 2  

m g / m l . T o t a l  v o l u m e  1 . 9 1  m l .  T e m p e r a t u r e  3 7 ° c .  Th e  

m i t o c h o n d r i a  w e r e  p r e i n c u b a t e d  w i t h  b e z a f i b r a t e  f o r  1 m i n  

b e f o r e  C a C l 2  was  a d d e d .  E a c h  p o i n t  r e p r e s e n t s  mean+SEM 

f r o m  f o u r  e x p e r i m e n t s .

a -  p < 0 . 0 0 5  c o m p a r e d  w i t h  c o n t r o l .



B
E

Z
A

F
IB

R
A

T
E

 
O

j
M

)

R A T E  O F  O X Y G E N  C O N S U M P T I O N  

( n g - a t o m s  o / m i n / m g  protein )

—  พ ิพ ิ! ^  ÔÏ ๐
๐ ๐ ๐ ๐ ๐ ๐ ๐



8 2

F i g u r e  1 9 . E f f e c t  o f  b e z a f i b r a t e  o n  s u b s t r a t e - s u p p o r t e d  

c a l c i u m  t r a n s p o r t  b y  r a t  l i v e r  m i t o c h o n d r i a .

L e f t  p a n e l  ะ E f f e c t  on  m i t o c h o n d r i a l  c a l c i u m  u p t a k e .  

C o m p o s i t i o n  o f  r e a c t i o n  s y s t e m :  3 6 . 9 6  mM HEPES b u f f e r  pH

7 . 2 ,  1 . 8 5  mM M g C l 2)  8 5 . 0 2  mM K C 1 , 0 . 1 7  mM p o t a s s i u m

p h o s p h a t e ,  1 6 . 5 0  mM s u c r o s e ,  4 . 9 5  mM p o t a s s i u m  g l u t a m a t e ,

4 . 9 5  mM p o t a s s i u m  mal  a t e ,  a n d  0 . 1 3  mM C a C l 2 - A b s o l u t e

e t h a n o l ,  b e z a f i b r a t e ,  and r o t e n o n e  w e r e  a d d e d  i n i t i a l l y .  

T h e  m i t o c h o n d r i a l  p r o t e i n  wa s  1 . 7 8  m g / m l . T o t a l  v o l u m e

3 . 0 3  m l .

R i g h t  p a n e l  ะ E f f e c t  on  m i t o c h o n d r i a l  c a l c i u m  r e l e a s e .  

C o m p o s i t i o n  o f  r e a c t i o n  s y s t e m :  3 6 . 9 6  mM HEPES b u f f e r  pH

7 . 2 ,  1 . 8 5  mM M g C l 2 , 8 5 . 0 2  mM KC1 , 0 . 1 7  mM p o t a s s i u m

p h o s p h a t e ,  1 6 . 5 0  mM s u c r o s e ,  4 . 9 5  mM p o t a s s i u m  g l u t a m a t e ,

4 . 9 5  mM p o t a s s i u m  mal  a t e ,  a nd  0 . 1 3  mM C a C l 2 . A b s o l u t e

e t h a n o l ,  b e z a f i b r a t e ,  DNP, a nd  r o t e n o n e  w e r e  a d d e d  5 m i n  

a f t e r  m i t o c h o n d r i a .  The m i t o c h o n d r i a l  p o t e i n  was  1 . 7 8  mg 

/ m l .  T o t a l  v o l u m e  3 . 0 3  m l .

I n  b o t h  p a n e l s :  C a C l 2  was  f i r s t  a d d e d  t o  c a l i b r a t e  t h e

c a l c i u m - s e l e c t i v e  e l e c t r o d e .  Th e  d i s t a n c e  o f  t h e  u p w a r d  

d e f l e c t i o n  f o l l o w i n g  C a C l 2 a d d i t i o n  d e n o t e s  t h e  

c o n c e n t r a t i o n  i n  t h e  me d i u m o f  a d d e d  c a l c i u m  i o n ,  i . e .

0 . 1 3  mM. C a l c i u m  t r a n s p o r t  wa s  i n i t i a t e d  b y  a d d i n g  t h e  

m i t o c h o n d r i a  ( R L M ) .  The u p w a r d  and  d o w n w a r d  d e f l e c t i o n s
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i n d i c a t e  t h e  i n c r e a s e  a n d  d e c r e a s e  o f  c a l c i u m  

c o n c e n t r a t i o n  i n  t h e  r e a c t i o n  m i x t u r e s  r e s p e c t i v e l y .

i on
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L e f t  p a n e l  ะ E f f e c t  o n  m i t o c h o n d r i a l  c a l c i u m  u p t a k e .  

C o m p o s i t i o n  o f  r e a c t i o n  s y s t e m :  3 6 . 0 1  m M  H E P E S  b u f f e r  p H

7 . 2 , 1 . 8 0  m M  M g C l 2 , 8 2 . 8 3  m M  K C 1 , 0 . 1 6  m M  p o t a s s i u m

p h o s p h a t e ,  1 6 . 0 8  m M  s u c r o s e ,  2 . 8 9  m M  A T P  a n d  0 . 1 3  m M  C a C l 2 . 

A b s o l u t e  e t h a n o l  a n d  b e z a f i b r a t e  w e r e  a d d e d  i n i t i a l l y .  

T h e  m i t o c h o n d r i a l  p r o t e i n  w a s  1 . 7 4  m g / m l . T o t a l  v o l u m e

3 . 1 1  m l .

R i g h t  p a n e l  ะ E f f e c t  o n  m i t o c h o n d r i a l  c a l c i u m  r e l e a s e .  

C o m p o s i t i o n  o f  r e a c t i o n  s y s t e m :  3 6 . 6 0  m M  H E P E S  b u f f e r  p H

7 . 2 , 1 . 8 3  m M  M g C l 2 , 8 4 . 1 8  m M  K C 1 , 0 . 1 6  m M  p o t a s s i u m

p h o s p h a t e ,  1 2 . 2 5  m M  s u c r o s e ,  2 . 9 4  m M  A T P ,  a n d  0 . 1 3  m M  C a C l 2  

A b s o l u t e  e t h a n o l  a n d  b e z a f i b r a t e  w e r e  a d d e d  5  m i n  a f t e r  

m i t o c h o n d r i a .  T h e  m i t o c h o n d r i a l  p r o t e i n  w a s  1 . 3 8  m g / m l .  

T o t a l  v o l u m e  3 . 0 6  m l .

I n  b o t h  p a n e l s :  C a C l 2  w a s  f i r s t  a d d e d  t o  c a l i b r a t e  t h e

c a l c i u m - s e l e c t i v e  e l e c t r o d e .  T h e  d i s t a n c e  o f  t h e  u p w a r d  

d e f l e c t i o n  f o l l o w i n g  C a C l 2  a d d i t i o n  d e n o t e s  t h e  

c o n c e n t r a t i o n  i n  t h e  m e d i u m  o f  a d d e d  c a l c i u m  i o n ,  i . e .

0 . 1 3  m M .  C a l c i u m  t r a n s p o r t  w a s  i n i t i a t e d  b y  a d d i n g  t h e  

m i t o c h o n d r i a  ( R L M ) .  T h e  u p w a r d  a n d  d o w n w a r d  d e f l e c t i o n s  

i n d i c a t e  t h e  i n c r e a s e  a n d  d e c r e a s e  o f  c a l c i u m  i o n  

c o n c e n t r a t i o n  i n  t h e  r e a c t i o n  m i x t u r e s  r e s p e c t i v e l y .

F i g u r e  2 0 .  E f f e c t  o f  b e z a f i b r a t e  ๐ ท A T P - s u p p o r t e d  c a l c i u m

t r a n s p o r t  b y  r a t  l i v e r  m i t o c h o n d r i a .
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c  - 1 0 0  ^ i M  b e z a f i b r a t e > a d d e d  5  m i n  a f t e r

d  - 0 . 0 5  m M  D N P R L M
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F i g u r e  2 1 .  E f f e c t s  o f  b e z a f i b r a t e  a n d  r u t h e n i u m  r e d  o n  

c a l c i u m  t r a n s p o r t  b y  r a t  l i v e r  m i t o c h o n d r i a  

w i t h  g l u t a m a t e  p l u s  m a l  a t e  a s  s u b s t r a t e s .

L e f t  p a n e l :  E f f e c t  o n  m i t o c h o n d r i a l  c a l c i u m  u p t a k e .  

C o m p o s i t i o n  o f  r e a c t i o n  s y s t e m :  3 7 . 3 3  m M  H E P E S  b u f f e r  p H

7 . 2 , 1 . 8 7  m M  M g C l 2 , 8 5 . 8 7  m M  K C 1 , 0 . 1 7  m M  p o t a s s i u m

p h o s p h a t e ,  1 4 . 1 7  m M  s u c r o s e ,  5 . 0  m M  p o t a s s i u m  g l u t a m a t e ,

5 . 0  m M  p o t a s s i u m  m a l  a t e ,  a n d  0 . 1 3  m M  C a C l 2 . A b s o l u t e  

e t h a n o l ,  b e z a f i b r a t e ,  a n d  r u t h e n i u m  r e d  w e r e  a d d e d  

i n i t i a l l y .  T h e  m i t o c h o n d r i a l  p r o t e i n  w a s  1 . 7 4  m g / m l . 

T o t a l  v o l u m e  3 . 0  m l .

R i g h t  p a n e l :  E f f e c t  o n  m i t o c h o n d r i a l  c a l c i u m  r e l e a s e .  

C o m p o s i t i o n  o f  r e a c t i o n  s y s t e m :  3 7 . 3 3  m M  H E P E S  b u f f e r  p H

7 . 2 , 1 . 8 7  m M  M g C l 2 , 8 5 . 8 7  m M  K C 1 , 0 . 1 7  m M  p o t a s s i u m

p h o s p h a t e ,  1 4 . 1 7  m M  s u c r o s e ,  5 . 0  m M  p o t a s s i u m  g l u t a m a t e ,

5 . 0  m M  p o t a s s i u m  m a l a t e  a n d  0 . 1 3  m M  C a C l 2 . A b s o l u t e  

e t h a n o l ,  b e z a f i b r a t e  a n d  r u t h e n i u m  r e d  w e r e  a d d e d  5  m i n  

a f t e r  m i t o c h o n d r i a .  T h e  m i t o c h o n d r i a l  p r o t e i n  w a s  1 . 7 4  

m g / m l .  T o t a l  v o l u m e  3 . 0  m l .

I n  b o t h  p a n e l s :  C a C l 2  w a s  f i r s t  a d d e d  t o  c a l i b r a t e  t h e  

c a l c i u m - s e l e c t i v e  e l e c t r o d e .  T h e  d i s t a n c e  o f  t h e  u p w a r d  

d e f l e c t i o n  f o l l o w i n g  C a C l 2  a d d i t i o n  d e n o t e s  t h e  

c o n c e n t r a t i o n  i n  t h e  m e d i u m  o f  a d d e d  c a l c i u m  i o n ,  i . e .

0 . 1 3  m M .  C a l c i u m  t r a n s p o r t  w a s  i n i t i a t e d  b y  a d d i n g  t h e
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m i  t o c h o n d r i  a  

i n d i c a t e  t h e  

c o n c e n t r a t i o n

( R L M ) .  T h e  u p w a r d  a n d  d o w n w a r d  d e f l e c t i o n s  

i n c r e a s e  a n d  d e c r e a s e  o f  c a l c i u m  i o n  

i n  t h e  r e a c t i o n  m i x t u r e s  r e s p e c t i v e l y .
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T a b l e  8 .  E f f e c t  o f  b e z a f i b r a t e  o n  A T P a s e  a c t i v i t y  o f  r a t  

l i v e r  m i t o c h o n d r i a  i n  t h e  p r e s e n c e  a n d  a b s e n c e  

o f  D N P .

E x p e r i m e n t s

A T P a s e  a c t i v i t y  

{ JX  m o l e  P i / 1 0  m i n / m g  p r o t e i n )

N o  D N P

C o n t r o l 0 . 3 3 + 0 . 0 3

5 0  Jx  M b e z a f i b r a t e 0 . 3 4 + 0 . 0 3

1 0 0  J x M b e z a f i b r a t e 0 . 3 8 + 0 . 0 2 a

1 0 0  J X M b e z a f i b r a t e  +

1 0  o l i g o m y c i  ท 0 . 4 4 + 0 . 0 4

W i t h  0 . 1  m M  D N P

C o n t r o l 2 . 5 3 + 0 . 0 7

5 0  J X M b e z a f i b r a t e 2 . 3 6 + 0 . 1 0 b

1 0 0  J X M b e z a f i b r a t e 2 . 3 2 + 0 . 0 9  b

1 0  J X g  o l i g o m y c i ท 0 . 5 4 + 0 . 0 4 c

a  -  p  < 0 . 0 5 c o m p a r e d  w i t h  c o n t r o l  ( n o  D N P )

b  -  p  < 0 . 0 5 c o m p a r e d  w i t h  c o n t r o l

c  -  p  < 0 . 0 0 5 ( w i t h  0 . 1  m M  D N P )

C o m p o s i t i o n  o f  r e a c t i o n  s y s t e m :  3 5 . 3 0  mM H E P E S

b u f f e r  pH 7 . 2 , 1 . 7 7  mM M g C l 2 , 8 1 . 1 9  mM K C l , 1 6 . 7 8  mM s u c r o s e ,

5 . 0 3  mM A T P ,  b e z a f i b r a t e ,  DNP,  a n d  o l i g o m y c i n  a s  i n d i c a t e d .
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T h e  a v e r a g e  m i t o c h o n d r i a l  p r o t e i n  f o r  " n o  D N P "  a n d  " w i t h

0 . 1  m M  D N P "  e x p e r i m e n t s  w e r e  2 . 3 6  a n d  2 . 2 8  m g / m l  

r e s p e c t i v e l y .  T o t a l  v o l u m e  2 . 9 8  m l .  T e m p e r a t u r e  3 7 ° c .  I n  

t h e  " n o  D N P "  e x p e r i m e n t s ,  t h e  m i t o c h o n d r i a  w e r e  p r e i n c u b a t e d  

w i t h  b e z a f i b r a t e  f o r  1 m i n  b e f o r e  A T P  w a s  a d d e d .  I n  t h e  

" w i t h  0 . 1  m M  D N P "  e x p e r i m e n t s ,  b e z a f i b r a t e  w a s  a d d e d  1 m i n  

a f t e r  D N P  a n d  A T P  a d d e d  1 m i n  a f t e r  b e z a f i b r a t e .  T h e  

r e a c t i o n  m i x t u r e s  w e r e  f u r t h e r  i n c u b a t e d  f o r  1 0  m i n  a f t e r  

A T P  a d d i t i o n .  V a l u e s  a r e  m e a n s + S E M  f r o m  f o u r  e x p e r i m e n t s .
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F i g u r e  2 2 .  E f f e c t  o f  b e z a f i b r a t e  o n  m o n o a m i n e  o x i d a s e  ( M A O )  

a c t i v i t y  o f  r a t  l i v e r  m i t o c h o n d r i a .

C o m p o s i t i o n  o f  r e a c t i o n  s y s t e m :  2 3 . 5 6  m M  p o t a s s i u m

p h o s p h a t e  p H  7 . 2 ,  1 3 . 0 9  m M  s u c r o s e ,  10 p . g  r o t e n o n e ,  0 . 1  m M  

b e n z y l a m i n e ,  b e z a f i b r a t e  a n d  p a r g y l i n e  a s  i n d i c a t e d .  T h e  

m i t o c h o n d r i a l  p r o t e i n  w a s  1 . 7 8  m g / m l . T o t a l  v o l u m e  1.91 m l .  

T e m p e r a t u r e  3 7 ° c .  T h e  f i g u r e s  i n  p a r e n t h e s e s  a r e  r a t e s  

o f  o x y g e n  c o n s u m p t i o n  i n  n g - a t o m s  o / m l / m i n .
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F i g u r e  2 3 .  T r a c i n g s  c o m p a r i n g  t h e  e f f e c t s  o f  b e z a f i b r a t e  

w i t h  c l o f i b r i c  a c i d  o n  s t a t e  4 ,  s t a t e  3 ,  a n d  

s t a t e  3 u  r e s p i r a t i o n  o f  r a t  l i v e r  m i t o c h o n d r i a .

C o m p o s i t i o n  o f  r e a c t i o n  s y s t e m :  3 7 . 7 0  m M  H E P E S  b u f f e r  p H  

7 . 2 , 1 . 8 8  m M  M g C l 2 , 8 6 . 7 0  m M  K C l  , 1 3 . 0 9  m M  s u c r o s e ,

5 . 2 4  m M  p o t a s s i u m  g l u t a m a t e  5 . 2 4  m M  p o t a s s i u m  m a l a t e ,  0 . 3 1  

m M  A D P  +  0 . 6 3  m M  P i ,  0 . 0 5  m M  D N P ,  b e z a f i b r a t e  a n d  c l o f i b r i c  

a c i d  a s  i n d i c a t e d .  T h e  m i t o c h o n d r i a l  p r o t e i n  w a s  2 . 4 8  m g / m l . 

T o t a l  v o l u m e  1. 91  m l .  T e m p e r a t u r e  3 7 ° c .  T h e  f i g u r e s  i n  

p a r e n t h e s e s  a r e  r a t e s  o f  o x y g e n  c o n s u m p t i o n  i n  n g - a t o m s

o / m l / m i  ท .
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T a b l e  9.  E f f e c t s  o f  b e z a f i b r a t e  compared w i t h  c l o f i b r i c

a c i d  on s t a t e  4 ,  s t a t e  3 and s t a t e  3u r e s p i r a t i o n  

o f  r a t  l i v e r  m i t o c h o n d r i a .

E x p e r i m e n t s

R e s p i r a t o r y  r a t e s  

( n g - a t o m s  o /m in /m g  p r o t e i n )

s t a t e  4

C o n t r o l 1 7 .6 5 + 0 .6 0

100 b e z a f i b r a t e 1 7 .6 5 + 0 .6 0

400 M c l o f i b r i c  a c i d 2 2 . 8 8 + 0 . 56a

s t a t e  3

C o n t r o l 1 22 .51+ 1.91

100 ^.M b e z a f i b r a t e 9 7 . 1 1 + 0 . 77a

400 jUM c l o f i b r i c  a c i d 1 0 5 . 1 7 ± 0 .3 7 a

s t a t e  3u

C o n t r o l 15 8.6 2+ 1 .1 1

100 ^M b e z a f i b r a t e 1 3 3 . 4 3 + 1 . 03a

400 jU-M c l o f i b r i c  a c i d 1 2 3 . 5 4 ± 2 .0 2 a ’ b

a -  p < 0 .0 0 5  compared w i t h  c o n t r o l  

b -  p < 0 .0 5  compared w i t h  100 [A .M b e z a f i b r a t e

C o m p o s i t i o n  o f  r e a c t i o n  s ys te m :  3 7 .7 0  mM HEPES

b u f f e r  pH 7 . 2 ,  1 .8 8  mM MgCl2 , 8 6 .7 0  mM KC1, 1 3 .0 9  mM
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s u c r o s e ,  5 .2 4  mM p o ta s s iu m  g l u t a m a t e ,  5 .2 4  mM p o ta s s iu m  

m a l a t e ,  0 .31  mM ADP + 0 .6 3  mM P i ,  0 .0 5  mM DNP, b e z a f i b r a t e  

and c l o f i b r i c  a c i d  as i n d i c a t e d .  The a v e ra g e  

m i t o c h o n d r i a l  p r o t e i n  was 1 .96  m g /m l . T o t a l  vo lume 1.91 m l .  

T e m p e r a t u r e  3 7 ° c .  ADP+Pi were  added 1 min a f t e r  b e z a f i b r a t e  

o r  c l o f i b r i c  a c i d  and DNP added d u r i n g  s t a t e  4 r e s p i r a t i o n .  

V a lu e s  a r e  means+SEM f r o m  f o u r  e x p e r i m e n t s .
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T a b l e  10. E f f e c t s  o f  b e z a f i b r a t e  compared w i t h  c l o f i b r i c  

a c i d  on r e s p i r a t o r y  c o n t r o l  i n d e x  (R C I )  and p / o  

r a t i o  o f  r a t  l i v e r  m i t o c h o n d r i a .

E x p e r im e n t s RCI P/O

C o n t r o l 6 . 1 1 + 0 . 2 3 2 .7  2 + 0 .1 3

100 j j .M b e z a f i b r a t e 4 .7  7 + 0 . 25a 2 . 7 1 + 0 . 0 7

400 M c l o f i b r i c  a c i d 4 . 3 8 + 0 . 10a 2 . 5 3 + 0 . 0 6

a -  p < 0 .0 0 5  compared w i t h  c o n t r o l

C o m p o s i t i o n  o f  r e a c t i o n  s y s te m :  3 7 .7 0  mM HEPES

b u f f e r  pH 7 . 2 ,  1 .8 8  mM MgCl2 , 8 6 .7 0  mM KC1, 1 3 .0 9  mM

s u c r o s e ,  5 .2 4  mM p o ta s s iu m  g l u t a m a t e ,  5 . 2 4  mM p o t a s s i u m  

m a t a t e ,  0 .31 mM ADP + 0 .6 3  mM P i ,  0 .0 5  mM DNP, b e z a f i b r a t e ,  

and c l o f i b r i c  a c i d  as i n d i c a t e d .  The a v e r a g e  m i t o c h o n d r i a l  

p r o t e i n  was 1 .96  m g / m l . T o t a l  vo lume 1.91 m l .  T e m p e r a t u r e  

3 7 ° c .  The m i t o c h o n d r i a  were p r e i n c u b a t e d  w i t h  b e z a f i b r a t e  

o r  c l o f i b r i c  a c i d  f o r  1 min b e f o r e  ADP + Pi were added .  

The RCI v a l u e s  and p / o  r a t i o s  a r e  e x p r e s s e d  i n  means+SEM 

f r o m  f o u r  e x p e r i m e n t s .



99

F i g u r e  24 .  C om p ar iso n  o f  t h e  e f f e c t s  o f  b e z a f i b r a t e

and c l o f i b r i c  a c i d  on c a l c i u m  t r a n s p o r t  by 

r a t  l i v e r  m i t o c h o n d r i a  w i t h  g l u t a m a t e  p l u s  

mal a t e  as s u b s t r a t e s .

L e f t  p ane l  ะ E f f e c t  on m i t o c h o n d r i a l  c a l c i u m  u p t a k e .  

C o m p o s i t i o n  o f  r e a c t i o n  s y s te m :  3 7 .4 6  mM HEPES b u f f e r  pH

7 . 2 ,  1 .87 mM MgCl2 > 8 6 .1 5  mM KC1, 0 .1 7  mM p o t a s s i u m

p h o s p h a te ,  1 2 .5 4  mM s u c r o s e ,  5 .0 2  mM p o t a s s i u m  g l u t a m a t e ,

5 . 0 2  mM p o t a s s i u m  m a l a t e ,  and 0 .1 3  mM C a C l2 - A b s o l u t e

e t h a n o l ,  b e z a f i b r a t e ,  and c l o f i b r i c  a c i d  were  added

i n i t i a l l y .  The m i t o c h o n d r i a l  p r o t e i n  was 1 .69  m g / m l . 

T o t a l  vo lum e 2 .9 9  m l .

R i g h t  p ane l  ะ E f f e c t  on m i t o c h o n d r i a l  c a l c i u m  r e l e a s e .  

C o m p o s i t i o n  o f  r e a c t i o n  s y s te m :  3 7 .4 6  mM HEPES b u f f e r  pH

7 . 2 ,  1 .87 mM MgCl2 , 8 6 .1 5  mM KC1, 0 .1 7  mM p o t a s s i u m

p h o s p h a te ,  1 2 .5 4  mM s u c r o s e ,  5 .0 2  mM p o t a s s i u m  g l u t a m a t e ,

5 .0 2  mM p o t a s s i u m  m a l a t e ,  and 0 .1 3  mM C a C l2 . A b s o l u t e  

e t h a n o l ,  b e z a f i b r a t e ,  and c l o f i b r i c  a c i d  were  added 5 

min a f t e r  m i t o c h o n d r i a  . The m i t o c h o n d r i a l  p r o t e i n  was 1 .69  

m g /m l .  T o t a l  vo lum e 2 .9 9  m l .

I n  b o th  p a n e l s :  C aC l2 was f i r s t  added t o  c a l i b r a t e  t h e  

c a l c i u m - s e l e c t i v e  e l e c t r o d e .  The d i s t a n c e  o f  t h e  upward 

d e f l e c t i o n  f o l l o w i n g  C a C l2 a d d i t i o n  d e n o t e s  t h e  

c o n c e n t r a t i o n  i n  t h e  medium o f  added c a l c i u m  i o n ,  i . e .
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0 . 1 3  mM. C a lc iu m  t r a n s p o r t  was i n i t i a t e d  by a d d in g  t h e  

m i t o c h o n d r i a  ( RLM ) .  The upward and downward d e f l e c t i o n s  

i n d i c a t e  t h e  i n c r e a s e  and d e c r e a s e  o f  c a l c i u m  io n  

c o n c e n t r a t i o n  i n  t h e  r e a c t i o n  m i x t u r e s  r e s p e c t i v e l y .



C A L C IU M  U P T A K E C A L C IU M  R E L E A S E

R L M

t  b

minutes

a -  c o n t r o l

ช -  

c -

100 M b e z a f i b r a t e  >  

400 c l o f i b r i c  a c i d  1

added i n i t i a l  1 y

a -  c o n t r o l

b -  100 ^tM b e z a f i b r a t e  . 

c -  400 1น M c l o f i b r i c  a c i d

added 5 m in  a f t e r  

RLM 101


	CHAPTER III RESULTS
	Effects of Bezafibrate on Oxidative Phosphorylation by Isolated Rat Liver Mitochondria
	Factors Influencing The Effect of Bezafibrate on Oxidative Phosphorylation by Isolated Rat Liver Mitochondria
	Effect of Bezafibrate on Calcium-Stimulated Respiration by Isolated Rat Liver Mitochondria
	Effect of Bezafibrate on Calcium Transport by Isolated Rat Liver Mitochondria
	Effect of Bezafibrate on ATPase Activity of Rat Liver Mitochondria
	Effect of Bezafibrate ๐ท Mitochondrial Monoamine Oxidase (MAO)Activity
	Comparison of The Effects of Bezafibrate and Clofibric Acid on Oxidative Phosphorylation and Calcium Transport by Isolated Rat Liver Mitochondria


