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DISCUSSION AND CONCLUSION

The r e s u l t s  p r e s e n t e d  h e re  show t h a t  b e z a f i b r a t e  

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

n a m e ly ,  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 .  

T h i s  d ru g  i n h i b i t s  b o th  s t a t e s  3 and รน r e s p i r a t i o n  ( f i g u r e  

14) and s t i m u l a t e s  c a l c i u m  r e l e a s e  ( f i g u r e  19) 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 .  On t h e  o t h e r  hand ,  t h e  ATPase 

a c t i v i t y  i s  s l i g h t l y  a f f e c t e d  ( t a b l e  8 )  and no e f f e c t  on 

MAO a c t i v i t y  was o b s e rv e d  ( f i g u r e  2 2 ) .  The d i s c u s s i o n  be lo w  

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

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

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

t o x i c o l o g i c a l  a c t i o n  o f  b e z a f i b r a t e .

E f f e c t s  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  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 ATPase A c t i v i t y .

B e z a f i b r a t e  was fo u n d  t o  i n h i b i t  o x i d a t i v e  p h os ph o

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

p l u s  m a l a t e .  From t h e  d o s e - r e s p o n s e  c u r v e s  i n  f i g u r e  15, 

t h e  r a t e s  o f  s t a t e  3 and s t a t e  รน r e s p i r a t i o n  d e c r e a s e d  as 

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  i n c r e a s e d .  T h i s  r e s u l t  

i n d i c a t e s  t h a t  b e z a f i b r a t e  may d e p r e s s  o x i d a t i v e
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p h o s p h o r y l a t i o n  t h r o u g h  e f f e c t  on t h e  r e s p i r a t o r y  c h a i n  

s i n c e  t h e  i n h i b i t i o n  p a t t e r n ,  t h e  b lo c k a d e  o f  b o th  s t a t e s  

3 and รน r e s p i r a t i o n ,  re s e m b le s  t h a t  o f  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 s .  When s u c c i n a t e  was r e s p i r a t o r y  s u b s t r a t e ,  

t h e  s t a t e s  3 and รน r e s p i r a t o r y  r a t e s  were i n s i g n i f i c a n t l y  

a f f e c t e d  by b e z a f i b r a t e  as shown by t h e  d o s e - r e s p o n s e  

c u r v e s  in  f i g u r e  16. I n  t h i s  r e s p e c t ,  t h e  i n h i b i t i o n  o f  

b o t h  s t a t e s  3 and รน r e s p i r a t i o n  w i t h  NAD+- 1 i n k e d  

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

b r a t e  i s  s i m i l a r  t o  t h a t  o f  r o t e n o n e ,  a w e l l  known and 

p o t e n t  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  [ 3 0 , 4 3 ] .  Thus 

b e z a f i b r a t e  a p p e a r s  t o  e x e r t  i n h i b i t o r y  e f f e c t  a t  t h e  e a r l y  

p a r t  o f  m i t o c h o n d r i a l  r e s p i r a t o r y  c h a i n ,  i . e . ,  t h e  segm ent  

f r o m  NADH t o  CoQ o r  s i t e  I .  F u r t h e r  e x p e r i m e n t s  w i t h  

i s o l a t e d  com p lex  I  a re  needed t o  p ro v e  t h a t  b e z a f i b r a t e  

a c t s  d i r e c t l y  on t h i s  com p le x  t o  i n h i b i t  e l e c t r o n  f l o w  

f r o m  NADH t o  u b i q u i n o n e .  I n t e r e s t i n g l y ,  s t a t e  4 r e s p i r a t i o n  

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

u n a f f e c t e d  by b e z a f i b r a t e .  I n  c o n t r a s t ,  g e m f i b r o z i l ,  

a n o t h e r  f i b r i c  a c i d  d e r i v a t i v e ,  has u n c o u p l e r - l i k e  a c t i v i t y  

s i n c e  i t  has been shown t o  s t i m u l a t e  s t a t e  4 r e s p i r a t i o n

[ 2 2 ] ,  A p p a r e n t l y ,  b e z a f i b r a t e  does n o t  p o ss e ss  t h e  u n c ou p 

l i n g  e f f e c t  on 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 .

The 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  s u g g e s t s  t h e  r e s p i r a t o r y  c h a i n  b u t  

does n o t  e x c l u d e  t h e  ATP s y n t h a s e  c om p le x  as t h e  s i t e  o f
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b e z a f i b r a t e  a c t i o n .  The p o s s i b i l i t y  t h a t  b e z a f i b r a t e  

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

w i t h  t h e  ATP s y n t h a s e  com p le x  can be a sse sse d  by s t u d y i n g  

t h e  e f f e c t  o f  b e z a f i b r a t e  on t h e  u n c o u p l e r - a c t i v a t e d  

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

in d u c e d  by t h e  DNP-type u n c o u p l e r s  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  r e s p i r a t o r y  c h a i n -  

l i n k e d  ADP p h o s p h o r y l a t i o n  [ 4 4 ] .  As r e p o r t e d  i n  t a b l e  8, 

b e z a f i b r a t e  s l i g h t l y  i n h i b i t e d  t h e  D N P - s t i m u l a t e d  ATPase 

a c t i v i t y  w h ere as  o l i g o m y c i n ,  a w e l l  known and p o w e r f u l  

i n h i b i t o r  o f  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  [ 4 4 ,  

4 5 ] ,  s e v e r e l y  d e p r e s s e d  t h e  enzyme. Thus i t  seems u n l i k e l y  

f o r  b e z a f i b r a t e  t o  r e t a r d  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 

a c t i n g  m a i n l y  on t h e  m i t o c h o n d r i a l  ATP s y n t h a s e  s y s te m .  

H ow ever ,  t h e  s m a l l  i n h i b i t o r y  e f f e c t  on t h e  u n c o u p l e r -  

a c t i v a t e d  ATPase a c t i v i t y  may a c c o u n t  f o r  t h e  o b s e r v a t i o n  

t h a t  b e z a f i b r a t e  i n h i b i t s  s t a t e  3 more th a n  s t a t e  รน 

r e s p i r a t i o n .  A t  p r e s e n t ,  i t  i s  n o t  c l e a r  why o l i g o m y c i n ,  

i n  t h e  absence o f  DNP, f u r t h e r  augmented t h e  s m a l l  

b e z a f i b r a t e - i n d u c e d  ATPase a c t i v i t y .

F a c t o r s  M o d i f y i n g  B e z a f i b r a t e  A c t i o n  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 .

From t h e  s t u d y  o f  v a r i o u s  f a c t o r s  a f f e c t i n g  

b e z a f i b r a t e  a c t i o n ,  i t  was fo u n d  t h a t  d i f f e r e n t  pH can 

i n f l u e n c e  t h e  i n h i b i t o r y  e f f e c t  on 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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B e z a f i b r a t e  p r o d u c e d  t h e  s t r o n g e s t  i n h i b i t i o n  a t  a c i d i c  pH 

and t h e  i n h i b i t i o n  d e c l i n e d  when t h e  pH was i n c r e a s e d  

( t a b l e  4 ) .  As b e z a f i b r a t e  i s  a weak a c i d  [ 7 ]  p o s s e s s i n g  

i o n i z a b l e  c a r b o x y l i c  g r o u p ,  l o w e r i n g  t h e  medium pH w i l l  

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

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

more r e a d i l y  t h a n  t h e  i o n i z e d  fo r m  due t o  i t s  h i g h e r  

l i p o p h i l i c  p r o p e r t y  and a c t s  on t h e  r e s p i r a t o r y  c h a i n  

enzymes l o c a t e d  i n  t h e  i n n e r  membrane. Thus t h i s  o b s e r v a t i o n  

s u g g e s t s  t h a t  t h e  a c t i v e  f o r m  o f  b e z a f i b r a t e  i s  t h e  

u n i o n i z e d  s t r u c t u r e  and t h e  s i t e  o f  a c t i o n  i s  somewhere 

i n s i d e  t h e  i n n e r  membrane.

The s u l f h y d r y l  g ro u p  ( -SH )  i n  t h e  m i t o c h o n d r i a l  

i n n e r  membrane i s  known t o  p l a y  an i m p o r t a n t  r o l e  i n  s e v e r a l  

i n n e r  membrane f u n c t i o n s ,  f o r  e xa m p le ,  t h e  i n n e r  membrane 

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

t h e  f u n c t i o n  o f  ATP s y n th a s e  and s e v e r a l  i o n s  t r a n s p o r t  

[ 4 6 , 4 7 , 4 8 ] .  The p r e s e n t  s t u d y  shows t h a t  t h e  mechanism o f  

b e z a f i b r a t e  a c t i o n  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  does n o t  

i n v o l v e  t h e  m i t o c h o n d r i a l  s u l f h y d r y l  g ro u p  s i n c e  DTT, a 

s u l f h y d r y l  g r o u p - p r o t e c t i n g  s u b s ta n c e  [ 4 9 ] ,  f a i l e d  t o  

a t t e n u a t e  o r  a l t e r e d  th 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  

( t a b l e  5 ) .

B o v in e  serum a lb u m in  ( BSA) i s  t h e  o t h e r  f a c t o r  w h ic h  

can i n f l u e n c e  b e z a f i b r a t e  a c t i o n  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
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( t a b l e  7 ) .  The p r e s e n c e  o f  BSA i n  r e a c t i o n  m i x t u r e  re d u c e d ,  

i n  a d o s e - r e l a t e d  f a s h i o n ,  t h e  i n h i b i t i o n  p ro du ce d  by 

b e z a f i b r a t e  on s t a t e  3 r e s p i r a t i o n .  S in c e  BSA i s  n o t  

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

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

by c o m p le x in g  w i t h  e x t r a m i t o c h o n d r i a l  b e z a f i b r a t e ,  BSA 

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

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

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

i m p l i e s  t h a t  BSA s h o u l d  have r e l a t i v e l y  h i g h e r  a f f i n i t y  f o r  

b e z a f i b r a t e  t h a n  t h e  i n n e r  membrane. I n  a g re em e n t  w i t h  t h e  

above n o t i o n ,  b e z a f i b r a t e  i s  known t o  be h i g h l y  bound t o  

p lasm a  a lb u m in  [ 1 , 7 ] .

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 lc iu m  T r a n s p o r t .

M i t o c h o n d r i a  p ossess  an e l a b o r a t e  sy s te m  f o r  

t r a n s p o r t i n g  c a l c i u m  io n s  a c r o s s  t h e i r  i n n e r  membrane. They 

c o u l d  t a k e  up l a r g e  amounts o f  c a l c i u m  io n s  by a u n i p o r t e r ,  

a mechanism t h a t  f a c i l i t a t e s  t h e  d i f f u s i o n  o f  an i o n  down 

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

t r a n s p o r t  t o  t h a t  o f  any o t h e r  io n  o r  m o l e c u l e  [ 5 0 ] .  C a lc iu m  

i o n s  p e n e t r a t e  a c r o s s  t h e  i n n e r  membrane w i t h o u t  c h a r g e  

c o m p e n s a t io n  i n  re s p o n s e  t o  t h e  n e g a t i v e  membrane p o t e n t i a l  

e s t a b l i s h e d  i n s i d e  t h e  i n n e r  membrane by t h e  a c t i v i t y  o f  

t h e  r e s p i r a t o r y  c h a i n  o r  by ATP h y d r o l y s i s  [ 5 1 ] .
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P r e l i m i n a r y  s t u d y  has r e v e a l e d  t h e  d e p r e s s i v e  a c t i o n  

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  i n  a d o s e - r e l a t e d  manner ( f i g u r e s  17 

and 1 8 ) ,  s u g g e s t i n g  t h a t  t h i s  d ru g  has 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  t r a n s p o r t .  F u r t h e r  e x p e r i m e n t s  t o  e l a b o r a t e  

t h e  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 m i t o c h o n 

d r i a  were  th e n  p e r fo 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 .  

The r e s u l t s  o f  g l u t a m a t e  p l u s  m a la 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  19) show t h a t  b e z a f i b r a t e  s l i g h t l y  

i n h i b i t e d  c a l c i u m  u p ta k e  w h i l e  t h e  main  e f f e c t  was t o  

s t i m u l a t e  c a l c i u m  e f f l u x .  The c a l c i u m - r e l e a s i n g  e f f e c t  

can be o b s e r v e d  w i t h  b o th  s u b s t r a t e - a n d  A T P - s u p p o r te d  

c a l c i u m  t r a n s p o r t  ( f i g u r e s  19 and 2 0 ) .  The 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  ( i n f l u x  and 

e f f l u x )  was f o u n d  t o  possess  a d i s t i n c t  p a t t e r n  compared 

w i t h  t h o s e  m e d ia t e d  by DNP-an u n c o u p l e r ,  r o t e n o n e - a  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  and r u t h e n i u m  r e d - a  r e l a t i v e  

s p e c i f i c  i n h i b i t o r  o f  m i t o c h o n d r i a l  c a l c i u m  u n i p o r t e r  [ 5 2 ,  

53 ]  ( f i g u r e s  19 and 2 1 ) .  These r e s u l t s  s u g g e s t  t h a t  t h e  

mechanism o f  a c t i o n  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 ,  p a r t i c u l a r l y  t h e  e f f l u x  p r o c e s s ,  s h o u l d  be 

d i f f e r e n t  f r o m  t h o s e  o f  DNP, r o te n o n e  and r u t h e n i u m  r e d .

A t  p r e s e n t ,  t h e  mechanism by w h ic h  b e z a f i b r a t e  

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

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

c o n t a i n  an e l e c t r o p h o r e t i c  u n i p o r t e r  w h ic h  i s  used a l m o s t
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e x c l u s i v e l y  f o r  t h e  u p ta k e  o f  c a l c i u m  and a t  l e a s t  two  o r  

t h r e e  c a l c i u m  e f f l u x  mechan isms.  The Na+- d e p e n d e n t  Ca2+ 

e f f l u x  [ 5 4 ]  i s  m e d ia te d  by a Ca2+/n N a + e x c h a n g e r  w h ic h  i s  

m os t  p r o m i n e n t  i n  b r a i n  and h e a r t  m i t o c h o n d r i a  [ 5 6 ] .  The 

second  i s  Na+- i n d e p e n d e n t  Ca2+ e f f l u x  [ 5 5 ]  w h ic h  may be 

m e d ia t e d  by a Ca2+/2 H + e x c h a n g e r  o r  a c o t r a n s p o r t e r  o f  Ca2+ 

and Pi o r  an a c t i v e  mechanism i n  w h ic h  e n e r g y  f o r  Ca2+ 

e f f l u x  comes f r o m  e l e c t r o n  t r a n s p o r t  c h a i n  o r  ATP

h y d r o l y s i s .  T h i s  mechanism i s  most  p r o m i n e n t  i n  l i v e r  and 

k i d n e y  m i t o c h o n d r i a  [ 5 6 ] .  A n o t h e r  a t t r a c t i v e  mechanism 

w h i c h ,  i n  r e c e n t  y e a r s , h a s  been i n v e s t i g a t e d  as a p o t e n t i a l  

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

p e r m e a b i l i t y  t r a n s i t i o n  [ 5 0 , 5 7 ] ,  I t  i s  i n d u c e d  by Ca2+ in  

c o n j u n c t i o n  w i t h  a n o t h e r  a g e n t  r e f e r r e d  t o  as an i n d u c i n g  

o r  a Ca2+- r e l e a s i n g  a g e n t .  The o r d e r  o f  a d d i t i o n  i s  n o t  

i m p o r t a n t ,  b u t  Ca2+ must  be a c c u m u la te d  i n t o  t h e  m a t r i x  

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

s t a t e  e l i m i n a t e s  e n e r g y - 1 i n k e d  f u n c t i o n s  such  as membrane 

p o t e n t i a l  p r e s e r v a t i o n , Ca2+ r e t e n t i o n ,  o r  c o u p l i n g  o f  t h e  

o x i d a t i v e  p h o s p h o r y l a t i o n .  Thus Ca2+ o r  s o l u t e  movements 

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

g r a d i e n t s .  T h i s  mechanism can r e l e a s e  l a r g e  Ca2+ l o a d s  

r a p i d l y  i n  an e n e r g y - e f f i c i e n t  manner [ 5 0 , 5 7 ] .  T he re  a r e  

many a g e n t s  t h a t  can in d u c e  m i t o c h o n d r i a l  membrane 

t r a n s i t i o n .  The mechanism o f  t h e  t r a n s i t i o n  i s  s t i l l  

c o n t r o v e r s i a l .  Two c a n d i d a t e  mechanisms have been 

c o n s i d e r e d .  One p o s t u l a t e d  t h a t  s o l u t e s  c r o s s  t h r o u g h  a
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p r o t e i n a c e o u s  p o r e ,  o f  w h ic h  i n h i b i t o r s  and a c t i v a t o r s  o f  

t h e  t r a n s i t i o n  b i n d  t o  s p e c i f i c  s i t e s  a f f e c t i n g  t h e  

te n d e n c y  o f  t h e  p ore  t o  open o r  c l o s e  i n  an a l l o s t e r i c  

f a s h i o n  [ 5 8 ] .  A n o t h e r  p r o po s e d  t h a t  p h o s p h o l i p a s e  A2 

a c t i v i t y  may a l s o  c r e a t e  t h e  t r a n s i t i o n ,  p a r t i c u l a r l y  u nd er  

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

t h e  membrane l i p i d  phase [ 5 9 ] .

I t  i s  p ro po se d  t h a t  b e z a f i b r a t e  may a c t  as an 

i n d u c i n g  a g e n t  c a u s in g  m i t o c h o n d r i a l  membrane t r a n s i t i o n  

i n  as much as c a l c i u m  r e l e a s e  m e d ia te d  by b e z a f i b r a t e  i s  

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

d i f f e r e n t  f r o m  t h e  u n c o u p l e r  ( i . e . ,  DNP) ,  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  ( i . e . ,  r o t e n o n e )  and i n h i b i t o r  o f  c a l c i u m

u n i p o r t e r  ( i . e . , ru th e n iu r n  r e d ) .  A l t e r n a t i v e l y ,  b e z a f i b r a t e  

may a c t  by s t i m u l a t i n g  t h e  Na+- i n d e p e n d e n t  Ca2+ e f f l u x  

mechanism w h ic h  i s  p a r t i c u l a r l y  p r o m i n e n t  i n  l i v e r

m i t o c h o n d r i a .  C l e a r l y ,  much more work  i s  needed t o  c l a r i f y  

t h i s  p o i n t .

C o m p a r is on  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  E f f e c t s  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 lc iu m  T r a n s p o r t .

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

d e r i v a t i v e s .  I t  a l s o  p o s s es se s  t h e  e f f i c a c i o u s  l i p i d 

l o w e r i n g  p r o p e r t y  and was used w i d e l y  f o r  t h e  t r e a t m e n t  o f  

h y p e r t r i g l y c e r i d e m i a  [ 6 0 ] .  However ,  i t s  use has become
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i n c r e a s i n g l y  c i r c u m s c r ib e d  because i t  has n o t  been p ro v e n  

t o  be e f f e c t i v e  f o r  t h e  p r e v e n t i o n  o f  a t h e r o s c l e r o s i s ;  

f u r t h e r m o r e ,  a wareness  o f  l a t e n t  a d v e r s e  e f f e c t s  has grown 

[ 6 1 ] .  C o m p a r a t i v e  s t u d y  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 ,  

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 ,  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  

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

b e z a f i b r a t e  i n  i n h i b i t i n g  s t a t e s  3 and 3u 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  as s u b s t r a t e s .  T h i s  r e s u l t  i n d i c a t e s  

t h a t  c l o f i b r i c  a c i d  a l s o  a c t  as 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 .  However ,  i n  c o n t r a s t  w i t h  b e z a f i b r a t e ,  c l o f i b r i c  

a c i d  was fo u n d  t o  s i g n i f i c a n t l y  s t i m u l a t e  s t a t e  4 

r e s p i r a t i o n ,  i . e . ,  i t  has u n c o u p l i n g  a c t i v i t y .  I n  t h i s  

r e s p e c t  c l o f i b r i c  a c i d  behaves l i k e  g e m f i b r o z i l  [ 2 2 ] .

C l o f i b r i c  a c i d ,  g e m f i b r o z i l  and b e z a f i b r a t e  a r e  i n  

t h e  same g ro up  o f  f i b r i c  a c i d  and a l l  a r e  weak a c i d i c  

compounds l i k e  t h e  DNP-type u n c o u p l e r s  [ 6 2 ] .  The re a s o n  why 

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

r e l a t e d  t o  i t s  r e l a t i v e l y  l a r g e  m o l e c u l a r  s i z e  compared 

w i t h  o t h e r  two  d r u g s .  T h i s  makes i t  more d i f f i c u l t  f o r  

b e z a f i b r a t e  t o  t r a n s p o r t  H+ i n t o  m a t r i x  by s h u t t l i n g  a c r o s s  

i n n e r  membrane i n  t h e  same manner as t h e  DNP-type  u n c o u p l e r s  

[ 6 3 ] .  The c h e m ic a l  s t r u c t u r e s  o f  t h e  t h r e e  f i b r i c  a c i d  

d e r i v a t i v e s  a r e  shown in  f i g u r e  25.

The main  e f f e c t  o f  c l o f i b r i c  a c i d  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  i s  t o  enhance c a l c i u m  r e l e a s e .  However ,



F i g u r e  25 .  C he m ica l  s t r u c t u r e  o f  t h r e e  f i b r i c  a c i d

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

b e z a f i b r a t e .  I t  i s  n o t  c e r t a i n  t o  w ha t  e x t e n t  t h e  u n c o u p l i n g  

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

c l o f i b r i c  a c i d .  N e v e r t h e l e s s ,  i n  v ie w  o f  i t s  weak u n c o u p l i n g  

a c t i v i t y ,  t h i s  a c t i o n  i s  u n l i k e l y  t o  p l a y  a m a j o r  r o l e  i n  

t h e  c l o f i b r i c  a c i d - e v o k e d  c a l c i u m  e f f l u x .  I t  s h o u ld  be 

n o te d  i n  t h i s  c o n n e c t i o n  t h a t  g e m f i b r o z i l  has a l s o  been 

shown t o  be p a r t i c u l a r l y  a c t i v e  i n  s t i m u l a t i n g  c a l c i u m  

e f f l u x  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  [ 2 2 ] .

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

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

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

c o n j e c t u r a l .  Because b e z a f i b r a t e ,  c l o f i b r i c  a c i d  as w e l l  

as g e m f i b r o z i l  [ 2 2 ]  can a f f e c t  i m p o r t a n t  m i t o c h o n d r i a l  

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

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

a c t i v i t y .  The d e p r e s s i v e  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  c o u l d  c o n c e i v a b l y  reduce  i n t r a c e l 1 น า a r  ATP l e v e l  and,  

c o n s e q u e n t l y ,  impede b i o s y n t h e t i c  c a p a c i t y  o f  h e p a t i c  c e l l .  

I n  a d d i t i o n ,  t h e  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  i n d u c e d  by 

t h e s e  d r u g s  may d i s t u r b  i n t r a c e l l u l a r  c a l c i u m  h o m e o s ta s is  

c a u s i n g  t h e  i n t r a c e l 1 น า a r  Ca2+ c o n c e n t r a t i o n  t o  r i s e .  The 

i n c r e a s e  i n  c y t o s o l i c  Ca2+ l e v e l  may p o s s i b l y  i n t e r f e r e  

w i t h  c e l l u l a r  enzymes a c t i v i t y  [ 6 4 ]  i n c l u d i n g  t h o s e  

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

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

d e r i v a t i v e s .  I n  t h i s  r e g a r d ,  m u sc le  m yo p a th y ,  a s i d e  e f f e c t  

caused  by b e z a f i b r a t e  has been fo u n d  t o  a s s o c i a t e  w i t h  

p r i m a r y  l e s i o n s  i n  m i t o c h o n d r i a l  f u n c t i o n s  [ 2 6 ] .  Much 

f u r t h e r  w ork  i s  needed t o  e s t a b l i s h  t h e  r e l a t i o n s h i p  

be tween t h e  m i t o c h o n d r i a l  e f f e c t s  and b i o l o g i c a l  a c t i v i t i e s  

o f  t h e s e  1 i p i d - 1o w e r in g  d r u g s .  I t  i s  n o t e w o r t h y  t h a t  

b e z a f i b r a t e  has been r e p o r t e d  t o  cause p r o l i f e r a t i o n  o f  

p e r o x is o m e  [ 1 9 ] ,  an o r g a n e l l e  c o n t a i n i n g  enzymes o f

^ - o x i d a t i o n  [ 6 5 ] ,  i n  t h e  r o d e n t  l i v e r ;  and t h i s  phenomenon 

may be an a d a p t i v e  re sp on se  t o  m i t o c h o n d r i a l  i n h i b i t i o n  

[ 2 0 ]  .

I n  c o n c l u s i o n ,  b e z a f i b r a t e  has d u a l  a c t i o n s  on 

m i t o c h o n d r i a l  b i o e n e r g e t i c s .  F i r s t l y ,  b e z a f i b r a t e  a c t s  as 

a s i t e  I  r e s p i r a t o r y  c h a in  i n h i b i t o r  t o  d e p r e s 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 .  S e c o n d ly ,  t h i s  d rug  enhances  c a l c i u m  

e f f l u x  p o s s i b l y  by a c t i n g  as an i n n e r  membrane t r a n s i t i o n -  

i n d u c i n g  a g e n t .  The s i t e  o f  a c t i o n  o f  b e z a f i b r a t e  i s  

p r e s u m a b ly  on m i t o c h o n d r i a l  i n n e r  membrane where  t h e  

r e s p i r a t o r y  c h a i n  enzymes a r e  l o c a t e d .  W h eth er  t h e s e  

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

a c t i v i t y  a n d / o r  a d v e r s e  e f f e c t  o f  t h i s  d r u g  r e m a in s  t o  be 

i n v e s t i  g a t e d .
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