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I n t r o d u c t i o n  - Serum l i p o p r o t e i n s  i n t e r a c t  w i t h  t h e  a r t e r i a l  w a l l  t o  
modulate  t h e  p a t h o l o g i c  p r o c e s s  of a t h e r o s c l e r o s i s .  T h e r e f o r e ,  r e g u l a t i o n  
o f  serum l i p o p r o t e i n s  i s  one r a t i o n a l  approach toward t h e  t r e a t m e n t  and 
p r o p h y l a x i s  of t h i s  d i s e a s e .  T h i s  r e p o r t  w i l l  review some of t h e  r e c e n t  
advances made i n  t h e  pharmacologic  c o n t r o l  of serum l i p o p r o t e i n s  i n  e x p e r i -  
men ta l  an ima l s  and man. 

Although t h e  b a s i c  r e l a t i o n s h i p s  between t h e  d i f f e r e n t  c l a s s e s  o f  
serum l i p o p r o t e i n s  and a t h e r o s c l e r o s i s  have been known s i n c e  1950, t h e  
r e l e v a n c e  o f  t h i s  i n f o r m a t i o n  remained l a r g e l y  unapprec ia t ed  u n t i l  q u i t e  
r e c e n t l y .  The r eexamina t ion  by Miller and Miller'  of t h e  r e l a t i o n s h i p  
between serum h i g h  d e n s i t y  l i p o p r o t e i n s  (HDL) and co rona ry  a r t e r y  d i s e a s e  
(CAD) spa rked  a r e s u r g e n c e  o f  i n t e r e s t  i n  t h e  serum l i p o p r o t e i n s  and t h e i r  
c o n t r o l .  T h e r e f o r e ,  most s t u d i e s  concerned w i t h  t h e  e f f e c t  of d rugs  on 
l i p o p r o t e i n s  have been r e p o r t e d  w i t h i n  t h e  p a s t  two y e a r s .  

Of t h e  f o u r  b a s i c  classes of l i p o p r o t e i n s  i n  human serum, t h r e e  
promote and one r e t a r d s  t h e  development o f  a t h e r o s c l e r o s i s .  Very low 
d e n s i t y  l i p o p r o t e i n s  (VLDL) and low d e n s i t y  l i p o p r o t e i n s  (LDL) a re  d e f i -  
n i t e l y  a t h e r o g e n i c ,  2-4 and  chylomicrons a re  p robab ly  a t h e r o g e n i c  as  w e l l .  
A l a r g e  body of r e c e n t  ep idemio log ic  i n f o r m a t i o n  i n d i c a t e s  a n  i n v e r s e  
r e l a t i o n s h i p  between HDL c h o l e s t e r o l  and C A D e 6 - l o  I n  view of t h e  known 
r e l a t i o n s h i p s  between serum l i p o p r o t e i n s  and a t h e r o s c l e r o s i s ,  a l o g i c a l  
framework f o r  combating t h i s  d i s e a s e  is t o  r e d u c e  LDL and VLDL a n d / o r  
i n c r e a s e  HDL. But even when t h e  c o n c e n t r a t i o n s  of serum l i p o p r o t e i n s  can 
presumably b e  f a v o r a b l y  a l t e r e d  by a d rug ,  i t  shou ld  n o t  b e  assumed t h a t  
t h e  a t h e r o s c l e r o t i c  p r o c e s s  i s  i n f l u e n c e d  s i m i l a r l y .  I t  i s  c o n c e i v a b l e ,  
a l t h o u g h  u n l i k e l y ,  t h a t  a d rug  c o u l d  r educe  serum LDL f o r  example by 
c a u s i n g  i t  t o  d e p o s i t  i n  a r t e r i e s .  Any d rug  t h a t  r e g u l a t e s  l i p o p r o t e i n s  
must n e c e s s a r i l y  be t e s t e d  f o r  i t s  e f f e c t  on a t h e r o s c l e r o s i s .  

E f f e c t s  of S p e c i f i c  Drugs on L i p o p r o t e i n s  

Adamantyloxyphenyl Compounds - One of t h e  f i r s t  a g e n t s  r e p o r t e d  t o  
markedly d e c r e a s e  LDL and VLDL, w h i l e  s i m u l t a n e o u s l y  i n c r e a s i n g  HDL i n  
e x p e r i m e n t a l  an ima l s ,  is adamantyloxyphenylpiperidine (AOPP) (1). I n  
c h o l e s t e r o l - c h o l i c  a c i d  f e d  h y p e r c h o l e s t e r o l e m i c  rats,  AOPP, a t  a d o s e  of 
200 mg/kg/day, reduced a t h e r o g e n i c  l i p o p r o t e i n s  (LDL + VLDL) t o  153 rng/dl 
from a c o n t r o l  l e v e l  of 1804 mg/dl,  w h i l e  concomi tan t ly  i n c r e a s i n g  HDL from 
87 t o  557 m g / d l . l l  AOPP w a s  a c t i v e  a f t e r  a s i n g l e  dose  o r a l l y  o r  i n t r a -  
venous ly  and dec reased  h e p a t i c  c h o l e s t e r o l  c o n c e n t r a t i o n  a f t e r  prolonged 
a d m i n i s t r a t i o n .  l 2  I n  o u r  l a b o r a t o r y  a l l  l i p o p r o t e i n  modifying a g e n t s  a re  
r o u t i n e l y  e v a l u a t e d  i n  SEA J a p a n e s e  q u a i l  f o r  t h e i r  e f f e c t  on a t h e r o s c l e r o -  
s i s . l 3 - I 5  AOPP was l e t h a l  a t  a n  e f f e c t i v e  l i p o p r o t e i n  modifying dose  i n  
t h i s  model. However, a c l o s e l y  r e l a t e d  a n a l o g ,  adaman ty loxyan i l ine  (z), 
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- 1 Adamantyloxyphenylpiperidine - 2 Adamantyloxyani l ine 

i n h i b i t e d  t h e  development of e x p e r i m e n t a l  a theromas i n  p r o p o r t i o n  t o  t h e  
r e d u c t i o n  o f  serum a t h e r o g e n i c  l i p o p r o t e i n  l e v e l s .  l G  The adamantyl  com- 
pounds were d i s c o v e r e d  as  a r e s u l t  of s t r u c t u r e  a c t i v i t y  s t u d i e s  of t h e i r  
b i c y c l o - o c t y l  a n a l o g s  f o r  which l i p o p r o t e i n  modifying a c t i v i t y  w a s  f i r s t  
r e p o r t e d .  l 7  

p -Aminosa l i cy l i c  Acid (3) - T h i s  a n t i t u b e r c u l o s i s  d rug  h a s  been used on a 
ve ry  l i m i t e d  b a s i s  as a l i p i d  lower ing  a g e n t  s i n c e  i t  w a s  f i r s t  r e p o r t e d  
t o  lower serum c h o l e s t e r o l  i n  1954. A d e t a i l e d  s t u d y  of i t s  e f f e c t  on 
serum l i p o p r o t e i n s  w a s  f i r s t  p u b l i s h e d  i n  1976 when a r e d u c t i o n  i n  VLDL, 
LDL, and HDL c h o l e s t e r o l  l e v e l s  o f  49, 8,  and 14%, r e s p e c t i v e l y ,  w a s  no ted  
i n  p a t i e n t s  who were mos t ly  t y p e  I1 h y p e r l i p o p r o t e i n e m i c s .  l 8  
s t u d i e s  on 30 p a t i e n t s  c o n s i s t i n g  of b o t h  t y p e  I1 and t y p e  I V  h y p e r l i p o -  
p r o t e i n e m i c  i n d i v i d u a l s  s u b s t a n t i a t e d  t h e  d e c r e a s e  i n  VLDL and LDL cho le s -  
t e r o l  ( 4 6  and 6%, r e s p e c t i v e l y )  b u t  f a i l e d  t o  d e t e c t  any change i n  HDL 
c h o l e s t e r o l . 1 9  
d rug  a 25% d e c r e a s e  i n  LDL c h o l e s t e r o l  w a s  n o t e d . 2 0  

Expanded 

I n  a n o t h e r  s t u d y  on 63  t y p e  I1 p a t i e n t s  t r e a t e d  w i t h  t h i s  

B e z a f i b r a t e  (6) - T h i s  r e c e n t l y  developed a n a l o g  o f  c l o f i b r a t e  a f f e c t s  
serum l i p o p r o t e i n s  i n  much t h e  same way as  c l o f i b r a t e ,  a l t h o u g h  a t  a some- 
what lower dose  (0 .6  v s  1 . 5  g / d a y ) .  
VLDL c h o l e s t e r o l  and t r i g l y c e r i d e s  i n  bo th  t y p e s  I1 and I V  h y p e r l i p o p r o -  
t e i n e m i c  p a t i e n t s .  LDL c h o l e s t e r o l  was reduced on ly  i n  t y p e  I1 p a t i e n t s ,  
and HDL c h o l e s t e r o l  w a s  n o t  a f f e c t e d  i n  e i t h e r  t y p e  I1 o r  I V  i n d i v i d u a l s .  
Subsequent r e p o r t s 2 2 y 2 3  by t h e  same a u t h o r s  on a p o p u l a t i o n  of mixed hyper- 
l i p o p r o t e i n e m i c  p a t i e n t s  confirmed t h e  r e d u c t i o n  i n  VLDL c h o l e s t e r o l  and 
t r i g l y c e r i d e s  and i n  a d d i t i o n  r e v e a l e d  t h a t  b e z a f i b r a t e  i n c r e a s e d  serum 

I n  one s t u d y z 1  b e z a f i b r a t e  reduced 

q O O H  

- 3 p -Aminosa l i cy l i c  a c i d  - 4 B e z a f i b r a t e  

HDL c h o l e s t e r o l  c o n c e n t r a t i o n s  i n  t h e  r a n g e  o f  20-30%. Another group o f  
 investigator^^^,^^ confirmed t h e  r a t h e r  marked e f f e c t  o f  b e z a f i b r a t e  i n  
r educ ing  VLDL c h o l e s t e r o l  and t r i g l y c e r i d e s  b u t  w a s  n o t  a b l e  t o  demon- 
s t r a t e  a n  e f f e c t  on HDL c h o l e s t e r o l .  I t  was a l s o  n o t e d  t h a t  LDL cho le s -  
t e r o l  dec reased  by 15% i n  t y p e  I1 p a t i e n t s  and i n c r e a s e d  by 16% i n  t y p e  I V  
i n d i v i d u a l s .  T h i s  i s  c o n s i s t e n t  w i t h  a n  ea r l i e r  f i n d i n g 2 '  t h a t  t h e  
decrement i n  LDL c h o l e s t e r o l  i s  p r o p o r t i o n a l  t o  t h e  i n i t i a l  LDL l e v e l  and 
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t h a t  a n  increment  i n  LDL may occur  when i n i t i a l  l e v e l s  a r e  low. The ques- 
t i o n  o f  a b e z a f i b r a t e  induced increment  i n  HDL needs f u r t h e r  s t u d y  t o  
r e s o l v e  c o n f l i c t i n g  r e p o r t s .  

B i l e  Acid S e q u e s t r a n t s  - The e f f e c t  of t h i s  c lass  of hypo l ip idemic  d r u g s  
on serum l i p o p r o t e i n s  and a t h e r o s c l e r o s i s  w a s  reviewed r e c e n t l y .  26 
c l i n i c a l l y  t e s t e d  b i l e  a c i d  s e q u e s t r a n t s  ( cho le s ty ramine ,  c o l e s t i p o l ,  and 
p o l i d e x i d e )  a p p e a r  t o  b e  approx ima te ly  e q u i v a l e n t  i n  t h e i r  b i o l o g i c a l  
e f f e c t s .  They r educe  LDL, t r a n s i e n t l y  i n c r e a s e  VLDL, have no e f f e c t  on  
HDL, and p robab ly  i n h i b i t  and r e v e r s e  a t h e r o s c l e r o s i s .  Greater LDL reduc- 
t i o n  can b e  ach ieved  w i t h  s e q u e s t r a n t s  t h a n  w i t h  any o t h e r  drugs p r e s e n t l y  
commercial ly  a v a i l a b l e  i n  t h e  U.S. Because o f  a r e d u c t i o n  i n  c a r d i o -  
v a s c u l a r  m o r t a l i t y  w i t h  long-term a d m i n i s t r a t i o n  o f  c o l e s t i p o l ,  27 seques -  
t r a n t s  may e v e n t u a l l y  make a s i  n i f i c a n t  impact on c o n t r o l l i n g  a t h e r o -  
s c l e r o s i s .  Two r e c e n t  s t u d i e ~ ~ ~ r ~ ~  on t h e  e f f e c t  o f  c h o l e s t y r a m i n e  on 
serum l i p o p r o t e i n s  conf i rm c o n c l u s i o n s  drawn from ear l ie r  s t u d i e s .  Reduc- 
t i o n s  i n  LDL c h o l e s t e r o l  of 30 t o  40% were r e p o r t e d .  

The 

BR-931 (2) - T h i s  compound i n c r e a s e d  HDL c h o l e s t e r o l  l e v e l s  i n  b o t h  e thano l  
induced and c h o l e s t e r o l - c h o l i c  a c i d  induced h y p e r l i p i d e m i c  rats.  3 0 3  3 1  
c h o l e s t e r o l  f e d  r a b b i t s  BR-931 i n c r e a s e d  HDL c h o l e s t e r o l  by 53% and s i g n i -  
f i c a n t l y  r educed  a t h e r o s c l e r o s i s  i n  t h e  a o r t i c  a r c h  by 39%.31  
p a r e n t  compound, W-14,643 (k), BR-931 i s  a p o t e n t  i n d u c e r  of h e p a t i c  
peroxisomes.  

I n  

Like i t s  

aCH3 
CH3 

NH aCH3 CH3 

- 5 BR-931 - 6 WY-14,643 

Cetaben (2) - One of t h e  most p romis ing  new a g e n t s  f o r  t h e  c o n t r o l  o f  
a t h e r o s c l e r o s i s  i s  c e t a b e n .  I n  c h o l e s t e r o l  f e d  r a b b i t s  sodium c e t a b e n  
s i g n i f i c a n t l y  i n h i b i t s  a t h e r o s c l e r o s i s  and e s t e r i f i c a t i o n  of f r e e  c h o l e s -  
t e r o l  i n  t h e  a r t e r i a l  I n  c h o l e s t e r o l  f e d  cynomolgus monkeys 
t r e a t e d  w i t h  sodium c e t a b e n  a t  100 mg/kg/day f o r  6 months,  a number of 
b e n e f i c i a l  e f f e c t s  were n o t e d ,  3 3  
approx ima te ly  50% i n  a l l  a r t e r i a l  beds  examined, i n c l u d i n g  co rona ry ,  

A t h e r o s c l e r o s i s  w a s  i n h i b i t e d  by 

CH3 (CH2) 1 S-NH-@~OH CH3CH20-P-0. 
I 

CH 3CH2-0 

- 7 Cetaben - 8 P a r a t h i o n  
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c a r o t i d ,  and f emora l  ar ter ies .  Arter ia l  c h o l e s t e r o l ,  c o l l a g e n ,  and 
ca l c ium were reduced  l i k e w i s e .  A l so ,  t h i s  a g e n t  reduced a t h e r o g e n i c  LDL 
and VLDL c o n c e n t r a t i o n s  i n  serum and i n c r e a s e d  HDL l e v e l s .  Because 
of t h e s e  numerous b e n e f i c i a l  e f f e c t s  i n  a nonhuman p r i m a t e ,  r e s u l t s  of 
c l i n i c a l  t e s t i n g  are  e a g e r l y  a n t i c i p a t e d .  

C h o l i n e s t e r a s e  I n h i b i t o r s  - What may p rove  t o  b e  one o f  t h e  most impor t an t  
c l i n i c a l  o b s e r v a t i o n s  i n  t h e  f i e l d  o f  l i p o p r o t e i n  r e s e a r c h  w a s  made by 
Kutty -- e t  a1 .34  i n  1975 on a 10 y e a r  o l d  boy who was h o s p i t a l i z e d  a f t e r  
i n g e s t i o n  of t h e  i n s e c t i c i d e  p a r a t h i o n  ( S ) .  
t h e  boy’ s  serum drawn a t  2 hour i n t e r v a l s  f o r  t h e  f i r s t  1 2  hour s  a f t e r  
h o s p i t a l i z a t i o n .  LDL l e v e l s  dropped d r a m a t i c a l l y  a f t e r  o n l y  6 hour s  from 
a n  i n i t i a l  v a l u e  of 240 mg/dl t o  30 mg/dl .  The a u t h o r s  a t t r i b u t e d  t h e  f a l l  
i n  LDL t o  t h e  i n h i b i t i o n  of serum c h o l i n e s t e r a s e  by t h e  p a r a t h i o n  poisoning 
s i n c e  t h i s  enzyme i s  i n t i m a t e l y  a s s o c i a t e d  w i t h  LDL.35  The same i n v e s t i -  
g a t o r s  have demons t r a t ed  t h a t  phospho l ine  i o d i d e  (9) i n  g u i n e a  p i g s 3 4  and 

LDL l e v e l s  were determined i n  

C H 3 C H 2 0  0 CH 3 

C H 3 C H 2 0  / I 
‘P- S-CH2 CH 2h- CH 3 

I- CH3 

- 9 Phospho l ine  i o d i d e  - 10 Neost igmine 

neos t igmine  (10) i n  r a t s36  c a u s e  a s i g n i f i c a n t  r e d u c t i o n  i n  serum LDL 
l e v e l s  t h a t  p a r a l l e l s  t h e  s imul t aneous  r e d u c t i o n  i n  serum c h o l i n e s t e r a s e  
a c t i v i t y .  Assuming t h e  v a l i d i t y  o f  t h e  r a p i d  and d r a m a t i c  r e d u c t i o n  of 
LDL i n  t h e  c l i n i c a l  case of p a r a t h i o n  p o i s o n i n g ,  much f u r t h e r  work needs  
t o  be performed on t h e  mechanism o f  t h i s  e f f e c t  and t h e  development o f  
n o n t o x i c  d rugs  t o  mimic t h i s  a c t i v i t y .  

C i n n a r i z i n e  (2) - T h i s  a n t i h i s t a m i n i c  and v a s o a c t i v e  a g e n t  h a s  been used 
i n  Europe f o r  s e v e r a l  y e a r s  t o  t r ea t  p e r i p h e r a l  v a s c u l a r  d i s o r d e r s  3 7  and 
r e c e n t l y  was t e s t e d  f o r  i t s  e f f e c t  on serum l i p o p r o t e i n s  i n  a group of 
t y p e  I1 and I V  h y p e r l i p o p r o t e i n e m i c  p a t i e n t s .  38 
bo th  LDL and VLDL was no ted  monthly th rough  s i x  months o f  t r e a t m e n t ,  a t  
which t i m e  t h e s e  l i p o p r o t e i n s  were reduced  by 35 and 78%, r e s p e c t i v e l y .  
Even though i t  i s  v a s o a c t i v e  and h y p o l i p o p r o t e i n e m i c ,  f u r t h e r  s t u d i e s  w i l l  
be  n e c e s s a r y  t o  e v a l u a t e  t h e  e f f e c t  of c i n n a r i z i n e  on a t h e r o s c l e r o t i c  
d i s e a s e  i n  e x p e r i m e n t a l  an ima l s  o r  man. 

A p r o g r e s s i v e  d e c r e a s e  i n  

- 11 C i n n a r i z i n e  - 1 2  C l o f i b r a t e  
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C l o f i b r a t e  (12) - Even though c l o f i b r a t e  is t h e  most w ide ly  used and one  
o f  t h e  f i r s t  developed hypo l ip idemic  a g e n t s  i n  t h e  world,  s u r p r i s i n g l y  few 
s t u d i e s  have appeared on t h e  e f f e c t  o f  t h i s  d rug  on serum l i p o p r o t e i n s  
e i t h e r  i n  expe r imen ta l  an ima l s  o r  i n  man. Muller3 '  r e p o r t e d  t h a t  c l o f i -  
b r a t e  i n  r a t s  a t  200 mg/kg/day reduced VLDL, LDL, and HDL c h o l e s t e r o l  by 
20, 22, and 41%, r e s p e c t i v e l y .  
dose  of 120 mg/kg c l o f i b r a t e  reduced a l l  l i p o p r o t e i n s ,  b u t  w i t h  t h e  
g r e a t e s t  a b s o l u t e  r e d u c t i o n  o c c u r r i n g  i n  HDL. 
c h o l e s t e r o l  i s  i n c r e a s e d  by abou t  50% a t  50 mg/kg and HDL c h o l e s t e r o l  i s  
dec reased  approximately 30% a t  200 mg/kg.41 C l i n i c a l l y ,  i t  h a s  been  known 
f o r  s e v e r a l  y e a r s  t h a t  c l o f i b r a t e  e x e r t s  i t s  g r e a t e s t  e f f e c t  on VLDL. 42 
More r e c e n t l y  t h e  c l o f i b r a t e  induced e l e v a t i o n  i n  LDL w a s  emphasized. 4 3  
It now a p p e a r s  t h a t  t h e  c l o f i b r a t e  induced LDL a l t e r a t i o n s  from t h e  t reat-  
ment of h y p e r t r i g l y c e r i d e m i a  are dependent on i n i t i a l  LDL v a l u e s ,  w i t h  
e l e v a t i o n s  o c c u r r i n g  a t  i n i t i a l l y  low v a l u e s  and r e d u c t i o n s  e f f e c t e d  a t  
i n i t i a l l y  h i g h  LDL c o n c e n t r a t i o n s ,  44 
v a t i o n  i n  HDL c h o l e s t e r o l  concen t r a t ions ,4 ' i - "7  bu t  a t  b e s t  t h e  e f f e c t  
seems marg ina l .  

I n  a n o t h e r  s tudy40 i n  normal rats a t  a 

I n  normal baboons LDL 

Clof i b r a t e  may induce  a s l i g h t  ele- 

Gemf ib roz i l  (13) - Although t h i s  a g e n t  was d i s c l o s e d  f o r  t h e  f i r s t  t i m e  
o n l y  r e c e n t l y F * ,  49 numerous s t u d i e s  have appeared conce rn ing  i t s  e f f e c t  
on serum l i p o p r o t e i n s  i n  man. 4 7 ,  50-58 Howard5' has  r e c e n t l y  summarized 
t h e s e  s t u d i e s ,  and i n  a l l  c l i n i c a l  t r i a l s  conducted w i t h  t h i s  drug t h e r e  
was a r e d u c t i o n  i n  l i p o p r o t e i n  c h o l e s t e r o l  of 58, 47, and 6% f o r  chylo- 
microns,  VLDL, and LDL, r e s p e c t i v e l y .  HDL c h o l e s t e r o l  w a s  i n c r e a s e d  15%. 
T r i g l y c e r i d e s  were dec reased  i n  a l l  l i p o p r o t e i n  f r a c t i o n s  w i t h  r e d u c t i o n s  
of 79, 43, 26,  and 23% o c c u r r i n g  i n  chylomicrons,  VLDL, LDL, and HDL, 
r e s p e c t i v e l y .  

L ike  c l o f i b r a t e ,  g e m f i b r o z i l  does n o t  appea r  t o  a c t  v i a  a s i n g l e  
mechanism. It  i n h i b i t s  p e r i p h e r a l  l i p o l y s i s ,  h e p a t i c  up take  of plasma 
f r e e  f a t t y  a c i d s ,  and s y n t h e s i s  o f  VLDL a p o p r o t e i n . 5 9  

CH,/ CH 3 

- 1 3  Gemf ib roz i l  - 1 4  Metformin 

Metformin (14) - T h e o r e t i c a l l y  i t  i s  p o s s i b l e  f o r  a drug t o  a l t e r  t h e  
a t h e r o g e n i c i t y  of  a serum l i p o p r o t e i n  wi thou t  a l t e r i n g  i t s  a b s o l u t e  con- 
c e n t r a t i o n .  The b e s t  documented example o f  such  drug induced s t r u c t u r a l  
a l t e r a t i o n  i n  l i p o p r o t e i n s  i s  metformin which i n h i b i t s  t h e  development of 
expe r imen ta l  a t h e r o s c l e r o s i s  i n  c h o l e s t e r o l  f e d  r a b b i t s ,  ' O  whereas o t h e r  
hypoglycemic a g e n t s  do n o t .  
r a b b i t s  c o n s i s t  l a r g e l y  o f  c h o l e s t e r o l  es ter  r i c h  p a r t i c l e s  t h a t  f l o a t  i n  

, 6 2  Serum l i p o p r o t e i n s  of c h o l e s t e r o l  f e d  
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t h e  VLDL d e n s i t y  r a n g e . 6 3 , 6 4  
p a s t  two y e a r s ,  S i r t o r i  and h i s  r e s e a r c h  group have demonstrated t h a t  
metformin ( a )  i n c r e a s e d  t h e  f r a c t i o n a l  c a t a b o l i c  r a t e  of  VLDL i n  hyper- 
c h o l e s t e r o l e m i c  r a b b i t s , 6 5  (b) a l t e r e d  t h e  phospho l ip id  composi t ion of 
V L D L , 6 5 * 6 6  ( c )  reduced t h e  i n t e r a c t i o n  of  VLDL w i t h  t h e  a r t e r i a l  w a l l , 6 5  
and (d) changed t h e  a p o p r o t e i n  composi t ion of  serum l i p o p r o t e i n s .  66-69 
Apol ipopro te in  E was dec reased  and albumin was i n c r e a s e d  i n  VLDL and HDL2 
by metformin i n  c h o l e s t e r o l  f ed  r a b b i t s .  Apo l ipopro te in  A-I  l e v e l s  were 
i n c r e a s e d  i n  chylomicrons,  VLDL, and LDL. I n  man t h e  c o n c e n t r a t i o n s  of 
VLDL and i n t e r m e d i a t e  d e n s i t y  l i p o p r o t e i n  (IDL) were reduced i n  a d d i t i o n  t o  
t h e  changes i n  a p o p r o t e i n  composi t ion.  68-70 

I n  a series of pape r s  p u b l i s h e d  w i t h i n  t h e  

I n  c o n t r a s t  t o  metformin, t h e r e  i s  some con t rove r sy  abou t  t h e  e f f e c t  
Controversy of o t h e r  o r a l  hypoglycemic a g e n t s  on serum l i p o p r o t e i n s .  7 1 *  72 

a l s o  e x i s t s  abou t  t h e  e f f e c t  of i n s u l i n  on HDL i n  man.72’73 

N i c o t i n i c  Acid (15) and D e r i v a t i v e s  - I n  normal rats n i c o t i n i c  a c i d  de- 
c r e a s e d  LDL and VLDL b u t  had no e f f e c t  on HDL c h o l e s t e r o l . 3 9  
n i c o t i n i c  a c i d  h a s  been r e p o r t e d  t o  behave much l i k e  c l o f i b r a t e  c a u s i n g  a 
d e c r e a s e  i n  VLDL and e i t h e r  an i n c r e a s e  o r  d e c r e a s e  i n  LDL depending on 
p r e t r e a t m e n t  v a l u e s .  4 4  
( a )  d e c r e a s e  LDL74 and n o t  a f f e c t  VLDL i n  t y p e  I I A  h y p e r l i p o p r o t e i n e m i a , 7 5  
(b) d e c r e a s e  LDL and VLDL i n  t y p e  I I B , 7 5  ( c )  d e c r e a s e  chylomicrons and 
VLDL, i n c r e a s e  LDL, and n o t  a f f e c t  HDL i n  t y p e  V h y p e r l i p ~ p r o t e i n e m i a , ~ ~  
(d) d e c r e a s e  VLDL b u t  n o t  a f f e c t  LDL and HDL i n  t y p e  I V , 7 7  and ( e )  have 
no e f f e c t  on any l i p o p r o t e i n s  i n  t y p e  I I A . 7 8  
decreased LDL approximately 30% i n  t y p e  I I A  p a t i e n t s  b u t  had no e f f e c t  on 
VLDL o r  HDL.78  

C l i n i c a l l y  

Xan t ino l  n i c o t i n a t e  (16) has  been r e p o r t e d  t o  

B-Pyridyl c a r b i n o l  (17) 

CH20H 

1 5  N i c o t i n i c  a c i d  - 16  Xan t ino l  n i c o t i n a t e  - 1 7  6-Pyridyl  c a r b i n o l  - 

Probucol  (18) - Very l i t t l e  i s  known abou t  t h e  e f f e c t  o f  p robuco l  on 
serum l i p o p r o t e i n s .  I n  a group of  30 t y p e  I1 p a t i e n t s  p robuco l  reduced 
bo th  LDL and HDL c h o l e s t e r o l  l e v e l s  t o  a s m a l l  e x t e n t  b u t  had no e f f e c t  
on V L D L . ~ ~  

P r o c e t o f e n e  (2) - T h i s  new l i p o p r o t e i n  modifying a g e n t  produces a more 
f a v o r a b l e  e f f e c t  on serum l i p o p r o t e i n s  i n  man t h a n  any a g e n t  r e p o r t e d  t o  
d a t e .  Rossner and OroEO,  compared p r o c e t o f e n e  w i t h  c l o f i b r a t e ,  beza- 
f i b r a t e ,  and g e m f i b r o z i l  i n  t y p e  I1 and t y p e  I V  p a t i e n t s  and found i t  
caused a 57% d e c r e a s e  i n  VLDL t r i g l y c e r i d e  i n  t y p e  I V ,  a 37% d e c r e a s e  i n  
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LDL c h o l e s t e r o l  i n  t y p e  11, and a 14% i n c r e a s e  i n  HDL c h o l e s t e r o l  i n  t y p e  
I V .  These e f f e c t s  of p r o c e t o f e n e  were b e t t e r  o v e r a l l  t h a n  t h o s e  of any 
o f  t h e  o t h e r  d rugs  w i t h  which i t  w a s  compared. Other  i n v e s t i g a t o r s  have 
a l s o  r e p o r t e d  very f a v o r a b l e  r e s u l t s  w i t h  p r o c e t o f e n e .  These i n c l u d e  a 

0 

C H 3  C H 3  

18 Probuco l  - 19 P r o c e t o f e n e  - 

23% i n c r e a s e  i n  a p o l i p o p r o t e i n  A from HDL i n  t y p e  11,82 a 50 and 
i n  VLDL and LDL c h o l e s t e r o l  i n  t y p e  I I B , 8 3  and a 35% d e c r e a s e  i n  

'CH 3 

30% f a l l  
LDL - _  

c h o l e s t e r o l  i n  t y p e  I I A .  8 3  
t e r o l e m i c  ra ts ,  p r o c e t o f e n e  markedly r educes  VLDL and concomi tan t ly  in-  
creases HDL t o  a s imi l a r  deg ree .84  Based on i t s  pronounced l i p o p r o t e i n  
e f f e c t s ,  t h i s  drug may r e t a r d  t h e  development o f  c l i n i c a l  a t h e r o s c l e r o s i s .  

S i m f i b r a t e  (20) - One would expec t  a p r i o r i  t h a t  t h i s  c l o s e l y  r e l a t e d  
a n a l o g  o f  c l o f i b r a t e  would have a n  i d e n t i c a l  e f f e c t  on serum l i p o p r o t e i n s .  
A s  expec ted ,  VLDL was s u b s t a n t i a l l y  reduced w i t h  s i m f i b r a t e .  S u r p r i s i n g l y ,  
LDL was a l s o  reduced t o  a s imi l a r  e x t e n t . 8 5 s 8 6  

I n  e x p e r i m e n t a l  an ima l s  such  as  hype rcho les -  

CH3 
C l ~ O - C - C - O C H 2  I CH2CH20-C-C-0 

-i 1 ;  II I 
CH3 0 CH3 

20 S i m f i b r a t e  
c 

T e r b u f i b r o l  (21) - Based on p r e c l i n i c a l  d a t a  i n  r a t s 4 0 , 8 7  and baboons," l  
t e r b u f i b r o l  e x e r t s  a r a t h e r  d r a m a t i c  e f f e c t  i n  t h e  r e d u c t i o n  o f  serum 
l i p o p r o t e i n s ,  e s p e c i a l l y  LDL and VLDL. I n  t h e  normal ra t  a t  a dose  of 
120 mg/kg/day t e r b u f i b r o l  caused a 32, 83, and 40% r e d u c t i o n  i n  LDL, VLDL, 
and HDL, r e s p e c t i v e l y .  4 0  T e r b u f i b r o l  reduced a l s o  serum l i p o p r o t e i n s  i n  
f r u c t o s e  induced h y p e r t r i g l y c e r i d e m i c  ra t s  and i n  rats w i t h  hype rcho les -  
t e r o l e m i a  induced by t h i o u r a c i l ,  T r i t o n ,  o r  c h o l e s t e r o l  f e e d i n g ,  appa r -  
e n t l y  by i n h i b i t i o n  of l i p o p r o t e i n  s y n t h e s i s  o r  release i n  t h e s e  
models.  H 8  9 * 

2 1  Terbuf  i b r o l  - 
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I n  t h e  normal baboon a t  a dose  o f  200 mg/kg/day t h i s  d rug  reduced serum 
LDL and HDL by approx ima te ly  70 and 50%, r e ~ p e c t i v e l y . ~ '  
even g r e a t e r  i n  baboons on a h i g h  f a t ,  h i g h  p r o t e i n  d i e t  where a n  LDL 
r e d u c t i o n  of 80% w a s  observed a t  a dose o f  60 mg/kg/day. 

The e f f e c t  w a s  

-- Tiadeno l  (22) - I n  t y p e  I I A  h y p e r l i p o p r o t e i n e m i a  t i a d e n o l  reduced LDL and 
HDL c h o l e s t e r o l  23 and 36%, r e s p e c t i v e l y ,  from b a s a l  l e v e l s  a f t e r  4 months 
of d rug  t h e r a p y  b u t  had no e f f e c t  on VLDL t r i g l y c e r i d e  l e v e l s . 9 0  

HO-CH2CH2-S-(CH2),,-S-CH2CH2OH 

- 22 T i a d e n o l  - 23 Y-9738 

Y-9738 (23) - T h i s  newly d i s c l o s e d  compound e f f e c t i v e l y  reduced LDL i n  
h y p e r c h o l e s t e r o l e m i c  rats,  and t h e  50% r e d u c t i o n  i n  serum c h o l e s t e r o l  s e e n  
i n  monkeys w i t h  Y-9738 t r e a t m e n t  can b e  accoun ted  f o r  a lmos t  e n t i r e l y  by 
a r e d u c t i o n  i n  L D L m g l  

- -  

S umma r y  

A r e d u c t i o n  of t o t a l  serum c h o l e s t e r o l  and t r i g l y c e r i d e s  e l i c i t e d  by 
a d rug  r e p r e s e n t s  o n l y  t h e  n e t  e f f e c t  on a l l  c l a s s e s  of serum l i p o p r o t e i n s .  
S i n c e  d i f f e r e n t  l i p o p r o t e i n s  may have d i s t i n c t l y  o p p o s i t e  e f f e c t s  on 
a t h e r o g e n e s i s ,  i t  i s  now o f  paramount importance t o  o b t a i n  i n f o r m a t i o n  
a b o u t  t h e  e f f e c t  of d r u g s  on i n d i v i d u a l  l i p o p r o t e i n s  so t h a t  some reason-  
a b l e  a s ses smen t  can  b e  made r e g a r d i n g  t h e  p r o b a b i l i t y  f o r  a b e n e f i c i a l  
e f f e c t  of t h e  d rug  on c l i n i c a l  a t h e r o s c l e r o s i s .  Given t h e  p r e s e n t  s t a t e  
o f  t h e  a r t  i n  a t h e r o s c l e r o s i s  r e s e a r c h ,  s i m p l e  measurement of t o t a l  serum 
c h o l e s t e r o l  a n d / o r  t r i g l y c e r i d e s  o n l y  i s  no l o n g e r  r a t i o n a l l y  a c c e p t a b l e .  
Even when a d rug  a p p e a r s  t o  f a v o r a b l y  a l t e r  l i p o p r o t e i n s ,  i t s  e f f e c t  on 
a t h e r o s c l e r o s i s  must b e  v e r i f i e d  e x p e r i m e n t a l l y ,  s i n c e  an  e f f e c t  on l i p o -  
p r o t e i n s  does  n o t  n e c e s s a r i l y  a s s u r e  a n  e f f e c t  on a t h e r o s c l e r o s i s .  Phar- 
macologic  r e g u l a t i o n  of serum l i p o p r o t e i n s  is a n  e x c i t i n g  and r a p i d l y  
advancing area of r e s e a r c h ,  and ,  as  a r e s u l t  of i n t e n s i v e  e f f o r t s  underway 
i n  many p h a r m a c e u t i c a l  l a b o r a t o r i e s ,  new and b e t t e r  a g e n t s  f o r  c o n t r o l l i n g  
serum l i p o p r o t e i n s  and a t h e r o s c l e r o s i s  can be expec ted  t o  b e  fo r thcoming .  
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