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t h a t  a d m i n i s t r a t i o n  of exogenous  u b i q u i n o n e  in  concen-  
t r a t i o n s  of 2.5 m g  to  25 m g  da i ly  for  3 weeks,  h a d  no  
app rec i ab l e  ef fec t  on  t h e  n u m b e r  of m i c r obod i e s  or  o n  ca- 
t a l a se  a c t i v i t y  in  m a l e  r a t  l iver .  A l t h o u g h  t h e  increase  in  
u b i q u i n o n e  c o n c e n t r a t i o n  in  l iver  r e s u l t i n g  f rom C P I B  
t r e a t m e n t  is sugges ted  to  b e  r e spons ib l e  for  t h e  i n h i b i t i o n  
of s te ro l  syn thes i s  a n d  c o n s e q u e n t  lower ing  of s e rum s te ro l  
c o n c e n t r a t i o n  7, s, t h e  resu l t s  of t he  p r e s e n t  i n v e s t i g a t i o n  
i nd i ca t e  t h a t  u b i q u i n o n e  pe r  se does  no t  a p p e a r  to  be in- 
v o l v e d  in  t h e  m i c r o b o d y  p ro l i f e ra t ion  a n d  in  t h e  increase  
in  ca t a l a se  a c t i v i t y  t h a t  a c c o m p a n i e s  t h e  a d m i n i s t r a t i o n  
of C P I B .  Since a d m i n i s t r a t i o n  of exogenous  u b i q u i n o n e  
fa i led  to  increase  m i c r o b o d y  n u m b e r  a n d  ca t a l a se  a c t i v i t y  
in  m a l e  r a t  l iver ,  b u t  is k n o w n  to  i n h i b i t  cho les te ro l  b io-  
s y n t h e s i s  g, lO, i t  is l ike ly  t h a t  t h e  h y p o l i p i d e m i c  effect  a n d  
m i c r o b o d y  p ro l i f e r a t ive  ef fec t  a re  t w o  i n d e p e n d e n t  pro-  
pe r t i e s  of  C P I B  w i t h  d i f fe r ing  m e c h a n i s m s  of  ac t ion .  I t  
is poss ib le  t h a t  t h e  h y p o l i p i d e m i c  ef fec t  of C P I B  m a y  be  
m e d i a t e d  t h r o u g h  e l e v a t i o n  of u b i q u i n o n e  c o n c e n t r a t i o n  
as sugges ted  b y  RAMASARMA et  a13, s, b u t  t h e  m i c r o b o d y  
p ro l i f e r a t ive  a c t i o n  a p p e a r s  u n r e l a t e d  to  inc reased  ubi-  
q u i n o n e  levels.  These  resu l t s  p r o v i d e  f u r t h e r  s u p p o r t  for  
t h e  h y p o t h e s i s  t h a t  t h e  h y p o l i p i d e m i c  ef fec t  a n d  micro-  
b o d y  p ro l i f e ra t ive  effect  m a y  be  two  i n d e p e n d e n t  ac t ions  

of C P I B  5, 6. However ,  t he  poss ib i l i ty  t h a t  t h e  increase  in 
u b i q u i n o n e  c o n c e n t r a t i o n  r e su l t i ng  f rom t h e  a d m i n i s t r a -  
t ion  of  C P I B  m a y  n o t  be  r e l a t ed  to  C P I B - i n d u c e d  inh ib i -  
t i on  of cho les te ro l  s y n t h e s i s  c a n n o t  be  e x c l u d e d  x3. 

Zusammen/assung. V e r a b r e i c h u n g  v o n  k 6 r p e r f r e m d e m  
U b i q u i n o n  a n  R a t t e n  v e r u r s a c h t  ke ine  v e r m e h r t e  Akt i -  
vi tAt  de r  Lebe rka t a l a se ,  die m i t  de r j en igen  n a c h  C P I B -  
Med ika t ion  v e r g l e i c h b a r  w~tre. Es  wird  a n g e n o m m e n ,  
dass  die h y p o c h o l e m i s c h e  A k t i o n  yon  C P I B  n i c h t  yon  
e iner  S t e i g e r u n g  de r  h e p a t i s c h e n  U b i q u i n o n - K o n z e n t r a -  
t i on  beg le i t e t  ist. 
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E f f e c t  o f  F a t t y  A c i d s  o n  F e t a l  R a t  B o n e  in  C u l t u r e  

Severa l  r e c e n t  s tud ies  sugges t  t h a t  l ip ids  m a y  inf luence  
b o n e  resorp t ion .  I n  our  own  inves t iga t ions ,  we found  t h a t  
a n  a l b u m i n  p r e p a r a t i o n  w h i c h  h a d  been  t r e a t e d  w i t h  ac t i -  
v a t e d  cha rcoa l  was  m u c h  less a c t i v e  in caus ing  r e so rp t ion  
in  cu l t u r e  t h a n  t h e  a l b u m i n  f rom w h i c h  i t  h a d  been  pre-  
p a r e d  1 A c t i v a t e d  cha rcoa l  t r e a t m e n t  h a s  b e e n  r e p o r t e d  
to  e f fec t ive ly  r e m o v e  f a t t y  ac ids  f r o m  a l b u m i n  *,s. I n  
o t h e r  s tudies ,  i t  h a s  b e e n  n o t e d  t h a t  p r o s t a g l a n d i n s ,  f a t t y  
ac id  de r iva t ives ,  s t i m u l a t e  b o n e  r e s o r p t i o n  in  v i t ro* .  
F ina l ly ,  severa l  r e c e n t  p u b l i c a t i o n s  i n d i c a t e  t h a t  a n u m -  
be r  of s u b s t a n c e s  a l t e r  t h e  l ip id  c o m p o s i t i o n  of b o n e  s-s. 
A l t h o u g h  these  l a t t e r  s tud ies  do  n o t  necessa r i ly  i m p l i c a t e  
l ip ids  in  t h e  process  of b o n e  resorp t ion ,  t h e  f ac t  t h a t  m a n y  of 
t h e  a g e n t s  w h i c h  were  s h o w n  to  a l t e r  b o n e  l ip ids  also a f fec t  
b o n e  r e so rp t ion  raises  t h e  poss ib i l i ty  of a role of l ipids  in 
r e so rp t ion .  To p u r s u e  t h i s  ques t i on  fu r the r ,  we h a v e  in- 
v e s t i g a t e d  t h e  effects  of severa l  f a t t y  ac ids  on  b o n e  re- 
so rp t i on  in  v i t ro .  

De t a i l s  of t h e  m e t h o d s  used  h a v e  b e e n  p u b l i s h e d  pre-  
v ious ly  9-n .  P a i r s  of fe ta l  r a t  r ad i i  a n d  u l n a e  p re l abe l l ed  
w i t h  Ca 46 were  c u l t i v a t e d  for  72 h.  T h e  i n c u b a t i o n  me-  
d i u m  was  a mod i f i ed  B G J  n c o n t a i n i n g  e i t h e r  a c t i v a t e d  
c h a r c o a l - t r e a t e d  b o v i n e  s e r u m  a l b u m i n  ( ' f a t t y  ac id  free '  
f r a c t i on  V, P e n t e x )  or  a l b u m i n  m o n o m e r  o b t a i n e d  b y  
c o l u m n  c h r o m a t o g r a p h y  of r a t  s e rum a l b u m i n  on  Se- 
p h a d e x  G-200. F a t t y  ac ids  were  e i t he r  c o n v e r t e d  to  
sod idm sa l t s  a n d  c o m p l e x e d  to  t h e  a l b u m i n  or d issolved 
in  a lcohol  a n d  a d d e d  d i r ec t ly  to  t he  cu l tu re  m ed i um .  T he  
p H  of t h e  m e d i u m  a f t e r  al l  a d d i t i o n s  was  iden t ica l  for al l  
m e d i a  in  a g i v e n  e x p e r i m e n t  a n d  v a r i e d  b e t w e e n  exper i -  
m e n t s  f r o m  7.4 to  7.5. A t  t h e  e n d  of i n c u b a t i o n  t h e  bones  
were  e x a m i n e d  gross ly  for  ev idence  of r e so rp t ion  a n d  t h e n  
e x t r a c t e d  w i t h  0.1 N HC1. T h e  Ca 4~ in a l i quo t s  of cu l t u r e  
m e d i u m  a n d  b o n e  e x t r a c t s  was  d e t e r m i n e d  a n d  t he  re- 
su l t s  expres sed  as p e r c e n t  of b o n e  ca l c ium re leased  in to  
t h e  m e d i u m .  S t a t i s t i c a l  s ign i f icance  was  e s t i m a t e d  b y  
S t u d e n t ' s  t - tes t  1~. F o r  s t u d y i n g  t h e  in f luence  of t he  f a t t y  
acids  on  ca l c ium b i n d i n g  b y  t h e  a l b u m i n s ,  1 m l  of 50 mg]  
m l  a l b u m i n ,  w i t h  or w i t h o u t  f a t t y  acid,  was  d ia lyzed  for  

4 h a t  37°C aga in s t  20 ml  of cu l tu re  m e d i u m  to  w h i c h  
0.1 ~tc Ca *s h a d  been  added .  

Pa lmi t i c ,  oleic a n d  s t ea r i c  acids,  a d d e d  as t h e i r  sod ium 
sa l t s  complexed  to a l b u m i n ,  all  s t i m u l a t e d  Ca 45 release 
f rom fe ta l  r a t  bone  in v i t r o  (Figure) .  S ign i f i can t  effects  
were  e l ic i ted  a t  a f a t t y  ac id  c o n c e n t r a t i o n  of 0.08 m M  a n d  
m a x i m a l  responses  were  seen  w i t h  0.16 m M  f a t t y  acid in 
t h e  m e d i u m .  A t  h i g h e r  c o n c e n t r a t i o n s  less s t i m u l a t i o n  
was  o b t a i n e d .  The  inc rease  in  m e d i u m  Ca *s was  accom-  
p a n i e d  b y  gross ev idence  of r e so rp t ion .  S t i m u l a t i o n  of 
Ca  4~ re lease  was l ikewise seen w h e n  f a t t y  acids were a d d e d  

Table I. Effects of added fatty acid or triglyceride on Ca 4~ release from 
fetal rat bone in vitro 

Fat added N Bone Ca 45 released (%) P 

None 22 19.7 -4- 0.6 
Oleie acid, 0.1 mM 9 21.2 4- 0.9 n.s. 
Oleic acid, 0.3 mM 4 25.8 4- 1.8 <0.01 
Palmitic acid, 0.1 mM 4 20.6 + 1.1 n.s. 
Palmitic acid, 0.3 mM 9 22.4 4- 0.9 <0.05 
Stearie acid, 0.1 mM 8 19.1 + 1.1 n.s. 
Stearic acid, 0.3 rnM 4 27.3 4- 3.0 <0.001 
None 4 19.8 + 1.4 
Tripalmitin, 0.05 mM 4 19.6 + 4.4 n.s. 
None 4 15.6 ± 0.5 
Triglyceride emulsion 4 15.5 4- 0.5 n.s. 
equivalent to 0.3 mM 
fatty acid 

All cultures contained 1 mg/ml activated charcoal-treated bovine 
serum albumin fraction V, N values are numbers of bone pairs. Values 
given as means zk standard errors, p values based on comparison with 
Ca 45 release from cultures with no fat added, 
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d i rec t ly  to  cu l ture  m e d i u m  con ta in ing  a lbumin  (Table 1). 
Triglyceride,  e i ther  in t he  fo rm of t r i pa lmi t i n  or as an emul-  
sion (10% co t tonseed  oil) h a d  no effects  w h e n  a d d e d  a t  a 
concen t r a t i on  equ iva len t  in f a t t y  acid c o n t e n t  to  t h e  ac- 
t ive  f a t t y  acid concen t ra t ions .  

In  order  to  d e t e r m i n e  w h e t h e r  t he  a d d e d  f a t t y  acid  could 
be increas ing  ca lc ium in t he  m e d i u m  by  b ind ing  ca lc ium al- 
r eady  p re sen t  and  t h u s  caus ing release of more  ca lc ium 
f rom bone,  an  equi l ib r ium dialysis  s t u d y  was  carr ied ou t  
(Table II).  The  a m o u n t  of calc ium b o u n d  b y  the  a lbumin  
was  n o t  inf luenced by  the  c o n t e n t  of  complexed  f a t t y  
acid. 

Table 11. Lack of effect of complexed fatty acid on calcium binding by 
albumin 

cpmlml medium 

7,350 External medium 
Medium inside dialysis tubing 

albumin, 50 mg/ml 15,381 
albumin, 50 mg/ml+oleie acid 0.7 mM 13,408 
albumin, 50 mg/ml+oleie acid 1.4 mM 14,124 
albumin, 50 mg/ml+oleic acid 2.8 mM 13,684 

1 ml of 50 mglml activated charcoal-treated albumin was dialyzed for 
4 h at 37°C against 20 ml of culture medium BGJ to which 0.1 ~tc 
Ca in Cll had been added. 

F ree  f a t t y  acids a p p e a r  to  be capab le  of p roduc ing  bone  
resorp t ion  in vi t ro .  The  effect  is s imi lar  to  t h a t  seen in 
v i t ro  w i t h  d ibu ty ry l -3 ' ,  5 ' -AMP x3 b u t  differs  f rom t h e  re- 
sorp t ion  caused  b y  p a r a t h y r o i d  h o r m o n e  9, p ro s t ag l and ins  ~ 
or a lbumin  x, in t h a t  i t  is biphasic .  A smal l  increase in 
concen t r a t ion  b e y o n d  the  m a x i m a l l y  effect ive  level re- 
sul ted  in a d iminu t ion  of t he  response.  In  a few exper i -  
m e n t s  in which  a lbumins  w i t h  m a r k e d  bone  resorb ing  
ac t iv i ty  were  used,  t h e  add i t ion  of f a t t y  acids  inh ib i t ed  
resorp t ion .  Most  of ten,  however ,  no effect  of f a t t y  acids  
was  seen w h e n  h igh ly  ac t ive  a lbumins  were  used for  pre-  
pa r ing  the  cul ture  med ium.  

A c t i v a t e d  charcoal  t r e a t m e n t  has  been  r e p o r t e d  to  
m a r k e d l y  reduce  the  free f a t t y  acid c o n t e n t  of a l b u mi n  s, 4. 
Since the  t r e a t m e n t  also can reduce  the  bone  resorb ing  
a c t i v i t y  of t he  a lbumin ,  i t  is possible  t h a t  free f a t t y  acids 
are one of t he  fac tors  respons ib le  for t he  bone  resorb ing  
ac t iv i ty  of cer ta in  a lbumins .  However ,  the re  are severa l  
reasons  which  m a k e  i t  unl ikely  t h a t  f a t t y  acids  are t he  
sole fac tor  respons ib le  for  t be  resorp t ion  p r o d u c e d  b y  al- 
bumin .  Inc reas ing  concen t r a t ions  of a l b u mi n  p roduce  
f u r t h e r  bone  resorp t ion  a, r a t h e r  t h a n  the  b iphas ic  re- 
sponse  o b t a i n e d  w i t h  t he  f a t t y  acids.  Also, in o the r  s tud ies  
(STERN and  EARHART, unpub l i shed  observa t ions)  no 
corre la t ion  was  found  b e t w e e n  the  f a t t y  acid c o n t e n t  and  
bone  resorb ing  ac t iv i ty  of a n u m b e r  of a lbumins .  

A l t h o u g h  h e p a r i n  has  been  shown  to  s t imu la t e  bone  
resorp t ion  d i rec t ly  14,15 t he  bone- resorb ing  a c t i v i t y  of t he  
f a t t y  acids could be an add i t i ona l  fac tor  in t h e  os teopo-  
rosis seen w i t h  chronic  hepa r in  t r e a t m e n t  xe, 17, since acti-  
v a t i o n  of l ipopro te in  l ipase by  the  hepa r in  would  e levate  
se rum free f a t t y  acid levels is. 
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Effects of palmitic, oleie and stearic acids on Ca 15 release from fetal 
rat bone in vitro. Fatty acids were added as the sodium salts com- 
plexed with albumin. The albumin concentration was 5 mg/ml for all 
the studies shown. Values are given as means -4- standard errors. Va- 
lues in parentheses are numbers of radius + ulna pairs. *significant 
increase from Ca 4s release with no fatty acid added, p < 0.05. 
**significant increase from Ca Is release with no fatty acid added, 
p <0.01. 

Zusammen/assung. Nachweis ,  dass  Fe t t s / iu ren  (Palmi-  
t in-,  S tear in-  und  01s/iuren) in sehr  n iedr igen  K o n z e n t r a -  
t ionen  die K a l z i u ma b g a b e  und  die K n o c h e n r e s o r p t i o n  in 
f6 ta len  R a t t e n  in v i t ro  f6rdern.  
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