
if /

Animals w hich a re  o n ly  a llo w ed  a c c e ss  to  fo o d  f o r  a  s h o r t  p e r io d  d u rin -
th e  d ay , t h a t  i s  w eal f e d ,  r a t h e r  th a n  a llo w ed  to  fe e d  ad l ib i tu m  a d a p t to  each  
£ r e p in e  w ith  an  in c re a s e d  c a p a c i ty  f o r  l ip o g e n e s is  ( l e v e i l l e  and H anson, ' f e e ; .  
However, betw een f e e d s ,  th e  f a t  w hich  lias been  p rod u ced  i s  u t i l i s e d  and a le a n e r  
c a r c a s s  nay  be o b ta in e d  from  su ch  an im a ls  ( f r i e n d  and Cunningham, 1 9 6 7 ;. H at as 
r e le a s e d  from  th e  a d ip o se  t i s s u e  as f r e e  f a t t y  a c id s  w hich  a re  ta k e n  up by 
p e r ip h e r a l  t i s s u e s .  Seine o f  th e  f a t t y  a c id s  ta k e n  up by th e  l i v e r  a re  cow.ex Wu 
to  t r i g l y c e r i d e s  w hich  r e - e n t e r  th e  c i r c u l a t i o n  an v e ry  low d e n s i ty  l i p o p r o t e i n s .  
These t r i g l y c e r i d e s  a re  deg rad ed  by th e  enzyme c l e a r i n g  f a c t o r  l i p a s e ,  i n  tn e  
c a p i l l a r y " w a l l ,  and th e  f a t t y  a c id s  e n t e r  th e  t i s s u e s .  In  some s p e c ie s  th e  
a c t i v i t y  o f  t h i s  enzym e, w hich i s  u n d e r horm onal c o n t r o l ,  has b een  shown to  
in c re a s e  i n  th e  e a r l y  s ta g e s  o f  f a s t i n g  and th e n  to  d e c re a se  a f t e r  ap p ro x im a te ly  
th r e e  days (R obinson  and k in g ,  1970). C le a r in g  f a c t o r  l i p a s e  a ls o  deg rad es  
ch y lo m icro n  t r i g l y c e r i d e s  and th e  a b i l i t y  o f  t i s s u e s  o f  n o n -ru m in an ts  to  u t i l i s e  
d i e t a r y  f a t  depends upon th e  a c t i v i t y  o f  t h i s  enzyme. Hence i t  d e te rm in e s  t i e  
i n i t i a l  d i s t r i b u t i o n  o f d i e t a r y  f a t  i n  th e  body.

As p a r t  o f  ou r s tu d ie s  on f a c t o r s  r e g u la t i n g  th e  s to ra g e  and u t i l i s a t i o n  
o f  f a t  by pig:: we have d e te rm in e d  th e  c o n d i t io n s  f o r  a s s a y in g  c l e a r i n g  f a c t o r  
i i p a s e  i n  p i "  h e a r t  m uscle and have m easured i t s  a c t i v i t y  i n  le d  and fa s o i~ g  
p ig s  . Because o f  t t i f  r e l a t i v e l y  low a c t i v i t y  o f  th e  enzyme i n  p ig  t i s s u e s  we 
have d e v ise d  a  new and s e n s i t i v e  r a d io a c t iv e  a s s a y .

Methods
Pure b re d  Large W hite p ig s  were o b ta in e d  co m m erc ia lly  and fe d  a d l ib itu m . 

u n t i l  s la u g h te r e d  a t  1 5 0 + 5  lb  l i v e  w e ig h t .  D uring s t a r v a t i o n  an im als  were 
allow ed  f r e e  a c c e s s  to  w a te r .  H earts  w ere o o ta in e d  a t  th e  end oi ¿-ae norm al 
s la u g h te r  p ro c e d u re , a p p ro x im a te ly  f ix  te e n  m inu tes a l t e r  s tu n n in g , and ol&oac. 
i n  i c e .  a" 5;.- (w /v) hom ogenate o f l e f t  v e n t r i c l e  m uscle was p re p a re d  i n  0 .0 2 5  y- 
ac2aonie./ammonium c h lo r id e  b u f f e r  pH 6 .1  and 6 .0  ml was a id e d  so 2o0 mi o i c o la  
a-cetone and 100 ml o f e t h e r  a t  room te m p e ra tu re .  The a c e to n e / e th e r  pow ders were 
s to r e d  ..n vacuo a t  4°C o v e rn ig h t .
Assay p ro c e d u re . A ssay medium was p re p a re d  by in c u b a t in g  th e  lo l lo w ir .g  m ix tu re^  
i n  a sh a k in g  w a te r  b a th  a t  55°0 f o r  t h i r t y  m in u te s : t r i o + e i i .  C er.iulsa.on >. ml » 
20+ d ia ly s e d  d e f a t t e d  a lb u m in  pH 6 .1 ,  o.O m l; 0 .7  tr is - ..y m ro x y n e  g .y l am i—0.-3 . 
c h lo r id e  b u f f e r  pH 6 .1 ,  5 .0  m l; d ia ly s e d  p ig  serum  0 .9  n l ;  0 .9 k  (w /v) -ccium  
c h lo r id e  0 .6  ml and 1 .5  ml h e p a r in ,  14 Iu  p e r  m l. The t r i o l e i n  em u ls io n , p ro p - re d  
f r e s h  d a i ly ,  c o n ta in e d  i n  5 . T m l o f  C.65g sodium  c h lo r id e ,  121 mg pure t r i o l e i n  
l a b e l l e d  w ith  2 p Gi o f g ly c e r o l  t r i o l e & te - 1 - l4 C, 11 mg p u re  l e c i t h i n  and 25 mg 
t r i t o n  x100 . The ece to u e  pow der o f  h e a r t  m uscle  was hom ogenised i n  20 ml o f 
0 .025  II ammonia/ammonium c h lo r id e  b u f f e r  pH 8 .1  and 1 .2 5  ml o f  th e  nomogenate was 
added to  2 .2 5  ml o f  a s sa y  medium i n  a  c o n ic a l  f l a s k .  A f te r  in c u b a t in g  a t  
f o r  one h o u r i n  a  sh ak in g  w a te r  b a th ,  a l i c u o t s  w ere ta k e n  f o r  e x t r a c t i o n  o f  th e  
f a t t y  a c id s  bv th e  p ro ced u re  o f  Dole and k e i n s r t z  ( i9 6 0 ; .  The f a t t y  a c id s  -.-ere 
removed from  th e  e x t r a c t  by s h a k in g  w ith  a l k a l in e  e th y le n e  g ly c o l  and th e  r a d io 
a c t i v i t y  o f  th e  e th y le n e  g ly c o l  phase  was d e te rm in e d  (h a p la n , 1 9 7 0 /. The re su _ sa  
o b ta in e d  w ith  t l . i s  a s s a y  sy stem  were co n p .ra .b le  to  th o se  o b ta in e d  u s in g  an.

• H. H it ru n ,  2-
" r i to n  mice did

-y sy 
i )  asockholm) as s u b s t r a t e  and t i t r a t i n g  th e  f r e e  f a t t y  ac re s  

n o t a f f e c t  th e  a c t i v i t y  o f  th e  enzyme in  a s s a y s  an  +— ce
re  auc e .

vras  u sed  as s u b s t r a t a .  Enzyme a c t i v i t y  i s  e x p re s s e d  as p m oles o f  f a u ty
^leased p e r w et t i s s u e  p e r  n o u r .

Asset -
of "

. . . ,  jlj. - — . C le a r in g  f a c t o r  l i p a s e  i s  o n ly  a c t iv e  a g a in s t  tr.e 
s y n th e t ic  em u ls io n s  i f  th e y  have been  t r e a t e d  w ith  serum . D uring  rn cu o au io n  

V7f t h  serum c e r t a i n  High d e n s i ty  l ip o p r o te in s  a re  a d so rb ed  on to  th e  em ulsion  
th e re b y  nakin-p i t  a  s u i t a b l e  s u b s t r a t e .  T ab le  1 ¿nows th e  e n e c t  o f serum  
c o n c e n tra t io n " o n  th e  a c t i v i t y  o f th e  enzym e. The volume o f th e  a s s a y  was 
^ f a t a i n e d  w ith  0 . Sv sodium  c h lo r id e .
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g ab le  1 . E f f e c t  o f serum  c o n c e n t r a t io n  on th e  a c t i v i t y  o f  c l e a r in g  f a c t o r  l i p 33®

Serum , ml p e r  a s s a y  f l a s k 0 0 .0 5  0 .1 0  0 .1 5  0 .2 0 0.

5?*A c t iv i ty ,  p m oles f a t t y  a c id  p e r  g n e t  m uscle 8 .6  2 5 .8  5 7 .2  4-7.9 4 4 .7

maximum a c t i v i t y  was o b ta in e d  w ith  0 .1 5  ml o f  serum and t h i s  n u a n t i ty  was u sed  
in  a l l  a s s a y s .  Of th e  a ssa y e d  a c t i v i t y  80,- was d ep en d en t upon a c t i v a t i o n  o f  tne 
s u b s t r a t e  w ith  serum .

The e f f e c t  o f  em u lsio n  c o n c e n tr a t io n  was d e te rm in ed  by r e p la c in g  some 
o f  th e  em u ls io n  w ith  sodium c h lo r id e  i n  th e  a s s a y  f l a s k .  The a c t i v i t y  was 
maximal a t  th e  lo w e s t c o n c e n t r a t io n  t e s t e d ,  2 .8  p moles o f  t r i o l e i n  r-er f l a s k ,  
and rem ained  c o n s ta n t  up to  12 .5  V moles p e r  f l a s k ,  w hich was u sed  in  th e  s t a n - 31 
a s s a y .  D uring  th e  a s sa y  th e  t r i g l y c e r i d e  c o n c e n t r a t io n  was v i r t u a l l y  unchanged 
s in c e  th e  m ost a c t iv e  enzyme r e le a s e d  0 .7  y m oles o f  f a t t y  a c id ,  a p p ro x im a te ly  
2>. o f th e  t r i g l y c e r i d e  f a t t y  a c id s  p r e s e n t .

H ep arin  a c t i v a t e s  c l e a r in g  f a c t o r  l i p a s e ,  b u t th e  mechanism o f  t h i s  
a c t i v a t i o n  has no t been  e s ta b l i s h e d .  I t  i s  p o s s ib le  t h a t  i t  p r o te c t s  th e  ensyt® 
a g a in s t  d e n a tu r a t i c n  d u r in g  th e  a s s a y .  A lthough h e p a r in  was u sed  i n  th e  s ta n -r .r  
a s s a y  a t  a  c o n c e n tr a t io n  o f  one i n t e r n a t i o n a l  u n i t  p e r  ml we were u n a b le  to  
e s t a b l i s h  o p tim a l re q u ire m e n ts  f o r  h e p a r in  i n  t h i s  sy s te m . A c t iv i ty  in c re :  se a  
by 50$S betw een  0 .2  and  1 .0  IU p e r  m l, b u t  d ec re a se d  a t  h ig h e r  l e v e l s .  However 3 
s i m i l a r  p a t t e r n  o f  in c r e a s e  and d e c re a se  was a ls o  o b ta in e d  u s in g  t e n f o ld  H ioner 
l e v e l s  o f  h e p a r in .

P ro tam in e  i n h i b i t s  c l e a r i n g  f a c t o r  l i p a s e  a c t i v i t y  by b in d in g  h e p a r in  
and rem oving i t  from  th e  enzyme . In  o rd e r  to  s tu d y  th e  s ig n i f i c a n c e  o f  heparin- 
i n  t h i s  r e a c t io n  we added p ro ta m in e  to  a s s a y s  i n  th e  p re sen ce  and absence o f 
added  h e p a r in .  I n  b o th  sy stem s 5 mg o f  p ro tam in e  s u lp h a te  in c re a s e d  th e  
a c t i v i t y  by 25/-. A s im i l a r  a c t i v a t i o n  was o b ta in e d  w ith  0 .2 5  mg o f  p ro tam ine  
s u lp h a te  p e r  a s s a y .

Under th e  c o n d i t io n s  o f  th e  s ta n d a r d  a s sa y  th e  enzyme a c t i v i t y  was 
l i n e a r  f o r  two h o u rs , t a b le  2 .

Table 2 . The tim e c o u rse  o f a s sa y  o f  c l e a r in g  f a c t o r  l i p a s e .

Time o f  in c u b a t io n ,  m in u tes
.1

15 50 45 60 90 120

4 .7 12.7 21 .4 28 .9 4 2 .7 52

n a l  to th e  qu .an ti ty o f  ace tone powder
added u s in g  pow der o b ta in e d  from  0 .5 - 4 .0  mg o f  t i s s u e  p e r  ml o f  a s s a y , t a b le  2* 

Table 5 . E f f e c t  o f  enzyme c o n c e n t r a t io n  on a c t i v i t y .

U et t i s s u e  e q u iv a le n t  p e r  ml a s s a y  0 .5  1 .0  2 .0  5 .0  4 .0

F a t ty  a c id  r e l e a s e d ,  p. moles p e r  h o u r 0 .0 5  0 .0 9  0 .1 7  0 .2 4  0 .52

R obinson, 19t>5; •
e f f e c t  o f  in c r e a s in g  c o n c e n tr a t io n s  o f sodium  c h lo r id e  on p ig  h e a r t  c l e a r in '"  •i ‘ 
l i p a s e  a re  shown in  t a b l e  4 .  The lo w er c o n c e n tr a t io n s  o f  sodium  c h lo r id e  
s t im u la te d  th e  enzvme. p o s s ib ly  due to  a change i n  th e  c h a r a c t e r i s t i c s  o f  tn® 
e m u ls io n , w hereas h ig h e r  c o n c e n tra t io n s  in h ib i te d .  1 .0  II sodium  c h lo r id e  
th e  b a s a l  a c t i v i t y  by 7.5A and th e  m axim al a c t i v i t y  by 84$*-•

T able 4 .  E f f e c t  o f sodium  c h lo r id e  on enzyme a c t i v i t y .

-to*

3 a

* Sodium c h lo r id e  c o n e . II. 0
p m oles f a t t y  a c id  r e l e a s e d  p e r  g w et m u sc le . 4 4 .0  7 2 .8  7 0 .5  65.6

* T his i s  added sodium  c h lo r id e  above th e  norm al 
w hich was 0 .0 2 2  II.

0.1 0.2 0 • V_>-
J 0 .5

72.8 7 0 .5 6p .£ 57 .2

'¿centra. t io n i n  th e  a ss  a;

1  ̂•
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48

Hie a c t i v i t y  o f  c l e a r i n g  f a c t o r  l i p a s e  i n  h e a r t s  from  fe d  p ig s  and 
from s ta r v e d  n ig s  i s  sh o rn  i n  t a b l e  5 . There was no d i f f e r e n c e  i n  th e  a c t i v i t y  
o f g i l t s  and h o y s , and ea c h  f ig u r e  in c lu d e s  f iv e  hogs and f i v e  g i l t s .  There 
was s. s l i g h t  decres.se  a f t e r  48 h r s  s t a r v a t i o n .

Table a . E f f e c t  o f  s t a r v a t i o n  on enzyme a c t i v i t y .

Length o f  s t a r v a t i o n ,  h r  0 24

* v m oles f a t t y  a c id  r e le a s e d  . . _ „ _ e ,
p e r  g w et m uscle 2 6 .7  ±  2 .3 (1 0 )  23-6 + 1 .7 (1 0 )  1 7 . 7 ± 2 . 8 ( i 0 ,

* R e s u l t s  a re  e x p re s s e d  as means +_ S .E .w . w ith  th e  number o f  <r-nim^lo xn 
p a r e n t h e s i s .

B is c u s s io n
Hie dependence o f  th e  l i p o l y t i c  a c t i v i t y  o f  p ig  h e a r t  a c e to n e  powders 

°n  the  a c t i v a t i o n  o f  th e  s u b s t r a t e  w ith  serum  c h a r a c te r i s e s  th e  enzyme as  c l e a r in g  
f a c t o r  l i 'o a s e . I n h i b i t i o n  o f  th e  enzyme by 1 h sodium  c h lo r in e  i s  a ls o  
c h a r a c t e r i s t i c  b u t an  a c t i v a t i o n  by low er c o n c e n tr a t io n s  o f  sodium  c h lo r id e  
Las not been  r e t o r t e d .  H iis  may be cau sed  by th e  type  o f em u ls io n  u sed  xor^ ^ e  
a s sa y  a lth o u g h  t h i s  a s sa y  sy stem  has been  shown to  g iv e  q u a n t i t a t i v e l y  s im i l a r  
R e su lts  to  o th e r  a s sa y  m ethods when compared u s in g  ace to n e  pow ders from  mouse 
h e a r t  w hich  a re  te n  tim es more a c t iv e  th a n  p ig  h e a r t .  . . ,  ,

The i l l  d e f in e d  e f f e c t s  o f  h e p a r in  on th e  enzyme a c t i v i t y  nay  a l s o  oe 
c h a r a c t e r i s t i c  o f  th e  u se  o f  a  t r i t o n  s t a b i l i s e d  e m u ls io n , s in c e ^ S c h o tz  e t  a l  
1970, found  no a c t i v a t i o n  o f  r a t  a d ip o se  t i s s u e  c l e a r i n g  f a c t o r  l i p a s e  by 
h e p a r in  i n  an  a s sa y  u s in g  t r i t o n  xlOO. b i t h  th e se  r e s u l t s  i t  was now s u r p r i s in g  
th a t  r rc ta m in e  f a i l e d  to  i n h i b i t  th e  enzym e, how ever th e  o b se rv ed  a c ^ iv a t io n ^
Uas n o t e x p e c te d , and r e q u i r e s  f u r t h e r  s tu d y .  The f u n c t io n  o f  h e p a r in  i s  n o t 
f u l l y  u n d e rs to o d . I t  c a u se s  th e  r e l e a s e  o f  c l e a r in g  f a c t o r  l i p a s e  in t o  th e  
b lood  when i t  i s  i n j e c t e d  in to  a n im a ls , p o s s ib ly  by d i s p la c in g  th e  enzyme from  
a s im i l a r  s u lp h a te !  p o ly s a c c h a r id e  i n  th e  c a p i l l a r y  e n d o th e liu m , and i t s  p re se n c e  
in  th e  a s s a y  i s  th o u g h t to  s t a b i l i s e  th e  enzyme. I t  i s  p o s s ib le  how ever t h a t  
bhe t i s s u e  enzyme, u n l ik e  t h a t  r e le a s e d  in to  th e  Dlood by h e p a r in ,  i s  s n L .  
a t ta c h e d  to  a h e p a r in —l i k e  m olecu le  a g a in s t  w hicn p ro ta m in e  i s  in c - c t i i o .

Hie e f f e c t  o f s t a r v a t i o n  on th e  a c t i v i t y  o f  c l e a r in g  7a c t o r  l ip ^ s e ^ m  
p i £- frfttn t h a t  fo u n d  i n  r a t s  by B o re n s z ta jn  and R obinson , 19b -
bhft^there^was^no "i^tte initial stages o f  _ fating, _although therejas
a decrease rs -round previously ov ¿¡.ocinson ana Jennings, 1 • —0 r*-' . k
that we -Failed”to"**observe an Increase which took place prior to twenty fo u r  
hou of

.UiCÜDC H 1--^ j y —----- jy--------  -
r  th e  p ig  i n t e s t i n e  em p tie s  s lo w ly  (C a s t le  and C a s t le ,  

, _  the* i n t e s t i n a l  ly m p h a tic  sy stem  a re  e le v a te d  f o r  o v e r 
al (P rim e n t e t  a l ,  191 o) . F u rtherm ore  Cunningham and

|5 5 o) ,  and th e  l i p i d s  c 
h o u rs  a f t e r  a

triend, (1365) ......... -  ---------
s t i l l  i n c r e a s in g  a f t e r  tw en ty  f o u r  hours s 
t r i g ly c e r i d e  l e v e l s  m ight be e x p e c te d  to  o ccu r

show th a t  th e  c l e a r i
in  ? i g  h e a r t  e n s -

These r e s u l J
so le i s  s im i la r

a t i o n so th a t  an;/ change in
• l a t e r .
> a c to r l i p a s e  a c t i v i t y  i s ‘*'*0 3 Q Z' Í
o th e r s p e c ie s .  The chan • n. 0 t -p r- - ~j th o-ii 0-

1 *CV1 0.2-22.'a *U_

¡ is su e  to
i s  enzyme may c o n t ro l  th e  i n i t i a l  d i s t r i b u t i o n  c i

v-~  cn  s t a r v a t i o n  in d i c a t e  t h a t  i t  i s  p ro b a b ly  m a in ly  a c t iv  
h e a r t  w ith  f a t t y  a c id s  from  c h y lo m ic ro n s , i n  th e  f e d  s t a t e ,  o s in g  
i~ssc.y sy s te m , i t  i s  p ro p o sed  to  e x te n d  th e s e  s tu d ie s  to  cue aa ipo^e 
l e be m in e  th e  way in  w hich 

l e t a r y  f a t  i n  th e  body .
I

ahd ¡.; an • te f u l  f o r  th : 3s is ta n c e  c i .1SS
1. sa y .

-o p Q rsz ta jn , J .  and R ob inson , D .S ., 1970, J .  n ip id  R e s .,  jj.., 1 1 1 . 

oas t l e , z.J. and C a s t le ,  k . h . ,  1936, J .  - - g r ic . 3 c i . ,  £ L  196- 

Cunningham, E .h .  and F r ie n d ,  D .b . ,  1965, J -  --hum. S c i . ,  24 , 4 1 .
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