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ABSTRACT

T h is  t h e s i s  e x a m in e s  t h e  m ech a n ism s b y  w h ic h  t h e  human 

p l a c e n t a  a c q u ir e s  c h o l e s t e r o l  f o r  s t e r o i d  and membrane 

s y n t h e s i s .  L ip o p r o t e in  m e ta b o lis m  i n  n orm al and  ab n orm al 

p r e g n a n c ie s  i s  d i s c u s s e d ,  and an  e v a l u a t i o n  o f  t h e  

c l a s s i f i c a t i o n s  o f  l i p o p r o t e i n s  p r e s e n t e d .  M eth od s o f  

p r e p a r a t io n  and c h a r a c t e r i s a t i o n  o f  l i p o p r o t e i n s  a r e  

r e v ie w e d  and t h e  r a t i o n a l e  f o r  t h e  c h o s e n  m e t h o d o lo g ie s  

d i s c u s s e d .

L ip o p r o t e i n s ,  i s o l a t e d  from  human b lo o d  b y  r a t e  z o n a l  

u l t r a c e n t r i f u g a t i o n ,  w e re  c h a r a c t e r i s e d  b y  p o ly a c r y la m id e  

and a g a r o s e  g e l  e l e c t r o p h o r e s i s  and b y  d o u b le  

im m u n o d if fu s io n .

D u a l ly - p e r f u s e d  human p l a c e n t a l  l o b u l e s  w e re  u s e d  t o  s tu d y  

t h e  a c q u i s i t i o n  o f  125I - l i p o p r o t e i n s  and 14C - c h o l e s t e r o l  from  

t h e  m a te r n a l c i r c u l a t i o n  and t o  i n v e s t i g a t e  14C - c h o l e s t e r o l  

m e ta b o lis m  i n t o  14C - p r o g e s t e r o n e .  The r e s u l t s  i n d i c a t e d  

t h a t  V ery  Low D e n s i t y  L ip o p r o t e in  (VLDL) h a s  a h ig h e r  

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

c l a s s e s .  T h is  t r a n s f e r  c o u ld  b e  i n h i b i t e d  b y  c h lo r o q u in e  

s u g g e s t i n g  t h a t  r e c e p t o r - m e d ia t e d  e n d o c y t o s i s  w as t h e  

l i k e l y  m ech an ism  f o r  VLDL u p ta k e  by  t h e  p l a c e n t a .
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To v e r i f y  t h e  p r e s e n c e  o f  l i p o p r o t e i n  r e c e p t o r s ,  b in d in g  

s t u d i e s  w ere  p e r fo r m e d  on a m i c r o v i l l o u s  membrane 

p r e p a r a t io n  from  human p l a c e n t a .  R e c e p to r  num bers and  

a f f i n i t y  c o n s t a n t s  w e re  o b t a in e d  f o r  t h e  l i p o p r o t e i n  

c l a s s e s .  H igh  c a p a c i t y ,  h ig h  a f f i n i t y  b in d in g  o f  VLDL w as 

d e m o n s tr a te d  w h ere  t h e  m axim al b in d in g  c a p a c i t y  w as o v e r  

f o u r  t im e s  g r e a t e r ,  and t h e  a f f i n i t y  c o n s t a n t  w as o n e  o r d e r  

o f  m a g n itu d e  l a r g e r  th a n  t h a t  o f  Low D e n s i t y  L ip o p r o t e in  

(L D L ). The a f f i n i t y  o f  H igh  D e n s i t y  L ip o p r o t e in  (HDL) f o r  

t h e  m i c r o v i l l o u s  membrane r e c e p t o r  w as a p p r o x im a t e ly  on e  

h u n d red  t im e s  lo w e r  th a n  t h a t  f o r  VLDL.

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

r e c e p t o r  s i t e s  f o r  w h ic h  e a c h  l i p o p r o t e i n  c l a s s  c o m p e te s  

w it h  d i f f e r i n g  a f f i n i t i e s .  The r e s u l t s  f o r  VLDL b in d in g  

i n d i c a t e d  t h e  p r e s e n c e  o f  2 .1  X 1 0 11 r e c e p t o r s  p e r  mg o f  

membrane p r o t e i n  and an a f f i n i t y  c o n s t a n t  o f  3 .5  X 1 0 ’10 M. 

S e l f -  and c r o s s - i n h i b i t i o n  s t u d i e s  sh ow ed  t h a t  VLDL 

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

125I-LD L m ore r e a d i l y  th a n  LDL i t s e l f .
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THE PROBLEM

I t  i s  known t h a t  t h e  f e t o - p l a c e n t a l  u n i t  r e q u i r e s  a l a r g e  

am ount o f  c h o l e s t e r o l  f o r  s t e r o i d  and m embrane s y n t h e s i s .  

F i r s t - t r i m e s t e r  a b o r t io n s  and i n t r a - u t e r i n e  g r o w th  

r e t a r d a t i o n  a r e  a s s o c i a t e d  w it h  d e c r e a s e d  s t e r o i d  horm one  

p r o d u c t io n .  T h is  may b e  d u e t o  an  i n a b i l i t y  o f  t h e  

p l a c e n t a  t o  a c q u ir e  s u f f i c i e n t  c h o l e s t e r o l  from  t h e  m o th e r ,  

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

s t e r o i d s .

T h is  t h e s i s  e x a m in e s  t h e  a c q u i s i t i o n  o f  c h o l e s t e r o l  from  

t h e  m a te r n a l c i r c u l a t i o n  b y  t h e  human p l a c e n t a .
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CHAPTER ONE

CHOLESTEROL AND LIPOPROTEIN METABOLISM



1 . 1 .  INTRODUCTION

B o th  t h e  f e t u s  and t h e  p la c e n t a  r e q u ir e  f a t t y  a c i d s  and  

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

p h o s p h o l i p i d s ,  g l y c o l i p i d s ,  s p h y n g o l i p i d s ,  c h o l e s t e r y l  

e s t e r s  and t r i a c y l g l y c e r o l . T h e se  l i p i d s  a r e  v i t a l  

c e l l u l a r  co m p o n en ts  u s e d  f o r  membrane b i o s y n t h e s i s ,  s i g n a l  

t r a n s m i s s i o n ,  t h e  s y n t h e s i s  o f  p u lm o n a ry  s u r f a c t a n t  and  

e n e r g y  s t o r a g e .  From t h e  e i g h t h  w eek  o f  g e s t a t i o n  t h e  

human p l a c e n t a  b eco m es t h e  d o m in a n t s o u r c e  o f  s t e r o i d  

horm one p r o d u c t io n  su c h  t h a t  b y  l a t e  p r e g n a n c y  

a p p r o x im a te ly  250  mg o f  p r o g e s t e r o n e  a r e  p r o d u c e d  p e r  d ay  

( C o n t r a c t o r  and P e a r lm a n , 1 9 6 0 ) .  In  m u l t i p l e  p r e g n a n c ie s  

up t o  8 0 0  mg o f  p r o g e s t e r o n e  p e r  d ay  may b e  p r o d u c e d  

(S im p so n  and M acD on ald , 1 9 8 1 ) .

I t  h a s  b e e n  shown b y  B a t t a g l i a  and M e sc h ia  (1 9 7 8 ) and J o n e s  

and R o lp h  (1 9 8 5 ) t h a t  t h e  am ount o f  f a t t y  a c i d s  d e r iv e d  

from  t h e  m a te r n a l c i r c u l a t i o n  v a r i e s  from  s p e c i e s  t o  

s p e c i e s .  Hummel e t  a l  (1 9 7 5 , 1 9 8 3 ) sh ow ed  t h a t  i n  t h e  

r a t ,  b e tw e e n  d a y s  15 and  1 9 , 10% o f  f e t a l  f a t t y  a c i d s  w ere  

d e r iv e d  from  t h e  m a te r n a l c i r c u l a t i o n ,  b u t  a t  21 d a y s ,  50% 

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

c i r c u l a t i o n .

In  t h e  hum an, i t  i s  known t h a t  f a t t y  a c i d s  i n j e c t e d  i n t o  

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

t h e  f e t a l  v e i n .  I f  I n t r a l i p i d  (a  s o y a b e a n - d e r iv e d
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e m u ls io n )  i s  i n f u s e d ,  s i g n i f i c a n t  am ou nts o f  t h e  sam e  

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

b u t  i n  a d i f f e r e n t  c o m p o s i t io n  from  t h a t  o f  t h e  n a t i v e  

I n t r a l i p i d .  T h is  m akes i t  l i k e l y  t h a t  t h e r e  a r e  s p e c i f i c  

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

placenta. Elphick et al (1978) have suggested that the 
triglycerides may be hydrolysed to free fatty acids and then 
re-esterified within the placenta prior to release to the 
fetus.
1 . 2 .  LIPOPROTEINS

F a t s  a r e  i n s o l u b l e  i n  w a t e r ,  and a r e  t h e r e f o r e  c a r r i e d  in  

t h e  b lo o d  in  t h e  form  o f  l i p o p r o t e i n s .  T h e se  c o n s i s t  o f  a 

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

a p h o s p h o l ip id  c o a t .  C o n ta in e d  w i t h i n  t h e  p h o s p h o l ip id  

c o a t  a r e  p r o t e i n s  c a l l e d  a p o l i p o p r o t e i n s .  The human p la sm a  

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

t o  t h e i r  h y d r a te d  d e n s i t y :  c h y lo m ic r o n s ,  v e r y  l o w - d e n s i t y  

l i p o p r o t e i n  (VLDL), l o w - d e n s i t y  l i p o p r o t e i n  (LDL) and h ig h -  

d e n s i t y  l i p o p r o t e i n  (HDL). The s t r u c t u r e  and

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

i n  C h a p te r  Two.

1 . 3 .  LIPOPROTEIN FORMATION

C h y lo m ic r o n s  a r e  s y n t h e s i s e d  b y  t h e  i n t e s t i n e  t o  t r a n s p o r t  

d i e t a r y  t r i a c y l g l y c e r o l s  and c h o l e s t e r o l  from  t h e  s i t e  o f  

a b s o r p t io n  i n  t h e  i n t e s t i n a l  e p i t h e l iu m  t o  v a r i o u s  t i s s u e s ,
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p r i n c i p a l l y  t h e  l i v e r ,  v i a  ly m p h a t ic  s y s te m s  ( a s  c h y le )  and  

b lo o d .  The h y d r o l y s i s  o f  c h y lo m ic r o n s  b y  l i p o p r o t e i n  

l i p a s e ,  w h ic h  i s  fo u n d  on t h e  e n d o t h e l i a l  s u r f a c e s  o f  t h e  

b lo o d  v e s s e l s ,  p r o d u c e s  a l i p o p r o t e i n  r e l a t i v e l y  d e f i c i e n t  

i n  t r i a c y l g l y c e r o l s  and r i c h  i n  c h o l e s t e r o l ,  w h ic h  i s  known 

a s  c h y lo m ic r o n  r e m n a n ts . T h e se  rem n a n ts  a r e  n o r m a lly  

rem oved  from  t h e  p la sm a  com p artm en t b y  t h e  l i v e r .  The 

l i v e r  i n  t u r n  s y n t h e s i s e s  VLDL and LDL w h ic h  r e d i s t r i b u t e  

t h e  f a t t y  a c i d s  aro u n d  t h e  b o d y .

The h y d r o l y s i s  o f  t r i a c y l g l y c e r o l s  g e n e r a t e s  f r e e  f a t t y  

a c i d s  w h ic h  a r e  u s e d  b y  c e l l s  a s  a form  o f  e n e r g y  s o u r c e .  

T h is  d e p l e t i o n  o f  t r i g l y c e r i d e s  and c h o l e s t e r o l  from  t h e  

VLDL p r o d u c e s  t h e  n e x t  l i p o p r o t e i n  i n  t h e  s e r i e s ,  LDL. The 

LDLs a r e  p r o b a b ly  t h e  m a jo r  c h o l e s t e r o l - t r a n s p o r t i n g  

l i p o p r o t e i n s ,  and LDL r e c e p t o r s  h a v e  b e e n  fo u n d  on many 

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

and t h e  human p l a c e n t a .  M a crop h ages fo u n d  a s s o c i a t e d  w i t h  

t h e  e n d o t h e l iu m  o f  b lo o d  v e s s e l s  h a v e  a  h ig h  num ber o f  

t h e s e  r e c e p t o r s ,  and  i t  i s  th o u g h t  t h a t  LDL i s  t h e  

l i p o p r o t e i n  p r im a r i ly  r e s p o n s i b l e  f o r  a t h e r o g e n e s i s  

f o r m a t io n .

H igh  D e n s i t y  L ip o p r o t e in s  a r e  a h e t e r o g e n o u s  c l a s s  o f  

l i p o p r o t e i n s .  H e is s  e t  a l  (1 9 8 0 ) h a v e  show n t h a t  t h e r e  i s  

a n e g a t i v e  c o r r e l a t i o n  b e tw e e n  HDL l e v e l s  and  

c a r d i o v a s c u l a r  d i s e a s e .  M ah ley  (1 9 8 2 ) s u g g e s t e d  t h a t  HDL 

i s  t h e  m ech an ism  by w h ic h  c h o l e s t e r o l  i s  p ic k e d  up from  t h e
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t i s s u e s  and t r a n s p o r t e d  t o  t h e  l i v e r  f o r  e x c r e t i o n .  The 

r o l e  o f  HDL i n  p l a c e n t a l  m e ta b o lis m  h a s  n o t  y e t  b e e n  

e l u c i d a t e d .

1.4. THE PLACENTAL ACQUISITION OF FATTY ACIDS

T h e re  a r e  tw o  m ech a n ism s b y  w h ic h  t h e  p l a c e n t a  may a c q u ir e  

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

( i )  T r i a c y l g l y c e r o l s  may b e  rem oved  from  

l i p o p r o t e i n s  s u c h  a s  c h y lo m ic r a ,  VLDL and LDL by  

l i p o p r o t e i n  l i p a s e  w h ic h  i s  known t o  e x i s t  on  t h e  s u r f a c e  

o f  t h e  human p l a c e n t a  ( f o r  r e v ie w  s e e  C olem an 1 9 8 9 ) .  T h is  

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

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

( i i )  F a t t y  a c i d s  and  c h o l e s t e r o l  may b o th  b e  

o b t a in e d  b y  r e c e p t o r - m e d ia t e d  e n d o c y t o s i s  o f  t h e  e n t i r e  

i p o p r o t e i n  m o le c u le .  I t  i s  known t h a t  p l a c e n t a l  t i s s u e  h a s  

a s i g n i f i c a n t  num ber o f  LDL r e c e p t o r s  p r e s e n t  on t h e  

m i c r o v i l l o u s  s u r f a c e  ( A l s a t  e t  a l ,  1 9 8 5 ) . W in k e l e t  a l  

(1 9 8 1 ) h a v e  show n t h e  c o n v e r s io n  o f  LDL c h o l e s t e r o l  t o  

p r o g e s t e r o n e  b y  c u l t u r e d  human t r o p h o b l a s t  c e l l s .  The 

p a th w a y  o f  b i o s y n t h e s i s  o f  t h e  s t e r o i d s  from  c h o l e s t e r o l  i s  

su m m a rised  i n  F ig u r e  1 . 1 .
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C h o l e s t e r o l  (C27 )

i
P r e g n e n o lo n e  (C21)

1
P r o g e s t  e r o n e  ( C21)

G l u c o c o r t i c o i d s  A n d ro g en s  (C19)
(C21) M i n e r a l o c o r t i c o i d s  (C21) |

O e s t r o g e n s  (C18)

F ig u r e  1 . 1 .  S y n t h e t i c  P a th w a y s o f  S t e r o i d  H orm ones

1 . 5 .  RECEPTOR-MEDIATED ENDOCYTOSIS

G o ld s t e in  and Brown (1 9 7 4 ) fo r m u la te d  t h e  c o n c e p t  o f  

r e c e p t o r - m e d ia t e d  e n d o c y t o s i s  t o  e x p l a i n  t h e  o b s e r v a t io n  

t h a t  r e g u l a t i o n  o f  c e l l u l a r  c h o l e s t e r o l  m e ta b o lis m  d ep en d ed  

on  t h e  b in d in g  o f  LDL t o  t h e  c e l l  s u r f a c e .

A n d er so n  e t  a l  (1 9 7 6 ) v e r i f i e d  t h i s  t h e o r y  b y  d e m o n s tr a t in g  

t h a t  r e c e p t o r s  f o r  LDL w ere  c l u s t e r e d  i n  c o a t e d  p i t s  

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

t h e  c o a t e d  p i t s  w e r e  s u b s e q u e n t ly  p in c h e d  o f f  from  t h e  

s u r f a c e  t o  form  v e s i c l e s  w i t h i n  t h e  c e l l .  The e x i s t e n c e  o f  

t h e s e  p i t s  h ad  b e e n  known s i n c e  1964 (R oth  and  P o r t e r )  b u t  

t h e i r  a s s o c i a t i o n  w it h  LDL and o t h e r  l i g a n d s  h ad  n o t  b e e n  

a p p r e c ia t e d .  S u b s e q u e n t ly  P e a r s e  (1 9 7 5 ) sh ow ed  t h a t  t h e  

c o a t i n g  w a s , i n  f a c t ,  a s i n g l e  p r o t e i n ,  c l a t h r i n ,  and fo u n d
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t h a t  t h e  c o a t e d  v e s i c l e s  c o n t a in e d  a num ber o f  d i f f e r e n t

m a c r o m o le c u le s .

The c o n c e p t s  o f  r e c e p t o r - m e d ia t e d  e n d o c y t o s i s  becam e much 

m ore s i g n i f i c a n t  w it h  t h e  f i n d i n g  t h a t  a g e n e t i c  d e f e c t  in  

r e c e p t o r  p r o d u c t io n  c a u s e d  a d e c r e a s e  i n  LDL u p ta k e  and  

i n t e r n a l i s a t i o n ,  c a u s in g  f a m i l i a l  h y p e r c h o le s t e r o la e m ia  

( F r e d r ic k s o n  e t  a l ,  1 9 7 2 ) .  T h e se  p a t i e n t s  h a v e  a v e r y  h ig h  

i n c i d e n c e  o f  m y o c a r d ia l  i n f a r c t i o n  and a th ero m a  fo r m a t io n .

O ver t h e  l a s t  d e c a d e  i t  h a s  b e e n  d i s c o v e r e d  t h a t  r e c e p t o r -  

m e d ia te d  e n d o c y t o s i s  i s  t h e  m ech an ism  b y  w h ic h  many 

m a c r o m o le c u le s ,  in c l u d i n g  v i r u s e s ,  a r e  i n t e r n a l i s e d  

( G o l d s t e i n  e t  a l  1 9 7 8 , P a s ta n  and W illin g h a m  1 9 8 1 , 

B r e t s c h e r  and P e a r s e  1 9 8 4 ) .  More th a n  tw e n ty  f i v e

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

r e c e p t o r - m e d ia t e d  e n d o c y t o s i s .  T h e se  in c l u d e  t h e  ir o n  

t r a n s p o r t  p r o t e i n  t r a n s f e r r i n ;  t h e  v i t a m in  B12 t r a n s p o r t  

p r o t e i n ,  t r a n s c o b a la m in  I I ;  a lp h a - 2 - m a c r o g lo b u l in  and  

v a r i o u s  g r o w th  f a c t o r s  su c h  a s  e p id e r m a l g r o w th  f a c t o r ;  

p l a t e l e t  d e r iv e d  g r o w th  f a c t o r ;  i n s u l i n  and l u t e i n i s i n g  

h orm on e. The e n t r y  o f  t h e s e  m a c r o m o le c u le s  i n t o  t h e  c e l l  

may b e  g o v e r n e d  b y  t h e i r  i n t r a c e l l u l a r  m e ta b o lis m . I t  i s  

p r o b a b le  t h a t  t h e  v i r u s e s  and t o x i n s  w h ic h  u s e  t h i s  

m ech an ism  do s o  b y  o p p o r t u n i s t i c  b in d in g  t o  t h e  r e c e p t o r s .

The p r o c e s s  o f  r e c e p t o r - m e d ia t e d  e n d o c y t o s i s  i s  i n i t i a t e d  

when r e c e p t o r s  on t h e  c e l l  s u r f a c e  b in d  t h e  m a c r o m o le c u le s
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and s l i d e  l a t e r a l l y  i n t o  t h e  c l a t h r i n - c o a t e d  p i t s .  When 

s u f f i c i e n t  m o le c u le s  a r e  w i t h in  t h e  p i t  a r e a ,  t h e  p i t s  

i n v a g i n a t e  t o  form  e n d o c y t o t i c  v e s i c l e s .  A f t e r  s h e d d in g  

t h e  c l a t h r i n ,  t h e  v e s i c l e s  a g g r e g a t e  t o  form  en d o so m es  

w h o se  c o n t e n t s  th e n  becom e a c i d i f i e d  by ATP d r iv e n  p r o to n  

pum ps. In  t h i s  a c i d i c  e n v ir o n m e n t , t h e  l i g a n d  and r e c e p t o r  

b ecom e s e p a r a t e d  and t h e  en d osom e e i t h e r  b eco m es  a t t a c h e d  

t o  ly s o s o m e s  f o r  d e g r a d a t io n ,  o r  o p en  o u t  r e l e a s i n g  t h e  

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

r e t u r n  t o  t h e  c e l l  membrane f o r  r e c y c l i n g .

T h e re  a r e  s e v e r a l  p a th w a y s  b y  w h ic h  r e c e p t o r - m e d ia t e d  

e n d o c y t o s i s  o c c u r s .  T hey a l l  s h a r e  o n e  common f e a t u r e  in  

t h a t  t h e  r e c e p t o r s  m ove t o  t h e  c o a t e d  p i t s  w h ich  

s u b s e q u e n t ly  becom e c o a t e d  v e s i c l e s .  H ow ever , t h e r e  a r e  

som e d i f f e r e n c e s  i n  t h e  m ech an ism s w h ic h  i n s t i g a t e  m ovem ent 

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

w h ic h  t h e  r e c e p t o r s  and l i g a n d s  f o l l o w  a f t e r  e n t e r i n g  t h e  

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

r e c e p t o r - m e d ia t e d  e n d o c y t o s i s .

F i r s t l y ,  t h e r e  i s  a  c o n t in u o u s  m ovem ent o f  r e c e p t o r s  t o  t h e  

c o a t e d  p i t s  and t h e n c e  i n t o  t h e  c e l l  w h e th e r  l i g a n d  i s  

a t t a c h e d  o r  n o t ,  and s e c o n d ly ,  t h e  r e c e p t o r s  w a i t  on  t h e  

s u r f a c e  u n t i l  bound t o  a l i g a n d ,  w h ereu p on  t h e y  a r e  

c a p tu r e d  b y  a c o a t e d  p i t .  I t  a p p e a r s  t h a t  LDL f a l l s  i n t o  

t h e  fo r m e r  c a t e g o r y .
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The m ech an ism  b y  w h ic h  r e c e p t o r s  m ove t o  t h e  c o a t e d  p i t s  

may b e  s im p le  d i f f u s i o n  o r  i t  may in v o l v e  a m ore d i r e c t e d  

t y p e  o f  p r o p u ls io n  ( B r e t s c h e r  1 9 8 4 ) .  The r a t e  o f  d i f f u s i o n  

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

f a s t  t o  e x p l a i n  t h i s  m ovem ent ( G o ld s t e in  e t  a l  1 9 8 1 ) b u t  

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

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

1 . 5 . 1 .  R o u te s  o f  e n d o c y t o s i s

The e v id e n c e  s u g g e s t s  t h a t  a l l  e n d o c y t o t i c  v e s i c l e s  e n t e r  

t h e  c e l l  i n  t h e  sam e w ay, b u t  a f t e r  t h a t  t h e r e  a r e  fo u r  

p r i n c i p a l  r o u t e s  w h ic h  t h e  v e s i c l e  may f o l l o w .

( i )  The r e c e p t o r  r e c y c l e s  and l i g a n d  m e t a b o l i s e d  

T h is  p a th w a y  i s  t h e  c l a s s i c  m ech an ism  d e s c r ib e d  f o r  t h e  

e n d o c y t o s i s  o f  LDL, i n s u l i n  and a lp h a - 2 - m a c r o g lo b u l in .  The 

r e c e p t o r s  and l i g a n d  p a r t  com pany w i t h in  t h e  en d osom e du e  

t o  t h e  a c i d i c  e n v ir o n m e n t . The r e c e p t o r s  t h e n  e i t h e r  bud  

o f f  i n t o  a s e p a r a t e  s u b - v e s i c l e  o f  t h e  en d osom e and a r e  

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

com m on ly , t h e  en d osom e f u s e s  w i t h  t h e  G o lg i  a p p a r a tu s  

a l l o w i n g  s e p a r a t io n  o f  l i g a n d s  and  r e c e p t o r s  i n t o  d i f f e r e n t  

c o m p a r tm e n ts . T h is  r e l e a s e s  t h e  r e c e p t o r s  w h ic h  a r e  th e n  

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

t o  t h e  ly s o s o m e s .  A f t e r  t h e i r  r e t u r n  t o  t h e  s u r f a c e ,  t h e  

LDL r e c e p t o r s  a r e  s a i d  t o  rem a in  c l u s t e r e d  r e a d y  t o  form  

c o a t e d  p i t s .  H ow ever , t h e  w ork o f  P a a v o la  e t  a l  (1 9 8 5 )
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s u g g e s t s  t h a t  a t  l e a s t  i n  g r a n u lo s a  c e l l s  c u l t u r e d  from  t h e  

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

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

f i b r o b l a s t s .  T h is  i s  an i d e a l  m ech an ism  f o r  t h o s e  l i g a n d s  

w h ic h  a r e  n e e d e d  i n  c o n s i d e r a b l e  q u a n t i t y  a s  i t  d o e s  n o t  

r e q u ir e  t h e  c o n s t a n t  fo r m a t io n  o f  new r e c e p t o r s .

I t  d o e s  a p p e a r  t h a t  t h e r e  i s  a d i f f e r e n c e  i n  t h e  m ech an ism  

o f  r e c y c l i n g  b e tw e e n  d i f f e r e n t  c e l l  t y p e s .  P a a v o la  e t  a l

(1 9 8 5 )  fo u n d  som e d e la y  i n  t h e  i n t e r n a l i s a t i o n  o f  t h e  LDL 

and t h e  r e c e p t o r  e x p r e s s i o n  d ep en d ed  on t h e  s t a t e  o f  

l u t e i n i s a t i o n  o f  t h e  c e l l ,  s o  t h a t  t h e  r e c e p t o r  num bers and  

p e r h a p s  t h e i r  m ech an ism  o f  a c t i o n ,  may b e  a l t e r e d  by  

e x o g e n o u s  h o rm o n es . T h is  m ech an ism  may b e  im p o r ta n t  i n  t h e  

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

( i i )  R e c e p to r  r e c y c l e s ,  l i g a n d  r e c y c l e s  

O c ta v e  e t  a l  (1 9 8 3 ) f i r s t  p ro p o u n d ed  t h i s  m ech an ism  f o r  t h e  

t r a n s f e r r i n  r e c e p t o r .  The t r a n s f e r r i n / r e c e p t o r  c o m p le x  d id  

n o t  a p p e a r  t o  d i s s o c i a t e  w i t h in  t h e  en d osom e u n d e r  t h e  

n o rm a l a c i d i c  e n v ir o n m e n t . H ow ever, i t  see m s t h a t  ir o n  i s  

s t r i p p e d  from  t r a n s f e r r i n  a t  t h e  a c i d i c  pH (a p p r o x im a te ly  

pH 5 .5 )  w i t h in  t h e  en d o so m e . The a p o - t r a n s f e r r i n / r e c e p t o r  

c o m p le x  t h u s  r e t u r n s  t o  t h e  s u r f a c e  i n t a c t  h a v in g  d e p o s i t e d  

i t s  lo a d  o f  i r o n  w i t h i n  t h e  c e l l .  A p o - t r a n s f e r r in  

( t r a n s f e r r i n  w i t h o u t  i t s  ir o n )  d i s s o c i a t e s  from  t h e  

r e c e p t o r  a t  t h e  n e u t r a l  pH o f  t h e  e x t r a c e l l u l a r  f l u i d .  

T h e r e f o r e ,  when t h e  c o m p lex  r e a c h e s  t h e  s u r f a c e ,  t h e  a p o -
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t r a n s f e r r i n  d i s s o c i a t e s  from  t h e  r e c e p t o r  and i s  c a r r i e d  

o f f  i n  t h e  b lo o d s t r e a m  r e a d y  t o  b in d  t o  tw o  m ore ir o n  

a to m s . The r e c e p t o r  i s  now f r e e  t o  b in d  t o  a n o t h e r  i r o n -  

c o n t a i n i n g  t r a n s f e r r i n  m o le c u le .

S t u d i e s  b y  U nanue (1 9 8 4 ) and P e r n is  (1 9 8 5 ) s u g g e s t  t h a t  

t h i s  s y s te m  o f  r e c y c l i n g  may b e  o f  im p o r ta n c e  w i t h i n  t h e  

immune s y s te m  a s  t h e  m echanism  o f  p r o c e s s i n g  a n t i g e n  p r i o r  

t o  p r e s e n t i n g  i t  t o  e f f e c t o r  c e l l s .  I t  i s  known t h a t  

m a c r o p h a g e s  and c e r t a i n  B ly m p h o c y te s  h a v e  v e r y  a c t i v e  

r e c e p t o r - m e d ia t e d  e n d o c y t o t i s  s y s t e m s .

( i i i )  R e c e p to r  d e g r a d e d , l ig a n d  d e g r a d e d  

E p id er m a l g r o w th  f a c t o r  (EGF) w as t h e  f i r s t  m a c r o m o le c u le  

d e s c r ib e d  w h ic h  a p p e a r e d  t o  b e  p r o c e s s e d  i n  t h i s  way 

(C a r p e n te r  and Cohen 1 9 7 9 ) .  A f t e r  t h e  l i g a n d / r e c e p t o r  

c o m p le x  h a s  b e e n  a c i d i f i e d  w i t h i n  t h e  e n d o so m e , b o th  

c o m p o n en ts  seem  t o  b e  d e g r a d e d  b y  ly s o s o m a l  a c t i v i t y .  How 

t h i s  s y s te m  i s  e f f e c t e d  i s  u n c le a r  a s  EGF d i s s o c i a t e s  from  

i t s  r e c e p t o r  a t  a c i d i c  pH s. The sam e a u t h o r s  s u g g e s t  t h a t  

t h e r e  a r e  tw o  c l a s s e s  o f  EGF r e c e p t o r s ,  80% o f  w h ic h  a r e  

i n t e r n a l i s e d  and d e g r a d e d , and 20% f o l l o w  k i n e t i c s  

s u g g e s t i v e  o f  r e c y c l i n g .

( i v )  R e c e p to r  t r a n s p o r t e d ,  l i g a n d  t r a n s p o r t e d  

I t  h a s  b e e n  s u g g e s t e d  t h a t  t h i s  i s  t h e  m ech an ism  f o r  t h e  

t r a n s p o r t  o f  im m u n o g lo b u lin s  (Ig A , IgM) a c r o s s  e p i t h e l i a l  

s u r f a c e s  su c h  a s  mammary e p i t h e l i a  f o r  e x c r e t i o n  i n t o  m ilk
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and a c r o s s  l i v e r  c e l l s  f o r  e x c r e t i o n  i n t o  t h e  b i l e  ( S o l a r i  

and K ra eh en b u h l 1 9 8 4 , M ostov  e t  a l  1 9 8 4 ) .

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

u t i l i s i n g  t h e i r  r e c e p t o r s .  I n d e e d , som e c e l l s  may w e l l  u s e  

s e v e r a l  d i f f e r e n t  m ech a n ism s f o r  t h e  sam e r e c e p t o r .  T h is  

i m p l i e s  t h a t  t h e s e  m ech a n ism s m u st b e  r e g u l a t e d  s o  a s  t o  

a l l o w  a s i n g l e  c e l l  t o  p r o c e s s  t h e  sam e r e c e p t o r  by  

d i f f e r e n t  r o u t e s  a t  d i f f e r e n t  t im e s  a c c o r d in g  t o  i t s  n e e d s  

and t h a t  d i f f e r e n t  c e l l s  may p r o c e s s  t h e  sam e r e c e p t o r  by  

d i f f e r e n t  r o u t e s .

To e x p l a i n  t h i s  c o n c e p t  i t  i s  r e a s o n a b le  t o  s u p p o s e  t h a t  

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

m u st c o n t a in  a b in d in g  d om ain e t h a t  i s  s p e c i f i c  f o r  a g iv e n  

s e t  o f  l i g a n d s ,  and r e g io n s  t h a t  a l lo w  i t  t o  i n t e r a c t  w it h  

o t h e r  m o le c u le s  s o  t h a t  i t  ca n  b e  t r a n s p o r t e d  t o  v a r io u s  

s i t e s  w i t h i n  t h e  c e l l .  T h is  e n a b le s  t h e  r e c e p t o r  t o  move 

from  o n e  com p artm en t t o  a n o t h e r  e i t h e r  b e in g  a c t e d  upon a t  

e a c h  s t a g e  o r  n o t .  T h is  i m p l i e s  t h a t  t h e r e  m u st b e  a 

s e q u e n t i a l  s y s te m  o f  s i g n a l s  ( G o ld s t e in  e t  a l  1 9 8 5 ) .

1.6. LIPID METABOLISM IN PREGNANCY

I t  i s  known t h a t  i n  human p r e g n a n c y , t h e r e  i s  a tw o -  t o  

t h r e e f o l d  i n c r e a s e  i n  p la sm a  t r i g l y c e r i d e s ,  an d  s l i g h t l y  

l e s s e r  i n c r e a s e s  i n  c h o l e s t e r o l  and  p h o s p h o l ip id  (Knopp and  

W arth ( 1 9 7 3 ) .  The d i f f e r e n t i a l  c o m p o s i t io n s  o f  t h e
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l i p o p r o t e i n  c l a s s e s  a r e  now w e l l  known (Gofman e t  a l  1 9 5 4 ;  

W arth e t  a l  1 9 7 5 ; P o t t e r  and N e s t e l  1 9 7 9 ; F a r h a e u s  e t  a l  

1 9 8 5 ;  Knopp e t  a l  1 9 8 6 ) .  From F ig u r e  1 . 2 .  i t  c a n  b e  s e e n  

t h a t  t h e  c o n c e n t r a t io n  o f  a l l  t h e  l i p o p r o t e i n  f r a c t i o n s  

i n c r e a s e  d u r in g  p r e g n a n c y . The 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  i n c r e a s e  a p p r o x im a te ly  2 . 5 - f o l d  o v e r  t h e  p r e ­

p r e g n a n c y  l e v e l s ,  and  LDL c h o l e s t e r o l  i n c r e a s e s  1 . 6 - f o l d .  

The HDL c h o l e s t e r o l  i n c r e a s e s  m a x im a lly  t o  m i d - g e s t a t i o n  by

1 . 4 - f o l d ,  and t h e n  d e c l i n e s  t o  a lm o s t  p r e -p r e g n a n c y  l e v e l s  

b y  te r m . T h e se  r i s e s  i n  l i p o p r o t e i n  l e v e l s  w o u ld  s u p p o r t  

t h e  h y p o t h e s i s  t h a t  t h e  p la c e n t a  a c q u ir e s  i t s  f a t t y  a c i d s  

from  l i p o p r o t e i n s ,  p r o b a b ly  b y  r e c e p t o r - m e d ia t e d  

e n d o c y t o s i s .

A l l  t h e s e  c h a n g e s  a p p e a r  t o  b e  m e d ia te d  b y  h o r m o n es , and  

c a n  b e  m im ick ed  b y  t h e  h ig h  d o s e  o e s t r o g e n  com b in ed  

c o n t r a c e p t i v e  p i l l  (Knopp e t  a l  1 9 8 2 ) ( s e e  F ig u r e  1 . 3 . ) .  

H ow ever , A pplebaum -B ow den e t  a l  (1 9 8 9 ) ( s e e  F ig u r e  1 . 4 . )  

fo u n d  t h a t  p o s tm e n o p a u s a l women p r e s c r ib e d  o e s t r o g e n  f o r  

horm one r e p la c e m e n t  t h e r a p y  had  a 26% r e d u c t io n  i n  t h e i r  

LDL c h o l e s t e r o l  and an i n c r e a s e  o f  72% i n  t h e i r  HDL 

t r i g l y c e r i d e  l e v e l s .  T h is  i s  t h e  o p p o s i t e  o f  w h a t on e  

w o u ld  e x p e c t  i f  t h e  l i p o p r o t e i n  c h a n g e s  i n  p r e g n a n c y  w ere  

m e d ia te d  b y  o e s t r o g e n  a lo n e .

38



CHOLESTEROL LEVELS

cholesterol (mmoI/L)

-8 Indicate* pre-pregnancy and 
♦8 Indicate! post-pregnancy

TRIGLYCERIDE LEVELS

Triglyceride (mmol/L)

8 Indicates pre-pregnancy and 
♦8 Indloatea post-pregnancy

F ig u r e  1 . 2 .  C h o l e s t e r o l  and  T r i g l y c e r i d e  L e v e l s  i n
P r e g n a n c y
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CHOLESTEROL LEVELS

Cholesterol mg/dl

TOTAL VLDL LDL HDL

NO HORMONES 
36 WK3 PREGNANT

BE3 HIGH OESTROGEN PILL 
E223 6 WKS POST FARTUM

TRIGLYCERIDE LEVELS

Triglyceride in mg/dl

■ H  NO HORMONES EEB  HIGH OESTROGEN PILL
EH  36 WKS PREGNANT ESI 6 WKS POST PARTUM

Redrawn from Knopp et al (1982)

F ig u r e  1 . 3 .  C h o l e s t e r o l  and T r i g l y c e r i d e  L e v e l s  i n
P r e g n a n c y  and w i t h  a  H ig h  O e s t r o g e n  
C o n t r a c e p t iv e  P i l l  (Knopp e t  a l ,  1 9 8 2 )
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CHOLESTEROL LEVELS

Cholesterol m g /d l

TOTAL VLDL LDL HDL
■ 1  NO OESTROGEN ESS OESTROGEN

TRIGLYCERIDE LEVELS

Triglyceride mg/dl

TOTAL VLDL LDL HDL
■ i  NO OESTROGEN ES2 OESTROGEN 

Data from Applebaum-Bowden (1989)

F ig u r e  1 . 4 .  C h o l e s t e r o l  and  T r i g l y c e r i d e  L e v e l s  w i t h
Hormone R e p la c e m e n t T h e ra p y  (A p p elb au m - 
B ow den, 1 9 8 9 )
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1.7. LIPOPROTEIN METABOLISM IN DIABETES MELLITUS AND IN
DIABETIC PREGNANCY

The m o st common form  o f  human d i a b e t e s  i s  t h e  n o n - i n s u l i n  

d e p e n d e n t  d i a b e t e s ,  a l s o  known a s  m a t u r i t y - o n s e t ,  o r  t y p e  

I I ,  d i a b e t e s  and i s  com m only a s s o c i a t e d  w i t h  o b e s i t y .  R ig g  

e t  a l  (1 9 8 0 ) h a v e  p o in t e d  o u t  t h a t  d u r in g  p r e g n a n c y  t h e r e  

i s  a m arked d i f f e r e n c e  b e tw e e n  t h e  j u v e n i l e - o n s e t  t y p e  

d i a b e t e s  and  t h e  m a t u r i t y - o n s e t  t y p e  d i a b e t e s .  D u r in g  

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

j u v e n i l e ,  o r  t y p e  I ,  d i a b e t i c s  i s  a p p r o x im a te ly  38%, w h i l e  

i t  ca n  b e  100% i n  m a t u r e - o n s e t ,  o r  t y p e  I I  d i a b e t i c s .  

Knopp e t  a l  (1 9 8 1 ) h a v e  s u g g e s t e d  t h a t  t h e  m a t u r i t y  o n s e t  

d i a b e t e s  i s  v e r y  s i m i l a r  t o  g e s t a t i o n a l  d i a b e t e s ,  and i s  a 

d i f f e r e n t  d i s e a s e  from  t h e  i n s u l in - d e p e n d e n t  j u v e n i l e - o n s e t  

t y p e .

Howard (1 9 8 7 ) h a s  show n t h a t  t h e r e  i s  an  ab n orm al 

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

T h is  a b n o r m a lity  i s  p a r t i c u l a r l y  m arked i n  t h e  VLDL p o r t i o n  

o f  l i p o p r o t e i n s ,  s u c h  t h a t  in  d i a b e t i c  k e t o a c i d o s i s ,  

e x tr e m e  e l e v a t i o n s  o f  VLDL h a v e  b e e n  r e c o g n i s e d  (B ierm an  e t  

a l  1966?  B agdade e t  a l  1 9 6 7 ) .
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CHOLESTEROL LEVELS

Cholesterol (mg/dl)

2B-27 34-37 12 PP

Weeks of Pregnancy

L^J Control* b&S Typt 1 Y/A Typt II IQOM

12 PP i t  12 wMkt pot1 partum 

QOM It sMUtiorwl diabatta mailltut

TRIGLYCERIDE LEVELS

Triglyceride (mg/dl)

I I " I

2B-27 34-37 12 PP

Weeks of Pregnancy

EH3 Control E 2  Typt I 7Z2.JTypa II H odM

12 PP i t  12 waakt pott pactum 

GDM it gtttational d i tb t t t t  mallitua

F ig u r e  1 . 5 .  C h o l e s t e r o l  and T r i g l y c e r i d e  L e v e l s  i n
N orm al and D i a b e t i c  P r e g n a n c y  (Knopp e t  a l ,  
1 9 8 1 )
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I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  i n  t h e  m a t u r i t y - o n s e t  t y p e  

d i a b e t e s  t h e r e  i s  an a b n o r m a lity  o f  t h e  VLDL f r a c t i o n ,  su c h  

t h a t  t h e  t r i g l y c e r i d e  c o n t e n t  i s  much g r e a t e r  th a n  n o r m a l,  

a lt h o u g h  t h e  c h o l e s t e r o l  c o n t e n t  r e m a in s  a p p r o x im a te ly  t h e  

sam e ( s e e  F ig u r e  1 . 5 . ) .  T h is  may b e  d u e t o  t h e  e f f e c t  o f  

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

w h ic h  i s  d e p e n d e n t  on i n s u l i n  ( N ik k i la  1 9 8 4 ) .

T h is  h y p e r l ip id a e m ia  i s  r e l a t e d  t o  a c e r t a i n  e x t e n t  t o  t h e  

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

c o n t r o l ,  t h e  l e s s  t h e  h y p e r l ip id a e m ia ,  a l t h o u g h  i n  som e  

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

h y p e r l ip id a e m ia ,  p a r t i c u l a r l y  i n  t h e  VLDL g r o u p , s t i l l  

o c c u r s  (Howard 1 9 8 7 ) .  In  j u v e n i l e - o n s e t ,  o r  i n s u l i n -  

d e p e n d e n t  d i a b e t e s ,  t h e  l i p o p r o t e i n  p r o f i l e  i s  e s s e n t i a l l y  

s i m i l a r  t o  t h a t  fo u n d  i n  n orm al p r e g n a n t  women, b u t  d o e s  

show  v a r i a t i o n s  i f  t h e  d i a b e t e s  b eco m es p o o r ly  c o n t r o l l e d ,  

f o r  e x a m p le  d u e t o  i n f e c t i o n .
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CHAPTER TWO

CLASSIFICATION, SEPARATION AND CHARACTERIZATION 

OF PLASMA LIPOPROTEINS
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2.1. STRUCTURE OF LIPOPROTEINS

L ip o p r o t e in s  a r e  t h e  m eans b y  w h ic h  t h e  b o d y  t r a n s p o r t s  

l i p i d s  i n  a w a te r  b a s e d  m edium . T h is  i s  a c h ie v e d  by  

w r a p p in g  t h e  h y d r o p h o b ic  l i p i d s  up i n  an  h y d r o p h i l i c  

e n v e lo p e ,  e n a b l i n g  a s t a b l e  d i s p e r s i o n  o f  t h e  l i p i d s  t o  b e  

fo rm ed  i n  w a t e r .  The h y d r o p h o b ic  c o r e  o f  l i p o p r o t e i n s  

c o n s i s t s  o f  c h o l e s t e r y l  e s t e r s  and t r i g l y c e r i d e s  e n c lo s e d  

b y  an h y d r o p h i l i c  e n v e lo p e  o f  p h o s p h o l ip id ,  u n e s t e r i f i e d  

c h o l e s t e r o l  and s p e c i f i c  p r o t e i n s .  T h e se  p r o t e i n s  a r e  

c a l l e d  a p o - l i p o p r o t e i n s  and c o n f e r  s p e c i f i c i t y  and  

s t a b i l i t y  t o  t h e  p a r t i c l e .

The e x a c t  b i o p h y s i c a l  m ech an ism  b y  w h ic h  l i p o p r o t e i n s  a r e  

form ed  i s  n o t  c l e a r ,  b u t  m ix t u r e s  o f  l i p i d s  c a n  r e a d i l y  b e  

made i n t o  o p a q u e  e m u ls io n s  w h ic h  a r e  s i m i l a r  t o  b r e a s t  

m ilk ,  and c a n  b e  tu r n e d  i n t o  c l e a r  m ic r o e m u ls io n s  (B o w c o tt  

and Schu lm an 1 9 4 3 ) .

2 . 2 .  CLASSIFICATION OF LIPOPROTEINS

A tte m p ts  h a v e  b e e n  made t o  c l a s s i f y  l i p o p r o t e i n s  a c c o r d in g  

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

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

c o n t e n t  o f  l i p o p r o t e i n s  v a r y  c o n s id e r a b ly  a n d , i n  a d d i t i o n ,  

l i p o p r o t e i n s  form  a c o n t in u o u s  sp e c tr u m  w i t h i n  an y  s i n g l e  

g i v e n  p h y s i c a l  c h a r a c t e r i s t i c .  F or  e x a m p le , t h e  d e n s i t y  o f
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l i p o p r o t e i n s  r a n g e  from  c h y lo m ic r a  ( d e n s i t y  < 0 . 9 4  g / m l ) , t o  

V ery  H igh  D e n s i t y  L ip o p r o t e in  ( d e n s i t y  > 1 . 2 5  g / m l ) .  The 

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

2.2.1. Hydrated density

T h is  c l a s s i f i c a t i o n ,  d e s c r ib e d  b y  H a v e l e t  a l  ( 19 5 5 )  and  

p e r f e c t e d  b y  L in d g r e n  (1 9 7 5 ) i n  t h e  D onner  

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

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

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

t o p  and c a n  b e  rem o v ed . I f  t h e  d e n s i t y  o f  t h e  r e m a in in g  

m ix t u r e  i s  a g a in  r a i s e d  and u l t r a c e n t r i f u g e d ,  t h e  

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

rem o v ed . T h is  p r o d u c e s  a f l e x i b l e  c l a s s i f i c a t i o n  a s  t h e  

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

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

2 . 1 .

M ost r e s e a r c h e r s  u s e  a s ta n d a r d  te m p e r a tu r e  o f  20°C. f o r  

a l t e r i n g  t h e  d e n s i t y ,  and a l lo w a n c e  m u st b e  made f o r  t h i s  

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

o t h e r  te m p e r a tu r e .

When g r e a t  p r e c i s i o n  i s  r e q u ir e d ,  a l lo w a n c e  m u st b e  made 

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

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

g r a d i e n t  w i t h i n  t h e  c e n t r i f u g e  t u b e .
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L ip o p r o t e in D e n s i t y g /m i

C h y lo m ic r o n s < 0 . 9 4

V ery  Low D e n s i t y
L ip o p r o t e in  (VLDL) 0 . 9 4  - 1 . 0 0 6

I n t e r m e d ia t e  D e n s i t y
L ip o p r o t e in  (IDL) 1 . 0 0 6  - 1 . 0 2

Low D e n s i t y  L ip o p r o t e in  (LDL) 1 . 0 2  - 1 . 0 6 3

H ig h  D e n s i t y  L ip o p r o t e in  (HDL) 1 . 0 6 3  - 1 . 2 0
HDL1 (HDLc) 1 . 0 6  - 1 . 0 7
HDL2 1 . 0 6 3  - 1 . 1 2 5
HDL3 1 . 1 2 5  - 1 . 2 0

V ery  H igh  D e n s i t y
L ip o p r o t e in  (VHDL) 1 . 2 0  - 1 . 2 5

T a b le  2 . 1 .  C l a s s i f i c a t i o n  o f  L ip o p r o t e in s  a c c o r d in g  t o
d e n s i t y

2 . 2 . 2  F l o a t a t i o n  R a te

L ip o p r o t e in s  f l o a t  u p w ard s a t  d i f f e r i n g  r a t e s  i n  t h e  

a n a l y t i c a l  u l t r a c e n t r i f u g e ;  t h e  r a t e s  b e in g  m ea su red  i n  

S v e d b e r g  u n i t s  ( S f ) . T h is  a g a in  i s  a f l e x i b l e

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

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

te m p e r a tu r e  and  s o l v e n t  d e n s i t y .  F ou r c a t e g o r i e s  h a v e  

b e e n  d e f i n e d ,  w h ic h  a r e  o n ly  b r o a d ly  e q u i v a l e n t  t o  t h e  

c l a s s e s  d e f i n e d  b y  u l t r a c e n t r i f u g a t i o n  (T a b le  2 . 2 . ) .
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S f -  >400

S f -  20-400

S f -  0 -20

F -  1 . 2 0

F l o a t a t i o n  r a t e  o f  >400 S v e d b e r g s  i n  a 
so d iu m  c h l o r i d e  s o l u t i o n  o f  d e n s i t y  o f  1 . 0 6 3  
g / m l . T h e se  a p p r o x im a te  t o  t h e  
c h y lo m ic r o n s .

F l o a t a t i o n  r a t e  o f  2 0 -4 0 0  S v e d b e r g s  i n  a 
so d iu m  c h l o r i d e  s o l u t i o n  o f  d e n s i t y  1 . 0 6 3  
g /m l .  T h is  a p p r o x im a te s  t o  VLDL.

F l o a t a t i o n  r a t e  o f  0 -2 0  S v e d b e r g s  i n  a 
so d iu m  c h l o r i d e  s o l u t i o n  o f  d e n s i t y  1 . 0 6 3  
g /m l .  T h is  i s  so m e tim e s  d i v i d e d  i n t o  S f  1 2 -  
20 (a p p r o x im a t in g  t o  IDL) and  S f  0 -1 2  
(a p p r o x im a t in g  t o  LDL) .

F l o a t a t i o n  r a t e  o f  0 -9  S v e d b e r g s  i n  a so d iu m  
c h lo r id e / s o d iu m  b ro m id e  s o l u t i o n  o f  d e n s i t y  
1 . 2 0  g /m l .  T h is  a p p r o x im a te s  t o  HDL, and  i s  
u s u a l l y  d iv i d e d  i n t o  F -  1 . 2 0 ,  3 . 5 - 9 . 0  
(HDL2), and F -  1 . 2 0 ,  0 - 3 . 5  (HDL3) .

(F d e n o t e s  a d i f f e r e n t  a n a l y t i c a l  d e n s i t y ) .

T a b le  2 . 2 .  C l a s s i f i c a t i o n  o f  L ip o p r o t e in s  A c c o r d in g  t o
F l o a t a t i o n  R a te

2 . 2 . 3  P a r t i c l e  S i z e

S to n e  e t  a l  ( 1 9 7 0 ,  1 9 7 1 ) p r o p o s e d  a c l a s s i f i c a t i o n  b a s e d  on  

t h e  s i z e  o f  t h e  l i p o p r o t e i n  p a r t i c l e s .  The s i z e  w as  

e s t im a t e d  b y  a c o m b in a t io n  o f  t h e i r  a b i l i t y  t o  s c a t t e r  

l i g h t ,  and t h e i r  p a s s a g e  th r o u g h  f i l t e r s  o f  s p e c i f i c  p o r e  

s i z e .  H ow ever , i t  i s  d i f f i c u l t  t o  o b t a in  f i l t e r s  w it h  

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

p a r t i c l e s .  P a r t i c l e  s i z e  ca n  a l s o  b e  e s t im a t e d  b y  t h e  

e l e c t r o n  m ic r o s c o p e ,  b u t  t h i s  o n ly  a p p e a r s  t o  b e  s u i t a b l e  

f o r  v e r y  f r e s h  s a m p le s .  I t  may a l s o  s u f f e r  from  a r t e f a c t s  

o f  f i x a t i o n .
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E l e c t r o p h o r e s i s  i s  a s im p le  t e c h n iq u e  t o  p e r fo r m ,  

p a r t i c u l a r l y  w i t h  t h e  c o m m e r c ia l ly  p r e p a r e d  a g a r /a g a r o s e  

s h e e t s .  T a b le  2 . 3 .  sh o w s t h e  c l a s s i f i c a t i o n  o f

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

2.2.4 Electrophoretic Mobility

C h y lo m ic r o n s  P a r t i c l e s  w h ic h  a r e  t o o  l a r g e  t o
m ig r a t e  o u t  o f  t h e  w e l l .

A l p h a - l i p o p r o t e i n s  P a r t i c l e s  w it h  a m o b i l i t y  s i m i l a r
t o  a lp h a  1 g l o b u l i n s ,  h e n c e  t h e i r  
nam e.

P r e - b e t a  l i p o p r o t e i n s  P a r t i c l e s  w it h  a m o b i l i t y  som ew hat
g r e a t e r  th a n  t h e  b e t a  l i p o p r o t e i n s  
(so m e t im e s  known a s  a lp h a  2 
l i p o p r o t e i n s  from  a lp h a  2 
g l o b u l i n s ) .

B e ta  l i p o p r o t e i n s  P a r t i c l e s  w h ic h  m ig r a t e  a t  t h e
sam e r a t e  a s  b e t a  g l o b u l i n s .

Two m in o r  g r o u p s  o f  l i p o p r o t e i n s  h a v e  b e e n  d e s c r i b e d : -

L ip o p r o t e in  x  fo u n d  i n  p a t i e n t s  w i t h  o b s t r u c t i v e
j a u n d ic e ,  and m ig r a t e s  t o  t h e  
c a th o d e  a t  a pH o f  8 . 0 .

L p (a ) known a s  " s in k in g  p r e b e t a
l i p o p r o t e i n " ,  a n o rm a l com p on en t  
o f  p la s m a .

T a b le  2 . 3 .  C l a s s i f i c a t i o n  o f  L ip o p r o t e in s  A c c o r d in g  t o
E l e c t r o p h o r e t i c  M o b i l i t y
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2 . 2 . 5  C l a s s i f i c a t i o n  A c c o r d in g  t o  A p o - l i p o p r o t e i n s

A la u p o v ic  e t  a l  ( 1 9 7 9 ,  1983)  p o s t u l a t e d  a  s y s te m  o f

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

2 . 2 . 5 . 1 .  The d e f i n i t i o n  o f  a p o - l i p o p r o t e i n s

A c o n s i d e r a b l e  num ber o f  p r o t e i n s  ca n  b e  s e p a r a t e d  from  

l i p o p r o t e i n s .  T h e se  a r e  u s u a l l y  l o o s e l y  a t t a c h e d  by  n o n ­

s p e c i f i c  b o n d s a l t h o u g h  som e, f o r  ex a m p le  a lb u m in , may b e  

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

c l e a r .  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  a p o l i p o p r o t e i n s  a r e  

p r e s e n t  on  t h e  p a r t i c l e  f o r  a s p e c i f i c  p u r p o se  o r  a v a r i e t y  

o f  p u r p o s e s ;  t o  c o n f e r  s t a b i l i t y  t o  t h e  p a r t i c l e ,  a c t  a s  an  

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

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

2 . 2 . 5 . 2 .  P o ly m o rp h ism

A p o - l i p o p r o t e i n s  w ere  g iv e n  l e t t e r s  o f  t h e  a lp h a b e t  a t  t h e  

t im e  o f  t h e i r  i s o l a t i o n .  H ow ever, som e l i p o p r o t e i n  

p r e p a r a t io n s  th o u g h t  t o  b e  hom ogen ous w ere  fo u n d  l a t e r  t o  

b e  m ix t u r e s  o f  d i f f e r e n t  l i p o p r o t e i n s ,  f o r  e x a m p le  a p o -  

l i p o p r o t e i n  A, w h ic h  w as s u b s e q u e n t ly  d iv i d e d  i n t o  A I , A l l  

and A I I I  (w h ich  i s  a l s o  known a s  a p o - l i p o p r o t e i n  D ) . A po- 

l i p o p r o t e i n  G, A IV, a p o - l i p o p r o t e i n  H (/32 g l y c o p r o t e i n  -

1) , a p o - l i p o p r o t e i n  (a ) (w h ich  may b e  a p o ly m o r p h ic  form  

o f  a p o - l i p o p r o t e i n  B) may m ee t t h e  c r i t e r i a  f o r  i n c l u s i o n
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a s  a p o - l i p o p r o t e i n s .  P o ly m o r p h ic  fo rm s a r e  d e n o t e d  b y  

A r a b ic  n u m e r a ls ,  f o r  e x a m p le , a p o - l i p o p r o t e i n  E - l ,  E -2  and  

a p o - l i p o p r o t e i n  C - I I I - l .

I n  A la u p o v ic ' s  s y s te m  ( 1979, 1 9 8 3 ) ,  an a p o - l i p o p r o t e i n  m u st  

b e  c a p a b le  o f  b e in g  t h e  o n ly  p r o t e i n  i n  t h e  l i p o p r o t e i n ,  

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

h o w e v e r , c a r r y  m ore th a n  o n e  a p o - l i p o p r o t e i n .  O sb orn e  and  

B rew er ( 1 9 7 7 )  c ir c u m v e n te d  t h i s  p ro b lem  b y  s u g g e s t i n g  t h a t  

t h o s e  l i p o p r o t e i n s  w i t h  a s i n g l e  a p o - l i p o p r o t e i n  s h o u ld  b e  

te r m ed  a p r im a r y  l i p o p r o t e i n ,  and t h o s e  w i t h  tw o  o r  m ore ,
e.b q I

a s e c o n d a r y  l i p o p r o t e i n .  A la u p o v ic  A (1 9 8 3 ) c a l l e d  t h e s e  

l i p o p r o t e i n s  a s s o c i a t e d  c o m p le x e s  o f  f a m i l i e s .  I t  i s  

d e b a t a b le ,  h o w e v e r , w h e th e r  t h o s e  w it h  p o ly m o r p h ic  fo rm s  

s h o u ld  b e  p r im a r y  o r  s e c o n d a r y ,  o r  s h o u ld  h a v e  a s e p a r a t e  

c l a s s i f i c a t i o n .

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

a p o - l i p o p r o t e i n s  a p p e a r  t o  b e  ad d ed  and rem oved  from  t h e  

p a r t i c l e  d u r in g  i t s  t im e  i n  t h e  i n t r a - v a s c u l a r  co m p a rtm en t.

2 .3 .  SEPARATION OF PLASMA LIPOPROTEINS

To s e p a r a t e  l i p o p r o t e i n s  i n  u s e f u l  q u a n t i t i e s  f o r  

e x p e r im e n t a t io n ,  t h e r e  a r e  t h r e e  m ain  m e th o d s;  

u l t r a c e n t r i f u g a t i o n ,  p r e c i p i t a t i o n  and c h r o m a to g r a p h y .
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L ip o p r o t e in  c l a s s e s  a r e  f r a c t i o n a t e d  a c c o r d in g  t o  t h e i r  

h y d r a te d  d e n s i t y  by h a v in g  s e r i a l  a l t e r a t i o n s  i n  t h e  

s o l v e n t  d e n s i t y .  T h is  m eth od  w as p ro p o u n d ed  b y  H a v e l e t  a l  

( 1 9 5 5 )  . The p r i n c i p l e  o f  t h i s  m eth od  i s  t o  a d j u s t  t h e  

s o l v e n t  d e n s i t y  o f  t h e  p la sm a  t o  t h e  lo w e r  l i m i t  o f  t h e  

f r a c t i o n  t h a t  i t  i s  p r o p o s e d  t o  i s o l a t e ,  and th e n  

c e n t r i f u g e  t h e  p r e p a r a t io n  a t  a p p r o x im a te ly  1 0 0 , 0 0 0  G f o r  

1 2 -1 8  h o u r s .  The l i p o p r o t e i n s  o f  a l e s s e r  d e n s i t y  th a n  t h e  

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

l i p o p r o t e i n s  and p la sm a  p r o t e i n s  w i l l  b e  c e n t r i f u g e d  

to w a r d s  t h e  b o t to m . I f  t h e  l i p o p r o t e i n s  a t  t h e  t o p  o f  t h e  

tu b e  a r e  t h e n  rem o v ed , t h e  d e n s i t y  o f  t h e  i n f r a n a t e  c a n  b e  

r a i s e d  t o  a new l e v e l ,  and t h e  u l t r a c e n t r i f u g a t i o n  

r e p e a t e d .

By c o n t in u in g  i n  t h i s  m an n er, t h e  sa m p le  c a n  b e  

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

d i s t r i b u t i o n .  Due t o  t h e  o v e r la p  o f  t h e  l i p o p r o t e i n s  a t  

t h e  j u n c t i o n  b e tw e e n  t h e  s u p r a n a t a n t  and t h e  i n f r a n a t a n t ,  

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

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

The r e s e a r c h e r  m u st b e  aw are  t h a t  r e p e a t e d  m a n ip u la t io n  may 

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

The t im e  and s p e e d  o f  u l t r a c e n t r i f u g a t i o n  d e p e n d s  on t h e  

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

2.3.1. Isolation by Sequential Ultracentrifugation
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s lo w e r  u l t r a c e n t r i f u g a t i o n  a s  t h e  s e p a r a t i o n  o f  t h e  

l i p o p r o t e i n s  c a n  so m e tim e s  b e  im p ro v e d , a s  t im e  i s  a l lo w e d  

f o r  t h e  l i p o p r o t e i n s  a t  t h e  b o tto m  o f  t h e  t u b e  t o  f l o a t  t o  

t h e  t o p .

2 .3 .2  I s o l a t i o n  b y  D e n s i t y  G r a d i e n t

U l t r a c e n t r i f u g a t i o n

L ip o p r o t e in s  c a n  b e  s e p a r a t e d  i n t o  t h e i r  v a r i o u s  d e n s i t y  

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

g r a d i e n t  u l t r a c e n t r i f u g a t i o n .

D e n s i t y  g r a d i e n t  u l t r a c e n t r i f u g a t i o n  ca n  b e  p e r fo r m e d  by  

u s i n g  a d e n s i t y  g r a d ie n t  i n  a lo n g  s w in g in g  b u c k e t

u l t r a c e n t r i f u g e  r o t o r ,  o r  b y  r a t e  z o n a l

u l t r a c e n t r i f u g a t i o n .

2 . 3 . 2 . 1 .  S in g le  Tube D e n s i ty  G r a d ie n t  

U 1 t r a c e n t r i f u g a t i o n

T he d e n s i t y  g r a d i e n t  i s  form ed  from  sod iu m  b r o m id e  s o l u t i o n  

w h ic h  i s  pumped i n t o  t h e  tu b e  w it h  a m e c h a n ic a l  d e n s i t y  

g r a d i e n t  fo r m e r  t o  p r o d u c e  a c o n t in u o u s ,  o r  d i s c o n t i n u o u s ,  

g r a d i e n t .  The sa m p le  i s  t h e n  a p p l i e d  t o  t h e  t o p  o f  t h e  

t u b e ,  and t h e  p r e p a r a t io n  c e n t r i f u g e d .  The b u c k e t  i s  th e n  

rem oved  (w it h  c a r e  i n  o r d e r  n o t  t o  d i s t u r b  t h e  d e n s i t y  

g r a d i e n t ) , and t h e  sa m p le  a s p i r a t e d .
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2.3.2.2. Rate Zonal Ultracentrifugation

R a te  z o n a l  f l o a t a t i o n  o f  l i p o p r o t e i n s  i n  a d e n s i t y  g r a d ie n t  

u l t r a c e n t r i f u g a t i o n  h a s  b e e n  d e s c r ib e d  i n  d e t a i l  b y  W ilc o x  

and H eim b erg  ( 19 7 0)  and  P a t s c h  e t  a l  ( 1974  and 1 9 8 0 ) .  I t  

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

u l t r a c e n t r i f u g a t i o n .  H ow ever, b e t t e r  r e s o l u t i o n  i s  

a c h ie v e d  when tw o  u l t r a c e n t r i f u g a t i o n s  w i t h  d i f f e r e n t  

d e n s i t y  g r a d i e n t s  a r e  e m p lo y ed ; t h e  f i r s t  y i e l d i n g  VLDL, 

IDL and LDL? and t h e  s e c o n d , w i t h  t h e  h ig h e r  d e n s i t y  

g r a d i e n t ,  y i e l d i n g  HDL and i t s  s u b - d i v i s i o n s .

2 . 3 . 3 .  P r e c i p i t a t i o n  T e c h n iq u e s

The t e c h n iq u e s  a v a i l a b l e  f o r  t h e  f r a c t i o n a t i o n  o f  

l i p o p r o t e i n s  u s in g  p r e c i p i t a t i o n  do n o t  h a v e  a 

c l a s s i f i c a t i o n  s y s te m  o f  t h e i r  own, and t h e  f r a c t i o n s  t h a t  

a r e  p r e c i p i t a t e d  do n o t  c o i n c i d e  p a r t i c u l a r l y  w e l l  w i t h  any  

o f  t h e  r e c o g n is e d  m eth o d s  o f  c l a s s i f i c a t i o n .  O nce t h e  

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

h a v e  t o  b e  f u l l y  c h a r a c t e r i s e d  by u s in g  o n e  o f  t h e  s ta n d a r d  

t e c h n iq u e s ?  e i t h e r  e l e c t r o p h o r e s i s  o r  u l t r a c e n t r i f u g a t i o n .

H ow ever , t h e  p r e c i p i t a t e d  f r a c t i o n s  a p p r o x im a te  t o  t h e  

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

a n d , f o r  c o n v e n ie n c e ,  a r e  d e s c r ib e d  b y  t h e s e  n am es, 

a lt h o u g h  t h e y  do n o t  p r e c i s e l y  c o r r e s p o n d .
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2 . 3 . 3 . 1 .  Low T em p era tu re  E th a n o l F r a c t i o n a t i o n

T h is  t e c h n iq u e ,  d e v e lo p e d  b y  Cohn e t  a l  ( 1 9 5 0 )  , u s e s  

p r e c i s e l y  c o n t r o l l e d  c h a n g e s  in  pH, d i e l e c t r i c  c o n s t a n t ,  

i o n i c  s t r e n g t h ,  t e m p e r a tu r e  and p r o t e i n  c o n c e n t r a t i o n .  

A c e t a t e  and c a r b o n a te  b u f f e r s  a r e  u s e d  t o  a l t e r  t h e  pH and  

i o n i c  s t r e n g t h .  E th a n o l i s  u s e d  t o  c o n t r o l  t h e  d i e l e c t r i c  

c o n s t a n t ,  and t h e  te m p e r a tu r e  i s  m a in ta in e d  a t  -1 0 °C . The 

f r a c t i o n s  p r o d u ce d  b e a r  h i s  nam e.

2 . 3 . 3 . 2 .  P r e c i p i t a t i o n  w i t h  S o d i u m  

P h o s p h o tu n g s ta te

B u r s t e in  ( 19 7 0)  d e v e lo p e d  a t e c h n iq u e  u s i n g  so d iu m  

p h o s p h o t u n g s t a t e ,  an  in o r g a n i c  p r e c i p i t a n t  o f  h ig h

m o le c u la r  w e ig h t .  I n  t h e  p r e s e n c e  o f  m agn esium  i o n s ,  

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

l i p o p r o t e i n s  in c l u d i n g  HDL.

2 . 3 . 3 . 3 .  P r e c i p i t a t i o n  w ith  H e p a r in  and  D e x tra n  

S u lp h a te

The m o st com m only u s e d  m eth od  w as d e v i s e d  b y  B u r s t e in  and  

S c h o ln ic k  ( 1 9 7 3 ) .  S u lp h a te d  p o l y s a c c h a r i d e s  w i l l  r e a c t  

w it h  p la sm a  p r o t e i n s  a t  p h y s i o l o g i c a l  pH t o  p r o d u c e  s o l u b l e  

c o m p le x e s .  L ip o p r o t e in s  a r e  p r e c i p i t a t e d  when t h e

c o n c e n t r a t i o n  o f  t h e  p o ly s a c c h a r i d e  i s  lo w , and  t h e  pH i s  

m a in ta in e d  b e tw e e n  7 .5  and 8 . 6 .  U s in g  a m ix t u r e  o f
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s u lp h a t e d  p o l y s a c c h a r i d e ,  and o n e  o f  t h e  d i v a l e n t  c a t i o n s  

Ca2+, Mg2+, Mn2+ o r  Co2+ t h e  v a r io u s  m ain  c l a s s e s  o f

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

2 . 3 . 4 .  C hrom atography

C hrom atograp h y  i s  a u s e f u l  t e c h n iq u e  f o r  p u r i f y i n g  and  

s e p a r a t i n g  l i p o p r o t e i n s  b u t ,  l i k e  p r e c i p i t a t i o n  t e c h n i q u e s ,  

t h e  p r o d u c t s  h a v e  t o  b e  c h a r a c t e r i s e d  by

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

2 . 3 . 4 . I .  G el F i l t r a t i o n

The l i p o p r o t e i n  sa m p le  i s  p a s s e d  th r o u g h  g e l  co lu m n s o f  

v a r i o u s  p o r e  s i z e .  H ow ever, t h e  r e s o l u t i o n  o f  t h i s  

t e c h n iq u e  i s  p o o r ,  and i t  p r o d u c e s  a l a r g e  e l u t i o n  v o lu m e  

r e q u i r i n g  c o n c e n t r a t i o n .

2 • 3 • 4 . 2 .  A f f i n i t y  ch ro m a to g ra p h y

The a d v e n t  o f  m o n o c lo n a l a n t i b o d i e s  and s p e c i f i c  a n t i b o d i e s  

t o  t h e  v a r i o u s  a p o - l i p o p r o t e i n s  m akes im m u n o -a d so r p tio n  

ch r o m a to g r a p h y  a u s e f u l  t e c h n iq u e  f o r  s e p a r a t i n g  

l i p o p r o t e i n s  from  l a r g e  v o lu m e s  o f  f l u i d .  H ow ever , i t  i s  

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

i t s  u s e f u l n e s s .  I m m o b il is e d  h e p a r in  and l e c t i n  h a v e  b e e n  

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

i s  u n s a t i s f a c t o r y .
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2 . 3 . 5 .  D i s c u s s io n

2 . 3 • 5 . 1 .  U l t r a c e n t r i f u g a t i o n

S e q u e n t ia l  u l t r a c e n t r i f u g a t i o n  i s  t h e  s ta n d a r d  m eth od  f o r  

s e p a r a t i n g  l i p o p r o t e i n  f r a c t i o n s ,  and fo rm s t h e  b a s i s  f o r  

t h e  c l a s s i f i c a t i o n  o f  VLDL, IDL, LDL and HDL. The o n ly  

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

t h e  la b o r a t o r y  w h ere  t h i s  r e s e a r c h  w as u n d e r ta k e n  w as an  

MSE 6 x  14 s w in g in g  b u c k e t  w h ic h  l i m i t e d  t h e  v o lu m e  o f  

s a m p le s  t o  78 m l. By c o n t r a s t ,  120 ml s a m p le s  c o u ld  b e  

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

s e q u e n t i a l  u l t r a c e n t r i f u g a t i o n  t a k e s  72 h o u r s  t o  

f r a c t i o n a t e  l i p o p r o t e i n s ,  com pared  w it h  140 m in u te s  b y  r a t e  

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

T h e se  d i s a d v a n t a g e s  a r e  s h a r e d  b y  s i n g l e  t u b e  d e n s i t y  

g r a d i e n t  u l t r a c e n t r i f u g a t i o n ,  w h ere  e v e n  s m a l l e r  sa m p le  

v o lu m e s  a r e  u s e d .  Two f u r t h e r  d is a d v a n t a g e s  o c c u r  w it h  

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

t h e  l i p o p r o t e i n  sa m p le  fo rm s a  c o n t in u o u s  s p e c tr u m , w h ic h  

do n o t  form  d i s c r e t e  b a n d s . T hus i t  i s  d i f f i c u l t  t o  o b t a in  

a p u r e  s a m p le , h o w ev er  g o o d  t h e  r em o v a l o f  t h e  d e n s i t y  

g r a d i e n t .  S e c o n d ly ,  t h e  c e n t r i f u g e  t u b e s  m u st b e  f i l l e d  

and u n lo a d e d  w h i l e  t h e  r o t o r  i s  a t  r e s t ;  u n d e r  t h e s e  

c o n d i t i o n s  d i f f u s i o n  may d i s t o r t  b o th  t h e  g r a d i e n t  and  t h e  

l i p o p r o t e i n  p o s i t i o n  w i t h i n  t h e  g r a d i e n t .
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The t e c h n iq u e  o f  r a t e  z o n a l  f l o a t a t i o n  i n  t h e  

u l t r a c e n t r i f u g e  o v e r c o m e s  a l l  t h e s e  d i s a d v a n t a g e s .  L arge  

o r  s m a l l  v o lu m e s  may b e  u s e d ,  and t h e  d e n s i t y  g r a d i e n t  i s  

lo a d e d  i n t o  t h e  r o t o r  w h ic h  i s  r o t a t i n g  a t  a s u f f i c i e n t  

s p e e d  t o  m a in ta in  t h e  d e n s i t y  g r a d i e n t .  P u re  

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

o b t a in e d .

U s in g  s e q u e n t i a l  u l t r a c e n t r i f u g a t i o n  i n i t i a l l y ,  p u re  

s a m p le s  o f  t h e  l i p o p r o t e i n  f r a c t i o n s  w e re  p r e p a r e d , and  

t h e s e  form ed  t h e  s ta n d a r d  a g a i n s t  w h ic h  a l l  s u b s e q u e n t  

s a m p le s ,  p r e p a r e d  b y  r a t e  z o n a l  u l t r a c e n t r i f u g a t i o n ,  w ere  

co m p a red .

2 . 3 . 5 . 2 .  P r e c i p i t a t i o n  t e c h n iq u e s

The d i s a d v a n t a g e  o f  t h e s e  t e c h n iq u e s  i s  t h a t  t h e y  do n o t  

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

l i p o p r o t e i n s ,  and t h e r e f o r e  a s e c o n d  m eth od  o f  i s o l a t i o n  i s  

r e q u ir e d .  T h is ,  i n  p r i n c i p l e ,  i s  a so u n d  p r a c t i c e .

H ow ev er , t h e  m ore t h e  l i p o p r o t e i n  m o le c u le s  a r e  

m a n ip u la te d , t h e  m ore l i k e l y  t h e y  a r e  t o  b ecom e d e n a t u r e d .  

T h e se  t e c h n i q u e s ,  t h e r e f o r e ,  w e re  n o t  u s e d  i n  t h i s  s t u d y .

2 . 3 • 5 . 3 .  C hrom atograp h y

G el ch r o m a to g r a p h y  h a s  p o o r  r e s o l u t i o n  o f  l i p o p r o t e i n s ,  and  

a l a r g e  e l u t i o n  v o lu m e . Im m u n o -a d so r p tio n  c h r o m a to g r a p h y ,
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w it h  s p e c i f i c  a n t i b o d i e s ,  i s  u s e f u l  when p r o c e s s i n g  l a r g e  

sa m p le  v o lu m e s , f o r  e x a m p le , p e r f u s a t e s ,  and r a d i o - a c t i v e  

l i p o p r o t e i n s ,  when t h e  u s e  o f  a t i t a n iu m  r a t e  z o n a l  r o t o r  

h e a d  i s  p r e c lu d e d .  R a b b it  a n t i-L D L  w as p r o d u c e d  b y  

i n j e c t i n g  LDL, p u r i f i e d  by  s e q u e n t i a l  u l t r a c e n t r i f u g a t i o n ,  

i n t o  r a b b i t s  t o  u s e  f o r  im m u n o -a d so r p tio n . T h is  t e c h n iq u e  

w as fo u n d  s u b s e q u e n t ly  t o  b e  u n n e c e s s a r y  f o r  t h i s  s t u d y ,  

b u t  t h e  r a b b i t  a n t i-L D L  w as u s e d  f o r  t h e  c h a r a c t e r i s a t i o n  

o f  t h e  l i p o p r o t e i n s  u s i n g  O u c h te r lo n y  p l a t e s .

In  sum m ary, t h e  m eth o d s u s e d  t o  p r e p a r e  l i p o p r o t e i n  

f r a c t i o n s  w e re :

a ) s m a l l  v o lu m e s  o f  l i p o p r o t e i n  w e re  s e p a r a t e d  

u s in g  s e q u e n t i a l  u l t r a c e n t r i f u g a t i o n  a s  a 

s ta n d a r d  ?

b) l a r g e r  v o lu m e s  o f  l i p o p r o t e i n s  w ere  

s e p a r a t e d  u s i n g  r a t e  z o n a l  

u l t r a c e n t r i f u g a t i o n  and com pared  w i t h  t h o s e  

o b t a in e d  by  s e q u e n t i a l  u l t r a c e n t r i f u g a t i o n ;

c )  I - l i p o p r o t e i n s  w e re  p u r i f i e d  on  S e p h a r o s e  

co lu m n s p r i o r  t o  u s e .

60



2 . 4 .  CHARACTERISATION OF LIPOPROTEIN FRACTIONS

L ip o p r o t e in  p r e p a r a t io n s  a r e  a m ix tu r e  o f  p a r t i c l e s  t h a t  

d i f f e r  w i t h  r e s p e c t  t o  s i z e ,  d e n s i t y ,  e l e c t r i c  c h a r g e  and  

c h e m ic a l  c o m p o s i t io n .  As s u c h , no  tw o  s a m p le s  w i l l  b e  

i d e n t i c a l ,  and e a c h  p r e p a r a t io n  h a s  t o  b e  c h a r a c t e r i s e d  by  

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

2 . 4 . 1 .  E l e c t r o p h o r e s i s

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

i s  t h a t  t h e y  h a v e  an i s o e l e c t r i c  p o i n t  a t  a p p r o x im a te ly  pH

5 . 5 ,  a b o v e  w h ic h  t h e y  a r e  n e g a t i v e l y  c h a r g e d . T h is  e n a b le s  

t h e  l i p o p r o t e i n s  t o  b e  m oved b y  an e l e c t r i c  c u r r e n t .  The  

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

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

2 . 2 . 4 .  The f i v e  p r i n c i p a l  e l e c t r o p h o r e t i c  t e c h n iq u e s  a r e  

d e s c r i b e d .

2 . 4 . 1 . 1 .  P a p er  E l e c t r o p h o r e s i s

S t r i p s  o f  p a p e r  a r e  p la c e d  h o r i z o n t a l l y  o v e r  tw o  

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

o f  pH 8 . 6 .  A lbu m in  c a n  b e  ad d ed  t o  t h e  b u f f e r  t o  im p ro v e  

t h e  ban d s e p a r a t i o n s .  The p la sm a  sa m p le  i s  a p p l i e d  t o  t h e  

c a th o d e  en d  o f  t h e  p a p e r ,  and  a  DC c u r r e n t  p a s s e d  a c r o s s  

t h e  e l e c t r o d e s .  The b e s t  r e s u l t s  a r e  o b t a in e d  w i t h  a 

c o n s t a n t  v o l t a g e  p ow er s u p p ly ,  a l th o u g h  a c o n s t a n t  c u r r e n t
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s u p p ly  ca n  b e  u s e d .  The p a p e r s  a r e  d r ie d  i n  an o v e n , and  

t h e  l i p o p r o t e i n s  a r e  t h e n  d e v e lo p e d  by  s t a i n i n g  w it h  e i t h e r  

O il  Red O o r  Sudan B la c k .

2 . 4 . 1 . 2 .  C e l l u l o s e  A c e t a t e  E l e c t r o p h o r e s i s

The t e c h n iq u e  i s  a s i m i l a r  s y s te m  t o  t h e  p a p e r  

e l e c t r o p h o r e s i s .  The b a n d s  ru n  q u ic k e r  and h a v e  a te n d e n c y  

t o  b e  s h a r p e r ,  b u t  c a r e  m u st b e  ta k e n  t o  s e l e c t  t h e  

a p p r o p r ia t e  a c e t a t e  a s  som e s h e e t s  s t a i n  n o n - s p e c i f i c a l l y  

w it h  O i l  Red 0  o r  Sudan B la c k .

2 . 4 . 1 . 3 .  A g a r o se  G el E l e c t r o p h o r e s i s

T h is  m eth o d , d e v i s e d  b y  N o b le  ( 1 9 6 8 ) ,  i s  f a s t e r  th a n  p a p e r  

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

q u a l i t i e s  o f  a g a r o s e  p l a t e s  a r e  s u p e r io r  t o  a c e t a t e .  

H ow ever , i t  i s  d i f f i c u l t  t o  p r e p a r e  a g a r  p l a t e s  o f  a 

u n ifo r m  t h i c k n e s s  and c o n s i s t e n c y ,  and p o o r  q u a l i t y  p l a t e s  

p r o d u c e  an  u n e v e n  r u n n in g  o f  t h e  s a m p le s .  T h is  m eth od  a l s o  

r e q u i r e s  t h e  f r e s h  p r e p a r a t io n  o f  g e l s .  C o m m erc ia l, r e a d y  

t o  u s e  g e l s  w i t h  a lo n g  s h e l f  l i f e  a r e  a v a i l a b l e .  T h e se  

g i v e  g o o d  r e s u l t s  b u t  a r e  m ore e x p e n s iv e .

2 . 4 . 1 . 4 .  P o ly a c r y la m id e  G el E l e c t r o p h o r e s i s

T h is  i s  a  s o p h i s t i c a t e d  m eth od  f o r  p r o d u c in g  a  s i e v e  o f  

v a r i o u s  p o r e  s i z e s  f o r  t h e  s e p a r a t io n  o f  p a r t i c l e s  o f
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d i f f e r e n t  m o le c u la r  w e i g h t s .  The i n t a c t  l i p o p r o t e i n  

m o le c u le  i s  v e r y  l a r g e ,  r e q u ir in g  t h e  u s e  o f  p o ly a c r y la m id e  

g r a d ie n t  g e l s .  In  a d d i t i o n ,  t h e  t o p  o f  t h e  g r a d i e n t  m u st  

h a v e  a v e r y  lo w  c o n c e n t r a t io n  o f  p o ly a c r y la m id e  i n  o r d e r  t o  

p r o d u c e  a l a r g e  p o r e  s i z e ,  t h u s  m ak ing  t h e  t o p  o f  t h e  g e l  

e x t r e m e ly  f r a g i l e .  The g e l  i s  rem oved  from  i t s  c o n t a in e r  

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

e i t h e r  w i t h  Sudan B la c k  o r  O i l  Red 0 .

The a d d i t i o n  o f  sod iu m  d o d e c y l  s u lp h a t e  (SDS) rem o v es  t h e  

a p o - l i p o p r o t e i n s  from  t h e  l i p o p r o t e i n s ,  and t h e  

i d e n t i f i c a t i o n  o f  t h e  m o le c u la r  w e ig h t s  o f  t h e  a p o -  

l i p o p r o t e i n s  i s  p e r fo r m ed  on a d i s c o n t in u o u s  g e l .  T h is  

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

l i p o p r o t e i n  m o e i t y .  The VLDL f r a c t i o n  c o n t a i n s  a p o -  

l i p o p r o t e i n  B and E, and t h e  LDL f r a c t i o n  c o n t a i n s  a p o -  

l i p o p r o t e i n  B a l o n e .  C o o l in g  a p p a r a tu s  i s  r e q u ir e d  t o  

p r e v e n t  t h e  s y s te m  o v e r h e a t in g .

M a g u ire  e t  a l  (1 9 8 9 ) h a v e  d e s c r ib e d  a t e c h n iq u e  f o r  u s in g  

S D S - g ly c e r o l  p o ly a c r y la m id e  s l a b  g e l s  c a p a b le  o f  r e s o l v i n g  

a p o - l i p o p r o t e i n s  w it h  m o le c u la r  w e ig h t s  from  8 , 0 0 0  t o  

g r e a t e r  th a n  5 5 0 , 0 0 0  on  a s i n g l e  g e l .

2 . 4 . 1 . 5 .  I m m u n o e le c tr o p h o r e s is

I m m u n o e le c tr o p h o r e s is  u s e s  s p e c i f i c ,  p r e f e r a b l y  m o n o c lo n a l , 

a n t i b o d i e s  t o  t h e  m o ie ty  t o  b e  i s o l a t e d  and  i d e n t i f i e d .
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T he p r o c e d u r e  i s  e s s e n t i a l l y  s i m i l a r  t o  t h e  e l e c t r o p h o r e s i s  

o f  l i p o p r o t e i n s  i n  a g a r o s e  g e l .  A f t e r  e l e c t r o p h o r e s i s ,  

h o w e v e r , s p e c i f i c  a n t ib o d y  i s  p la c e d  in  a t r o u g h  b e tw e e n  

e a c h  p a i r  o f  w e l l s ,  and  d i f f u s i o n  o f  t h e  a n t ib o d y ,  w h ich  

t a k e s  a p p r o x im a te ly  t h r e e  d a y s ,  i s  a l lo w e d  t o  o c c u r .

2 . 4 . 1 . 6 .  O u c h te r lo n y  Im m u n o d if fu s io n  P l a t e s

T h is  t e c h n iq u e  u t i l i s e s  t h e  p r e c i p i t a t i o n  l i n e s  fo rm ed  when 

a n t i g e n  m e e ts  a n t ib o d y .  A n t ig e n  i s  p la c e d  i n  t h e  c e n t r e  

w e l l  o f  an a g a r  p l a t e  and a n t i b o d i e s  in  s e r i a l  d i l u t i o n s  

a r e  p la c e d  i n  w e l l s  aro u n d  i t .  P r e c i p i t a t i o n  l i n e s  o c c u r  -  

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

a n t ib o d y  i n  e a c h  w e l l  (O u c h te r lo n y , 1 9 7 0 ) .

2 . 4 . 2 .  D i s c u s s i o n

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

tw o  o b j e c t i v e s .  F i r s t l y ,  t o  e n s u r e  t h a t  t h e r e  w as no  

c o n t a m in a t io n  o f  t h e  l i p o p r o t e i n  sa m p le s  w i t h  u n w an ted  

p r o t e i n s ,  p a r t i c u l a r l y  a lb u m in , and s e c o n d ly ,  t o  e n s u r e  

t h a t  t h e r e  w as c o n s i s t e n c y  b e tw e e n  t h e  l i p o p r o t e i n  s a m p le s .

P a p er  e l e c t r o p h o r e s i s  w as fo u n d  t o  t a k e  a l o n g  t im e  t o  

p e r fo r m , and g a v e  i n c o n s i s t e n t  r e s u l t s .  A c e t a t e  s h e e t s  

w h ic h  d id  n o t  p i c k  up Sudan B la c k  and O i l  Red O s t a i n s  w ere  

d i f f i c u l t  t o  o b t a i n .  The t e c h n iq u e s  o f  p a p e r  an d  c e l l u l o s e  

a c e t a t e  e l e c t r o p h o r e s i s  w ere  t h e r e f o r e  a b a n d o n ed .
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In  o r d e r  t o  p e r fo r m  a g a r o s e  g e l  e l e c t r o p h o r e s i s ,  t h e  w o rk er  

i n i t i a l l y  p r e p a r e d  h i s  own a g a r o s e  g e l  p l a t e s ,  b u t  fo u n d  

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

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

l e a d i n g  t o  an i r r e g u l a r  r u n n in g  p a t t e r n ,  and t h e  g e l s  had  

t o  b e  p r e p a r e d  on t h e  d ay  o f  u s e .  T h e se  d i s a d v a n t a g e s  w ere  

o v erco m e  b y  u s in g  c o m m e r c ia l ly - p r e p a r e d  a g a r o s e  p l a t e s ,  

w h ic h  h a d  a  lo n g  s h e l f  l i f e ,  w ere  e a s y  t o  u s e ,  and  g a v e  

c o n s i s t e n t  r e s u l t s .  A lth o u g h  t h e  a g a r o s e  g e l  

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

t h e  u l t r a c e n t r i f u g a t i o n  p r e p a r a t io n ,  i t  w as a d e q u a te  t o  

show  a c o n s i s t e n c y  b e tw e e n  l i p o p r o t e i n  s a m p le s .

Sodium  d o d e c y l  s u lp h a t e  p o ly a c r y la m id e  g e l  e l e c t r o p h o r e s i s  

g a v e  c o n s i s t e n t  and r e p r o d u c ib le  r e s u l t s  f o r  d e t e r m in in g  

t h e  m o le c u la r  w e ig h t s  o f  t h e  a p o - l i p o p r o t e i n s ,  and  

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

t h e  l i p o p r o t e i n  s a m p le s .

When t h i s  r e s e a r c h  w as u n d e r ta k e n , few  s p e c i f i c  a n t i b o d i e s  

w e re  a v a i l a b l e ,  t h u s  l i m i t i n g  t h e  u s e f u l n e s s  o f  

im m u n o e le c t r o p h o r e s is .  Im m u n o d if fu s io n  i n  t h e  form  o f  a 

s im p le  O u c h te r lo n y  p l a t e  w as u s e f u l  i n  c o n f ir m in g  t h e  

a b s e n c e  o f  a lb u m in  and  t h e  p r e s e n c e  o f  a p o - l i p o p r o t e i n  B in  

t h e  l i p o p r o t e i n  s a m p le s .

65



a) A r e p r e s e n t a t i v e  sa m p le  o f  t h e  l i p o p r o t e i n  

c l a s s  w as p r e p a r e d  b y  r a t e  z o n a l  

u l t r a c e n t r i f u g a t i o n .

b) A g a r o se  g e l  e l e c t r o p h o r e s i s  c o n f ir m e d  

c o n s i s t e n c y  b e tw e e n  s a m p le s .

c )  S D S -p o ly a c r y la m id e  g e l  e l e c t r o p h o r e s i s  o f  

t h e  a p o - l i p o p r o t e i n s  i n  t h e  l i p o p r o t e i n  

sa m p le s  c o n f ir m e d  t h e  s o l e  p r e s e n c e  o f  a p o -  

l i p o p r o t e i n s  B and E i n  t h e  VLDL f r a c t i o n ,  

a p o - l i p o p r o t e i n  B in  t h e  LDL f r a c t i o n ,  no  

a p o - l i p o p r o t e i n  E i n  t h e  HDL f r a c t i o n ,  and  

c o n f ir m e d  t h e  a b s e n c e  o f  an y  o t h e r  

c o n t a m in a t in g  p r o t e i n s ;

d) O u c h te r lo n y  im m u n o d if fu s io n  c o n f ir m e d  

im m u n o lo g ic a l ly  t h e  p r e s e n c e  o f  a p o -  

l i p o p r o t e i n  B i n  VLDL and LDL, and t h e  

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

s a m p le s .

The d e t a i l s  o f  t h e  m eth o d s  em p lo y ed  a r e  d e s c r i b e d  f u l l y  in  

t h e  n e x t  c h a p t e r .

In summary, the methods used for the characterisation of
the lipoprotein samples were as follows:
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3.1. INTRODUCTION

T h is  c h a p t e r  a d d r e s s e s  t h e  m a t e r i a l s  and  m e th o d o lo g y  

r e q u ir e d  f o r  t h e  i s o l a t i o n  and c h a r a c t e r i s a t i o n  o f  VLDL, 

IDL, LDL and HDL. C h a p ter  Two o u t l i n e s  t h e  m eth o d s  

a v a i l a b l e  f o r  t h e  s e p a r a t io n  o f  t h e  l i p o p r o t e i n  f r a c t i o n s ,  

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

o f  t e c h n iq u e s  w h ic h  w e re  a d o p te d  f o r  t h i s  s t u d y .

L ip o p r o t e in s  a r e  p a r t i c u l a r l y  s u s c e p t i b l e  t o  d e g r a d a t io n  

from  en zy m es w i t h i n  t h e  p la s m a , o x i d a t i o n  from  a m b ie n t  

o x y g e n , m i c r o b i o l o g i c a l  d e g r a d a t io n  and  e x c e s s i v e  

m a n ip u la t io n .  To m in im is e  t h e s e  e f f e c t s ,  s a m p le s  s h o u ld  b e  

p r o c e s s e d  a s  r a p i d l y  a s  p o s s i b l e  a t  a t e m p e r a tu r e  b e tw e e n  

0 and 4°C.

To r e d u c e  t h e  e f f e c t s  o f  o x i d a t i o n ,  d is o d iu m  

e t h y le n e d ia m in e  t e t r a a c e t i c  a c i d  (EDTA), t o  a c o n c e n t r a t i o n  

o f  1 .0  mM, w as a d d ed  t o  t h e  p la sm a  and a l l  s o l u t i o n s  u s e d  

d u r in g  t h e  p r e p a r a t io n  and m a n ip u la t io n  o f  t h e  l i p o p r o t e i n  

s a m p le s .  T he EDTA a l s o  a c t s  a s  an  a n t i - c o a g u l a n t  b y  

c h e l a t i n g  c a lc iu m  i o n s  s o  p la sm a  ca n  b e  s e p a r a t e d  from  t h e  

e r y t h r o c y t e s  b y  c e n t r i f u g a t i o n ,  t h u s  a v o id i n g  t h e  t im e  

t a k e n  f o r  c l o t  fo r m a t io n  and r e t r a c t i o n .  S o l u t i o n s  s h o u ld  

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

s h o u ld  b e  k e p t  b e tw e e n  0-4°C  o v e r l a i d  w it h  n i t r o g e n ,  i n  a 

s t o p p e r e d  f l a s k .  I t  i s  a d v i s a b l e  t o  u s e  t h e  l i p o p r o t e i n s  

w i t h i n  t h r e e  w eek s  o f  t a k in g  t h e  sa m p le .
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A s e p t i c  p r e c a u t io n s  s h o u ld  b e  a d o p te d , and  t h e  sa m p le  

s h o u ld  b e  f i l t e r e d  th r o u g h  a 22 m ic r o n  m i l i p o r e  f i l t e r  a s  

b a c t e r i a ,  p a r t i c u l a r l y  t h e  P seu d om on as g r o u p , w i l l  s t i l l  

grow  a t  4°C. I f  t h e  l i p o p r o t e i n  i s  n o t  t o  b e  u s e d  in  a 

b i o l o g i c a l  s y s t e m , so d iu m  a z i d e  o r  t h io m e r s y l  c a n  a l s o  b e  

ad d ed  a t  2 .0  mM and 0 .2  mM c o n c e n t r a t i o n s  r e s p e c t i v e l y .

The co m p o n en ts  o f  t h e  l i p o p r o t e i n  a r e  h e ld  t o g e t h e r  by  

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

M a n ip u la t io n  s h o u ld  b e  k e p t  t o  a minimum c o m p a t ib le  w ith  

t h e  p u r i t y  o f  t h e  p r e p a r a t io n  and t h e  c h a r a c t e r i s a t i o n  o f  

t h e  l i p o p r o t e i n  w h ic h  w i l l  b e  d i c t a t e d  by t h e  r e q u ir e m e n ts  

o f  t h e  e x p e r im e n t  t o  b e  p e r fo r m e d .

3 . 2 .  BLOOD SAMPLES FOR LIPOPROTEIN ISOLATION

250  m l o f  b lo o d  w as ta k e n  by  v e n e p u n c tu r e  u s i n g  a 16G 

B u t t e r f l y  n e e d l e ,  t h r e e - w a y  t a p  and a 60 m l s y r i n g e ,  from  

n o r m a l, h e a l t h y  v o l u n t e e r s  who had  f a s t e d  o v e r n i g h t .  A f t e r  

w ith d r a w in g  50 m l, t h e  t h r e e - w a y  t a p  w as tu r n e d  and t h e  

b lo o d  from  t h e  s y r i n g e  w as e j e c t e d  i n t o  a c o n i c a l  f l a s k  

c o n t a i n i n g  9 2 . 5  mg EDTA, t o  p r o d u c e  a 1 mM f i n a l  

c o n c e n t r a t i o n .  The r e m a in in g  200  m l w as w ith d r a w n  i n  t h e  

sam e w ay .

The b lo o d  w as im m e d ia te ly  c e n t r i f u g e d  a t  4°C. f o r  15 m in u te s  

a t  2 7 0 0  rpm i n  an MSE M is t r a l  4L C e n t r i f u g e .  T h is  s p e e d  

w as s e l e c t e d  a s  s u f f i c i e n t  t o  s e d im e n t  t h e  r e d  c e l l s  w h i le
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a v o id i n g  h a e m o ly s i s .  The p la sm a  w as rem oved  w i t h  a p i p e t t e  

and c e n t r i f u g e d  a t  1 5 0 0 0  rpm f o r  30 m in u te s  a t  4°C. i n  an  

MSE H ig h  S p eed  18 C e n t r i f u g e .  The o p a l e s c e n t  l a y e r  a t  t h e  

t o p  o f  t h e  t u b e ,  c o n t a in in g  t h e  b u lk  o f  t h e  c h y lo m ic r o n s ,  

w as rem oved  w it h  a p i p e t t e  and d i s c a r d e d .  The p la sm a  w as 

r a i s e d  t o  t h e  a p p r o p r ia t e  d e n s i t y  ( s e e  S e c t i o n  3 . 3 . )  p r i o r  

t o  u l t r a c e n t r i f u g a t i o n .

3 . 3 .  ALTERATION OF PLASMA DENSITY

The d e n s i t y  o f  p la sm a  n e e d s  t o  b e  a l t e r e d  f o r  b o th  

s e q u e n t i a l  and r a t e  z o n a l  u l t r a c e n t r i f u g a t i o n .  When 

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

assu m ed  t o  b e  1 . 0 0 6  g /m l ,  and a p p r o x im a te ly  6% o f  t h e  

sa m p le  v o lu m e  i s  o c c u p ie d  b y  p la sm a  p r o t e i n s .  T h e r e f o r e ,  

t h e  p a r t i a l  s o l v e n t  v o lu m e  i s  0 . 9 4  t im e s  t h e  a c t u a l  v o lu m e .

3 . 3 . 1 .  D i a l y s i s

D i a l y s i s  o f  t h e  sa m p le  a g a i n s t  a  s o l v e n t  o f  t h e  r e q u ir e d  

d e n s i t y  i s  t h e  e a s i e s t  and g e n t l e s t  m eth o d . A n a l y t i c a l  

g r a d e  so d iu m  b ro m id e  o r  so d iu m  c h l o r i d e  i s  u s e d  t o  make up  

t h e  s o l u t i o n s  o f  t h e  r e q u ir e d  d e n s i t y .  H ow ever , i t s  

d is a d v a n t a g e  i s  t h a t  i t  t a k e s  a t  l e a s t  24 h o u r s ,  d u r in g  

w h ic h  t im e  t h e  l i p o p r o t e i n  may u n d e rg o  o x i d a t i o n ,  o r  

b a c t e r i a l  and e n z y m a t ic  d e g r a d a t io n .  T h is  m eth od  w as  

t h e r e f o r e  u s e d  i n f r e q u e n t l y  i n  t h i s  s t u d y .
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A s o l u t i o n  o f  known d e n s i t y  in  t h e  a p p r o p r ia t e  v o lu m e  i s  

a d d ed  t o  t h e  sa m p le  t o  r a i s e  t h e  d e n s i t y  t o  t h e  s p e c i f i e d  

v a lu e  b y  u s in g  t h e  e q u a t io n :

DV = d 1 v 1 + d2 v 2

w h ere  D d 1 and  d2 a r e  t h e  d e n s i t i e s  o f  t h e  f i n a l  

m ix t u r e ,  t h e  p la sm a  and t h e  d i l u e n t  r e s p e c t i v e l y .  

V v 1 and v 2 a r e  t h e  c o r r e s p o n d in g  v o lu m e s .

The sa m p le  i s  d i l u t e d  w i t h  a t  l e a s t  o n e  v o lu m e  o f  s o l v e n t ,  

w h ic h  g i v e s  a  c o n s i d e r a b l e  d i l u t i o n .  As t h e  v o lu m e  o f  t h e  

a p p r o p r ia t e  r o t o r  h e a d  i n  t h e  L a b o r a to r y  w as 112 m l, t h i s  

d id  n o t  a l l o w  m ore th a n  45 ml o f  p la sm a  t o  b e  p r o c e s s e d  in  

a s i n g l e  u l t r a c e n t r i f u g a t i o n .  T h is  m eth od  w as a d e q u a te  

f o r  t h e  i n i t i a l  p r e p a r a t iv e  w ork i n  t h i s  s t u d y .

A m ore p r e c i s e  m eth od  w as p u t  fo r w a rd  b y  L in d g r e n  ( 1 9 7 5 )  

w h ic h  t a k e s  i n t o  a c c o u n t  t h e  n o n - l i n e a r i t y  o f  t h e  

r e l a t i o n s h i p  b e tw e e n  t h e  c o n c e n t r a t io n  and d e n s i t y  o f  a  

s a l t  s o l u t i o n .  The p r e c i s i o n  r e q u ir e d  i n  t h i s  s t u d y  d id  

n o t  r e q u ir e  t h e  u s e  o f  t h i s  m ore s o p h i s t i c a t e d  fo r m u la .

3.3.2. The Addition of A Solution of Required
Density
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3 . 3 . 3 .  A d d it io n  o f  S o l i d  S a l t

S o l i d  a n a l y t i c a l  g r a d e  so d iu m  b ro m id e  i s  a d d ed  t o  t h e  

sa m p le  i n  a p r e c i s e l y  c a l c u l a t e d  am ount t o  r a i s e  t h e  

d e n s i t y  t o  t h e  r e q u ir e d  v a l u e .  The s i m p l e s t  m eth od  t o  

r a i s e  t h e  d e n s i t y  u s in g  s o l i d  s a l t  w as p r o p o s e d  b y  R ad d in g  

and S t e in b e r g  ( 1 9 6 0 ) ,  who d e v i s e d  t h e  fo r m u la :

M = v(d, - d,)
1 -  V 'd 2

w h ere  M i s  t h e  w e ig h t  o f  s a l t  t o  b e  ad d ed  t o  a v o lu m e  v  t o  

c h a n g e  i t s  d e n s i t y  from  d 1 t o  d2 a t  a s t a t e d  te m p e r a tu r e .  

V* i s  t h e  p a r t i a l  s p e c i f i c  v o lu m e  o f  t h e  s a l t  a t  t h a t  

r e l e v a n t  te m p e r a tu r e  and c o n c e n t r a t i o n .  The v a l u e s  o f  V* 

o f  t h e  so d iu m  c h l o r i d e ,  so d iu m  b r o m id e , p o t a s s iu m  b ro m id e  

a t  t e m p e r a tu r e s  b e tw e e n  5 and 25°C. ca n  b e  o b t a in e d  from  

t h e  r e l e v a n t  t a b l e s ,  r e p r o d u c e d  in  t h e  A p p e n d ix , w h ic h  a r e  

d e r iv e d  b y  M i l l s  e t  a l  ( 1 9 8 4 )  from  d a t a  o f  B a x te r  and  

W a lla c e  ( 1 9 1 6 ) .

T h is  m eth od  w as u s e d  m o st f r e q u e n t l y  a s  i t  a l lo w e d  t h e  

l a r g e s t  p la sm a  v o lu m e  t o  b e  u s e d .  The q u a n t i t y  o f  

a n a l y t i c a l  g r a d e  so d iu m  b ro m id e  w as c a l c u l a t e d  u s in g  t h e  

a b o v e  fo r m u la , and w e ig h e d . The sa m p le  o f  p la sm a  w as  

a d d ed , and s t i r r e d  g e n t l y  a t  4°C. u n t i l  t h e  s a l t  d i s s o l v e d .
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3 . 4 .  ULTRACENTRIFUGATION

3 . 4 . 1 .  S e q u e n t ia l  U l t r a c e n t r i f u g a t i o n

H a v e l e t  a l  (1 9 5 5 ) d e s c r ib e d  t h e  m eth od  u s e d  i n  t h i s  s tu d y  

t o  s e p a r a t e  t h e  l i p o p r o t e i n  f r a c t i o n s .  H ow ever, 

c h y lo m ic r o n s  and  VLDL h a v e  a d e n s i t y  l e s s  th a n  t h a t  o f  

p la sm a  and s e q u e n t i a l  s e p a r a t io n  o f  t h e s e  tw o  c l a s s e s  i s  

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

z o n a l  f l o a t a t i o n  ( s e e  S e c t i o n  3 . 4 . 2 . ) .

The i n i t i a l  c e n t r i f u g a t i o n  a t  1 5 , 0 0 0  rpm i n  t h e  MSE H igh  

S p ee d  18 rem oved  m o st o f  t h e  c h y lo m ic r o n  f r a c t i o n  ( S e c t io n

3 . 2 . ) .  The sa m p le  w as u l t r a c e n t r i f u g e d  i n  p o ly c a r b o n a t e  

c e n t r i f u g e  t u b e s  a t  2 8 , 0 0 0  rpm f o r  3 h o u r s  a t  10°C. The 

f r a c t i o n  a t  t h e  t o p  o f  t h e  tu b e  c o n t a in e d  c h y lo m ic r o n  

r em n a n ts  and VLDL.

The d e n s i t y  o f  t h e  p la sm a  sa m p le  w as assu m ed  t o  b e  1 . 0 0 6  

g /m l ,  and t h i s  w as r a i s e d  b y  t h e  a d d i t i o n  o f  s o l i d  

a n a l y t i c a l  g r a d e  so d iu m  b ro m id e  (S igm a P h a r m a c e u t ic a ls ,  

P o o l e ,  D o r s e t ,  UK) u s in g  t h e  fo r m u la  s t a t e d  i n  S e c t i o n

3 . 3 . 3 .  t o  a  d e n s i t y  o f  1 . 0 2  g /m l .  The m ix t u r e  w as  

u l t r a c e n t r i f u g e d  i n  a 6 x  14 s w in g in g  b u c k e t  r o t o r  h ea d  a t

2 8 , 0 0 0  rpm f o r  16 h o u r s  a t  5°C. The s u p e r n a t a n t  w as rem oved  

b y  t u b e  s l i c i n g  ( s e e  S e c t i o n  3 . 4 . 3 . )  w h ic h  y i e l d e d  IDL, 

d e n s i t y  1 . 0 0 6  -  1 . 0 2  g /m l .
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The r e m a in in g  p la sm a  w as a ssu m ed  t o  h a v e  a d e n s i t y  o f  1 . 0 2  

g /m l and s o l i d  so d iu m  b ro m id e  w as ad d ed  t o  p r o d u c e  a 

d e n s i t y  o f  1 . 0 6 3  g /m l .  R e - u l t r a c e n t r i f u g a t i o n  o f  t h e  

sa m p le  y i e l d e d  LDL, a g a in  rem oved  by  t u b e  s l i c i n g .  To 

p r o d u c e  t h e  HDL f r a c t i o n ,  t h e  sa m p le  d e n s i t y  w as r a i s e d  t o  

1 . 2 0  g /m l ,  and u l t r a c e n t r i f u g e d  a t  2 8 , 0 0 0  rpm f o r  48 h o u r s  

a t  10°C.

3 . 4 . 2 .  R a te  Z o n a l U l t r a c e n t r i f u g a t i o n

W ilc o x  and H eim b erg  ( 1 9 7 0 )  and P a t s c h  e t  a l  (1 9 7 4  and 1 9 80)  

d e s c r ib e d  m eth o d s  f o r  r a t e  z o n a l  f l o a t a t i o n  o f  l i p o p r o t e i n s  

i n  B 1 4 , B15 and  T I -1 4  t i t a n iu m  r o t o r s .  I n  t h i s  s t u d y ,

t h e i r  t e c h n iq u e  w as m o d if ie d  t o  s u i t  an MSE t i t a n iu m  B14 

r o t o r .

3 . 4 . 2 . 1 .  Sam ple P r e p a r a t io n

A b lo o d  sa m p le  w as ta k e n  and p r e p a r e d  a s  d e s c r ib e d  i n  

S e c t i o n  3 . 2 .  and  t h e  d e n s i t y  r a i s e d  t o  1 .3  0 g /m l ( s e e  

S e c t i o n  3 . 3 . 3 . ) .
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3.4.2.2. Setting up the Density Gradient

S o l u t i o n s :

L ig h t  S o l u t i o n

2 l i t r e s  d i s t i l l e d  w a te r  w it h  3 5 0  n M EDTA 

a d j u s t e d  t o  pH 7 .4  w i t h  NaOH.

H eavy S o l u t i o n

2 l i t r e s  sod iu m  b ro m id e  s o l u t i o n  o f  d e n s i t y  1 . 3 0  

(m ea su red  w i t h  an h y d r o m e te r ) w i t h  350  /xM EDTA 

a d j u s t e d  t o  pH 7 .4  w i t h  NaOH.

T h e re  a r e  tw o  m eth o d s u s e d  f o r  s e t t i n g  up d e n s i t y  

g r a d i e n t s :

i )  A cam o f  v a r i a b l e  s h a p e  w h ic h  d i c t a t e s  t h e  

p r o p o r t io n s  o f  t h e  l i g h t  and h e a v y  s o l u t i o n s  

pumped i n t o  t h e  r o t o r .

i i )  D i f f e r e n t  v o lu m e s  o f  t h e  l i g h t  and h e a v y  

s o l u t i o n s  a r e  u s e d  and run  i n  u n d e r  g r a v i t y .
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The l a t t e r  m eth od  w as u s e d ,  w h ic h  r e q u ir e d  tw o  g l a s s  

c y l i n d e r s  (LS and HS) j o i n e d  t o g e t h e r  a t  t h e  b o tto m  w it h  

t u b in g  an d  a  t a p  ( T ) . A s t i r r e r  (S ) w as i n s e r t e d  i n t o  t h e  

f i r s t  c y l i n d e r ,  j u s t  a b o v e  t h e  o u t l e t  t o  a p e r i s t a l t i c  pump 

(P) , w h ic h  w as c o n n e c t e d  t o  t h e  i n l e t  p o r t  o f  t h e  r a t e  

z o n a l  r o t o r  ( s e e  F ig u r e  3 . 1 . ) •

F ig u r e  3 . 1 .  D iagram  o f  D e n s i t y  G r a d ie n t  F orm er
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The t e c h n iq u e  i s  b e s t  i l l u s t r a t e d  b y  u s in g  an e x a m p le . I f  

t h e  seru m  v o lu m e  i s  12 0 m l, and a 3 0 m l c u s h io n  (N aB r, 

d e n s i t y  1 . 3 0  g /m l ,  t o  f l u s h  t h e  sa m p le  i n t o  t h e  r o t o r )  i s  

r e q u ir e d  a t  t h e  en d  o f  l o a d i n g ,  th e n  t h e  g r a d i e n t  v o lu m e  

w i l l  b e  t h e  v o lu m e  o f  t h e  r o t o r  m in u s t h i s  v o lu m e , i . e .  670  

- 1 5 0  ml = 520  m l.

To d e te r m in e  t h e  d i f f e r i n g  v o lu m e s  o f  l i g h t  and h e a v y  

s o l u t i o n s  i s  a m a t t e r  o f  t r i a l  and e r r o r .  The p r o p o r t io n  

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

d e n s i t i e s ,  1 : 1 . 3 ,  t h u s  t h e  v o lu m e  o f  t h e  l i g h t  s o l u t i o n  

w i l l  n e e d  t o  b e  m u l t i p l i e d  b y  1 / 1 . 3  = 0 . 7 6 9 2 .

An a p p r o p r ia t e  s o u n d in g  v o lu m e , f o r  e x a m p le  300 m l, o f  

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

230  ml o f  h e a v y  s o l u t i o n  w h ic h  a d d s up t o  a t o t a l  v o lu m e  o f  

5 3 0  m l, t h e r e f o r e  t h e  v o lu m e  h a s  b e e n  o v e r e s t im a t e d .  Thus  

t r y i n g  a v o lu m e  o f  2 9 5  m l o f  l i g h t  s o l u t i o n  g i v e s  a v o lu m e  

o f  226  m l o f  h e a v y  s o l u t i o n  w h ic h  a d d s up t o  521  ml o f  

g r a d i e n t .

3 . 4 . 2 . 3 .  M ethod

An MSE t i t a n iu m  B14 z o n a l  r o t o r  w it h  a v o lu m e  o f  670 m l w as 

u s e d ,  and  i t s  c h a r a c t e r i s t i c s  h a v e  b e e n  d e s c r ib e d  i n  d e t a i l  

b y  A n d erso n  e t  a l  ( 1 9 6 7 ) .
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295  m l o f  l i g h t  s o l u t i o n  w as p u t  i n t o  t h e  c y l i n d e r  w i t h  t h e  

s t i r r e r ,  and 226 m l o f  h e a v y  s o l u t i o n  w as p u t  i n t o  t h e  

o t h e r  c y l i n d e r .  The t a p  b e tw e e n  t h e  tw o  w as o p e n e d , and  

t h e  pump s t a r t e d  s im u l t a n e o u s ly .  I n  t h i s  w ay , t h e  

a p p r o p r ia t e  p r o p o r t io n s  o f  l i g h t  and h e a v y  s o l u t i o n s  w ere  

ru n  i n t o  t h e  r o t o r .  The d e n s i t y  g r a d ie n t  w as pumped in  

from  t h e  r im  o f  t h e  r o t o r  to w a r d s  t h e  c e n t r e  (r im  f e e d )  , 

t h u s  t h e  d e n s e s t  p a r t  o f  t h e  g r a d ie n t  w as a t  t h e  p e r ip h e r y  

o f  t h e  r o t o r .  The sa m p le  w as pumped i n t o  t h e  d e n s e s t  

p o r t i o n  o f  t h e  g r a d i e n t ,  and t h e r e f o r e  i t s  d e n s i t y  h ad  t o  

b e  r a i s e d  t o  t h i s  l e v e l ,  t h a t  i s ,  1 . 3 0  g /m l .

I n  t h e s e  e x p e r im e n t s ,  t h e  g r a d ie n t  w as lo a d e d  a t  a  lo a d in g  

s p e e d  o f  350 0  rpm. By t r i a l  and e r r o r ,  P a t s c h  e t  a l  ( 1 9 7 4 ,  

1 9 8 0 ) had  d e te r m in e d  t h a t  t h e  a p p r o p r ia t e  c e n t r i f u g a t i o n  

t im e  w as 140 m in u te s  a t  a s p e e d  o f  4 2 0 0 0  rpm a t  10°C. T h e se  

c o n d i t i o n s  g a v e  optim um  s e p a r a t io n  o f  t h e  VLDL, IDL and LDL 

from  t h e  HDL and p r o t e i n  w h ic h  rem a in e d  m ix ed  a t  t h e  

p e r ip h e r y .  A d e n s i t y  g r a d ie n t  b e tw e e n  1 .0  and 1 .4  g /m l  

w it h  an u l t r a c e n t r i f u g a t i o n  a t  4 2 0 0 0  rpm a t  10°C. f o r  24 

h o u r s  g a v e  o p t im a l  s e p a r a t io n  o f  t h e  HDL from  t h e  p la sm a  

p r o t e i n s .

The z o n a l  r o t o r  w as u n lo a d e d  a t  3500  rpm b y  pum ping sod iu m  

b ro m id e  s o l u t i o n  o f  d e n s i t y  1 . 3 0  g /m l i n t o  t h e  p e r ip h e r y ,  

f o r c i n g  t h e  g r a d ie n t  o u t  th r o u g h  t h e  c e n t r e  p o r t .  The 

g r a d i e n t  w as c o l l e c t e d  i n  10 ml a l i q u o t s  and  r e a d  i n  a 

s p e c t r o p h o t o m e t e r  a t  280 nm t o  d e te r m in e  t h e  p r o t e i n
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c o n t e n t .  The d e n s i t y  w as m ea su red  u s i n g  a 5 ml d e n s i t y  

f l a s k  and  t h e  r e s u l t s  p l o t t e d  on a g r a p h  o f  w h ic h  F ig u r e

3 . 3 .  i s  an  e x a m p le . F ig u r e  3 . 2 .  sh ow s a  d e n s i t y  g r a d i e n t  

u s i n g  so d iu m  b ro m id e  w i t h o u t  t h e  a d d i t i o n  o f  p la sm a  t o  

v a l i d a t e  t h e  t e c h n iq u e .

F ig u r e  3 . 2 .  Graph o f  Sodium  B rom id e D e n s i t y  G r a d ie n t
w i t h o u t  t h e  A d d it io n  o f  P la sm a
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A r e p r e s e n t a t i v e  sa m p le  o f  e a c h  l i p o p r o t e i n  c l a s s  w as  

t a k e n ,  and p a s s e d  th r o u g h  a 22 m ic r o n  f i l t e r .  The s a m p le s  

w e re  c o n c e n t r a t e d  by  p l a c i n g  them  i n  l a r g e  b o r e  V is k in g  

t u b in g  and c o v e r in g  them  w it h  s o l i d  p o l y e t h y l e n e  g l y c o l  

(m o l. w t . 2 0 , 0 0 0 ) .

The s a m p le s  w e re  r e - u l t r a c e n t r i f u g e d ,  w i t h o u t  m ak ing  an y  

d e n s i t y  a l t e r a t i o n s ,  in  a s i x  b y  f o u r t e e n  s w in g in g  b u c k e t  

r o t o r  f o r  16 -  20 h o u r s  a t  2 8 0 0 0  rpm a t  10°C. The

l i p o p r o t e i n  w as c o l l e c t e d  b y  tu b e  s l i c i n g  ( s e e  S e c t i o n

3 . 4 . 3 . ) .

3 . 4 . 3 .  Tube S l i c i n g

S u p e r n a ta n t s  ca n  b e  h a r v e s t e d  from  u l t r a c e n t r i f u g e d  t u b e s  

i n  t h r e e  w a y s: a s p i r a t i n g  from  t h e  t o p  o f  t h e  t u b e ;  tu b e  

s l i c i n g  and p u n c tu r in g  t h e  b o tto m  o f  t h e  t u b e ;  and  

a s p i r a t i n g  t h e  i n f r a n a t e .  The m o st e f f i c i e n t  m eth od  o f  

rem o v in g  t h e  s u p e r n a t a n t  w as fo u n d  t o  b e  b y  t u b e  s l i c i n g .

The t u b e  s l i c i n g  e q u ip m e n t c o n s i s t e d  o f  tw o  a lu m in iu m  a l l o y  

p l a t e s  w h ic h  c o u ld  b e  s c r e w e d  t o g e t h e r  w i t h  thum b s c r e w s .  

A f l a t ,  t r i a n g u l a r  s t a i n l e s s  s t e e l  b la d e  w as f i x e d  t o  a 

s q u a r e  a l l o y  h a n d le  8 ” lo n g  w i t h  a c i r c u l a r  p a lm  pad  on t h e  

e n d . The a lu m in iu m  p l a t e s  h ad  b e e n  g ro u n d  t o  a l lo w  t h e  

b la d e  and i t s  s q u a r e  h a n d le  t o  s l i d e  h o r i z o n t a l l y  b e tw e e n  

t h e  tw o  p l a t e s .  A h o l e  w as b o r e d  a t  o n e  en d  o f  t h e  p l a t e s  

t o  accom m od ate tw o  s i l i c o n e  r u b b e r  w a s h e r s  and t h e
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c e n t r i f u g e  t u b e .  The a p p a r a tu s  w as f i r m ly  m ou n ted  i n  a 

h o r i z o n t a l  p o s i t i o n  on t h e  b e n c h .

The b la d e  and w a sh e r s  w ere  l i g h t l y  c o a t e d  i n  a t h i n  f i l m  o f  

s i l i c o n e  l u b r i c a n t  p r i o r  t o  u s e .  The c e n t r i f u g e  t u b e s  w ere  

rem oved  from  t h e  b u c k e t s ,  and t h e  i n t e r f a c e  m arked w i t h  a 

b la c k  p e n . The c e n t r i f u g e  tu b e  w as c a r e f u l l y  p u sh ed  

th r o u g h  t h e  w a sh e r s  u n t i l  t h e  mark r e a c h e d  t h e  l e v e l  o f  t h e  

b la d e .  The b la d e  w as f i r m ly  and r a p id l y  s l i c e d  th r o u g h  t h e  

t u b e ,  and t h e  s u p e r n a t a n t  a s p i r a t e d  w it h  a  p i p e t t e .  T h is  

p r o c e d u r e  w as r e p e a t e d  w i t h  t h e  o t h e r  t u b e s  and t h e  

l i p o p r o t e i n  c o n t a in in g  f r a c t i o n s  w ere  p o o le d .

3 . 5 .  LIPOPROTEIN CHARACTERISATION

T he c l a s s i f i c a t i o n  o f  l i p o p r o t e i n s  a c c o r d in g  t o  t h e i r  

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

2 . 2 . 4 .  and t h e  s e l e c t e d  t e c h n iq u e s  a r e  now d e s c r i b e d .

3 . 5 . 1 .  A g a r o se  G el E l e c t r o p h o r e s i s

The m eth od  p r o p o s e d  by  N o b le  (1 9 6 8 ) w as u s e d  i n  t h i s  s t u d y .  

N o b le  fo u n d  t h a t  b e t t e r  r e s u l t s  w ere  o b t a in e d  b y  a d d in g  a 

s m a l l  am ount o f  a g a r  t o  t h e  a g a r o s e  g e l .
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3,5.1.2. Solutions

1 .  0 . 0 5  M olar  B a r b i t a l  b u f f e r  pH 8 .6

d i e t h y l  b a r b i t u r i c  a c id  2 . 7 6  g ;  sod iu m  

b a r b i t u r a t e  1 5 . 4  g ;  made up t o  1500  ml w it h  

d i s t i l l e d  w a t e r .

2 .  F a t  Red 7B d y e

F a t  Red 7B p ow d er 112 mg (S igm a) , d i s s o l v e d  in  

500  ml a b s o l u t e  m e th a n o l,  s t i r r e d  o v e r n ig h t  and  

m a tu red  f o r  t h r e e  d a y s  a t  room t e m p e r a t u r e .

3 .  W orking d y e

S lo w ly  add 2 ml o f  d i s t i l l e d  w a te r  t o  10 m l o f  

s t o c k  F a t  Red d y e ,  s t i r r i n g  c o n s t a n t l y .

4 .  B rom ophenol b lu e

B rom ophenol b lu e  25 mg made up t o  10 ml w i t h  0 .1  

M p h o s p h a te  b u f f e r  pH 7 .4

5 .  B o v in e  a lb u m in  s o l u t i o n

B o v in e  a lb u m in  2 .5  g  (S ig m a ) , d i s s o l v e d  i n  10 m l 

n o rm a l s a l i n e  (0.9% w /v )  and pH a d j u s t e d  t o  8 .6  

w it h  1 M T r i s  b u f f e r .

A g a r o s e , a g a r  and l i p i d - f r e e  b o v in e  a lb u m in  f r a c t i o n  V w e re  

a l l  o b t a in e d  from  S ig m a .

83



3•5•1.3. Method

0 . 2  g  o f  a g a r o s e  w as ad d ed  t o  40 ml o f  0 . 0 5  M b a r b i t a l  

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

s m a l l  f l a s k .  0 . 0 6  g  o f  a g a r  w as ad d ed  t o  10 m l o f  0 . 0 5  M 

b a r b i t a l  b u f f e r  and h e a te d  w i t h  c a r e  i n  a f l a s k  w h i le  

s t i r r i n g  c o n s t a n t l y .  When b o t h  t h e s e  s o l u t i o n s  w e re  c l e a r  

and  c o l o u r l e s s ,  t h e y  w ere  a l lo w e d  t o  c o o l  i n  a w a te r  b a th  

t o  4 5 -5 0 °C . The 10 ml o f  a g a r  s o l u t i o n  w as a d d ed  t o  t h e  

a g a r o s e  and s t i r r e d .  To t h i s  m ix t u r e ,  1 m l o f  b o v in e  

a lb u m in  s o l u t i o n  w as a d d ed , and s t i r r e d  c o n s t a n t l y .

The g e l  w as c a r e f u l l y  p i p e t t e d  o n to  c l e a n ,  warmed g l a s s  

p l a t e s  (1 0  x  10 cm) , and l e f t  t o  c o o l .  T he l i p o p r o t e i n  

s a m p le s  w ere  s t r e a k e d  o n to  t h e  a g a r o s e  p l a t e  o n e  t h i r d  o f  

t h e  way from  t h e  c a th o d e  e l e c t r o d e ,  and  a  s p o t  o f  

b ro m o p h en o l b lu e  s o l u t i o n  a p p l i e d  a t  t h e  sam e l e v e l .  The 

p l a t e s  w e re  p la c e d  on  a c o o l i n g  p l a t e  a t  25°C . i n  t h e  

e l e c t r o p h o r e s i s  t a n k .  W icks o f  d o u b le  t h i c k n e s s  f i l t e r  

p a p e r , w h ic h  h ad  b e e n  im m ersed  i n  t h e  b a r b i t a l  b u f f e r ,  w ere  

t h e n  l a i d  on e a c h  e n d . A c o n s t a n t  c u r r e n t  o f  25 mA w as  

a p p l i e d  u n t i l  t h e  b ro m op h en o l m ark er had ru n  a p p r o x im a te ly  

8 cm s. The a p p a r a tu s  w as t h e n  s w i t c h e d  o f f .

T he F a t  Red 7B d y e  w as p o u re d  o n t o  t h e  p l a t e  an d  a l lo w e d  t o  

s t a n d  f o r  t h r e e  m in u t e s .  The p l a t e  w as w a sh ed  i n  m e th a n o l,  

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

p l a t e s  w e re  t h e r e f o r e  l e f t  i n  t h e  d y e  o v e r n i g h t ,  and
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c l e a r e d  w i t h  m e th a n o l.  T h is  p r o d u ce d  b a n d s  w h ic h  w e re  

i r r e g u l a r  a c r o s s  t h e  p l a t e .  The c o n c lu s io n  draw n w as t h a t  

t h i s  w as d u e t o  t h e  p o o r  q u a l i t y  o f  t h e  p l a t e .  R e p e a te d  

a t t e m p t s  t o  o b t a in  b e t t e r  q u a l i t y  p l a t e s  w e re  u n s u c c e s s f u l .

C o r n in g  a g a r o s e  e l e c t r o p h o r e s i s  p l a t e s  w e r e  t h e r e f o r e  

p u r c h a s e d  and  g a v e  g o o d  r e s u l t s .  T h e se  w o rk ed  v e r y  w e l l  

and s t a i n e d  e a s i l y  w it h  t h e  F a t  Red 7B in  t h r e e  m in u te s  and  

g a v e  c l e a r  b a n d s .

The u s e  o f  t h e  C o r n in g  a g a r o s e  p l a t e s ,  r e q u ir e d  a d i f f e r e n t  

b a r b i t a l  b u f f e r ,  a s  f o l l o w s :

B a r b i t a l  B u f f e r  0 . 0 5  M, pH 8 . 6

Sodium  b a r b i t a l  5 . 8 3  g ;  b a r b i t a l  1 .2  g? so d iu m  

c h l o r i d e  0 . 3 3  g? EDTA 0 . 2 3  g? made up  t o  2 l i t r e s  

w it h  d i s t i l l e d  w a t e r .

C o r n in g  p l a t e s  h a v e  w e l l s  i n  w h ic h  t o  p l a c e  t h e  sa m p le s  

a n d , u s in g  an  LKB 2103  p ow er s u p p ly  in  c o n s t a n t  v o l t a g e  

m od e, 90  v o l t s  DC w as a p p l i e d  f o r  45 m in u t e s .  The p l a t e s  

w e r e  d r ie d  i n  a  d r y in g  o v e n  and  s t a i n e d  w i t h  F a t  Red 7B a s  

d e s c r ib e d  a b o v e .
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3 . 5 . 2 .  Sodium  D o d e c y l S u lp h a te  P o ly a c r y la m id e  G el 

E l e c t r o p h o r e s i s

3 . 5 . 2 . 1 .  T h eo ry  o f  P o ly a e r y la m id e  G e l F o r m a tio n

The s i e v i n g  e f f e c t  o f  t h e  so d iu m  d o d e c y l  s u lp h a t e  (SDS) 

p o ly a c r y la m id e  g e l  i s  t h e  c r i t i c a l  f a c t o r  i n  t h e s e  

s e p a r a t i o n s .  The d e n s i t y  o f  t h e  g e l  n e tw o r k , t h a t  i s  t h e  

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

s u b - u n i t s  b e in g  s t u d i e d .  A c r y la m id e  g e l  i s  form ed  from  

a c r y la m id e  monomer w h ic h  i s  th e n  c r o s s - l i n k e d  b y  u s in g  

N ,N '- m e t h y le n e  b i s a c r y l a m id e .  O th er  c r o s s - l i n k i n g  a g e n t s ,  

f o r  e x a m p le  N , N ' - d i a l l y l t a r t a r d i a m i d e  o r  N ,N  ’ -

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

p r o p e r t i e s  on  t h e  g e l s .

The p o r e  s i z e ,  t h a t  i s  t h e  d e n s i t y  o f  c r o s s - l i n k i n g ,  c a n  b e  

v a r i e d  i n  tw o  w a y s : -

1 . The c o n c e n t r a t io n  o f  b o th  a c r y la m id e  monomer and  

N , N ' - m e t h y le n e  b is a c r y la m id e  ca n  b e  i n c r e a s e d ,  w h ic h  c a u s e s  

t h e  p o r e  s i z e  t o  d e c r e a s e .  T h is  i s  u s u a l l y  e x p r e s s e d  a s  

%T, i . e .  t h e  t o t a l  a c r y la m id e  and c r o s s - l i n k e r  i n  t h e  g e l .  

T h is  may b e  e x p r e s s e d  a s : -

%T = a  o f  a c r y la m id e  + a  o f  c r o s s - l i n k e r  x  100  
100 ml o f  s o l u t i o n
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2 .  I f  t h e  am ount o f  c r o s s - l i n k e r  i s  c h a n g e d ,  

t h e  p o r e  s i z e  a l s o  c h a n g e s .  T h is  i s  e x p r e s s e d  a s  %C, t h e  

p r o p o r t io n  o f  c r o s s - l i n k e r  t o  t h e  t o t a l  a c r y la m id e  and  

c r o s s - l i n k e r  c o n c e n t r a t io n  i n  t h e  g e l .  T h is  may b e  

e x p r e s s e d  a s : -

%C = a  o f  c r o s s - l i n k e r  x  100________
g  o f  (a c r y la m id e  + c r o s s - l i n k e r )

I t  i s  im p o r ta n t  t o  u s e  d e g a s s e d  s o l u t i o n s  a s  o x y g e n  

i n t e r f e r e s  w it h  t h e  u n ifo r m  p o ly m e r i s a t io n  o f  t h e  

a c r y la m id e .

P o ly a c r y la m id e  g e l s  ca n  b e  c a s t  i n  v a r io u s  s i z e s  o f  r o d s ,  

f o r  o n e - d im e n s io n a l  e l e c t r o p h o r e s i s ,  o r  s l a b s ,  f o r  tw o -  

d im e n s io n a l  e l e c t r o p h o r e s i s .  D is c o n t in u o u s  g e l s  ca n  b e  

c a s t  and a r e  c a p a b le  o f  s e p a r a t in g  t h e  m a r k e d ly  d i f f e r i n g  

h ig h  m o le c u la r  w e ig h t  a p o - l i p o p r o t e i n  B and t h e  o t h e r ,  much 

lo w e r  m o le c u la r  w e ig h t ,  a p o - l i p o p r o t e i n s  and a lb u m in .

The t e c h n iq u e  d e s c r ib e d  b y  W eber and  O sb orn  ( 1 9 6 9 )  w as 

u s e d .
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3.5.2.2. Solutions

IT  IS  IMPORTANT THAT THE ACRYLAMIDE MONOMER AND THE N, N>-  

B IS ACRYLAMIDE ARE HANDLED WITH GREAT CARE AS THEY ARE 

BOTH POTENT NEUROTOXINS.

1 . A c r y la m id e  s o l u t i o n

A c r y la m id e  monomer 2 2 . 2  g ;  N ,N ' - b i s a c r y la m id e

0 .6  g ;  made up t o  100 ml w it h  d i s t i l l e d  w a t e r .  

D e g a ss e d  and  s t o p p e r e d .

2 .  S D S /P h o sp h a te  b u f f e r  0 .2  M, pH 7 .2  

Sodium  d o d e c y l  s u lp h a t e  2 g ,  made up t o  1 l i t r e  

w it h  d i s t i l l e d  w a t e r .  D e g a ss e d  and s t o p p e r e d .

3 .  Ammonium p e r s u lp h a t e  s o l u t i o n

Ammonium p e r s u lp h a t e  150 mg made up t o  100 ml 

w it h  d i s t i l l e d  w a t e r .

4 .  B rom ophenol b lu e

B rom ophenol b lu e  25 mg made up t o  10 m l w i t h  0 .1  

M p h o s p h a te  b u f f e r .

5 .  C o o m a ssie  b lu e  s t a i n  

C o o m a ssie  b lu e  R 250  (S igm a) 1 . 2 5  g ;

50% e t h a n o l  i n  d i s t i l l e d  w a te r  454 ml? g l a c i a l  

a c e t i c  a c id  46 m l.
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6 . TEMED

N ,N ,N ' ,N ' - t e t r a m e t h y le t h y le n e d ia m in e  s o l u t i o n  

(S igm a)

7 .  D e s t a i n in g  s o l u t i o n

G l a c i a l  a c e t i c  a c id  30 m l; m e th a n o l 20 m l;  

d i s t i l l e d  w a te r  350 m l.

3 • 5 • 2 • 3 .  G e l P r e p a r a t io n

G e l r o d s  o f  5 mm in  d ia m e t e r  w ere  made b y  u s i n g  p r e c i s i o n  

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

t h e  LKB e l e c t r o p h o r e s i s  t a n k .  The g l a s s  w as c le a n e d  

t h o r o u g h ly  b y  s o a k in g  t h e  t u b e s  i n  c h r o m ic  a c i d ,  r i n s e d  

w it h  d i s t i l l e d  w a t e r ,  and f i n a l l y  r in s e d  i n  a  0.1% s o l u t i o n  

o f  T r i t o n  X -1 0 0 . The r o d s  w ere  d r a in e d  and d r ie d  i n  an  

o v e n .

When c o o l e d ,  a  d o u b le  t h i c k n e s s  o f  P a r a f i lm  w as p la c e d  o v e r  

o n e  en d  o f  t h e  g l a s s  r o d s ,  w h ic h  w ere  p la c e d  i n  a  v e r t i c a l  

r a c k .  The v e r t i c a l i t y  o f  t h e  r a c k  w as c h e c k e d  w it h  a 

b u b b le  l e v e l .

A d u a l  d e n s i t y  d i s c o n t in u o u s  g e l  co lu m n  w as u s e d  w it h  T = 

7.5% a t  t h e  b o tto m  o f  t h e  t u b e ,  and T = 3. 75% a t  t h e  t o p .  

To make up a T = 7.5% g e l  t h e  f o l l o w i n g  p r o p o r t io n s  w ere  

u s e d : -
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G el b u f f e r  20 ml

A c r y la m id e  s o l u t i o n  1 3 .5  ml 

D i s t i l l e d  w a te r  4 .5  ml 

Ammonium p e r s u lp h a t e  s o l u t i o n  2 ml 

TEMED 0 .0 6  ml

T h is  s o l u t i o n  w as p i p e t t e d  i n t o  t h e  g l a s s  t u b e s  t o  h a l f  

f i l l  them  a n d , t o  p r e v e n t  m e n is c u s  f o r m a t io n ,  d i s t i l l e d  

w a te r  w as g e n t l y  la y e r e d  on t h e  t o p  u s in g  a 25 g u a g e  n e e d le  

and a 1 ml s y r i n g e .  The m ix t u r e  s t a r t e d  t o  s e t  w i t h in  20  

m in u te s  o f  t h e  a d d i t i o n  o f  t h e  ammonium p e r s u lp h a t e  

c a t a l y s t .

The g e l s  w e re  a l lo w e d  t o  s e t  c o m p le t e ly  a t  room  te m p e r a tu r e  

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

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

a c r y la m id e .  The s e c o n d  g e l ,  T = 3 .75% , w as made u s in g  t h e  

f o l l o w i n g  p r o p o r t i o n s : -

G e l b u f f e r  20  ml 

A c r y la m id e  s o l u t i o n  6 .7 5  ml 

D i s t i l l e d  w a te r  1 1 .2 5  ml 

Ammonium p e r s u lp h a t e  s o l u t i o n  2 ml 

TEMED 0 .0 6  ml

The d i s t i l l e d  w a te r  w as c a r e f u l l y  rem oved  from  t h e  t o p  o f  

t h e  g e l  co lu m n  b y  i n v e r t i n g  t h e  t u b e  and d r a in i n g  o n to  

f i l t e r  p a p e r .  The t u b e s  w ere  p la c e d  i n  a v e r t i c a l  r a c k  and
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t h e  3.75%  g e l  w as c a r e f u l l y  l a y e r e d  on t o  t h e  t o p  o f  t h e  

f i r s t  g e l .  D i s t i l l e d  w a te r  w as a g a in  la y e r e d  o n t o  t h e  to p  

o f  t h e  s e c o n d  g e l  co lu m n  t o  a v o id  t h e  m e n is c u s  f o r m a t io n .

When t h e  3.75%  g e l  had  s e t  a f t e r  tw o h o u r s  a t  room  

t e m p e r a tu r e  and u n d e r  u l t r a  v i o l e t  l i g h t ,  t h e  c o lu m n s w ere  

t r a n s f e r r e d  t o  a r e f r i g e r a t o r  a t  4°C. u n t i l  u s e d .

3 . 5 . 2 . 4 .  Sam ple P r e p a r a t io n

The l i p o p r o t e i n  s a m p le s  w ere  d i a l y s e d  o v e r n ig h t  a g a i n s t  a

0 .1  M p h o s p h a te  b u f f e r e d  s a l i n e  pH 7 . 4 ,  w i t h  0 . 1  M EDTA a t  

4°C. 0 .0 2  ml o f  15% SDS i n  p h o s p h a te  b u f f e r  w as a d d ed  t o

0 .2  m l o f  t h e  l i p o p r o t e i n  s a m p le s  t o  g i v e  a  1.5% s o l u t i o n ,  

t o  m a in t a in  t h e  S D S :p r o te in  p r o p o r t io n  a t  a p p r o x im a t e ly  3 :1  

b y  w e ig h t .  1 /xL o f  b ro m o p h en o l b lu e  s o l u t i o n  w as a d d ed  t o  

t h e  sa m p le  m ix t u r e .

3 . 5 . 2 . 5 .  E l e c t r o p h o r e s i s

The LKB a p p a r a tu s  w as s e t  up a c c o r d in g  t o  t h e  

m a n u f a c t u r e r s  i n s t r u c t i o n s ,  d i l u t i n g  t h e  g e l  b u f f e r  1 :1  

w it h  d i s t i l l e d  w a te r  a s  t h e  e l e c t r o d e  b u f f e r .  The s a m p le s  

w e re  la y e r e d  o n to  t h e  t o p  o f  t h e  g e l  co lu m n , and  t h e  pow er  

s w i t c h e d  o n . The g e l s  w ere  ru n  u n t i l  t h e  b ro m o p h en o l b lu e  

w as a p p r o x im a te ly  t h r e e - q u a r t e r s  o f  t h e  way down t h e  t u b e .  

The p ow er  w as s w i t c h e d  o f f  and t h e  t u b e s  rem oved  from  t h e  

t a n k .
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The f r a g i l e  g e l s  w ere  rem oved  from  t h e i r  g l a s s  t u b e s  by  

g e n t l y  i n j e c t i n g  d i s t i l l e d  w a te r  down t h e  s i d e  o f  t h e  

co lu m n  w it h  a 27 g a u g e  n e e d le  and a 1 m l s y r i n g e .  The g e l s  

w ere  l a i d  i n  a  d i s h  and  s t a i n e d  b y  l e a v i n g  th em  i n  t h e  

C o o m a ss ie  b lu e  d y e  o v e r n i g h t .  The g e l s  w e re  c l e a r e d  by  

w a sh in g  th em  i n  d i s t i l l e d  w a te r  and d e s t a i n e d  w i t h  t h e  

d e s t a i n i n g  s o l u t i o n .  A t u b e  w it h  a known s ta n d a r d  m ix tu r e  

o f  p r o t e i n s  o f  known m o le c u la r  w e ig h t  w as ru n  on e a c h  

o c c a s io n  t o  a c t  a s  a  s ta n d a r d  t o  m ea su re  t h e  m o le c u la r  

w e ig h t s  o f  t h e  a p o - l i p o p r o t e i n s .

3 . 5 . 3 .  Im m u n o lo g ic a l C h a r a c t e r i s a t i o n

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

u s in g  tw o  O u c h te r lo n y  p l a t e s ?  o n e  w it h  a n t i - a p o - l i p o p r o t e i n  

B, and t h e  o t h e r  w it h  a n t i-h u m a n  a lb u m in  ( S ig m a ) .

The O u c h te r lo n y  p l a t e  w as made b y  d i s s o l v i n g  1% a g a r  ( P i f c o  

L a b o r a t o r i e s ,  D e t r o i t ,  M ic h ig a n , USA) i n  0.85%  so d iu m  

c h l o r i d e  c o n t a in in g  0.1% w /v  sod iu m  a z i d e .  The g e l  w as  

m e lte d  i n  a  h o t  w a te r  b a th  and p o u red  i n t o  P e t r i  d i s h e s  and  

a l lo w e d  t o  c o o l  and s o l i d i f y .  W e l ls  w e re  t h e n  c u t  

a c c o r d in g  t o  t h e  r e q u ir e m e n t s .

The a n t i g e n ,  i n  t h i s  c a s e  t h e  l i p o p r o t e i n ,  w as p la c e d  in  

t h e  c e n t r e  w e l l  and n e a t  a n t ib o d y ,  and s e r i a l  d i l u t i o n s  o f  

h a l f ,  q u a r t e r ,  o n e - e i g h t h  and o n e - s i x t e e n t h  s t r e n g t h  

a n t ib o d y  w e r e  p la c e d  i n  s e p a r a t e  w e l l s  a ro u n d  i t .
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L in e s  o f  p r e c i p i t a t i o n ,  known a s  l i n e s  o f  i d e n t i t y ,  form ed  

when a n t i g e n / a n t i b o d y  c o m p le x e s  p r e c i p i t a t e d .  T h is  

t e c h n iq u e  v e r i f i e d  t h e  p r e s e n c e  o f  a p o - p r o t e in  B and t h e  

a b s e n c e  o f  a lb u m in  c o n f ir m in g  t h e  p u r i t y  o f  t h e  s a m p le s  a s  

d e te r m in e d  b y  S D S -p o ly a c r y la m id e  g e l  e l e c t r o p h o r e s i s .

3 . 6 .  IODINATION OF LIPOPROTEINS

T h is  p r o c e d u r e  w as b a s e d  on  M c F a r la n e 's  i o d i n e  m o n o c h lo r id e  

m eth od  w i t h  t h e  m o d i f i c a t i o n s  s u g g e s t e d  b y  B i lh e im e r  e t  a l  

( 1 9 7 2 ) .  The m eth od  d e s c r ib e d  p r o d u c e s  r a d i o - a c t i v e l y  

l a b e l l e d  125I - l i p o p r o t e i n  w i t h  t h e  f o l l o w i n g  

c h a r a c t e r i s t i c s :

i )  a s p e c i f i c  r a d i o - a c t i v i t y  o f  2 0 0 -6 0 0  cpm p e r  

nanogram  o f  p r o t e in ?

i i )  l e s s  t h e n  5% o f  t h e  r a d i o - a c t i v i t y  i s  

e x t r a c t a b l e  i n t o  a 2 :1  c h lo r o fo r m :m e th a n o l  

m ix tu r e  ?

i i i )  g r e a t e r  th a n  95% o f  t h e  r a d i o - a c t i v i t y  i s  

p r e c i p i t a b l e  by  10% t r i c h l o r a c e t i c  a c i d .
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3 . 6 . 1 S o l u t i o n s

1 .  G ly c in e /s o d iu m  h y d r o x id e  b u f f e r  

1 M, pH 10

2 .  I o d in e  m o n o c h lo r id e  s t o c k  s o l u t i o n  33 mM 

( s e e  b e lo w  f o r  m eth od)

3 . B u f f e r  A

Sodium  c h l o r i d e  150 mM; EDTA 0 . 2 4  mM; 

a d j u s t e d  t o  pH 7 w ith  so d iu m  h y d r o x id e

4 .  Low d e n s i t y  l i p o p r o t e i n  a t  p r o t e i n  

c o n c e n t r a t io n  o f  2 0 -4 0  m g/m l i n  b u f f e r  A

5 .  Sodium  i o d i d e  ( I )  C a r r i e r - f r e e  2 mCi in

0 .1  ml o f  0 .1  M so d iu m  h y d r o x id e  (The  

R a d io c h e m ic a l  C e n tr e ,  Am ersham , E n g la n d )

6 .  S ep h a d ex  G -25 Column 10 m l e q u i l i b r i a t e d  

w it h  B u f f e r  A

7 .  2 . 6 4  mM w o r k in g  s o l u t i o n  o f  i o d i n e  

m o n o c h lo r id e

I o d in e  m o n o c h lo r id e  s t o c k  s o l u t i o n  1 m l p lu s  

sod iu m  c h l o r i d e  2 M 1 2 . 5  ml
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3 . 6 . 2 .  M ethod f o r  P r e p a r in g  I o d in e  M o n o c h lo r id e  

S t o c k  S o l u t i o n

150  mg so d iu m  i o d i d e  w as d i s s o l v e d  i n  8 m l o f  6 M 

h y d r o c h lo r i c  a c i d  i n  a c o n i c a l  f l a s k .  99 mg a n h y d ro u s  

so d iu m  i o d a t e  w as d i s s o l v e d  i n  2 ml o f  d i s t i l l e d  w a t e r .  

The i o d a t e  s o l u t i o n  w as f o r c i b l y  i n j e c t e d  i n t o  t h e  

io d id e /H C l s o l u t i o n  w it h  a s y r i n g e  and n e e d l e  t o  a v o id  

p r e c i p i t a t i o n  o f  i o d i n e  and t h e  m ix tu r e  w as made up t o  40  

ml w i t h  d i s t i l l e d  w a t e r .  5 m l c a rb o n  t e t r a c h l o r i d e  w as  

a d d ed  t o  t h i s  and sh a k e n  w e l l ,  and t h e  u p p e r  o r g a n ic  p h a se  

w as d i s c a r d e d .  I f  a f a i n t  r e d  c o lo u r  a p p e a r e d  i n  t h e  

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

i o d i n e ,  t h e  c a r b o n  t e t r a c h l o r i d e  w a sh in g  w as r e p e a t e d .  Any 

r e s i d u a l  c a r b o n  t e t r a c h l o r i d e  w as e v a p o r a te d  b y  p a s s in g  

h u m id i f ie d  a i r  th r o u g h  t h e  s o l u t i o n  f o r  o n e  h o u r . The 

f i n a l  v o lu m e  w as made up t o  45 m l w it h  d i s t i l l e d  w a t e r .  

T h is  p r o d u c e d  t h e  s t o c k  s o l u t i o n  w h ic h  c o u ld  b e  s t o r e d  in  

t h e  d a r k  a t  4°C. f o r  up t o  tw o  m o n th s .

3 . 6 . 3 .  M ethod f o r  I o d i n a t i n g  LDL

A l l  s t e p s  w e re  p e r fo r m e d  a t  0 -  4°C. i n  a fum e cu p b o a rd  

d e s ig n a t e d  f o r  r a d i o - a c t i v e  u s e .  S u r g ic a l  g l o v e s ,  m ask and  

a p l a s t i c  a p ro n  w e re  w orn .

A c o n i c a l  t ip p e d  t e s t  tu b e  w as u s e d  f o r  t h e  r e a c t i o n .  0 .1  

m l o f  1 M g ly c in e - s o d iu m  h y d r o x id e  b u f f e r  pH 1 0 , and  3 .2  mg
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o f  LDL p r o t e i n  in  0 .2  ml o f  b u f f e r  A w as p la c e d  i n  t h i s  

t u b e .  0 .2  ml o f  1 M g ly c in e - s o d iu m  h y d r o x id e  b u f f e r  pH 10 

w as a d d ed  t o  2 mCi o f  sod iu m  I  m  0 .1  ml o f  0 .1  M sod iu m  

h y d r o x id e .

T h is  m ix t u r e  w as a d d ed  t o  t h e  LDL s o l u t i o n  and  P a r a f i lm  

s t r e t c h e d  o v e r  t h e  t o p .  U s in g  a 1 ml s y r i n g e ,  0 . 4 2  ml o f  

i o d i n e  m o n o c h lo r id e  w o r k in g  s o l u t i o n  w as i n j e c t e d  

f o r c e f u l l y  i n t o  t h e  v i a l  w h i le  i t  w as b e in g  v o r t e x e d .  The 

d u r a t io n  o f  v o r t e x i n g  s h o u ld  n o t  e x c e e d  tw o  s e c o n d s .  The 

m ix t u r e  w as in c u b a t e d  i n  i c e  f o r  f i v e  m in u te s  and  0 . 2 8  ml 

o f  b u f f e r  A w as a d d ed  t o  t h e  i o d i n a t i o n  m ix t u r e .

The w h o le  m ix tu r e  w as a p p l ie d  t o  a S ep h a d ex  G -25 co lu m n  and  

t h e  e l u a t e  c o l l e c t e d  in  1 ml a l i g u o t s  w h i l e  3 .5  ml o f  

b u f f e r  A w as a p p l i e d  t o  t h e  t o p  o f  t h e  co lu m n . The 

a l i q u o t s  w it h  m axim al r a d i o - a c t i v i t y  w e re  co m b in ed  and  

d i a l y s e d  a g a i n s t  t h r e e  c h a n g e s  o f  3 l i t r e s  e a c h  o f  b u f f e r  

A u n t i l  t h e  d i a l y s a t e  had  l e s s  th a n  3000  cpm /m l ( u s u a l l y  24 

h o u r s  a t  4°C. )  .

A f t e r  d i a l y s i s ,  t h e  125I-LDL s o l u t i o n  w as c e n t r i f u g e d  f o r  30  

m in u te s  a t  4°C. a t  1 0 , 0 0 0  rpm. The s u p e r n a t a n t  w as 

s t e r i l i s e d  b y  p a s s a g e  th r o u g h  a M i l ip o r e  f i l t e r  and  s t o r e d  

u n d e r  n i t r o g e n  a t  4 ° C . , and u s e d  w i t h in  tw o  w e e k s .
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CHAPTER FOUR

PLACENTAL PERFUSION AND THIN LAYER CHROMATOGRAPHY
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4 . 1 .  INTRODUCTION

The p e r f u s i o n  o f  p la c e n t a e  o f  a n im a ls ,  e i t h e r  i n  s i t u  o r  a s  

i s o l a t e d  p r e p a r a t io n s ,  i s  a w e l l  e s t a b i s h e d  a p p r o a c h  t o  t h e  

i n v e s t i g a t i o n  o f  p l a c e n t a l  f u n c t i o n .  H ow ever , t h e  p r o b le m s  

a s s o c i a t e d  w it h  human p l a c e n t a l  p e r f u s i o n  h a v e  r e s u l t e d  in  

many human p l a c e n t a l  f u n c t io n  s t u d i e s  b e in g  p e r fo r m e d  on  

in a p p r o p r ia t e  o r  dam aged p l a c e n t a l  p r e p a r a t i o n s .  (F or  

r e v ie w ,  s e e  M i l l e r  e t  a l ,  1 9 7 6 ) . T h is  l e d  K ra n tz  e t  a l  

( 1 9 6 2 )  and P a n ig e l  (1 9 7 1 ) t o  d e v e lo p  m eth o d s f o r  t h e  in  

v i t r o  p e r f u s i o n  o f  t h e  w h o le ,  and S c h n e id e r  e t  a l  ( 1 9 7 2 )  o f  

a s e l e c t e d  l o b u l e ,  o f  t h e  p l a c e n t a .  T h e se  w o r k e r s  em p lo y ed  

a v a r i e t y  o f  p e r f u s a t e s ,  r a n g in g  from  o u t d a t e d  b a n k , o r  

p o o le d  f e t a l  b lo o d ,  t o  v a r io u s  p h y s i o l o g i c a l  s a l t  

s o l u t i o n s .

P a n ig e l  (1 9 7 1 ) made a d e t a i l e d  c o m p a r iso n  o f  t h e  e f f e c t s  on  

human p l a c e n t a l  u l t r a s t r u c t u r e  o f  f e t a l  s i d e  p e r f u s i o n  w it h  

H anks and E a r le * s  s a l t  s o l u t i o n s  d i l u t e d  w i t h  human p la sm a , 

and d u a l p e r f u s i o n  w i t h  d i l u t e d  h e p a r in i s e d  a d u l t  human 

b lo o d .  T h is  sh ow ed  t h a t  t h e  f i r s t  m a n i f e s t a t i o n  o f  

s y n c i t i o t r o p h o b l a s t  i n j u r y ,  and l a t e r  i n  t h e  o t h e r  c e l l  

t y p e s ,  w as s e v e r e  s w e l l i n g  and r u p t u r e  o f  t h e  c y t o p la s m ic  

membrane s y s t e m s ,  s w e l l i n g  and d i s r u p t i o n  o f  m it o c h o n d r ia ,  

i n t r a c e l l u l a r  oedem a and l o s s  o f  m i c r o v i l l i .  T h is  dam age  

w as much m ore s e v e r e  i n  t h e  p e r f u s i o n s  w it h  s a l t  s o l u t i o n s  

th a n  w i t h  d i l u t e d  a d u l t  b lo o d  p e r f u s a t e s .  T h e se  p r o b le m s
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o f  p l a c e n t a l  v i a b i l i t y  w ere  h i g h l i g h t e d  b y  P e n f o ld  e t  a l  i n  

1 9 8 1 .

C o n t r a c t o r  e t  a l  ( 1 9 8 4 )  com pared  t h e  op en  c i r c u i t  p e r f u s i o n  

o f  a p l a c e n t a l  l o b u l e  w it h  E a r l e ' s  s o l u t i o n ,  w i t h  a c l o s e d  

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

a u t o lo g o u s  f e t a l  b lo o d  d i l u t e d  w i t h  E a r l e ' s  s o l u t i o n .  T hey  

u s e d  l i g h t  and e l e c t r o n  m ic r o s c o p y  t o  e x a m in e  t h e  p l a c e n t a l  

t i s s u e  from  t h e  c l o s e d  c i r c u i t  p e r f u s i o n .  T hey  sh ow ed  t h a t  

t h e r e  w as l i t t l e  c h a n g e  o v e r  a p e r io d  o f  tw o  h o u r s ,  w h i le  

a f t e r  t h r e e  h o u r s  t h e  t i s s u e  show ed  som e oedem a and  

m i c r o v i l l o u s  d am age, b u t  no s i g n  o f  c e l l  s w e l l i n g  and  

l i t t l e  m i t r o c h o n d r ia l  dam age. T hey c o n c lu d e d  t h a t  t h e  

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

t h e  t y p e  o f  p e r f u s a t e  u s e d ,  and t h a t  t h e  u s e  o f  a b lo o d  

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

m a in te n a n c e  o f  t h e  v i a b i l i t y  o f  t h e  p e r f u s i o n  p r e p a r a t io n .

E a to n  e t  a l  ( 1 9 8 5 )  u s e d  c r e a t i n i n e  a s  a m e a su r e  o f  t h e  

e f f i c i e n c y  and v i a b i l i t y  o f  t h e  p e r f u s i o n  p r e p a r a t io n  by  

d e m o n s tr a t in g  t h a t  t h e  t r a n s f e r  o f  i n e r t  c r e a t i n i n e  show ed  

a l i n e a r  r i s e  th r o u g h o u t  t h e  p e r f u s i o n .  T he c r e a t i n i n e  

r i s e  a l s o  a c t e d  a s  an  in d e x  o f  t h e  o v e r la p  o f  t h e  tw o  

c i r c u l a t i o n s ,  and t h e  a v a i l a b l e  e x c h a n g e  a r e a  and  t h e r e f o r e  

c o u ld  b e  u s e d  a s  a w i t h in - e x p e r im e n t  c o n t r o l .
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Two m eth o d s  a r e  com m only u s e d  f o r  p l a c e n t a l  p e r f u s i o n .  The 

f i r s t  u s e s  an op en  c i r c u i t  w h ic h  h a s  a l a r g e  r e s e r v o i r  o f  

p e r f u s a t e  r u n n in g  th r o u g h  b o th  t h e  m a te r n a l and  f e t a l  s i d e ,  

p r o d u c in g  a s i n g l e  p a s s  s y s te m  ( S c h n e id e r  e t  a l ,  1 9 7 2 ) .  

T he s e c o n d  u s e s  a c l o s e d  c i r c u i t  on b o th  t h e  m a te r n a l and  

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

c i r c u l a t i n g  p e r f u s a t e  (C o n t r a c to r  e t  a l  ( 1 9 8 4 ) .  C lo s e d  

c i r c u i t  p e r f u s i o n  i s  t h e  o n ly  s u i t a b l e  m eth od  i f  a u t o lo g o u s  

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

a v a i l a b i l i t y  r e s u l t s  i n  a s m a l l  v o lu m e  o f  p e r f u s a t e .

F o r  t h i s  s t u d y ,  a m ic r o p e r f u s io n  s y s t e m , w i t h  a v o lu m e  o f  

10 m l, w as d e v e lo p e d  i n i t i a l l y  f o r  p e r f u s i n g  a  s m a l l  a r e a  

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

m ic r o s c o p y  s t u d i e s .  P a a v o la  e t  a l  ( 1 9 8 5 )  h a v e  r e c e n t l y  

u s e d  g o l d - l a b e l l e d  LDL t o  t r a c e  t h e  i n t r a c e l l u l a r  

m e ta b o lis m  o f  LDL. G o l d - l a b e l l i n g  o f  l i p o p r o t e i n s  w as n o t  

fo u n d  n e c e s s a r y  i n  t h i s  s t u d y ,  and t h e  m ic r o p e r f u s io n  

s y s te m  w as t h e r e f o r e  u s e d  t o  p r o d u c e  a h ig h  c o n c e n t r a t io n  

o f  14C - c h o l e s t e r o l  i n  a s m a l l  a r e a  o f  p l a c e n t a .

4.2. PLACENTAL PERFUSION

A p e r f u s i o n  c a b i n e t  ( s e e  F ig u r e  4 . 2 . ) ,  c a p a b le  o f  

m a in t a in in g  a te m p e r a tu r e  o f  37° C. ,  w as h u m id i f ie d  and  u s e d  

t o  h o u s e  t h e  p e r f u s i o n  a p p a r a t u s .
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4.2.1 Perfusion Circuit

F ig u r e  4 . 1 .  D iagram  o f  P l a c e n t a l  P e r f u s io n  A p p a r a tu s

The p e r f u s e d  p l a c e n t a l  l o b u l e  (p ) i s  f i x e d  i n  a p e r s p e x  
ch am b er ( s e e  t e x t  f o r  d e t a i l s ) . The f e t a l  p e r f u s a t e  i s  
pumped b y  a  p e r i s t a l t i c  pump ( p f )  th r o u g h  a f lo w  m e te r  (fm)  
i n t o  a b u b b le  t r a p  ( b t )  and th e n  t o  t h e  s a m p lin g  b lo c k  ( s b)  
b e f o r e  e n t e r i n g  an  a r t e r y  on t h e  c h o r i o n i c  p l a t e  ( f a ) . The 
p e r f u s i o n  p r e s s u r e  i s  m o n ito r e d  a t  t h i s  p o i n t  (p 2) . The 
v e n o u s  d r a in a g e  ( f v )  p a s s e s  t o  t h e  s a m p lin g  b l o c k  and  t h e n  
t o  t h e  f e t a l  r e s e r v o i r  ( r f ) .  An e l e c t r o m a g n e t i c  f lo w  p r o b e  
( f p )  m o n it o r s  t h e  v e n o u s  o u t f lo w  r a t e .  In  a  c l o s e d  c i r c u i t  
s y s te m  t h e  r e s e r v o i r  f e e d s  a mem brane o x y g e n a t o r  (mo) w h ic h  
c o m p le t e s  t h e  c i r c u i t .  In  t h e  o p en  c i r c u i t  e x p e r im e n t s  
f l u i d  i s  draw n from  a n o t h e r  r e s e r v o i r  (r )  and  r u n s  t o  w a s t e  
d i s t a l  t o  t h e  f lo w  p r o b e .  On t h e  m a te r n a l s i d e  a s i m i l a r  
c i r c u i t  i s  p r e s e n t .  The a r t e r i a l  i n f l o w  (ma) i s  from  a 
m a n if o ld  f e e d i n g  f i v e  c a n n u la e  w h ic h  p e n e t r a t e  t h e  
i n t e r v i l l o u s  s p a c e  th r o u g h  t h e  b a s a l  p l a t e .  P e r f u s io n  
p r e s s u r e  i s  r e c o r d e d  p r o x im a l t o  t h i s  p o i n t  (p.,) . The 
v e n o u s  d r a in a g e  from  t h e  cham ber (mv) h a s  an i n - l i n e  f i l t e r  
( f ) . The o p en  c i r c u i t  a r r a n g e m e n ts  (b r o k e n  l i n e s )  a r e  a s  
f o r  t h e  f e t a l  s i d e .
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F ig u r e  4 . 2 .  The P e r f u s io n  C a b in e t

A perspex annulus was permanently covered with a silicone 
rubber sheet. Both the sheet and the ring had a segment 
removed so that following the inversion of the placenta, 
maternal side uppermost, the fetal cannulae were not 
occluded by the weight of the placenta.

The maternal and fetal circuits are essentially similar. 
The maternal venous fluid returns from the intervillous 
space (IVS) of the placenta through multiple venous 
openings in the decidual plate. Mixing of the fluids in 
the space between the placenta and the venous drainage was 
effected by the rocking motion of the stand. The gentle
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eccentric rotational motion avoided stagnation of the 
perfusing fluids without displacement of the soft perfusion 
catheters. This venous pool then drained through a blood 
filter (f) (Travenol, Norfolk, UK) into a small reservoir 
(rm) which was constantly stirred to ensure adequate 
mixing. The fetal venous drainage was effected via a 
polythene 8Fg umbilical catheter (C.R. Bard International 
Ltd, Essex, UK) into a reservoir (rf).

Each line then passed into a membrane oxygenator (mo) which
was an adaptation of the type used for small organ
perfusion by Folkman, Cole and Zimmerman (1966). It
consisted of 10 m of silicone rubber tubing (i.d. 0.25 mm, 
o.d. 0.5 mm) wrapped in a single layer around an inner 
glass core 3 cm in diameter and inserted in a close fitting 
outer glass sleeve. The oxygenating gas mixture passed up 
through the rubber tubing and perfusion fluid passed 
downwards in a thin layer over the outside of the tubing. 
Back pressure from the pumps was essential to provide 
surface stirring and to achieve adequate oxygenation. This 
oxygenator had the advantage of having a small, 10 ml, 
priming volume; it was also easily cleaned and the coil 
membrane could be replaced when necessary.

Watson-Marlowe peristaltic pumps (pm and pf) were used for 
the perfusion of both circulations. The perfusate passed 
through electromagnetic flow meters (fp) (Devices 
Instruments Ltd, Welwyn Garden City, UK). Tycos pressure
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gauges (p1f p2) (Short and Mason, London, UK) were connected 
into the circuit by fine bore pressure tubing to monitor 
the perfusion pressures. Both arterial lines then passed 
through bubble traps (bt). The fetal arterial supply was 
through a 6 Fg infant feeding catheter (Warne Surgical 
Products, Andover, Hants, UK) the holes of which had been 
enlarged. The maternal supply was through five 5 Fg 
polythene infant feeding catheters attached to a specially 
made perspex manifold (ma).

The volume of perfusion fluid was 80-100 ml in the fetal 
circuit and 130-150 ml in the maternal circuit. Silicone 
rubber tubing (i.d. 3.5 mm, o.d. 5.5 mm), silicone rubber 
sheet and oxygenator tubing were obtained from Adpol Ltd, 
Sussex, UK.

4 . 2 . 2 .  P e r f u s io n  F l u id s

The perfusion fluid consisted of TC199 tissue culture 
medium with 2 0 ml/L Dextran 4 0 solution (50 g Dextran of 
av. mol. wt. 40, sodium chloride 4.5 g, water for injection 
to 500 ml) and 5000 IU/L of heparin. The fetal blood 
drained from the umbilical cord and from the perfused 
portion of the placenta was added to the perfusate to 
produce an haematocrit of 10% - 20%. The maternal
perfusate contained maternal blood drained from the 
placenta and the kidney dish, in which the placenta had 
been placed after delivery. This was filtered prior to
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addition to the circuit. If there was inadequate maternal 
blood to perfuse the maternal circulation, fetal red cells 
were added to the maternal circuit. By using autologous 
red cells, it was hoped to avoid any possible 
antigen/antibody reactions and avoided the necessity of 
using cross-matched adult blood. The other advantage of 
using fetal red cells is that they have a greater affinity 
for oxygen than adult haemoglobin, thereby compensating for 
the low haematocrit.

4 . 2 . 3 .  M ethod

The circuit was primed with perfusion fluid, ensuring that 
all air bubbles were caught by bubble traps and expelled. 
The pumps were then set to run slowly to ensure that the 
perfusate was oxygenated. The arterial lines were placed 
in the corresponding reservoirs to form a closed circuit.

A freshly delivered human placenta was immediately 
transferred to the laboratory in the labour ward. The 
maternal surface was examined, and an intact lobule was 
selected. If the maternal surface was badly lacerated or 
the fetal vessels torn, the placenta was discarded.

The placenta was placed maternal-side down in a ceramic 
flan dish as this was found to be the correct size for the 
majority of placentae. The dish was placed within the 
perfusion cabinet on the rocking table. The fetal venous
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drainage cannula was inserted into the umbilical vein and 
fetal blood was drained into the fetal circuit reservoir 
(Figure 4.3.)* The fetal arterial line was inserted closer 
to the perfused lobule by stripping the amnion from the 
chorial plate (Figure 4.4.)/ and making a small arteriotomy 
in the fetal surface of the arteriole. A catheter was 
inserted and tied into position with a suture passed 
beneath the arteriole (Figure 4.5.). The proximal end of 
the arteriole was occluded by ligation, and this tie was 
further used to secure the fetal arterial catheter onto the 
chorial plate in line with the arteriole (Figures 4.6 and
4.7.). The fetal venous cannula was pushed into the 
corresponding vein and secured in position by transfixion 
of the cord and double ligation (Figure 4.8.). Thus the 
fetal circulation of the selected lobule was established.

F ig u r e  4 . 3 .  F e t a l  V en ou s D r a in a g e
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F ig u r e  4 . 4 .  S t r i p p i n g  t h e  C h o r io n

F ig u r e  4 . 5 .  S u t u r in g  t h e  C a th e te r  i n t o  t h e  A r t e r i o l e
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F ig u r e  4 . 6 .  S u t u r in g  t h e  P r o x im a l A r t e r i o l e

F ig u r e  4 . 7 .  S u t u r in g  t h e  C an n u la  i n  l i n e  w i t h  t h e
A r t e r i o l e
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F ig u r e  4 . 8 .  I n s e r t i n g  t h e  V enous C an n u la  t o  D r a in  t h e
C h osen  F e t a l  S i t e

The area to be perfused on the maternal side was identified 
by the slight initial blanching due to the fetal perfusion. 
The intervillous space was cannulated by inserting five 
polyvinyl catheters through the basal plate (Figure 4.9.).

The perfused lobule was isolated from the rest of the 
placenta by placing an upper circular chamber onto the 
placental surface. The chamber was secured by passing long 
screws through the placental tissue, and screwing the top 
and base plates together (Figure 4.10.). The maternal 
arterial cannulae passed through the wall of the chamber 
and the venous effluent drained by gravity through two
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openings close to the placental surface. Venous drainage 
was assisted by tilting the preparation towards the 
drainage holes, and by the rocking movement of the 
perfusion table.

When the dual perfusion had been established, the fetal 
oxygenator was switched off to mimic as closely as possible 
the physiological situation of the fetal circulation 
acquiring its oxygen from the maternal side. The fetal 
circulation was established within 5-10 minutes of delivery 
of the placenta, thereby avoiding undue hypoxia.

F ig u r e  4 . 9 .  I n s e r t i n g  M a te r n a l C a n n u a la e  th r o u g h  t h e
B a s a l  P l a t e
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F ig u r e  4 . 1 0 .  I s o l a t i n g  t h e  P l a c e n t a l  L o b u le

The perfusion rate was 5-7 ml/minute with a perfusion 
pressure of 40-90 mm Hg on the fetal side, and 20-24 
ml/minute, with a perfusion pressure of 20-40 mm Hg, on the 
maternal side. The pH and perfusate gasses were monitored 
by taking regular samples, and analysed with a Corning 
blood gas analyser. The pH was adjusted if necessary by 
the addition of sodium bicarbonate, and the blood gases 
maintained at their correct level by adjusting the amount 
of carbon dioxide and oxygen supplied to the maternal 
oxygenator. The status of the perfusion was monitored by 
electro-magnetic flow meters, pressure gauges and the 
stability of the perfusion volumes. If the perfusion
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p r e s s u r e  r o s e ,  o r  t h e  p e r f u s a t e  v o lu m e on  t h e  f e t a l  s i d e  

d e c r e a s e d ,  t h e  e x p e r im e n t  w as t e r m in a t e d .

To e n s u r e  t h a t  no dam age t o  t h e  p la c e n t a  o c c u r r e d ,  and t h a t  

t h e  p e r f u s i o n  o v e r la p  o f  t h e  f e t a l  and m a t e r n a l  c i r c u i t s  

w as s u f f i c i e n t ,  30 mg o f  c r e a t i n i n e  d i s s o l v e d  i n  a s m a l l  

v o lu m e  o f  TC199 s o l u t i o n  w as ad d ed  t o  t h e  m a te r n a l c i r c u i t  

a s  an i n e r t  d i f f u s i o n  m ark er (E a to n  e t  a l  1 9 8 5 ) .  T h is  

i n t e r n a l  c o n t r o l  e n s u r e d  t h a t  o n ly  e x p e r im e n t s  w it h  

t r a n s f e r s  w i t h i n  d e f in e d  l i m i t s  w ere  in c lu d e d .

O nce t h e  p e r f u s i o n  had  b e e n  s a t i s f a c t o r i l y  e s t a b l i s h e d ,  a 

2 ml b a ck g ro u n d  sa m p le  w as rem oved  from  b o t h  t h e  m a te r n a l  

and f e t a l  r e s e r v o i r s .  The l a b e l l e d  l i p o p r o t e i n  w as a d d ed  

t o  t h e  m a te r n a l d i s t r i b u t i o n  h ea d  a t  t im e  z e r o ,  and 2 ml 

s a m p le s  w e re  rem oved  from  t h e  m a te r n a l r e s e r v o i r  a t  30  

m in u te  i n t e r v a l s  and t h e  f e t a l  r e s e r v o i r  a t  15 m in u te  

i n t e r v a l s  f o r  t h e  tw o  h o u r  p e r f u s i o n  p e r i o d .  The p e r f u s i o n  

v o lu m e s  w e re  m a in ta in e d  b y  r e p l a c i n g  t h e  sa m p le  rem oved  

w it h  an e q u a l  v o lu m e  o f  s t o c k  p e r f u s a t e .

1 ml o f  t h e  s a m p le s  w as c o u n te d  and 0 .5  ml w as ad d ed  t o  1 

m l o f  p e r c h l o r i c  a c id  (PCA) , l e f t  o v e r n ig h t  a t  4 ° C . , 

c e n t r i f u g e d  and t h e  s u p e r n a t a n t  rem o v ed . B o th  t h e  

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

PCA p r e c i p i t a b l e  a c t i v i t y .  The r e m a in in g  0 .5  m l w as  

c e n t r i f u g e d  t o  s e d im e n t  t h e  e r y t h r o c y t e s ,  and t h e
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s u p e r n a t a n t s  rem oved  and s t o r e d  b r i e f l y  a t  4 ° C . , o r  f r o z e n  

a t  -2 0 °C . , u n t i l  a s s a y e d  f o r  c r e a t i n i n e .

4 . 2 . 4 .  C r e a t i n in e  E s t im a t io n

C r e a t i n in e  c o n c e n t r a t i o n s  w ere  d e te r m in e d  u s in g  a

c o m m e r c ia l a s s a y  k i t  (S igm a) on a Z e i s s  PMQ I I  

s p e c t r o p h o t o m e t e r  a t  a  w a v e le n g th  o f  5 0 0  nm. T h is  

p r o c e d u r e  d id  n o t  r e q u ir e  an  i n i t i a l  d e p r o t e i n i s a t i o n  s t e p ,  

and c o r r e c t e d  f o r  an y  n o n - c r e a t i n i n e  ch rom ogen  i n  t h e  

s a m p le . The c r e a t i n i n e  c o n c e n t r a t io n s  o b t a in e d  d u r in g  t h e  

e x p e r im e n ts  w e re  c o r r e c t e d  f o r  t h e  e n d o g e n o u s  c r e a t i n i n e  

c o n c e n t r a t i o n s  d e te r m in e d  from  t h e  b a ck g ro u n d  s a m p le s .  

V a lu e s  w e re  t h e n  c o n v e r t e d  t o  g i v e  t h e  am ount o f  c r e a t i n i n e  

t r a n s f e r r e d  and e x p r e s s e d  a s  p e r c e n t a g e s  o f  t h e  a d d ed  d o s e  

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

4 . 3 .  MICRO-PERFUSION TECHNIQUE

A m ic r o - p e r f u s io n  t e c h n iq u e  w as d e v i s e d  b y  t h e  w o rk er  i n  

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

o f  p l a c e n t a .  T h is  w as o n ly  f e a s i b l e  on t h e  m a te r n a l s i d e  

a s  t h e  f e t a l  v a s c u l a t u r e  c o u ld  n o t  b e  c a n n u la t e d  t o  d r a in  

and s u p p ly  t h i s  s m a l l  a r e a .  Thus t h e  t e c h n iq u e  w as o n ly  

s u i t a b l e  f o r  d e m o n s tr a t in g  p l a c e n t a l  a c q u i s i t i o n  o f  

s u b s t r a t e  from  t h e  m a te r n a l c i r c u l a t i o n  and i t s  

i n t r a c e l l u l a r  d i s t r i b u t i o n  ( e . g .  b y  g o l d - l a b e l l i n g  and
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e l e c t r o n  m ic r o s c o p y ) . I t  w as n o t  s u i t a b l e  f o r  m a te r n o -  

f e t a l  t r a n s f e r  s t u d i e s .

A p e r f u s i o n  w as e s t a b l i s h e d  a s  d e s c r ib e d  i n  S e c t i o n  4 . 2 .  

w it h  t h e  a d d i t i o n  o f  an  e x t r a ,  s m a l l e r ,  o c c l u s i v e  co lu m n  (a  

30 ml s y r i n g e  c u t  t o  d i f f e r e n t  co lu m n  h e i g h t s )  on t h e  

m a te r n a l s i d e .  One 5 Fg i n f a n t  f e e d i n g  c a t h e t e r  w as  

i n s e r t e d  th r o u g h  t h e  b a s a l  p l a t e  w i t h i n  t h e  co lu m n  and a 

s e c o n d  6 Fg i n f a n t  f e e d in g  c a t h e t e r ,  w i t h  e x t r a  h o l e s ,  w as  

c u r le d  rou n d  t h e  i n s i d e  o f  t h e  co lu m n  and l a y  on  t h e  

p l a c e n t a l  t i s s u e  t o  p r o v id e  t h e  v e n o u s  d r a in a g e .  An 

e x t e n s i o n  t o  t h e  f e t a l  p e r i s t a l t i c  pump p r o v id e d  t h e  

c i r c u l a t i o n ,  a l th o u g h  i t  w as n e c e s s a r y  t o  i n s e r t  a 30 cm 

v e r t i c a l  tu b e  t o  m o d er a te  t h e  p r e s s u r e  f l u c t u a t i o n s  and a c t  

a s  a b u b b le  t r a p .

A m ic r o - o x y g e n a t o r  w as made b y  w r a p p in g  t h e  o x y g e n a to r  

t u b in g  ro u n d  a s t e e l  r o d  and p l a c i n g  t h i s  w i t h i n  t h e  

c i r c u i t  r e s e r v o i r .  The m i c r o - c i r c u i t  v o lu m e  w as 1 5 -2 0  m l.

4 . 4 .  125I-LXPOPROTEIN PERFUSIONS

4 . 4 . 1 .  I n t r o d u c t i o n

The p l a c e n t a l  p e r f u s i o n  s y s te m  w as u s e d  t o  d e te r m in e  

w h e th e r  125I - l a b e l l e d  l i p o p r o t e i n s  w e re  a c q u ir e d  by  t h e  

p l a c e n t a  u s e d  i n  t h e  i n  v i v o  m o d e l.
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P e r f u s io n  f l u i d s  w ere  m o d if ie d  a c c o r d in g  t o  t h e  e x p e r im e n t  

p e r fo r m e d . To a v o id  an y  c o m p e t i t i v e  i n h i b i t i o n  o f  r a d i o -  

l a b e l l e d  l i p o p r o t e i n  u p t a k e ,  t h e  p e r f u s i o n  f l u i d  on  t h e  

m a te r n a l s i d e  w as com p osed  o f  w ash ed  e r y t h r o c y t e s  su sp e n d e d  

i n  an i s o - o s m o t i c  s o l u t i o n  o f  E a r l e ' s  m edium , so d iu m  

b ic a r b o n a t e ,  h e p a r in  2 , 5 0 0  IU /L , D e x tra n  8 g /L  ( 1 7 , 9 0 0  m o l. 

w t . )  and AB r h e s u s  n e g a t i v e  l i p o p r o t e i n  d e f i c i e n t  p la sm a  

( s e e  s e c t i o n  4 . 5 . 2 . ) .  The am ount o f  h e p a r in  u s e d  s h o u ld  

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

P e r f u s io n s  w e re  p e r fo r m e d  in  t r i p l i c a t e  w i t h  t h e  f o l l o w i n g
ipc # #

I - l a b e l l e d  l i p o p r o t e i n s :

4.4.2. Protocol

i ) 125i - v l d l

i i ) 125I -ID L ;

i i i ) 125i - l d l ?

i v ) 125i - h d l .

I n  o r d e r  t o  e x c lu d e  t h e  p o s s i b i l i t y  o f  a n y  i n t e r f e r e n c e  in  

l i p o p r o t e i n  b in d in g  b y  D e x tr a n , tw o  f u r t h e r  p e r f u s i o n s  w i t h  

125I-LDL w e re  p e r fo r m e d  u s in g  an i s o - o s m o t i c  s o l u t i o n  o f  

G e lo f u s in  i n s t e a d  o f  D e x tr a n , w it h  so d iu m  b i c a r b o n a t e ,  

w a sh ed  m a te r n a l r e d  c e l l s  and E a r l e ' s  s o l u t i o n .  

C h lo r o q u in e ,  an  a c i d o t r o p h i c  a g e n t  w h ic h  h a s  b e e n  show n t o  

b lo c k  t h e  r e c e p t o r - m e d ia t e d  e n d o c y t o s i s  o f  t r a n s f e r r i n  in  

t h i s  p e r f u s i o n  s y s te m  (C o n t r a c to r  and E a to n , 1 9 8 6 ) w as
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a d d ed  t o  t h e  m a te r n a l c i r c u i t  i n  s e p a r a t e  p e r f u s i o n s  t o  

a s c e r t a i n  i f  t h e  m ech an ism  o f  l i p o p r o t e i n  t r a n s f e r  w as v i a  

r e c e p t o r - m e d ia t e d  e n d o c y t o s i s .

4 . 5 .  14C-CHOLESTEROL PERFUSION

4 . 5 . 1 .  I n t r o d u c t i o n

14C - c h o l e s t e r o l  w as in c o r p o r a t e d  i n t o  LDL and VLDL a s  

d e s c r ib e d  i n  S e c t i o n  4 . 5 . 2 .  To d e te r m in e  w h e th e r  14C- 

c h o l e s t e r o l  LDL w as ta k e n  up b y  t h e  p l a c e n t a ,  and t h e  14C- 

c h o l e s t e r o l  c o n v e r t e d  t o  s t e r o i d s ,  t h r e e  p e r f u s i o n s  w ere  

p e r fo r m e d  i n  t h r e e  d i f f e r e n t  w a y s . I t  w as in t e n d e d  t o  w ash  

t h e  p e r f u s i o n  w it h  a s o l u t i o n  c o n t a in in g  h e p a r in  a t  a 

c o n c e n t r a t io n  s u f f i c i e n t l y  h ig h  t o  c a u s e  d i s s o c i a t i o n  o f  

t h e  e n d o g e n o u s  LDL from  t h e i r  r e c e p t o r s ,  and  m a x im ise  t h e  

a b s o r p t io n  o f  14C - c h o l e s t e r o l  LDL.

The s t e r o i d s  w ere  e x t r a c t e d  from  t h e  p e r f u s a t e s  and  

p l a c e n t a e ,  and  s e p a r a t e d  b y  t h i n - l a y e r  ch r o m a to g r a p h y  on  

s i l i c a  g e l  p l a t e s  ( s e e  S e c t i o n  4 . 6 . ) .

4 . 5 . 2 .  I n c o r p o r a t io n  o f  14C - C h o le s t e r o l  I n t o  

L ip o p r o t e in s

The m eth od  d e s c r ib e d  b y  R o b e r ts  e t  a l  (1 9 8 5 ) w as u s e d .  250  

m l o f  b lo o d  w as ta k e n  from  a n orm al human v o l u n t e e r  a s  

d e s c r ib e d  i n  S e c t i o n  3 . 2 .  and t h e  LDL w as o b t a in e d  from  t h e
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p la sm a  b y  r a t e  z o n a l  u l t r a c e n t r i f u g a t i o n .  The LDL sa m p le  

w as f i l t e r e d  th r o u g h  a 22 m ic r o m e te r  f i l t e r  i n t o  s t e r i l e  

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

d i s p l a c e d  w it h  n i t r o g e n  b e f o r e  s t o p p e r i n g .  The p r o t e i n  

c o n t e n t  o f  an  a l i q u o t  w as e s t im a t e d  u s in g  L ow ry*s t e c h n iq u e  

( s e e  A p p e n d ix ) .

L ip o p r o t e in  d e f i c i e n t  serum  w as p r e p a r e d  b y  c e n t r i f u g i n g  10 

m l o f  p la sm a  r a i s e d  t o  a d e n s i t y  o f  1 . 2 1 5  g /m l w i t h  s o l i d  

so d iu m  b ro m id e  and c e n t r i f u g e d  a t  2 9 , 0 0 0  rpm a t  15 °C. f o r  

36 h o u r s .  The l i p o p r o t e i n s  w ere  rem oved  b y  t u b e  s l i c i n g  

and t h e  serum  rem n an t w as deem ed l i p o p r o t e i n  f r e e .

T he l i p o p r o t e i n  s a m p le s  and t h e  l i p o p r o t e i n  d e f i c i e n t  serum  

w e re  d i a l y s e d  a g a i n s t  d e g a s s e d  p h o s p h a te  b u f f e r e d  s a l i n e  

w it h  1 mM EDTA a t  pH 7 .4  f o r  48 h o u r s .  N i t r o g e n  w as b lo w n  

i n t o  t h e  f l a s k s  p r i o r  t o  s e a l i n g  th em .

A sa m p le  o f  14C - c h o l e s t e r o l  w as o b t a in e d  from  Amersham  

L a b o r a t o r ie s  w h ic h  c o n t a in e d  50 /LtCi o f  14C - c h o l e s t e r o l  

d i s s o l v e d  i n  t o l u e n e .  The t o l u e n e  w as e v a p o r a t e d  from

0 . 3 5 2  mg o f  14C - c h o l e s t e r o l  w i t h  a g e n t l e ,  f i l t e r e d  s tr e a m  

o f  n i t r o g e n .  A s s o o n  a s  t h e  s o l i d  fo r m e d , i t  w as  

r e d i s s o l v e d  i n  0 .3  ml o f  a c e t o n e .  The 14C - c h o l e s t e r o l  in  

a c e t o n e  w as ad d ed  d ro p  by d ro p  t o  t h e  l i p o p r o t e i n  d e f i c i e n t  

seru m  w h i l e  b e in g  c o n t in u o u s ly  and g e n t l y  s t i r r e d  i n  a 

s t e r i l e  c o n t a i n e r .  3 mg o f  LDL p r o t e i n  w as a d d ed  t o  t h e  

l i p o p r o t e i n  d e f i c i e n t  seru m , and t h e  s e a l e d  t u b e  w as p la c e d
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on a r o c k e r  and in c u b a t e d  f o r  30 m in u te s  a t  4°C. T h is  serum  

w as r a i s e d  t o  a d e n s i t y  o f  1 . 0 6 3  w i t h  s o l i d  so d iu m  b ro m id e  

and c e n t r i f u g e d  a t  2 8 , 0 0 0  rpm a t  4°C. f o r  20 h o u r s .

The l i p o p r o t e i n  w as rem oved  b y  tu b e  s l i c i n g  and  p la c e d  in  

s t e r i l e  s i l i c o n i s e d  c o n t a i n e r s  u n d er  n i t r o g e n .  The 

i n f r a n a t e  w as s t o r e d  i n  t h e  sam e w ay . 100  /iL a l i q u o t s  o f  

b o th  t h e  i n f r a n a t e  and  t h e  l i p o p r o t e i n  w e re  c o u n te d  t o  

d e te r m in e  t h e  p e r c e n t a g e  o f  14C - c h o l e s t e r o l  i n c o r p o r a t io n  

i n t o  t h e  l i p o p r o t e i n .  T h is  t e c h n iq u e  w as a l s o  u s e d  f o r  

in c o r p o r a t in g  c h o l e s t e r o l  i n t o  VLDL.

4 , 5 . 3 .  P r o t o c o l

a ) The 14C - c h o l e s t e r o l  LDL w as d i v i d e d  i n t o

t h r e e  a l i q u o t s  o f  0 .3  ml e a c h .

b) One a l i q u o t  w as u s e d  i n  a  m i c r o - c i r c u i t

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

serum  (L P D S ).

c )  One a l i q u o t  w as u s e d  i n  a m i c r o - c i r c u i t

p e r f u s i o n  w it h  no LPDS.

d) The r e m a in in g  a l i q u o t  w as u s e d  t o  p e r f u s e  a 

w h o le  p l a c e n t a l  l o b u l e  ( s e e  S e c t i o n  4 . 2 . 3 . )  .

e )  A n o th e r  w h o le  p l a c e n t a l  l o b u l e  w as a l s o

p e r f u s e d  w i t h  14C - c h o l e s t e r o l , n o t  

in c o r p o r a t e d  i n t o  LDL, p l u s  LPDS.
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a) The f e t a l  s i d e  p e r f u s i o n  w as e s t a b l i s h e d .

b) The m i c r o - c i r c u i t  p e r f u s i o n  on  t h e  m a te r n a l  

s i d e  w as e s t a b l i s h e d  a f t e r  a  norm al 

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

c )  The m a te r n a l s i d e  w as w a sh ed  f o r  5 m in u te s  

w it h  5 m g/m l h e p a r in  i n  8 g /L  D e x tra n  

E a r l e ' s  s o l u t i o n .

d) The m a te r n a l s i d e  w as w ash ed  f o r  a f u r t h e r  

25 m in u te s  w it h  8 g /L  D e x tr a n  E a r l e ' s  

s o l u t i o n  on op en  c i r c u i t  t o  rem ove t h e  

h e p a r in .

e )  H e p a r in  l e v e l s  i n  t h e  w ash  s o l u t i o n  w ere  

m ea su red  t o  e n s u r e  t h a t  a l l  t h e  h e p a r in  w as  

w ash ed  o u t .

f )  A c l o s e d  c i r c u i t  p e r f u s i o n  w as e s t a b l i s h e d .

g ) B a se  l i n e  sa m p le s  w e re  t a k e n .

h) 0 .3  m l o f  14C - c h o l e s t e r o l  LDL ( p lu s  3 m l LPDS 

i n  a p p r o p r ia t e  p e r f u s io n )  w as a d d ed  t o  t h e  

m i c r o - c i r c u i t .

i )  The l o b u l e  w as p e r f u s e d  f o r  o n e  h o u r .

j )  A l l  p e r f u s a t e s ,  m ic r o - ,  f e t a l  an d  m a t e r n a l ,  

w e re  c o l l e c t e d ,  d iv i d e d  i n t o  tw o , 

c e n t r i f u g e d  and s e p a r a t e d .  A l l  s a m p le s  w ere  

f r o z e n  a t  -20°C .

k) A l l  r e m a in in g  m a te r n a l b lo o d  w as s q u e e z e d  

o u t  o f  t h e  p l a c e n t a l  m ic r o - p e r f u s io n  a r e a .

4.5.3.1. Protocol of Micro-perfusion Technique
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The l o b u l e  w as e x i s e d  and w a sh ed  th o r o u g h ly  

i n  p h o s p h a te  b u f f e r e d  s a l i n e  a t  0 ° C . , b l o t t e d  

and f r o z e n  a t  -2 0 °C .

4 .5 . 4 .  T e s t  D e v ised  f o r  H e p a r in  E s t im a t io n

To d e te r m in e  w h e th e r  t h e  h e p a r in  u s e d  t o  rem ove LDL from  

t h e  p l a c e n t a l  r e c e p t o r s  had  b e e n  w ash ed  o u t  o f  t h e  

p l a c e n t a l  p e r f u s i o n ,  a r a p id  m eth od  o f  e s t i m a t i n g  h e p a r in  

l e v e l s  w as d e v i s e d .  The t e s t  w as b a s e d  on t h e  s ta n d a r d  

th r o m b in  t im e  t e s t .

4 . 5 . 4 . 1 .  S o lu t io n s

1 . 8 g /L  D e x tra n  E a r l e ' s  s o l u t i o n  (n orm al 

p e r f u s a t e )

2 .  N orm al p la sm a

10 ml o f  b lo o d  from  a n orm al v o l u n t e e r  w as 

c o l l e c t e d  i n t o  1 m l o f  0 . 1 1  M sod iu m  

c i t r a t e .  T h is  w as c e n t r i f u g e d  and  t h e  

p la sm a  s e p a r a t e d .  0 .5  ml a l i q u o t s  o f

p la sm a  w e re  f r o z e n  a t  -2 0 °C .
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3 .  T hrom bin s t o c k

D i s t i l l e d  w a te r  1 ml and n orm al s a l i n e  3 m l, 

w ere  a d d ed  t o  a v i a l  o f  th r o m b in  and  g e n t l y  

m ix e d , t o  g i v e  a c o n c e n t r a t io n  o f  50 u /m l .  

T h is  w as d iv i d e d  i n t o  0 .5  m l a l i q u o t s  and  

f r o z e n  a t  -20°C .

4 .  C a lc iu m  c h l o r i d e  0 . 0 2 5  M

5 .  W orking th ro m b in  5 u /m l

T hrom bin s t o c k  0 .5  ml 

C a lc iu m  c h l o r i d e  5 ml

6 . W orking th ro m b in  7 u /m l

T hrom bin s t o c k  0 .5  ml 

C a lc iu m  c h l o r i d e  3 .5  ml

7 .  W orking th ro m b in  10 u /m l  

T hrom bin s t o c k  0 .5  ml 

C a lc iu m  c h l o r i d e  2 .5  ml

4 . 5 . 4 . 2 .  M ethod

100 f l i t o f  8 g /L  D e x tr a n  E a r le * s  s o l u t i o n  w as a d d ed  t o  100  

fjLh o f  f r e s h l y  th a w ed  p la sm a  and warmed t o  37°C. i n  a w a te r  

b a t h .  100  juL o f  5 u /m l w o r k in g  th r o m b in  w as a d d ed  and a 

s to p w a tc h  s t a r t e d .  The c l o c k  w as s to p p e d  w hen a c l o t  

fo r m e d . D i f f e r i n g  c o n c e n t r a t i o n s  o f  w o r k in g  th r o m b in  w ere
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r e q u ir e d  d e p e n d in g  on  t h e  c o n c e n t r a t io n  o f  h e p a r in  i n  t h e  

p e r f u s a t e .  A g ra p h  o f  h e p a r in  c o n c e n t a t io n  a g a i n s t  t im e  

w as e s t a b l i s h e d  b y  e x p e r im e n t a t io n  from  w h ic h  t h e  h e p a r in  

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

4 . 5 . 4 . 3 .  C o n c lu s io n

U s in g  t h e  h e p a r in  a s s a y ,  t h e  c o n c e n t r a t io n  o f  h e p a r in  

r e q u ir e d  t o  rem ove l i p o p r o t e i n  from  t h e  r e c e p t o r s ,  c o u ld  

n o t  b e  rem oved  by  w a s h in g . E ven a f t e r  a 90 m in u te  w ash  

h e p a r in  w as d e t e c t a b l e  a t  1 2 , 0 0 0  IU /L , and t h i s  a s p e c t  o f  

t h e  e x p e r im e n t  w as a b a n d o n ed . The e x p e r im e n ts  o u t l i n e d  in  

S e c t i o n  4 . 5 . 3 .  w ere  t h e r e f o r e  p e r fo r m e d  w i t h o u t  t h e  h e p a r in  

w a sh .

4 . 6 .  EXTRACTION OF PROGESTERONE AND PRECURSORS FROM 

PLACENTA AND PERFUSATE BY THIN**LAYER CHROMATOGRAPHY

4 . 6 . 1 .  I n t r o d u c t i o n

The human p la c e n t a  a t  te r m  p r o d u c e s  a p p r o x im a te ly  250  mg o f  

p r o g e s t e r o n e  p e r  d a y  (C o n t r a c to r  and  P ear lm a n  1 9 6 0 ) .  The
1AC - c h o l e s t e r o l  p e r f u s i o n s  w ere  d e s ig n e d  t o  d e te r m in e  w h ic h  

o f  t h e  m ech a n ism s o f  c h o l e s t e r o l  a c q u i s i t i o n  w e r e  u s e d  by  

t h e  human p l a c e n t a .  To d e te r m in e  w h e th e r  t h e  14C- 

c h o l e s t e r o l  had  b e e n  m e t a b o l i s e d  t h e  s t e r o i d s ,  p r e g n e n o lo n e  

and p r o g e s t e r o n e ,  w e re  s e p a r a t e d  and  c o u n te d  t o  i d e n t i f y  

t h e  14C i n c o r p o r a t io n .
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The p l a c e n t a l  t i s s u e  and p e r f u s a t e s  w e re  e x t r a c t e d  w i t h  a 

m ix t u r e  o f  c h lo r o  form  and e t h a n o l ,  c o n c e n t r a t e d  b y  

e v a p o r a t io n ,  and t h e  s t e r o i d s  s e p a r a t e d  b y  t h i n - l a y e r  

ch r o m a to g r a p h y  on s i l i c a  g e l  p l a t e s .  The s t e r o i d  b a n d s  

w e re  rem oved  from  t h e  s i l i c a  p l a t e s  and c o u n t e d .

4 . 6 . 2 .  S o l u t i o n s

1 .  E x t r a c t io n  s o l u t i o n

C h lo ro fo rm  2 0 0 . 0  ml

E th a n o l (new ) 2 0 0 . 0  ml

2 .  S o lv e n t  

C h lo ro fo rm  

M eth a n o l 

W ater

3 .  S i l i c a  g e l

S i l i c a  g e l  G60 2 5 . 0  g

D i s t i l l e d  w a te r  6 5 . 0  ml

C o n t r o ls

C h o l e s t e r o l 1 .0 mg

P r o g e s t e r o n e 1 .0 mg

P r e g n e n o lo n e

o•H

mg

M eth a n o l

o•H

m l

3 0 0 . 0  ml  

1 3 . 5  ml  

1 . 1 2 5  ml
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5 * 1 %  P P O / 0 . 0 5 %  P O P O P  T o l u e n e

2 , 5 - d i p h e n y l o x a z o l e  2 0 . 0  g

1,4-bis-2-( - p h e n y l o x a z o l y l ) b e n z e n e

1 . 0  g ,  made up t o  2 l i t r e s  w i t h  T o lu e n e

6 . V a n i l l i n  r e a g e n t  

V a n i l l i n  1 g

A qu eou s o r t h o p h o s p h o r ic  a c i d  50% w /v  100 ml

4 . 6 . 3 .  E q u ip m en t

Vacuum pump c a p a b le  o f  b e in g  c o n n e c t e d  t o  a  

r o t a t i n g  f l a s k  c o n n e c te d  t o  a d o u b le  L e i b ig  

c o n d e n s e r

S i l i c a  g e l  p l a t e  s p r e a d e r  

S crew  d r iv e n  sa m p le  s t r e a k e r  

H o m o g en iser

4 . 6 . 4 .  E x t r a c t io n  o f  T i s s u e  and P e r f u s a t e

The p l a c e n t a l  t i s s u e  w as w e ig h e d  and 150 ml o f  e x t r a c t i o n  

s o l u t i o n  w as a d d ed , and t h e  t i s s u e  h o m o g e n ise d . The 

h o m o g en a te  w as f i l t e r e d  w it h  a N o. 41 Whatman f i l t e r  p a p e r  

w it h  l i g h t  vacuum  f i l t r a t i o n .  The t i s s u e  and f i l t e r  p a p e r  

w e re  r e h o m o g e n is e d  and e x t r a c t e d  w it h  a f u r t h e r  100 ml 

e x t r a c t i o n  f l u i d .  T h is  p r o c e s s  w as r e p e a t e d  o n c e  m ore .
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The e x t r a c t s  w e re  com b in ed  and c o n c e n t r a t e d  b y  w arm ing  

g e n t l y  t o  40°C. i n  a w a te r  b a th  w h i l e  r o t a t i n g  and  

e v a c u a t in g .  The r e s id u u m , c o n s i s t i n g  o f  a w axy d e p o s i t ,  

w as d i s s o l v e d  w i t h  a minimum o f  c h lo r o fo r m , u s u a l l y  1 . 5 - 2 . 0  

ml ,  and 100  f iL  c o u n t e d .

The p e r f u s a t e  w as e x t r a c t e d  b y  s h a k in g  p e r f u s a t e  and  

e x t r a c t i o n  s o l u t i o n  t o g e t h e r ,  s e p a r a t in g  and r e p e a t i n g  t h e  

p r o c e s s  t w i c e  m o re . The e x t r a c t s  w e re  co m b in ed  and  

c o n c e n t r a t e d  a s  a b o v e .

4 . 6 . 5 .  P r e p a r a t io n  o f  S i l i c a  G el P l a t e s

F ou r 20 x  20 cm g l a s s  p l a t e s  w ere  c le a n e d  i n  c h r o m ic  a c i d ,  

t h o r o u g h ly  r i n s e d  i n  d i s t i l l e d  w a t e r ,  and d r i e d  i n  an o v e n .  

The p l a t e s  w e re  p la c e d  on t h e  t a b l e  o f  t h e  p l a t e  s p r e a d e r  

and t h e  t a b l e  w as l e v e l l e d  w it h  a b u b b le  l e v e l .  The s i l i c a  

g e l  s o l u t i o n  w as f r e s h l y  p r e p a r e d  and p o u r e d  i n t o  t h e  

b u c k e t  o f  t h e  p l a t e  s p r e a d e r .  The b u c k e t  w as t h e n  m oved in  

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

g e l .  The p l a t e s  w e r e  a l lo w e d  t o  d r y  and t h e n  p la c e d  i n  an  

o v e n  a t  105°C . f o r  30 m in u te s  t o  a c t i v a t e  t h e  g e l .

4 . 6 . 6 .  C hrom atograp h y

A g l a s s  c h ro m a to g ra p h y  ta n k  w as l i n e d  w it h  f i l t e r  p a p e r  and  

w as e q u i l i b r i a t e d  w it h  100 ml o f  s o l v e n t  4 - 6  h o u r s  a t  room
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t e m p e r a t u r e .  The l i d  w as l i g h t l y  g r e a s e d  w i t h  s i l i c o n e  

g r e a s e  t o  e n s u r e  an a i r t i g h t  s e a l .

0 . 5  m l o f  c o n c e n t r a t e d  c h lo r o fo r m  e x t r a c t  w as a s p i r a t e d  

i n t o  a sa m p le  a p p l i c a t o r  s y r i n g e  and t h e  sa m p le  w as  

s t r e a k e d  a p p r o x im a te ly  2 cm from  t h e  e d g e  a lo n g  o n e  en d  o f  

t h e  p l a t e .  200  /iL o f  t h e  s ta n d a r d  s o l u t i o n  o f  s t e r o i d s  w as  

a p p l i e d  t o  o n e  s i d e  o f  t h e  p l a t e  t o  p r o v id e  m a r k e r s . The 

p l a t e  w as p la c e d  i n  a v e r t i c a l  r a c k  i n  t h e  ch r o m a to g r a p h y  

ta n k  and  a l lo w e d  t o  ru n  u n t i l  t h e  s o l v e n t  h a d  r e a c h e d  a 

l i n e  drawn 10 cm from  t h e  o r i g i n .  The p l a t e  w as rem oved  

and  d r i e d .

T he p l a t e  w as l i g h t l y  s p r a y e d  w i t h  v a n i l l i n  s o l u t i o n  i n  a  

fum e c u p b o a rd , and d e v e lo p e d  b y  p l a c i n g  i t  i n  an o v e n  a t  

120°C . u n t i l  t h e  l i n e s  w ere  c l e a r l y  d e f i n e d .

4 . 6 . 7 .  C o u n tin g  C hrom atograp h y  P l a t e s

The s ta n d a r d  m a rk ers  i n d i c a t e d  t h e  p o s i t i o n  o f  t h e  t h r e e  

s t e r o i d s ,  c h o l e s t e r o l ,  p r o g e s t e r o n e  and p r e g n e n o lo n e .  A 

f i n e  l i n e  w as draw n a c r o s s  t h e  p l a t e  a t  t h e  l e v e l  t o  b e  

c o u n t e d .  A c o t t o n  w o o l p lu g ,  t o  a c t  a s  a f i l t e r ,  w as 

l i g h t l y  i n s e r t e d  i n t o  t h e  en d  o f  a g l a s s  p i p e t t e  w h ic h  had  

b e e n  draw n t o  g i v e  a s l i g h t l y  f l a t t e n e d  t i p  a p p r o x im a te ly

1 .0  mm a c r o s s .  A g e n t l e  vacuum  w as a p p l i e d  t o  t h e  en d  o f  

t h e  p i p e t t e ,  w h ic h  w as p u sh ed  g e n t l y  a c r o s s  t h e  s i l i c a  g e l  

p l a t e ,  t h e r e b y  a s p i r a t i n g  t h e  s i l i c a  g e l  i n t o  t h e  p i p e t t e .
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When a l l  t h e  s i l i c a  h ad  b e e n  c o l l e c t e d ,  t h e  t i p  o f  t h e  

p i p e t t e  w as p la c e d  i n  a c o u n t in g  v i a l ,  and  t h e  vacuum  

s w i t c h e d  o f f .  The s i l i c a  g e l  w as g e n t l y  ta p p e d  o u t  b y  

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

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

The p r o g e s t e r o n e ,  p r e g n e n o lo n e  and c h o l e s t e r o l  b a n d s w ere  

c o l l e c t e d  i n  t h i s  w ay . A b la n k  w as a l s o  ta k e n  from  t h e  t o p  

o f  t h e  p l a t e .  To e a c h  v i a l  w as ad d ed  1 ml m e th a n o l and 0 .9  

m l S o lu e n e  f o l l o w e d  by  t h e  s c i n t i l l a t i o n  s o l u t i o n ,  and  

c o u n te d  i n  a H e w le t t  P a ck a rd  4 0 0 0  S e r i e s  C o u n ter  u s in g  

i n t e r n a l  q u en ch  s t a n d a r d s .
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CHAPTER FIVE

RESULTS OF PLACENTAL PERFUSIONS
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5 . 1 .  RESULTS OF PLACENTAL LOBULE PERFUSIONS

5 . 1 . 1 .  I n t r o d u c t i o n

T h ree  VLDL, t h r e e  IDL, f o u r  LDL and t h r e e  HDL p l a c e n t a l  

l o b u l e  p e r f u s i o n s  w e re  p e r fo r m e d  a s  d e s c r ib e d  i n  S e c t i o n s

4 . 2 .  and 4 . 4 .  u s in g  w a sh ed  a u t o lo g o u s  r e d  c e l l s  and  an i s o -  

o s m o t ic  TC199 p e r f u s a t e .  The l i p o p r o t e i n s  w e re  i o d i n a t e d  

a s  d e s c r ib e d  i n  S e c t i o n  3 . 6 .  The VLDL p e r f u s i o n s  h a v e  

b e e n  d e s c r ib e d  f u l l y  t o  i l l u s t r a t e  t h e  m eth od  u s e d .

5 . 2 .  RESULTS OF VLDL PERFUSIONS

5 . 2 . 1 .  P r e p a r a t io n  o f  M ix S ta n d a r d s

To a s s e s s  t h e  a c t i v i t y  o f  t h e  ad d ed  I-VLDL s o l u t i o n ,

100 f il l  w as ad d ed  t o  2 ml o f  TC199 s o l u t i o n  and  f o u r  100 /liL 

a l i q u o t s  (M ix) w e re  c o u n te d  t o  g i v e  a  mean t o t a l  c o u n t .  

The mean t o t a l  c o u n t  and  t h e  v o lu m e  o f  t h e  M ix a d d ed  t o  t h e  

p e r f u s a t e  a l lo w e d  c a l c u l a t i o n  o f  t h e  t o t a l  d o s e  o f  I -  

l i p o p r o t e i n  w h ic h  w as ad d ed  t o  t h e  m a te r n a l p e r f u s a t e .  

F ou r 100 p i t  a l i q u o t s  o f  t h e  I-VLDL M ix w ere  e a c h  a d d ed  t o

0 .4  ml 1% b o v in e  serum  a lb u m in  s o l u t i o n  and 1 m l o f  15% TCA 

w as a d d ed  t o  p r e c i p i t a t e  a l l  t h e  p r o t e i n .  T he t u b e s  w ere  

c e n t r i f u g e d  and t h e  s u p e r n a t a n t  and p r e c i p i t a t e  s e p a r a t e d ,  

c o u n te d  and  e x p r e s s e d  a s  a p e r c e n t a g e  o f  t h e  t o t a l  c o u n t .  

T h is  i n d i c a t e d  t h e  am ount o f  I  bound t o  m a c r o m o le c u le s  a s  

t h e  f r e e  i o d i n e  and lo w  m o le c u la r  w e ig h t  b reak d ow n  p r o d u c t s  

w o u ld  n o t  b e  p r e c i p i t a t e d .
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M ix S ta n d a r d s  % p r e c i p i t a b l e  a c t i v i t y

( e x p r e s s e d  a s  % t o t a l  c o u n t s )

VLDL 1 9 0 . 6 9 1 . 0 9 0 . 7 9 1 . 1

VLDL 2 8 9 . 7 8 9 . 7 8 9 . 6 8 9 . 3

VLDL 3 8 9 . 1 8 9 . 1 8 9 . 4 8 9 . 5

Mean 8 9 . 7 ±  1 - 3 (SD,

T a b le  5 . 1 .  125I-VLDL M ix S ta n d a r d s

5 . 2 . 2 .  M a te r n a l S id e  P e r f u s a t e  R e s u l t s

1 ml a l i q u o t s  o f  t h e  m a te r n a l p e r f u s a t e  w e re  rem oved  a t  3 0 ,  

6 0 , 90 and 120 m in u t e s .  The v o lu m e rem oved  w as r e p la c e d  

e a c h  t im e  w i t h  S t o c k  P e r f u s a t e  and t h e  r e s i d u a l  c o u n t s  w ere  

c o r r e c t e d  f o r  t h e  c o u n t s  rem o v ed .

% d o s e  r e m a in in g  i n  m a te r n a l c i r c u i t

T im e i n  
M in u te s 30 60 90 120

VLDL 1 8 9 . 9 8 9 . 6 8 5 . 0 8 3 . 3

VLDL 2 8 7 . 0 8 5 . 0 8 1 . 6 7 9 . 6

VLDL 3 9 0 . 9 8 4 . 2 6 6 . 0 6 5 . 0

Mean 8 9 . 3 8 6 . 3 7 7 . 0 7 6 . 0

±  SD 2 . 0 2 . 9 1 0 . 7 9 . 7

+ SE 1 . 2 1 . 7 6 . 2 5 . 6

n 3 3 3 3

T a b le  5 . 2 .  P e r c e n t a g e  125I-VLDL R em a in in g  i n
M a te r n a l C i r c u i t
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To determine the stability of the 125I-VLDL in the maternal
circuit 0.5 ml of perfusate was added to 1 ml of 15% TCA in
the same way as in the Mix Standards (see Section 5.1.2.).

% p r e c i p i t a b l e  a c t i v i t y

( e x p r e s s e d  a s a % t o t a l c o u n t s )

Tim e i n
m in u te s 30 60 90 120

VLDL 1 8 5 . 0 8 6 . 6 8 7 . 4 8 7 . 4

VLDL 2 8 7 . 9 8 7 . 7 8 7 . 6 8 7 . 5

VLDL 3 8 5 . 5 8 5 . 3 8 5 . 7 8 6 . 6

Mean 8 6 . 1 8 6 . 5 8 6 . 9 8 7 . 2

+ SD 1 . 6 1 . 2 1 . 0 0 . 5

±  SE 0 . 9 0 . 7 0 . 6 0 . 3

n 3 3 3 3

T a b le  5 . 3 .  P e r c e n t a g e  o f  P r e c i p i t a b l e  A c t i v i t y  i n
t h e  M a te r n a l C i r c u i t
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5 . 2 . 3 .  F e t a l  S id e  P e r f u s a t e  R e s u l t s

S a m p le s  o f  t h e  f e t a l  s i d e  p e r f u s a t e  w ere  t a k e n  e v e r y  15  

m in u t e s ,  and t h e  v o lu m e  and c o u n t  a d j u s t e d  a s  d e s c r ib e d  in  

S e c t i o n  5 . 1 . 3 .  The s a m p le s  w e re  t r e a t e d  i n  t h e  sam e way a s  

t h e  m a te r n a l p e r f u s a t e  t o  g i v e  t h e  p e r c e n t a g e  o f  125I  

t r a n s f e r r e d .

% d o s e  t r a n s f e r r e d  ( t o t a l  a c t i v i t y )

Tim e i n  
M in u te s 15 30 45 60 75 90 105 120

VLDL 1 0 .4 1 .5 2 .0 2 .3 2 .8 3 .2 3 .3 3 .7

VLDL 2 0 .1 0 .3 0 .6 0 .7 1 .1 1 .2 1 .3 1 .6

VLDL 3 0 .2 0 .6 0 .9 1 .1 1 .3 1 .5 1 .8 1 .9

Mean 0 .2 0 .8 1 .2 1 .4 1 .7 2 .0 2 . 1 2 .4

±  SD 0 .2 0 .6 0 .7 0 .8 0 .9 1 .1 1 .0 1 .1

±  SE 0 .1 0 .4 0 .4 0 .5 0 .5 0 .6 0 .6 0 .7

n 3 3 3 3 3 3 3 3

T a b le  5 . 4 .  P e r c e n t a g e  o f  125I  T r a n s f e r r e d  t o  t h e  F e t a l  
P e r f u s a t e
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% Dose Transferred

Time in Minutes 

VLDL

F ig u r e  5 . 1 .  VLDL T r a n s f e r  t o  F e t a l  C i r c u l a t i o n
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TCA w as ad d ed  t o  0 .5  ml a l i q u o t s  o f  t h e  f e t a l  p e r f u s a t e  and  

c e n t r i f u g e d .  The p e r c e n t a g e  o f  p r e c i p i t a b l e  a c t i v i t y  

i n d i c a t e s  t h e  q u a n t i t y  o f  I  a t t a c h e d  t o  m a c r o m o le c u le s ,  

p r e su m a b ly  VLDL.

% p r e c i p i t a b l e  a c t i v i t y

( e x p r e s s e d  a s  % t o t a l )

T im e i n  
M in u te s 15 30 45 60 75 90 105 120

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

VLDL 2 2 8 . 8 2 6 . 8 2 7 . 1 2 4 . 9 2 6 . 0 2 4 . 5 2 5 . 9 2 6 . 7

VLDL 3 5 8 . 8 5 2 . 8 4 8 . 3 4 7 . 6 4 5 . 5 4 6 . 3 4 4 . 7 3 8 . 7

Mean 4 7 . 6 4 5 . 1 4 3 . 7 4 1 . 1 4 2 . 4 4 1 . 0 4 0 . 2 3 8 . 2

±  SD 1 6 . 4 1 5 . 9 1 4 . 9 1 4 . 2 1 5 . 0 1 4 . 6 1 2 . 7 1 1 . 2

±  SE 9 . 5 9 . 2 8 . 6 8 . 2 8 . 7 8 . 4 7 . 3 6 . 5

n 3 3 3 3 3 3 3 3

T a b le  5 . 5 .  P e r c e n t a g e  o f  P r e c i p i t a b l e  A c t i v i t y  i n  t h e  
F e t a l  P e r f u s a t e

5 . 2 . 4 .  P l a c e n t a l  L o b u le  R e s u l t s

The p e r f u s e d  p l a c e n t a l  l o b u l e  w as e x c i s e d ,  s q u e e z e d  t o  

rem ove p e r f u s a t e ,  b l o t t e d  t h o r o u g h ly ,  h o m o g e n ise d  w it h  

p h o s p h a te  b u f f e r e d  s a l i n e  and 100 /xL a l i q u o t s  c o u n t e d .  The 

r e s u l t s  a r e  e x p r e s s e d  a s  t h e  p e r c e n t a g e  o f  t h e  a d d ed  d o s e  

w h ic h  r e m a in s  w i t h in  t h e  t i s s u e .  The TCA/PTA p r e c i p i t a b l e  

a c t i v i t y  i n d i c a t e s  t h e  am ount o f  125I  bou nd  t o  

m a c r o m o le c u le s .
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VLDL 1 T i s s u e  c o n t a in e d  9.0% o f  d o s e

VLDL 2 T i s s u e  c o n t a in e d  7.1% o f  d o s e

VLDL 3 T i s s u e  c o n t a in e d  4.2% o f  d o s e

Mean 6 .8  + 2.4% (SD , n = 3)

T a b le  5 . 6 .  P e r c e n t a g e  o f  125I  D o se  R em a in in g  W ith in  t h e  
P l a c e n t a l  L o b u le

VLDL 1 6 8 . 1 ,

CM•00VO •00VO 6 7 . 9

VLDL 2 7 7 . 1 , 7 3 . 4 , 7 4 . 9 , 7 3 . 2

VLDL 3 4 5 . 9 , 4 8 . 3 , 4 9 . 1 , 4 4 . 9 ,  5 3 . 5

Mean 6 2 . 5  + 12.1%  (SD , n = 13)

T a b le  5 . 7 .  P e r c e n t a g e  o f  T o t a l  TCA/PTA P r e c i p i t a b l e  
A c t i v i t y  i n  t h e  P l a c e n t a l  L o b u le  H om ogenate
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5 . 3 .  RESULTS OF IDL PERFUSIONS

5 . 3 . 1 .  125I -ID L  M ix S ta n d a r d s

M ix s ta n d a r d s  % p r e c i p i t a b l e  a c t i v i t y

( e x p r e s s e d  a s  % t o t a l )

IDL 1 **

CO•
COCO 8 9 . 1 , 00 VO • N

) 8 9 . 0

IDL 2 9 6 . 2 , 9 6 . 2 , 9 6 . 3 , 9 6 . 3

IDL 3 9 5 . 7 , 9 5 . 9 , 9 5 . 8 , 9 5 . 8

Mean 9 3 . 7  + 3.5% (SD , n = 12 )  

T a b le  5 . 8 .  12SI-ID L  M ix S ta n d a r d s

5 . 3 . 2 .  M a te r n a l S id e  P e r f u s a t e  R e s u l t s

% d o s e  r e m a in in g  i n  m a te r n a l c i r c u i t

Tim e i n
M in u te s 30 60 90 120

IDL 1 7 6 . 3 4 7 4 . 5 7 3 . 3 6 9 . 6

IDL 2 9 9 . 6 9 4 . 1 8 3 . 8 8 1 . 9

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

Mean 9 5 . 8 9 2 . 9 7 6 . 9 8 0 . 3

+ SD 1 7 . 9 1 7 . 8 6 . 0 1 0 . 0

±  SE 1 0 . 4 1 0 . 3 3 . 5 5 . 8

n 3 3 3 3

T a b le  5 . 9 . P e r c e n t a g e Of 125i - i d l R em a in in g i n  M a te r n a l
C i r c u i t
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% p r e c i p i t a b l e  a c t i v i t y

( e x p r e s s e d a s  % t o t a l c o u n t s )

Tim e i n
M in u te s 30 60 90 120

IDL 1 9 1 . 3 9 1 . 3 9 1 . 3 9 1 . 3

IDL 2 9 3 . 8 9 3 . 8 9 4 . 1 9 4 . 0

IDL 3 9 1 . 7 9 1 . 7 9 2 . 7 9 1 . 6

Mean 9 2 . 3 9 2 . 3 9 2 . 7 9 2 . 3

±  SD 1 . 3 1 . 3 1 . 4 1 . 5

±  SE 0 . 8 0 . 8 0 . 8 0 . 9

n 3 3 3 3

T a b le  5 . 1 0 .  P e r c e n t a g e  o f  P r e c i p i t a b l e  A c t i v i t y  i n  t h e  
M a te r n a l C i r c u i t
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5.3.3 Fetal Side Perfusate Results

% d o s e  t r a n s f e r r e d  ( t o t a l  a c t i v i t y )

Tim e i n
M in u te s 15 30 45 60 75 90 105 120

IDL 1 0 . 1 0 0 . 27 0 . 3 5 0 . 5 1 0 . 5 6 0 . 6 9 0 .81 0 .91

IDL 2 0 . 0 1 0 . 07 0 . 1 4 0 . 2 4 0 . 3 4 0 . 4 5 0 .57 0 . 67

IDL 3 0 . 1 2 0 .37 0 . 7 8 0 . 6 8 1 . 0 9 1 . 1 7 1 .47 1 . 82

Mean 0 . 0 8 0 .24 0 . 4 2 0 . 4 8 0 . 6 6 0 . 7 7 0 . 95 1 . 13

±  SD 0 . 0 6 0 . 15 0 . 3 3 0 . 2 2 0 . 3 9 0 . 3 7 0 .47 0 . 61

±  SE 0 . 0 3 0 . 09 0 . 1 9 0 . 1 3 0 . 2 2 0 . 2 1 0 .27 0 . 35

n 3 3 3 3 3 3 3 3

T a b le  5 . 1 1 .  P e r c e n t a g e  o f  125I  T r a n s f e r r e d  t o  t h e  F e t a l  
P e r f u s a t e

% p r e c i p i t a b l e  a c t i v i t y

( e x p r e s s e d  a s  % t o t a l )

T im e i n  
M in u te s 15 30 45 60 75 90 105 120

IDL 1 6 1 . 9 5 7 . 0 5 1 . 8 5 3 . 6 5 2 . 7 5 3 . 5 5 3 . 1 5 2 . 0

IDL 2 5 1 . 0 5 0 . 6 5 7 . 4 5 3 . 2 5 6 . 2 5 6 . 9 5 6 . 2 5 7 . 2

IDL 3 5 4 . 7 5 4 . 9 5 6 . 8 5 3 . 6 5 6 . 0 5 3 . 5 5 3 . 8 5 3 . 3

Mean 5 5 . 9 5 4 . 2 5 5 . 3 5 3 . 5 5 5 . 0 5 4 . 6 5 4 . 4 5 4 . 2

±  SD 5 . 5 3 . 3 3 . 1 0 . 2 2 . 0 2 . 0 1 . 6 2 . 7

±  SE 3 . 2 1 . 9 1 . 8 0 . 1 1 . 1 1 . 1 0 . 9 1 . 6

n 3 3 3 3 3 3 3 3

T a b le  5 . 1 2 .  P e r c e n t a g e  o f  P r e c i p i t a b l e  A c t i v i t y  i n  t h e  
F e t a l  P e r f u s a t e
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% Dose Transferred

* -  IDL

F ig u r e  5 . 2 .  IDL T r a n s f e r  t o  F e t a l  C i r c u l a t i o n
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IDL 1 T i s s u e  c o n t a in e d  4.6% o f  d o s e

IDL 2 T i s s u e  c o n t a in e d  13.3% o f  d o s e

IDL 3 T i s s u e  c o n t a in e d  4.0% o f  d o s e

K ean 7.3% + 5 . 2  (SD , n = 3)

T a b le  5 . 1 3 .  P e r c e n t a g e  o f  125I  D o se  R e m a in in g  W ith in  t h e  
P l a c e n t a l  L o b u le

5.3.4. Placental Lobule Results

IDL 1 7 3 . 4 ,  7 3 . 7 , 7 3 . 8 , 7 5 . 2

IDL 2 7 7 . 2 ,  7 6 . 1 , 7 7 . 7 , 7 7 . 6

IDL 3 6 9 . 1 ,  6 7 . 9 , 7 1 . 4 , 6 7 . 4

Mean 73. 4% + 3 . 7 (SD ,

T a b le  5 . 1 4 .  P e r c e n t a g e  o f  T o t a l  TCA/PTA P r e c i p i t a b l e  
A c t i v i t y  i n  t h e  P l a c e n t a l  L o b u le  H om ogenate
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5 . 4 .  RESULTS OF LDL PERFUSIONS

5 . 4 . 1 .  125I-LDL M ix S ta n d a r d s

M ix s t a n d a r d s  % p r e c i p i t a b l e  a c t i v i t y

( e x p r e s s e d  a s  % t o t a l  c o u n t s )

LDL 1 9 7 . 0 , 9 7 . 7 , 9 6 . 6 , 9 8 . 9

LDL 2 9 4 . 6 , 9 4 . 6 , 9 4 . 7 , 9 4 . 6

LDL 3 9 0 . 6 , 8 9 . 9 , 8 9 . 8 , 9 0 . 0

Mean 9 4 . 5  + 2.8% (SD , n = 16) 

T a b le  5 . 1 5 .  125I-LDL M ix S ta n d a r d s

5 . 4 . 2 .  M a te r n a l S id e  P e r f u s a t e  R e s u l t s

% d o s e  r e m a in in g  i n  m a te r n a l c i r c u i t

Tim e i n
M in u te s 30 60 90 120

LDL 1 8 9 . 8 9 2 . 7 9 1 . 5 8 9 . 4

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

LDL 3 9 4 . 8 9 5 . 0 9 2 . 8 9 2 . 9

LDL 6 1 0 2 . 0 8 9 . 6 8 0 . 3 7 8 . 2

Mean 9 7 . 2 9 4 . 8 9 0 . 7 8 9 . 3

±  SD 6 . 0 5 . 2 7 . 5 7 . 9

+ SE 3 . 0 2 . 6 3 . 8 4 . 0

n 4 4 4 4

T a b le  5 . 1 6 . P e r c e n t a g e Of 125i - ldl R em a in in g i n  M a te r n a l
C i r c u i t
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% p r e c i p i t a b l e  a c t i v i t y

( e x p r e s s e d a s  % t o t a l )

T im e i n
M in u te s 30 60 90 120

LDL 1 9 5 . 5 9 5 . 6 9 5 . 4 9 5 . 5

LDL 2 9 6 . 6 9 6 . 6 9 6 . 6 9 6 . 4

LDL 3 9 5 . 1 9 5 . 5 9 5 . 5 9 5 . 8

LDL 6 9 8 . 3 9 8 . 2 9 8 . 2 9 8 . 2

Mean 9 6 . 4 9 6 . 5 9 6 . 4 9 6 . 5

±  SD 1 . 4 1 . 3 1 . 3 1 . 2

±  SE 0 . 7 0 . 6 0 . 7 0 . 6

n 4 4 4 4

T a b le  5 . 1 7 .  P e r c e n t a g e  o f  P r e c i p i t a b l e  A c t i v i t y  i n  t h e  
M a te r n a l C i r c u i t

142



% d o s e  t r a n s f e r r e d  ( t o t a l  a c t i v i t y )

5.4.3. Fetal Side Perfusate Results

Tim e i n  
M in u te s 15 30 45 60 75 90 105 120

LDL 1 0 . 1 2 0 . 2 5 0 . 3 8 0 . 4 7 0 . 5 7 0 . 6 4 0 . 7 8 0 . 7 7

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

LDL 3 0 . 2 4 0 . 6 2 0 . 8 5 1 . 0 4 1 . 2 4 1 . 3 6 1 . 5 0 1 . 6 3

LDL 6 0 . 0 0 0 . 0 1 0 . 0 4 0 . 0 4 0 . 0 5 0 . 0 6 0 . 0 7 0 . 0 8

Mean 0 . 1 1 0 . 3 1 0 . 4 4 0 . 5 5 0 . 6 7 0 . 7 5 0 . 8 8 0 . 9 0

±  SD 0 . 1 0 0 . 2 5 0 . 3 3 0 . 4 2 0 . 5 0 0 . 5 5 0 . 6 1 0 . 6 5

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

n 4 4 4 4 4 4 4 4

T a b le  5 . 1 8 .  P e r c e n t a g e  o f  125I  T r a n s f e r r e d  t o  t h e  F e t a l  
P e r f u s a t e

% p r e c i p i t a b l e  a c t i v i t y

( e x p r e s s e d  a s  % t o t a l )

T im e i n
M in u te s 15 30 45 60 75 90 105 120

LDL 1 6 6 . 8 6 9 . 7 6 9 . 3 7 0 . 5 6 5 . 7 6 2 . 9 6 2 . 1 5 9 . 5

LDL 2 6 7 . 5 6 5 . 1 6 2 . 6 6 2 . 8 6 1 . 2 5 9 . 9 5 7 . 0 5 2 . 1

LDL 3 5 3 . 5 5 5 . 7 5 2 . 3 5 3 . 5 4 7 . 9 5 0 . 3 4 7 . 6 4 3 . 7

LDL 6 8 6 . 1 6 1 . 1 4 7 . 9 4 4 . 2 3 9 . 5 3 2 . 9 2 8 . 9 2 3 . 6

Mean 6 8 . 5 6 2 . 9 5 8 . 0 5 7 . 8 5 3 . 6 5 1 . 5 4 8 . 9 4 4 . 7

+ SD 1 3 . 4 5 . 9 9 . 7 1 1 . 4 1 2 . 0 1 3 . 5 1 4 . 6 1 5 . 5

±  SE 6 . 7 3 . 0 4 . 9 5 . 7 6 . 0 6 . 8 7 . 3 7 . 7

n 4 4 4 4 4 4 4 4

T a b le  5 . 1 9 .  P e r c e n t a g e  o f  P r e c i p i t a b l e  A c t i v i t y  i n  t h e  
F e t a l  P e r f u s a t e
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% Dose Transferred

0 20 40 60 80 100 120 140
Time in Minutes

* -  LDL

F ig u r e  5 . 3 .  LDL T r a n s f e r  t o  F e t a l  C i r c u l a t i o n

144



5 . 4 . 4 . P l a c e n t a l  L o b u le  R e s u l t s

LDL 1 T i s s u e  c o n t a in e d  2.4% o f  d o s e

LDL 2 T is s u e  c o n t a in e d  1.9% o f  d o s e

LDL 3 T is s u e  c o n t a in e d  2.6% o f  d o s e

LDL 6 T is s u e  c o n t a in e d  3.6% o f  d o s e  

Mean 2 .6  + 0.7% (SD , n = 4)

T a b le  5 . 2 0 . P e r c e n t a g e  o f  12SI  D o se  R em a in in g  W ith in  t h e  
P l a c e n t a l  L o b u le

LDL 1 6 6 . 5 ,  6 8 . 7 ,  6 9 . 0 ,  6 8 . 3

LDL 2 7 2 . 0 ,  7 1 . 6 ,  7 0 . 1 ,  6 9 . 8

LDL 3 7 1 . 6 ,  7 1 . 5 ,  7 1 . 1 ,  7 2 . 0

LDL 6 9 1 . 5 ,  9 1 . 2 ,  9 1 . 6 ,  9 1 . 7  

Mean 7 5 . 5  ±  9.7% (SD , n  = 16 )

T a b le  5 . 2 1 . P e r c e n t a g e  o f  T o t a l  TCA/PTA P r e c i p i t a b l e  
A c t i v i t y  i n  t h e  P l a c e n t a l  L o b u le  H om ogenate

145



5 . 5 .  RESULTS OF HDL PERFUSIONS

5 . 5 . 1 .  125I-HDL M ix S ta n d a r d s

M ix s t a n d a r d s  % p r e c i p i t a b l e  a c t i v i t y

( e x p r e s s e d  a s  % o f  t o t a l  c o u n t s )

HDL 1 9 9 . 5 , 9 9 . 5 , 9 9 . 5 , 9 9 . 5

HDL 2 9 9 . 8 , 9 9 . 8 , 9 9 . 8 , 9 9 . 8

HDL 3 9 9 . 4 , 9 9 . 4 , 9 9 . 4 , 9 9 . 3

Mean 9 9 . 6  + 0.2% (SD , n = 12)

T a b le  5 . 2 2 .  125I-HDL M ix S ta n d a r d s

5 . 4 . 2 .  M a te r n a l S id e  P e r f u s a t e  R e s u l t s

% d o s e  r e m a in in g  i n  m a te r n a l c i r c u i t

T im e i n
M in u te s 30 60 90 120

HDL 1 1 0 0 . 8 7 9 3 . 7 9 9 0 . 1 7 8 8 . 9 8

HDL 2 8 0 . 1 9 7 8 . 7 8 7 8 . 5 9 7 8 . 2 2

HDL 3 9 1 . 7 1 8 8 . 4 1 8 5 . 5 5 8 6 . 1 2

Mean 9 0 . 9 8 7 . 0 8 4 . 8 8 4 . 4

±  SD 1 0 . 4 7 . 7 5 . 8 5 . 6

±  SE 6 . 0 4 . 4 3 . 4 3 . 2

n 3 3 3 3

T a b le  5 . 2 3 . P e r c e n t a g e Of 125i - hdl R em a in in g i n  M a te r n a l
C i r c u i t
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% p r e c i p i t a b l e  a c t i v i t y

( e x p r e s s e d a s  % t o t a l )

Tim e i n
M in u te s 30 60 90 120

HDL 1 9 9 . 1 9 9 . 0 9 9 . 0 9 9 . 0

HDL 2 9 9 . 5 9 9 . 4 9 9 . 5 9 9 . 4

HDL 3 9 9 . 2 9 9 . 2 9 9 . 3 9 9 . 1

Mean 9 9 . 3 9 9 . 2 9 9 . 3 9 9 . 2

+ SD 0 . 2 0 . 3 0 . 3 0 . 2

±  SE 0 . 1 0 . 1 0 . 1 0 . 1

n 3 3 3 3

T a b le  5 . 2 4 .  P e r c e n t a g e  o f  P r e c i p i t a b l e  A c t i v i t y  i n  t h e  
M a te r n a l C i r c u i t
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% d o s e  t r a n s f e r r e d  ( t o t a l  a c t i v i t y )

5.5.3. Fetal Side Perfusate Results

Tim e i n  
M in u te s 15 30 45 60 75 90 105 120

HDL 1 0 . 0 5 0 . 0 6 0 . 0 7 0 . 1 1 0 . 1 3 0 . 1 6 0 . 1 8 0 . 1 9

HDL 2 0 . 0 0 0 . 0 1 0 . 0 3 0 . 0 4 0 . 0 5 0 . 0 6 0 . 0 7 0 . 0 9

HDL 3 0 . 0 1 0 . 0 4 0 . 0 6 0 . 0 7 0 . 0 8 0 . 0 8 0 . 1 0 0 . 1 2

Mean 0 . 0 2 0 . 0 4 0 . 0 6 0 . 0 7 0 . 0 9 0 . 1 0 0 . 1 2 0 . 1 3

±  SD 0 . 0 3 0 . 0 3 0 . 0 3 0 . 0 4 0 . 0 4 0 . 0 5 0 . 0 6 0 . 0 5

±  SE 0 . 0 2 0 . 0 1 0 . 0 2 0 . 0 2 0 . 0 2 0 . 0 3 0 . 0 3 0 . 0 3

n 3 3 3 3 3 3 3 3

T a b le  5 . 2 5 .  P e r c e n t a g e  o f  125I  T r a n s f e r r e d  t o  t h e  F e t a l  
P e r f u s a t e

% p r e c i p i t a b l e  a c t i v i t y

( e x p r e s s e d  a s  % o f  t o t a l )

T im e i n
M in u te s 15 30 45 60 75 90 105 120

HDL 1 4 6 . 4 4 4 . 4 4 5 . 5 4 3 . 7 4 4 . 7 4 4 . 2 4 1 . 8 4 3 . 4

HDL 2 7 1 . 1 5 9 . 4 5 6 . 5 5 5 . 5 5 1 . 2 5 2 . 0 4 9 . 6 4 8 . 3

HDL 3 4 9 . 1 5 8 . 6 6 1 . 4 5 7 . 6 6 0 . 0 5 5 . 4 5 5 . 1 5 8 . 5

Mean 5 5 . 5 5 4 . 1 5 4 . 5 5 2 . 3 5 2 . 0 5 0 . 5 4 8 . 8 5 0 . 1

+ SD 1 3 . 5 8 . 4 8 . 1 7 . 5 7 . 7 5 . 7 6 . 7 7 . 7

+ SE 7 . 8 4 . 9 4 . 7 4 . 3 4 . 4 3 . 3 3 . 9 4 . 4

n 3 3 3 3 3 3 3 3

T a b le  5 . 2 6 .  P e r c e n t a g e  o f  P r e c i p i t a b l e  A c t i v i t y  i n  t h e  
F e t a l  P e r f u s a t e
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% Dose Transferred

* -  HDL

F ig u r e  5 . 4 .  HDL T r a n s f e r  t o  F e t a l  C i r c u l a t i o n
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5.5.4. Placental Lobule Results

HDL 1 

HDL 2 

HDL 3

T is s u e  c o n t a in e d  7.0% o f  d o s e  

T is s u e  c o n t a in e d  3.1% o f  d o s e  

T is s u e  c o n t a in e d  4.4% o f  d o s e

K ean 4 .8  + 2 .0  (SD , n = 3)

T a b le  5 . 2 7 .
4  O C

P e r c e n t a g e  o f  I  D o se  R em a in in g  W ith in  t h e  
P l a c e n t a l  L o b u le

HDL 1 9 3 . 6 , 9 3 . 6 , 9 4 . 1 , 9 3 . 6

HDL 2 9 3 . 1 , 9 3 . 5 , 9 3 . 4 , 9 3 . 1

HDL 3 9 3 . 6 , 9 3 . 8 , 9 3 . 5 , 9 3 . 4

Mean 9 3 . 5  + 0.3% (SD, n = 12)

T a b le  5 . 2 8 .  P e r c e n t a g e  o f  T o t a l  TCA/PTA P r e c i p i t a b l e  
A c t i v i t y  i n  t h e  P l a c e n t a l  L o b u le  H om ogenate

5 . 6 .  RESULTS OP 125I-VLDL PERFUSIONS WITH 10 mM CHLOROQUINE

C h lo r o q u in e  i s  known t o  b lo c k  r e c e p t o r - m e d ia t e d  e n d o c y t o s i s  

( s e e  S e c t i o n  4 . 4 . ) .  To c o n f ir m  t h a t  r e c e p t o r - m e d ia t e d  

e n d o c y t o s i s  i s  t h e  m ech an ism  b y  w h ic h  t h e  p l a c e n t a  a c q u ir e s  

VLDL, c h lo r o q u in e  w as ad d ed  t o  t h e  m a te r n a l p e r f u s a t e  t o  a 

f i n a l  c o n c e n t r a t io n  o f  10 mM i n  t h r e e  f u r t h e r  p e r f u s i o n s  

w it h  I-VLDL a s  d e s c r ib e d  m  S e c t i o n  5 . 2 .  The r e s u l t s  

a r e  show n i n  F ig u r e  5 . 5 .
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% Dose Transferred

* -  VLDL + Chloroquine

F ig u r e  5 . 5 .  1SI-VLDL T r a n s f e r  t o  t h e  F e t a l  c i r c u l a t i o n  
w it h  t h e  A d d i t io n  o f  10 mM o f  C h lo r o q u in e

151



5 . 7 .  RESULTS OF 14C-CHOLESTEROL PERFUSIONS AND THIN-LAYER 

CHROMATOGRAPHY

The m ic r o - p e r f u s io n s  w ere  p e r fo r m e d  a s  o u t l i n e d  i n  S e c t i o n

4 . 5 . 3 .  The t i s s u e s  w e re  h o m o g e n ise d  and t h e  p e r f u s a t e  and  

t i s s u e s  e x t r a c t e d  and s u b j e c t e d  t o  t h i n  l a y e r  

c h r o m a to g r a p h y . The c h o l e s t e r o l ,  p r e g n e n o lo n e  and

p r o g e s t e r o n e  b a n d s  w e re  c o u n te d  and sh ow ed  m in im a l UC- 

c h o l e s t e r o l  and NO C -p r e g n e n o lo n e  o r  C - p r o g e s t e r o n e  in  

t h e  t i s s u e s .

5 . 8 .  DISCUSSION OF PLACENTAL PERFUSION RESULTS

F ig u r e  5 . 6 .  sh ow s t h e  co m b in ed  r e s u l t s  o f  t h e  m a te r n a l t o  

f e t a l  t r a n s f e r  e x p e r im e n ts  w i t h  t h e  d i f f e r e n t  l i p o p r o t e i n  

c l a s s e s .  T h is  i n d i c a t e s  t h a t  VLDL h a s  a much h ig h e r  

t r a n s f e r  o f  I - a c t i v i t y  th a n  an y  o f  t h e  o t h e r  l i p o p r o t e i n  

c l a s s e s .  The c o n s t a n t  p r e c i p i t a b l e  a c t i v i t y  on t h e  

m a te r n a l s i d e  o f  b e tw e e n  80-90%  i n d i c a t e s  t h a t  t h e  

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

p l a c e n t a l  l o b u l e  p e r f u s i o n .  In  t h e  f e t a l  p e r f u s a t e  t h e  

p r e c i p i t a b l e  a c t i v i t y  i s  20-50%  o f  t h e  t o t a l  f e t a l  

a c t i v i t y .  T h is  w o u ld  s u g g e s t  t h a t  t h e  m a j o r i t y  o f  t h e  I  

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

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

m a jo r  t r a n s f e r  o f  i n t a c t  l i p o p r o t e i n  a c r o s s  t h e  p l a c e n t a .  

The t i s s u e  c o u n t s  w o u ld  s u p p o r t  t h i s  v ie w ,  p a r t i c u l a r l y  a s
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t h e  VLDL c o u n t  i s  s i g n i f i c a n t l y  h ig h e r  th a n  t h e  o t h e r  

l i p o p r o t e i n  c l a s s e s .

% Dose Transferred

VLDL — IDL ~ L D L  ~ b ~  HDL

F ig u r e  5 . 6 .  M a te r n a l t o  F e t a l  T r a n s f e r  o f  a l l
L ip o p r o t e in  C l a s s e s
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F ig u r e  5 . 7 .  sh o w s t h e  c o u n t s  w i t h i n  t h e  t i s s u e s .  IDL1 i s  

t h e  m ean o f  t h e  t h r e e  IDL e x p e r im e n t s .  H o w ev er , on e  

e x p e r im e n t  sh ow ed  a p a r t i c u l a r l y  h ig h  r e s i d u a l  c o u n t ,  

p r o b a b ly  d u e  t o  in a d e q u a te  s q u e e z in g  and  b l o t t i n g  o f  t h e  

p l a c e n t a l  l o b u l e ,  and  IDL2 i s  t h e  mean o f  t h e  tw o  r e m a in in g  

e x p e r im e n t s .  T h is  i s  p r o b a b ly  a m ore a c c u r a t e  r e f l e c t i o n  

o f  t h e  t r u e  t i s s u e  a c c u m u la t io n  o f  I - I D L .

F ig u r e  5 . 7 .  T i s s u e  A c c u m u la t io n  o f  125l - L a b e l l e d
L ip o p r o t e in s
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F ig u r e  5 . 8 .  co m p a res  t h e  t r a n s f e r  o f  I-VLDL t o  t h e  f e t a l  

c i r c u l a t i o n  w it h  and w i t h o u t  c h lo r o q u in e .  I t  c l e a r l y  sh ow s  

t h a t  t h e  u p ta k e  o f  VLDL b y  t h e  p l a c e n t a l  l o b u l e  i s  

i n h i b i t e d  by  t h e  a d d i t i o n  o f  c h lo r o q u in e ,  s u g g e s t i n g  t h a t  

r e c e p t o r - m e d ia t e d  e n d o c y t o s i s  i s  t h e  m ech an ism  b y  w h ich  

VLDL i s  a c q u ir e d  b y  t h e  p l a c e n t a .

The 14C - c h o l e s t e r o l  LDL p e r f u s io n  e x p e r im e n ts  c o n f ir m  t h a t  

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

s o u r c e  o f  c h o l e s t e r o l , n o r  d o e s  i t  seem  t o  a c q u ir e  

c h o l e s t e r o l  from  t h e  serum  i n  a f r e e  fo rm . H a v in g  u s e d  

l i p o p r o t e i n - d e f i c i e n t  p la sm a  and w ash ed  f e t a l  r e d  c e l l s  f o r  

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

o r  l i p o p r o t e i n s  c o u ld  b e  c o m p e tin g  f o r  a b s o r p t io n .

The r e s u l t s  from  t h e  p e r f u s i o n  o f  I - l a b e l l e d  l i p o p r o t e i n s  

and 14C - c h o l e s t e r o l  LDL p e r f u s i o n s  w o u ld  s u g g e s t  t h a t  t h e  

m ain  m ech an ism  f o r  c h o l e s t e r o l  a b s o r p t io n  i s  b y  t h e  

r e c e p t o r - m e d ia t e d  e n d o c y t o s i s  o f  VLDL. In  o r d e r  t o  v e r i f y  

t h i s  t h e o r y  membrane b in d in g  s t u d i e s  on a m i c r o v i l l o u s  

membrane p r e p a r a t io n  o f  t h e  human p l a c e n t a  w e r e  p e r fo r m e d .  

T h e se  in c lu d e d  c o m p e t e t iv e  b in d in g  b e tw e e n  LDL and VLDL.
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VLDL TRANSFERRED TO FETAL SIDE

% Dose Transferred

-x-VLDL

VLDL TRANSFERRED TO FETAL SIDE
with 10 mM Chloroqulne

% Dose Transferred

— VLDL ♦ Chloroqulne

F ig u r e  5 . 8 .  T r a n s f e r  o f  125I-VLDL t o  t h e  F e t a l  C i r c u l a t i o n
W ith  and  W ith o u t t h e  A d d i t io n  o f  C h lo r o q u in e
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CHAPTER SIX

MEMBRANE BINDING
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6 . 1 .  INTRODUCTION

A p o t e n t  s t im u lu s  f o r  r e s e a r c h  i n t o  r e c e p t o r s  w as t h e  

r e a l i s a t i o n  t h a t  b r e a s t  tu m o u rs may b e  h o r m o n e -d e p e n d e n t ,  

and r e c e p t o r  s t a t u s  a f f e c t e d  t h e  m eth od  o f  t r e a t m e n t .  The 

i n i t i a l  m a th e m a t ic a l  a n a l y s i s  o f  r e s u l t s  o f  r e c e p t o r  

b in d in g  k i n e t i c s  i s  b a s e d  on t h e  e a r l y  w ork o f  S c a tc h a r d  

(1 9 4 9 ) who i n v e s t i g a t e d  io n  b in d in g  t o  p r o t e i n s ,  and  w as  

e x te n d e d  b y  B ra u n sb e rg  ( 1 9 8 4 ) .  The e s t i m a t i o n  o f  r e c e p t o r  

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

i n t o  h ig h  a f f i n i t y - l o w  c a p a c i t y  ( r e c e p t o r )  and  lo w  

a f f i n i t y - h i g h  c a p a c i t y  ( n o n - r e c e p t o r  o r  n o n - s p e c i f i c  

b in d in g )  co m p o n en ts  s i n c e  a c o r r e c t i o n  n e e d s  t o  b e  made f o r  

t h e  n o n - s p e c i f i c  b in d in g  o f  l i g a n d s  t o  n o n - r e c e p t o r  s i t e s .  

I n  a d d i t i o n  t o  t h e  c a l c u l a t i o n  o f  r e c e p t o r  n u m b ers, t h e  

e s t i m a t i o n  o f  a s s o c i a t i o n ,  o r  d i s s o c i a t i o n ,  c o n s t a n t s  

p r o v id e  m e a s u r e s  o f  a f f i n i t y .

I f  t h e  r a t i o  o f  t h e  q u a n t i t i e s  o f  bound l i g a n d  o v e r  f r e e  

l i g a n d  i s  p l o t t e d  a g a i n s t  t h e  bound l i g a n d ,  a s t r a i g h t  l i n e  

g ra p h  s h o u ld  r e s u l t  i f  t h e  l i g a n d  i s  b in d in g  t o  a  s i n g l e  

c l a s s  o f  r e c e p t o r s .  The x  i n t e r c e p t  o f  t h e  l i n e a r  

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

l i g a n d  bound and an i n d i c a t i o n  o f  t h e  r e c e p t o r  n u m b ers.

The d i f f e r e n t  m ech a n ism s o f  r e c e p t o r - m e d ia t e d  e n d o c y t o s i s  

h a v e  b e e n  o u t l i n e d  i n  C h a p ter  O ne. W h a tev er  t h e  m ech an ism  

o f  r e c e p t o r  m ovem ent o r  t h e  f a t e  o f  t h e  e n d o c y t o t i c
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v e s i c l e ,  i t  i s  t h e  r e c e p t o r  n u m b ers, and t h e i r  a f f i n i t y  f o r  

t h e  l i g a n d ,  w h ic h , i n  p a r t ,  d e te r m in e  t h e  q u a n t i t y  o f  

l i g a n d  i n t e r n a l i s e d .  T h u s , an e s t i m a t e  o f  r e c e p t o r  num bers  

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

t i s s u e .  A f f i n i t y  and c o m p e t i t i v e  b in d in g  a s s a y s  g i v e  an  

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

f o r  t h e  r e c e p t o r .

Membrane b in d in g  s t u d i e s ,  u s in g  a m i c r o v i l l o u s  membrane 

p r e p a r a t io n  from  t h e  t r o p h o b l a s t  ( n o t  t h e  am nion  and  

c h o r io n )  g i v e  an i n  v i t r o  e s t i m a t i o n  o f  p l a c e n t a l  r e c e p t o r  

a c t i v i t y .  In  v i v o  s t u d i e s  a r e  e t h i c a l l y  d i f f i c u l t  t o  

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

a c t i v e  l a b e l l i n g  t e c h n iq u e s  u s in g  s t a b l e  i s o t o p e s  and  a 

m ass s p e c t r o m e t e r  a r e  u s e d .

T h ere  a r e  tw o  p r i n c i p a l  t e c h n iq u e s  u s e d  f o r  membrane 

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

d e v i s e d  b y  B asu  e t  a l  (1 9 7 8 ) , and s e c o n d ly  t h e  u s e  o f  

m i l i p o r e  f i l t e r s  d e v i s e d  b y  R u d lin g  and P e t e r s o n  ( 1 9 8 5 ) .  

L ip o p r o t e in s  h a v e  a t e n d e n c y  t o  a d h e r e  t o  i n e r t  s u b s t a n c e s  

s u c h  a s  g l a s s  b e a d s  w h ic h  c a n , u n d er  som e c ir c u m s t a n c e s ,  

m im ic t h e  s a t u r a t i o n  k i n e t i c s  e x h i b i t e d  b y  r e c e p t o r s  (Dana 

e t  a l ,  1 9 7 7 ) . A l s a t  e t  a l  (1 9 8 2)  p u b l i s h e d  a m eth od  f o r  

t h e  b in d in g  o f  LDL and HDL t o  a m i c r o v i l l o u s  membrane 

p r e p a r a t io n  b a s e d  on t h e  t e c h n iq u e  d e v i s e d  b y  B a su . F or  

t h i s  s t u d y  a m o d i f i c a t i o n  o f  A l s a t ' s  t e c h n iq u e  w as u s e d
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6 . 2 .  SYNCYTIOTROPHOBLAST MICROVILLOUS MEMBRANE PREPARATION

6 . 2 . 1 .  I n t r o d u c t i o n

C rude h o m o g en a te s  o f  t h e  p l a c e n t a  h a v e  b e e n  u s e d  f o r  

e s t i m a t i o n  o f  v a r i o u s  enzym e k i n e t i c s ,  b u t  t h e r e  i s  now a 

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

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

S m ith  and B ru sh  ( 1 9 7 8 )  d e v e lo p e d  a t e c h n iq u e  f o r  p r o d u c in g  

a m i c r o v i l l o u s  membrane e n r ic h e d  p r e p a r a t io n  o f  t h e  

p l a c e n t a .  T h is  t e c h n iq u e  w as m o d if ie d  b y  C o n t r a c t o r ,  Das 

and O akey ( 1 9 8 2 )  who u s e d  t h e  en zy m es a l k a l i n e  p h o s p h a ta s e  

and 5 1- n u c l e o t i d a s e  t o  i d e n t i f y  t h e  a p i c a l  m em brane f a c i n g  

t h e  m a te r n a l p la sm a  and Na+ + K+ -  a c t i v a t e d  A TPase and  

a d e n y la t e  c y c l a s e  t o  i d e n t i f y  t h e  b a s a l  f e t a l  s i d e .  The 

t e c h n iq u e  u s e d  in  t h i s  s t u d y  w as t h a t  d e v e lo p e d  by  

C o n tr a c to r  e t  a l  ( 1 9 8 2 ) .  To d e te r m in e  n o rm a l r e c e p t o r  

nu m bers t h e  p l a c e n t a e  u s e d  w e re  from  n o r m a l, te r m  ( 3 7 - 4 1  

w e e k s)  p r e g n a n c ie s  w it h  a p p a r e n t ly  n orm al b a b i e s  who had  

e x h i b i t e d  no e v id e n c e  o f  f e t a l  d i s t r e s s  d u r in g  la b o u r .

involving a microcentrifuge centrifugation instead of
ultracentrifugation.
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6 . 2 . 2 .  S o l u t i o n s

1 . P h o sp h a te  b u f f e r e d  s a l i n e  10 mM pH 7 .2  

Sodium  p h o s p h a te  10 mM; so d iu m  c h l o r i d e

0 . 1 5  M.

2 .  T r is /H C l b u f f e r  pH 7 .3  +

P h e n y lm e t h y l s u lp h o n y l f lu o r id e  (PMSF) 1 mM

3 . S u c r o s e  25% s o l u t i o n  i n  d i s t i l l e d  w a te r

4 .  S u c r o s e  37% s o l u t i o n  i n  d i s t i l l e d  w a te r

6 . 2 . 3 .  M ethod

A f r e s h l y - d e l i v e r e d  p l a c e n t a  w as p la c e d  on i c e  and t h e  

b a s a l  p l a t e  c u t  o f f .  A p p a r e n t ly  h e a l t h y  p o r t i o n s  o f  

v i l l o u s  t i s s u e  w e re  e x c i s e d  and p la c e d  i n  i c e - c o l d  

p h o s p h a te  b u f f e r e d  s a l i n e .  C are w as ta k e n  t o  a v o id  t h e  

l a r g e  p l a c e n t a l  v e s s e l s .  The t i s s u e  w as g e n t l y  r i n s e d  t o  

rem ove t h e  b lo o d ,  p la c e d  on a g l a s s  p l a t e ,  w h ic h  w as l y i n g  

on  a  b ed  o f  i c e ,  and b l o t t e d  w it h  t i s s u e  p a p e r .  The t i s s u e  

w as t h e n  t e a s e d  o u t  w i t h  a p a i r  o f  d i s s e c t i n g  f o r c e p s  and  

a s m a l l  s p a t u la  t o  rem ove t h e  f ib r o u s  t i s s u e ,  w h ic h  w as 

d i s c a r d e d .  The r e m a in in g  m i c r o v i l l o u s - r i c h  t i s s u e  w as 

p la c e d  i n  a f r e s h  c o n t a i n e r  o f  i c e - c o l d  p h o s p h a te  b u f f e r e d  

s a l i n e .  P h o sp h a te  b u f f e r e d  s a l i n e  w as a d d ed  u n t i l  t h e
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t o t a l  v o lu m e  w as a p p r o x im a te ly  t e n  t im e s  t h e  v o lu m e  o f  t h e  

t i s s u e .

The m ix t u r e  w as g e n t l y  s t i r r e d  a t  4°C f o r  3 0 m in u te s  t o  

a l lo w  t h e  m i c r o v i l l i  t o  s e p a r a t e ,  and w as t h e n  c e n t r i f u g e d  

i n  an  MSE 4L a t  800  G f o r  t e n  m in u t e s ,  a l s o  a t  4°C. t o  

rem ove e x c e s s  t i s s u e  and r e d  b lo o d  c e l l s .  The c lo u d y  

s u p e r n a t a n t  w as c e n t r i f u g e d  f o r  o n e  m in u te  a t  1000  G a t  4°C. 

t o  rem ove an y  m is c e l l a n e o u s  p a r t i c l e s .  T h is  s u p e r n a t a n t  

w as t h e n  c e n t r i f u g e d  i n  an MSE 18 a t  5 0 , 0 0 0  G f o r  o n e  h o u r  

a t  4°C p r o d u c in g  a  c r u d e  membrane p e l l e t  w h ic h  w as 

r e s u s p e n d e d  i n  10 mM T r is /H C l b u f f e r .

A d i s c o n t in u o u s  s u c r o s e  g r a d ie n t  w as p r o d u c e d  by  g e n t l y  

p o u r in g  37% s u c r o s e  s o l u t i o n  i n t o  a p o ly c a r b o n a t e  

c e n t r i f u g e  tu b e  a n d , w i t h  a s lo w  pump and s c r e w  t a b l e  s o  

t h a t  t h e  t i p  o f  t h e  l a y e r i n g  c a n n u la  w as a lw a y s  i n  t h e  

m e n is c u s ,  25% s u c r o s e  s o l u t i o n  w as c a r e f u l l y  l a y e r e d  a b o v e  

i t .  The r e s u s p e n d e d  membrane p e l l e t  w as c a r e f u l l y  l a y e r e d  

on t o  t h e  t o p  o f  t h e  s u c r o s e  g r a d i e n t  w h ic h  w as th e n  

c e n t r i f u g e d  a t  5 0 , 0 0 0  G f o r  s i x t e e n  h o u r s  a t  4°C.

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

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

i n t e r f a c e  o f  t h e  d e n s i t y  g r a d i e n t s .  The s u p e r n a t a n t  w as  

g e n t l y  rem o v ed , a g a in  w it h  a s lo w  pump and s c r e w  t a b l e ,  

and d i s c a r d e d .  The i n t e r f a c e  band w as c o l l e c t e d  and
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d i l u t e d  1 :4  w it h  T r is /H C l b u f f e r ,  and t h e  i n f r a n a t e  

d i s c a r d e d .

The m i c r o v i l l o u s  r i c h  s u s p e n s io n  w as c e n t r i f u g e d  a t  1 0 0 , 0 0 0  

G f o r  o n e  h o u r  a t  4°C. The s u p e r n a t a n t  w as rem oved  and  

d i s c a r d e d ,  and t h e  p e l l e t  r e s u s p e n d e d  i n  t h e  T r is /H C l  

b u f f e r .  T h is  c e n t r i f u g a t i o n  w ash  w as r e p e a t e d  t w i c e .

The f i n a l  p e l l e t  w as r e s u s p e n d e d  i n  T r is /H C l b u f f e r  t o  

w h ic h  tw o  d r o p s  o f  a z i d e  (0.02%) had  b e e n  a d d e d . T h is  

u s u a l l y  g a v e  a f i n a l  v o lu m e  o f  b e tw e e n  3 and  4 ml o f  a 

m ilk y  s o l u t i o n ,  w h ic h  w as s t o r e d  u n d er  n i t r o g e n  a t  4°C. and  

u s e d  w i t h i n  f o u r  w e e k s .

6 . 3 .  MEMBRANE BINDING TECHNIQUE

6 . 3 . 1 .  S o l u t i o n s

1 .  I n c u b a t io n  b u f f e r  pH 7 .4

Sodium  c h l o r i d e  100 mM; c a lc iu m  c h l o r i d e  1 

mM? T r is -H C l 10 mM? d e l i p i d a t e d  b o v in e  

a lb u m in  2%

2 . Membrane s o l u t i o n  250  jxg /100  /xL 

e q u i v a l e n t  t o  2 .5  m g /m l.

S t o c k  membrane s o l u t i o n  h ad  a  Lowry p r o t e i n  

e s t i m a t i o n  p e r fo r m e d  t o  d e te r m in e  t h e  

p r o t e i n  l e v e l  and t h e  c o n c e n t r a t i o n  w as th e n
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a d j u s t e d  w it h  in c u b a t io n  b u f f e r  t o  g i v e  a 

p r o t e i n  c o n t e n t  o f  2 .5  m g /m l.

3 .  L ip o p r o t e in  ( u n la b e l l e d )  500  /n g /80  /liL 

L ip o p r o t e in  s t o c k  s o l u t i o n  h a d  a Lowry 

p r o t e i n  e s t i m a t i o n  p e r fo r m e d  and t h e  

c o n c e n t r a t io n  a d j u s t e d  w i t h  in c u b a t io n  

b u f f e r  t o  g i v e  500 jxg/80  jxL o f  u n l a b e l l e d  

l i p o p r o t e i n .

4 .  L ip o p r o t e in  ( i o d in a t e d )  1 /x g /1 0 0  /liL

0 .5  m l s t o c k  s o l u t i o n  w as p u t  th r o u g h  a 2 .5  

m l G25 S ep h a d ex  co lu m n  p r i o r  t o  u s e  t o  

rem ove an y  f r e e  i o d i n e  and t h e  m a t e r ia l  

e l u t e d  i n  t h e  v o id  v o lu m e  w as s u b j e c t e d  t o  

a Lowry p r o t e i n  e s t i m a t i o n .  The

c o n c e n t r a t io n  w as a d j u s t e d  w i t h  in c u b a t io n  

b u f f e r  t o  g i v e  1 /u g /100  /iL I - l i p o p r o t e i n .  

F ou r 100 /xL a l i q u o t s  w ere  c o u n t e d  on e a c h  

o c c a s io n  a s  s t a n d a r d s .

6 . 3 . 2 .  V a l i d a t i o n  o f  Membrane B in d in g  T e c h n iq u e

6 . 3 . 2 . 1 .  C e n t r i f u g a t io n  o f  M em branes

To d e te r m in e  w h e th e r  t h e  m ic r o c e n t r i f u g e  c e n t r i f u g a t i o n  f o r  

15 m in u te s  w as a d e q u a te  t o  p r e c i p i t a t e  t h e  m em b ran es, a 

sa m p le  o f  m em branes w as i o d i n a t e d  a s  d e s c r ib e d  i n  S e c t i o n
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3 . 6 . ,  and t h e  c o n c e n t r a t io n  a d j u s t e d  w i t h  in c u b a t io n  

s o l u t i o n  t o  g i v e  250  m g/100  /xL. A 100  jzL a l i q u o t  w as 

su s p e n d e d  i n  250  jxL in c u b a t io n  s o l u t i o n  and c e n t r i f u g e d  in  

t h e  m i c r o c e n t r i f u g e .  The s u p e r n a t a n t  w as rem o v ed , t h e  

p e l l e t  w as w a sh ed  and  r e - m ic r o c e n t r i f u g e d  f o r  15 m in u t e s ,  

and  t h e  s u p e r n a t a n t  w ash  w as ad d ed  t o  t h e  o r i g i n a l  

s u p e r n a t a n t .  The com b in ed  s u p e r n a t a n t s  w ere  

u l t r a c e n t r i f u g e d  a t  1 0 0 , 0 0 0  G f o r  15 m in u t e s .  The 

s u p e r n a t a n t  w as a g a in  rem o v ed , p u t  i n t o  a  c o u n t in g  t u b e ,  

and  t h e  p e l l e t ,  i f  a n y , w as r e s u s p e n d e d  and c o u n t e d .  The 

m i c r o c e n t r i f u g e  t u b e  c o n t a in in g  t h e  m em b ran es, t h e  

u l t r a c e n t r i f u g e d  s u p e r n a t a n t  and t h e  u l t r a c e n t r i f u g e  tu b e  

c o n t a i n i n g  an y  p o s s i b l e  m em branes w ere  a l l  c o u n t e d .

The r e s u l t s  o f  t h i s  e x p e r im e n t  sh ow ed  t h a t  t h e  membrane 

p r e p a r a t io n  u s e d  w as p e l l e t e d  i n  t h e  m i c r o c e n t r i f u g e .  T h is  

w as c o n f ir m e d  by  d u p l i c a t i n g  t h e  f i r s t  mem brane b in d in g  

e x p e r im e n t  u s in g  t h e  u l t r a c e n t r i f u g e  t e c h n iq u e  i n  p a r a l l e l  

w it h  t h e  m ic r o c e n t r i f u g e  t e c h n iq u e  ( s e e  S e c t i o n  7 . 1 . 3 . ) .

6 . 3 . 2 . 2 .  To D e te r m in e  t h e  Number o f  W ashes  

R e q u ir e d

The num ber o f  w a sh e s  r e q u ir e d  t o  rem ove t h e  f r e e  

l i p o p r o t e i n s  w as d e te r m in e d  b y  w a sh in g  a m embrane p e l l e t  

t h r e e  t im e s  and c o u n t in g  t h e  s u p e r n a t a n t  e a c h  t im e .  The 

c o n c l u s i o n  drawn w as t h a t  o n e  w ash  w as a d e q u a te  ( s e e  F ig u r e

7 . 2 . )  .
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6 . 3 . 3 To D e te r m in e  t h e  Optimum B in d in g  Time

• # 125250  /xg o f  m em branes w e re  in c u b a t e d  w it h  1 /xg o f  I-LDL f o r  

v a r i o u s  l e n g t h s  o f  t im e .  The s y s te m  w as d e s ig n e d  t o  h a v e  

a c o n s t a n t  in c u b a t io n  v o lu m e  o f  360  /xL, and t h e  in c u b a t io n s  

w e r e  p e r fo r m e d  i n  d u p l i c a t e .

6 . 3 . 3 . 1 .  M ethod

T u b es A

100 /xL membrane s o l u t i o n  (250  /xg)

160 /xL in c u b a t io n  b u f f e r  

A t t im e  z e r o

100 /xL io d i n a t e d  LDL (1  /xg) w as a d d ed  

T u b es B

100  /xL membrane s o l u t i o n  (250  /xg)

80 /xL in c u b a t io n  b u f f e r  

A t t im e  z e r o

100 /xL i o d i n a t e d  LDL (1  /xg) and

80 /xL u n l a b e l l e d  LDL ( 5 0 0  /xg) w e re  a d d ed

B la n k s

1 .  260  /xL in c u b a t io n  b u f f e r

100 fiL io d i n a t e d  LDL (1  /xg)

No m em branes
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2. 180 /xL in c u b a t io n  b u f f e r  

80 /xL u n l a b e l l e d  LDL ( 5 00  /xg)

100 /xL io d i n a t e d  LDL (1  f i g)

3 .  260  /lxL in c u b a t io n  b u f f e r

100  /xL m em branes 

No LDL

T u b es A and B w ere  in c u b a te d  f o r  2 0 , 4 0 , 6 0 , 8 0  and 120  

m in u te s  on i c e  a t  b e tw e e n  0 and 4°C. The m ic r o c e n t r i f u g e  

t u b e s  w e re  c e n t r i f u g e d  in  an MSE M ic r o c e n ta u r  f o r  15 

m in u t e s .  The s u p e r n a t a n t  w as a s p i r a t e d  and p la c e d  i n  a 

c o u n t in g  t u b e .  3 60 f iL  o f  in c u b a t io n  b u f f e r  w as p i p e t t e d  

i n t o  t h e  m ic r o c e n t r i f u g e  t u b e s ,  and r e c e n t r i f u g e d  f o r  15 

m in u t e s .  The s u p e r n a t a n t  from  t h i s  w ash  w as a d d ed  t o  t h e  

o r i g i n a l  s u p e r n a t a n t .  The b la n k s  w e re  t r e a t e d  i n  e x a c t l y  

t h e  sam e w ay . The m ic r o c e n t r i f u g e  t u b e s  w e r e  p la c e d  in  

c o u n t in g  t u b e s .  The s u p e r n a t a n t  and p e l l e t s  w e re  c o u n te d  

i n  a H e w le t t  P a ck a rd  A u to  Gamma 565 0  C o u n te r .

6 . 4 .  CONCENTRATION BINDING

6 . 4 . 1 .  I n t r o d u c t i o n

In  t h e s e  e x p e r im e n ts  t h e  c o n c e n t r a t io n  o f  t h e  l a b e l l e d  

l i p o p r o t e i n  v a r i e d ,  and t h e  b in d in g  t im e  w as c o n s t a n t  a t  

o n e  h o u r . The in c u b a t io n  v o lu m e s  w e re  k e p t  c o n s t a n t  a t  

360  f i l ,  and t h e  b in d in g  w as p e r fo r m e d  in  t h e  p r e s e n c e  and
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A f t e r  a n a ly s in g  t h e  r e s u l t s  o f  t h e  f i r s t  tw o  LDL b in d in g  

e x p e r im e n t s ,  i t  w as fo u n d  t h a t  t h e r e  w as a s i g n i f i c a n t  

v a r i a t i o n  b e tw e e n  t h e  b in d in g  o f  d i f f e r e n t  p l a c e n t a e .  A l l  

s u b s e q u e n t  e x p e r im e n ts  w ere  t h e r e f o r e  p e r fo r m e d  on  t h e  

p o o le d  m em branes o f  a minimum o f  s i x  p l a c e n t a e  t o  a c h ie v e  

a c o n s i s t e n t  membrane p r e p a r a t io n .  The e x p e r im e n t s  w ere  

p e r fo r m e d  i n  t h e  p r e s e n c e  o f  an  e x c e s s  o f  t h e  sam e 

l i p o p r o t e i n  t o  o b t a in  t h e  b in d in g  c o n s t a n t s ,  and  i n  t h e  

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

b in d in g ,  t o  a s s e s s  t h e i r  r e l a t i v e  a f f i n i t i e s  f o r  t h e  

r e c e p t o r .

6 . 4 . 2 .  S o l u t i o n s

1 . I n c u b a t io n  b u f f e r  pH 7 .4

Sodium  c h l o r i d e  100 mM; c a lc iu m  c h l o r i d e  1 

mM; T r is -H C l 10 mM? d e l i p i d a t e d  b o v in e  

a lb u m in  2%

2 . Membrane s o l u t i o n  250  /x g /1 0 0  /xL 

= 2 .5  m g/m l

S t o c k  membrane s o l u t i o n  had  a Lowry p r o t e i n  

e s t i m a t i o n  p e r fo r m e d  t o  d e te r m in e  t h e  

p r o t e i n  l e v e l  and t h e  c o n c e n t r a t io n  w as th e n  

a d j u s t e d  w it h  in c u b a t io n  b u f f e r  t o  g i v e  a 

p r o t e i n  c o n t e n t  o f  2 .5  m g /m l.

absence of an excess of unlabelled lipoprotein to determine
the specific binding.
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3 .  L ip o p r o t e in  ( u n la b e l l e d )  500  /z g /8 0  /zL 

L ip o p r o t e in  s t o c k  s o l u t i o n  had  a Lowry 

p r o t e i n  e s t i m a t i o n  p e r fo r m e d  and t h e  

c o n c e n t r a t io n  a d j u s t e d  w i t h  in c u b a t io n  

b u f f e r  t o  g i v e  500  /z g /8 0  /zL o f  u n l a b e l l e d  

l i p o p r o t e i n .

4 .  L ip o p r o t e in  ( i o d in a t e d )  1 /z g /1 0 0  /zL

0 .5  ml s t o c k  s o l u t i o n  w as p u t  th r o u g h  a 2 .5  

m l G25 S ep h a d ex  colum n and a Lowry p r o t e i n  

e s t i m a t i o n  p e r fo r m e d . The c o n c e n t r a t i o n  w as  

a d j u s t e d  w i t h  in c u b a t io n  b u f f e r  t o  g i v e  1 

/z g /1 0 0  /zL I - l i p o p r o t e m .  F ou r 100  /zL 

a l i q u o t s  w e re  c o u n te d  on e a c h  o c c a s i o n .

6 . 4 . 3 .  M ethod

T u b es A

100  /zL membrane s o l u t i o n  

2 3 0 ,  2 0 0 ,  1 7 0 ,  1 4 0 ,  1 1 0 , 80 /ZL 

o f  in c u b a t io n  b u f f e r  

A t t im e  z e r o

3 0 , 6 0 , 9 0 ,  1 2 0 ,  1 5 0 , 180 /zL
125 • •I -  l i p o p r o t e i n  w ere  a d d ed .

C o n s ta n t  v o lu m e  360 /zL w as m a in t a in e d .
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T u b es B

100  juL membrane s o l u t i o n  

1 5 0 , 1 2 0 ,  9 0 ,  6 0 ,  3 0 ,  0 /XL o f  

in c u b a t io n  b u f f e r  

A t t im e  z e r o

80 /xL o f  u n l a b e l l e d  l i p o p r o t e i n  and  

3 0 , 6 0 , 9 0 , 1 2 0 ,  1 5 0 ,  180 /XL o f
125 • •I - l i p o p r o t e m  w ere  a d d ed .

C o n s ta n t  v o lu m e  3 60 /xL w as m a in t a in e d .

The m ic r o c e n t r i f u g e  t u b e s  w ere  c e n t r i f u g e d  and  t h e  p e l l e t s  

w a sh ed  and c o u n te d  a s  d e s c r ib e d  i n  S e c t i o n  6 . 3 . 2 . 1 .

6 . 4 . 4 .  LDL B in d in g  E x p e r im e n ts  N o. 1 an d  2

The m em branes from  o n e  p la c e n t a  w ere  p r e p a r e d  a s  d e s c r ib e d  

i n  S e c t i o n  6 . 2 .  A c o n c e n t r a t io n  b in d in g  e x p e r im e n t  w as  

p e r fo r m e d  u s in g  I-LDL and an  e x c e s s  o f  u n l a b e l l e d  LDL t o  

d e te r m in e  t h e  s p e c i f i c  b in d in g .  The r e s u l t s  o f  t h i s  

e x p e r im e n t  h a v e  b e e n  g iv e n  i n  d e t a i l  i n  S e c t i o n  7 . 2 . 1 .

A s e c o n d  LDL b in d in g  e x p e r im e n t  u s in g  a  m i c r o v i l l o u s  

m embrane p r e p a r a t io n  from  a d i f f e r e n t  p l a c e n t a  w as 

p e r fo r m e d  g i v i n g  s i g n i f i c a n t l y  d i f f e r e n t  r e s u l t s  ( s e e  

S e c t i o n  7 . 2 . 2 . ) .  and a p o o le d  membrane p r e p a r a t io n  w as  

s u b s e q u e n t ly  u s e d  f o r  a l l  e x p e r im e n ts  ( s e e  S e c t i o n  6 . 4 . 1 . ) .
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6 . 4 . 5 .  Membrane B in d in g  S t u d ie s  w i t h  VLDL, LDL and  

HDL u s in g  a  P o o le d  M i c r o v i l l o u s  Membrane 

P r e p a r a t io n

6 . 4 . 5 . 1 .  VLDL B in d in g  S t u d ie s

F o r  t h e s e  s t u d i e s  a p o o le d  m i c r o v i l l o u s  membrane 

p r e p a r a t io n  w i t h  t h e  c o n c e n t r a t io n  a d j u s t e d  t o  125  /u g /100  

/XL w as u s e d  w i t h  I - l a b e l l e d  VLDL and  an  e x c e s s  o f  

u n l a b e l l e d  VLDL. The e x p e r im e n t  w as p e r fo r m e d  t h r e e  t im e s  

a s  o u t l i n e d  i n  S e c t i o n  6 . 4 .  and t h e  r e s u l t s  a r e  show n in  

S e c t i o n  7 . 3 . 1 .

6 . 4 . 5 . 2 .  LDL B in d in g  S t u d ie s

The LDL b in d in g  s t u d i e s  w ere  p e r fo r m e d  w it h  t h e  sam e p o o le d  

m i c r o v i l l o u s  membrane p r e p a r a t io n  a s  u s e d  i n  t h e  VLDL 

s t u d i e s .  I-LD L w as co m p eted  w it h  an e x c e s s  o f  u n l a b e l l e d

LDL and r e p e a t e d  f o u r  t i m e s .  The r e s u l t s  a r e  show n in  

S e c t i o n  7 . 3 . 2 .

6 . 4 . 5 . 3 .  HDL B in d in g  S t u d ie s

A g a in  u s in g  t h e  sam e p o o le d  m i c r o v i l l o u s  membrane 

p r e p a r a t io n  a t  a c o n c e n t r a t io n  o f  125 jxg /100  /xL, t h e  HDL 

s e l f - i n h i b i t i n g  b in d in g  w as d e te r m in e d  w i t h  t h r e e  

e x p e r im e n t s .  The r e s u l t s  a r e  show n i n  S e c t i o n  7 . 3 . 3 .

171



6 . 4 . 6 .  S e l f -  and C r o s s - I n h i b i t i o n  o f  VLDL and LDL 

B in d in g

The s p e c i f i c i t y  o f  t h e  b in d in g  o f  VLDL and LDL t o  t h e  

p l a c e n t a l  m i c r o v i l l o u s  membrane p r e p a r a t io n  w as ex a m in ed  by  

d e t e r m in in g  t h e  e f f e c t  o f  i n c r e a s i n g  c o n c e n t r a t i o n s  o f  

u n l a b e l l e d  VLDL on t h e  b in d in g  o f  125I-VLDL and 125I-L D L . 

T h is  w as r e p e a t e d  u s in g  an  i n c r e a s i n g  c o n c e n t r a t i o n  o f  

u n l a b e l l e d  LDL and d e te r m in in g  t h e  b in d in g  a g a i n s t  I-VLDL 

and I-L D L . E ach  o f  t h e s e  e x p e r im e n ts  w as r e p e a t e d  t h r e e  

t im e s  and t h e  r e s u l t s  a r e  show n i n  S e c t i o n  7 . 3 . 4 .
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7.1. TECHNIQUE VALIDATION

7 . 1 . 1 .  Membrane C e n t r i f u g a t i o n  E x p e r im e n t

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

p r e c i p i t a t e  t h e  m i c r o v i l l o u s  m em branes i n  a  15 m in u te  

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

6 . 3 . 2 . 1 . ,  and  t h e  r e s u l t s  h a v e  b e e n  p l o t t e d  on  a  l o g  s c a l e  

g r a p h  ( s e e  F ig u r e  7 . 1 . ) .

Log Count

natant

M.Pellet * Microcentrifuge Pellet 
U.Pellet ” Ultracentrifuge Pellet

F ig u r e  7 . 1 .  Membrane C e n t r i f u g a t i o n :  C o m p a r iso n  b e tw e e n
M ic r o c e n t r i f u g a t i o n  and U l t r a c e n t r i f u g a t i o n
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7.1.2 Membrane Wash Experiment

T h is  e x p e r im e n t  a s s e s s e d  t h e  num ber o f  w a sh e s  r e q u ir e d  t o
i p c  9 n c

rem ove t h e  unbound I - l i p o p r o t e m .  60/iL and  100/iL  I-HDL 

w e re  in c u b a t e d  w it h  250/Ltg o f  m em branes f o r  o n e  h o u r ,  

m ic r o c e n t r i f u g e d  and w ash ed  t h r e e  t im e s  ( s e e  S e c t i o n

6 . 3 . 2 . 2 . ) .  F ig u r e  7 . 2 .  i l l u s t r a t e s  t h e  r e s u l t s  w it h  and  

w it h o u t  t h e  s u p e r n a t a n t .

E x p e r im e n t 1 w i t h  60 /XL o f  HDL

S u p e r n a ta n t  dpm 4 3 1 3 2 0 . 7  ±  1 8 3 7 . 2

P e l l e t  dpm 5 9 8 2 . 5  ±  2 3 7 . 4

Wash 1 6 4 1 1 . 9  + 214

Wash 2 8 4 2 . 6  ±  102

Wash 3 5 7 8 . 3  + 67

E x p e r im e n t 2 w i t h  210 /XL Of HDL

S u p e r n a ta n t  dpm 1 5 1 3 1 4 9 .5  + 8907

P e l l e t  dpm 1 3 8 3 0 . 9  ±  4 9 . 3

Wash 1 1 8 8 4 6 . 2  ±  5 4 7 . 6

Wash 2 2 0 5 4 . 1  ±  6 . 5

Wash 3 1 2 9 8 . 4  + 4 . 2

Table 7.1. Membrane Wash Experiments
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WASH EXPERIMENT WITH 60 mcl HDL 
INCLUDING SUPERNATANT

Count In Thousands
600 |------------------------------

super pellet wsshl wMh2 w»*K3 
nstant

WASH EXPERIMENT WITH 60 mcl HDL 
EXCLUDING SUPERNATANT

Count In Thousands

0  i*V W W W j------------
pellet washl wash 2 wash 3

WASH EXPERIMENT WITH 210 mcl HDL 
INCLUDING SUPERNATANT

WASH EXPERIMENT WITH 210 mcl HDL 
EXCLUDING SUPERNATANT

1600

1400

1200

1000

800

600

400

200

Count In Thousands 20 Count In Thousands

16 -

10

super pellet watM wssh2 wa*h3 
nstmnt pellet washl wash2 wash 3

F ig u r e  7 . 2 . M embrane Wash E x p e r im en t

176



7 . 1 . 3 .  T im e C o u rse  E x p e r im e n t w i t h  M ic r o c e n t r i f u g e  

and U l t r a c e n t r i f u g e  T e c h n iq u e s  i n  D u p l i c a t e

To d e t e r m in e  t h e  t im e  r e q u ir e d  t o  c o m p le te  t h e  l i p o p r o t e i n  

b in d in g  t o  t h e  m em b ran es, a  t im e  c o u r s e  b in d in g  e x p e r im e n t  

w as p e r fo r m e d  ( s e e  S e c t i o n  6 . 3 . 2 . ) .  T h is  e x p e r im e n t  w as  

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

v a l i d a t e  t h e  m ic r o c e n t r i f u g e  t e c h n iq u e ,  an d  t h e  r e s u l t s  a r e  

show n i n  F ig u r e  7 . 3 .

- S -M Ic r o fu g e  -rK" U lt racent r i fuge

F ig u r e  7 . 3 .  T im e C o u r se  B in d in g  o f  LDL: C o m p a riso n
b e tw e e n  M ic r o fu g e  and U l t r a c e n t r i f u g e

177



7 . 1 . 4 .  C o n c lu s io n  o f  T e c h n iq u e  V a l i d a t i o n

The r e s u l t s  show  t h a t  a l l  t h e  m em branes w e re  p r e c i p i t a t e d  

i n  t h e  m ic r o c e n t r i f u g e  in  15 m in u te s  and t h a t  o n e  w ash  w as 

a d e q u a t e .  The r e s i d u a l  c o u n t s  i n  t h e  w a sh e s  w e re  a lm o s t  

c e r t a i n l y  d u e t o  t h e  u n b in d in g  o f  I - l i p o p r o t e m  from  t h e  

m em b ran es. The t e c h n iq u e  w as v a l i d a t e d  b y  t h e  d u p l i c a t e d  

t im e  b in d in g  e x p e r im e n t .

7 . 2 .  LDL MEMBRANE BINDING EXPERIMENT

The m eth od  f o r  t h i s  e x p e r im e n t  h a s  b e e n  d e s c r ib e d  in  

S e c t i o n  6 . 4 .  and u s e s  a m i c r o v i l l o u s  membrane p r e p a r a t io n  

from  a s i n g l e  p l a c e n t a .  An e x c e s s  o f  u n l a b e l l e d  LDL w as 

u s e d  t o  d e te r m in e  t h e  s p e c i f i c  b in d in g  o f  LDL. A co m p u ter  

program m e w as w r i t t e n  t o  a n a ly s e  t h e  d a ta  ( s e e  A p p e n d ix ) , 

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

7 . 2 . 1 .  LDL B in d in g  N o . l

S ta n d a r d s

125I-LDL S ta n d a r d  (1 0 0  juL

cpm -  b la n k  %
e f f i c i e n c y

4 0 8 1 3 0 . 9  7 5 . 9 1

4 1 4 6 9 0 . 1  7 6 . 5 4

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

4 0 5 3 3 6 . 1  7 6 . 1 5

Mean 5 3 6 9 3 2 . 2  +

• • 125c o n t a in in g  1 j*g I-LDL) 

dpm

5 3 7 6 5 1 . 0 9  

5 4 1 7 9 5 . 2 7  

5 3 5 9 9 5 . 6 5

5 3 2 2 8 6 . 4

2 . 4

Table 7.2. Standards for LDL Binding No. l
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Non-specific binding (pellet dpm corrected for non-specific
tube binding obtained in presence of 500 jug unlabelled LDL)

125i - ldl
v o lu m e

/XL

12SI-LDXi
q u a n t i t y

ng

C o r r e c te d
dpm

Mean o f  
d u p l i c a t e s

30 300 1 5 2 7 1 . 7
1 1 8 8 5 . 5 1 3 5 7 8 . 6

60 600 3 3 6 4 7 . 4
2 6 8 3 7 . 0 3 0 2 4 2 . 2

90 900 3 4 1 6 1 . 7
3 5 2 8 5 . 0 3 4 7 2 3 . 8

120 1200 5 1 7 1 9 . 3
4 2 0 1 4 . 2 4 6 8 6 6 . 8

150 1500 4 9 7 7 5 . 8
5 4 4 7 1 . 4 5 2 0 2 3 . 6

180 1800 6 6 5 9 2 . 3
7 5 3 5 1 . 7 7 0 9 7 2 . 0

T a b le  7 . 3 . N o n - S p e c i f i c  B in d in g o f  LDL B in d in g  N o.

125i - l d l
Added

ng

,25i - l d l
Bound

ng

300 2 5 . 3

600 5 6 . 3

9 0 0 6 4 . 7

1200 8 7 . 3

150 0 9 6 . 9

1800 1 3 2 . 2

T a b le  7 . 4 .  N o n - S p e c i f i c  125I-LDL Bound  
o f  LDL B in d in g  N o. 1
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Total binding (pellet dpm corrected for non-specific
binding to tube obtained in absence of unlabelled LDL)

1Z5I —LDL 
v o lu m e  

ml

125i - l d l
q u a n t i t y

ng

C o r r e c te d
dpm

Mean o f  
d u p l i c a t e s

30 300 4 2 2 1 8 . 5
3 7 2 0 0 . 4 3 9 7 0 9 . 5

60 600 7 0 7 5 0 . 9
7 0 5 9 4 . 9 7 0 6 7 2 . 9

90 900 9 1 7 0 4 . 8
8 7 2 4 2 . 2 8 9 4 7 3 . 5

120 1200 1 0 4 3 8 2 . 6
1 0 9 2 9 8 . 3 1 0 6 8 4 0 . 5

150 1500 1 2 2 3 5 0 . 3
1 2 5 0 0 1 . 4 1 2 3 6 7 5 . 9

180 1800 1 3 9 3 3 9 . 4
1 3 6 8 5 5 . 9 1 3 8 0 9 7 . 7

T a b le  7 . 5 .  T o t a l  B in d in g  o f  LDL B in d in g  N o. 1

,25i - l d l  125i - l d l
A dded

ng
Bound

ng

300 7 4 . 0

600 1 3 1 . 6

900 1 6 6 . 6

1200 1 9 9 . 0

1500 2 3 0 . 3

1800 2 5 7 . 2

Table 7.6. Total 125I-LDL Bound of LDL Binding No. 1
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Specific binding (total binding - non-specific binding)

,25i - l d l
Added

C o u n ts

300 3 9 7 0 9 . 5  - 1 3 5 7 8 . 6 = 2 6 1 3 0 . 9

600 7 0 6 7 2 . 9  - 3 0 2 4 2 . 2 = 4 0 4 3 0 . 7

900 8 9 4 7 3 . 5  - 3 4 7 2 3 . 8 = 5 4 7 4 9 . 7

12 0 0 1 0 6 8 4 0 . 5  - 4 6 8 6 6 . 8 = 5 9 9 7 3 . 7

15 0 0 1 2 3 6 7 5 . 9  - 5 2 0 2 3 . 6 = 7 1 6 5 2 . 3

1800 1 3 8 0 9 7 . 7  - 7 0 9 7 2 . 0 = 67125

T a b le  7 . 7 . S p e c i f i c B in d in g Of 125i - ld l

,2Si - ld l
A dded

n g

125i - l d l
Bound

n g

125i - ld l
Bound/m g

M em branes

Bound
F r e e

300 4 8 . 7 1 9 4 . 8 0 . 1 6 2 3

600 7 5 . 3 3 0 1 . 2 0 . 1 2 5 5

900 1 0 2 . 0 4 0 8 . 0 0 . 1 1 3 3

12 0 0 1 1 0 . 7 4 4 2 . 8 0 . 0 9 2 2

15 0 0 1 3 3 . 4 5 3 3 . 6 0 . 0 8 8 9

18 0 0 1 2 5 . 0 5 0 0 . 0 0 . 0 6 9 4

T a b le  7 . 8 . R e s u l t s o f  125I-LDL B in d in g  E x p e r im e n t
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125i - ldl binding

125I-LD L BOUND (ng)

TOTAL BINDING SPECIFIC BINDING N O N -SPECIFIC  BINDING

LDL LINEAR REGRESSION

0 0.1 0 .2  0 .3  0 .4  0 .5  0 .6  0 .7  0 .8  0 .9  1
n g 12Sl Bound/mg Protein (Thousands)

— Regression

F ig u r e  7 . 4 .  125I-L D L  B in d in g  E x p e r im e n t S h o w in g  T o t a l ,
S p e c i f i c  and N o n - S p e c i f i c  B in d in g  w i t h  t h e  
L in e a r  R e g r e s s io n  o f  t h e  B o u n d /F r e e  v e r s u s  
125I-LD L Bound
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• • • 125F ig u r e  7 . 4 .  sh ow s t h e  s p e c i f i c  b in d in g  o f  I-LDL t o  

m em branes from  a s i n g l e  p la c e n t a  and t h e  l i n e a r  r e g r e s s i o n
• * 1 2 5a n a l y s i s  o f  t h e  b o u n d / f r e e  com pared  w i t h  I-L D L  bound/m g  

p r o t e i n .

7 . 2 . 1 . 1 .  C a l c u l a t i o n  o f  S c a tc h a r d  P a r a m e te r s

y  = mx + c

y  = -  0 . 0 0 0 2 4 4  X + 0 . 2 0 5 4 1 9  

r  = 0 . 9 4 9 8

When x  = 0 , t h e n  y  = c

T h e r e f o r e  y  = 0 . 2 0 5 4 1 9

When y  = 0 , t h e n  x  = - c
m

X = 0 . 2 0 5 4 1 9
0 . 0 0 0 2 4 4

X = 8 4 1 . 8 8 1

T h e r e f o r e  I n t e r c e p t  on y  a x i s  = 0 . 2 0 5 4  
I n t e r c e p t  on x  a x i s  = 8 4 1 . 9

T h e r e f o r e  am ount o f  I-LDL bound = 8 4 1 . 9  ng  p r o t e i n  
p e r  mg o f  m embrane p r o t e i n

A ssu m in g  LDL i s  21% p r o t e i n  b y  w e ig h t ,  t h e r e  a r e
4 0 0 9 . 0  ng  LDL p e r  mg o f  membrane p r o t e i n .

A ssu m in g  a m o le c u la r  w e ig h t  f o r  LDL o f  2 . 7 5  x  106

1 m o le  = 2 . 7 5  x  106g

1 g  = ______ 1 m o le s
2 . 7 6  x  106

3 . 6 3 6 3 6  x  10  ̂ m o le s

3 . 6 3 6 3 6  x  1 0 '16 m o le s  

1 . 4 5 7 8  x  1 0 ’12 m o le s

1 g
1 ng

4 . 0 0 9 . 0  ng
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Now 1 m o le  c o n t a in s  6 . 0 2 2  x  1023 m o le c u le s

T h e r e f o r e  1 . 4 5 7 8  x  1 0 '12 m o le s  c o n t a in  
( 6 . 0 2 2  x  1023) x  ( 1 . 4 5 7 8  x  1 0 '12) m o le c u le s

= 8 . 7 8  x  1 0 11 m o le c u le s

A ssu m in g  t h e r e  i s  o n e  m o le c u le  p e r  r e c e p t o r :

Number o f  r e c e p t o r s  = 8 . 7 8  x  1 0 11 r e c e p t o r s  p e r  mg o f  
membrane p r o t e i n .

The b in d in g  c o n s t a n t  i s  c a l c u l a t e d  from  t h e  s l o p e  o f  
t h e  l i n e  o f  t h e  S c a tc h a r d  p l o t .

The am ount o f  l i p o p r o t e i n  bound p e r  mg o f  membrane 
p r o t e i n  i n  360 /liL o f  in c u b a t io n  medium i n  c o n v e r t e d  t o  
g i v e  m o le s '1.

The d i s s o c i a t i o n  c o n s t a n t  (Kd, u n i t s  o f  M ) i s  t h e  
r e c i p r o c a l  o f  t h e  s l o p e .

The s l o p e  i s  fo u n d  by  d i v i d i n g  t h e  i n t e r c e p t  o f  t h e  y  
a x i s  b y  t h e  i n t e r c e p t  o f  t h e  x  a x i s .

From t h e  p r e v io u s  c a l c u l a t i o n :

1 . 4 4 5 7 8  x  1 0 '12 m o le s  o f  LDL a r e  b ou nd  i n  360 f iL  
o f  in c u b a t io n  medium

M o les  o f  LDL b o u n d /L  = 1 . 4 5 7 8  x  10~12 x  106
360

= 4 . 0 4 9 4  x  1 0 '9 m o le s /L

T h e r e f o r e  s l o p e  = Ka = 0 . 2 0 5 4
4 . 0 4 9 4  x  10

Ka = 5 . 1  x  107M'1 

Kd = 1 . 9 7  x  1 0 ' ^
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The LDL b in d in g  e x p e r im e n t  w as r e p e a t e d  u s in g  t h e  

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

p l a c e n t a .  The r e s u l t s  a r e  show n i n  t h e  t a b l e  b e lo w .

7.2.2. LDL Binding No. 2

125I-LDL 125I-LDL 125I-LDL Bound
A dded Bound Bound/m g F r e e

ng ng M em branes

150 1 . 9 7 1 5 . 7 4 0 . 0 1 4

300 2 . 7 9 2 2 . 3 2 0 . 0 1 0

450 4 . 2 6 3 4 . 1 1 0 . 0 1 0

600 9 . 2 7 3 . 5 9 0 . 0 1 7

750 1 0 . 5 5 8 4 . 3 7 0 . 0 1 5

900 1 1 . 1 6 8 9 . 2 5 0 . 0 1 3

1050 1 5 . 2 3 1 2 1 . 8 3 0 . 0 1 6

T a b le  7 . 9 . R e s u l t s o f  125I-LDL B in d in g E x p e r im e n t
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I t  i s  e v i d e n t  from  t h e  tw o  e x p e r im e n ts  t h a t  t h e r e  i s  1 0 0 -  

f o l d  d i f f e r e n c e  m  t h e  am ount o f  I -b o u n d  t o  t h e  m em b ran es. 

I t  w as d ed u ce d  t h a t  t h e  p la c e n t a  from  w h ic h  t h e  m em branes 

f o r  LDL B in d in g  N o. 1 w as i n  an a c t i v e  p h a se  o f  c h o l e s t e r o l  

a b s o r p t io n  and h ad  a h ig h e r  th a n  a v e r a g e  num ber o f  

r e c e p t o r s  w h ic h  e x h i b i t e d  a g r e a t e r  th a n  n o rm a l a f f i n i t y ,  

w h e r e a s  t h e  s e c o n d  p la c e n t a  w as i n  a q u i e s c e n t  p h a s e .  T h is  

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

num ber and r e c e p t o r  a f f i n i t y  c o n t r o l  d e s c r ib e d  i n  S e c t i o n

1 . 5 . .

7.2.3. Discussion

7 . 3 .  RESULTS OF MEMBRANE BINDING STUDIES WITH VLDL, LDL AND 

HDL USING A POOLED MICROVILLOUS MEMBRANE PREPARATION

7 . 3 . 1 .  VLDL B in d in g  E x p e r im e n ts

T h r ee  e x p e r im e n ts  w e re  p e r fo r m e d  u s in g  I-VLDL c o m p e tin g  

w it h  u n l a b e l l e d  VLDL. The r e s u l t s  a r e  show n i n  F ig u r e  7 . 5 .  

F o r  t h e s e  e x p e r im e n ts  t h e  co m p u ter  program m e w r i t t e n  t o  

a n a ly s e  t h e  r e s u l t s  ( s e e  A p p en d ix ) w as m o d i f ie d  t o  f e e d  t h e  

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

r e q u ir e d  g r a p h s .
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Figure 7.5. VLDL Binding
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7.3.2 LDL Binding Experiments

125 • •F o u r  e x p e r im e n t s  w e r e  p e r fo r m e d  u s in g  I-L D L  c o m p e t in g  w i t h  

u n l a b e l l e d  LDL and t h e  r e s u l t s  a r e  show n i n  F ig u r e  7 . 6 .

Figure 7.6. LDL Binding
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7.3.3 HDL Binding Experiments

The HDL b in d in g  e x p e r im e n t s  w ere  p e r fo r m e d  t h r e e  t im e s  and  

t h e  r e s u l t s  a r e  show n i n  F ig u r e  7 . 7 .

Figure 7.7. HDL Binding
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7 . 3 . 4 .  S e l f -  and  C r o s s - I n h i b i t i o n  o f  VLDL an d  LDL 

B in d in g

T he m e th o d o lo g y  o f  t h i s  e x p e r im e n t  i s  e x p l a i n e d  i n  S e c t i o n

6 . 4 . 6 .

7.3.4.1. 125I-VLDL C o m p etin g  w i t h  U n la b e l l e d  VLDL 
and  LDL

I n c r e a s i n g  am ou n ts o f  u n l a b e l l e d  VLDL and t h e n ,  i n  a 

s e p a r a t e  e x p e r im e n t ,  i n c r e a s i n g  am ou n ts o f  u n l a b e l l e d  LDL 

w e re  c o m p e te d  a g a i n s t  I - l a b e l l e d  VLDL. F ig u r e  7 . 8 .  sh o w s  

t h e  r e s u l t s  o f  e x p e r im e n t s  w h ic h  w ere  e a c h  r e p e a t e d  t h r e e  

t i m e s .
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7 . 3 . 4 . 2 .  125I-LDL C o m p etin g  w i t h  U n la b e l l e d  VLDL 

and LDL

I n c r e a s i n g  am ou n ts o f  u n l a b e l l e d  VLDL and  t h e n ,  i n  a 

s e p a r a t e  e x p e r im e n t ,  i n c r e a s i n g  am ou n ts o f  u n l a b e l l e d  LDL 

w e r e  c o m p e te d  a g a i n s t  I - l a b e l l e d  LDL. T h e s e  e x p e r im e n t s  

w e re  e a c h  r e p e a t e d  t h r e e  t im e s  and t h e  r e s u l t s  a r e  show n i n  

F ig u r e  7 . 9 .

Figure 7.9. Self- and Cross-Inhibition of LDL

191



7 . 4 .  DISCUSSION OF THE RESULTS OF THE MEMBRANE BINDING

EXPERIMENTS

The v a l i d a t i o n  o f  t h e  membrane b in d in g  t e c h n iq u e  u s e d  in  

t h i s  s t u d y  sh ow ed  t h a t  t h e  m em branes w ere  a l l  p r e c i p i t a t e d  

i n  t h e  m ic r o c e n t r i f u g e  and t h a t  o n ly  o n e  w ash  w as r e q u ir e d  

t o  rem ove t h e  f r e e  l i p o p r o t e i n .  The t im e  c o u r s e  e x p e r im e n t  

sh ow ed  t h a t  b in d in g  w as c o m p le te  b y  o n e  h o u r  and  t h e r e f o r e  

t h e  c o n c e n t r a t io n  e x p e r im e n ts  w e re  p e r fo r m e d  w it h  an  

in c u b a t io n  p e r io d  o f  o n e  h o u r  a t  b e tw e e n  0 -4 °C . The m arked  

d i f f e r e n c e  i n  r e s u l t s  b e tw e e n  t h e  f i r s t  tw o  LDL b in d in g  

e x p e r im e n t s  i n d i c a t e d  t h e  n e c e s s i t y  o f  u s i n g  a p o o le d  

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

F ig u r e  7 . 5 .  sh ow s t h e  s p e c i f i c  and n o n - s p e c i f i c  b in d in g  

c u r v e s  o b t a in e d  b y  in c u b a t in g  i n c r e a s i n g  am ou n ts o f  I -  

VLDL w it h  125 /xg o f  m i c r o v i l l o u s  membrane p r o t e i n s .  The 

d a t a  i s  p r e s e n t e d  a s  t h e  mean + t h e  s ta n d a r d  e r r o r  o f  t h r e e  

e x p e r im e n t s  i n  w h ic h  e a c h  v a lu e  w as t h e  mean o f  d u p l i c a t e s .  

A s a t u r a t i o n  c u r v e  w e ig h te d  f o r  t h e  r e c i p r o c a l  o f  t h e  

s ta n d a r d  e r r o r s  o f  t h e  mean h a s  b e e n  f i t t e d  th r o u g h  t h e  

s p e c i f i c  b in d in g  d a t a .  The c a l c u l a t e d  m axim al b in d in g  

c a p a c i t y  i s  1215  + 105  ng VLDL p r o t e i n  p e r  mg o f  membrane 

p r o t e i n .

The s e c o n d  p a r t  o f  F ig u r e  7 . 5 .  sh o w s a co m b in ed  S c a tc h a r d  

a n a l y s i s  o f  t h e  i n d i v i d u a l  p o i n t s  i n  t h e  t h r e e  e x p e r im e n t s .  

The l i n e a r i t y  o f  t h e  c a l c u l a t e d  r e g r e s s i o n  l i n e  ( r  = 0 . 7 0 ,
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P < 0 . 0 0 1 )  i n d i c a t e s  a s i n g l e  c l a s s  o f  b in d in g  s i t e s .  

A ssu m in g  a mean p r o t e i n  c o n t e n t  o f  5% i n  VLDL and a 

r e l a t i v e  m o le c u la r  m ass o f  1 x  108 ( M i l l s ,  L ane and W eech 

1 9 8 4 ) i t  c a n  b e  c a l c u l a t e d  t h a t  t h e r e  a r e  a p p r o x im a te ly  2 .1  

x  1 0 11 b in d in g  s i t e s  p e r  mg o f  membrane p r o t e i n  and t h a t  t h e  

mean a f f i n i t y  c o n s t a n t  f o r  t h e  b in d in g  i s  Z .9  x  1 0 9M'1.

The LDL b in d in g  e x p e r im e n ts  show n in  F ig u r e  7 . 6 .  w ere  

o b t a in e d  i n  a s i m i l a r  m anner t o  t h a t  d e s c r ib e d  f o r  VLDL 

e x c e p t  t h a t  t h e  d a t a  i s  from  f o u r  a s s a y s .  The c u r v e  f i t t e d  

th r o u g h  t h e  s p e c i f i c  b in d in g  d a t a  sh ow s a  m axim al b in d in g  

c a p a c i t y  o f  270  + 16 ng o f  LDL p r o t e i n  bound p e r  mg o f  

membrane p r o t e i n  w h ic h  i s  4 . 5 - f o l d  l e s s  th a n  t h a t  o f  VLDL. 

The lo w e r  p a n e l  o f  t h e  f i g u r e  sh ow s t h e  S c a tc h a r d  a n a l y s i s ,  

w h ic h  i s  a l s o  l i n e a r  ( r  = 0 . 7 0 ,  P < 0 . 0 0 1 ) ,  and u s i n g  a 

r e l a t i v e  m o le c u la r  m ass f o r  LDL o f  3 x  106 and  a p r o t e i n  

c o n t e n t  o f  21%, i t  ca n  b e  c a l c u l a t e d  t h a t  t h e r e  a r e  3 .4  x  

1 0 11 r e c e p t o r s  p e r  mg o f  membrane p r o t e i n  w i t h  an a f f i n i t y  

c o n s t a n t  o f  2 . 7  x  108M’1.

R e s u l t s  f o r  t h e  s p e c i f i c  and n o n - s p e c i f i c  b in d in g  f o r  HDL 

a r e  show n i n  F ig u r e  7 . 7 .  The s p e c i f i c  b in d in g  sh o w s l e s s  

t e n d e n c y  t o  s a t u r a t e  th a n  w as s e e n  f o r  LDL o r  VLDL. 

H ow ever , t h e  f i t t e d  c u r v e  i n d i c a t e s  a m axim al b in d in g  o f  

178 + 18 n g  o f  HDL bound p e r  mg o f  membrane p r o t e i n .  T h is  

i s  lo w e r  e v e n  th a n  t h a t  fo u n d  f o r  LDL. The am ount o f  HDL 

n e e d e d  t o  a c h ie v e  h a lf -m a x im a l s a t u r a t i o n  i s  n e a r ly  t w ic e  

t h a t  f o r  LDL. The lo w e r  p a n e l  sh ow s t h e  S c a tc h a r d  a n a l y s i s
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o f  t h e  HDL sh o w in g  a l i n e a r  r e s u l t  i n d i c a t i n g  a g a in  a 

s i n g l e  c l a s s  o f  r e c e p t o r s  ( r  = 0 . 6 7 ,  P < 0 . 0 0 1 ) .  U s in g  a 

mean p r o t e i n  c o n t e n t  o f  50% f o r  HDL and a  r e l a t i v e  

m o le c u la r  m ass o f  3 .5  x  105 i t  c a n  b e  c a l c u l a t e d  t h a t  t h e r e  

a r e  5 .5  x  1 0 11 r e c e p t o r s  p e r  mg o f  membrane p r o t e i n  w it h  an  

a f f i n i t y  c o n s t a n t  o f  3 . 0  x  107M'1.

The s p e c i f i c i t y  o f  t h e  b in d in g  o f  VLDL and  LDL t o  t h e  

p o o le d  p l a c e n t a l  m i c r o v i l l o u s  membrane p r e p a r a t io n  w as  

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

VLDL and LDL a s  e x p la in e d  a b o v e . The r e s u l t s  w ere  

e x p r e s s e d  a s  t h e  am ount o f  b in d in g  i n  i t s  p r e s e n c e  a s  a 

p e r c e n t a g e  o f  t h a t  m ea su red  i n  t h e  a b s e n c e  o f  any  

c o m p e t i t o r .  F ig u r e  7 . 8 .  sh ow s t h a t  t h e  b in d in g  o f  125I-VLDL  

i s  s t r o n g l y  i n h i b i t e d  by  i n c r e a s i n g  am ou n ts o f  VLDL and a t  

t h e  h i g h e s t  c o n c e n t r a t io n  t e s t e d  ( 2 . 7 . / x g  o f  u n l a b e l l e d  

c o m p e t i t o r )  t h e  b in d in g  o f  t h e  I-VLDL w as o n ly  51% o f  t h e  

b in d in g  i n  t h e  a b s e n c e  o f  t h e  c o m p e t i t o r .  H ow ev er , i n  t h e  

p r e s e n c e  o f  a s i m i l a r  q u a n t i t y  o f  LDL i t  w as r e d u c e d  t o  

o n ly  85% o f  t h e  c o n t r o l  v a l u e .

I n  c o n t r a s t ,  F ig u r e  7 . 9 .  sh ow s t h e  e f f e c t s  o f  u n l a b e l l e d  

VLDL and LDL on t h e  b in d in g  o f  I-L D L . I t  c a n  b e  s e e n  t h a t  

w h i l e  s u b s t a n t i a l  s e l f - i n h i b i t i o n  w as o b s e r v e d ,  VLDL w as 

e v e n  m ore e f f e c t i v e  in  b lo c k in g  t h e  b in d in g  o f  125I-LDL e v e n  

a t  v e r y  lo w  c o n c e n t r a t i o n s ,  c a u s in g  an i n h i b i t i o n ,  a t  t h e  

h i g h e s t  c o n c e n t r a t io n  t e s t e d ,  o f  31% o f  t h e  c o n t r o l  b in d in g  

v a l u e .
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P a r t i c u l a r  i n t e r e s t  h a s  b e e n  p a id  r e c e n t l y  t o  t h e  r o l e  o f  

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

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

s u b s t r a t e  i n  t h e  a d r e n a l  g la n d ,  o v a r y  and p o s s i b l y  a l s o  in  

t h e  t e s t i s  (Gwynne and S t r a u s s  1 9 8 2 ) .  The r e c e n t  i n c r e a s e  

i n  e v id e n c e  f o r  t h e  c e l l u l a r  u p ta k e  o f  l a r g e  p r o t e i n s  by  

t h e  m ech an ism  o f  r e c e p t o r - m e d ia t e d  e n d o c y t o s i s  was 

i n i t i a t e d  b y  G o ld s t e in  and Brown i n  1 9 7 4 . T h e ir  w ork on  

t h e  u p ta k e  o f  LDL b y  human f i b r o b l a s t s  h a s  g i v e n  r i s e  t o  

t h e  c o n c e p t  o f  an  LDL r e c e p t o r  w h ic h  h a s  b e e n  c h a r a c t e r i s e d  

i n  a  l a r g e  num ber o f  d i f f e r e n t  c e l l  t y p e s  (M ah ley  and  

I n n e r a r i t y  1 9 8 3 ) .

S u b s e q u e n t ly  t h e  a p o - l i p o p r o t e i n  m o i e t i e s  r e c o g n i s e d  by  

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

s e v e r a l  l i p o p r o t e i n  c l a s s e s ,  t h e  r e c e p t o r  i s  m ore  

a c c u r a t e l y  known a s  t h e  a p o - l i p o p r o t e i n  B, E r e c e p t o r .  

M ost o f  t h e  w ork  on  t h e  p l a c e n t a l  a p o - l i p o p r o t e i n  B, E 

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

l i g a n d  ( A l s a t  e t  a l  1 9 8 2 , 1 9 8 4 , 1 9 8 5 , Cummings e t  a l  1 9 8 2 ,  

W in k el 1 9 8 0 ) .  LDL i s  q u a n t i t a t i v e l y  t h e  l a r g e s t  o f  t h e  

l i p o p r o t e i n s  i n  t h e  c i r c u l a t i o n  and l e v e l s  r i s e  

s i g n i f i c a n t l y  d u r in g  p r e g n a n c y .

The i n v e s t i g a t i o n  o f  l i p i d  m e ta b o lis m  in  t h e  f e t u s  and t h e  

p l a c e n t a  i s  ham pered  b y  o n ly  b e in g  a b le  t o  i n v e s t i g a t e  

c e r t a i n  a s p e c t s  a t  an y  o n e  t im e  d u e t o  e t h i c a l  and  

m e t h o d o lo g ic a l  d i f f i c u l t i e s .  W orkers h a v e  m ea su red
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m a te r n a l and  c o r d  p la sm a  l i p i d s  i n  hum ans and a n im a ls ;  

r a d i o - l a b e l l e d  m a t e r ia l  h a s  b e e n  i n f u s e d  i n t o  t h e  m o th e r  

and r e c o v e r e d  i n  f e t a l  b lo o d  o r  t i s s u e s ?  m o d i f ie d  l i p i d s  

h a v e  b e e n  in f u s e d  i n t o  t h e  m o th er  and r e c o v e r e d  i n  t h e  

f e t u s ;  p l a c e n t a l  s l i c e s  and c u l t u r e d  p l a c e n t a l  c e l l s  h a v e  

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

p e r f u s i o n  s y s t e m s  h a v e  b e e n  e m p lo y e d . A l l  t h e  m eth o d s u s e d  

h a v e  p r o v id e d  im p o r t a n t ,  b u t  l i m i t e d ,  d a t a .  E ach m eth od  

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

i n t e r a c t i v e  u n i t s ?  m o th e r , p la c e n t a  and f e t u s .  S u b s t r a t e s  

may b e  m e t a b o l i s e d  b y  t h e  p la c e n t a  and t h e r e f o r e  d a t a  on  

t h e  t r a n s f e r  o f  l i p i d s  d e r iv e d  from  p e r f u s i o n  m eth o d s a lo n e  

may b e  d i f f i c u l t  t o  i n t e r p r e t .  L ik e w is e ,  t h e  i n  v i v o  

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

s im u l t a n e o u s ly  t a k e s  up o r  s y n t h e s i s e s  t h e  s u b s t r a t e  u n d e r  

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

E a r ly  s t u d i e s  (D a n c is  e t  a l  1 9 73) s u g g e s t e d  t h a t  p l a c e n t a l  

t r a n s p o r t  m ig h t  p r o v id e  a t  maximum o n ly  20% o f  t h e  f a t t y  

a c id  t h a t  i s  s t o r e d  a s  t r i a c y l g l y c e r o l  i n  t h e  human f e t u s .  

J o n e s  (1 9 7 6 )  s u g g e s t e d  t h a t  t h e  h ig h  r a t e  o f  f a t t y  a c id  

s y n t h e s i s  b y  t h e  f e t a l  l i v e r  m ig h t  make f a t t y  a c i d  t r a n s f e r  

a c r o s s  t h e  p l a c e n t a  u n n e c e s s a r y  f o r  f e t a l  g r o w th .

I t  h a s  now b e e n  shown t h a t  i n  t h e  r a b b i t ,  r a t ,  p r im a te  and  

g u in e a  p i g  l i p i d  t r a n s p o r t  i n c r e a s e s  m a r k e d ly  d u r in g  l a t e  

g e s t a t i o n  and i t  i s  b e l i e v e d  t h a t  t h e  p l a c e n t a  may 

t r a n s p o r t  a s  much a s  50% o f  t h e  f e t a l  r e q u ir e m e n ts  f o r
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f a t t y  a c i d s  ( B a t t a g l i a  1 9 7 8 , Munro 1 9 8 3 ,  J o n e s  1 9 8 5 ,  

C olem an 1 9 8 7 , Thomas 1 9 8 7 ) .  E t h i c a l  c o n s i d e r a t i o n s  h a v e  

p r e v e n t e d  d i r e c t  d a t a  b e in g  a c q u ir e d  from  human m o th e r s  and  

b a b ie s  a s  t h e  i n v e s t i g a t i o n s  r e q u ir e  r a d i o - a c t i v e  l a b e l l i n g  

and s a c r i f i c i a l  t e c h n iq u e s .  H ow ever, i n  t h e  human f e t u s ,  

t h e  f a t  s t o r e s  i n c r e a s e  from  1% t o  15% o f  b o d y  w e ig h t  

d u r in g  t h e  t h i r d  t r i m e s t e r  o f  p r e g n a n c y  (C olem an 1 9 8 9 ) .  

T h e se  f a t  s t o r e s  a r e  s i m i l a r  i n  c o m p o s i t io n  t o  m a te r n a l  

d i e t  and i t  i s  t h e r e f o r e  r e a s o n a b le  t o  p resu m e t h a t  f a t t y  

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

t h i r d  t r i m e s t e r  o f  p r e g n a n c y  (H u ll  and E lp h ic k  1 9 7 9 ) .

The e a r l y  s t u d i e s  e m p lo y in g  p e r f u s e d  p l a c e n t a e  and  

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

i n t e r p r e t .  The t e c h n iq u e s  u s e d  s u f f e r e d  from  

m e t h o d o lo g ic a l  p r o b le m s  t h a t  h a v e  s i n c e  b e e n  u n d e r s to o d  and  

m o d if ie d  ( s e e  S e c t i o n  4 . 1 . ) .

The p r e s e n t  s t u d y  ex a m in ed  tw o  a s p e c t s  o f  p l a c e n t a l  

f u n c t i o n  p e r t a i n i n g  t o  l i p i d  m e ta b o lis m . The p l a c e n t a l  

u p ta k e  o f  l i p o p r o t e i n s  h a s  b e e n  ex a m in ed  b y  p e r f u s i n g  human 

p l a c e n t a e  w i t h  r a d i o - l a b e l l e d  l i p o p r o t e i n s .  The m e ta b o lism  

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

c h o l e s t e r o l  i n t o  LDL, w h ic h  w as u s e d  i n  t h e  p e r f u s i o n  o f  

t h e  p l a c e n t a .  T h ere  w as no s i g n i f i c a n t  u p ta k e  o f  LDL by  

t h e  p e r f u s e d  human p l a c e n t a ,  o r  c o n v e r s io n  o f  UC- 

c h o l e s t e r o l  i n  LDL t o  14C - p r o g e s t e r o n e  b y  t h e  p l a c e n t a .
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T h is  l e d  t o  t h e  s t u d y  o f  a l t e r n a t i v e  l i p o p r o t e i n  l i g a n d s  a s  

a s o u r c e  o f  c h o l e s t e r o l  f o r  t h e  p l a c e n t a .

P l a c e n t a e  w e re  s u b s e q u e n t ly  p e r f u s e d  u s i n g  I - l a b e l l e d  

VLDL, IDL and HDL. From t h i s  i n i t i a l  w ork i t  a p p e a r e d  t h a t  

VLDL w as t h e  p r e f e r r e d  s u b s t r a t e ,  b u t  f u r t h e r  s t u d i e s  

e m p lo y in g  membrane b in d in g  t e c h n iq u e s  t o  i n v e s t i g a t e  t h e  

a p o - l i p o p r o t e i n  B ,E  r e c e p t o r  w ere  r e q u ir e d .  C o m p e te t iv e  

b in d in g  b e tw e e n  a l l  t h e  l i p o p r o t e i n  c l a s s e s  had  n o t  

p r e v i o u s l y  b e e n  p e r fo r m e d , and i t  w as n e c e s s a r y  t o  

u n d e r ta k e  t h e s e  i n v e s t i g a t i o n s  t o  s u b s t a n t i a t e  t h e  

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

t h e  p l a c e n t a  f o r  t h e  a c q u i s i t i o n  o f  c h o l e s t e r o l .

R e c e n t ly  HDL h a s  b e e n  r e c o g n is e d  a s  t h e  a c c e p t o r  m o le c u le  

f o r  t h e  r em o v a l o f  c h o l e s t e r o l  and i t s  t r a n s f e r  t o  t h e  

l i v e r  f o r  e x c r e t i o n .  I t  h a s  a l s o  b e e n  im p l i c a t e d  a s  a 

m eans o f  d e l i v e r i n g  c h o l e s t e r o l  t o  s t e r o i d o g e n i c  t i s s u e s  

f o r  horm one s y n t h e s i s  ( f o r  r e v ie w  s e e  Norum e t  a l  1 9 8 3 ) .  

P r e v io u s  s t u d i e s  w i t h  p l a c e n t a l  m i c r o v i l l o u s  m em branes h a v e  

i n d i c a t e d  o n ly  p a r t i a l  i n h i b i t i o n  b in d in g  b y  HDL ( A l s a t  

1 9 8 4 ) p r o b a b ly  d u e  t o  s m a l l  am ou n ts o f  HDLc w h ic h  c o n t a i n s  

a p o - l i p o p r o t e i n  E , known t o  h a v e  a h ig h  a f f i n i t y  f o r  t h e  

a p o - l i p o p r o t e i n  B ,E  r e c e p t o r  (M ahley  and I n n e r a r i t y  1 9 8 3 ,  

1 9 8 4 ) .  Cummings e t  a l  ( 1 9 8 2 ) ,  u s in g  a m ix e d  membrane 

p r e p a r a t io n  p r e p a r e d  from  a p l a c e n t a l  h o m o g e n a te , fo u n d  a 

s u b s t a n t i a l  b in d in g  o f  I-HDL s u g g e s t i n g  t h e  p r e s e n c e  o f  

s p e c i f i c  r e c e p t o r s .  W in k el e t  a l  (1 9 8 1 ) o b s e r v e d  a l i n e a r
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125 • •u p ta k e  o f  I-HDL up t o  a c o n c e n t r a t io n  o f  1 0 0 0  /x g /d l ,  w it h  

n e g l i g i b l e  d e g r a d a t io n ,  and c o n c lu d e d  t h a t  t h e  b in d in g  

s i t e s  had  a lo w  a f f i n i t y  and a h ig h  c a p a c i t y .  T h e se  s i t e s  

c o u ld  n o t ,  h o w e v e r , b e  a s c r ib e d  t o  t h e  m i c r o v i l l o u s  

m embrane a s  t h e s e  a u t h o r s  u s e d  a c u l t u r e  o f  m ix e d  p l a c e n t a l  

c e l l s  r a t h e r  th a n  p u r e  t r o p h o b l a s t .  I t  i s  w e l l  known t h a t  

t h e r e  a r e  HDL r e c e p t o r s  on t h e  e n d o th e liu m  o f  b lo o d  v e s s e l s  

and t h e s e  c e l l s  may h a v e  c o n ta m in a te d  t h e  p r e p a r a t io n .

A w e l l - e s t a b l i s h e d  r o l e  f o r  t h e  a p o - l i p o p r o t e i n  B ,E  

r e c e p t o r  i n  f i b r o b l a s t s  and m a cro p h a g es  i n v o l v e s  i t s  

a b i l i t y  t o  b in d  beta-V L D L  (fo u n d  in  h y p e r t r i g l y c e r i d a e m i c  

i n d i v i d u a l s )  b u t  n o t  n orm al VLDL (G ia n tu r c o  e t  a l  1 9 7 8 ) .  

T h is  i s  m e d ia te d  v i a  t h e  a p o - l i p o p r o t e i n  E m o ie t y  ( f o r  

r e v ie w  s e e  S p a rk s  and S p a rk s  1 9 8 5 ) .  H ow ev er , r e c e n t  

e v id e n c e  s u g g e s t s  t h a t  i n  f i b r o b l a s t s  n orm al VLDL d o e s  b in d  

t o  t h e s e  r e c e p t o r s  a s  w o u ld  b e  e x p e c t e d  s i n c e  n orm al VLDL 

c o n t a i n s  b o th  a p o - l i p o p r o t e i n  B and E (M ah ley  e t  a l  1 9 8 3 ,  

Yamamoto e t  a l  1 9 8 5 , I n n e r a r i t y  e t  a l  1 9 8 6 ) .

The p r e s e n t  s t u d y  p r o v id e s  t h e  f i r s t  d e m o n s t r a t io n  o f  a 

h ig h  c a p a c i t y ,  h ig h  a f f i n i t y  b in d in g  o f  n o r m o lip id a e m ic  

VLDL t o  t h e  human p l a c e n t a l  m i c r o v i l l o u s  m em brane. The  

m axim al b in d in g  c a p a c i t y  w as o v e r  fo u r  t im e s  g r e a t e r  th a n  

t h a t  o b s e r v e d  f o r  LDL and t h e  a f f i n i t y  c o n s t a n t  w as o n e  

o r d e r  o f  m a g n itu d e  l a r g e r  th a n  t h a t  o f  LDL. I t  i s  a ssu m ed  

t h a t  t h e  a p o - l i p o p r o t e i n  E m o ie ty  i n  t h e  VLDL i s  

r e s p o n s i b l e  f o r  t h e s e  f i n d i n g s .  I t  i s  o f  i n t e r e s t  t h a t  t h e
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m axim al b in d in g  c a p a c i t y  f o r  LDL o f  270 n g /m g o f  membrane 

p r o t e i n  i s  t w i c e  t h a t  r e p o r t e d  by  A l s a t  e t  a l  i n  1 9 8 2 .  Two 

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

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

e n r ic h e d ,  and  s e c o n d ly  A l s a t  e t  a l  u s e d  a s i n g l e  p l a c e n t a l  

membrane p r e p a r a t io n  r a t h e r  th a n  t h e  p o o le d  p r e p a r a t io n  

fo u n d  t o  b e  n e c e s s a r y  i n  t h i s  s t u d y .  The a f f i n i t y  c o n s t a n t  

fo u n d  f o r  LDL i s  s i m i l a r  t o  o t h e r  p u b l i s h e d  v a l u e s  f o r  

p l a c e n t a l  m i c r o v i l l o u s  m em branes ( A l s a t  e t  a l  1 9 8 2 ,  

Cummings e t  a l  1982)  and a l s o  t o  t h a t  fo u n d  f o r  LDL in  

o t h e r  c e l l  t y p e s  (M ahley  and I n n e r a r i t y  1 9 8 3 ) .

The p r e s e n t  s t u d y  a l s o  d e m o n s tr a te s  f o r  t h e  f i r s t  t im e  t h e  

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

r e c e p t o r s .  The HDL p r e p a r a t io n  u s e d  w as known t o  b e  

u n c o n ta m in a te d  w i t h  HDLc a s  s a m p le s  c o n t a i n i n g  a p o -  

l i p o p r o t e i n  E on S D S -g e l e l e c t r o p h o r e s i s  w e re  d i s c a r d e d .  

The HDL b in d in g  e x p e r im e n ts  em p lo y ed  a m i c r o v i l l o u s  

membrane p r e p a r a t io n  w it h  m in im a l c o n t a m in a t io n  from  o t h e r  

t i s s u e s  and u s e d  an HDL p r e p a r a t io n  w it h  no a p o - l i p o p r o t e i n  

E, and  t h e r e f o r e  s h o u ld  r e f l e c t  t h e  t r u e  HDL b in d in g  

c h a r a c t e r i s t i c s .  The f i n d i n g  t h a t  t h e  HDL a f f i n i t y  

c o n s t a n t  i s  a p p r o x im a te ly  100 t im e s  lo w e r  th a n  t h a t  f o r  

VLDL i s  i n  a g r e e m e n t w it h  i t s  p o o r  i n h i b i t o r y  e f f e c t  on t h e  

u p ta k e  o f  LDL d e m o n s tr a te d  b y  A l s a t  e t  a l  i n  1 9 8 2 .

The s i m i l a r i t y  i n  t h e  num ber o f  b in d in g  s i t e s  d e te r m in e d  

from  t h e  S c a tc h a r d  a n a l y s e s ,  t o g e t h e r  w it h  t h e i r  l i n e a r i t y ,

201



s u g g e s t  t h a t  t h e r e  i s  a  s i n g l e  p o p u la t io n  o f  r e c e p t o r  s i t e s  

f o r  w h ic h  e a c h  l i p o p r o t e i n  c l a s s  i s  c o m p e t in g  w it h  

d i f f e r i n g  a f f i n i t i e s .  T h is  i s  c o n f ir m e d  b y  t h e  s e l f -  and  

c r o s s - i n h i b i t i o n  d a t a  w h ic h  c l e a r l y  show  t h a t  VLDL w i l l  

p r e f e r e n t i a l l y  b in d  t o  t h e  r e c e p t o r s  a s  i t  c a n  d i s p l a c e  125I -  

LDL m ore r e a d i l y  th a n  LDL.

W orkers i n  t h e  la b o r a t o r y  w h ere  t h e  w ork f o r  t h i s  t h e s i s  

w as u n d e r ta k e n  h a v e  r e c e n t l y  show n t h a t  i f  14C - c h o l e s t e r o l  

i s  in c o r p o r a t e d  i n t o  VLDL and t h e n  p e r f u s e d  i n  t h e  human 

p l a c e n t a l  m od el a s  d e s c r ib e d  i n  C h a p ter  F o u r , 14C- 

p r e g n e n e lo n e  and 14C - p r o g e s t e r o n e  h a v e  b e e n  i s o l a t e d  from  

t h e  p l a c e n t a l  h o m o g en a te  (E a to n , B . M . , p e r s o n a l  

c o m m u n ic a t io n ) .

VLDL p l a y s  a m a jo r  r o l e  i n  t h e  t r a n s p o r t  o f  c h o l e s t e r o l  t o  

t h e  t i s s u e s  and u l t i m a t e l y  i n  c h o l e s t e r o l  h o m e o s t a s i s .  The 

c h o l e s t e r o l  e s t e r  c o n t e n t  o f  VLDL i s  11-14%  o f  i t s  m ass and  

f r e e  c h o l e s t e r o l  a c c o u n t s  f o r  a f u r t h e r  5 . 1 - 8 . 4 % .  Thus 

n orm al VLDL c o u ld  b e  an im p o r ta n t  s o u r c e  o f  c h o l e s t e r o l  f o r  

s t e r o i d  s y n t h e s i s .  The l i p i d  c o n t e n t  o f  VLDL i n c r e a s e s  

s i g n i f i c a n t l y  d u r in g  p r e g n a n c y  (F a r h a e u s  e t  a l  1 9 85)  

w h e r e a s  t h e  r i s e  i n  LDL i s  n o t  s o  s i g n i f i c a n t .  T h e se  

c h a n g e s  w h ic h  r e s u l t  in  t h e  am ount o f  c h o l e s t e r o l  c a r r i e d  

b y  VLDL, a p p r o a c h in g  o n e - t h i r d  o f  t h a t  c a r r i e d  b y  LDL, 

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

membrane r e c e p t o r  f o r  VLDL, s t r o n g l y  s u g g e s t s  t h a t  in  

c o n t r a s t  t o  o t h e r  s t e r o i d o g e n i c  t i s s u e s  VLDL i s  an
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im p o r ta n t  s o u r c e  o f  c h o l e s t e r o l  f o r  t h e  human p l a c e n t a .  

T h is  w o u ld  b e  an e f f i c i e n t  m ech an ism  f o r  t h e  a c q u i s i t i o n  o f  

c h o l e s t e r o l  a s  t h e  am ount g a in e d  p e r  r e c e p t o r  c y c l e  from  

VLDL i s  much g r e a t e r  th a n  t h e  am ount o f  c h o l e s t e r o l  

o b t a in e d  p e r  c y c l e  from  LDL.

The e f f e c t s  o f  d i a b e t e s  on  p r e g n a n c y - a s s o c ia t e d  

h y p e r t r ig ly c e r id a e m i a  h a v e  b e e n  s t u d i e d  b y  H o l l in g s w o r t h  

and G rundy ( 1 9 8 2 ) ,  and Knopp e t  a l  ( 1 9 8 6 ) .  T h e se  w o r k e r s  

h a v e  show n t h a t  t h e r e  i s  a m arked i n c r e a s e  i n  t h e  VLDL 

t r i g l y c e r i d e  th r o u g h o u t  p r e g n a n c y , p a r t i c u l a r l y  i n  t h e  t y p e  

I I  (m a tu re  o n s e t )  and g e s t a t i o n a l  d i a b e t i c s .  Women w it h  

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

th a n  t h e  n orm al c o n t r o l s  and d o u b le d  t h e i r  c o n c e n t r a t i o n  o f  

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

h ig h  l e v e l  f o r  t h e  r e m a in d e r  o f  t h e  p r e g n a n c y . J o v e n  e t  a l

( 1 9 8 9 )  sh ow ed  t h a t  i n  d i a b e t i c s  t h e r e  w as an  i n c r e a s e  o f  

l i p o p r o t e i n  r em n a n ts  and t h a t  t h e  LDL c h o l e s t e r o l  and  

t r i g l y c e r i d e  w ere  h ig h e r  i n  t h e  t y p e  I I  th a n  t h e  t y p e  I  

d i a b e t e s  c o n f ir m in g  t h e  e a r l i e r  w ork b y  Knopp e t  a l  ( 1 9 8 2 ) .  

I s h i b a s h i  e t  a l  ( 1 9 8 9 )  sh ow ed  a l i n e a r  r e l a t i o n s h i p  b e tw e e n  

an  i n c r e a s e  i n  t h e  b lo o d  g l u c o s e  and Hb A1c l e v e l s  and  an  

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

S za b o  and  S za b o  ( 1 9 7 4 )  f i r s t  p o s t u l a t e d  t h a t  f r e e  f a t t y  

a c i d s  may h a v e  a much g r e a t e r  r o l e  t o  p la y  i n  c a u s in g  t h e  

m a cro so m ia  i n  b a b ie s  o f  d i a b e t i c  m o th e r s  th a n  p r e v i o u s l y
Qnd Bearish

h ad  b e e n  t h o u g h t .  S h a f r i r A(1 9 8 7 ) show ed  t h a t  h ig h  l e v e l s
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o f  t r i g l y c e r i d e s  and f r e e  f a t t y  a c i d s  i n  t h e  m a te r n a l  

p la sm a  o f  t h e  r a t  p ro m o ted  an in c r e a s e d  p a s s a g e  o f  f a t s  t o  

t h e  f e t u s .  T hey s u g g e s t e d  t h a t  t h e  p a s s a g e  o f  l i p i d s  

th r o u g h  t h e  p l a c e n t a  i s  n o t  d i r e c t ,  b u t  s e r v e d  a s  an  

in t e r im  s t o r a g e  o r g a n  w it h  i t s  l i p i d  c o n t e n t  i n c r e a s i n g  in  

p r o p o r t io n  t o  t h e  m a te r n a l t r i g l y c e r i d e  and  f r e e  f a t t y  a c id  

l e v e l .  T hey fo u n d  t h a t  VLDL t r i g l y c e r i d e s  w e re  t a k e n  up by  

t h e  p l a c e n t a  and t h a t  t h e  s i z e  o f  t h e  f r e e  f a t t y  a c i d  p o o l  

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

I t  i s  f e a s i b l e  t h a t  t h e  m a cro so m ia  o c c u r r in g  p r e d o m in a n t ly  

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

p l a c e n t a  a c q u ir in g  tw o  t o  t h r e e  t im e s  t h e  n o rm a l am ount o f  

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

r a t e  l i m i t i n g  m o le c u le  i n  l i p o p r o t e i n  m e t a b o l i s m ) . T h is  

t h e s i s  s u p p o r t s  S h a f r i r ' s  v ie w  t h a t  t h e  VLDL may b e  t h e  

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

a c i d s  a s  s u g g e s t e d  b y  S za b o  and S za b o  ( 1 9 7 4 ) .

I t  i s  w e l l  known t h a t  m a crosom ia  ca n  o c c u r  d u r in g  a 

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

b e  p e r f e c t  c o n t r o l  o f  t h e  b lo o d  g l u c o s e  l e v e l s ,  a s  m ea su red  

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

p r o t e i n s  and  g l y c o s o l a t e d  h a e m o g lo b in . P e d e r s o n  ( 1 9 5 4 ,  

1 9 6 1 ) p r o d u c e d  an h y p o t h e s i s  t h a t  t h e  i n c r e a s e d  a d ip o s e  

t i s s u e  m ass i n  n e o n a t e s  b o rn  t o  d i a b e t i c  m o th e r s  i s  d u e  t o  

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

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

from  t h e  m a te r n a l t o  t h e  f e t a l  b lo o d .  T h is  h y p o t h e s i s  

g a in e d  w id e  a c c e p t a n c e  b e c a u s e  i t  g r o u p e d  t h e  b io c h e m ic a l  

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

e v e n t s .  P e d e r so n  p o s t u l a t e d  t h a t  c h r o n ic  i n c r e a s e  i n  f e t a l  

b lo o d  s u g a r  w o u ld  c a u s e  h y p e r p la s ia  o f  t h e  f e t a l  p a n c r e a t i c  

i s l e t s  r e s u l t i n g  i n  e l e v a t e d  p la sm a  i n s u l i n  l e v e l s .  T h e se  

tw o p o s t u l a t e s  w ere  l a t e r  p r o v e n  ( D r i s c o l l  I 9 6 0 ,  M in tz  

1972)  g i v i n g  t h e  P e d e r so n  h y p o t h e s i s  v e r y  s t r o n g  s u p p o r t .

From t h e  w ork in  t h i s  t h e s i s ,  and from  o t h e r  w o r k e r s ,  i t  

w o u ld  a p p e a r  t h a t  P e d e r s o n 's  h y p o t h e s i s  may n o t  b e  t h e  o n ly  

m ech an ism  f o r  t h e  m a cro so m ia  fo u n d  i n  b a b ie s  o f  d i a b e t i c  

m o t h e r s .

F u r th e r  s t u d y  i s  n e e d e d  t o  a s c e r t a i n  t h e  c a u s a t i v e  f a c t o r s  

o f  m a c r o so m ia . T h is  w o u ld  i n v o l v e  a p r o s p e c t i v e  s t u d y  o f  

t h e  Hb A1c l e v e l s ,  b lo o d  g l u c o s e  l e v e l s ,  t r i g l y c e r i d e  and  

c h o l e s t e r o l  l e v e l s  i n  VLDL, LDL and HDL t h r o u g h o u t  t h e  

p r e g n a n c y  o f  n orm al women, t y p e  I  d i a b e t i c s ,  t y p e  I I  

d i a b e t i c s  and g e s t a t i o n a l  d i a b e t i c s .  Knopp e t  a l  ( 1 9 8 5)  

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

m a te r n a l w e ig h t ,  m a te r n a l l i p o p r o t e i n s  and a p o - l i p o p r o t e i n s  

i n  n o rm al p r e g n a n c ie s .  T hey fo u n d  t h a t  b i r t h  w e ig h t  a n d /o r  

b i r t h  w e ig h t  r a t i o  a r e  w e a k ly  p o s i t i v e l y  a s s o c i a t e d  w it h  

m a te r n a l VLDL t r i g l y c e r i d e s .
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T h e re  i s  a h ig h  i n c id e n c e  o f  c o n g e n i t a l  m a lf o r m a t io n s  in  

u n c o n t r o l l e d  d i a b e t i c s  (P e d e r s o n  1 9 7 7 ,  M i l l s  1 9 8 2 ) .  

C u r r e n t ly  t h e  m o st common c a u s e  o f  p e r i n a t a l  d e a t h  in  t h e  

i n f a n t s  o f  d i a b e t i c  m o th e r s  i s  c o n g e n i t a l  m a lf o r m a t io n s  

( F r e in k e l  1 9 8 0 ) .  The c a u s e s  o f  t h e s e  m a lf o r m a t io n s  h a v e  

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

i n  o r i g i n ,  p a r t  o f  w h ic h  i s  d u e  t o  t h e  d i s o r d e r e d  

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

d i a b e t i c s  ( E r ik s s o n  e t  a l  1 9 8 7 ) .  F u r th e r  i n v e s t i g a t i o n  o f  

t h i s  a s p e c t  o f  l i p o p r o t e i n  m e ta b o lis m  s h o u ld  b e  c o n s id e r e d .

P o t t e r  and N e s t e l  ( 19 7 9 )  sh ow ed  t h a t  i n  h y p e r t e n s iv e  

p a t i e n t s  t h e r e  w as an in c r e a s e d  l e v e l  o f  p la sm a  

t r i g l y c e r i d e  and c h o l e s t e r o l  and t h i s  w as p a r t i c u l a r l y  

m arked i n  t h e  VLDL f r a c t i o n .  P a t i e n t s  w i t h  e s s e n t i a l  

h y p e r t e n s io n ,  w h ere  t h e r e  i s  no p l a c e n t a l  a b n o r m a l i t y ,  h a v e  

b e e n  o b s e r v e d  t o  h a v e  h ig h e r  b i r t h  w e ig h t  b a b i e s  (H y t te n  

and C h a m b er la in , 1 9 8 0 ) .  F u r th e r  s t u d i e s  a r e  r e q u ir e d  t o  

e x a m in e  t h e  r e l a t i o n s h i p  b e tw e e n  e s s e n t i a l  h y p e r t e n s io n ,  

VLDL t r i g l y c e r i d e  l e v e l s  and h ig h  b i r t h  w e ig h t .
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Al.l Tables of Partial Specific Volume

P a r t i a l  s p e c i f i c  v o lu m e  (V) o f  p o t a s s iu m  b ro m id e  i n  a q u e o u s  
s o l u t i o n s  o f  d i f f e r e n t  d e n s i t y  (d ) and te m p e r a tu r e

d V5 V10 V15 V20 V25

1 . 0 1 0 0
1 . 0 2 5 0
1 . 0 5 0 0

0 . 2 6 8 8
0 . 2 7 1 2
0 . 2 7 5 1

0 . 2 7 5 3
0 . 2 7 7 6
0 . 2 8 1 3

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

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

0 . 2 9 0 9
0 . 2 9 3 0
0 . 2 9 6 2

1 . 0 6 3 0
1 . 0 6 5 0
1 . 0 7 5 0

0 . 2 7 6 9
0 . 2 7 7 3
0 . 2 7 8 7

0 . 2 8 3 1
0 . 2 8 3 4
0 . 2 8 4 7

0 . 2 8 8 6
0 . 2 8 8 9
0 . 2 9 0 1

0 . 2 9 3 4
0 . 2 9 3 8
0 . 2 9 4 9

0 . 2 9 7 7
0 . 2 9 8 0
0 . 2 9 9 1

1 . 1 0 0 0
1 . 1 2 5 0
1 . 1 5 0 0

0 . 2 8 2 0
0 . 2 8 5 1
0 . 2 8 8 0

0 . 2 8 7 8
0 . 2 9 0 6
0 . 2 9 3 2

0 . 2 9 3 0
0 . 2 9 5 6
0 . 2 9 7 9

0 . 2 9 7 6
0 . 2 9 9 9
0 . 3 0 2 0

0 . 3 0 1 6
0 . 3 0 3 8
0 . 3 0 5 7

1 . 2 0 0 0
1 . 2 1 0 0
1 . 2 5 0 0

0 . 2 9 3 3
0 . 2 9 4 4
0 . 2 9 8 0

0 . 2 9 7 9
0 . 2 9 8 8
0 . 3 0 2 0

0 . 3 0 2 0
0 . 3 0 2 8
0 . 3 0 5 6

0 . 3 0 5 8
0 . 3 0 6 4
0 . 3 0 8 9

0 . 3 0 9 1
0 . 3 0 9 7
0 . 3 1 1 9

P a r t i a l  s p e c i f i c  v o lu m e  (V) o f  so d iu m  b r o m id e  i n  
a q u e o u s  s o l u t i o n s  o f  d i f f e r e n t  d e n s i t i e s  (d)

and t e m p e r a t u r e

d V5 V10 V15 V20 V25

1 . 0 1 0 0
1 . 0 2 5 0
1 . 0 5 0 0

0 . 2 0 7 4
0 . 2 1 1 0
0 . 2 1 6 5

0 . 2 1 5 7
0 . 2 1 8 9
0 . 2 2 3 8

0 . 2 2 3 5
0 . 2 2 6 3
0 . 2 3 0 6

0 . 2 3 0 8
0 . 2 3 3 2
0 . 2 3 6 9

0 . 2 3 7 6
0 . 2 3 9 6
0 . 2 4 2 7

1 . 0 6 3 0
1 . 0 6 5 0
1 . 0 7 5 0

0 . 2 1 9 2
0 . 2 1 9 5
0 . 2 2 1 4

0 . 2 2 6 2
0 . 2 2 6 4
0 . 2 2 8 1

0 . 2 3 2 7
0 . 2 3 2 9
0 . 2 3 4 4

0 . 2 3 8 6
0 . 2 3 8 8
0 . 2 4 0 1

0 . 2 4 4 2
0 . 2 4 4 3
0 . 2 4 5 4

1 . 1 0 0 0
1 . 1 2 5 0
1 . 1 5 0 0

0 . 2 2 5 7
0 . 2 2 9 7
0 . 2 3 3 2

0 . 2 3 2 0
0 . 2 3 5 5
0 . 2 3 8 5

0 . 2 3 7 7
0 . 2 4 0 7
0 . 2 4 3 4

0 . 2 4 3 0
0 . 2 4 5 5
0 . 2 4 7 7

0 . 2 4 7 7
0 . 2 4 9 7
0 . 2 5 1 6

1 . 2 0 0 0
1 . 2 1 0 0
1 . 2 5 0 0

0 . 2 3 9 2
0 . 2 4 0 3
0 . 2 4 4 3

0 . 2 4 3 8
0 . 2 4 4 7
0 . 2 4 8 2

0 . 2 4 7 8
0 . 2 4 8 7
0 . 2 5 1 6

0 . 2 5 1 4
0 . 2 5 2 1
0 . 2 5 4 5

0 . 2 5 4 4
0 . 2 5 5 1
0 . 2 5 6 9
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P a r t i a l  s p e c i f i c  v o lu m e  (V) o f  so d iu m  c h l o r i d e  i n  
a q u eo u s  s o l u t i o n s  o f  d i f f e r e n t  d e n s i t y  (d ) and  te m p e r a tu r e

d V5 V10 V15 V20 V25

1 . 0 1 0 0 0 . 2 5 5 2 0 . 2 6 9 7 0 . 2 8 2 6 0 . 2 9 3 9 0 . 3 0 3 8
1 . 0 2 5 0 0 . 2 6 6 9 0 . 2 8 0 4 0 . 2 9 2 5 0 . 3 0 3 2 0 . 3 1 2 4
1 . 0 5 0 0 0 . 2 8 3 5 0 . 2 9 5 6 0 . 3 0 6 3 0 . 3 1 5 9 0 . 3 2 4 1
1 . 0 6 3 0 0 . 2 9 0 9 0 . 3 0 2 2 0 . 3 1 2 3 0 . 3 2 1 3 0 . 3 2 9 0

1 . 0 6 5 0 0 . 2 9 2 0 0 . 3 0 3 2 0 . 3 1 3 2 0 . 3 2 2 0 0 . 3 2 9 7
1 . 0 7 5 0 0 . 2 9 7 1 0 . 3 0 7 7 0 . 3 1 7 3 0 . 3 2 5 7 0 . 3 3 3 0
1 . 1 0 0 0 0 . 3 0 8 4 0 . 3 1 7 8 0 . 3 2 6 2 0 . 3 3 3 7 0 . 3 4 0 2

1 . 1 2 5 0 0 . 3 1 8 1 0 . 3 2 6 4 0 . 3 3 3 9 0 . 3 4 0 6 0 . 3 4 6 4
1 . 1 5 0 0 0 . 3 2 6 9 0 . 3 3 4 4 0 . 3 4 1 2 0 . 3 4 7 3 0 . 3 5 2 7
1 . 1 9 0 0 0 . 3 4 0 9 0 . 3 4 7 7 0 . 3 5 3 9 0 . 3 5 9 6 0 . 3 6 4 8

The v a l u e s  o f  v* o f  t h e  so d iu m  c h l o r i d e ,  so d iu m  b r o m id e ,  

p o t a s s iu m  b ro m id e  a t  t e m p e r a tu r e s  b e tw e e n  5 - 2 5°C. c a n  b e  

o b t a in e d  from  t h e  r e l e v a n t  t a b l e s  w h ich  a r e  d e r iv e d  from  

d a t a  o f  B a x te r  and W a lla c e  1916  and a r e  ta k e n  from  

L a b o r a to r y  T e c h n iq u e s  i n  B io c h e m is t r y  and M o le c u la r  B io lo g y  

-  A G u id eb o o k  t o  L ip o p r o t e in  T e c h n iq u e  ( M i l l s ,  Lane and  

W e ec h ).
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S o l u t i o n s

1 . C opp er t a r t r a t e / c a r b o n a t e  r e a g e n t

2 .  C i o t a l t e u  r e a g e n t  (BDH P h a r m a c e u t ic a ls )

M ethod

C opp er t a r t r a t e / c a r b o n a t e  r e a g e n t  w as made b y  m ix in g  0 .4  

m is  o f  5% c o p p e r  s u lp h a t e  s o l u t i o n  w it h  4 . 0  m is  o f  1% 

so d iu m  t a r t r a t e .  T h is  s o l u t i o n  w as s l o w l y  a d d ed  t o  200  

m is  o f  2% so d iu m  c a r b o n a te  w i t h  0 .1  M olar so d iu m  h y d r o x id e .

5 m is  o f  c o p p e r  t a r t r a t e / c a r b o n a t e  r e a g e n t  w as a d d ed  t o  1 

m l o f  t h e  p r o t e i n  s o l u t i o n .  T h is  w as a l lo w e d  t o  s t a n d  a t  

room  te m p e r a tu r e  f o r  15 m in u t e s .

0 .5  m is  o f  C i o t a l t e u  r e a g e n t  w as a d d ed  t o  t h e  s o l u t i o n  and  

a l lo w e d  t o  s t a n d  f o r  a f u r t h e r  30 m in u te s  a t  room  

t e m p e r a t u r e .  The o p t i c a l  d e n s i t y  w as r e a d  w i t h  a 

s p e c t r o p h o t o m e t e r  a t  720  nm. The e q u i v a l e n t  p r o t e i n  

c o n c e n t r a t i o n  w as r e a d  from  t h e  p r e p a r e d  o p t i c a l  d e n s i t y  

c u r v e .

A1.2. Lowry Method for Protein Estimation
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A1.3 Preparation of Visking Tubing

V is k in g  t u b in g  i s  a v a i l a b l e  in  d i f f e r e n t  d ia m e t e r s  s u i t a b l e  

f o r  d i f f e r e n t  v o lu m e s  and q u a n t i t i e s  o f  d i a l y s i s  and  may b e  

o b t a in e d  from  BDH P h a r m a c e u t ic a ls .  The t u b in g  i s  brow n, 

b u t  a f t e r  p r e p a r a t io n  b eco m es c l e a r .

The t u b in g  i s  b o i l e d  f o r  t h i r t y  m in u te s  i n  0 .2  M o la r  sod iu m  

c a r b o n a t e  and r i n s e d  th o r o u g h ly  i n  d i s t i l l e d  w a t e r ,  and  

b o i l e d  f o r  a f u r t h e r  o n e  h o u r  i n  0 .7  M olar  a c e t a t e  b u f f e r  

pH 5 .0  c o n t a in in g  0 .5  mM EDTA. I t  w as a g a in  w ash ed  

t h o r o u g h ly  w it h  d i s t i l l e d  w a te r  and s t o r e d  i n  a s e a l e d  

c o n t a i n e r  o f  95% e t h a n o l .  The t u b in g  i s  r i n s e d  w it h  

d i s t i l l e d  w a te r  p r i o r  t o  u s e .

A 1 . 4 .  C om puter Programme t o  A n a ly s e  B in d in g  E x p e r im e n ts

The w o r k e r  w r o te  t h e  f o l l o w i n g  program m e i n  BBC BASIC f o r  

a BBC B C om puter t o  a n a ly s e  t h e  r e s u l t s  o f  t h e  l i p o p r o t e i n  

b in d in g  e x p e r im e n t s .  T h is  a n a l y s i s  w o u ld  n o r m a lly  r e q u ir e  

many d u p l i c a t e d  p r o c e d u r e s  and i s  i d e a l l y  s u i t e d  f o r  a 

co m p u ter  program m e. The raw d a t a  from  t h e  cpm c o u n t s  and  

e f f i c i e n c y  o f  t h e  c o u n t s  w ere  e n t e r e d  i n t o  t h e  co m p u ter  

program m e and a t a b l e  o f  nanogram m es ad d ed  and  nanogram m es 

bound and b o u n d / f r e e  w ere  p r in t e d  o u t .  T h is  t a b l e  c o u ld  b e  

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

l i n e a r  r e g r e s s i o n  a n a l y s i s .
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10 ENVELOPE 2 , 5 , 1 6 , 1 2 , 8 , 1 , 1 , 1 , 1 0 , - 1 0 , 0 , - 1 0 , 1 0 0 , 5 0  
20 SOUND 1 , 2 , 1 0 0 , 1 0 0  
30 #%=&20309
40 REM SCATCHARD ANALYSIS 
50 REM R C S DE C 2 2 . 1 1 . 8 5  
60 CLS 
65 CLOSE#0 
70 DIM D P M (2 )
80 PRINT:PRINT
9 0 PRINT CHR$( 1 2 9 ) ; CHR$( 1 5 7 ) ; CHR$( 1 3 1 ) ? ” SCATCHARD

ANALYSIS”
100 P R IN T '' :INPUT"TITLE OF EXPERIMENT "Fname$
110  P R IN T '' :X=OPENOUT(Fname$)
120 PROCSTAN
130 PRINT':INPUT"HOW MANY REPLICATES *',REP 
140  PRINT#X, REP
150 DIM SDPM(REP):DIM PDPM(REP)
160 FIDFAC=0: PROCFIDDLE
170 PRINT':INPUT"HOW MANY SETS OF REPLICATES ARE THERE 

"? NUMSAMP
180 PRINT#X,NUMSAMP 
190 DIM DICK( 9 , NUMSAMP)
200  FOR W=1 TO NUMSAMP
210  PRINT'IPRINT CHR$( 1 2 9 ) ;CHR$( 1 5 7 ) ?CHR$( 1 3 1 ) ? "VOLUME OF 

LIGAND "? .‘ INPUT LIG 
220  PRINT#X,LIG  
230  DICK( 1 , W)=LIG 
240  DICK(2,W)= ( n g / 1 0 0 ) * L I G  
250 PRINT"ng OF LIGAND = ";DICK(2,W)
260  PROCDPM 
270  DICK( 3 , W)=A 
280  DICK( 4 , W)=B 
290  NEXT W 
300 PRINT: PRINT
310 PRINT"TYPE IN DATA FOR NON-SPECIFIC BINDING"
320  PRINT
330 FOR W=1 TO NUMSAMP
340  PRINT"DATA FOR " ?DICK(1,W)?" UL SAMPLES"
350 PROCDPM 
360 DICK(5,W)=A 
370 DICK(6,W)=B  
380 NEXT W
390  REM TABLE OF SPECIFIC BINDING AND BOUND/FREE 
400  CLS
410  PRINT':PRINT CHR$( 1 2 9 ) ?CHR$( 1 5 7 ) ?CHR$( 1 3 1 ) ; "TABLES OF 

SPECIFIC BINDING AND ":PRINT CHR$( 1 2 9 ) ;CHR$( 1 5 7 ) ;
CHR$( 1 3 1 ) ? "  BOUND/FREE FOR ";Fnam e$

420  FOR W= 1 TO NUMSAMP
430  DICK(7 , W)=( DICK(4 , W) -DICK( 6 , W)) /DPMNG 
440  DICK( 8 , W)= (DICK( 4 , W)-DICK(6, W)) / D I C K ( 3 , W)
445  DICK(9,W) = (DICK(7,W) * (1000/um em )
450  NEXT W
4 5 1  PR IN T " :PRINT"SAMP. VOL. M. CORR. SUP. DPM

M. CORR. PELL. DPM"
453 FOR W=1 TO NUMSAMP
454 #%=&2010C
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455  PRINT DICK( 1 ,  W), DICK( 3 ,  W), DICK( 4 ,  W)
458  NEXT W
460  PRINT: PRINT
4 6 1  PRINT' 1" SAMP.VOL. XS. M. CORR. SUPP. DPM 

X S. M. CORR. PELL. DPM"
463 FOR W=1 TO NUMSAMP
465  PRINT DICK(1,W) ,DICK(5,W) ,DICK(6,W)
468  NEXT W
470  PRINT , , n  ng ADDED"," n g  BOUND"," ng BOUND/mg"," B/F"
480  FOR W=1 TO NUMSAMP
4 8 1  #%=&20309
490  PRINT DICK( 2,W) ,DICK(7 ,W) ,DICK(9 ,W) ,DICK(8 ,W)
500  NEXT W 
510  CLOSE#X 

1010  END
10 2 0  DEF PROCDPM
10 3 0  FOR Z=0 TO REP:SDPM(Z)= 0 : NEXT Z 
1040  FOR D=1 TO REP
1050  INPUT"SUPERNATANT CPM ",SCPM
10 5 1  PRINT#X, SCPM
10 7 0  INPUT"EFFICIENCY (%) "EFFS
10 7 1  PRINT#X, EFFS
10 8 0  IF  EFFS<0 GOTO 1070
10 9 0  IF  EFFS>100 GOTO 1070
11 0 0  SDPM(D)= (SCPM *100)/EFFS
11 2 0  NEXT D
11 3 0  LET A=0
11 4 0  FOR D=1 TO REP
11 5 0  LET A=A+SDPM(D)
1160  NEXT D 
11 7 0  LET A=A/REP 
1180  A=INT( (A*1 0 ) + 0 . 5 ) / 1 0  
1190  PR IN T"
1200  PRINT CHR$( 1 2 9 ) ?CHR$( 1 5 7 ) ;CHR$( 1 3 1 ) ; "MEAN 

SUPERNATANT DPM= " ?A 
12 1 0  FOR Z=0 TO REP: PDPM( Z) = 0 :  NEXT Z 
1220  FOR D=1 TO REP
1230  INPUT"PELLET CPM »,PCPM
12 3 1  PRINT#X, PCPM
12 4 0  INPUT"EFFICIENCY (%) " , EFFS
12 4 1  PRINT#X, EFFS
12 5 0  IF  EFFS <0 GOTO 1240
12 6 0  IF  EFFS >100 GOTO 1240
12 7 0  PDPM(D)= (PCPM*1 0 0 ) /EFFS
1290  NEXT D
1300  LET B=0
13 1 0  FOR D=1 TO REP
1320  LET B=B+PDPM(D)
1330  NEXT D 
1340  LET B=B/REP 
13 5 0  B = I N T ( ( B * 1 0 ) + 0 . 5 ) / 1 0  
1360  PR IN T"
1370  PRINT CHR$( 1 2 9 ) ;CHR$( 1 5 7 ) ;CHR$( 1 3 1 ) ; "MEAN PELLET 

DPM= " ;B
1380  PRINT:PRINT"IS DATA CORRECT"
1390  PRINT:PRINT"YES OR NO"
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14 0 0  INPUT 1$
1 40 5  PR IN T#X ,I$
1 4 1 0  IF  LEFT$ (1 $  /1 )  <> ,,Y"THEN PRINT "RE-ENTER DATA "

:GOTO 1030
1 4 2 0  A =A +((B *F ID F A C )/100)
1 4 3 0  PRINT: PRINT CHR$( 1 2 9 ) ?CHR$( 1 5 7 ) ?CHR$( 1 3 1 ) ; "CORRECTED 

MEAN SUPERNATANT DPM= "?A 
1 4 4 0  B = B -((B *F ID F A C )/100 )
1 4 5 0  PRINT: PRINT CHR$( 1 2 9 ) ?CHR$( 1 5 7 ) ?CHR$( 1 3 1 ) ? "CORRECTED 

MEAN PELLET DPM= "?B 
14 6 0  ENDPROC 
2 0 0 0  DEF PROCFIDDLE
2 0 1 0  PRINT• • SPRINT "% BOUND TO TUBE"
2 0 3 0  PRINT:PRINT"ENTER BLANK COUNTS"
2 0 5 0  PROCDPM
2 1 3 0  FID FA C =(B/A )*100
2 1 4 0  PRINT*, C H R $ ( 1 3 1 ) ; C H R $ ( 1 5 7 ) ; C H R $ ( 1 3 2) ?"% BOUND TO 

TUBE", FIDFAC 
2 1 5 0  ENDPROC 
2 9 9 5  DEF PROCSTAN
3 00 0  PRINT ' ' * :PRINT"MIX STANDARDS"
3 0 1 0  PRINT "INPUT STANDARD DATA"
3 02 0  INPUT"NUMBER OF STANDARDS", NUMSTAN
3 0 2 1  PRINT#X,NUMSTAN
3022  DIM STDPM(NUMSTAN)
3 04 0  FOR 1=1 TO NUMSTAN
3 0 6 0  INPU"CPM ",CPM
3 0 6 1  PRINT#X,CPM
3 07 0  INPUT"EFFICIENCY (%) " , EFF
3 0 7 1  PRINT#X,EFF
3 08 0  IF  EFF <0 THEN 307 0  
3 0 9 0  I F  EFF >100 THEN 3070  
3 1 0 0  STDPM (I)= (C PM *100)/EFF  
3 1 0 5  PRINT STDPM(I)
3 1 2 0  NEXT I
3 1 3 0  REM SUBROUTINE TO CHECK DATA 
3 1 4 0  PRINT"IS DATA CORRECT?"
3 1 5 0  PRINT"YES OR NO"
3 1 5 5  INPUT 1$
3 1 5 6  PRINT#X,1$
3 1 6 0  IF  LEFT$( 1 $ , 1 ) <>"Y" THEN PRINT"RE-ENTER DATA"

.‘ GOTO 3040  
3 1 9 0  REM MEAN VALUE 
3 20 0  LET A=0 
3 2 1 0  FOR 1=1 TO NUMSTAN 
3 22 0  LET A=A+STDPM( I )
3 23 0  NEXT I
3 24 0  LET A=A/(NUMSTAN)
3 25 0  PRINT"NUMBER OF SAMPLES = " ;NUMSTAN
3 26 0  PRINT
3 2 7 0  A = I N T ( ( A * 1 0 ) + 0 . 5 ) / 1 0  
3 28 0  PRINT"MEAN DPM = "?A
3 29 0  REM DIFF SQUARED BETWEEN EACH SAMPLE AND 

AVERAGE AND COLLECT IN D 
3 30 0  LET D=0 
3 3 1 0  FOR 1=1 TO NUMSTAN
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3 32 0
3 33 0
33 40
33 50
33 60
33 70
338 0
339 0
34 00
34 1 0
34 20

34 30
3 43 1
34 40
34 41  
34 50  
34 60  
34 70
3480
34 81  
3490

LET D1=STDPM (I)-A  
LET D=D+(D1*D1)
NEXT I
REM VARIANCE V AND STANDARD DEVIATION S 
LET V=D/(NUMSTAN-1)
PRINT1 * :PRINT"VARIANCE = " ,V
LET S=SQR(V)
PR IN T '1 : PRINT"STANDARD DEVIATION = " ;S
REM COEFFICIENT OF VARIATION 
C V = (S /A )*100
PR IN T" :PRINT"COEFFICIENT OF 
VARIATION = " ;CV
INPUT"VOLUME OF LIGAND IN STANDARD IN UL ",VOL 
PRINT#X,VOL
INPUT"CONCENTRATION OF LIGAND n g /1 0 0 u L " ,n g
PRINT#X,ng
num ng=( n g / 10 0 ) * VOL
DPMNG=A/numng
PRINT"DPM/ng = " ; DPMNG
INPUT"WHAT WEIGHT OF MEMBRANES ",umem
PRINT#X, umem
ENDPROC
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e f f e c t s  o f  d i a b e t e s .  R ev iew  B i o l .  N e o n a te , 5 0 : 2 9 7 -3 1 7
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M a h l e y ,  R.W. ( 1 9 8 2 )  M e d ic a l C l i n i c s  o f  N o r th  A m e r ica : L ip id  

D is o r d e r s  (H a v e l ,  R .J .  E d .)  V olum e 6 6 , 3 7 5 -4 0 2  W.B. 
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l a b e l l e d  Human Low D e n s i t y  L ip o p r o t e in  b y  C u ltu r e d  R a t  

G r a n u lo sa  C e l l s :  C e l l u l a r  M ech an ism s I n v o lv e d  in  

L ip o p r o t e in  M e ta b o lism  and T h e ir  Im p o r ta n c e  t o  

S t e r o i d o g e n e s i s .  J .  C e l l  B i o l .  1 0 0 : 1 2 3 5 -1 2 4 7

P a n i g e l ,  M. ( 1 9 7 1 )  M o r p h o lo g ic a l  e v a l u a t i o n  o f  p e r f u s e d  

t i s s u e s .  I n :  D i c z s a l u s y ,  E. (Ed) K a r o l in s k a  S y m p o sia  on  

R e s e a r c h  M eth od s i n  R e p r o d u c t iv e  P h y s io l o g y .  4 th  Sym posium : 

P e r f u s io n  T e c h n iq u e s .  K a r o lin s k a  I n s t i t u t e ,  S to c k h o lm , p 
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