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1. 

SUMMARY 

1. The i n t r a v e n o u s i n j e c t i o n o f p o l y c a t i o n s p roduces a c u t e r é n a l f a i l u r e and 

p r c t e i n u r i a , and an e x p é r i m e n t a l d i s e a s e v e r y s i m i l a r t o d i s s e m i n a t e d c o a g u l o -

p a t h y . The purpose o f t h i s work was t o i n v e s t i g a t e f u r t h e r , i n t h e r a t , t h e 

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

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

2. Human se ruma lbumin was c a t i o n i z e d w i t h hexaned iamine and l a b e l l e d w i t h 

r a d i o i o d i n e . 

3 . D u r i n g 10 t o 180 m i n u t e s a f t e r t h e i r i n t r a v e n o u s i n j e c t i o n t o t h e r a t , t h è s e 

125 

m o d i f i e d I l a b e l l e d a l b u m i n s were c l e a r e d f r o m t h e plasma a t a r a t e w h i c h 

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

4 . 1 and 3 hours a f t e r t he i n j e c t i o n o f h i g h l y c a t i o n i c p r o t e i n s ( i s o e l e c t r i c 
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p o i n t h i g h e r t h a n 9 . 5 ) , t h e t i s s u l a r p r o t e i n bound I c o n c e n t r a t i o n was 

t h e h i g h e s t 3 . 5 % o f t h e i n j e c t e d a c t i v i t y / g) i n t h e s p l e e n and l i v e r . 

A s i g n i f i c a n t amount o f t h e b a s i c p r o t e i n s was f o u n d i n t h e k i d n e y and i n 

t h e l ung ( 0 . 7 5 t o 1 % / g ) . T h e i r c o n c e n t r a t i o n was much l o w e r i n o t h e r t i s -

sues . 

5 . The who le body r a d i o a c t i v i t y was s i g n i f i c a n t l y l o w e r 24 hours a f t e r t h e i n j e c -
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t i o n o f I l a b e l l e d c a t i o n i z e d a l b u m i n s t h a n o f n a t i v e a l b u m i n , i n d e p e n d e n t l y 

o f t h e i r i s o e l e c t r i c p o i n t . However, exp ressed as a p e r c e n t a g e o f t h e 24 h 

r é t e n t i o n , t h e body r a d i o a c t i v i t y a t l a t e r t i m e s v/as h i g h e r f o r c a t i o n i c t h a n 

f o r n a t i v e a l b u m i n . 

6 . We c o n c l u d e t h a t c a t i o n i z e d a lbum ins a re c l e a r e d f r om t h e p l asma , m a i n l y by 

t h e r e t i c u l o e n d o t h e l i a l System, a t a r a t e d i r e c t l y r e l a t e d t o t h e i r i s o e l e c -

t r i c p o i n t . The c a t i o n i z e d a l b u m i n s a re c a t a b o l i z e d v e r y r a p i d l y i n i t i a l l y , 

b u t a f r a c t i o n o f t h e i n j e c t e d p r o t e i n rema ins i n t h e body f o r a l o n g e r t i m e 

t h a n n a t i v e a l b u m i n . 



INTRODUCTION 

C a t i o n i z e d a l b u m i n s have been i n f u s e d i n t r a v e n o u s l y t o t h e r a t ( 1 ) o r i n t o 

t h e r é n a l a r t e r y o f t h e dog (Lamber t P . P . , D o r i a u x M . , Sennesael J . , V a n h o l d e r R. 

L a m m e n s - V e r s l i j p e M. : u n p u b l i s h e d work ) t o t e s t t h e h y p o t h e s i s t h a t t h e n é g a t i v e 

charge b a r r i e r o f t h e g l o m e r u l a r w a l l p l a y s a m a j o r r ô l e i n t h e r e s t r i c t i o n t o 

a l b u m i n f i l t r a t i o n . Two c o n c l u s i o n s c o u l d be drawn f r o m t h è s e e x p e r i m e n t s : 

F i r s t , a l b u m i n s w i t h a b a s i c i s o e l e c t r i c p o i n t ( p l ) have a h i g h e r u r i n a r y c l e a -

rance t h a n n a t i v e a l b u m i n ( 1 ) . Second, u r i n a r y e x c r é t i o n o f n a t i v e a l b u m i n v/as 

i n c r e a s e d i n a n i m a i s who r e c e i v e d c a t i o n i z e d a l b u m i n i n s h o r t t e rm e x p e r i m e n t s . 

T h i s i n c r e a s e o f n a t i v e a l b u m i n u r i n a r y c l e a r a n c e has a l s o been obse rved when 

o t h e r p o l y c a t i o n s , w i t h d i f f é r e n t s t r u c t u r e and m o l e c u l a r w e i g h t such as p r o t a -

mine (2 ) o r h e x a d i m e t h r i n e (3 ) were i n f u s e d . The a n i m a i s deve loped a v a r i a b l e 

degree o f r é n a l f a i l u r e . Lambert e t a l . i n f u s i n g h i g h l y c a t i o n i z e d se ruma lbum in 

i n t o t h e r é n a l a r t e r y o f t h e dog , observed t h a t t h e p e r f u s e d k i d n e y was t h e s i t e 

o f c a p i l l a r y o b s t r u c t i o n by a g g l u t i n a t e d r e d c e l l s and agg rega ted p l a t e l e t s . 

Amorphous d e p o s i t s were seen i n t h e s u b e n d o t h e l i a l space , and c l u s t e r s s i m i l a r t o 

t h o s e d e s c r i b e d by Kanwar and Farquhar ( 4 ) a f t e r c a t i o n i z e d f e r r i t i n i n f u s i o n 

were seen i n b o t h l a m i n a e r a r a e o f t h e g l o m e r u l a r basement membrane (GBM). A 

hémor rag ie syndrome d e v e l o p e d , w i t h a f a l l o f t h e p l a t e l e t coun t and p lasma f i b r i 

nogen c o n c e n t r a t i o n , and t he appearance o f f i b r i n o g e n d é g r a d a t i o n p r o d u c t s . The 

e x p é r i m e n t a l d i s e a s e had t h u s some common f e a t u r e s w i t h an i n t r a v a s c u l a r d i s s e -

m i n a t e d c o a g u l a t i o n o r a h e m o l y t i c - u r e m i c syndrome. 

I n l ong t e rm e x p e r i m e n t s , i t was shown t h a t c a t i o n f z e d a n t i g e n s i n j e c t e d i n t r a -

v e n o u s l y were d e p o s i t e d i n t h e GBM and i nduced t h e deve lopment o f an immune 

complex g l o m e r u l o n e p h r i t i s ( 5 , 6 ) . 

Because o f t h e i n c r e a s i n g i n t e r e s t f o r t h e p a t h o g e n i c r ô l e o f p o l y c a t i o n i c 

s u b s t a n c e s , we f e l t u s e f u l t o i n v e s t i g a t e i n more d é t a i l s t h e f a t e o f c a t i o n i z e d 

a l bum ins i n j e c t e d i n t o t h e c i r c u l a t i o n , as a f u n c t i o n o f t h e i r p l . Us ing r a d i o -

l a b e l l e d c a t i o n i z e d a l b u m i n s , we s t u d i e d i n t h e r a t t h e s h o r t t e rm ( 1 h t o 3 h) 



plasma c l e a r a n c e and o rgan d i s t r i b u t i o n o f c a t i o n i z e d human se ruma lbumins w i t h 

i n c r e a s i n g p l . The l ong term d i s a p p e a r a n c e r a t e o f t h è s e p r o t e i n s was assessed 

by who le body c o u n t i n g up t o 20 days a f t e r t h e i r i n t r a v e n o u s i n j e c t i o n . 



MATERIAL AND METHODS 

VfizpaÂ.oution the. ccvtioniztd albmlM 

Human se ruma lbumin (S igma, F r a c t i o n V) was c a t i o n i z e d a c c o r d i n g t o t h e t e c h -

n i q u e d e s c r i b e d by Danon e t a l . ( 7 ) . The deg ree o f c a t i o n i z a t i o n was c o n t r o l l e d 

by v a r y i n g t h e pH a t wh ich t he r e a c t i o n was p e r f o r m e d . B r i e f l y , 3 g o f serum-

a l b u m i n were d i s s o l v e d i n 30 ml o f d i s t i l l e d w a t e r and s l o w l y added t o 200 ml 

o f a 2 M hexaned ian i ine s o l u t i o n ( F l u k a AG) a d j u s t e d t o t h e d e s i r e d pH w i t h 

6 N HCl. 3 g o f c a r b o d i i m i d e h y d r o c h l o r i d e ( F l u k a AG) were added i n 30 m i n u t e s ; 

t h e s o l u t i o n was k e p t on i c e t o a v o i d h e a t i n g . The a d d i t i o n o f t h e a c t i v a t o r 

was r e p e a t e d a f t e r 1 h. The pH was c o n t r o l l e d c o n t i n u o u s l y and r e a d j u s t e d w i t h 

0 . 2 N HCl . A f t e r an o v e r n i g h t i n c u b a t i o n a t room t e m p é r a t u r e , t h e s o l u t i o n was 

d i a l y z e d a g a i n s t d i s t i l l e d wa te r f o r 72 h , w i t h 6 b a t h changes . The r e t e n t a t e 

was l y o p h i l i z e d . 

labeJULbxQ tkn albumiyu, 
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The n a t i v e and c a t i o n i z e d a lbum ins were l a b e l l e d w i t h I ( s h o r t t e r m s t u d i e s ) 
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o r I ( l o n g t e r m s t u d i e s ) u s i n g c h l o r a m i d e T and ICI ( 8 , 9) (C. L e r o y , I . R . E . , 

F l e u r u s , B e l g i u m ) . 3 t o 4 mg o f a l b u m i n v/ere i n c u b a t e d d u r i n g 3 m i n u t e s w i t h 

c h l o r a m i n e T (15 p g / m l ) . ICI (1 i o d i n e atom per p r o t e i n m o l é c u l e ) and t h e r a d i o -

- 4 

i o d i n e were added a t a c o n c e n t r a t i o n o f 10 M i n a b o r a t e b u f f e r (pH 7 . 2 ) . 

The l a b e l l e d p r o t e i n was sepa ra ted f r o m f r e e r a d i o i o d i n e on a Sephadex G 25 

column and l y o p h i l i z e d i n 0 .15 M NaCl / 0 . 1 M phospha te b u f f e r (pH 7 . 2 ) . Each 

v i a l c o n t a i n e d 0 . 2 5 mg o f a l bum in w i t h a s p é c i f i e a c t i v i t y o f 0 . 5 t o 1 mCi/mg 

( 1 8 . 5 t o 37 MBq/mg). 

ChoiA.a(iX.QAA.zcution tht laboULtà and anlcLbeIZ2.d otbam^in}, 

The p l o f t h e c a t i o n i z e d samples was measured by i s o e l e c t r i c f o c u s i n g on p o l y -

a c r y l a m i d e ge l (LKB M u l t i p h o r 2 1 1 7 ) , u s i n g a m p h o l i t e s PAG p l a t e s 1804-101 (pH 



range 3 . 5 - 9 . 5 ) . Four samples'-A^ ( p l : 7 . 2 - 8 . 7 ) , ( p l : 7 . 9 - 9 . 5 ) , 

( p l > 9 . 5 ) and A^ ( p l > 9 . 5 ) were o b t a i n e d f o r a c a t i o n i z a t i o n pH o f 8 . 2 , 7 . 8 

and 6 . 5 r e s p e c t i v e l y . Samples A^ and A^ were f u r t h e r c h a r a c t e r i z e d by t h e i r 

p r é c i p i t a t i o n pH i n d i s t i l l e d vyater , wh ich was f ound t o be 1 0 . 8 and 1 1 . 0 r e s -

p e c t i v e l y . 

When ch romatog raphed on Sephadex G 200, t h e c a t i o n i z e d a l b u m i n s e l u t e d i n 

two ma in peaks c o n s i d e r e d t o r e p r e s e n t monomers and d i m e r s r e s p e c t i v e l y . The 

p e r c e n t a g e o f monomers, e s t i m a t e d f r om s u r f a c e measurements o f t h e p e a k s , was 

68 , 77 , 77 and 64 % f o r A^ t o A^ . A f t e r l a b e l ! i n g , t h e p e r c e n t a g e o f monomer 

was unchanged f o r A^ and A^ ; i t decreased t o 67 and 51 % f o r A^ and A^ . The 

E i n s t e i n - S t o k e s r a d i u s o f t h e monomer, c a l c u l a t e d f r o m t h e p o s i t i o n o f t h e l a s t 

peak , was 3 . 5 6 nm f o r n a t i v e a l b u m i n and A-^, 3 . 63 nm f o r A ^ , 4 . 2 0 nm f o r and 

4 . 7 0 nm f o r A^ . 

Plasma dUàapp(iaAanc(i fiaZt thz hjxciLoa.cXÂvÀXLj 

T h i r t y - t w o f e m a l e W i s t a r r a t s w e i g h t i n g 200 t o 300 g were a n e s t h e s i z e d w i t h 

I n a c t i n (100 m g / k g , i n t r a p e r i t o n e a l l y ) . The j u g u l a r v e i n and c a r o t i d a r t e r y were 

c a t h e t e r i z e d u s i n g PE 50 t u b i n g . F i v e i . u . o f h e p a r i n s u l f a t e (Novo) were g i v e n 

t h r o u g h t h e venous c a t h é t e r . The b l a d d e r was c a t h e t e r i z e d w i t h a PE 10 t u b i n g . 

125 

The c o n t e n t o f 1 v i a l o f I a l bum in was 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 

c o n t a i n i n g 10 mg/ml o f u n l a b e l l e d p r o t e i n o f t h e same k i n d , and was d i a l y z e d 

o v e r n i g h t a g a i n s t 0 . 1 5 M NaCl / 0 .005 M phospha te b u f f e r (pH 7 . 8 ) . 

S i x 10 ul a l i q u o t s were p i p e t t e d t o se r ve as s t a n d a r d s f o r t h e p lasma , u r i n e 
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and o rgan c o u n t i n g . F ree I o f t h e i n j e c t a t e was measured on two o f t h e r é f é -

rence samples as t h e a c t i v i t y o f t h e s u p e r n a t a n t a f t e r p r é c i p i t a t i o n w i t h 10 % 

t r i c h l o r a c e t i c a c i d (TCA). I t was a lways f o u n d t o be l e s s t h a n 5 %. 

0 . 2 5 ml o f t h e s o l u t i o n , i . e . 2 .5 mg o f a l b u m i n l a b e l l e d w i t h 15 t o 30 uC i 
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( 0 . 5 5 t o 1 .10 MBq) o f I , were i n j e c t e d i n t o t h e j u g u l a r v e i n . The s y r i n g e 

was w e i g h t e d b e f o r e and a f t e r i n j e c t i o n . 3 t o 400 u l o f b l o o d v/ere drawn f r om 



6. 

t h e a r t e r i a l c a t h é t e r i n t o h e p a r i n i z e d t ubes 10 , 3 0 , 60 , 120 and 180 m i n u t e s 

a f t e r i n j e c t i o n . Two 20 ul a l i q u o t s o f plasma were made t o 1 ml w i t h d i s t i l l e d 

w a t e r and coun ted i n a P h i l i p s a u t o m a t i c gamma c o u n t e r . Two 20 u l a l i q u o t s were 

p r e c i p i t a t e d w i t h 2 ml o f 10 % TCA; t h e p r e c i p i t a t e was sed imen ted a t 6000g 

125 

and 1 ml o f t h e s u p e r n a t a n t was c o u n t e d . The plasma p r o t e i n bound I concen -

125 
t r a t i o n (PB I ) was c a l c u l a t e d , i n pe r cen tage o f t h e a c t i v i t y (% l A ) per m l , as : 

pg 1 2 5 j l A / m l ) ^ 50 x 0 .010 x 1 .00638 x (cpm plasma - 2 . 0 2 cpm s u p e r n a t a n t ) ^ Ĵ QQ 

i n j e c t e d w e i g h t x cpm s t a n d a r d (10 u l ) 

1 .00638 i s t h e d e n s i t y o f p h y s i o l o g i e s a l i n e ( t o c o n v e r t t h e i n j e c t e d w e i g h t 

i n t o an i n j e c t e d v o l u m e ) . The plasma r a d i o a c t i v i t y c o n c e n t r a t i o n was n o r m a l i z e d 

fc5r a body w e i g h t o f 250 g . 

The u r i n e was c o l l e c t e d t h r o u g h o u t t he e x p é r i m e n t a l p e r i o d t o measure t h e t o t a l 

125 
e x c r e t e d r a d i o a c t i v i t y . The f r e e I was d e t e r m i n e d by TCA p r é c i p i t a t i o n . 

T-iiéaQ. d-Lstn^ibuX-ion tho. albLun-Ln^ 

F i v e a n i m a i s i n j e c t e d w i t h n a t i v e a l b u m i n were k i l l e d a t 1 h and f i v e a t 3 h. 

Four a n i m a i s i n j e c t e d w i t h A^ , t h r e e i n j e c t e d w i t h A^ and f i v e i n j e c t e d w i t h A^ 

were k i l l e d a t 3 h. F i v e a n i m a i s i n j e c t e d w i t h A^ were k i l l e d a t 1 h a n d f i v e a t 3 h . 

The l u n g s , l i v e r , sp l een and k i d n e y s were d i s s e c t e d f r e e , r a p i d l y v/ashed w i t h 

s a l i n e and b l o t t e d d r y . Fragments o f t he o rgans were w e i g h t e d and c o u n t e d i n a 

1 - 2 ml g e o m e t r y , w h i l e o t i i e r p i è c e s were i m m e d i a t e l y homogenized i n 5 ml o f 

c o l d 10 /b TCA w i t h an U l t r a T u r r a x ; 1 ml o f t h i s homogenate v/as c e n t r i f u g e d a t 

6000g i n t r i p l a t e , and t h e r a d i o a c t i v i t y o f t h e s u p e r n a t a n t and séd imen t v/as 

125 
d e t e r m i n e d t o c a l c u l a t e t h e p e r c e n t a g e o f f r e e I . For n a t i v e a l b u m i n and A ^ , 

125 

t h e p e r c e n t a g e o f f r e e I was no t d e t e r m i n e d f o r t h e a n i m a i s used i n t h e d i s -

t r i b u t i o n s t u d y ; i t was measured, a t 1 and 3 h a f t e r i n j e c t i o n , i n a s e p a r a t e 

e x p e r i m e n t on e i g h t r a t s ( two a n i m a i s per a l b u m i n and t i m e ) . 



7. 

The t o t a l and p r o t e i n bound I per gram o f t i s s u e was c a l c u l a t e d i n p e r c e n -

t a g e o f t h e i n j e c t e d a c t i v i t y . As t h e plasma r a d i o a c t i v i t y c o n c e n t r a t i o n r e m a i -

n i n g i n t h e c i r c u l a t i o n a t t h e t i m e o f d e a t h was v e r y d i f f é r e n t f o r t h e n a t i v e 

and t h e d i f f é r e n t c a t i o n i c a l b u m i n s , t h e r e s u l t s were exp ressed i n two ways : 

125 
F i r s t , as t h e a p p a r e n t d i s t r i b u t i o n volume o f p r o t e i n bound I , t h a t i s t h e 

125 

o rgan p r o t e i n bound I (% l A / g ) d i v i d e d by t h e plasma p r o t e i n bound r a d i o a c t i -

v i t y (% l A / m l ) . Second, f o r c a t i o n i z e d a l b u m i n s , as t h e o rgan p r o t e i n bound 

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

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

plasma p r o t e i n bound a c t i v i t y by t h e a p p a r e n t d i s t r i b u t i o n vo lume o f n a t i v e 

a l b u m i n . 

I n two e x p e r i m e n t s w i t h A4, one k i d n e y and a f r a g m e n t o f t h e l i v e r were homo-

gen i zed i n d i s t i l l e d w a t e r ; t h e homogenate was c e n t r i f u g e d a t 82Û0g t o e s t i m a t e 

t h e % o f i n s o l u b l e a c t i v i t y . 

ZhxdisiQ 0^ Ifiiglvltj ccutZonlztd albLin]Â.n to thd find cdUU, 

As i t was shown i n v i t r o t h a t c a t i o n i z e d a l b u m i n s w i t h a p l h i g h e r t h a n 9 . 5 

b i n d t o t h e e r y t h r o c y t e s , we wanted t o e s t i m a t e t h e i m p o r t a n c e o f t h i s b i n d i n g 

i n v i v o . The a c t i v i t y bound t o t h e r ed c e l l s was measured i n s i x a n i m a i s i n j e c -

t ed w i t h A3. I n two o f them, 1 ml o f b l ood t a k e n 3 h a f t e r i n j e c t i o n was c e n t r i -

f uged a t 4000g ; t h e c e l l s were washed once w i t h 1 ml s a l i n e , hemolysed w i t h 1 ml 

d i s t i l l e d w a t e r and c o u n t e d . I n f o u r r a t s , 400 t o 600 u l o f b l o o d were drawn i n 

t ubes c o n t a i n i n g 0 . 5 ml d i b u t y l p h t a l a t e and one d r o p o f h e p a r i n s u l f a t e a t 

10 , 3 0 , 60 , 120 and 180 m i n u t e s . The b l o o d was spun a t 4000g f o r 15 m i n u t e s ; t h e 

s u p e r n a t a n t was removed and counted s e p a r a t e l y f r o m t h e c e l l s , a l l o w i n g t o c a l -

c u l a t e t h e r a t i o a o f c e l l a c t i v i t y t o plasma a c t i v i t y . T h i s r a t i o a and t h e 

plasma a c t i v i t y c o n c e n t r a t i o n were t h e n used t o e s t i m a t e , a t each t i m e , t h e 

p e r c e n t a g e o f t h e i n j e c t e d a c t i v i t y bound t o t h e e r y t h r o c y t e s , t h a t i s a t i m e s t h e 

a c t i v i t y i n t h e plasma o f 1 ml o f b l o o d . The a c t i v i t y i n t h e plasma o f 1 ml o f 

b l ood i s t h a t i n 1 ml o f plasma t i m e s t h e p l a s m a c r i t {-y- 50 %). 
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Long t(î/u)\ KoXdYvtion. fiadiolodim a{^teA tho. ^ntAavmoU'i injaction î 

aZbum-Lyi!> 

Three g roups o f f i v e r a t s were i n j e c t e d i n t o a t a i l v e i n under l i g h t e t h e r 

a n e s t h e s i a w i t h n a t i v e ^ ^ ^ I a l b u m i n (g roup 1 ) , ^ " ^ ^ I - A l ( g r o u p 2) o r ^"^'^I-AS 

( g r o u p 3 ) . The amount o f a l b u m i n and a c t i v i t y i n j e c t e d were t h e same as f o r 

t h e plasma c l e a r a n c e and o rgan d i s t r i b u t i o n s t u d y . One r a t had t o be d i s c a r d e d 

i n g roup 2 and i n g r o u p 3 because o f a p a r t i a l pa ravenous i n j e c t i o n . The r a t s 

r e c e i v e d 0 .05 % Nal i n t h e i r d r i n k i n g wa te r t o b l o c k t h e t h y r o i d . The a n i m a i s 

were coun ted between 2 N a l ( T l ) c r y s t a l s o f a who le body c o u n t e r ( N u c l e a r 

E n t r e p r i s e ) a t 15 m i n u t e s , 16 , 24 , 48 , 72 , 9 5 , 120 , 168 , 264 , 336 , 432 and 480 h. 

131 

The r e s u l t s were c o r r e c t e d f o r t he p h y s i c a l h a l f l i f e o f I and exp ressed as 

t h e p e r c e n t a g e o f t h e who le body coun t s a t 15 m i n u t e s ( R i r ) o r a t 24 h ( R p . ) . 
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RESULTS 

Evoùition 0^ thz plaéma fiacLioactivity 

From 10 m inu tes t o 3 h a f t e r i n j e c t i o n , t h e p r o t e i n bound plasma r a d i o a c t i v i t y 

was s i g n i f i c a n t l y lower f o r a i l c a t i o n i z e d a l b u m i n s than f o r t he n a t i v e p r o t e i n 

( S t u d e n t ' s t e s t ) . The plasma c o n c e n t r a t i o n was t h e l o w e s t f o r t h e a l b u m i n s w i t h 

a p l h i g h e r t h a n 9 .5 . Between 30 m inu tes and 3 h , t h e plasma c o n c e n t r a t i o n c o u l d 

be a d j u s t e d w i t h s i n g l e e x p o n e n t i a l s f o r t h e f i v e p r o t e i n s ( F i g . 1 ) . The s l o p e s 

o f thèse e x p o n e n t i a l s , and t h e i r s tanda rd e r r o r , were c a l c u l a t e d by a l i n e a r 

r é g r e s s i o n o f t h e l o g a r i t h m o f t he plasma a c t i v i t y c o n c e n t r a t i o n on t h e t i m e ( 1 0 ) . 

They were : - 0 . 0 0 3 5 + 0 .0007 , -0 .0065 + 0 . 0 0 0 5 , - 0 . 0 1 2 4 + 0 . 0 0 1 4 , - 0 . 0 1 3 9 + 0 .0018 

and - 0 . 0 2 0 8 + 0 .032 min ^ f o r n a t i v e a lbumin and f o r t o r e s p e c t i v e l y . Thus , 

a f t e r 30 m i n u t e s , t h e plasma d isappearance r a t e o f c a t i o n i z e d a l bum ins v/as s t i l l 

h i g h e r t han t h a t o f n a t i v e a l b u m i n . Free i o d i n e c o n c e n t r a t i o n i n plasma was 

l e s s t han 0 . 1 % lA a t 10 m inu tes and reached a p l a t e a u around 0 .45 % lA per ml 

a t 1 h , f o r a i l i n j e c t e d a l b u m i n s . 

UfvinaAij txcAoJiÀJon the. h.adU.oactivÂJ:Lj 

The e x c r e t e d r a d i o a c t i v i t y a t 3 h v a r i e d f r o m 1 .4 % lA (SD : 0 . 8 ; n ^ 4) f o r A^ 

t o 7 . 4 % lA (SD : 4 ; n = 4) f o r A^ ; t h e d i f f é r e n c e between t h e g roups was n o t s t a -

t i s t i c a l l y s i g n i f i c a n t . Free i o d i n e accounted f o r more than 98 % o f t h e u r i n a r y 

a c t i v i t y f o r c a t i o n i z e d a lbumins and f o r 90 7J o f t h e u r i n a r y a c t i v i t y a f t e r 

n a t i v e a lbumin i n j e c t i o n . Th i s h igh amount o f n o n - p r o t e i c a c t i v i t y p r e c l u d e d 

any p r é c i s e c a l c u l a t i o n o f t he p r o t e i n s u r i n a r y c l e a r a n c e s . 

O^gan dLbtA.ibLitÂ,on tht aZbim-ini, 

The appa ren t d i s t r i b u t i o n volumes o f n a t i v e a l b u m i n were 0 . 1 0 t o 0 . 1 2 m l / g 

f o r t h e l i v e r , s p l e e n and k i d n e y , and 0 .16 m l / g f o r t h e l u n g . As shown i n F i g . 2, 

125 
t h e appa ren t d i s t r i b u t i o n o f t h e p r o t e i n bound I i n t h e o rgans i n c r e a s e d w i t h 
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i n c r e a s i n g p l . No s i g n i f i c a n t d i f f é r e n c e s were f o u n d by S t u d e n t ' s t e s t between 

and A ^ , bo th w i t h a p l h i g h e r t h a n 9 . 5 . 

The p e r c e n t a g e o f f r e e i o d i n e i n t h e t i s s u e s 3 h a f t e r i n j e c t i o n was t h e 

h i g h e s t f o r n a t i v e a l b u m i n ( f r o m 3 2 . 5 % i n t h e s p l e e n t o 42 % i n t h e k i d n e y ) 

and t h e l o w e s t f o r t h e c a t i o n i c a lbumins w i t h a p l above 9 . 5 (10 % i n t h e s p l e e n 

and l i v e r , 20 % i n t h e k i d n e y and 38 % i n t h e l u n g ) . 

125 

The c a l c u l a t e d p r o t e i n bound 1 o u t s i d e t h e d i s t r i b u t i o n space o f n a t i v e 

a l b u m i n a l s o i n c r e a s e d w i t h p l ( T a b l e 1 ) , w i t h a s t e p i n c r e a s e betv;een A2 and A^ . 

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

p r o t e i n bound r a d i o a c t i v i t y was l o w e r a t 3 h t h a n a t 1 h ( T a b l e 2 ) . 

When t h e l i v e r o r k i d n e y o f a n i m a i s i n j e c t e d 1 h p r e v i o u s l y w i t h A^ were homo-

g e n i z e d i n d i s t i l l e d wa te r and spun a t 8200g, 50 % o f t h e t o t a l r a d i o a c t i v i t y 

and 90 % o f t h e p r o t e i n bound a c t i v i t y were f o u n d i n t h e s é d i m e n t . 

kctÀviZy bound to thu fidd ceJUU 

A f t e r t h e i n j e c t i o n o f A ^ , t h e r a t i o o f red c e l l a c t i v i t y t o plasma a c t i v i t y a 

i n c r e a s e d f r om 0 .23 + 0 . 0 9 (n = 3 ) a t 10 m i n u t e s t o 0 . 5 3 + 0 . 0 5 ( n = 4) a t 3 h. 

Assuming a p l a s m a c r i t o f 50 %, one can t h u s c a l c u l a t e t h a t r o u g h l y 0 . 1 0 % o f t h e 

i n j e c t e d a c t i v i t y was bound t o t h e e r y t h r o c y t e s o f 1 ml o f b l o o d t h r o u g h o u t 

t h e e x p e r i m e n t . A t 3 h , we a l s o f ound 0 .10 % o f t h e i n j e c t e d a c t i v i t y bound t o 

t h e washed séd iment o f 1 ml o f b l o o d . 

W/io£.e body H.QX.zntiûn 0^ Kadiolodine. ci{^tQA intAavmou-i inje-ction 0^ ^xidiolabeLl^d 

cat'Lonize.d albumin 

As compared w i t h n a t i v e a l b u m i n , a l a r g e r amount o f b o t h c a t i o n i z e d a l b u m i n s 

A^ and A^ was degraded d u r i n g t h e f i r s t 24 h : R^j- a t t h i s t i m e was 0 . 5 0 + 0 . 0 1 9 

f o r n a t i v e a l b u m i n , 0 . 2 1 + 0 . 0 0 8 f o r A^ and 0 . 2 5 + 0 . 0 3 6 f o r A^ ( F i g . 3 a ) . T h e r e -

a f t e r , t h e d é g r a d a t i o n o f c a t i o n i z e d a lbumins was s l o w e r t h a n t h a t o f n a t i v e 

a l b u m i n , s i n c e R^^ was a t a i l t i m e s s i g n i f i c a n t l y h i g h e r f o r A^ and A^ ( F i g . 3 b ) . 

The l o n g t e rm b e h a v i o u r o f t h e two c a t i o n i z e d samples was v e r y s i m i l a r , i n s p i t e 

o f t h e i r d i f f é r e n t p l . 
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DISCUSSION 

The f a s t e r remova l o f c a t i o n i z e d a l b u m i n s f r o m t h e plasma can be a t t r i b u t e d 

t o s e v e r a l mechanisms : e x c e s s i v e u r i n a r y l o s s , i n c r e a s e d escape t o t h e e x t r a -

c e l l u l a r s p a c e , b i n d i n g t o c e l l s and basement membrane and i n t r a c e l l u l a r u p t a k e 

and d é g r a d a t i o n . 

A h i g h e r u r i n a r y c l e a r a n c e o f c a t i o n i c a l b u m i n s has been shown by P u r t e l l e t 

125 

a l . ( 1 ) . I n o u r e x p e r i m e n t s , most o f t h e u r i n a r y r a d i o a c t i v i t y was f r e e I , 

and a p r é c i s e e s t i m a t i o n o f t h e p r o t e i n c l e a r a n c e was i m p o s s i b l e . N e v e r t h e l e s s , 

ou r u r i n a r y d a t a show t h a t a h i g h e r u r i n a r y l o s s o f c a t i o n i z e d a l b u m i n was n o t 

125 

r e s p o n s i b l e f o r i t s f a s t e r plasma r e m o v a l , s i n c e t h e t o t a l I u r i n a r y o u t p u t 

was n o t d i f f é r e n t between t h e g r o u p , and t h e p e r c e n t a g e o f n o n - p r o t e i n bound 

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

There a r e f ew a v a i l a b l e da ta t o s u p p o r t t h e i dea o f a h i g h e r c a p i l l a r y permea-

b i l i t y f o r c a t i o n i z e d t han f o r n a t i v e a l b u m i n . The o n l y d i r e c t é v i d e n c e o f an 

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

was o b t a i n e d f o r t h e k i d n e y g l o m e r u l u s : DEAE d e x t r a n s (11 ) and c a t i o n i z e d p r o -

t e i n s ( 1 , 12 , 13) were shown t o be f i l t e r e d t o a g r e a t e r e x t e n t t h a n n e u t r a l 

d e x t r a n s o r n a t i v e p r o t e i n s w i t h t h e same m o l e c u l a r s i z e . Thèse f i n d i n g s v/ere 

a t t r i b u t e d t o t h e f a c t t h a t b a s i c m o l é c u l e s wou ld c r o s s more e a s i l y t h e n é g a t i v e 

charge b a r r i e r o f t h e GBM ( 4 , 1 1 ) . Thèse o b s e r v a t i o n s on t h e g l o m e r u l u s c a n n o t 

be e x t r a p o l a t e d t o n o n - f e n e s t r a t e d o r d i a p h r a g m - f e n e s t r a t e d e n d o t h e l i a . I n d e e d , 

P i e t r a e t a l . have p r e s e n t e d r e c e n t l y d a t a showing t h a t , i n t h e l u n g , n e g a t i v e l y 

cha rged d e x t r a n s u l f a t e m o l é c u l e s were t r a n s p o r t e d t o t h e lymph more r e a d i l y t h a n 

n e u t r a l d e x t r a n m o l é c u l e s w i t h t h e same r a d i u s ( 1 4 ) . However , M i c h e l and T u r n e r 

have shown r e c e n t l y (15) t h a t t h e o s m o t i c f o r c e d e v e l o p e d i n f r o g m e s e n t e r i c 

c a p i l l a r i e s by s u c c i n y l a t e d m y o g l o b i n , w h i c h bea rs n é g a t i v e c h a r g e s a t t h e pH o f 

t h e p lasma, i s h i g h e r t han t h a t i nduced by n a t i v e m y o g l o b i n , w h i c h has an i s o -

e l e c t r i c p o i n t o f a p p r o x i m a t e l y 8 ( 1 6 ) ; t h i s i s an i n d i r e c t a rgument t o t h i n k 

t h a t t h e n e g a t i v e l y charged p r o t e i n s a r e r e t a i n e d more e f f i c i e n t l y i n t h e c a p i l -
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l a r y beds. 

Even i f an i n c r e a s e d t r a n s p o r t t o the e x t r a c e l l u l a r f l u i d i s i n p a r t r e s p o n -

s i b l e f o r t h e h i g h e r plasma c l e a r a n c e o f c a t i o n i c a l b u m i n s , i t c a n n o t be t h e 

o n l y mechanism : i n d e e d , t h e d i s t r i b u t i o n vo lume o f t h e c a t i o n i z e d a l b u m i n s w i t h 

t h e h i g h e r p l was l a r g e r t h a n t h a t expec ted f o r e x t r a c e l l u l a r f l u i d , and most o f 

t h e p r o t e i n bound r a d i o a c t i v i t y was found i n a w a t e r i n s o l u b l e f r a c t i o n o f t h e 

t i s s u e homogenate. We must t h u s a d m i t t h a t c a t i o n i z e d a l b u m i n i s bound t o c e l l s 

o r basement membranes, o r i s i n t e r n a i i z e d i n t o t h e c e l l s . 

B i n d i n g o f c a t i o n i c f e r r i t i n t o basement membrane was f o u n d i n t h e k i d n e y 

g l o m e r u l u s by F a r q u h a r e t a l . ( 4 ) . Lambert e t a l . f o u n d t h a t c a t i o n i z e d a l b u m i n 

was bound t o t h e GBM i n a s i m i l a r f a s h i o n . B i n d i n g o f t h e p o l y c a t i o n p o l y e t h y l e n e 

i m i n e (MW 30000 - 40000) was obse rved i n t h e basement membranes o f t h e l u n g and 

c h o r o i d p l e x u s c a p i l l a r i e s , and i n t h e l am ina e l a s t i c a o f b l o o d v e s s e l s by 

Schu re r e t a l . (17 ) . �-

C e l l membrane b i n d i n g o f c a t i o n i c probes has been shown t o be a g ê n e r a i pheno-

menon ( 1 8 , 19, 20 , 2 1 ) . We have found t h a t b i n d i n g o f c a t i o n i z e d a l b u m i n t o t h e 

e r y t h r o c y t e s was d i r e c t l y r e l a t e d t o the p l ( V i z e t A . , Bergmann P. : u n p u b l i s h e d 

w o r k ) , so t h a t b i n d i n g t o c e l l membranes c o u l d a c c o u n t f o r t h e d i r e c t r e l a t i o n 

between p l and plasma d i s a p p e a r a n c e r a t e . 

C a t i o n i c probes such as c a t i o n i z e d f e r r i t i n a r e r a p i d l y i n t e r n a i i z e d by endo-

t h e l i a l c e l l s (18) and by macrophages ( 1 9 ) . The u p t a k e o f c a t i o n i c a l b u m i n by 

c e l l s o f t h e r e t i c u l o e n d o t h e l i a l System i s sugges ted by t h e h i g h c o n c e n t r a t i o n 

obse rved i n t h e l i v e r and t h e s p l e e n . In t h i s r e s p e c t , c a t i o n i z e d a l b u m i n wou ld 

have a b e h a v i o u r s i m i l a r t o t h a t o f hea t d e n a t u r a t e d a l b u m i n ( 2 2 ) . 

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

t o f o r m l a r g e é l e c t r o n dense amorphous complexes wh i ch were d e m o n s t r a t e d i n t h e 

s u b e n d o t h e l i a l space o f t h e k i d n e y g l o m e r u l u s (Lamber t P .P . e t a l . : u n p u b l i s h e d 

w o r k ) . Such l a r g e complexes wou ld a l s o be more s u s c e p t i b l e t o macrophage u p t a k e 

and d é g r a d a t i o n . 
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Once i n t e r n a i i z e d i n t o t h e c e l l s , t he c a t i o n i z e d a l b u m i n i s r a p i d l y deg raded 

a c c o u n t i n g f o r t h e d i m i n u t i o n o f t h e t i s s u e p r o t e i n bound r a d i o a c t i v i t y between 

1 and 3 h , and f o r t h e low 24 h whole body r é t e n t i o n . However , a f r a c t i o n o f t h e 

c a t i o n i z e d a l b u m i n n o t degraded a t 24 h seems t o be c a t a b o l i z e d more s l o w l y t h a n 

n a t i v e a l b u m i n . T h i s c o u l d r e f l e c t e i t h e r a dec reased s e n s i t i v i t y t o t h e a c t i o n 

o f p r o t e o l y t i c enzymes, wh ich has been d e s c r i b e d f o r c y t o p l a s m i c p r o t e i n s w i t h 

a h i g h p l ( 2 3 ) , o r t r a p p i n g i n s i t e s not a c c e s s i b l e t o c a t a b o l i s n i , such as 

basement membranes. 

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

t o p r e c l u d e t h e d é t e c t i o n i n t h e plasma o f any c a t i o n i c p e p t i d e w h i c h c o u l d be 

r e l e a s e d by t h e c e l l s and p o s s i b l y p l a y a r ô l e i n some human d i s e a s e s c h a r a c t e r i -

zed by d i s e m i n a t e d c o a g u l a t i o n , u n l e s s i t i s c o n t i n u o u s l y s e c r e t e d . 



TABLE 1 

PROTEIN BOUND -"l IN TISSUES {% l A / g ) 3 H AFTER THE INJECTION OF 

CATIONIZED ALBUMINS (MEAN + 1 SD) (THE ACTIVITY SUPPOSED TO BELONG 

TO THE DISTRIBUTION SPACE OF NATIVE ALBUMIN WAS SUBSTRACTED) 

^2 ^3 
( p l ^ 7 . 2 - 8 . 7 ) (Pl = 7 . 9 - 9 . 5 ) (Pl > 9 . 5 ) (P l > 9 . 5 ) 

n = 4 n = 3 n = 5 n = 5 

LUNG 0 . 1 2 + 0 . 1 5 0 . 1 5 + 0 . 0 4 ^ 0 .36 + 0.24*^ 0 .75 + 0 . 3 0 

SPLEEN 0.24 
A 

+ 0 .02 0 . 5 6 
A r 

+ 0 . 1 7 " ' ^ 3 .05 + 0 .52^ ' " ^ 3 .23 + 0 . 4 0 

LIVER 0 .63 + 0 . 0 4 ^ 0 . 6 1 + 0 . 3 2 3 .39 + 0 . 3 2 ^ ' ^ 2 .87 + 0 . 6 1 

KIDNEY 0 .23 + 0 . 0 4 ^ 0 . 2 8 + 0 . 0 7 ^ 0 .93 + 0 . 2 2 ^ ' ° 0 .92 + 0 .13 

SIGNIFICANTLY DIFFERENT FROM 0 (STUDENT'S TEST) : A : P < 0 . 0 5 

B : P < 0 . 0 1 

SIGNIFICANTLY DIFFERENT FROM THE ALBUMIN WITH THE IMMEDIATELY LOWER p l 

(STUDENT'S TEST) : C : P < 0 .05 D : P < 0 . 0 1 

n = 4 



TABLE 2 

EVOLUTION OF THE PROTEIN BOUND ^ ^ ^ I IN THE TISSUES (% l A / g ) 

BETWEEN 1 H AND 3 H AFTER THE INJECTION OF A^ (MEAN + 1 SD) 

1 H n = 5 3 H 

S t u d e n t ' s t e s t 

LUNG 1 . 0 1 + 0 .35 NS 0 . 7 5 + 0 . 3 0 

SPLEEN 4 . 5 1 + 0 . 6 4 P < 0 . 0 1 3 . 2 3 + 0 . 4 0 

LIVER 4 . 2 0 + 0 . 6 2 P < 0 . 0 1 2 . 8 7 + 0 . 6 1 ' 

KIDNEY 1.13 + 0 .20 NS 0 . 9 2 + 0 . 1 3 

n = 4 
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F i g . 1. Plasma c o n c e n t r a t i o n o f p r o t e i n bound I ( o f t h e i n j e c t e d a c t i v i t y 

per m l ) a f t e r t h e i n j e c t i o n o f e i t h e r n a t i v e a l b u m i n ( t ) o r c a t i o n i z e d a l b u m i n s 

(x : , p l = 7 . 2 - 8 . 7 ; o : A^ , p l = 7 . 9 - 9 . 5 ; A : A^ , p l > 9 . 5 ; D : A^ , p l > 9 . 5 ) . 

125 

F i g . 2. P r o t e i n bound I a p p a r e n t d i s t r i b u t i o n vo lume ( m l / g ) 3 h a f t e r t h e 

i n j e c t i o n o f e i t h e r n a t i v e a l b u m i n (A ) o r c a t i o n i z e d a l b u m i n s (A^ , p l = 7 . 2 - 8 . 7 ; 

A^ , p l = 7 . 9 - 9 . 5 ; A^ , p l > 9 . 5 ; A^ , p l > 9 . 5 ) a) i n t h e l u n g and k i d n e y ; 

b) i n t h e l i v e r and s p l e e n . 

131 

F i g . 3 . Whole body r é t e n t i o n o f I a f t e r t h e i n j e c t i o n o f e i t h e r n a t i v e a l b u -

m in ( � ) o r c a t i o n i z e d a l b u m i n s (x : A^ , p l = 7 . 2 - 8 . 7 ; o : A^ , p l > 9 . 5 ) a) e x p r e s -

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

b) exp ressed as a p e r c e n t a g e o f t h e a c t i v i t y r e t a i n e d a t 24 h (A^ and A^ t h e n 

s u p e r p o s e ) . 
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