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(S)  A  method  for  separating  blood  and  a  barrier  device  therefor. 

Disclosed  is  a  method  for  centrifuging  serum  which 
comprises  the  steps  of  introducing  a  barrier  having  an  elastic 
porous  member  at  least  as  its  principal  part  into  a  blood- 
collecting  tube  and  centrifuging  serum,  the  elastic  porous 
member  having  a  porosity  of  40  %  or  more,  a  continuous- 
pore  size  of  50  to  400  µ,  and  a  cross-section  larger  than  that 
of  the  blood-collecting  tube.  Also  disclosed  is  a  barrier  (3)  to 
be  introduced  into  a  blood-collecting  tube  (1  comprising  an 
elastic  porous  member  having  a  porosity  of  40  %  or  more,  a 
continuous-pore  size  of  50  to  400  µ,  and  a  cross-section 
larger  than  that  of  the  blood-collecting  tube  (1),  the  bottom 
portion  of  the  elastic  porous  member  preferably  being  a 
relatively  hard  portion  (100,  111)  with  smaller  outside 
diameter. 



Thi s   i n v e n t i o n   r e l a t e s   to  a  me thod   for   s e p a r a t i n g   b l o o d  

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

l i q u i d   se rum  by  c e n t r i f u g a t i o n ,   and  a  b a r r i e r   u sed   f o r  

such   m e t h o d .  

In  a  b l o o d   t e s t ,   b l o o d   i s   g e n e r a l l y   s e p a r a t e d   by  c e n t r i -  

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

b l o o d   c o r p u s c l e s ,  a n d   o n l y   the   serum  is   c o l l e c t e d   f o r  

a n a l y s i s   and  e x a m i n a t i o n .   A c c o r d i n g   to  a  w e l l - k n o w n  

me thod   fo r   s e p a r a t i n g   the   s e r u m ,   b l o o d   c o l l e c t e d   in  a 

t e s t   t u b e   i s   c e n t r i f u g e d ,   m a t e r i a l   such  as  ge l   m a t e r i a l  

c o m p o s e d   of  s i l i c o n e - s i l i c a   which   has  an  i n t e r m e d i a t e  

s p e c i f i c   g r a v i t y   b e t w e e n   t h o s e   of  the  serum  and  c e l l u l a r  

s o l i d   m a t t e r s   i s   pu t   in  t he   t e s t   t u b e ,   the  ge l   m a t e r i a l  

i s   i n t e r p o s e d   b e t w e e n   t he   se rum  and  c e l l u l a r   m a t t e r s   b y  

c e n t r i f u g a t i o n ,   and  the   s e rum  is   s e p a r a t e d   by  d e c a n t a t i o n .  

In  t h i s   c a s e ,   h o w e v e r ,   i t   i s   d i f f i c u l t   to  p e r f e c t l y   p r e -  
v e n t   f i b r i n   and  o t h e r   s o l i d   m a t t e r s   from  b e i n g   mixed  i n  

the   s e r u m .  

Such  m i x i n g   of  b l o o d   c o r p u s c l e s ,   f i b r i n ,   e t c .   in  the  s e r u m  

is   u n d e s i r a b l e   b e c a u s e   i t   may  c a u s e   c l o g g i n g   of  i n s t r u -  

ment  n o z z l e s   as  w e l l   as  e r r o r s   in  m e a s u r e m e n t .  

A c c o r d i n g l y ,   as  a  b l o o d   s e p a r a t o r   c a p a b l e   of  p r e v e n t i n g  

such   m i x i n g   in  the   s e r u m ,   t h e r e   i s   p r o p o s e d   a  p i s t o n  



member  in  w h i c h   a  s o l i d   w e i g h t   fo r   s p e c i f i c   g r a v i t y   a d -  

j u s t m e n t   i s   c o u p l e d   w i th   a  f l e x i b l e   f i l t e r   member  w h i c h  

i s   l a r g e   e n o u g h   to  be  in  s l i d a b l e   c o n t a c t   w i t h   the  i n -  

s i d e   w a l l   of  a  b l o o d - c o l l e c t i n g   t u b e ,   and  h a v i n g   a  

s p e c i f i c   g r a v i t y   of  from  1 .03   to  1 . 0 9   as  a  whole   i s   i n -  

s e r t e d   in  t he   b l o o d - c o l l e c t i n g   t u b e   ( U n i t e d   S t a t e s  

P a t e n t   No.  3 , 9 3 1 , 0 1 8 ) .   Formed  of  two  s u b m e m b e r s   w i t h  

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

t h a t   a r e   b o n d e d   t o g e t h e r ,   the  p i s t o n   member  i s   no t   a n  

e n t i r e l y   s a t i s f a c t o r y   s t r u c t u r e ,   r e q u i r i n g   much  l a b o r   i n  

m a n u f a c t u r e .  

The  i n v e n t i o n   a s  c l a i m e d   has  been  d e v e l o p e d   in  c o n s i d e r a -  

t i o n   of  t he   a b o v e   c i r c u m s t a n c e s ,   and  i s   i n t e n d e d   t o  

p r o v i d e   a  r e m e d y   by  a  me thod   for   s e p a r a t i n g   b l o o d   and  a 
d e v i c e   t h e r e f o r   c a p a b l e   of  s i m p l i f y i n g   m a n u f a c t u r e   a n d  

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

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

be  m i x e d   w i t h   s e r u m .  

A c c o r d i n g   to  the   i n v e n t i o n ,   t h e r e   i s   p r o v i d e d   a  m e t h o d  

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

t u b e   i n t o   a  s e r u m   p a r t   and  a  s o l i d   c o m p o n e n t   p a r t   by  

c e n t r i f u g a t i o n ,   c o m p r i s i n g   the   s t e p s   of  i n t r o d u c i n g   a 

b a r r i e r   f o r m e d   of  an  e l a s t i c   p o r o u s   member  i n t o   the   b l o o d -  

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

of  40  %  or  m o r e ,   a  c o n t i n u o u s - p o r e   s i z e   of  50  to  4 0 0  µ ,  

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

the   s e r u m   p a r t , a n d   a  l a r g e r   c r o s s - s e c t i o n   in  at   l e a s t  

p a r t   t h e r e o f   and  p e r p e n d i c u l a r   to  the   a x i a l   d i r e c t i o n  

t h e r e o f   t h a n   t h a t   of  the   b l o o d - c o l l e c t i n g   t u b e ;   m o v i n g  

the   e l a s t i c   p o r o u s   member  to  the  i n t e r f a c e   b e t w e e n   a  , 

s e r u m   p a r t   l a y e r   and  a  s o l i d   c o m p o n e n t   l a y e r   in  the  b l o o d  

by  c e n t r i f u g a l   f o r c e   p r o d u c e d   in  c e n t r i f u g i n g   the  b l o o d ,  

and  s e p a r a t i n g   the   s e rum  in  the   b l o o d .  

F u r t h e r ,   a c c o r d i n g   to  the   i n v e n t i o n ,   t h e r e   i s   p r o v i d e d   a 

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



e l a s t i c   p o r o u s   member  h a v i n g   p o r o s i t y   of  40  %  o r  

more ,   a  c o n t i n u o u s - p o r e   s i z e   of  50  to  400  p ,   an  o v e r a l l  

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

l a r g e r   t h a n   t h a t   of  a  b l o o d - c o l l e c t i n g   t u b e .  

P r e f e r r e d   ways  of  c a r r y i n g   out   the   i n v e n t i o n   a r e  

d e s c r i b e d   in  d e t a i l   be low  w i th   r e f e r e n c e   to  d r a w i n g s ,  
in  w h i c h : -  

F i g u r e s   1(A)  to  1(C)   are   s e c t i o n a l   v i e w s   of  a 

b l o o d   s e p a r a t o r   in  a c c o r d a n c e   w i t h   the   i n v e n t i o n ,  

i l l u s t r a t i n g   p r o c e s s e s   of  b l o o d   s e p a r a t i o n ;  

F i g u r e   2  i s   a  s e c t i o n a l   view  of  the  b l o o d   s e p a r a -  
t o r   a c c o r d i n g   to  a n o t h e r   e m b o d i m e n t   w h e r e i n   a 

b a r r i e r   i s   d i s p o s e d   in  a  vacuum  b l o o d - c o l l e c t i n g  

t u b e   in  a d v a n c e ;  

F i g u r e s   3  a n d  4   a re   p e r s p e c t i v e   v i e w s   i l l u s t r a t i n g  

the   s h a p e s   of  b a r r i e r s ;  

F i g u r e s   5  to  12  are   s e c t i o n a l   v i e w s   s h o w i n g   s e v e r a l  

m o d i f i c a t i o n s   of  the   b a r r i e r ;  

F i g u r e   13(A)   i s   a  p e r s p e c t i v e   e x p l o d e d   v iew  of  t h e  

b a r r i e r   in  c o m b i n a t i o n   w i th   a  t ube   m e m b e r ;  

F i g u r e   1 3 ( B )   i s   a  s e c t i o n a l   view  s h o w i n g   t h e  

member s   of  F i g u r e   13  (A)  in  t h e i r   a s s e m b l e d   s t a t e ;  

F i g u r e   14  i s   a  s e c t i o n a l   view  s h o w i n g   a n o t h e r  

m o d i f i c a t i o n   of  the   b a r r i e r   of  the   i n v e n t i o n ;  

F i g u r e   15  i s   a  p e r s p e c t i v e   view  s h o w i n g   s t i l l  

a n o t h e r   m o d i f i c a t i o n   of  the   b a r r i e r ;   a n d  

F i g u r e   16  is   a  s e c t i o n a l   view  as  t a k e n   a l o n g  

l i n e   A-A  of  F i g u r e   1 5 .  

As  c o m p a r e d   w i t h   the   p r i o r   a r t   me thod   or  d e v i c e   f o r  

b l o o d   s e p a r a t i o n ,   a  u n i q u e   p o i n t   of  t h i s   i n v e n t i o n  

r e s i d e s   in  t h a t   an  e l a s t i c   member  w i th   c o n t i n u o u s   p o r e s  
of  a  s p e c i f i e d   s i z e   i s   used   d i r e c t l y   s i n g l y   or  s u b s t a n -  

t i a l l y   s i n g l y   as  a  p h a s e   s e p a r a t o r   (or   b a r r i e r ) .   A n -  

o t h e r   p e c u l i a r   p o i n t   of  the   i n v e n t i o n   i s   t h a t ,   a l t h o u g h  

the   t r u e   s p e c i f i c   g r a v i t y   of  the   b a r r i e r   fo rmed   of  s u c h  



e l a s t i c   member  need   be  g r e a t e r   t h a n   t h a t   of  s e r u m ,   i t  

need   n o t   a l w a y s   be  s m a l l e r   t h a n   t h a t   of  t he   s o l i d - p h a s e  

p a r t   of  t he   b l o o d   in  s e p a r a t i n g   the   s e r u m ,   u n l e s s   h e m o -  

l y s i s   i s   c a u s e d .   T h i s   may  be  a t t r i b u t e d   to  t he   f a c t   t h a t  

t he   w h o l e   or  p r i n c i p a l   p a r t   of  the   b a r r i e r   of  the   i n v e n -  

t i o n ,   b e i n g   a  p o r o u s   member ,   has  e x t r e m e l y   s m a l l   m a s s  

( e . G .   100  to  300  mg).   In  c o n s i d e r a t i o n   of  the   c i r c u m s t a n c e s  

t h a t   a l l   t he   b a r r i e r s   of  t h i s   t ype   so  f a r   a r e   so  d e s i g n e d  

as  to  have   i n t e r m e d i a t e   s p e c i f i c   g r a v i t i e s   b e t w e e n   t h o s e  

of  two  p h a s e s   to  be  s e p a r a t e d ,   the  i d e a   of  t h i s   i n v e n t i o n  

is   q u i t e   n o v e l   and  may  g r e a t l y   w iden   the   v a r i e t y   o f  

a v a i l a b l e   m a t e r i a l s .  

The  e l a s t i c   p o r o u s   member  c o n s t i t u t i n g   at   l e a s t   t h e  

p r i n c i p a l   p a r t   of  t he   b a r r i e r   of  t h e  i n v e n t i o n   may  b e  

f o r m e d   of  e l a s t i c   p l a s t i c s   foam,  such   as  p o l y u r e t h a n e  

foam,   r u b b e r   foam  ( e . g .   s i l i c o n e   r u b b e r   l a t e x ) ,   p o l y -  

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

p o r o s i t y  o f   40  %  or  m o r e ,   p r e f e r a b l y   97  to  98  %,  and  a  

c o n t i n u o u s - p o r e   s i z e   of  50  to  4 0 0  µ ,   p r e f e r a b l y   250  t o  

4 0 0  µ .   I f   p o r o s i t y   and  p o r e   s i z e   a re   s m a l l e r   t h a n   t h o s e  

as  s p e c i f i e d ,   t he   i s o l a t i o n   of  t he   s e rum  would   be  o b -  

t a i n e d   in  the   o r d i n a r y   c e n t r i f u g a l   o p e r a t i o n   of  1 0 0 0  

1200 G  f o r   10  m i n u t e s .   A  p o r e   s i z e   of  more  t h a n   4 0 0  µ ,  
i s   n o t   d e s i r a b l e ,   s i n c e   b l o o d   c o r p u s c l e s   wou ld   p a s s  

t h r o u g h   a  foam  of  such   a  l a r g e   p o r e   s i z e ,   t h e r e b y   c o n t a -  

m i n a t i n g   t he   s e r u m   p h a s e   o b t a i n e d .  

1 
In  t h i s   c a s e ,   t he   25%  c o m p r e s s i v e   h a r d n e s s   ( J I S   K - 6 4 0 1  

T e s t   Me thod   e s t a b l i s h e d   in  1974)   of  the   b a r r i e r   s h o u l d  

p r e f e r a b l y   be  5  to  150  k g / c m 2 .   M o r e o v e r ,   i t   i s   e x p r e s s l y  

d e s i r a b l e   t h a t   the   b a r r i e r   of  the   i n v e n t i o n   s h o u l d   b e  

h y d r o p h i l i c   by  n a t u r e   or  be  made  h y d r o p h i l i c   by  s o m e  

t r e a t m e n t   f o r   h y d r o p h i l i c i t y .   S u c h  h y d r o p h i l i c   p r o p e r t y  

i s   p r e f e r r e d   b e c a u s e  i t   w i l l   e n a b l e   the   s e rum  to  q u i c k l y  

p e n e t r a t e   t he   p o r e s   when  the   b a r r i e r   i s   b r o u g h t   in  c o n -  

t a c t   w i t h   the   b l o o d ,   t h e r e b y   f a c i l i t a t i n g   the   m o v e m e n t  

of  t h e   b a r r i e r .  



E l a s t i c   p o r o u s   n o n - w o v e n   c l o t h   may  a l s o   be  u s e f u l   as  f a r  

as  t he   p o r e s   t h e r e o f   s u b s t a n t i a l l y   meet   the   above   c o n d i -  

t i o n s .  

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

p r e f e r a b l y   be  a d j u s t e d   to  1 .2   or  more ,   more  p r e f e r a b l y  

to  from  1 .2   to  1 . 4 .  

The  b a r r i e r   may  be  of  any  s h a p e   as  l ong   as  a t   l e a s t   a 

p a r t   of  the   b a r r i e r   has   a  c r o s s - s e c t i o n   a  l i t t l e   l a r g e r  

t h a n   t h a t   of  a  b l o o d - c o l l e c t i n g   t ube   for   c e n t r i f u g a t i o n  

u s e d   w i t h   the   b a r r i e r ,   so  t h a t   the   o u t e r   p e r i p h e r y   of  t h e  

l a r g e - d i a m e t e r   p o r t i o n   of  the   b a r r i e r   may  rub  a g a i n s t  

the   i n s i d e   w a l l   of  the   t u b e   d u r i n g   c e n t r i f u g a t i o n .   A c c o r -  

d i n g   to  t h i s   i n v e n t i o n ,   as  d e s c r i b e d   a b o v e ,   a  s i n g l e  

e l a s t i c   p o r o u s   member  can  be  d i r e c t l y   used   fo r   the   b a r r i e r .  

A l t e r n a t i v e l y ,   h o w e v e r ,   the   o u t e r   p e r i p h e r a l   p o r t i o n   o f  

the   b a r r i e r   may  be  c o a t e d   w i t h   s i l i c o n e ,   or  two  or  m o r e  

e l a s t i c   p o r o u s   members   may  be  c o m b i n e d   w i t h   one  a n o t h e r  

or  w i t h   o t h e r   r  t e r i a l s .   For  e x a m p l e ,   a  t ube   member  w i t h  

the   o u t s i d e   d i a m e t e r   s o m e w h a t   s m a l l e r   t h a n   the  i n s i d e  

d i a m e t e r   of  the   b l o o d - c o l l e c t i n g   t ube   u s e d ,   e . g .   a  p l a s t i c .  

t u b e ,   may  be  f i t t e d   on  the   l o w e r   p e r i p h e r a l   s u r f a c e   of  a 

c o l u m n a r   or  c y l i n d r i c a l   b a r r i e r   so  as  to  r e d u c e   the  a r e a  

of  c o n t a c t   and  h e n c e   the   f r i c t i o n a l   r e s i s t a n c e   b e t w e e n  

t he   b a r r i e r   and  the   i n s i d e   w a l l   of  the   b l o o d - c o l l e c t i n g  

t u b e ,   t h e r e b y   f a c i l i t a t i n g   the   s l i d i n g   movement   of  t h e  

b a r r i e r   d u r i n g   c e n t r i f u g a t i o n .   In  t h i s   c a s e ,   h o w e v e r ,   t h e  

s p e c i f i c  g r a v i t y   of  the   c o m b i n a t i o n   of  the   e l a s t i c   p o r o u s  
member  a n d  t h e   t u b e   member  need   be  g r e a t e r   t h a n   t h a t   o f  

s e r u m .   The  t u b e   member  may  be  formed  of  any  t h e r m a l l y  

c o n t r a c t i v e   m a t e r i a l ,   such   as  p o l y o l e f i n ,   p o l y v i n y l   c h l o r i d e ,  

n y l o n ,   p o l y e s t e r ,   p o l y c a r b o n a t e ,   p o l y u r e t h a n e   or  e t h y l e n e -  

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

As  a n o t h e r   m o d i f i e d   e x a m p l e ,   t h e r e   may  be  used   a  c o l u m n a r  

e l a s t i c   p o r o u s   member  in  the   form  of  e . g .   a  t r u n c a t e d  

cone   which   has  c r o s s - s e c t i o n s   s u b s t a n t i a l l y  l a r g e r  



and  s m a l l e r   t h a n   t h a t   of  t he   i n t e r i o r   of  t he   b l o o d - c o l l e c -  

t i n g   t u b e   u s e d ,   a t   i t s   u p p e r   and  l o w e r   p o r t i o n ,   r e s p e c t i v e -  

l y ,   and  i s   b o t t o m e d   w i t h   a  s o l i d   or  p o r o u s   h a r d   l a y e r .  

The  h a r d   l a y e r   may  be  f o r m e d   by  i m p r e g n a t i n g   r e l a t i v e l y  
h a r d   p l a s t i c   i n t o   t he   b o t t o m   p o r t i o n   of  t he   p o r o u s   m e m b e r  

and  s o l i d i f y i n g   the   p l a s t i c ,   or  by  g l u e i n g   a  s o l i d   o r  

p o r o u s , r e l a t i v e l y   h a r d   p l a s t i c   s h e e t   to  t he   b o t t o m   p o r t i o n .  

H a v i n g   the   h a r d   b o t t o m   p o r t i o n ,   the   b a r r i e r   of  s u c h  

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

r e s i s t a n c e  d u r i n g   c e n t r i f u g a t i o n ,   so  t h a t   i t   may  be  p r e v e n -  
t e d   f rom  t u r n i n g   s i d e w a y s   or  b e i n g   d i s t o r t e d   w h i l e   s l i d i n g  
down  the   t u b e   t h e r e b y   e n s u r i n g   the   d e s c e n d i n g   movemen t   o f  

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

g a t i o n .   F u r t h e r m o r e ,   t he   s h a p e   of  t he   f i n a l   p r o d u c t   may 
be  o b t a i n e d   d i r e c t l y   by  s t a m p i n g   ou t   a  t r u n c a t e d - c o n e -  

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

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

s o l u t i o n   of  h a r d   p l a s t i c   i n t o   the   p o r o u s   s h e e t   to  a 

p r e d e t e r m i n e d   t h i c k n e s s ,   so  t h a t   t he   m a n u f a c t u r e   of  t h e  

b a r r i e r   may  be  s i m p l i f i e d   s u b s t a n t i a l l y ,   so  as  to  p e r m i t  

f o r   r e d u c t i o n   in  p r o d u c t i o n   c o s t .  

In  v iew  of  the   y i e l d   of  s e r u m ,   the   vo lume   of  the  b a r r i e r  

s h o u l d   b e  m i n i m i z e d .   The  p o r o u s   member  may  be  j o i n e d   w i t h  

t h e   t u b e   member ,   h a r d   p l a s t i c   s h e e t   or  the   l i k e   by  u s i n g  

a d h e s i v e s ,   h e a t   s e a l i n g   or  any  o t h e r   s u i t a b l e   m e a n s .  

In  c o m b i n i n g   the  e l a s t i c   p o r o u s   member  w i t h   t he   a d d i t i o n a l  

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

be  s e l e c t e d   so  t h a t   a  r e l a t i o n s h i p   (A-d d'-A)  X =  Y  may  b e  

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

e l a s t i c   p o r o u s   member  a r e   X  and  d  r e s p e c t i v e l y ,   the   v o l u m e  

and  s p e c i f i c   g r a v i t y   of  t he   a d d i t i o n a l   member  a re   Y  and  d '  

r e s p e c t i v e l y ,   and  the   o v e r a l l   s p e c i f i c   g r a v i t y   r e q u i r e d   i s  

A. 

O p e r a t i o n s   r e q u i r e d   f o r   c e n t r i f u g i n g   the   b l o o d   by  m e a n s  

of  t he   a b o v e - m e n t i o n e d   b a r r i e r   a re   no t   e s s e n t i a l l y   d i f f e -  



r e n t   f rom  the   c o n v e n t i o n a l   c a s e .   Tha t   i s ,   the   b a r r i e r   i s  

i n t r o d u c e d   i n t o   the   b l o o d - c o l l e c t i n g   t ube   b e f o r e   or  a f t e r  

c o l l e c t i n g   the   b l o o d ,   the   b l o o d   is   c e n t r i f u g e d ,   and  t h e n  

the   s e r u m   p a r t   i s   e a s i l y   s e p a r a t e d   by  d e c a n t a t i o n .  

F i g u r e s   1 (A)   to  1(C)  show  p r o c e s s e s   of  c e n t r i f u g i n g   b l o o d  

se rum  by  u s i n g   the   b l o o d   s e p a r a t o r   a c c o r d i n g   to  the   i n v e n -  

t i o n .   As  shown  in  F i g u r e   1 ( A ) ,   whole   b l o o d   2  i s   c o l l e c t e d  

in  a  b l o o d - c o l l e c t i n g   t u b e   1,  a  b a r r i e r   3  f o r m e d   of  a n  
e l a s t i c   p o r o u s   member  i s   f i t t e d   in  the   o p e n i n g   of  t h e  

t u b e   1,  and  the   t u b e   1  i s   s e t   in  a  c e n t r i f u g a l   s e p a r a t o r  

f o r   c e n t r i f u g a t i o n .   When  the  c e n t r i f u g a t i o n   i s   s t a r t e d ,  

the   b a r r i e r   3  i s   c a u s e d   g r a d u a l l y   to  s l i d e   down  the   i n -  

s i d e   w a l l   of  the   b l o o d - c o l l e c t i n g   t u b e   1  t o w a r d   the   b o t t o m  

of  the   t u b e   1  by  c e n t r i f u g a l   f o r c e ,   as  shown  in  F i g u r e  

1 ( B ) .   When  t he   b o t t o m   end  of  the  b a r r i e r   3  t o u c h e s   t h e  

s u r f a c e   of  t he   b l o o d   2,  the   se rum  is   c a u s e d   to  p e n e t r a t e  

i n t o   p o r e s   of  the   b a r r i e r   3  by  c a p i l l a r i t y .   When  c e n t r i f u -  

g a t i o n   i s   c o n t i n u e d ,   the   p o r e s   of  the   b a r r i e r   3  a re   s u b -  

s t a n t i a l l y   f i l l e d   wi th   the   s e r u m ,   and  the  b a r r i e r   3  i s  

f u r t h e r   moved  down  u n t i l   i t   i s   f i n a l l y   h e l d   s u b s t a n t i a l l y  

midway  b e t w e e n   a  serum  l a y e r   4  and  a  s o l i d   c o m p o n e n t   l a y e r  

5.  In  t h i s   c a s e ,   s o l i d   c o n s t i t u e n t s   such   as  b l o o d   c o r p u s c l e s  

and  f i b r i n   a r e   t r a p p e d   in  the   p o r e s   of  the   b a r r i e r   3  a n d  

w i l l   n e v e r   be  mixed   w i th   the   s e r u m .   Th i s   i s   e n s u r e d   b e -  

c a u s e   the   s o l i d   c o n s t i t u e n t s   a re   r e t a i n e d   in  the   c o n t i n u -  

ous  p o r e s   of  the   b a r r i e r   3  the   f r a m e w o r k   of  wh ich   has  a 

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

T h u s ,   t h e   b a r r i e r   3  s l i d e s   r e l a t i v e l y   s l o w l y   down  t h e  

i n s i d e   w a l l   of  the   b l o o d - c o l l e c t i n g   t ube   1  by  i t s  

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

to  the   i n s i d e   w a l l   can  be  c l e a r e d   or  s w e p t   away  s u b -  

s t a n t i a l l y   t h o r o u g h l y .   As  a  r e s u l t ,   t h e r e   may  be  o b t a i n e d  

s e rum  w h i c h   d o e s   not   c o n t a i n   b l o o d   c o r p u s c l e s ,   f i b r i n   o r  

any  o t h e r   s o l i d   m a t t e r s .   The  b a r r i e r   3  s t o p p e d   a t   t h e  

i n t e r f a c i a l   p o s i t i o n   s t i c k s   f a s t   to  the   i n s i d e   w a l l   of  t h e  

b l o o d - c o l l e c t i n g   t ube   1  by  i t s   own  e l a s t i c i t y ,   p r e s s i n g  



a g a i n s t   t h e   i n s i d e   w a l l ,   so  t h a t   o n l y   t he   s e r u m   p a r t   c a n  
be  s e p a r a t e d   by  d e c a n t a t i o n .  

The  b a r r i e r   of   t h i s   i n v e n t i o n   may  be  i n s e r t e d   i n t o   t h e  

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

c o l l e c t i o n ,   as  in  t he   c a s e   of  the   above   e m b o d i m e n t ,   o r  
o t h e r w i s e   be  h e l d   in  the   t u b e   b e f o r e h a n d .   F i g u r e   2  s h o w s  

an  e x a m p l e   of   the   l a t t e r   c a s e .   In  F i g u r e   2,  a  b a r r i e r   23  

h a v i n g   an  a n n u l a r   h a r d   l a y e r   27  on  i t s   b o t t o m   i s   h e l d   b y  

a  r u b b e r   s t o p p e r   24  w i t h i n   a  vacuum  b l o o d - c o l l e c t i n g   t u b e  

21  t he   i n s i d e   of  w h i c h   i s   k e p t   at   a  vacuum.   T h a t   i s ,   t h e  

r u b b e r   s t o p p e r   24  has  a  c a v i t y   25  in  the   l o w e r   e n d ,   w h i l e  

the   b a r r i e r   23  has   on  i t s   top  a  t r u n c a t e d   c o n e - s p a p e d  

p r o j e c t i o n   28  w i t h   the   o u t s i d e   d i a m e t e r   l a r g e r   t h a n   t h e  

d i a m e t e r   of  t he   c a v i t y   25.  The  p r o j e c t i o n   25  i s   f i t t e d  

and  h e l d   in  t he   c a v i t y   25  so  t h a t   the   b a r r i e r   23  w i l l   n o t  

be  r e m o v e d   f rom  the   r u b b e r   s t o p p e r   24  i f   the   s t o p p e r   24  

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

A l t e r n a t i v e l y ,   t h e r e   may  be  a d o p t e d   any  o t h e r   s u i t a b l e  

m e t h o d s   f o r   p r e v i o u s l y   f i x i n g   the   b a r r i e r   in  t he   b l o o d -  

c o l l e c t i n g   t u b e   in  c o n n e c t i o n   w i t h   the   s h a p e s   of  the   t u b e  

and  the   b a r r i e r   i t s e l f .   For  e x a m p l e ,   a  b a r r i e r   may  b e  

f i x e d   to  one  end  of  a  b l o o d - c o l l e c t i n g   t u b e   s e a l e d   w i t h  

a  r u b b e r   s t o p p e r   a t   each   e n d ,   t he   one  end  b e i n g   o p p o s i t e   t o  

the   b l o o d   i n t a k e   s i d e   of  the   t u b e .  

F i g u r e s   3  to  16  i l l u s t r a t e   the   r e s p e c t i v e   s h a p e s   o f  

s e v e r a l   m o d i f i c a t i o n s   of  the   b a r r i e r .   A  c o l u m n a r   b a r r i e r  

31  ( F i g .   3)  w i t h   or  w i t h o u t   one  or  more  a n n u l a r   f l a n g e s  

a l o n g   t h e   p e r i p h e r a l   s u r f a c e   t h e r e o f ;   a  b a r r i e r   42  ( F i g .   4 )  

w i t h   a  p a i r   of  p a r a l l e l   a n n u l a r   f l a n g e s   41;  a  b a r r i e r   52  

( F i g .   5)  s i m i l a r   to  the  c o l u m n a r   b a r r i e r   of  F i g .   3  b u t  

w i t h   a  c a v i t y   51  on  one  s i d e   t h e r e o f ;   a  b a r r i e r   62  ( F i g .   6 )  

s i m i l a r   to  t he   b a r r i e r   of  F i g u r e   4  but   w i t h   the   same  c a v i t y  

51  of  F i g u r e   5;  a  b a r r i e r   72  ( F i g .   7)  f o r m e d   of  a  c o l u m n  

w i t h   f l a n g e s   71  a t   the   top  and  b o t t o m   t h e r e o f ;   a  b a r r i e r  

( F i g .   8)  of  t he   same  s t r u c t u r e   of  F i g u r e   7  bu t   w i t h   t h e  



c a v i t y   51;  a  b a r r i e r   82  ( F i g .   9)  t a p e r e d   at   the   l o w e r  

p o r t i o n ;   a  b a r r i e r   ( F i g .   10)  of  the   same  s t r u c t u r e   o f  

F i g u r e   9  b u t   w i t h   the   c a v i t y   51;  a  s p h e r i c a l   b a r r i e r   92 

( F i g .   1 1 ) ;   a  b a r r i e r   ( F i g .   12)  of  the   same  s t r u c t u r e   o f  

F i g u r e   11  bu t   w i t h   the  c a v i t y   51;  a  b a r r i e r   f o r m e d   b y  

f i t t i n g   a  s m a l l - d i a m e t e r   t ube   member  100  on  the   l o w e r  

p e r i p h e r a l   s u r f a c e   of  the   c o l u m n a r   p o r o u s   member  31  a s  
shown  in  F i g u r e   13(A)   to  r e s t r i c t   the   l o w e r   p o r t i o n   of  t h e  

p o r o u s   member  31  as  shown  in  F i g u r e   13 (B)   so  as  to  r e d u c e  

the   a r e a   of  c o n t a c t   w i t h   the  b l o o d - c o l l e c t i n g   t u b e ;   a 
b a r r i e r   ( F i g .   14)  of  t he   same  s t r u c t u r e   of  F i g u r e s   1 3 ( A )  

and  1 3 ( B )   bu t   w i t h   the  c a v i t y   51;  and  a  b a r r i e r   112  f o r m e d  

by  b o n d i n g   a  h a r d   l a y e r   11  to  one  s m a l l - d i a m e t e r   end  o f  

an  e l a s t i c   p o r o u s   member  110  s u b s t a n t i a l l y   in  the   f o r m  

of  a  t r u n c a t e d   cone   as  shown  in  F i g u r e s   15  and  16.  T h e  

u p p e r   p o r t i o n   of  the   b a r r i e r   112,   which   i s   b r o u g h t   i n  

c l o s e   c o n t a c t   w i t h   the   i n s i d e   w a l l   of  the   b l o o d - c o l l e c t i n g  

t u b e   at  c e n t r i f u g a t i o n ,   p r e f e r a b l y   has  a  t h i c k n e s s   o f  

from  3  mm  to  5  mm.  A v a i l a b l e   m a t e r i a l s   fo r   the  h a r d   l a y e r  

111  i n c l u d e   p l a s t i c s   such   as  p o l y o l e f i n ,   p o l y v i n y l   c h l o r i d e ,  

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

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

s t a n c e s .   These   m a t e r i a l s   s h o u l d   be  ha rd   and  have  a  s m a l l  

c o n t a c t   r e s i s t a n c e   r e l a t i v e   to  the   b l o o d - c o l l e c t i n g   t u b e .  

A l t e r n a t i v e l y ,   h a r d   l a y e r   may  be  p o r o u s   such   as  m e s h - l i k e .  

The  t h i c k n e s s   of  the   h a r d   l a y e r   p r e f e r a b l y   r a n g e s   f r o m  

0.1   mm  to  5 .0   mm,  and  more  p r e f e r a b l y   from  0.1  mm  to  1 . 0  

mm. 

Thus ,   the   b a r r i e r   s h a p e   may  l e n d   i t s e l f   to  v a r i o u s   m o d i -  

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

p o r o s i t y ,   p o r e   s i z e ,   and  a p p a r e n t   or  r e a l   s p e c i f i c   g r a v i t y  

w i t h i n   p r e s c r i b e d   r a n g e s ,   and  be  of  such   s u i t a b l e   s i z e  

t h a t   i t   may  rub  a g a i n s t   the   i n s i d e   wa l l   of  the  b l o o d -  

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

t i o n .  

A c c o r d i n g   to  t h i s   i n v e n t i o n ,   as  d e s c r i b e d   a b o v e ,   t h e  



b a r r i e r ,   b e i n g   a  s i m p l e   e l a s t i c   p o r o u s   member  w i t h   o r  

w i t h o u t   a  p l a s t i c   t u b e   member  or  a  h a r d   l a y e r   a t t a c h e d  

t h e r e t o ,  i s   so  s i m p l e   in  c o n s t r u c t i o n   t h a t   i t   can  b e  

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

e l a s t i c   p o r o u s   member  t r a n s m i t s   o n l y   the  s e rum  to  b e  

s e p a r a t e d ,   t h e r e   may  be  o b t a i n e d   pu re   se rum  c o n t a i n i n g  

no  s o l i d   m a t t e r s   such   as  b l o o d   c o r p u s c l e s   and  f i b r i n .  

B e l o w ,   the   i n v e n t i o n   i s   d e s c r i b e d   in  E x a m p l e s .  

E x a m p l e   1 

A  t e s t   fo r   s e p a r a t i n g   s e rum  from  b l o o d   was  c o n d u c t e d   by  

u s i n g   the   b a r r i e r  5 2   shown  in  F i g u r e   5.  P o l y u r e t h a n e   f o a m  

w i t h   a  p o r o s i t y   of  98  %,  a  po re   s i z e   of  3 0 0  µ ,   a  t r u e  

s p e c i f i c   g r a v i t y   of  1 . 2 ,   a  25-%  c o m p r e s s i v e   h a r d n e s s  

( b a s e d   on  J IS   K-6401   T e s t   M e t h o d )   of  20  k g / c m 2 ,   and  a 

number   of  b a r r i e r   c e l l s   of  a p p r o x i m a t e l y   7 5 / 2 5   mm  was  u s e d  

fo r   the   b a r r i e r .   S i n c e   the   f r a m e w o r k   of  the   p o l y u r e t h a n e  

foam  has   c o n t i n u o u s   p o r e s   of  c o m p l i c a t e d   t h r e e - d i m e n s i o n a l  

s t r u c t u r e   and  r e d u c e s   the   p a s s a g e   r e s i s t a n c e   of  s e r u m ,   i t  

had  p r e v i o u s l y   been   r e m o v e d   by  t h e r m a l l y   d i s s o l v i n g   f i l m y  

m a t e r i a l   f o r m e d   a r o u n d   the   p o r e s   at  f o a m i n g ,   as  d e s c r i b e d  

in  J a p a n e s e   P a t e n t   P u b l i c a t i o n   No.  7 5 2 / 6 6   ( J a n u a r y   2 5 ,  

1 9 6 6 ) ,   U.S .   A p p l i c a t i o n   Nos.  2 0 3 , 6 0 3   (March  7,  1 9 6 3 ) ,  

2 7 1 , 0 3 1   ( A p r i l   5,  1 9 6 3 ) ,   2 9 4 , 8 6 1   ( J u l y   15,  1 9 6 3 )   a n d  

3 4 7 , 2 4 6   ( F e b r u a r y   25,  1 9 6 4 ) .  

The  b a r r i e r   m e a s u r e d   1 3 . 7   mm  in  d i a m e t e r ,   12  mm  in  h e i g h t ,  

4  mm  b e t w e e n   the   c e n t e r   of  i t s   top  and  the  peak   of  t h e  

c a v i t y   51,  and  2  mm  in  the   t h i c k n e s s   of  i t s   p e r i p h e r a l   w a l l  

d e f i n i n g   the   c a v i t y   51  at  the   l o w e r   p o r t i o n .   T h e  

b l o o d - c o l l e c t i n g   t u b e   u sed   had  an  i n s i d e   d i a m e t e r   of  1 3 . 6  

mm  and  a c c o m m o d a t e d   10  ml  of  b l o o d .  

The  b a r r i e r   52  of  such   c o n s t r u c t i o n   was  i n s e r t e d   i n t o   t h e  

u p p e r   p o r t i o n   of  t he   b l o o d - c o l l e c t i n g   t ube   wh ich   hsd  b e e n  

l e f t   a t   n o r m a l   t e m p e r a t u r e   fo r   a p p r o x i m a t e l y   60  m i n u t e s  

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



p e r f o r m e d   by  u s i n g   a  c e n t r i f u g a l   s e p a r a t o r   fo r   10  m i n u t e s  

w i t h   t he   c e n t r i f u g a l   f o r c e   a t   the   c e n t r a l   p o r t i o n   of  t h e  

t u b e   s e t   a t   a p p r o x i m a t e l y   1 , 2 0 0   G  ( a p p r o x   1 , 0 0 0   G  at  t h e  

b a r r i e r   t o p ) .  

As  a  r e s u l t ,   the   b a r r i e r   52  was  l o c a t e d   midway  b e t w e e n  

a  b l o o d   c l o t   and  s e r u m ,   p r e s s i n g   i t s   c a v i t y   51  a g a i n s t  
the   top   of  the   b l o o d   c l o t .   O b s e r v a t i o n   of  the   b l o o d -  

c o l l e c t i n g   t u b e   by  the   naked   eye  r e v e a l e d   h a r d l y   any  f i b r i n  

or  b l o o d   c o r p u s c l e s   in  the   s e r u m ,   which   h e l d   t r u e   a f t e r  

the   s e r u m   was  t r a n s f e r r e d   to  a n o t h e r   v e s s e l   by  d e c a n t a t i o n .  

M o r e o v e r ,   i t   was  found   t h a t   the   s u s p e n d e d   b l o o d   c o r p u s c l e s  

and  f i b r i n   n e a r   the   s u r f a c e   of  the   b l o o d   c l o t   r e m a i n e d  

t r a p p e d   i n  t h e   c o n t i n u o u s   p o r e s   of  the   b a r r i e r .   The  y i e l d  
of  t he   s e rum  c o l l e c t e d   in  t h i s   manne r   p r o v e d   to  b e  

a p p r o x i m a t e l y   4 .5   m l  -   s u b s t a n t i a l l y   the   whole   q u a n t i t y  

of  s e r u m   s e p a r a t e d .  

E x a m p l e   2 

The  b a r r i e r   31  shown  in  F i g u r e   13  was  m a n u f a c t u r e d   by  

u s i n g   the   same  p o l y u r e t h a n e   f o a m  o f   Example   1.  In  t h i s  

c a s e ,   h o w e v e r ,   the   b a r r i e r   31  ha t   no  c a v i t y ,   and  the   t u b e  

100  of  3  mm  h e i g h t ,   1 2 . 2   mm  i n s i d e   d i a m e t e r   and  1 3 . 0   mm 

o u t s i d e   d i a m e t e r   was  f i t t e d   on  the   l o w e r   p o r t i o n   of  t h e  

c o l u m n a r   p o r o u s   member  31  ( p o l y u r e t h a n e   foam)  of  13 .7   mm 

d i a m e t e r   and  12  mm  h e i g h t .   The  t ube   100  was  made  o f  

p o l y e t h y l e n e ,   and  was  p r o v i d e d   at  t he   b o t t o m   end  w i t h   a n  

a b u t m e n t   p o r t i o n   ( n o t   shown)   to  e n g a g e   the   b o t t o m   end  o f  

the   p o r o u s   member  3 1 .  

T h i s   b a r r i e r   was  i n s e r t e d   t h r o u g h   the  o p e n i n g   of  the  b l o o d -  

c o l l e c t i n g   t u b e   ( t h e   same  one  as  Example   1)  c o n t a i n i n g  

b l o o d ,   w h i c h   had  been  k e p t   at  n o r m a l   t e m p e r a t u r e   fo r   60  

m i n u t e s ,   to  a  d e p t h   where   the   b a r r i e r   t o u c h e d   the   b l o o d  

s u r f a c e .   A f t e r   l e a v i n g   the  b a r r i e r   to  s t a n d   for   a  w h i l e ,  

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

so  t h a t   t he   c e n t r i f u g a l   f o r c e   at   the   c e n t r a l   p o r t i o n   o f  

t he   b l o o d - c o l l e c t i n g   t u b e   m i g h t   become  a p p r o x i m a t e l y   11200  G. 



Also   in  t h i s   c a s e ,   t h e r e   was  n o t i c e d   no  e d u c t i o n   o f  

f i b r i n .   As  c o m p a r e d   w i t h   t he   c a s e   of  Example   1,  h o w e v e r ,  
the   vo lume   of  t he   b a r r i e r   was  l a r g e r ,   so  t h a t   t he   y i e l d  
of  s e r u m   p r o v e d   to  be  s o m e w h a t   s m a l l e r  -   a p p r o x i m a t e l y  
4 . 0   m l .  

Also   w i t h   t h i s   e x a m p l e ,   d e c a n t a t i o n   c a u s e d  n e i t h e r  

s h i f t i n g   of  the   b a r r i e r   nor   m i x i n g   of  b l o o d   c o r p u s c l e s  

or  f i b r i n .  

The  o u t s i d e   d i a m e t e r   of  t he   t u b e   100  was  s m a l l e r   t h a n  

the   i n s i d e   d i a m e t e r   of  the   b l o o d - c o l l e c t i n g   t u b e ,   a n d  

the   u p p e r   s i d e   w a l l   of  the   p o r o u s   member  31  was  s o  

d e s i g n e d   as  to  form  a  s l o p e .   T h e r e f o r e ,   the   b a r r i e r  

t o u c h e d   the   i n s i d e   w a l l   of  t he   b l o o d - c o l l e c t i n g   t ube   o n l y  
at   the   o p e n i n g   p o r t i o n   t h e r e o f   when  i t   was  f i t t e d   in  t h e  

t u b e .   C o n s e q u e n t l y ,   the   b a r r i e r   was  n e v e r   p r e v e n t e d   f r o m  

d e s c e n d i n g   by  the   v i s c o s i t y   of  b l o o d   s t i c k i n g   to  t h e  

u p p e r   p o r t i o n   of  t he   i n s i d e   w a l l   of  the   b l o o d - c o l l e c t i n g  

t u b e   a f t e r   b e i n g   l e f t   to  s t a n d   fo r   a  w h i l e .  

E x a m p l e   3 

The  b a r r i e r   shown  in  F i g u r e   14  was  m a n u f a c t u r e d   to  o b t a i n  

the   same  e f f e c t   as  the   b a r r i e r   of  Example   2  and  to  m a x i -  

mize   the   y i e l d   of  s e r u m .   The  p o r o u s   member  31  u sed   w a s  

j u s t   t he   same  as  the   p o r o u s   member  used   in  Example   2  i n  

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

p r o v i d e d   w i t h   t he   c a v i t y   51  d e f i n e d   t h e r e i n   a t   the   l o w e r  

p o r t i o n .   A l s o ,   the   t u b e   100  made  of  t h e r m a l l y   c o n t r a c t i v e  

p o l y v i n y l   c h l o r i d e   was  f i t t e d   on  the   l o w e r   p o r t i o n   of  t h e  

p o r o u s   member  31.   The  t u b e   100  m e a s u r e d   a b o u t   1 3 j i   i n  

t h i c k n e s s ,   1 2 . 0   mm  in  o u t s i d e   d i a m e t e r ,   and  6  mm  in  h e i g h t  

when  i t   was  f i t t e d   on  the   p o r o u s   member  31.  The  b o t t o m   e n d  

o f  t h e   t u b e   100  and  the   b o t t o m   j o i n t   p a r t   of  t he   p o r o u s  

member  31  were  b o n d e d   t o g e t h e r   at   s e v e r a l   p o r t i o n s   b y  

t h e r m a l   f u s i o n .  

When  the   same  t e s t   as  in  E x a m p l e   2  was  c o n d u c t e d   by  u s i n g  



t h i s   b a r r i e r ,   s a t i s f a c t o r y  y i e l d   ( a p p r o x .   4 .5   ml)  of  s e r u m  
was  o b t a i n e d   w i t h   q u i t e   the   same  e f f e c t .  

E x a m p l e   4 

Serum  s e p a r a t i o n   was  c o n c u c t e d   in  the   same  manner   a s  

E x a m p l e   1  by  u s i n g   the   b a r r i e r   112  c o n s i s t i n g   of  t h e  

e l a s t i c   p o r o u s   member  110  wh ich   i s   f o rmed   of  the   s a m e  

p o l y u r e t h a n e   foam  of  Example   1  and  has  the  form  of  a 

t r u n c a t e d   cone  as  shown  in  F i g u r e s   15  and  16,  m e a s u r i n g  

1 5 . 5   mm  in  d i a m e t e r   a c r o s s   the   u p p e r   l a r g e - d i a m e t e r  

s e c t i o n ,   12 .8   mm  in  d i a m e t e r   a c r o s s   the  l o w e r   s m a l l -  

d i a m e t e r   s e c t i o n ,   and  9  mm  in  h e i g h t ,   and  the  ha rd   l a y e r  

111  wh ich   i s   f o rmed   of  a  h a r d   p o l y v i n y l   c h l o r i d e   f i l m   o f  

2 0 0  µ   t h i c k n e s s   bonded   to  the  b o t t o m   f a c e   of  the   p o r o u s  
member  110.   As  a  r e s u l t ,   se rum  w i t h   no  f i b r i n   or  b l o o d  

c o r p u s c l e s   mixed  t h e r e i n   c o u l d   be  o b t a i n e d   by  d e c a n t a t i o n .  

In  c o n n e c t i o n   w i t h   t h i s   e x a m p l e ,   s u b s t a n t i a l l y   the   s a m e  

r e s u l t s   were  o b t a i n e d   when  se rum  s e p a r a t i o n   was  c o n d u c t e d  

in  the   same  manner   as  a f o r e s a i d ,   e x c e p t   t h a t   the   h a r d  

l a y e r   111  was  f o rmed   i n s t e a d   of  the  ha rd   p o l y v i n y l   c h l o r i d e  

f i l m ,   by  i m p r e g n a t i n g   t w o - l i q u i d   p o l y u r e t h a n e   r e s i n   i n t o  

the   b o t t o m   p o r t i o n   of  the   p o r o u s   member  110  to  a  t h i c k n e s s  

of  a p p r o x i m a t e l y   1  mm  and  h a r d e n i n g   the   r e s i n ,   or  by  

b o n d i n g   a  p o l y e s t e r   mesh  (mesh  s i z e   b e i n g   14,  d i a m e t e r   o f  

e a c h   s t r a n d   4 5 0  u   and  s p e c i f i c   g r a v i t y   1 . 3 8 ,   s o l d   u n d e r  

t r a d e m a r k   TB-15  by  NBC  I n d u s t r i e s   L t d .   in  J a p a n )   to  t h e  

b o t t o m   f a c e   of  the   p o r o u s   member  1 1 0 .  



1.  A  m e t h o d   fo r   s e p a r a t i n g   b l o o d   c o l l e c t e d   in  a  b l o o d -  

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

p a r t   by  c e n t r i f u g a t i o n ,   c o m p r i s i n g   the   s t e p s   of  i n t r o -  

d u c i n g   a  b a r r i e r   f o r m e d   of  an  e l a s t i c   p o r o u s   member  i n t o  

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

h a v i n g   p o r o s i t y   of  40  %  or  more ,   a  c o n t i n u o u s - p o r e   s i z e  

of  50  to  4 0 0  u ,   an  o v e r a l l   t r u e   s p e c i f i c   g r a v i t y   g r e a t e r  

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

in  at   l e a s t   p a r t   t h e r e o f   and  p e r p e d i c u l a r   to  the   a x i a l  

d i r e c t i o n   t h e r e o f   t h a n   t h a t   of  s a i d   b l o o d - c o l l e c t i n g  

t u b e ;   m o v i n g   s a i d  e l a s t i c   p o r o u s   member  to  the   i n t e r f a c e  

b e t w e e n   a  s e rum  p a r t   l a y e r   and  a  s o l i d   c o m p o n e n t   l a y e r  

in  the   b l o o d   by  c e n t r i f u g a l   f o r c e   p r o d u c e d   in  c e n t r i f u g i n g  
the   b l o o d ;   and  s e p a r a t i n g   the   serum  in  the  b l o o d .  

2.  A  m e t h o d   a c c o r d i n g   to  c l a i m   1,  w h e r e i n   s a i d   e l a s t i c  

p o r o u s   member  i s   p r e v i o u s l y   f i x e d l y   d i s p o s e d   in  s a i d   b l o o d -  

c o l l e c t i n g   t u b e   k e p t   a t   a  vacuum,   b e f o r e   the   b l o o d   i s  

c o l l e c t e d   in  s a i d   b l o o d - c o l l e c t i n g   t u b e .  

3.  A  m e t h o d   a c c o r d i n g   to  c l a i m   2,  w h e r e i n   t he   f i x e d  

p o s i t i o n   of  s a i d   e l a s t i c   p o r o u s   member  in  s a i d   b l o o d -  

c o l l e c t i n g   t u b e   l i e s   a t   one  end  of  s a i d   t u b e   on  the   b l o o d  

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

4.  A  m e t h o d   a c c o r d i n g   to  c l a i m   2,  w h e r e i n   t he   f i x e d  

p o s i t i o n   of  s a i d   e l a s t i c   p o r o u s   member  in  s a i d   b l o o d -  

c o l l e c t i n g   t u b e   l i e s   a t   t he   o t h e r   end  of  s a i d   t u b e  

o p p o s i t e   to  s a i d   b l o o d   i n t a k e   s i d e .  

5.  A  m e t h o d   a c c o r d i n g   to  c l a i m   1,  w h e r e i n   s a i d   e l a s t i c  

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

a f t e r   the   b l o o d   i s   c o l l e c t e d   in  s a i d   t u b e .  

6.  A  m e t h o d   a c c o r d i n g   to  any  one  of  c l a i m s   1  to  5,  w h e r e i n  

a  t u b e   member  h a v i n g   s m a l l e r   o u t s i d e   d i a m e t e r   t h a n   t h e  



i n s i d e   d i a m e t e r   of  s a i d   b l o o d - c o l l e c t i n g   t u b e   i s   f i t t e d  

on  p a r t   of  the   p e r i p h e r a l   s i d e   of  s a i d   e l a s t i c   p o r o u s  

member ,   the   c o m b i n a t i o n   of  s a i d   t ube   member  and  s a i d  

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

g r a v i t y   t h a n   t h a t   of   s a i d   se rum  p a r t .  

7.  A  m e t h o d   a c c o r d i n g   to  any  one  of  c l a i m s   1  to  5,  w h e r e -  

in  t he   t r u e   s p e c i f i c   g r a v i t y   of  s a i d   e l a s t i c   p o r o u s   m e m b e r  

is   g r e a t e r   t h a n   t h a t   of  s a i d   se rum  p a r t   and  i s   a l s o   g r e a t e r  

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

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

s t a n t i a l l y   not   d e s t r o y e d   d u r i n g   c e n t r i f u g a t i o n .  

8.  A  me thod   a c c o r d i n g   to  c l a i m   6,  w h e r e i n   the   t r u e  

s p e c i f i c   g r a v i t y   of  the   c o m b i n a t i o n   of  s a i d   t u b e   m e m b e r  

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

s a i d   s e rum  p a r t   and  i s   a l s o   g r e a t e r   t han   t h a t   of  the   s o l i d  

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

s o l i d   c o m p o n e n t   l a y e r   i s   s u b s t a n t i a l l y   no t   d e s t r o y e d  

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

9.  A  me thod   a c c o r d i n g   to  c l a i m   1,  w h e r e i n   s a i d   e l a s t i c  

p o r o u s   member  i s   f o r m e d   in  the   s h a p e   of  a  t r u n c a t e d   c o n e  

w h i c h   has  c r o s s - s e c t i o n s   s u b s t a n t i a l l y   l a r g e r   and  s m a l l e r  

t h a n   t h a t   of  the   i n t e r i o r   of  s a i d   b l o o d - c o l l e c t i n g   t u b e  

at   the   u p p e r   and  l o w e r   p o r t i o n s   r e s p e c t i v e l y ,   and  i s  

b o t t o m e d   w i t h   a  h a r d   l a y e r ,   and  w h e r e i n   the   o v e r a l l  

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

s a i d   h a r d   l a y e r   i s   g r e a t e r   t h a n   t h a t   of  s a i d   se rum  p a r t .  

10.  A  me thod   a c c o r d i n g   to  c l a i m   1,  w h e r e i n   the   o v e r a l l  
t r u e   s p e c i f i c   g r a v i t y   of  s a i d   b a r r i e r   is   g r e a t e r   t han   t h a t  
of  b l o o d   c o r p u s c l e s .  

11.  A  b a r r i e r   fo r   c o n t r i f u g a t i o n   of  b l o o d   to  be  i n t r o d u c e d  

i n t o   a  b l o o d - c o l l e c t i n g   t u b e   ( 1 ) ,   c h a r a c t e r i z e d   by  a n  
e l a s t i c   p o r o u s   member  (3 ,   24,  31,  42,  52,  62,  72,  82,  9 2 ,  
110)   h a v i n g   p o r o s i t y   of  40  %  or  more ,   a  c o n t i n u o u s - p o r e  



s i z e   of  50  to  4 0 0  µ ,   an  o v e r a l l   t r u e   s p e c i f i c   g r a v i t y  

g r e a t e r  t h a n   t h a t   of  s e r u m ,   and ,   at  l e a s t   a t   a  p a r t   t h e r e o f ,  

a  c r o s s - s e c t i o n   a  l i t t l e   l a r g e r   t h a n   t h a t   of  s a i d   b l o o d -  

c o l l e c t i n g   t u b e   ( 1 ) .  

12 .   A  b a r r i e r   a c c o r d i n g   to  c l a i m   11,  w h e r e i n   s a i d  

e l a s t i c   p o r o u s   member  ( 3 1 ,   42,   92)  i s   in  the   form  of  a  

c o l u m n   t he   d i a m e t e r   of  wh ich   i s   a  l i t t l e   l a r g e r   t h a n   t h e  

i n s i d e   d i a m e t e r   of  s a i d   b l o o d - c o l l e c t i n g   t u b e   ( 1 ) .  

13 .   A  b a r r i e r   a c c o r d i n g   to  c l a i m   11,  w h e r e i n   s a i d   e l a s t i c  

p o r o u s   member  (3,   24,  31,  42,  52,  62,  72,  82,  92  or  1 1 0 )  

i s   in  t he   form  of  a  b o t t o m e d   c y l i n d e r   t he   d i a m e t e r   of  w h i c h  

i s   a  l i t t l e   l a r g e r   t h a n   the   i n s i d e   d i a m e t e r   of  s a i d   b l o o d -  

c o l l e c t i n g   t ube   ( 1 ) .  

14 .   A  b a r r i e r   a c c o r d i n g   to  c l a i m   12  or  13,  w h e r e i n   a  t u b e  

member   ( 1 0 0 )   h a v i n g   s m a l l e r   o u t s i d e   d i a m e t e r   t h a n   the   i n -  

s i d e   d i a m e t e r   of  s a i d   b l o o d - c o l l e c t i n g   t u b e   (1)  i s   f i t t e d  

on  p a r t   of  the   p e r i p h e r a l   s i d e   of  s a i d   e l a s t i c   p o r o u s  
member   ( 3 1 ) ,   the   c o m b i n a t i o n   of  s a i d   t u b e   member  ( 1 0 0 )   a n d  

s a i d   e l a s t i c   p o r o u s   member  (31)   h a v i n g   a  g r e a t e r   t r u e  

s p e c i f i c   g r a v i t y   t h a n   t h a t   of  s a i d   s e r u m   p a r t .  

15.   A  b a r r i e r   a c c o r d i n g   to  c l a i m   11,  w h e r e i n   s a i d   e l a s t i c  

p o r o u s   member  ( 42 ,   72)  has   one  or  more  a n n u l a r   p r o j e c t i o n s  

( 4 1 ,   71)  fo rmed   on  the   p e r i p h e r a l   s u r f a c e   t h e r e o f ,   t h e  

o u t s i d e   d i a m e t e r   of  s a i d   a n n u l a r   p r o j e c t i o n   ( 41 ,   71)  b e i n g  

a  l i t t l e   l a r g e r   t h a n   the   i n s i d e   d i a m e t e r   of  s a i d   b l o o d -  

c o l l e c t i n g   t u b e   ( 1 ) .  

16.   A  b a r r i e r   a c c o r d i n g   to  any  one  of  c l a i m   11  to  1 3 ,  

w h e r e i n   s a i d   e l a s t i c   p o r o u s   member  (3 ,   24,  31,  42,   52,  6 2 ,  

72 ,   82 ,   92,   110)   i s   made  of  e l a s t i c   p l a s t i c   f o a m .  

17.   A  b a r r i e r   a c c o r d i n g   to  c l a i m   11,  w h e r e i n   s a i d   e l a s t i c  

p o r o u s   member  (82  or  110)   i s   fo rmed   in  the   s h a p e   of  a 

t r u n c a t e d   cone  w h i c h   has   c r o s s - s e c t i o n s   s u b s t a n t i a l l y  



l a r g e r   and  s m a l l e r   t han   t h a t   of  the   i n t e r i o r   of  s a i d  

b l o o d - c o l l e c t i n g   t u b e   (1)  at  t he   u p p e r   and  l o w e r   p o r t i o n s ,  

r e s p e c t i v e l y ,   and  is   b o t t o m e d   w i t h   a  h a r d   l a y e r   ( 1 1 1 ) ,  

and  w h e r e i n   the   o v e r a l l   s p e c i f i c   g r a v i t y   of  s a i d   e l a s t i c  

p o r o u s   member  (82  or  110)  i n c l u d i n g   s a i d   ha rd   l a y e r   ( 1 1 1 )  

is   g r e a t e r   t h a n   t h a t   of  s a i d   s e r u m   p a r t .  

18.  A  b a r r i e r   a c c o r d i n g   to  c l a i m   11,  w h e r e i n   s a i d   h a r d  

l a y e r   ( 1 1 1 )   i s   f o r m e d   of  h a r d   p l a s t i c   which   is   i m p r e g n a t e d  

i n t o   t he   b o t t o m   p o r t i o n   of  s a i d   e l a s t i c   p o r o u s   m e m b e r  

( e . g .   110)   and  s o l i d i f i e d .  

19.  A  b a r r i e r   a c c o r d i n g   to  c l a i m   11,  w h e r e i n   s a i d   h a r d  

l a y e r   ( 1 1 1 )   i s   f o r m e d   of  a  h a r d   p l a s t i c   s h e e t   which   i s  

put   on  the   b o t t o m   s u r f a c e   of  s a i d   e l a s t i c   p o r o u s   m e m b e r  

( e . g .   1 1 0 ) .  

20.  A  b a r r i e r   a c c o r d i n g   to  c l a i m   11,   w h e r e i n   s a i d   h a r d  

l a y e r   ( 1 1 1 )   is   f o r m e d   of  a  h a r d   p l a s t i c   mesh  which   i s   p u t  

on  the  b o t t o m   s u r f a c e   of  s a i d   e l a s t i c   p o r o u s   m e m b e r  

( e . g .   1 1 0 ) .  
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