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©  Method  of  purifying  an  Insulin-containing  aqueous  ethanoiic  raw  extract  from  pancreas  glands. 

The  invention  consists  in  a  method  of  purifying  an 
insulin-containing  aqueous  ethanolic  raw  extract  from 
pancreas  glands.  The  extract -  which  has  been  subjected 
to  strong  cooling  and  separation  of  the  fat  crystals  formed 
thereby  and  which  has  possibly  been  further  prepurified - 
is.  with  an  ethanol  concentration  of  60-80  per  cent  by  vo- 
lume,  subjected  to  gel  filtration,  use  being  made  as  the  gel 
of  Sephadex®  LH-60.  The  Sephadex  beads  are  swollen  in 
ethanol  or  in  aqueous  ethanol,  preferably  with  a  concentra- 
tion  of  at  least  60  per  cent  by  volume.  As  eluant  ethanol  or 
aqueous  ethanol,  preferably  with  a  concentration  of  at  least 
60  per  cent  by  volume,  is  likewise  used. 

The  eluted  insulin-containing  fraction  is  a  limpid  liquid 
totally  freed  from  colouring  substances  and  containing  no 
or  practically  no  proteins  having  a  larger  molecule  than 
Insulin  or  having  a  smaller  molecule  than  insulin,  but  only 
insulin  derivatives  with  practically  the  same  molecular  size 
as  the  insulin.  Practically  a  100%  yield  of  insulin  is  obtained. 



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

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

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

t h e   w o r k i n g   up  of   t h e   e x t r a c t   to   p u r e   m o n o c o m p o n e n t   i n s u l i n .  

The  t e r m   " r a w   i n s u l i n   e x t r a c t "   i s   u s e d   h e r e i n   in   t h e   u s u a l  

m e a n i n g ,   i . e .   t h e   e x t r a c t   o b t a i n e d   by  t r e a t i n g   p a n c r e a s  

g l a n d s   w i t h   an  a q u e o u s   o r g a n i c   s o l v e n t ,   e s p e c i a l l y   a q u e o u s  

e t h a n o l ,   u s u a l l y   in  a  c o n c e n t r a t i o n   of   60  t o   80%,  and  s a i d  

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

f a t ,   h a v e   b e e n   s u b j e c t e d   to   v a r i o u s   t r e a t m e n t s ,   f o r   e x a m p l e  

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

of   pH  v a l u e ,   t h e   s o - c a l l e d   pH-8  p r e c i p i t a t i o n ,   and  p o s s i b l y  

r e v e r s e   o s m o s i s ,   in   s u c h   a  m a n n e r ,   h o w e v e r ,   t h a t   t h e   i n s u l i n  

d u r i n g   t h e s e   t r e a t m e n t s   has   r e m a i n e d   in   l i q u i d   p h a s e .   T h u s ,  

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

f o r m e d   by  d i s s o l u t i o n   in  a  s o l v e n t   of   p u r i f i e d   s o l i d   i n s u l i n  



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

I t   i s   now  g e n e r a l l y   a s s u m e d   t h a t   t h e   a n t i g e n i c i t y   i n  

i n s u l i n   i s   m o s t l y   due   to   i m p u r i t i e s   in   t h e _ p r e p a r a t i o n s ,  

w h e r e a s   i t   was  f o r m e r l y   b e l i e v e d   t h a t   t h e   i n s u l i n   a n t i -  

b o d i e s   w e r e   p r o d u c e d   by  t h e   i n s u l i n   as  s u c h .   T h e s e  

i m p u r i t i e s   may  be  a c c o m p a n y i n g   p r o t e i n s   f rom  p a n c r e a s  

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

of  i n s u l i n ,   i n t e r m e d i a t e   i n s u l i n ,   t h e   d i m e r ,   a r g i n i n e  

i n s u l i n ,   e t h y l e s t e r   i n s u l i n ,   d e s a m i d o   i n s u l i n   d e s a m i d i s e d  

to   v a r i o u s   e x t e n t s ,   o t h e r   i n s u l i n   m o d i f i c a t i o n s   a n d  

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

E f f o r t s   h a v e   t h e r e f o r e   b e e n   made  in   o r d e r   to   p r o d u c e  

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

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

a c c o m p a n y i n g   s u b s t a n c e s   of   any  k i n d .  

F o r   t h a t   p u r p o s e   i t   h a s   b e e n   p r o p o s e d   to   s u b j e c t   a m o r p h o u s  

or   c r y s t a l l i n e   i n s u l i n   p r e p a r e d   in   a  c o n v e n t i o n a l   m a n n e r  

t o   an  e x t e n s i v e   f u r t h e r   p u r i f i c a t i o n ,   e . g .   by  i o n   e x c h a n g e  

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

s i e v e   or   p a r t i t i o n - c h r o m a t o g r a p h y   ( G e r m a n :   V e r t e i l u n g s -  

c h r o m a t o g r a p h i e ) .  

P u r i f i c a t i o n   by  p a r t i t i o n - c h r o m a t o g r a p h y   i s ,   for   i n s t a n c e ,   d e s c r i b e d  

in   German  O f f e n l e g u n g s s c h r i f t   2  212  695 .   I t   i s   k n o w n  

t h e r e f r o m   to   s u b j e c t   a  s o l u t i o n   f o r m e d   by  d i s s o l v i n g   s o l i d ,  

s t i l l   i m p u r e   i n s u l i n   in   an  a q u e o u s   s o l v e n t   s y s t e m   w h i c h  



b e s i d e s   a l c o h o l s   w i t h   4-5  c a r b o n   a t o m s   c o n t a i n s   c a r b o x y l i c  

a c i d s   w i t h   1-3   c a r b o n   a t o m s   a n d / o r   ammonia   or   an  o r g a n i c  

base  with  a  oK  a -value  between  about   5.1  and  11 ,   to  p a r t i t i o n - c h r o m -  

a t o g r a p h y   u s i n g   as  t h e   g e l   S e p h a d e x ®  L H - 2 0 .   The  s a i d   g e l  

i s   d e x t r a n   c r o s s - l i n k e d   w i t h   e p i c h l o r o h y d r i n   and  c o n t a i n i n g  

h y d r o x y p r o p y l   g r o u p s   a t t a c h e d   by  e t h e r   l i n k a g e s   to   t h e  

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

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

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

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

is   no  d o u b t   due   to   t h e   f a c t   t h a t   in  s p i t e   of   t h e   p u r i f i c a -  

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

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

The  a p p l i c a n t s   h a v e   p r e v i o u s l y   d e v e l o p e d   a  m e t h o d   of   p r e -  

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

a p p l i c a t i o n   N o . 1 4 1 / 7 7   p u b l i s h e d   16  J u l y   1 9 7 7 ,   G e r m a n  

O f f e n l e g u n g s s c h r i f t   N o . 2 7   01  092  p u b l i s h e d   28  J u l y   1 9 7 7  

and  B e l g i a n   p a t e n t   s p e c i f i c a t i o n   N o . 8 5 0   387  p u b l i s h e d  

2  May  1 9 7 7 .  

The  s a i d   m e t h o d   i s   b a s e d   on  t h e   r e c o g n i t i o n   t h a t   some  o f  

t h e   i m p u r i t i e s   p r e s e n t   in   i n s u l i n   a r e ,   when  u s i n g   t h e  

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

i n s u l i n ,   f o r   w h i c h   r e a s o n   i t   i s   e s s e n t i a l   to   c a r r y   o u t   t h e  

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

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



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

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

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

The  m e t h o d   i s   c h a r a c t e r i z e d   in   t h a t   t h e   i n s u l i n - c o n t a i n i n g  

e x t r a c t   p r e p a r e d   f r o m   t h e   p a n c r e a s   g l a n d s   i s   w o r k e d   up  t o  

p u r e   i n s u l i n   in   s u c h   a  way  t h a t   t h e   i n s u l i n   i s   m a i n t a i n e d  

in  d i s s o l v e d   s t a t e   in   a  l i q u i d   p h a s e   d u r i n g   t h e   w h o l e  

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

u n d e s i r e d   s u b s t a n c e s   b e i n g   f rom  t h e   b e g i n n i n g   of   t h e  

p r o c e s s   u n t i l   t h e   end  r e m o v e d   f rom  t h e   d i f f e r e n t   s o l v e n t s  

u s e d .  

In  t h e   s a i d   p r o c e s s   i t   i s   n o t   a  q u e s t i o n   of   a  p u r i f i c a t i o n  

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

i n s u l i n   e x t r a c t   t a k e s   p l a c e   to   r e m o v e   d i s s o l v e d   i m p u r i t i e s  

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

u n t i l   t h e   p u r e   i n s u l i n   r e m a i n s   a l o n e   in   t h e   e x t r a c t   (or   i n  

a n o t h e r   l i q u i d   p h a s e ) .  

The  p r o c e s s   can   f o r   i n s t a n c e ,   be  c a r r i e d   o u t   by  s u b j e c t i n g  

t h e   e x t r a c t   to   a  t r e a t m e n t   f o r   r e m o v a l   of   f a t   c o n s i s t i n g  

in  c o o l i n g   of   t h e   e x t r a c t   to   a  low  t e m p e r a t u r e ,   f o r   e x a m p l e  

b e t w e e n   - 2 5 0 C   and   - 4 5 ° C ,   f o l l o w e d   by  s e p a r a t i o n   of   t h e  

c r y s t a l l i z e d   f a t ;   c o n c e n t r a t i n g   t h e   e x t r a c t   by  m e a n s   o f  

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

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

s u b s t a n c e s   h a v i n g   a  l a r g e r   m o l e c u l e   t h a n   i n s u l i n   as  w e l l   a s  

s u b s t a n c e s   h a v i n g  a   s m a l l e r   m o l e c u l e   t h a n   i n s u l i n ;   w a s h i n g  



t h e   i n s u l i n - c o n t a i n i n g   c o n c e n t r a t e   f rom  t h e   r e v e r s e  

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

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

p u r i f i e d   c o n c e n t r a t e   to   f u r t h e r   p u r i f i c a t i o n   by  m e a n s   of   i o n  

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

l i q u i d   p h a s e ;   and  f i n a l l y   r e c o v e r i n g   t h e   i n s u l i n   f r o m   t h e  

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

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

- 3 0 ° C   to   - 4 5 ° C .  

In  an  e f f e c t i v e   s e p a r a t i o n   on  i o n   e x c h a n g e r   of   t h e   i n s u l i n  

in  s u c h   a  raw  i n s u l i n   e x t r a c t   f r o m   i m p u r i t i e s   i t   i s ,   h o w e v e r ,  

d i f f i c u l t   to   a v o i d   a  l o s s   of   i n s u l i n ,   s i n c e   in   c a s e   of   a n  

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

m o l e c u l e s   may  be  f o r m e d ,   w h i c h   a g g r e g a t e s   can   o n l y   w i t h  

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

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

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

r e p l a c e   a  t r e a t m e n t ' o f   t h e   raw  e x t r a c t   w i t h   i o n   e x c h a n g e r s ,  

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

of   i n s u l i n   o r   w i t h   a  l e s s   l o s s   of   i n s u l i n   t h a n   b e f o r e .  

I t   ha s   b e e n   f o u n d   t h a t   a  p u r i f i c a t i o n   of   an  i n s u l i n -  

c o n t a i n i n g   e t h a n o l i c   raw  e x t r a c t   w i t h   a p p r o x i m a t e l y   a  100% 

y i e l d   of  i n s u l i n   can   be  o b t a i n e d   by  s u b j e c t i n g   t h e   e x t r a c t  

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

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



The  m e t h o d   a c c o r d i n g   to   t h e   i n v e n t i o n   i s   c h a r a c t e r i z e d   i n  

t h a t   t h e   i n s u l i n - c o n t a i n i n g   e t h a n o l i c   raw  e x t r a c t   a f t e r  

h a v i n g   b e e n   c o o l e d   down  to   r e m o v e   f a t   by  c r y s t a l l i z a t i o n  

f o l l o w e d   by  s e p a r a t i o n   of  the   f a t   c r y s t a l s   f r a n   the  e x t r a c t  

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

e t h a n o l   c o n c e n t r a t i o n   b e t w e e n   60  and  80  p e r   c e n t   by  v o l u m e ,  

i s   s u b j e c t e d   to   g e l   f i l t r a t i o n   on  S e p h a d e x ®  L H - 6 0   s w o l l e n  

in  e thano l   or  in  aqueous  e t h a n o l ,  p r e f e r a b l y  w i t h   an  e t h a n o l   c o n c e n t r a t i o n  

of   a t   l e a s t   60  p e r   c e n t   by  v o l u m e ,   and  p r e f e r a b l y  

b u t   n o t   n e c e s s a r i l y   h a v i n g   t h e   same  c o n c e n t r a t i o n   a n d - t h e  

same  p H - v a l u e   as  t h e   e x t r a c t a n t   u s e d ,   u s e   b e i n g   made   as  a n  

e l u a n t   l i k e w i s e   of   e t h a n o l   or   of   a q u e o u s   e t h a n o l ,   p r e f e r a b l y  

w i t h   an  e t h a n o l   c o n c e n t r a t i o n   of   a t   l e a s t   60  p e r   c e n t   by  v o l u m e .  

S e p h a d e x ®  L H - 6 0   i s   a  b e a d - f o r m e d   g e l   p o s s e s s i n g   b o t h  

h y d r o p h i l i c   and  l i p o p h i l i c   p r o p e r t i e s .   I t   i s   a  d e x t r a n  

c r o s s - l i n k e d   w i t h   e p i c h l o r o h y d r i n   and  c o n t a i n i n g   h y d r o x y -  

p r o p y l   g r o u p s   a t t a c h e d   t o   t h e   g l u c o s e   u n i t s   of   t h e   d e x t r a n  

c h a i n s   by  e t h e r   l i n k a g e s .   S e p h a d e x ®  L H - 6 0   i s   p r o d u c e d   b y  

P h a r m a c i a   F i n e  C h e m i c a l s ,   U p p s a l a ,   S w e d e n .  

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

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

e x c l u s i o n   l i m i t   of   t h e   g e l .   W h e n  e l u t i n g ,   an-  i n s u l i n  

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

s u b s t a n c e s   and  w h i c h   c o n t a i n s   no  or   p r a c t i c a l l y   no  p r o t e i n s  

having  a  l a r g e r   mo lecu le   than   i n s u l i n   or  having  a  s m a l l e r   mo lecu le   t h a n  

i n s u l i n ,   but   only  i n s u l i n   d e r i v a t i v e s   wi th   p r a c t i c a l l y   the  same  m o l e c u l a r  

s i z e   as  the   i n s u l i n .   The  y i e l d   of  i n s u l i n   is  p r a c t i c a l l y   100%. 



The  p r e s e n t   m e t h o d   can   w i t h   s p e c i a l   a d v a n t a g e   be  u s e d   i n  

c o n n e c t i o n   w i t h   t h e   m e t h o d   d e s c r i b e d   in   D a n i s h   p a t e n t  

a p p l i c a t i o n   N o . 1 4 1 / 7 7 ,   t h e   g e l   f i l t r a t i o n   s u p p l e m e n t i n g   o r  

p a r t l y   r e p l a c i n g   the  t r e a t m e n t   w i t h   i o n   e x c h a n g e r s   d e s c r i b e d  

in  t h e   s p e c i f i c a t i o n   of   s a i d   a p p l i c a t i o n .  

The  g e l   f i l t r a t i o n   a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n   i s ,  

h o w e v e r ,   n o t   r e s t r i c t e d   to   t h e   u s e   in  c o n n e c t i o n   w i t h   s a i d  

o l d e r   m e t h o d   b u t   i t   c a n   be  u s e d   on  any  a q u e o u s   e t h a n o l i c  

raw  e x t r a c t   f r e e d   f r o m   f a t   and   can   c o n s t i t u t e   e i t h e r   t h e  

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

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

As  r e g a r d s   t h e   p r e v i o u s l y   m e n t i o n e d   m e t h o d   known  f r o m  

German  O f f e n l e g u n g s s c h r i f t   2  212  695 ,   w h i c h   c o n s i s t s   i n  

s u b j e c t i n g   a  s o l u t i o n   f o r m e d   by  d i s s o l v i n g   s o l i d   i n s u l i n  

in  an  a q u e o u s   s o l v e n t   s y s t e m   w h i c h ,   b e s i d e s   a l c o h o l s   w i t h  

4-5  c a r b o n   a t o m s ,   c o n t a i n s   a  c a r b o x y l i c   a c i d   a n d / o r  

ammonia   or   an  o r g a n i c   b a s e ,   to   p a r t i t i o n - c h r o m a t o g r a p h y   u s i n g  

S e p h a d e x -   L H - 2 0 ,   i t   i s   o b s e r v e d   t h a t   i t   i s   h e r e   a  q u e s t i o n   o f  

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

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

p u r i f y i n g   an  i n s u l i n - c o n t a i n i n g   r a w - e x t r a c t ,   i n t e r   a l i a   b e c a u s e  

a  s o l v e n t   s y s t e m   m u s t   be  u s e d   w h i c h   i s   d i f f e r e n t   f rom  t h e  

s o l v e n t s   c o m m o n l y   u s e d   f o r   e x t r a c t i n g   t h e   p a n c r e a s   g l a n d s .   I t  

w i l l   a l s o   be  n o t e d   t h a t   S e p h a d e x ®  L H - 2 0   d i f f e r s   f rom  S e p h a d e x "  

LH-60  by  h a v i n g   a  l o w e r   e x c l u s i o n   l i m i t   t h a n   t h e   l a t t e r ,   c f .  

t h e   O f f e n l e g u n g s s c h r i f t   p a g e   4,  t h i r d   c o m p l e t e   p a r a g r a p h ,   s o  

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



In  t h e   p u r i f i c a t i o n   a c c o r d i n g   t o   t h e   i n v e n t i o n   of   a  r a w  

i n s u l i n   e x t r a c t   t h e   p r o c e d u r e   c a n   e . g .   be  as  f o l l o w s :  

The  g e l   i s   b r o u g h t   to   s w e l l   in  e t h a n o l   o r   in   a q u e o u s   e t h a n o l  

p r e f e r a b l y   w i t h   an  e t h a n o l   c o n c e n t r a t i o n   of  a t   l e a s t   60  p e r  

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

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

m i x t u r e   w i t h   a  s l i g h t l y   h i g h e r   c o n c e n t r a t i o n   of  e t h a n o l .  

The  c o l u m n   i s   p r e p a r e d   i n   t h e   u s u a l   w a y ,   t h e   raw  e x t r a c t  -  

w i t h   an  e t h a n o l   c o n c e n t r a t i o n   b e t w e e n   60  and  80  p e r   c e n t  

by  v o l u m e  -   i s   s u p p l i e d   and  t h e   c o l u m n   i s   f i l l e d   w i t h   t h e  

e l u a n t ,   v i z .   e t h a n o l   or  a q u e o u s   e t h a n o l .   The  e l u a n t   may  b e  

t h e   same  as  t h e   s w e l l i n g   a g e n t .  

The  p H - v a l u e   of  t h e   l i q u i d   p h a s e   i n   t h e   S e p h a d e x - b e d   i s   p r e -  

f e r a b l y   b e t w e e n   3  and  8.  ( E l u a t e s   h a v i n g   a  p H - v a l u e   b e l o w  

a b o u t   3  a r e   t o o   a c i d   f o r   i m m e d i a t e   a p p l i c a t i o n   to   i o n   e x c h a n g e r s ,  

and  a t   p H - v a l u e s   a b o v e   8  t h e   i n s u l i n   w i l l   be  p a r t l y   d e s t r o y e d ) .  

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

c o m p l e t e l y   g r e e   of   c o l o u r i n g   s u b s t a n c e s .   P r a c t i c a l l y   a  100% 

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

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

p u r i f i e d ,   e . g .   by  means   of  i o n   e x c h a n g e r ,   and  t h e   i n s u l i n   i s  

f i n a l l y   i s o l a t e d ,   f o r   e x a m p l e   by  p r e c i p i t a t i o n .  



E x a m p l e  

An  i n s u l i n - c o n t a i n i n g   raw  e x t r a c t   o b t a i n e d   by  t r e a t i n g  

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

85%  e t h a n o l   a c i d i f i e d   to   a  p H - v a l u e   of   a b o u t   3  w i t h   H 2 S 0 4  

(2  1  85%  e t h a n o l / l   kg  g l a n d s ;   g i v i n g   w i t h   t h e   w a t e r   in   t h e  

g l a n d s   an  a q u e o u s   65%  e t h a n o l   e x t r a c t ) ,   r e m o v i n g   f a t   f r o m  

t h e   e x t r a c t   by  c o o l i n g   to   - 3 0 ° C   f o l l o w e d   by  s e p a r a t i o n   o f  

t h e   f o r m e d   f a t   c r y s t a l s   and  c o n c e n t r a t i n g   to   1 / 1 0   of   t h e  

o r i g i n a l   v o l u m e   by  r e v e r s e   o s m o s i s ,   was  s u b j e c t e d   to   g e l  

f i l t r a t i o n   as  f o l l o w s :  

50  1  of   t h e   a b o v e   c o n c e n t r a t e   was  a p p l i e d   to   a  c o l u m n  

( d i a m e t e r   45  cm,  h e i g h t   75  cm)  of   S e p h a d e x ® L H - 6 0  

s w e l l e d   i n   and   e q u i l i b r a t e d   w i t h   65%  e t h a n o l   ( a c e t a t e   b u f f e r ,  

i o n   s t r e n g t h   0 , 0 2 5 ,   p H - v a l u e   7 , 3 ) .  

E l u t i o n   was  c a r r i e d   o u t   w i t h   an  e l u a n t ,   w h i c h   w a s  

t h e   same  as  t h e   s w e l l i n g   a g e n t .  

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

They  w e r e   t o t a l l y   f r e e d   f rom  c o l o u r i n g   s u b s t a n c e s   and  c o n -  

t a i n e d   no  or   p r a c t i c a l l y   no  p r o t e i n s   h a v i n g   a  l a r g e r   m o l e -  

c u l e   t h a n   i n s u l i n   or   h a v i n g   a  s m a l l e r   m o l e c u l e   t h a n   i n s u l i n .  



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

raw  e x t r a c t   f r o m   p a n c r e a s   g l a n d s ,   c h a r a c t e r i z e d   i n  

t h a t   t h e   e x t r a c t   a f t e r   h a v i n g   b e e n   c o o l e d   down  to   r e m o v e  

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

c r y s t a l s   f rom  t h e   e x t r a c t   and  p o s s i b l y   h a v i n g   b e e n   f u r t h e r  

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

60  and  80  p e r   c e n t   by  v o l u m e ,   s u b j e c t e d   to   g e l   f i l t r a t i o n  

on  S e p h a d e x ®   LH-60  s w o l l e n   in   e t h a n o l   or  in  aqueous  e t h a n o l , p r e f e r a b l y  

w i t h   an  e t h a n o l   c o n c e n t r a t i o n   of   a t   l e a s t   60  p e r   c e n t   b y  

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

t h e   same  p H - v a l u e   as  t h e   e x t r a c t a n t   u s e d ,   u s e   b e i n g   m a d e  

as  an  e l u a n t   l i k e w i s e   of   e thano l   or  of  aqueous  e t h a m l , p r e f e r a b l y   w i t h  

an  e t h a n o l   c o n c e n t r a t i o n   of   a t   l e a s t   60  p e r   c e n t   by  v o l u m e .  
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