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IN VITRO EFFECT OF INSULIN ON THE OSMOTIC FRAGILITY 
OF HUMAN DIABETIC ERYTHROCYTES

In v i tro  effect  of insulin on the osmotic f ra g i l i t y  of human 
diabetic erythrocytes was investigated. I t  was found out that small 
concentrations of insulin (10_ ,° M -  10“9 M) increase the osmotic 
fra g i l i t y  rapidly and a t  insulin  concentrations of 10“9 M •* 10"8 M 
the top values of hemolysis were observed confirming some e a rl ie r  
fluorescence data.

INTRODUCTION

_ : ' _• .. ; i I. •
D uring i t s  a c t i o n  i n s u l i n  b in d s  to  the  s p e c i f i c  r e c e p -

t o r s  on th e  c e l l  s u r f a c e  [ l ] .  S inc e  t h e n ,  i n s u l i n  r e c e p to rs  i n  
s e v e r a l  c e l l s  such as a d ip o c y t e s ,  h e p a to c y te s , m onocy tes , g ra nu -
l o c y t e s ,  lym phocy tes ,  f i b r o b l a s t s  were found and c h a r a c t e r i z e d .  
I t  h as  been r e c e n t ly  d e ir on s t ra t e d  t h a t  human [ 2 - 5 ] ,  tu rk e y  [6] 
and shee p  [7] e r c y th r o c y t e s  have a l s o  s p e c i f i c  i n s u l i n  b in d in g  
s i t e s .  These s i t e s  have  been c h a r a c t e r i z e d  [4 ,  8] and i t  h as  
been  found o u t  t h a t  t h e i r  p r o p e r t i e s  a re  s i m i l a r  t o  th os e  o f  th e  
i n s u l i n  r e c e p t o r s  i n  o t h e r  c e l l s .  The b in d in g  o f  I  -  l a b e l e d  
i n s u l i n  t o  e r c y t h r o c y t e s  depe nds  on pH, t e m p e ra tu r e ,  t im e  and 
c e l l  c o n c e n t r a t i o n .  The e x i s t e n c e  o f  i n s u l i n  r e c e p t o r s  i n  th e  
e r y th r o c y t e  membrane ha s  been a l r e a d y  proved b u t  t h e i r  s i g n i f i -
c an ce  i n  t ho se  c e l l s  s t i l l  n eeds  e l u c i d a t i o n .  ^

E r y t h r o c y te s  and e r y th r o c y te  membranes a re  very  u s e f u l  fo r  
s tu d y in g  i n s u l i n  i n t e r a c t i o n  w ith  th e  c e l l u l a r  membrane bec ause  
o f  t h e i r  a c c e s s i b i l i t y  and e a s e  o f  I s o l a t i o n ,  th e  more so  as  
t h e r e  a r e  n o t  s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  hormone a c t io n  on



90 H> Brygwnilu, C. Watala, M. I - e y k o __________

th e  e r y th r o c y t e  membrane o r  on the  membrane o f  i n s u l i n  t a r g e t  
c e l l s .

A common a c c e p te d  model o f  in su l in -m e m brane ■ I n t e r a c t i o n  is  
t h e  " r e c e p to r - t r a n s d u c e r "  model which was conf irm ed  by many i n -
v e s t i g a t i o n s  [9 ,  10J . A c cord ing to  t h a t  model i n s u l i n  I n t e r a c t s  
w i th  t h e  membrane b in d in g  w i th  th e  s p e c i f i c  membrane re c e p to r -  
w i th o u t  e n t e r i n g  th e  c e l l .  The " r e c e p to r - t r a n s d u c e r "  model needs  
s t i l l  t h e  d e t e r m in a t io n  o f  t h e  second messenger o f  t h e  hormone 
in fo rm a t io n .  In  th e  c a se  o f  i n s u l i n  i t s  a c t i o n  i s  t h q u g h t  t o  be 
ind e p e nd e n t  o f  c y c l i c  AMP p ro d u c tio n  i n  t h e  c o n t r a r y  t o  hormones 
such a s  glucagon and a d r e n a l i n e ,  which s t im u la t e  a d e n y la te  c y -
c l a s e  a c t i v i t y ,  so th e  n a tu r e  o f  t h e  in fo rm a t io n  t r a n s d u c e r  r e -
mains unknown [ l l ] .  One h y p o th e s i s  p o s t u l a t e s  t h a t  a l t e r a t i o n s  
o f  membrane l i p i d  s t r u c t u r e  a n d /o r  changes  in  membrane f l u i d i t y  
under i n f lu e n c e  o f  i n s u l i n  a c t i o n  may p l a y  a r o l e  o f  a  hormonal 
in f o rm a t io n  t r a n s d u c e r  [1 2 - 1 5 ] .

The e r y th r o c y te  membrane f l u i d i t y  i s  a s s o c i a t e d  w i th  t h e  o s -
motic  f r a g i l i t y  o f  t h e  e r y t h r o c y t e s .  Osmotic f r a g i l i t y  i s  con-
s id e r e d  to  be a measure o f  e r y t h r o c y t e s  v i a b i l i t y  dependen t  on 
i t s  a b i l i t y  t o  undergo d e fo rm a t io n  d u r in g  p a s s in g  th ro ugh  b lood  
c a p i l l a r i e s .  The e r y th r o c y t e  d e f o r m a b i l i t y  i s  de te rm ine d  by th e  
s u r f a c e  a r e a  t o  volume r a t i o  and by th e  e l a s t i c  membrane p ro p e r -
t i e s  which e n a b le  e r y th r o c y te s  t o  undergo s t r o n g  d e fo rm a tio ns  
w i th o u t  r u p tu r in g  o f  t h e  c e l l  membrane.

In  t he  c a se  o f  t h e  e r y t h r o c y te s  from human s u f f e r in g  from dia-
b e t e s  t h e  d e c re a s e d  d e f o r m a b i l i t y  was found [16, 1 7 ] .  Because 
t n e  d i a b e t i c  e r y t h r o c y te s  a r e  l e s s  defo rm ab le  th e y  may e x e r t  an 
i n c re a s e d  p r e s s u r e  on th e  b lood  v e s s e l  w a l l s  l e a d i n g  to  m ic ro -
a n g io pa thy .

The a l t e r n a t i o n s  o f  t h e  dynamic p r o p e r t i e s  o f  t h e  e r y th r o -
c y te  membrane b i l a y e r  i n  d i a b e t e s  were  a l s o  found o u t .  The mi-
c r o v i s c o s i t y  o f  l i p i d  b i l a y e r  [18] measured by th e  h e lp  o f  t h e  
f l u o re s c e n c e  p o l a r i z a t i o n  t e c h n iq u e  and v i s c o s i t y  r e l a t e d  to  l a -
t e r a l  d i f f u s i o n  o f  t h e  f l u o r e s c e n t  l a b e l  i n  t h a t  b i l a y e r  [19] had 
much g r e a t e r  v a lu e  i n  t h e  c a s e  o f  t h e  d i a b e t i c  human e r y th r o c y t e  
membranes i n d i c a t i n g  an in c r e a s e d  r i g i d i t y  o f  the  hyd rophob ic  
membrane r e g i o n .

In  t h i s  s tu dy  an e x pe r im e n t  was u nd er ta k e n  to  i n v e s t i g a t e  an 
i n  / i t r o  i n f l u e n c e  o f  i n s u l i n  on the  o sm o tic  f r a g i l i t y  o f  d i a b e -
t i c  e r y th r o c y t e s .



MATERIALS AND METHODS

Blood from i n d iv id u a l s  s u f f e r i n g  from in s u \ in - d e p e n d e n t  d i a -
b e t e s  was o b ta in e d  f rom  D ia b e to lo a i c a l  C l in i c  o f  M edical Academy 
o f  Łód i .  The p a t i e n t s  were o f  b o th  s e x e s ,  (25 -55 ) y e a rs  o ld ,  
t r e a t e d  w ith  i n s u l i n .  The b lo od  was ta k e n  a f t e r  n ig h t  f a s t ,  wi-
th o u t  morning dose  o f  I n s u l i n ,  on th e  3% sodium c i t r a t e .  A ll  the  
p a t i e n t s  showed f a r  advanced d i a b e t i c  c o m p l i c a t io n s  a s  p o lyn eu -
ro p a th y  and r e t i n o p a th y .  D is ea se  had a  lon g  d u r a t io n  o f  more 
th a n  7 y e a r s .

F e sh ly  drawn b loo d  was c e n t r i f u g e d  a t  3000 rpm f o r  10 minu-
t e s .  A f t e r  removing plasm a and l e u k o c y te  l a y e r ,  e ry th r o c y te s  were 
f u r t h e r  washed t h r e e  t im e s  by p hos ph ate  b u f f e r e d  s a l i n e  (PBS: 0.9% 
NaCl i n  10 mM phosphate  b u f f e r ,  pH 7 ,4 ) .

Washing was h e ld  a t  te m p e r a tu re  277 K. E r y th ro c y te s  were 
th e n  b ro ug h t  t o  h e m a to c r i t  o f  0 . 5 .  H e m a to c r i t  was de te rm ine d  u s-
in g  a m ic ro c e n t r i f u g e  J a n e tz k i  TH 12, t im e  o f  c e n t r i f u g a t i o n  
300 s .

I n s u l i n  ( p r e p a r a t io n  o f  i n s u l i n  m a x ira p id ,  p rod uc e rs  " P o l -
fa " )  was added i n t o  e r y th r o c y te  su sp e n s io n  o f  h e m a to c r i t  0 . 5  
and sam ples  w ere  in c u b a te d  a t  t e m p e r a tu re  310 K f o r  15 m in u te s .  
The e r y th r o c y t e  s u s pe ns io n  o f  t h e  h e m a to c r i t  0 . 5  w i th  o r  w i th o u t  
i n s u l in  was n e x t  added i n t o  NaCl s o lu t io n s  o f  d i f f e r e n t  s a l t  
c o n c e n t r a t i o n s  (0.38 -0 .50% ) in  such amounts i n  o rd e r  t o  o b ta in  
h e m a to c r i t  o f  0 . 0 0 5 .  The f i n a l  i n s u l i n  c o n c e n t r a t io n s  i n  sam-
p le s  were 4 • 10“ 10 M, 2 • 10_® M, 2 • 10-8  M and 2 • 10~7 M r e -
s p e c t i v e l y .  The sam ples  were i n c u b a te d  a t  t h e  t e m p e ra tu r e  310 K 
f o r  one hou r and th e n  c e n t r i f u g e d  a t  2000 rpm f o r  10 m inu te s .  
The a bso rb an ce  o f  th e  s u p e r n a t a n t s  (he m o lysa te s )  was measured a t  
542 nm. A d e g re e  o f  he m o lys is  was c a l c u l a t e d  assum ing t h a t  an 
a bs o rb an ce  o b ta in e d  a f t e r  i n t r o d u c in g  th e  same amount o f  e r y -
th r o c y te s  i n t o  d i s t i l l e d  w a te r  ( t o t a l  he m o ly s is )  i s  e qu a l  100%.

RESULTS AND DISCUSSION

The o b ta in e d  r e s u l t s  were c h a r a c t e r i z e d  by a g r e a t  d i s p e r -
s io n  o f  p e rc e n t . h e m o ly s i s  v a lu e s  f o r  d i f f e r e n t  i n d i v id u a l s  f o r
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t h e  same NaCl c o n c e n t r a t i o n s .  During th e  r e s u l t s  d e s c r i p t i o n  i t  
was assumed t h a t  t h e  p e r c e n t  o f  hem o lys is  v a lu e  i n  t h e  absence  
o f  i n s u l i n  i s  e q ua l  1 and a  change o f  t h a t  v a lue  c ause d  by i n -
s u l i n  o f  d i f f e r e n t  c o n c e n t r a t io n s  was c a l c u l a t e d .  I t  e na b le d  a 
s t a t i s t i c a l  d e s c r i p t i o n  o f  r e s u l t s  c o nc ern in g  th e  i n s u l i n  e f f e c t  
on th e  o s m o tic  f r a g i l i t y  o f  e r y th r o c y te s .  The o b ta in e d  r e s u l t s  
a r e  g ive n  in  th e  t a b l e  1 , and the  F ig .  1 g iv e s  t h e i r  g raph ic  in -
t e r p r e t a t i o n .  F ig .  1 r e p r e s e n t s  a r e l a t i v e ,  mean f o r  a l l  NaCl 
c o n c e n t r a t i o n s ,  change o f  an e r y th r o q y te  he m o lys is  p e r c e n t  (*hx ) 
v e r s u s  t h e  p e r c e n t  he m o lys is  v a lue  in  t h e  abse nce  o f  i n s u l i n  
(%hQ),  ta k e n  f o r  e q u a l  1, i . e .  %hx/%hQ vs i n s u l i n  c o n c e n t r a t i o n .  
An i n s e r t  shows a  c u rv e  shape f o r  t h e  low e st ,  i n s u l i n  c o n c e n t ra -
t i o n s .

The ef fe c t of an increasing in su lin  concentrations on the osaotic f r a g i l i ty  
in diabetic human erythrocytes. The in se rt shows a curve slope for the lo-

west insu lin  concentrations
Wpływ wzrastających stężeń insuliny na wrażliwość osmotyczną cukrzycowych e- 
rytrocytdw ludzkich. Rysunek wewnętrzny przedstawia nachylenie krzywej dla

najniższych stężeń insuliny
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The f ig u r e  i n d i c a t e s ,  t h a t  under t h e  in f lu e n c e  o f  sm al l  con -
"»10 <~9c e n t r a t i o n s  o f  i n s u l i n  i n  t he  ra nge o f  10 M *• 10 M th e  osmo-

t i c  f r a g i l i t y  i n c r e a s e s  r a p id ly  re a c h in g  a maximum f o r  t h e  i n -
m>0 « ft

s u l i n  c o n c e n t r a t i o n  e q ua l  a bou t  10 M *■ 10 M. For g r e a t e r  
i n s u l in  c o n c e n t r a t i o n s  i t s  e f f e c t  on th e  o sm o tic  f r a g i l i t y  de-
c re a s e s  and th e  p e r c e n t  he m o ly s is  v a lu e  o f  e r y th r o c y t e s  t r e n d s  
tow ards  th e  v a lu e  obse rved  f o r  t h e  abse nce  o f  i n s u l i n  (%hx/  
/ * h 0 -  1 ).

The p l o t s  o f  e r y th r o c y t e  o s m o tic  f r a g i l i t y  c u rv e s  were a l s o  
made w ith o u t  i n s u l in  and f o r  t h a t  i n s u l in  c o n c e n t ra t io n  when th e  
h i g h e s t  e f f e c t  o f  hormone on th e  in v e s t ig a t e d  v a lu e  was obse rve d  
( 2 ‘ 10~9 M). Curves a r e  g iv e n  in  F ig .  2 .  The f i g u r e  shows, t h a t  
under t h e  i n s u l i n  a c t i o n  th e  o sm o tic  f r a g i l i t y  cu rv e  i s  p a r a l l e -  
l l y  s h i f t e d  t o  t h e  r i g h t ,  tow ards  in c r e a s in g  NaCl c o n c e n t ra -
t i o n s .  The c 5Q v a lu e s  found from th e  p l o t s  (NaCl c o n c e n t r a -
t i o n s  f o r  50% o f  he m olys is )  a r e  e q u a l  0.436% and 0.443% w i th o u t  
and w i th  i n s u l i n  r e s p e c t i v e l y .

The o b ta in e d  r e s u l t s  i n d i c a t e ,  t h a t  i n s u l i n  a c t i o n  depends on
hormone c o n c e n t r a t i o n  and th e  h i g h e s t  e f f e c t  i s  o b t a in e d  f o r  i n -

~9 *- fls u l i n  c o n c e n t ra t i o n s  i n  th e  ra nge 10 M -  10 M. The s i m i l a r  
s a t u r a t i o n  phenomenon d u r in g  i n s u l i n  a c t io n  was obs erv ed  by L u- 
1 y e t  a l .  [ l 3 } , who in v e s t i g a t e d  th e  i n s u l in  i n f lu e n c e  on th e  
r a t  h e p a to c y te  membrane f l u i d i t y  and by B r y s z e w s k a e t  
a l .  t 2©] when th e  hormone e f f e c t  on th e  human e r y th r o c y t e  mem- 
b r a n #  f l u i d i t y  was i n v e s t i g a t e d .  In  b o th  c a s e s  t h e  g r e a t e s t  e f -
f e c t  o f  membrane v i s c o s i t y  changes  was O b ta ine d  f o r  i n s u l i n  con -

— ft * " — 8 c e n t r a t i o n s  e q u a l  10 M and 5 • 10 M r e s p e c t i v e ly .
The l a r g e s t  change o f  e r y th r o c y te  he m o lys is  p e r c e n t  obse rve d  

f o r  i n s u l i n  c o n c e n t ra t i o n  2 • 10 9 M was e qu a l  a b ou t  15%. The r e - '  
s u i t s  o b t a in e d  prompted u s  t o  su ppo se ,  t h a t  i n s u l i n  b in d in g  w i th  
i t s  S p e c i f i c  r e c e p t o r  on e r y th r o c y te  membrane c a us e s  re m a rka b le  
changes  i n  membrane s t r u c t u r e  r e s u l t i n g  i n  an in c r e a s e  o f  osmo-
t i c  f r a g i l i t y .  The o s m o tic  f r a g i l i t y  i s  m ainly a f u n c t io n  o f  t h e  
i n i t i a l  e r y th r o c y te  volume t o  t h e  c r i t i c a l  volume r a t i o  vj / vc 
[ 2 1 ] .  Thus t h e  i n c r e a s in g  o sm o t ic  f r a g i l i t y  o f  human e r y th r o c y -
t e s  i n f lu e n c e d  by i n s u l i n  i n d i c a t e s  t h a t  t h e  c r i t i c a l  e r y th r o c y -
t e  volume r e l a t e d  t o  hem o lys is  d im in i s h e s .  In f lu e n c e d  by i n s u l i n  
t h e  membrane becomes l e s s  r e s i s t a n t  t o  any d e fo rm a tio ns  and 
b u r s t s  more ra p id ly *  The d im in i s h e d  membrane a b i l i t y  f o r  d e f o r -



F ig .  2

The osmotic f ra g i l i ty  curves of diabetic huui.ni erythrocytes -under; the in-
fluence of insulin

Krzywe wrażliwości ostnotycznej erytrocytów ludzi chorych na cukrzycę pod
wpływem insuliny
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m ation  shou ld  be accompanied by In c re a s e d  in s u l in - in d u c e d  r i g i -
d i t y .  However i n v e s t i g a t i o n s  o f  l a t e r a l  i r o b i l i t y  changes  o f  th e  
f l u o r e s c e n t  l a b e l  i n  t he  d i a b e t i c  e r y th r o c y te  membranes [ 2 0 ] and 
r o t a t i o n  i r o b i l i t y  changes o f  t h a t  i n  r a t  a d ip o c y te s  membrane 
{12] i n d i c a t e  an i n c re a s e d  f l u i d i t y  o f  t h e  hyd rophob ic  membrane 
re g io n  in f lu e n c e d  by i n s u l i n .  On th e  o t h e r  hand ,  employ ing p o la -
r i z a t i o n  f l u o re s c e n c e  t e c h n iq u e ,  i n c r e a s e d  v i s c o s i t y  r e l a t e d  to  
r o t a t i o n a l  d i f f u s i o n  o f  f l u o r e s c e n t  probe caus ed  by i n s u l in  i n  
r a t  h e p a to c y te s  was ob se rv e d  by o t h e r s  [ l 3 ] ,  a s  we^.1 a s  r i g l -  
d i t o r y  e f f e c t s  o f  th e  hormone t o  human e r y th r o c y te  membrane [14] 
were r e p o r t e d .  Moreover some unambigues d a t a  e x i s t  [9 ,  15] where 
no i n s u l in - in f lu e n c e d  changes  o f  membrane f l u i d i t y  were ob se rv ed .  
These o b s e r v a t io n s  s u g g e s t  t h a t  t h e  i n s u l in - in f lu e n c e d  augmenta-
t i o n  o f  e r y th r o c y te  o sm o t ic  f r a g i l i t y  does n o t  s im p ly  c o r r e l a t e s  
w i th  hyd rophob ic  r e g io n  membrane f l u i d i t y  and more l i k e l y  i t  i s  
a r e s u l t  o f  t h e  p r o t e i n - l i p i d  i n t e r a c t i o n s  changes  in  t h e  mem-
b ra ne  l e a d in g  to  t h e  in c r e a s e  o f  e r y th r o c y t e  s e n s i b i l i t y  t o  he -
m o ly s i s .

T h is  s tu dy  was done i n  th e  c o - o p e r a t io n  w i th  th e  B io lo g ic a l  
I s o to p e  L a b o ra to ry  " A . J . " o f  th e  U n iv e r s i t y  o f  Szeged (Hungary) 
and was s u p p o r te d  by th e  R esearch G ra n t  R . I I I . 1 3 .
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WPŁYW INSULINY IN VITRO NA WRAŻLIWOŚĆ 0SM0TYCZNĄ ERYTROCYTÓW 
LUDZI CHORYCH NA CUKRZYCg

W pracy zbadano wpływ insuliny na wrażliwość osmotyczną erytrocytów lu-
dzi chorych na cukrzyc« zależn« od insuliny. Stwierdzono, że insul ina w ma-



łych stężeniach i.lO” , 0 M -  10~9 M) powoduje duży wzrost wrażliwości osno-
-9 - 8tycznej erytrocytów. Dla stężeń insuliny równych 10 M -  10 M obserwo-

wano najwięksi« hemolitę erytrocytów, co potwierdziło u«y»k«no wcześniej wy-
niki z pomiarów fluorescencyjnych, dotyczących wpływu tego hormonu na ciek- 
łość blon erytrocytów.


