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The so d i u m  and p o t a s s i u m  c o n c e n t r a t i o n s  o f  t h e  red  
b l o o d  c e l l s  and t h e  serum were  i n v e s t i g a t e d  i n  21 
c h i l d r e n  w i t h  d i a b e t e s  m e l l i t u s .  M e a s u r e m e n ts  w e r e  made 
p r i o r  t o  and 1 and 2 h o u r s  f o l l o w i n g  i n s u l i n  
a d m i n i s t r a t i o n .  B e f o r e  i n s u l i n  t r e a t m e n t ,  t h e  sod iu m 
l e v e l  i n  t h e  r e d  b l o o d  c e l l s  o f  t h e  d i a b e t e s  p a t i e n t s  
was s i g n i f i c a n t l y  h i g h e r  t h a t  t h e  c o n t r o l  l e v e l ,  w h i l e  
t h e  p o t a s s i u m  l e v e l  was s i g n i f i c a n t l y  d e p r e s s e d .  These 
d i f f e r e n c e s  were  n o t  o b s e r v e d  1 and 2 h o u r s  f o l l o w i n g  
i n s u l i n  a d m i n i s t r a t i o n .  A t t e n t i o n  i s  d rawn t o  t h e  r a p i d  
and e x t e n s i v e  e l e c t r o l y t e  ch anges  i n  t h e  r e d  b l o o d  
c e l l s  o f  d i a b e t i c s  i n  r e s p o n s e  t o  i n s u l i n .  The 
p o t a s s i u m  c o n t e n t  o f  t h e  se rum o f  t h e  d i a b e t i c s  was 
s i g n i f i c a n t l y  d e c r e a s e d  by i n s u l i n  a d m i n i s t r a t i o n .  No 
c o r r e l a t i o n  was f o u n d  b e tw e e n  t h e  e l e c t r o l y t e  l e v e l s  and 
t h e  f a s t i n g  b l o o d  g l u c o s e  l e v e l s .  A weak n e g a t i v e  
c o r r e l a t i o n  (p  0 . 0 2 )  was o b s e r v e d  b e t w e e n  th e  
p o t a s s i u m  c o n t e n t  o f  t h e  r e d  b l o o d  c e l l s  and th e  
d u r a t i o n  o f  t h e  i l l n e s s .  The p a t h o g e n e t i c ,  d i a g n o s t i c  
and t h e r a p e u t i c  i m p l i c a t i o n s  o f  t h e  r e s u l t s  a re  
d i s c u s s e d .

INTRODUCTION

The ch anges  i n  t h e  r e d  b l o o d  c e l l s  i n  d i a b e t i c  p a t i e n t s  may, 

i n  some r e s p e c t ,  r e f l e c t  p a t h o l o g i c  e v e n t s  i n  o t h e r  c e l l s ,  and 

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

c e l l u l a r  p r o c e s s e s  / 7 ,  16 ,  17 ,  18,  22 ,  24 ,  2 7 / .  We have 

e x a m i n e d  t h e  e l e c t r o l y t e  c o n c e n t r a t i o n  changes  i n  t h e  r e d  b l o o d  

c e l l s  and t h e  p l a s m a  b e f o r e  and 2 h o u r s  a f t e r  i n s u l i n  ad­

m i n i s t r a t i o n .  F u r t h e r  c o r r e l a t i o n s  were  s o u g h t  b e t w e e n  t h e  i o n
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c h a n g e s  i n  t h e  r e d  b l o o d  c e l l s ,  t h e  b l o o d  g l u c o s e  l e v e l ,  t h e  

i n s u l i n  dose and t h e  d u r a t i o n  o f  t h e  d i s e a s e .

PATIENTS ANO METHODS

O u r  j u v e n i l e  d i a b e t i c  p a t i e n t s  (13  g i r l s  and 8 b o y s )  w ere  i n  
g o o d  g e n e r a l  c o n d i t i o n ,  and had no k e t o a c i d o s i s  o r  f e b r i l e  
c a t a r r h a l  d i s e a s e .  The d u r a t i o n  o f  t h e i r  i l l n e s s  v a r i e d  b e tw e e n  
1 a n d  126 m o n t h s ;  t h e  a v e r a g e  d u r a t i o n  was 4 3 . 7  m o n t h s .  The 
i n s u l i n  dose v a r i e d  b e t w e e n  0 .3 3  and 1 . 3 7  I U / k g .  A c t r a p i d  MC o r  
M o n o t a r d  MC i n s u l i n  was  a d m i n i s t e r e d  t w i c e  a d a y .

The  c o n t r o l s  w ere  c h i l d r e n  o f  d i f f e r e n t  ages  and s e x e s ,  n o t  
s u f f e r i n g  f rom any m e t a b o l i c  d i s e a s e ;  t h e  m a j o r i t y  o f  them w ere  
r e c o v e r i n g  f r om  m i l d  c a t a r r h a l  i n f e c t i o n s .  The e l e c t r o l y t e  
c o n t e n t s  o f  t h e  r e d  b l o o d  c e l l s  were  m e a s u r e d  as d e s c r i b e d  by 
F o r t e s  Mayer and S t a r k e y  / 8 / .  I n s u l i n  was a d m i n i s t e r e d  a t  6 . 3 0  
a . m . ,  30 min l a t e r  t h e  c h i l d r e n  had b r e a k f a s t ,  and b l o o d  was 
t a k e n  i n  0 m i n .  t h e n  a f t e r  1 and 2 h o u r s .  The c o n t r o l s  had 
b r e a k f a s t  t o g e t h e r  w i t h  t h e  d i a b e t i c  c h i l d r e n ,  b u t  n a t u r a l l y  
r e c e i v e d  no i n s u l i n .

F o r  s t a t i s t i c a l  a n a l y s i s  th e  s i n g l e -  and  t w o - t a i l e d  t - t e s t s  
and  c a l c u l a t i o n  o f  t h e  r e g r e s s i o n  c o e f f i c i e n t  were  us ed .

RESULTS

T a b l e  I  d e p i c t s  t h e  Na+ c o n c e n t r a t i o n s  i n  t h e  p lasma and t h e  

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

l e v e l s  i n  t h e  p l a s m a  r e m a i n e d  unchanged  a l l  t h e  w h i l e  i n  b o t h  

t h e  c o n t r o l s  and i n  d i a b e t i c  p a t i e n t s .  I n  t h e  c o n t r o l s  t h e  Na + 

l e v e l s  i n  red  b l o o d  c e l l s  were l i k e w i s e  u n c h a n g e d .  I n  t h e  r e d  

b l o o d  c e l l s  o f  t h e  d i a b e t i c  p a t i e n t s ,  h o w e v e r ,  t h e  Na + l e v e l s  

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

i n s u l i n  a d m i n i s t r a t i o n .  T a b l e  I  d e m o n s t r a t e s  t h e  K+ l e v e l s  i n  

t h e  p la sm a  and t h e  r e d  b l o o d  c e l l s  o f  t h e  c o n t r o l s  and t h e  

d i a b e t i c  p a t i e n t s .  The  c o n t r o l  p la sm a  K+ l e v e l s  r e m a i n e d  

u n c h a n g e d .  In  c o n t r a s t ,  i n  t h e  d i a b e t i c  c h i l d r e n  t h e  p l asma  K+ 

l e v e l  was i n i t i a l l y  n o r m a l ,  b u t  1 h o u r  a f t e r  i n s u l i n  

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

l e v e l .  T h i s  d i f f e r e n c e  c o u l d  n o t  be o b s e r v e d  2 h o u r s  a f t e r  

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

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



TABLE I

Se Na+ 
mmol/ l

Two-
t a i l e d

T - t e s t

SeK+
mmol/ l

Two-
t a i l e d
T - t e s t

Red blood c e l l  Na+ 
mmol/ l

Two-
t a i l e d
T - t e s t

Red blood c e l l  K+ 
mmol/ l

Two-
t a i l e d
T - te s t

co n t r o ls diab.
me l l .

P con t ro ls diab.
me l l .

P c on t ro ls diab.
me l l .

P c on t ro ls diab.
me l l .

P

oh
138,77
+2.93

138.71
+3.45

> 0 . 2 0

n.s .
4.17
+0.48

4.25
+0.34

>0 .51
n .s .

6.59
+0.92

7.6
+1.31

<0.006
s ign.

93.29
+2.73

86.89
+5.07

<0.006

l h
138.91
+3.66

138.0
+2.85

>0.50
n .s .

4.15
+0.54

3.676
+0.35

< 0 . 0 0 1

sign.
6.63
+0.80

6.36
+1 . 2 1

>0.38
n .s .

93.14
+2.37

94.64
+6 . 2 1

>0 .3 0
n .s .

138.5 138.38 > 0 . 2 0 4.11 3.97 >0.341 6.62 7.14 >0.097 93.19 90.31 >0 .08
2h +3.04 +2.73 n .s . +0.50 +0.44 n .s . +0.74 +1 . 2 2 n.s . +2.36 +5.10 n .s .

s i n g le ­

t a i l e d
T - t e s t

0 - l h

>0.37

n .s .

> 0 . 2 0

n.s .

>0.50

n .s .

< 0 . 0 0 1

s ign.

>0.30

n .s .

< 0 . 0 0 1

sign .

>0 .42

n .s .

< 0 . 0 0 1

s ign .

0 - 2 h
>0.30

n .s .
>0.5

n .s .
> 0 . 2 0

n.s .
< 0 . 0 0 1

s ign.
>0.07

n .s .
< 0 . 0 0 1

s ign.
> 0 . 1 0

n.s .
< 0 . 0 2

s ign .

P h > 0 . 2 0 > 0 . 2 0 > 0 . 2 0 < 0 . 0 0 1 >0.27 < 0 . 0 0 1 >0.27 < 0 . 0 0 1

l - 2 h n.s . n .s . n .s . s ign. n .s . s ign. n .s . s ign.

Changes in  the serum and red blood c e l l  e l e c t r o l y t e  contents o f  c o n t r o l ,  and o f  d i a b e t i c  c h i ld r e n .  Samples were 
taken from d i a b e t i c  c h i ld re n  before i n s u l i n  t rea tmant ,  and 1  and 2  hours a f t e r  the meal fo l l o w i n g  i n s u l i n  
a d m in is t r a t i on .  Blood samples were taken from the c o n t r o l  c h i ld re n  be fo re  b reakfast  and 1 and 2 hours a f t e r  i t .
(Con t ro l :  n = 22; d iabetes m e l l i t u s  pa t i e n ts  n = 21, mean values +_ SD)
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t h e  c o n t r o l  l e v e l .  I n  r e s p o n s e  t o  i n s u l i n ,  h o w e v e r ,  t h e  K+ 

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

t h e  c o n t r o l  l e v e l s .  We d i d  n o t  f i n d  s i g n i f i c a n t  c o r r e l a t i o n  

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

l e v e l  o r  t h e  i n s u l i n  d o s e  ( U l / k g ) .  The f a s t i n g  K+ l e v e l s  i n  t h e  

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

s h o w e d  m e r e l y  a s l i g h t  n e g a t i v e  c o r r e l a t i o n  ( p < 0 . 0 2 ) .

DISCUSSION

The e l e c t r o l y t e  c o n t e n t s  o f  t h e  r e d  b l o o d  c e l l s ,  t o  a 

c e r t a i n  e x t e n t ,  r e f l e c t  t h o s e  o f  t h e  o t h e r  c e l l s  o f  t h e  

o r g a n i s m  / 2 3 ,  2 6 ,  2 8 / .  A c c o r d i n g l y ,  f l u c t u a t i o n s  i n  t h e  

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

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

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

t h e  Na+ -  K+-pump i s  i m p o r t a n t  / 1 0 / ;  and t h i s  may be i n f l u e n c e d  

by  i n s u l i n  / 2 ,  3 ,  4 ,  3 ,  9 ,  2 1 /  among o t h e r s .  I n  d i a b e t e s ,  t h e  

d i s t u r b a n c e  o f  t h i s  s y s t e m  may be assumed,  and t h i s  may l e a d  t o  

c e r t a i n  changes / 6 , 1 5 ,  1 9 ,  2 0 ,  21 2 9 / .  I t  may be assumed t h a t  

c o m p l e x  e f f e c t s  may be r e s p o n s i b l e  f o r  t h e  i n d u c t i o n  o f  

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

d i a b e t i c  re d  b l o o d  c e l l s .  The membrane c h a n g e s  i n  t h e  d i a b e t i c  

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

K+ and  h i g h e r  Na+ l e v e l s  o b s e r v e d  i n  d i a b e t i c  r e d  b l o o d  c e l l s  

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

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

t h e  g l y c a e m i c  e f f e c t  f o l l o w i n g  t h e  mea l  -  among o t h e r  f a c t o r s  -  

may a l s o  be i n v o l v e d .

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

e l e c t r o l y t e s ,  t h e y  may a l s o  be o f  d i a g n o s t i c  v a l u e .  Thou gh  t h e  

c o r r e l a t i o n  be tw een t h e  g l u c o s e  and e l e c t r o l y t e  t r a n s p o r t  o f  

t h e  c e l l s  i s  n o t  y e t  c l e a r  / 1 ,  2,  3 ,  4 ,  5 ,  11,  12 ,  1 3 ,  1 4 ,  21 ,  

2 5 / ,  i t  may be p r e s u m e d  t h a t  t h e s e  two  phenomena a r e  n o t
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c l o s e l y  r e l a t e d  i n  e v e r y  s o r t s  o f  c e l l s .  The p r e s e n t  

e x p e r i m e n t s  a l s o  d e m o n s t r a t e d  t h a t  no s i g n i f i c a n t  c o r r e l a t i o n  

does  e x i s t  b e tw e e n  t h e  e l e c t r o l y t e  l e v e l s  o f  t h e  r e d  b l o o d  

c e l l s  and t h e  f a s t i n g  b l o o d  g l u c o s e  l e v e l s  e i t h e r .  I t  may be 

assumed t h a t ,  i n  a d d i t i o n  t o  t h e  e x t r a c e l l u l a r  g l u c o s e ,  t h e  

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

d i a g n o s t i c  p a r a m e t e r s .  F i n a l l y ,  t h e  r e d  b l o o d  c e l l s '  

e l e c t r o l y t e  r e s u l t s  may have  t h e r a p e u t i c  c o n s e q u e n c e s .  

E s p e c i a l l y  t h e  c o m p e n s a t i o n  o f  K+ s h o u l d  be t a k e n  i n t o  

c o n s i d e r a t i o n .  Our e x p e r i m e n t s  s u g g e s t  a p r o g r e s s i v e  d e c r e a s e  

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

s p i t e  o f  t h e  n o r m a l  p l asma  K+ l e v e l .  M o r e o v e r ,  as assumed by 

Moore  / 2 1 / ,  t h e  i n t r a c e l l u l a r  e l e c t r o l y t e  l e v e l s  t h a t  r e f l e c t  

t h e  i n s u l i n  e f f e c t  s h o u l d  be t a k e n  i n t o  c o n s i d e r a t i o n  i n  t h e  

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

The a u t h o r s  t h a n k  D r .  K r i s z t i n a  Boda and D r .  P. B a n e t h  f o r  

s t a t i s t i c a l  and t e c h n i c a l  a s s i s t a n c e .
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