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Adsorpt ion of Mg ++, Ca "H', and Sr ++ ions f r o m  physiological  solutions and f r o m  solutions 
containing canine blood p l a s m a  and physiological  sal ine in different  p ropor t ions  was studied 
by a cat ion-exchange method on KU-2 • 8 r e s i n  in the balanced sa l t  form.  Equi l ibr ium con- 
s tants  were  calcula ted f r o m  the exper imenta l  r e su l t s  and used to de te rmine  the mola r  f r a c -  
tions (or pe rcen tage  content) of " f ree"  and "bound" ions of the cor responding  meta ls .  
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In no rma l  human blood p l a s m a  75-80% of Mg ++ and 60-65% of Ca++ are  in the ionized f o r m  [3] and the 
r e s t  consis ts  of pro te in-bound fo rms  detectable by u l t raf i l t ra t ion  and e lec t rod ia lys i s .  These  methods evi -  
dently do not give a complete  p ic tu re ,  for  complex  pa r t i c l e s  with low-molecu la r -we igh t  p l a s m a  ligands can 
evidently also pass  through s e m i p e r m e a b l e  m e m b r a n e s .  

There  is thus a need for  the development  of new methods of de termining the content of subs tances  in 
biological  s y s t e m s ;  the wr i t e r s  suggest  the use of a ca t ion-exchange method for this purpose ,  such as is 
widely used in the c h e m i s t r y  of unstable complex  compounds which cannot be isola ted f r o m  solutions by the 
methods of p r e p a r a t i v e  c h e m i s t r y  [1, 2, 4]. The sugges ted  method of de termining the s ta te  of ions is based  
on the study of adsorpt ion of the t e s t  subs tances  on a cat ion-exchange r e s i n  during dilution of canine blood 
p l a s m a  with physiological  sal ine.  Under these  c i r cums tances  the p l a s m a  is r ega rded  as a "collect ive 
l igand," the composi t ion of which is independent of dilution and, Consequently, the c h a r a c t e r  of the chemical  
r eac t ions  is unchanged. 

EXPERIMENTAL M E T H O D  

The cat ion-exchange res  in KU-2 x 8 (H + form)  (0.1-0.25 mm) was flushed to pH 7 with a solution of the 
following composi t ion:  NaC1 0.11 N, KC1 5- 10 -3 N, MgC12 2 �9 10 -3 N, CaC12 5 �9 10 -3 N, NH4C1 0.0001%. A s o -  
lution of the s a m e  composi t ion was used to p r e p a r e  the r e s i n  for  adsorpt ion of Sr ~~ and in the expe r imen t s  
with Mg and Ca, MgC12 and CaC12 r e s p e c t i v e l y  were  excluded f r o m  the solution. Weighed samples  of the 
cat ion-exchange r e s i n  in the ba lanced sa l t  f o rm were  t r ea t ed  with canine blood p l a s m a  and 0.85% NaC1 so lu-  
tion in different  p ropor t ions .  A p l a s m a  concentra t ion [PL] of 1.0 cor responds  to whole p l a s m a  and 0.0 to 
pure  physiological  sal ine.  

Known quantit ies of MgC12, Ca45C12, and SrS~ were  added s epa ra t e ly  to the r e s i n - p l a s m a  sy s t em,  
the ves se l s  were  shaken for  6 h at 25~ the r e s i n  was then allowed to stand,  and samples  were  taken f r o m  
the solution for  m e a s u r e m e n t  of the m a g n e s i u m  concentra t ion (by the a tomic  absorpt ion  method) or  the r a -  
dioactivity of Ca 45 and Sr 90. The Sr 90 was m e a s u r e d  a f te r  rad ioac t ive  equi l ibr ium had been r eached  15 days 
l a t e r ,  on the P P - 8  appara tus  with a p - c o u n t e r .  

Depar tment  of Organic ,  Phys ica l ,  and Colloid Chemis t ry ,  N. I. Pirogov Second Moscow Medical In-  
st i tute.  (Presented  by Academician  of the Academy of Medical Sciences of the USSR,Yu. M. Lopukhin.) 
Trans la ted  f r o m  Byulleten'  l~ksper imenta l 'noi  Biologii i M~ditsiny, Vol. 81, No. 4, pp. 508-509, Apri l ,  1976. 
Original  a r t i c l e  submi t ted  May 20, 1975. 

�9 76 Plenum Publishing Corporation, 22 7 West 17th Street, New York, N. Y. 10011. No part o f  this publication may be reproduced, 
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, 
recording or otherwise, without written permission o f  the publisher. A copy o f  this article is available from the publisher for $15.00. 

639 



T A B L E  1. A d s o r p t i o n  of M a g n e s i u m ,  C a l c i u m ,  and S t r o n t i u m  f r o m  Canine  Blood  P l a s m a  
(mean  r e s u l t s  of t h r e e  s e r i e s  of e x p e r i m e n t s ) ;  M J - m  
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Fig .  1. Va lues  of K fo r  s t r o n t i u m  (1), 
c a l c i u m  (2), and  m a g n e s i u m  (3) as  func-  
t i ons  of [PL].  A b s c i s s a ,  [PL] (in f r a c -  
t i ons  of  n o r m a l ) ;  o r d i n a t e ,  va lue  of K. 

A d s o r p t i o n  of  the  s u b s t a n c e s  was  c h a r a c t e r i z e d  b y  the p a r t i t i o n  coe f f i c i en t  

Co - -  C v 
K = C " -m- '  

w h e r e  C 0 and  C denote  the  i n i t i a l  and e q u i l i b r i u m  c o n c e n t r a t i o n s  o r  r a d i o a c t i v i t i e s  of the  s o l u t i o n  r e s p e c -  
t i v e l y ;  v the  v o l u m e  of so lu t ion ;  m the  m a s s  of  r e s i n .  

E X P E R I M E N T A L  R E S U L T S  A N D  D I S C U S S I O N  

As T a b l e  1 and F ig .  1 show,  wi th  an  i n c r e a s e  in [PL] the va lue  of K f e l l  s t e a d i l y  fo r  a l l  e l e m e n t s ,  
wh ich  is  c o r r e c t  fo r  c o m p l e x  f o r m a t i o n  w i th  the  c ompone n t s  of p l a s m a .  F r o m  the  e x p e r i m e n t a l  r e s u l t s  the  
e q u i l i b r i u m  c o n s t a n t  (K e) fo r  c o m p l e x  f o r m a t i o n  w i th  the  c o m p o n e n t s  of p l a s m a  was  c a l c u l a t e d  by  m e a n s  
of  the  equa t ion  in [2, 4]: K =K0/1 +K e �9 [PL],  o r  in a c o n v e n i e n t  f o r m  for  the  c a l c u l a t i o n :  

K 0 / K -  I [ P L I  = K  e ,  

w h e r e  K 0 is  the  p a r t i t i o n  coe f f i c i en t  of the  t e s t  s u b s t a n c e s  in  0.857o NaC1 a t  [PL] =0.  The c o n s t a n c y  of  the  
l e f t - h a n d  s ide  of t h i s  l a s t  e q u a t i o n  p o i n t s  to  the  f o r m a t i o n  of c o m p l e x  p a r t i c l e s  of the  s a m e  c o m p o s i t i o n .  
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The mola r  f rac t ions  of f ree  and bound fo rms  of magnes ium,  calc ium,  and s t ron t ium for  blood p l a s m a ,  
for which [PL] = 1, were  calculated f r o m  Ke. 

It  follows f r o m  the r e su l t s  in Table 1 that the a lka l ine -ea r th  e lements  in whole canine blood p l a s m a  
a re  p re sen t  as ions ( f rom 6470 for  Mg ++ to 32% for  Sr ++) and as complex pa r t i c l e s  of the genera l  compos i -  
tion 1 : 1. The overwhelming ma jo r i t y  of the l a t t e r  a re  chemica l ly  bound with pro te ins  of the blood p l a sma ,  
fo rming  the pro te in-bound fo rm s .  

It will be noted that the mola r  f rac t ion  of the ionic fo rms  obtained in this investigation is r a t h e r  lower 
than the r e su l t s  desc r ibed  in the l i t e r a tu re  [3], obtained by methods of dialysis  and ul t raf i l t ra t ion.  The 
r e a s o n  is that the method used was based  on ion exchange,  its molecu la r  m e c h a n i s m  is well known, and 
conclusions drawn f r o m  it a re  unambiguous.  The low values of the conventional K e show that equi l ibr ium 
for  binding of Mg ++, Ca ++, and Sr -~" ions may be eas i ly  shifted toward the lower side.  For  example ,  for  a 
solution containing 70% p l a s m a  ([PL] = 0.7) the mola r  f rac t ion  is 0.72 for  Mg ++, 0.51 for  Ca ++, and 0.40 for 
Sr++. 

The sugges ted  method is universa l :  it can be used to de termine  the s tate  of the ions studied in this 
case  (and a lso  many others)  under no rm a l  and var ious  pathological  conditions. 
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