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The r e su l t s  of de te rmina t ion  of act ivi ty  of sodium ions in dog p la sma ,  obtained by a po ten t iomet r ic  
method using se lec t ive  g lass  e lec t rodes ,  a re  desc r ibed .  Of the total  number  of sodium ions 13% are  bound 
with p l a s m a  pro te ins .  On the bas i s  of the abil i ty of p l a s m a  pro te ins  to bind sodium ions and to liiberate 
them at  a t ime  of change in the ionic s t rength  of the surrounding medium,  the exis tence  of a rapid  mechan-  
i s m  of regulat ion of the osmot ic  p r e s s u r e  in the blood p l a s m a  is postulated.  

The theory  of the neurohormonal  s y s t e m  of osmot ic  regulation,  respons ib le  for  the final equalizat ion 
of osmot ic  p r e s s u r e ,  in no way ru les  out the poss ib i l i ty  that m o r e  rapidly  act ing m e c h a n i s m s  exist ,  based  
on the phys icochemica l  p r o p e r t i e s  of the blood and producing buffer  effects  on the introduction of sodium 
and wa te r  into the blood. P l a s m a  pro te ins  may  act as buffers ,  but the p rob l em of fixation of ions by the 
p l a s m a  pro te ins  and the role  of this p r o c e s s  in osmot ic  regulat ion has not been adequately studied. 

Opinions di f fer  on the degree  of f ixation of ' ions  by the blood pro te ins  [3-6, 9]. Most w o r k e r s  r e p o r t  
ve ry  sl ight f ixation or  i ts  complete  absence  [7, 8]~ However,  this  conclusion is improbable ,  bea r ing  in 
mind the s t rongly  hel ical  s t ruc tu re  of the p l a s m a  pro te ins  with a high negative charge  on the i r  molecules .  

In this invest igat ion an a t tempt  was made to a s s e s s  the role  of prote in-bound sodium and also to ex -  
amine  the poss ib i l i ty  that  p l a s m a  pro te ins  may  par t i c ipa te  in the m e c h a n i s m  of rapid  regulat ion of the 
blood osmot ic  p r e s s u r e .  

EXPERIMENTAL METHOD 

Activity of Na + ions was determined by means of electrodes made from sodium-selective glass 
Na -A1- 20-10. The comparing electrode was a calomel electrode connected to the test object by an elec- 
trolyte bridge. 

The electrodes were calibrated in NaCl solutions with concentrations of 1 �9 i0 -I, 1 �9 10 -2, and 1 �9 10 -3 
M. Calibration curves were plotted on the basis of coefficients of activity for NaCl solutions [I]. The co- 

ANn where ANa rep- efficient of Na + activity in blood plasma (TNa) was calculated from the formula 7 Na c--N-~' 

presents activity of Na + ions in the plasma and cNa the total Na + concentration in the plasma. 

The potent ia l  d i f ference  between the ca t ion- se lec t ive  and r e f e r e n c e  e l ec t rodes  was  de te rmined  with 
a Vi type TR-1501 e l e c t r o m e t e r  with imput  impedance  of 1014 ~2. Dog p l a s m a  was  chosen for  the e x p e r i -  
ments .  In the cor responding  s e r i e s  of expe r imen t s  it was  heated to 60 ~ for  10 rain. Glucose and u rea  were  
added to the p l a s m a  in c rys ta l l ine  f o r m  to avoid dilution and in amounts  calculated to inc rease  the o s m o l -  
a r i ty  of the blood by 3.5%. 

The total  sodium concentra t ion  in the p l a s m a  was  m e a s u r e d  with a Ze i s s  f lame pho tomete r .  

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  

The Na + act ivi ty  in the p l a s m a  in mos t  expe r imen t s  ranged f r o m  100 to 115 meq/ l i t e r  and the c o r r e -  
sponding Na + concent ra t ions  va r i ed  f r o m  150 to 180 meq/ l i t e r .  The coeff ic ients  of Na + act ivi ty  (~Na) for  
pure  solutions and for  p l a s m a  were  0.78 and 0.64 r e spec t ive ly .  The difference between Na + act ivi ty  in 
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TABLE 1. Changes in Na + Activity (in meq/liter) in P l a sma  as a Resul t  
of Denaturation and Osmotic Changes 
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Fig. 1 Fig. 2 

Fig. 1. Changes in activity of Na + ions in p lasma during dilution 
(black c i rc les) .  Explanation in text. 

Fig. 2. Changes in Na + ion activity in denatured p lasma  on dilution. 
Explanation in text. 

aqueous NaCI solutions and in p lasma for  equality of concentrat ions thus averaged 20 meq/l i ter .  However, 
this value varied considerably among different individuals and it evidently depended on the functional state 
of the animal.  

Thermal  denaturation of the p lasma proteins  caused a steep r i se  in Na + activity. In denatured p la s -  
ma it came close to the Na + activity in corresponding aqueous solutions of NaC1 (Table 1). 

Dilution of the p lasma with distil led water  caused a marked increase  in its" buffer p roper t i es  relative 
to Na +. In Fig.  1, where changes in Na + concentrat ion during dilution are  plotted along the absc issa  and 
changes in activity along the ordinate, the resu l t s  of dilution of p lasma samples  containing different con-  
centrat ions of inactive Na + are  shown. 

For  comparison,  values of changes in Na + ion activity during dilution of aqueous solutions of NaC1 
are shown. Curve A cor responds  to dilution of p lasma samples with 18 meq/l i ter  protein-bound NaC1, 
curve B to dilution of samples with 25 meq/l i ter ,  curve C with 27, and curve D with 39 meq/l i ter .  The 
buffer capacity of the sys tem can be seen to cor respond  s t r ic t ly  to the concentrat ion of protein-bound Na +. 

Buffer p roper t i es  of this type may resul t  f rom the gradual, and not the simultaneous uncoiling of the 
hel ical  s t ructure  of the protein following slight weakening of the degree of screening of negative charges  
on the molecule.  Gradual uncoiling of the albumin molecule with a decrease  in ionic strength of the s u r -  
rounding medium may be due to the frequent disulfide br idges (17) maintaining the native protein s t ruc ture  
during uncoiling of some par ts  of its molecule.  This view of the dynamics of albumin denaturation agrees  
completely with the chemical  d iagram of human p lasma albumin drawn by Anfinsen [2] and i l lustrated in 
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Fig. 3. Chemical diagrams of 
human plasma albumin. 

Fig. 3. If, dur ing denaturat ion by dilution, S - S bonds begin to b r e a k  
at  the "mouth" of the molecule  and the loop becomes  s m a l l e r  in the 
course  of dilution, the t ime mus t  a r r i v e  when the loop d i s appea r s  c o m -  
ple te ly  with rupture  of the las t  disulfide b r idges .  This  mus t  be a c c o m -  
panied by l iberat ion of a l a r g e r  quantity of Na + in compar i son  with the 
p reced ing  s tages .  

Changes in Na + act ivi ty  during dilution of denatured p l a s m a  a re  
i l lus t ra ted  in Fig. 2 (the axes  have the same  meanings  as in Fig. 1), It  
can be seen  that  in this case  buffer  p r o p e r t i e s  a r e  absent .  

It was  next  decided to examine changes in Na + act ivi ty  in blood p l a s m a  a f t e r  the addition of o s m o -  
t ical ly  act ive  subs tances  in concentra t ion  inc reas ing  osmola r i ty  by 3-5%. 

The r e su l t s  of expe r imen t s  in which u r e a  and glucose were  added to p l a s m a  in concent ra t ions  of 
9 m o l e s / l i t e r  a r e  given in Table 1. The change in Na + activi ty was approx imate ly  14 meq / l i t e r  for  u r e a  
and 10 meq / l i t e r  for  g lucose when added to the p l a s m a .  

The i nc rea se  in Na + act ivi ty  following addition of u r ea  is  connected with i ts  denatur ing action on p r o -  
te ins  (it rup tu res  hydrogen bonds). 

The change in Na + act ivi ty  on addition of osmot ica l ly  act ive subs tances  such as glucose is evidently 
connected with the i r  d i rec t  o r  ind i rec t  action on the prote in  buffer  sys tem,  caus ing red is t r ibut ion  of ions 
between the pro te in  molecu les  and the medium.  

Bes ides  the neurohumora l  s y s t e m  of osmot ic  regulat ion the re  is  thus evidently a m e c h a n i s m  with 
m o r e  rapid action, based  on the phys icochemica l  p r o p e r t i e s  of the p l a s m a  pro te ins .  
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