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Correla t ions  are  given between the viscosi ty  of the blood serum,  its concentrat ions of Na, 
K, CI, and proteins,  its dielectr ic permeabil i ty  in an shf field (e), and the thermal  coagula-  
tion t ime (tk) established in the course  of parallel  determinations of these pa ramete r s  in 
intact ra ts  and rats  exposed to s t ress .  A decrease  in the viscosi ty  of the se rum was found 
under the influence of experimental  operat ive t rauma and ether anesthesia,  the dec rease  
was found in viscosi ty  during t rauma of the abdominal organs without anesthesia.  Quanti- 
tative empir ical  relat ionships were obtained between the above pa ramete r s ,  f rom which it 
was concluded that the state of water  plays an important role in the process  of i on -p ro t e in  
interaction giving r i se  to the observed changes in viscosi ty  of the in t ravascular  fluid. 

Disturbances of the microc i rcula t ion  are  among the most  important  elements in the pathogenesis of 
t raumat ic  states leading to severe  disturbances of t issue metabol ism [9-11, 14, 15]. An important  role in 
these disturbances is played by changes in the theological  charac te r i s t i cs  of its fluid part  [16]. 

Studies of the physicochemical  propert ies  of the in t ravascutar  fluid [2, 4, 5, 6] have shown that blood 
plasma (serum) is an extremely complex i o n - p r o t e i n - w a t e r  sys tem the state of which is determined not 
only by the quantity and proper t ies  of the nonaqueous components dissolved in it, but also by their  in te rac-  
tion with each other and with the solvent - water  - itself. 

This paper descr ibes  the resul ts  of a study of the role  of these physicochemical  p rocesses  in the 
changes in v iscos i ty  of the blood se rum in animals exposed to s t ress .  

EXPERIMENTAL METHOD 

Paral le l  determinations were  made of the relat ive viscosi ty  (with the VK-4 v iscos imeter ) ,  the con- 
centrat ion of Na and K ions (by flame photometry) and C I ions (by Levinson 's  method), the concentrat ion of 
total protein (refractometr ical ly)  and the protein fract ions (by e lec t rophores is  on paper), the dielectr ic  
permeabil i ty  (in an shf field) [13], and the thermal  coagulation t ime (tk) [7] in samples of blood se rum ob- 
tained f rom 82 noninbred male albino ra ts  of which 52 received no t rea tment ,  seven underwent laparotomy 
and mechanical  st imulation of the root  of the mesen te ry  under ether anesthesia,  eight the same procedure  
without anesthesia,  eight were killed while fully anesthetized with ether,  and seven were killed at the height 
of t raumat ic  shock produced by mechanical  t rauma to the limb. The resul t ing pairs  of values were com-  
pared by corre la t ion  analysis  [8]. 

EXPERIMENTAL RESULTS AND DISCUSSION 

In the intact animals the mean relat ive v iscos i ty  of the se rum was 1.76 ~- 0.06 cP,  falling (P < 0.001) 
as a resul t  both of ether anesthesia  (1.41 • 0.05 cP) and of experimental  operat ive t rauma (1.43 * 0.06 cP). 
Meanwhile mechanical  t rauma to the limb led to an increase  (P < 0.05) in the viscosi ty  values (1.93 • 0.05 
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F ig .  1. C o r r e l a t i o n  b e t w e e n  changes  in v i s c o s i t y  of b lood  s e r u m  
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F i g .  3. C o r r e l a t i o n  b e t w e e n  c h a n g e s  
in v i s c o s i t y ,  l e v e l  of a - g l o b u l i n s ,  and 
t h e r m a l  c o a g u l a t i o n  t i m e .  

cP) whi le  t r a u m a  to the  a b d o m i n a l  o r g a n s ,  wi thout  a n e s t h e s i a ,  
bad  no e f fec t  on the  v i s c o s i t y  (1.68 4- 0.09 cP ;  t ) > 0.05). 

C a l c u l a t i o n  of  t he  c o r r e l a t i o n  b e t w e e n  t h e s e  p a r a m e t e r s  
showed  tha t  the  c h a n g e s  in v i s c o s i t y  of t he  s e r u m  c o r r e l a t e d  
s i g n i f i c a n t l y  (P < 0.05) wi th  changes  in the  c o n c e n t r a t i o n s  of  
Na (r = 0.78, F ig .  1) and K ions (r = 0.54,  F i g .  2); t he  r e l a t i o n -  
sh ip  b e t w e e n  t h e s e  v a l u e s  can  be  e x p r e s s e d  by  the  followkng 
equa t ions :  

~1 -~ --2.5484 + 0.0511 (CN,) - -  0.00016 (CN~) ~, 
~1 = --1.0219 + 0.9969 (CK) - -  0.0944 (CK) ~, 

w h e r e  ~ is  the  r e l a t i v e  v i s c o s i t y  (in cP) ,  CNa and C K a r e  the  
c o n c e n t r a t i o n s  of Na  and K r e s p e c t i v e l y  (in m e q / l i t e r ) .  

The  v i s c o s i t y  was  found to be  p o s i t i v e  l i n e a r  funct ion  of 
t he  c h l o r i d e  l e v e l  (r = 0.55, P < 0.05), e x p r e s s e d  as  the  equat ion :  

= 0 .7027+0.0086 (Cc~), 

w h e r e  CC1 is the  c o n c e n t r a t i o n  of  c h l o r i d e s  (in m e q / l i t e r ) .  

S i m i l a r l y  v i s c o s i t y  was  d i r e c t l y  dependen t  (r = 0.56, P < 0.05) on the  t o t a l  p r o t e i n  c o n c e n t r a t i o n :  

~l = 0.5484 + 0.1538 (Cpr), 

w h e r e  Cpr  is  the  t o t a l  c o n c e n t r a t i o n  of p r o t e i n s  (in g %), among  wh ich  the  a l b u m i n s  w e r e  r e s p o n s i b l e  fo r  
t h i s  e f fec t  (r = 0.604, p < 0.05):  

~1 ~ 0.5902 + 0.2822 (Ca1 b ), 

w h e r e  Ca lb  is  the  c o n c e n t r a t i o n  of a l b u m i n s  (in g %). 

Changes  in the  l e v e l  of the  o t h e r  s e r u m  p r o t e i n  f r a c t i o n s  did not  c o r r e l a t e  wi th  c h a n g e s  in the  r e l a -  
t i v e  v i s c o s i t y .  

An e s s e n t i a l  f a c t o r  to  b e  c o n s i d e r e d  dur ing  the  e va lua t i on  of  the  m e c h a n i s m  of  the  e f fec t  of p r o t e i n s  
is  tha t  in aqueous  s o l u t i o n s ,  such  as  the  i n t r a v a s c u l a r  f lu id ,  p r o t e i n s  a r e  c o m p o n e n t s  w h i c h  e s s e n t i a l l y  
mod i fy  the  s t a t e  of the  s o l v e n t  - w a t e r .  To s tudy  w h e t h e r  th i s  m e c h a n i s m  of a c t i o n  of  p r o t e i n s  on the  
r e l a t i v e  v i s c o s i t y  is p o s s i b l e ,  the  changes  in v i s c o s i t y  w e r e  c o m p a r e d  wi th  changes  in the  d i e l e c t r i c  p e r -  
m e a b i l i t y  in an shf  f i e l d  (~), a p a r a m e t e r  d i r e c t l y  r e f l e c t i n g  the  quan t i ty  of f r e e  w a t e r  in a b i o l o g i c a l  f lu id  
[6, 13]. As  was  to b e  e x p e c t e d ,  an i n v e r s e  l i n e a r  r e l a t i o n s h i p  was  found b e t w e e n  v i s c o s i t y  and the  v a l u e s  
of  c (r = - 0 . 6 9 ;  P <  0.05): 

~1----6.1355 - -  0.0811 .e 
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showing that changes in the rat io between the quantities of free and bound water  could be one of the mecha-  
nisms of the action of proteins on the relat ive viscosi ty  of the blood serum.  

So far as the mechanism of action of electrolytes is concerned, the effects of monovalent cations 
were  biphasic in charac te r  (Figs. 1 and 2), and the right branch of the curve (inverse) deserves  special  
attention. 

Such a decrease  in viscosi ty  with an increase  in the total concentrat ion of an electrolyte could take 
place only if the electrolyte  was bound, for example, by proteins,  which in turn must  lead to: 1) a change 
in the active concentrat ion of the par t icular  ion; 2) a change in the conformation and, consequently, the de- 
g ree  of hydration of the protein macromolecules .  

To assess  this second possibility changes in the viscosi ty  of the se rum were compared with its ther -  
mal coagulation t ime (re), a measure  of the conformational  rigidity of protein macromolecules  [1]. Co r r e -  
lation analysis showed that the viscosi ty  is in fact linked with the values of the thermal  coagulation t ime 
(r = 0.98, P < 0.05). This relat ionship can be expressed in the form (Fig. 3) 

~1 = 3.3266 - -  0.0521 (tc) + 0.0004 (tc) 2, 

and re, in turn, is inversely related to the a-globul in  level (tc,=75.183 -21 .6378  x Cc~_glob, r = -0 .56 ;  
P < 0.05). 

I t i s  c lear  f rom Fig. 3 that the minimal values of viscosi ty  of the se rum are  observed with normal  
values of the thermal  coagulation t ime and a normal  level of a-globul ins .  On the other hand, an increase  
in viscosi ty  may be observed in the presence of both an increased concentra t ionand a low level of a - g l o b u -  
lins. The increase  in the thermal  coagulation t ime is evidence that, in the latter case,  their  conforma-  
tional rigidity is increased.  

These investigations thus suggest  that the influence of proteins on the viscosi ty  of the se rum is de- 
termined chiefly by the fractions of albumins and a-globulins;  whereas the albumins exert  their  effect pure-  
ly through quantitative changes, the a-globul ins  do so also through changes in their  conformation. How- 
ever,  in e i ther  case the final physiochemical  mechanism of this effect is evidently a change in the rat io 
between free and bound water  in the in t ravascular  fluid. 

Presumably  ions exert  their  influence on the relat ive v iscos i ty  through this mechanism also. If the 
concentrat ions of ions are  low or  normal  this contribution is brought about by their  own hydrated shells; 
p rocesses  of i on -p ro t e in  interaction, modifying the conformational  proper t ies  and the hydrating activity 
of the proteins,  a re  evidently brought into play. 
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