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For various reasons direct measurements of protein lost by the body as a result of effu- 
sion of blood or hemorrhage are not usually undertaken because it is assumed that the protein 
loss corresponds to the volume of lost blood. Data in the literature [6] and our own investi- 
gations [3] show that this hypothesis is more or less valid only at the beginning of blood 
loss. In the course of a pathological process, the protein loss is appreciably affected by 
changes in the hematocrit index, the concentrations of total protein and its fractions, anff 
other factors also. 

The aim of this investigation was a quantitative description of protein loss during 
repeated experimental effusion of blood and to predict changes in this parameter depending 
on the initial state of the animal and the experimental conditions. 

EXPERIMENTAL METHOD 

Data obtained in two series of experiments on 50 mongrel dogs were used to construct 
themathematical model [3]. The experimental part of the work was described in detail pre- 
viously [3, 4]. A model of prolonged blood loss [2] was created by repeated (every 15 min) 
bleeding from the femoral artery until the arterial blood pressure (BP) was 5.3 kP (40 mm 
Hg). If BP did not rise during the 15-min period, the interval between two consecutive 
bleedings was increased to 30, 45, or 60 min. In series I (n = 28) blood samples were taken 
from the animals before the experiment (under anesthesia), I h after the beginning of bleed- 
ing, and at the end of the phase of compensation of vascular tone, namely after spontaneous 
lowering of BP to 4.0,3.3 kP (30-25 mm Hg). In series II (n = 22) samples were taken before 
the experiment and from every portion of removed blood. The volume of removed blood was 
measured at each bleeding: the hematocrit index was determined at the beginning and end of 
the experiment and the total plasma protein concentration was measured spectrophotometrically. 
The protein loss during bleeding (Y, g/kg) was calculated from the results of the measure- 
ments: 

Y = C.F(I--0.96H), 

where C denotes the total plasma protein concentration (in g/liter), V the volume of blood 
removed (in liters/kg body weight); and H the hematocrit index (in liters/liter). 

For all the portions of blood except the first to be removed, the hematocrit index was 
considered to be the same as that at the end of the experiment. The total protein loss after 
m bleedings was taken to be 
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TABLE I. Protein Losses (in g/kg) in 
Dogs during Repeated Bleedings 

Series 
of ex- 
peri- 
ments 

I 
(n=28) 

II 
(n=21) 

x 

O 
v, % 
} 
ff 

v, % 

Y0 

1,04 
0,36 
34,7 
1,22 
0,37 
30,6 

Protein loss 

PY PY-- Y0 

1,78 0,56 
0,45 0,23 
25,4 41,7 

TABLE 2. Comparison of Observed and Cal- 
culated Values of Py for Different Sta- 
tistical Models 

O 

! 
-- 2 

1,49 3 
0,25 4 
16,5 4 

, = Residual [ ~. . /Mean 
"~ i s~Spersl~ I 

Z ~ ) N  

~_esi- 

AI p 

21 
21 
21 
21 
34* 

0,0522 
0,0384 
0,0319 
0,0346 
0,0390 

O, 198 
O, 152 
O, 153 
0,153 
0,159 

O,Ol 
0,05 
0,05 
0,001 
0,01 

Legend, *) Thirteen experiments from se- 
ries I are included. 

Py= ~ Y i ( i = 0 . 1 . 2  . . . .  m), 
i = 0  

where i is the serial number of the bleeding. The data were subjected to statistical analy- 
sis by parametric tests [5]. The adequacy of the mathematical models was tested on the Iskra- 
226 computer. The aim of the analysis was to determine the value of Py and its dependence 
on the number of bleedings and the duration of the phase of BP compensation. 

EXPERIMENTAL RESULTS 

The statistical robustness of the values obtained for initial and total protein loss 
increased in the order Y0 - Py - Py/Y0 (Table i). This indicates correlation between the 
initial and total protein losses. This dependence can be expressed quantitatively by model 
i: 

Py = 1,022K 0 +0.531. (!) 

The coefficients were calculated by the method of least squares. Adequacy and signifi- 
cance of the regression model were tested by methods of dispersion and correlation analysis 
[i]. The factor characteristic accounts for 80.7% of the regression. The relationship be- 
tween Y0 and Py is linear (r = 0.856) and significant (p < 0.01). The model adequately de- 
scribes the empirical data of the experiments of series II (Table 2). 

Dependence of the protein loss on the duration of the experiment (t, in h) is described 
by model 2: 

p~ (t) = t o +  0,655 (l - e -  9, ( 2 )  

and dependence  on t h e  number o f  b l e e d i n g s  by model  3: 

Py(m) : Yo + 0.85e-1"7/m (3)  

where  e i s  t h e  b a s e  o f  n a t u r a l  l o g a r i t h m s  and m t h e  number o f  b l e e d i n g s ,  e x c l u d i n g  t h e  f i r s t .  
Models 2 and 3 r e f l e c t  t h e  e x p o n e n t i a l  r i s e  o f  p r o t e i n  l o s s e s  in  t h e  c o u r s e  o f  t h e  e x p e r i m e n t  
( F i g .  1 ) .  The b e s t  m a t c h i n g  be tween  t h e  e m p i r i c a l  and c a l c u l a t e d  d a t a  was o b t a i n e d  f o r  t < 
1 .5  h and m A 6. Th i s  can be e x p l a i n e d  by t h e  l a r g e  number o f  o b s e r v a t i o n s  in  t h e  e a r l y  
s t a g e s  and t h e  c o n s i d e r a b l e  v a r i a b i l i t y  o f  t h e  r e s u l t s  in  dogs w i t h  l o n g - t e r m  c o m p e n s a t i o n  
o f  v a s c u l a r  t o n e .  

The c o e f f i c i e n t s  o f  models  2 and 3 were  c a l c u l a t e d  w i t h  r e s p e c t  t o  t h e  mean v a l u e  o f  
p r o t e i n  l o s s e s  in  t h e  s e t .  T e s t i n g  t h e  a d e q u a c y  of  t h e  models  by u s i n g  t h e  v a l u e  o f  t h e  
r e s i d u e s  ( d i f f e r e n c e  be tween  o b s e r v a t i o n  and p r e d i c t i o n )  r e v e a l e d  no c l e a r  a n o m a l i e s ,  no 
a p p r e c i a b l e  changes  o f  d i s p e r s i o n  o r  s e q u e n c e s  w i t h  a r e g u l a r  c h a r a c t e r .  Dependence  o f  t h e  
r e s i d u e s  on Y0, t ,  and m was n o t  f o u n d .  Models 2 and 3, u n l i k e  model  1, a d e q u a t e l y  d e s c r i b e  
t h e  change  in  m a g n i t u d e  o f  t h e  l o s s e s  in  t h e  c o u r s e  o f  r e p e a t e d  b l e e d i n g s .  The l i m i t i n g  
v a l u e  o f  t h e  p r o t e i n  l o s s e s  unde r  t h e  e x p e r i m e n t a l  c o n d i t i o n s  can be e s t i m a t e d  by b o t h  t h e s e  
mode l s .  I f  i t  i s  assumed t h a t  Y0 = 1, t h e  v a l u e  o f  Py w i l l  t e n d  t o w a r d  t h e  l i m i t  l i m P y  = 
( 1 . 5 4  • 0 . 3 2 ) .  Th i s  e v i d e n t l y  c o r r e s p o n d s  t o  e x h a u s t i o n  o f  t h e  c o m p e n s a t o r y  powers  m a i n t a i n -  
ing  v a s c u l a r  t o n e .  
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Fig. I. Increase in protein loss 
depending on number of repeated 
bleedings of dogs. Abscissa, num- 
ber of bleedings; ordinate, quan- 
tity of protein lost, disregarding 
losses with initial bleeding (Ill, 
g/kg). I) Results of observations 
(R • m); 2) calculated data using 
model 3. 

The decrease in the quantity of protein lost by the body with each successive bleeding 
is linear in character and can be described by model 4: 

i =I (4) 

--In Yi = 0.389i + 1.187, 

where  i d e n o t e s  t h e  s e r i a l  number  o f  t h e  b l e e d i n g ,  d i s r e g a r d i n g  t h e  f i r s t .  The P o i n t  e s t i -  
m a t e s  o f  t h e  p a r a m e t e r s  were  c a l c u l a t e d  by t h e  method  o f  l e a s t  s q u a r e s  in  e a c h  e x p e r i m e n t  
and were  a v e r a g e d  w i t h  w e i g h t s  i n v e r s e l y  p r o p o r t i o n a l  t o  d i s p e r s i o n s  o f  t h e  r e g r e s s i o n  l i n e .  
I n  a d d i t i o n  t o  m e t hods  o f  t e s t i n g  a d e q u a c y  u s e d  p r e v i o u s l y ,  model  4 was compared  f o r  a l l  
m e a s u r e m e n t s  o f  s e r i e s  I I  and f o r  two m e a s u r e m e n t s  o f  s e r i e s  I (1 h a f t e r  t h e  b e g i n n i n g  o f  
b l e e d i n g  and a t  t h e  end o f  t h e  e x p e r i m e n t s ) .  S a t i s f a c t o r y  a g r e e m e n t  b e t w e e n  t h e  e m p i r i c a l  
and c a l c u l a t e d  d a t a  c o n f i r m s  t h e  a d e q u a c y  o f  mode l  4. No s i g n i f i c a n t  r e l a t i o n s h i p  c o u l d  be  
found  b e t w e e n  t h e  c o e f f i c i e n t s  o f  t h e  model  and t h e  d u r a t i o n  o f  t h e  p h a s e  o f  BP c o m p e n s a t i o n  
or  t h e  t o t a l  number  o f  b l e e d i n g s .  Thus mode l s  1-4 as  a who le  a d e q u a t e l y  r e f l e c t  p r o t e i n  
l o s s e s  d u r i n g  r e p e a t e d  b l e e d i n g s .  E s t i m a t e s  o f  Py s u i t a b l e  f o r  p r a c t i c a l  p u r p o s e s  can  be 
o b t a i n e d  by m e a s u r i n g  o n l y  one v a l u e  o f  Y0, w i t h  s u b s e q u e n t  c a l c u l a t i o n  in  a c c o r d a n c e  w i t h  
model  1. I f  t h e  t o t a l  number o f  b l e e d i n g s  and ( o r )  t h e  d u r a t i o n  o f  t h e  p h a s e  o f  BP compen-  
s a t i o n  a r e  known, m ode l s  2 and 3 a r e  more e f f i c i e n t .  With  a l a r g e  number  o f  b l e e d i n g s  ( i n  
a n i m a l s  w i t h  w e l l  marked  c o m p e n s a t i o n  o f  BP) ,  t h e  d a t a  can  be  d e s c r i b e d  m o s t  a c c u r a t e l y  by 
mode l  4. B e s i d e s ,  w i t h  mode l  4 s u g g e s t i o n s  can  be p u t  f o r w a r d  r e g a r d i n g  t h e  i n t e r n a l  mech-  
a n i s m  d e t e r m i n i n g  t h e  m a g n i t u d e  o f  ~ h e  p r o t e i n  l o s s .  The s e c o n d  t e r m  in  model  4 i s  a sum o f  
v a l u e s  f rom which  e a c h  s u c c e s s i v e  0he i s  p r o p o r t i o n a l  t o  t h e  q u a n t i t y  o f  p r o t e i n  r e m a i n i n g  
in  c i r c u l a t i o n .  D e p e n d e n c e s  o f  t h i s  k i n d  can  be s a t i s f a c t o r i l y  d e s c r i b e d  by d i f f e r e n t i a l  
e q u a t i o n s  o f  t h e  f i r s t  o r d e r ,  and t h e y  a r e  o f t e n  u s e d  t o  c h a r a c t e r i z e  t h e  r e s e r v e s .  

I t  can  be t e n t a t i v e l y  s u g g e s t e d  t h a t  t h e  t w o - c o m p o n e n t  n a t u r e  o f  t h e  mode l s  c o r r e s p o n d s  
t o  two f a c t o r s  d e t e r m i n i n g  t h e  m a g n i t u d e  o f  p r o t e i n  l o s s  and i t s  v a r i a t i o n  f r o m  i n d i v i d u a l  
t o  i n d i v i d u a l .  The more  v a r i a b l e  v a l u e  Yo depends  on i n d i v i d u a l  d i f f e r e n c e s  of  t h e  v a s c u l a r  
t o n e  mechan i sm.  The more  s t a b l e  v a l u e  EY i c h a r a c t e r i z e s  t h e  p r o t e i n  r e s e r v e s  and t h e  p r o -  
c e s s e s  of their mobilization. Dependence of total protein losses on the initial state of 
the animal is evidently expressed through the parameter Y0, and dependence on the experimental 
conditions by Yi" 

The mathematical models suggested are suitable for estimating the protein balance, cal- 
culating plasma protein reserves, and determining the trend of the transfer of protein into 
the blood stream in cases of acute blood loss and hemorrhagic shock. The protein loss model 
may find an application in the development of programs for transfusion therapy of extremal 
states. 
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