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In experiments with hypo-, iso-, and hypertonic solutions taken at equimolar concentra- 
tions for equilibrium of  osmotic conditions the leukocytolytic action of  each of  three non- 
electrolytes was shown to be a parabolic function of  osmotic concentrations. The com- 
parative degree of leukocytolysis for urea is superior to that for glycerin and glucose and 
in inverse proportion to their molecular weight. As this difference depends on the chemical 
component  of  action, nonspecific leukocytolysis in vitro is considered as a test o f  com- 
parative cytotoxicity in contrast to the specific (immunologic) cytotoxicity. 
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At present two methods are generally used for the 
study of  leukocytes as a biological object. The first 
approach, involving cell count  in counting cham- 
bers and morphological examination of  blood cells 
[7], serves a diagnostic purpose and is used for 
assessment of  reactivity (for example, the leukocytic 
index of  intoxication) [9] as well as of  adaptive 
reactions o f  the organism [5]. The second includes 
a group o f  techniques among which immunologic 
assays are used [1,3,8,11] to study the leukocytic 
response to the in vitro action o f  various infectious 
and noninfectious agents, as well as to determine 
specific cytotoxicity [8,11]. The reaction o f  leuko- 
lysis is specific and has been r ecommended  as a 
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tool for comparative study in cases of  chemical and 
drug standardization with regard for their allergenic 
action [3]. However, these recommendat ions  are 
hardly implemented due to procedural difficulties, 
which have been described as follows: "so far, 
purely osmotic phenomena of  irritation are almost 
impossible to distinguish f rom purely  chemical  
phenomena"  [10]. Nevertheless, this problem (of 
comparing the nonspecific cytotoxicity of  chemical 
substances) may be partially solved by drawing on 
a classic proposition of  chemistry, namely,  that 
equimolar solutions of  nonelectrolytes (NE) of  low 
molecular  weight have equal osmotic pressure [6]. 

The aim of  the present investigation was to 
analyze the quantitative changes and qualitative 
indexes o f  nonspecific leukolysis in vitro and to 
validate the leukocytolysis phenomenon as a test of  
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Fig. 1. R e s i s t a n c e  o l  b l o o d  l e u k o c y t e s  to osmot ic  a n d  
chemica l  effects  of e q u i m o l a r  NE so lu t ions .  1) glucose;  2) 
glycerin; 3) urea.  

nonspecif ic  comparat ive  cytotoxici ty  on the ex- 
ample o f  hypo- ,  iso-, and hyperosmotic  solutions 
of  low-molecular  N E  of  various molecular  weight. 

MATERIALS AND METHODS 

The leukocytolytic effect o f  urea, glycerin, and glu- 
cose on the b lood of  intact animals (dogs) was 
estimated by  a procedure described previously [4]. 
Morphological  study o f  b lood cells including dif- 
ferential leukocyte counting was performed as de-  
scribed elsewhere [7]. Each NE was tested in 6 ex- 
perimental series. Comparat ive calculations o f  the 
osmotic activity o f  the solutions were performed 
according to the van ' t  Hof f  equation [6]. 

RESULTS 

The results presented in Table 1 clearly demon-  
strate the comparat ive values of  osmotic pressure 

for NE solutions in relation to the total osmotic 
blood pressure (7.6 arm). which is mainly dictated 
by NaC1 and other electrolytes 110]. Analysis of  
the tabulated data. first, confirms the correlation 
between the osmotic pressure and the concentra-  
tion of  the particular NE solution and, second, 
attests to the different osmotic pressures in solu- 
tions prepared from equal-weight samples of  differ- 
ent NE. The higher the molecular  weight o f  N E  
taken in equal-weight ratios, the lower the osmotic 
pressure of  their solutions in comparison to N E  of  
lower molecular weight. 

The data depicted (Fig. 1) show that all N E  
both in hypo-  and in hypertonic concentrat ions 
exert a marked lyric effect  on leukocytes .  The 
number of  leukocytes decreases parabolically. Con-  
sequently, there is a range of  low (0.04 M) and 
high (3-5 M) concentrat ions of  preparat ion solu- 
tions at which lysis o f  leukocytes is significant, 
whereas within concentration limits o f  0.5-1 M for 
urea and glucose and 2 M for glycerin this action 
is less pronounced (the peak of  the parabolic curve 
on Fig. 1). 

Furthermore,  the comparative number  of  leu- 
kocytes in equimolar  solutions of  different N E  is 
the lowest for urea and the highest for glucose. In 
other words, the degree of  leukocytolytic action of  
urea is greater in vitro than that o f  glycerin and 
glucose (all o ther  condi t ions being equal). The 
lytic effect  o f  glycerin on b lood  leukocytes  is 
higher than that of  glucose but  lower than that of  
urea. The confidence intervals of  the mean num- 
bers of  leukocytes (Fig. 1) show that the differ- 
ence in the extent  o f  the leukocytolyt ic  act ion 
between urea and glucose (at all concentrat ions)  
and between each of  the three N E  pairs (in the 
range of  hypertonic concentrat ions) is reliable. 

It is noteworthy that the sequence  of  three 
NE (urea - glycerin - glucose) arrayed in order of  
diminishing leukocytolytic activity exhibits an in- 
verse dependence  on the molecular  weight: the 

TABLE l .  C o m p a r a t i v e  Data  o n  Osmot ic  Act ivi ty  of A q u e o u s  Solu t ions  of L o w - - M o l e c u l a r  NE at 20~ in E q u a l - - W e i g h t  
Concen t ra t ions  (Calculat ions by  v a n ' t  Hoff  Equation) 

Osmotic pressure of solutions, atm 
Concentration of 

solutions, % urea (60.06) dimethylsulfoxide (78.13) glycerin (92.1) glucose (180.16) 

3.003 12.03 9.25 7.84 4.01 

12.012 48.11 36.98 31.37 i 16.04 

: : :  1 8 0 1 8  : : 47 06 I! 24 06 

24.024 96.22 73.96 62.74 i 32.08 

N o t e .  Figures  in paren theses  are molecu la r  weights. 
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lower the lnolecular  weight of  an NE,  the higher 
its leukocytolytic action, and vice versa. 

Morphological investigations of  formed elements 
of  the blood have confirmed the above pattern of  
leukocytolysis. Here, the resistance of  granulocytes to 
the impact o f  hypo-  and hypertonic NE solutions 
is lower as compared to mononuclears. 

Thus, the results of  our study make it possible 
to distinguish two components in the phenomenon 
of  nonspecific leukocytolysis: osmotic and chemical. 
The osmotic component  is plotted as a parabolic 
curve (Fig. 1), which represents lysis as a function 
of  osmotic concentrations. The similar character o f  
this correlation for the three NE is due to the fact 
that osmotic concentrations are probably determined 
only by the total number of  molecules dissolved and 
do not depend on the chemical nature of  the sub- 
stance [6]. The correlation itself reflects the differ- 
ent resistance of  mononuclears and granulocytes to 
osmotic effects o f  different extent. 

Since the condit ions of  our experiments (os- 
motic, pH, temperature, blood dilution, and so on) 
were similar, the discrepancy in the leukocytolytic 
ac t ion  of  N E  is explained by their  individual  
chemical properties (the chemical component).  This 
component  is graphically expressed (Fig. 1) by the 
various levels at which the "dose-effect" curves are 
situated on the ordinate axis. Each level is typical 
for each N E  and reflects the extent o f  its leuko- 
cytolytic action. 

The data obtained enable us to consider non-  
specific leukocytolysis  i n  v i t r o  as a test o f  the 

comparative cytotoxicity of  low-molecular  NE as 
distinct from the specific ( innnunologic) cytotox- 
icity. The correlation between tile cytotoxicity o f  
NE and their molecular  weight is substantial, a 
fact which is o f  fundamental  importance in the 
context of  evaluating cell damage [2,10] as an as- 
pect o f  general pathology. 
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