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A conceptual-logical and mathematical approximation model  has been created for the 
organism's response to external factors. The mathematical model  of the "dose-effect" 
dependence for the combined effect of several factors is constructed using the basic 
equation of the Volterra mathematical theory of the struggle for existence. 
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The methodology of quantitative analysis of the 
interaction between bioobjects and environmental  
factors is acquiring a key role in ecology. The 
diversity of response mechanisms of the organism's 
systems to the action of external factors and the 
multiplicity of  indexes studied hamper  the search 
for the most  common  regularities inherent in the 
effect on any level considered. The method pro-  
posed is based on the extrapolation of  known bio- 
logical theoretical postulates to the conceptual-logi- 
cal and mathematical model  of the organism's re- 
sponse to several external factors of  increasing 
intensity. 

The organism is a complicated system of spe- 
cialized interacting systems (subsystems). Depend-  
ing on the type and strength of the acting force, 
the response changes occurring in certain systems 
and organs exhibit qualitative features and a mag- 
nitude de termined  by the characteristics of the 
external factors. Still, although the reactions are so 
diverse, the "dose-effect" dynamics shows some 
common regularities. 

I. Any reaction used to assess an effect as 
weU as the indexes characterizing this reaction 
(namely ingredients  of  the organism's  internal  
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medium, electro physiological parameters, and so 
on) are in equilibrium due to the harmony be- 
tween the systems of the top and bo t tom level 
before the beginning of the external action. There- 
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Fig. 1. Theoret ical  graphic  t w o -  d imens iona l  model  of the 
" d o s e - e f f e c t "  d e p e n d e n c e .  P lo t s  of t h e  " d o s e -  e f fec t "  
d e p e n d e n c e  are g i v e n  for  d i f f e r e n t  h i e r a r c h i c a l  l eve l s  of 
systems.  
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fore, there is some basic level corresponding to a 
zero biological effect no matter  what the qualita- 
tive peculiarities of the index being studied (Effo, 
Fig. 1). 

2. First and foremost, adaptation, accommoda- 
tion, and compensation of damaged functions rep- 
resent the variation of biological reaction rates [6]. 
The effect increases at an uneven rate depending 
on the parameters of the acting factor as well as 
on the hierarchical level of the index in question 
among the organism's systems. If the parameters 
of the factor are close to zero, the rate of  change 
of  the biological indexes will be minimal. Mecha- 
nisms of the bot tom levels operating in the given 
range of doses (D-DI) prevent the destabilization 
of the system of the level studied. Exhaustion of 
the compensatory possibilities of  the bot tom level 
results in an explosive activation of the reactions 
under  investigation, which manifests itself in a 
spasmodic change of the rate of  increment of the 
biological effect. The effect continues to mount  in 
the dose interval D : D  2 at a constant rate and 
reaches the Eff~ value corresponding to the i)5 
dose. If the dose exceeds the D 2 value, the rate of 
increase of the effect will decrease, and when the 
dose is equal to /)3 the effect reaches its maximum 
(Eff~) .  

3. Although the potentials for compensatory 
hyperplasia of the structures are extremely high, 
they are still not  boundless and, sooner or later, 
the capacity of the organism to reproduce more 
and more new structures is exhausted and decom- 
pensat ion sets in [6]. Consequently,  any index 
characterizing the state of the organism or one of 
its systems cannot change indefinitely and always 
has a limit. 

4. The next postulated proposition includes a 
fragment of the known model of the reaction of the 
organism's systems to external agents [3], namely a 
lowering of the index of system (subsystem) activity 
on a specific level after the attainment of the maxi- 
m u m  due to the exhaustion of compensatory possi- 
bilities. The leading function in the maintenance of 
homeostasis is transferred from a lower-level system 
to a higher-level system in the D : D  4 interval. 

Thus, a graphic two-dimensional model  of the 
change of the biological effect as a function of the 
intensity of a factor's action is created based on 
known theoretical premises and represents a con- 
ceptual-logical model. 

The best approximation of the dose-effect de- 
pendence in toxicometry, including the assessment 
of  integral indexes (Mahalanobis distance) is con- 
sidered to be the logistic function [2,4,5] 
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Fig. 2. T h r e e - d i m e n s i o n a l  p lo t  a n d  t o p o g r a m  of the  
d e p e n d e n c e  b e t w e e n  the  surv iva l  r a t e  a nd  d o s e s  of  two 
antidotes.  D(A) and D(B) denote  doses  of an t idotes  A and B 
in convent ional  units.  

al y =  
1 + exp (a2 + a3x)'  (1), 

where ar..a ~ are regression coefficients. 
It is evident that this funct ion describes the 

part of the conceptual-logical model  for the argu- 
ment  values Do-D r 

Isoeffective dose combinations of different en- 
vironmental factors are sought in medico-biologi- 
cal experiments.  The dependence  be tween the 
doses of two factors is most comprehensively de- 
scribed by the power function 

y = ctxC2, (2), 

where c 1 and cz are regression coefficients. 
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If  coeff ic ient  c 2 is positive, the factors are 
synergists. W h e n  c~ is negative, the  factors exert 
an oppos i t e  ac t ion  on the ef fec t  assessed. A 
classic example of factor antagonism approximated 
by a power  funct ion with c2=-1 is Haber 's  for- 
mula. 

A mathemat ica l  model  for mult idimensional  
matrixes is created by transforming the basic dif- 
ferential equation of  Volterra's theory  [1] to ac- 
commodate  the above propositions: 

B(x)V:vo  - cO (3) k=-I oxk 

where x = ( x ~ . . . d x )  are factors affecting the pro- 
cess; n is the number  of factors; U is the reac- 
tion of  the bioobject to the change of  x factors; 
U is the maximal value of the U reaction; B(x) 
are identified functions. 
Solving this equation yields a ma thema t i ca l  ex- 
press ion for  the mul t id imens iona l  "dose . .dose-  
effect" mode l  and gives rise to the functional de- 
pendence: 

Uo 
U(x)= 

1 + e v<~ 
n ?1 

: ao + lb;e  + 

n(n-1) n(n-1) 
'2- n '2" 

. s,~ s= 
CkXk~X~ + d ln(~ e~x~ + ~ h~ xkl x~, 

/c=l /c=-I k=l 

(4) 

where k l < k  2, k~=l, ..., n - l ,  k2=2, ..., n 
dxS~<-l,  ek>0, hk>0 

The mathemat ica l  model  of  the "dose-effect"  
d e p e n d e n c e  is realized in the specially c r e a t e d  
Biokinetik software package which is part of  the 
Robot-Vychislitel '  (Computer-Robot)  system. The 
software is designed for applied problems of sta- 
tistical and  imita t ion model ing,  as well  as the 
nonlinear-parametr ic  identification of  mult idimen- 
sional mathematical  models of biological processes 
based on experimental data. 

The data  on the survival of  white mice sub- 
jected to a toxic substance in an experiment to 
determine the optimal correlation of  two antidote 
c o m p o n e n t s  are  u s e d  as an  e x a m p l e  of  the  
Biokinetik software's possibilities. The "dose-dose- 
effect" dependence is described in this case by the 
equation 

100 
Ef t= 

1 + exp(0.3 -3.7x - 0.7y + 4.5x z + 3.0xy + i 
(5) 

+ 2.3y = - 211n(x + 1.3y + 2.5xy) 

where E f f  denotes the survival in % and x is the 
close of  antidote (component) "A" and y the dose 
of antidote " B "  i n  conventional units. 

The use of  the comprehensive mathemat ica l  
model as well as of the three-dimensional plot and 
topogram (Fig. 2) constructed according to the re- 
suits of  the calculations facilitate the search for the 
optimal combination of antidote doses. In addition, 
the model  obtained may have a certain prognostic 
value not  only for the interpolation, but also for 
the extrapolation of experimental data. 

The following positive aspects emerged f rom 
the ftrst stage of  the new method  of  analysis of  
the "dose-effect" dependence. 

1. The construction of  models based on gen-  
eral theoretical concepts enables transfer to multi-  
dimensional modeling. 

2. The informativeness of data analysis and 
the reliability of  conclusions are enhanced.  

3. The degree  of  inf luence  of  i n fo rma t ion  
" n o i s e "  on the results of the experiment decreases. 

4. The probability of discovering the regulari- 
ties determining the peculiarities of  the processes 
studied increases. 

Thus, the sequence of modeling of biological pro- 
cesses according to the scheme conceptual-logical - 
theoretical mathematical - biological (experimental) 
- comprehensive mathematical model offers a num-  
ber of advantages over the trivial scheme: biological 
(experimental) statistical model.  The proposed 
method may f'md application in different branches 
of experimental biology, medicine, and ecology. 
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