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tabolism and weakening of its regaflatory role in the 
central nervous system during the aging process. 
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There have been many studies of structural and func- 
tional changes of animal and plant mitochondria (Mt) 
under conditions of dosed exposures at different time 
intervals. However, strict mathematical analysis has 
rarely been used, and the results are often subjective, 
only to be taken as hypotheses requiring further in- 
vestigation and corroboration. One proof can be the 
establishment of a correlation between test variables 
such as doses of exposures, time intervals, and mor- 
phological and functional characteristics of the bio- 
logical object. Multifactorial correlation analysis and 
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calculations of the correlation coefficients should be 
performed, to reveal these connections. For instance, 
due to the results of previous two-factor correlation 
analysis between known morphofunctional mitocho- 
ndria types and redistribution of Mt sizes, we ob- 
tained supplementary proofs of our earlier conclusions 
[3-5]: knowing the areas of Mt, it is possible to 
determine their functional properties with a high de- 
gree of reliability, and, conversely, knowing the 
functional properties, it is possible to judge the ar- 
eas using regression lines to estimate the whole 
population of Nit [8]. 

The present study aims at proving the existence 
of a correlation between such variables as time pe- 
riod, rate of respiration and redistribution of Mt ar- 
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eas, examined after a one-trial irradiation of experi- 
mental animals. 

MATERIALS AND METHODS 

The experiments were carried out on 70 CBA3C57B1 
hybrid male mice of the same age and weight (22 g). 
Each experimental series consisted of hepatocyte Mt 
of 5 animals. The isolation of Mt was per formed 
simultaneously for the control, normal and one-trial 
irradiation-treated ( dose 7,5 Gy) groups. The time 
intervals were 5 rain, 30 rain, and 1, 2, 3, 4, and 5 
hours for each experimental series. Mt isolation us- 
ing the method of differential centrifugation and 
polarographic assay of Mt respiration was performed 
according to a method described previously [1]. For 
morphometric study of Mt area redistribution a sus- 
pension of organelles after the termination of the Mt 
respiration cycle was used (the fourth Chance state). 
The most marked variations in Mt respiration are 
observed in the third Chance state (i.e., for phospho- 
rylation of added ADP), and therefore the graph 
(Fig.l) and Table 1 present data of the Mt respira- 
t ion rate of the  irradiated animals to this stage. 
M o r p h o m e t r y  was pe r fo rmed  according to our 
method ,as  described repeatedly [4,5,7]. In  this 
method the values of Mt areas are connected to form 
continuous variational series and, using Stendgers' 
formula that takes into account minimal and maxi- 
mal values, are separated into groups. We examined 
the  dependence of the respiration rate (v) on two 
factors: time period (t) and Mt area (S). It is to be 
no ted ' tha t  the respiration rate depends linearly on 
both the time period and the Mt area. Hence it fol- 
lows that the respiration rate, being a function of two 
variables, time and Mt areas, is also linear: 

v = at  + b S .  

In the case of irradiated animals the empirical data 
and ~oup  means of Mt areas obtained after correla- 
tion analysis were used. Group means are arithmetic 
means of variables (5, 15, 25, 35,..85 m m  ~) meas- 
ured by electron microscopic examination (al0,000). 

RESULTS 

All empirical data are listed in Table. 
The equation of multifactorial correlation is as fol- 
lows: 

v =  a t + b S + c .  

In our case: 

v = V + a ( t  - i )  + b ( S  - S ) .  

t e h 

1/12 
1/2 
1 

2 
3 
4 
5 

S; m m  2 v~ 

19.467 1.00 
35.533 0.36 
22.533 0.48 
33.467 0.50 
17.267 O. 20 
24.867 0.22 
26.333 0.34 

n 

150 
150 
150 
150 
150 
150 
150 

- 1050 

Coefficients a and b will be found using the correla- 
tion coefficients between pairs of variables T and ~,, t 
and  v, a n d  S and v: 

t S  - t  . S tv - t .  v S v -  S .  v 
rts= , g  = , r s v  = 

a t ' a s  a t ' G  a s  G 

So [21" 

a - G - r t s r s ~  G .  b = G - G r t s  G 

1-4 1-4 
In these formulas 

a t =  n I  (S, - ,Y)2 .  

; a s =  = _. 
11 

G I ~ (v, - V) 2. n~ 
= i=1 

n 

For all these calculations we need the arithme- 
tic means of variables t, S, and v and their paired 
products: Z', ~,, 7, ~ ,  U, ~ .  Let us find them: 

= m 

9 
~t~.r~ 1 5 0 ( 1 + 0 . 5 + 1 + 2 + 3  
i = 1  _ _  , ,  ,, 

n 1050 

+ 4 + 5 )  

= 2.226; 

9 

~S~ .r~. 150(10.457+35.533+22.533+ i=1 

n 1050 

+33.467 +17.267+ 24.867+ 26.33) --+ 

.-> 

= 25.638; 

9 

i=1 150(1.00 + 0.36 + 0 .48  + 0 .50 + 

n 1050 
--+ 
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+0 .20  + O. 22 + O. 34) 
= O. 443. 

9 
Z ti . . 

t S  = ~=1 = 55.97;  

9 
Zt ,  .v, .r~ 

tv = i=1 - 0. 703; 
t/ 

9 
ZSi.v,.,  

S v -  i=l = 11.098. 

N o w  let us find the standard deviations: 

cr t = 1.714; cr s = 6 .303;  cry = 0 .252.  

Substituting the values obtained, we can calculate 
the correlation coefficients and then the coefficients of  
the equation: 

55.97 - 2. 226-  25. 638 
= - 0 . 1 0 2 ;  

rts = 1 . 7 1 4 . 6 . 3 0 3  

0. 703 - 2. 2 2 6 . 0 .  443 
= - 0 . 6 5 5 ;  

r~ = 1 . 7 1 4 - 0 . 2 5 2  

11. 098 - 25. 638-  O. 443 
= - 0 . 1 6 3 ;  

rsv = 6 . 3 0 3 -  O. 252  

- 0 : 6 5 5 -  ( - 0 . 1 0 2 ) .  ( - 0 . 1 6 3 )  0 .252  -0.1;  

1 - ( - 0 . 1 0 2 )  2 1 .714 

b = - 0 . 1 6 3 - ( - 0 . 6 5 5 ) . ( - 0 . 1 0 2 )  0 . 2 5 2  0.01. 
1 - ( - 0 . 1 0 2 )  2 6 .303 

Fig. 1. Plot of the empir ical  data and  of the regress ion plane of 
the respirat ion,  time, and  or the  group mean  of Mt  area. 

In sum: 

v = 0 . 4 4 3  - 0. l ( t  - 2 . 2 2 6 )  - 0. 0 1 ( S  - 25 .638) ;  

v = 0 . 4 4 3  - 0.1- t + 0. 223 - 0 .01 .  S + 0 .256;  

v = - 0 . 1 - t -  0 . 0 1 . S +  0 .922 .  

The boundaries of  the plane are shown on the 
histogram by a dotted line ( Fig. 1). To establish the 
closeness of  the correlat ion connect ion,  let us find 
the combined correlation coefficient R [2]: 

e 

R =  I ( -01655)2 

+ r 2 2 r~ ' rsv ' rts . 

+ ( - 0 . 1 6 3 )  2 - 2 - ( - 0 . 6 5 5 )  

1 - ( - 0 . 1 0 2 )  2 

xI(- 1,3, (-0102, 
- - - - ~ - - 0 . 1 - - ~  = 0 .655  --- 0 .7  

X 

As R=0 ,7  (close to unity),  it ma y  be deduced  
that the Mt  respiration rate in irradiated animals is 
closely correlated with S and t. 

Besides, as R is not  equal to 1, the correlation 
of  v with t and S cannot  be described as a precise 
linear function,  but R is not  0, and so we can use 
the linear correlation: v=f ( t , S ) ,  that is our equat ion 
v=-0 ,1 t -0 ,01S+0,922 .  The  empirical  values of  the  
respiration rate, dependent  on t and S, are displaced 
somewhat from this theoretical plane. 

N o w  let us estimate the separate influence of t 
and S on  the respiration rate. The specific correla- 
tive coeff ic ient  be tween  v and t r~(s) evaluates the  
strength o f  the l inear correlat ion be twe e n  v and t, 
when S remains constant. The strength of the  linear 
correlation be tween v and S, when  S remains con-  
stant, is est imated using the specific correlation co- 
efficient between S and v: 

= 4 ( 1 - 4 ) - ( 1 -  

( - 0 . 6 5 5 )  - ( - 0 . 1 0 2 ) .  ( - 0 . 1 6 3 )  

rt~(s) = ~/(1 - ( - 0 . 1 0 2 ) 2 )  �9 (1 - ( - 0 . 1 6 3 )  2) 

= - 0 . 6 8 2  -- - 0 . 7 ;  

( - 0 . 1 6 3 ) -  ( - 0 . 1 0 2 ) .  ( - 0 . 6 5 5 )  

rsvl~ = ~/(1 - ( - 0 . 1 0 2 ) 2 ) .  (1 - ( - 0 . 6 5 5 )  2 ) = 

= - 0 . 3 0 6  = - 0 . 3 .  

The obta ined values of  the specific correlat ion 
coefficient demonstrated the strong dependence of  the 
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respiration rate v on the time interval in the case of 
constant Mt area S=const, whereas the dependence 
on Mt area under  constant time t = const is ex- 
pressed weakly. The combined correlation gives a 
more accurate description of the dependence of Mt 
activity on both factors at once and leads to a 
number of conclusions. 

Thus, 1) the Nit respiration rate can be described 
by a linear correlation with the time period and Mt 
area; 2) negative coefficients in the 'equations indicate 
that the respiration rate drops both with an increase of 
the time and with augmentation of the Mt area; 3) the 
equations obtained permit an estimatation of the state 
of the Mt population according to Mt sizes and the 
time period and show that the larger the Mt is, the 
shorter life it has; 4) it may be assumed that the rate 
of Mt mortality will depend on the dose of radiation, 
and this leads to changes of the equation coefficients. 

Probably, further investigations will prove or re- 
fine our conclusions. This calls for appropriate stud- 
ies using the proposed scheme of correlation analy- 

sis. In our view, such an approach makes the evalu- 
ation of  morphofunctional relationships in medical 
and biological assays more objective. 

We are indebted to Dr. N.AoYurina for her help 
in the discussion of some aspects of this investigation. 
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It is well known that one of the key pathogenic mecha- 
nisms switched on by extreme conditions is endogenous 
epinephrine, the boosted synthesis and release of which 
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into the blood leads to a hypertoxic effect on the 
cardiomyocytes (CM), resulting in a significant drop of 
the level of DNA methylcytosine (5-MC). Biological 
methods [4,5] previously used by us are associated with 
the study of DNA methylation by cytosine. 

In the present work we studied the chromatin 
ultrastructure and, in particular, the area of  dense 
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