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Articles 
 
 
Multi-Beam Interference Patterns of Living Sarcoma Cells may be Approximated by a 
Fractal Julia Set and Rieman Spheres or Fatou Components Decoded as a Siegel Discs 
 

Alexander Bolkhovitinov а, Viktor Krukowskikh а, Serge Pankratov а 
 
a INEPCP (2014, 2016), Moscow, Russian Federation 

 
Abstract 
It’s well known, that the morphology of a carcinoma cells was studied many a time and oft 

(on repeated occasions) from the second part of the XX century. But mathematical approximations 
of such sarcoma cell structures are not very good on the grounds of non-regular semi-chaotic 
elements in morphogenesis and morphology of cancer cells. Many approximations in sarcoma 
oncology works are not applying for cell morphology as is, despite the fact of good morphological 
representation of sarcoma cells in different microscopic and specific-staining methods. Our work is 
a first work where the multi-beam interference patterns of living sarcoma cells are approximated 
by a fractal Julia set and Fatou components known as a Siegel discs. 

Keywords: sarcoma, oncomorphology, interference microscopy, multi-beam interference, 
Fatou components, Siegel discs, Riman spheres, Julia set. 

 
1. Introduction 
1. Why the carcinoma cell is optimal object for analytical morphology? 
It’s well known, that the morphology of a carcinoma cells was studied many a time and oft 

(on repeated occasions) from the second part of the XX century. They were analyzed not only in 
static, but also in dynamic (kinetic) reaction conditions, which may be applied as potential 
therapeutic agents, including a respiration and morphology of sarcoma cells exposed to liquid 
nitrogen (Hodapp et al., 1952).  

We can separate physical or physiotherapeutic and chemical or chemotherapeutic agents 
(Prince, 1962) of this reaction studies into multiple dimensions of multi-descriptor scores (or 
manifolds):  

I. channelome-mediated agent pulls (Civitelli et al., 1992); 
II. second messenger pulls (for example, cyclic adenosine monophosphate = 3',5'-cyclic 

adenosine monophosphate, which is equivalent to cAMP, cyclic AMP, in abbreviations) (Mitchell et 
al., 1978));  

III. cytoskeleton-associated agent pulls (for example – ABP-assisted pulls [Actin-Binding 
Protein], in particular – vinculin* phosphorylation pulls (Kellie et al., 1986);  

                                                 
* By definitions: 1) vinculin is a membrane-cytoskeletal protein in focal adhesion plaques that is involved in 
linkage of integrin adhesion molecules to the actin cytoskeleton; 2) vinculin is a cytoskeletal protein 
associated with cell-cell and cell-matrix junctions, where it is thought to function as one of several interacting 
proteins involved in anchoring F-actin to the membrane; 3) vinculin is actin binding protein localized in focal 
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IV. dose dependent effect pulls (for some agents, such as sodium butyrate), including 
inhibition of proliferation pulls, differentiation induction and repression induction (repression of 
gene expression) pulls (Altenburg et al., 1976); 

V. sarcoma growth factors and their derivatives or mimetics (Keski-Oja et al., 1980; 
Tokuyama and Tokuyama, 1989); 

VI. pulls of clonal factors (Earle, 1975);  
VII. mitotropic and nucleotropic agents (Seegers et al., 1992); 

VIII. virological agent pulls (Smidová et al., 1968; Altenburg et al., 1976); 
IX. pulls of oncogenic agents sensu stricto (Chaturvedi, 2013); 
X. snake venom cytotoxin pulls (Pate et al., 1969). 

But mathematical approximations of such sarcoma cell structures are not very good on the 
grounds of non-regular semi-chaotic elements in morphogenesis and morphology of cancer cells. 
Many approximations in sarcoma oncology works are not applying for cell morphology as is 
(Svoboda and Hasek, 1956), despite the fact of good morphological representation of sarcoma cells 
in different microscopic and specific-staining methods. In different years for sarcoma oncology 
studies many different microscopic and specific-staining methods was applied. Among them were 
noted: 

A. electron microscopy (Gandzii, 1956; Yasuzumi et al., 1960; Luse, 1960; Driessens et 
al., 1964; Kubo et al., 1969; Courington and Vogt, 1967; Rice et al., 1973; Waldo, 1979; Kukuté and 
Smirnova, 1981; Choux et al., 1981; Kanaya et al., 1985; Husain and Nguyen, 1995; Marquart, 
2006) 

B. combined electron and light microscopy (Weinberger and Banfield, 1965; Fabrizio and 
Cottrell, 1972; Fj et al., 1975; Varela and Diazflores, 1977; Waldo et al., 1983; Akerman, 1988; 
Åkerman et al., 1988; Beziat et al, 1989); 

C. comparative scanning electron microscopy and transmission electron microscopy 
(Llombart-Bosch and Peydro-Olaya, 1983) 

D. mass determination of sarcoma virus virions by scanning transmission electron 
microscopy (Vogt and Simon, 1999); 

E. cryo-electron microscopy (Briggs et al., 2006); 
F. immunoelectron microscopy (Aoki et al., 1973; Houston, 1974; Hiraki et al., 1974; 

Kawauchi, 1995; Becker et al., 1991); 
G. comparative electron microscopic and immunohistochemical studies (Mukai et al., 

1983; Oord et al., 1986; Welch, et al., 1986; Nonomura et al., 1988; Nanomuna, 1988; Pettinato et 
al., 1989; Nishio et al., 2003); 

H. comparative light-scattering spectroscopy and electron microscopy for determination 
of hydrodynamic radiuses of viruses in sarcoma cells (Salmeen et al., 1976; 

I. electron microscopy of viruses in sarcoma cells (Nishimi et al., 1961; Hanaichi et al., 
1975; Orenstein et al., 1997; Said et al., 1997); 

J. electron microscopy of nucleic acids of sarcoma cells (Guntaka et al., 1976; Murti et 
al., 1981); 

K. conventional or light microscopy (Siegler, 1970; Ackerman, 1979; Amazon and 
Rywlin, 1979; Tsokos et al., 1988); 

L. correlation studies between microscopy data, magnetic resonance imaging data and 
positron emission tomography data [or two-photon emission tomography data, which are 
equivalents] (Plowman et al., 2016); 

M. phase contrast microscopy (Ludford and Smiles, 1950; Kato and Makino, 1962; Veselý 
and Pluta, 1972); 

N. florescence microscopy (Dorfman, 1962), including epiluminescent microscopy 
(Krischer et al., 1999); 

O. ultraviolet microscopy (Roe and King, 1950; Zhudina and Shalumovich, 1969; 
P. in vivo reflectance confocal microscopy (Grazziotin et al., 2010; Paganelli et al., 2018); 
Q. structured illumination microscopy (Fu et al., 2016); 

                                                                                                                                                                  
adhesions and cell-cell junctions; 4) vinculin is tyrosine phosphorylated in platelets spread on fibrinogen and 
that the phosphorylation is Src kinases dependent. 
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R. interference microsopy and quantitative cytology / cytopathology based on this 
technique, including multiple-beam interference microscopy and similar analytical protocols 
(Mellors et al., 1953). 

 
2. Why interference microscopy is optimal micro-technique for analytical 

morphology? 
Unfortunately, despite this fact (particularly, despite the quantitative character of multiple-

beam interference microscopy, consequently, the quantitative character of interference cytometric 
and cytopathological data), as a general rule interference microscopy are not usable as a wild-field 
histological method for carcinoma cell morphology visualization, detection and quantification. It is 
not very good simplification of research protocols and microdiagnostic approaches, because the 
photometric methods for the measurement of the organic mass of cells, cell components (including 
sets of chromosomes) by multiple beam interference microscopy are not only possible, but also 
they are very effective (Melors, 1953, 1954)!  

Multiple-beam interference microscopy was developed initially not only as a technique for 
material science and metallography (Faust, 1952), but from the third quarter of the XX century 
they was applied predominantly for metal structure analysis (Tolansky, 1970; Richardson, 1972) 
and (much later) for liquid crystal measurements, based on the phase retardation principles 
(Chernyaev et al., 2008). Multiple-beam interference microscopy was reborn in 2000th, when 
multiple beam interference confocal microscopy was designed and implemented in cell biology 
laboratories (Joshi and Medina, 2000; Joshi and Medina, 2000b), including biophysical 
departments, where some effects of an electric field on the motility of cells was examined by 
multiple-beam interference microscopy techniques (Joshi et al., 2001). Detection, dynamical 
imaging and kinetics of sub-micron organelles of specialized cells (for example – chondrocytes) 
were implemented by multiple beam interference microscopy in 2004 (Joshi et al., 2004). 
Diffential interference phase contrast microscopy using multiple beam shearing interferometry for 
bio-imaging was applied in 2006 (Roy et al., 2006). Capturing and sorting of multiple cells by 
polarization-controlled three-beam interference was realized in 2016 (Hou et al., 2016). But such 
methods were not applied for carcinoma cells. 

 
3. What kind of interference microscopy is optimal for the target cells?  
Everyone would very much like to eliminate this omission, because methods of interference 

microscopy and by interference phase microscopy of cancer cells were developed from 1960th 
(Sandritter et al., 1960; Hirst, 1961) and very good developed to date or by now (in frames of spatial 
light interference microscopy (Majeed et al., 2015, 2016), differential interference contrast 
microscopy assisted by nanoparticles (Sun et al., 2008, 2010), reflection interference contrast 
microscopy (Matsuzaki et al, 2016)). It is a very specialized branch of the general trend of 
interference microscopy of living cells, provided in different techniques, such as: 

1) digital holographic interferention microscopy (Kizilova et al., 2010); 
2) spatial light interference microscopy (Babacan et al., 2011; Popescu and Wang, 2012), 

including deconvolved spatial light interference microscopy for live cell imaging (Haldar et al., 
2011); 

3) interference reflection microscopy (Gingell and Todd, 1979; Verschueren, 1985), 
including quantitative reflection interference contrast microscopy or RICM (Schindl et al., 1995; 
Usson et al., 1997; Holt et al., 2008; Limozin and Sengupta, 2009); 

4) fluorescence interference-contrast microscopy (Braun and Fromherz, 1997); 
5) phase-shifting interference microscopy (Dunn and Zicha, 1993); 
6) correlational mapping between interference-reflexion and indirect-

immunofluorescence microscopy photoregistrograms (Wehland et al., 1979); 
7) laser interference microscopy with volumetric and cytorefractometric measurements 

(Yusipovich et al., 2011) and coherent phase microscopy (Tychinsky and Tikhonov, 2010a; 
Tychinsky and Tikhonov, 2010b); 

8) phase-modulation laser interference microscopy (Brazhe et al., 2008); 
9) interference microscopy under double-wavelet analysis (Sosnovtseva et al., 2005); 
10) dual-interference-channel quantitative-phase microscopy (Shaked et al.,  2009); 
11) scanning angle interference microscopy (Paszek et al., 2012); 
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12) Nomarski differential interference contrast microscopy (Geissinger and Bond, 1971; 
Geissinger and Duitschaever, 1971) and other (for example – Pluto DIC) differential interference 
contrast microscopy techniques (Falimirski et al., 2007);  

13) total internal reflection aqueous fluorescence overcomes a basic ambiguity of 
interference reflection microscopy (Todd et al., 1988); etc. 

 
4. Why multiple beam interference microscopy is informative source?  
It’s known, that the multiple beam interference may be used for discrete signal transmission 

with small noise levels (Bhardwaj et al., 2017; Hibino and Takatsuji, 2002). Multiple-beam 
interference effects in Fabry-Perot interferometer with small wedge between mirrors, deriving 
expressions for light beams path, were researched in 1970th not only in USA, but also in USSR 
(Koniukhov, 1971). Mechano-optical transductors / sensors based on multiple-beam interference 
were introduced for optical waveguide measurements in XXI century (El-Diastry, 2001), but their 
physical and technical principles were developed in XX century, where the Barakat group was 
started the project on the GRIN optical waveguides (Barakat et al., 1985, 1988, 2001), despite the 
fact, that the first Barakat works for multiple beam interference studies were published in 1960th 
(Barakat and Abouzakhm, 1985; Barakat et al., 1965). Earliest works on multiple beam interference 
fringes and their applications were published from 1940th to 1960th (Tolansky, 1945; Brossel, 1946; 
Tolansky and Barakat, 1950; Bruce, 1951; Glauert, 1951; Smith, F. D. 1952; Tolansky and Emara, 
1955; Hargreaves, 1963; Burnett, 1965; Herriott, 1965, 1966; Fulinska, 1966). Some very beautiful 
works were published in 1970th (Roberge and Boivin, 1971; Koppelmann, 1972, 1974; Koppelmann 
and Vosskuhl, 1973) and 1980th (El-Dehemy et al., 1981; Baumbach et al, 1989). Fist articles by 
Tolansky were republished in 1990th – 2000th in “SPIE milestone series” (Tolansky, 1991, 2000). 
Many interesting applications for multiple beam interference fringes were provided in 1990th – 
2000th (Shao-po, 1999; Tadmor et al., 2003; Abdelsalam et al., 2010; Hamza et al., 2010; El-
Hennawi et al., 2012). 

 
2. Relevance 
Different types of cells may be measured and quantitative or semi-quantitative visualized by 

different methods of interference microscopy (Mellors, 1953; Barer and Joseph, 1957; Dunn, Zicha, 
1994). Examples include: 

 calculation of lignin concentration and porosity of cell-wall regions by interference 
microscopy (Boutelje, 1972; Donaldson, 1985); 

 dry mass and cell area measurements (Goldacre et al., 1957; Lee at al., 1960); 

 cell-substrate interactions in amoeboid locomotion (King et al., 1983); 

 interaction between intracellular vacuoles and the cell surface (Gingell, 1982); 

 growth cone interactions with cell and substrate adhesion molecules of cells (Drazba 
et al., 1997); 

 visualization of red cell membranes (Miller and Dvorak, 1973); 

 bacterial cell identification in DIC interference contrast microscopy in label-free 
conditions (Obara et al., 2013); 

 radiation dose effect analysis (Lee and Richards, 1964);  

 comparative analysis of epithelial cells (Pappelis et al., 1976); 

 real time 3D and “4D” imaging of cells (Salmon et al., 1998; Li et al., 2007; Tsunoda 
et al., 2008), from yeast cells to cancer cels. 
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Fig. 1. Multiple beam interference image of living sarcoma cells in a tissue culture 

 
3. Materials and methods 
It has been known that biological membranes as thin films are characterized by multiple-

beam interference and, consequently, can be directly detected using multiple-beam interference 
microscopy. Multiple beam interference microscopy patterns of membranous cellular structures 
with different surface tension levels are different from the standard optical images of these objects. 
This follows at once from physical considerations. Thin-film interference occurs when the incident 
light waves reflected by the upper and lower boundaries of the membrane cell film interfere with 
one another to form a new wave. 

 

 
Fig. 2. A fractal Julia set with a Siegel disc (A) and a filled Julia set for the golden mean rotation 
number with the the Siegel disc and some orbits inside (B) 
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Fig. 3. Infolding Siegel disc near 2/7 

 
4. Results 
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Fig. 4. Infolding Siegel disc near 1/3. One can see virtual Siegel disc 

 
This is sketched in Fig. 1 representing a multiple beam interference image of living sarcoma 

cells in a tissue culture in air (magnification: 1.000). Optically identical regions are presented as 
light and dark elliptical zones which together form a topographic map of the cell. The cell thickness, 
shape and intramembranous volume can be easily calculated from the interference pattern.  

In accordance with the modern standards the above method may seem to provide insufficient 
resolution and low information. However, there are still no mathematical approximations of 
intermembrane interference patterns, different from the ones derivable from the first physical 
principles. We propose here to apply Julia sets and Fatou components, such as Herman ring and 
Siegel disc for approximating  carcinoma cells. The definition of Siegel disc is provided in the Table 
1. Fig. 2 (compare with Fig. 1) shows an example of such an approach application, representing the 
early iterations of a fractal Julia set with a Siegel disc and an "isosurface-like" ("equipotential line – 
like") visualization of this filled Julia set for the golden mean rotation number with the Siegel disc 
and some orbits inside. It can be seen that Fig. 2 satisfactory simulates the morphology from Fig. 1. 
Thus, there is an appropriate approximation for this morphology due to the membranous 
properties of the cell represented here formally using Fatou components. A similar visualization 
can be obtained using the Herman ring, but this is beyond the scope of this report for the lack of 
space. The morphology of cells with filopodia also may6 be approximated by Siegel disc formalism, 
including dynamic representation (see Fig. 3 – “Infolding Siegel disc near 2/7” and Fig. 4 – 
“Infolding Siegel disc near 1/3”). 
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Table 1. Definition of Siegel disc 
 

 

 
https://www.math.univ-toulouse.fr/~cheritat/Exposes/Rome.pdf 
 
 
5. Supplements: Possible program codes from the open access I-net sources 
The Julia set is the set of complex numbers z that do not diverge under the following 

iteration: 
z=z2+cz=z2+c 

Where c is a constant complex number. 
Different values of z reach infinity at different rates. A colourful fractal is produced by 

colouring the complex plane based on the number of iterations required to reach infinity. 
function colour = julia(c, total_iterations, image_size, limits) 
%   Calculates julia set by iterating z = z^2 + c, where z and c are complex, 
%   and recording when z reaches infinity. 
% 
%   Inputs: 
% 
%   c                   Fixed complex number, of form a + bi 
%   total_iterations    Number of iterations of z = z^2 + c 
%   image_size          2D vector with number of complex coordinates in  

https://www.math.univ-toulouse.fr/~cheritat/Exposes/Rome.pdf
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%                           x and y directions   
%   limits              Vector with 4 elements: min x, max x, min y, max y 
% 
%   Outputs: 
% 
%   colour              Matrix of doubles, with size equal to image_size. 
%                           Plotting this matrix will produce a julia set 
 
 
im_step = (limits(4) - limits(3)) / (image_size(2) - 1); 
re_step = (limits(2) - limits(1)) / (image_size(1) - 1); 
 
reals = limits(1) : re_step : limits(2);            % Real numbers 
imags = limits(3) : im_step : limits(4);            % Imaginary numbers 
z = bsxfun(@plus, reals(:), (imags(:) * 1i)');      % Complex coordinates 
colour = inf(size(z));                              % Colour of Julia set 
 
for iteration = 1:total_iterations 
    index = isinf(z);   
    % Only perform calculation on the z values that are less than infinity 
    z(~index) = z(~index).^2 + c;  
    % Colour depends on number of iterations to reach infinity 
    colour(index & isinf(colour)) = iteration; 
end 
 
colour = colour'; % Transpose so that plot will have reals on the x axis 
 
end 
https://codereview.stackexchange.com/questions/145752/function-for-plotting-julia-set 
function Julia(c,k,v) 
 
% JULIA(C,K,V) draws the Julia set with the following parameters: 
% c is a complex number used in the map f(z) = z² + c. 
% k gives the number of iterations 
% v determines the number of points on the x-axis. 
 
% JULIA uses c = 0.2+0.65i, k = 14, v = 500. 
 
% This file was generated by students as a partial fulfillment  
% for the requirements of the course "Fractals", Winter term 
% 2004/2005, Stuttgart University.  
  
% Author : Sylvia Frey 
% Date   : Nov 2004 
% Version: 1.1 
 
% default settings 
if nargin < 3 
    c = 0.2+0.65i; 
    k = 14; 
    v = 500; 
end 
 
% radius of the circle beyond which every point diverges 
r = max(abs(c),2); 
 

https://codereview.stackexchange.com/questions/145752/function-for-plotting-julia-set
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% divide the x-axis 
d = linspace(-r,r,v); 
 
% create the matrix A containing complex numbers 
A = ones(v,1)*d+i*(ones(v,1)*d)'; 
 
% create the point matrix 
B = zeros(v,v); 
 
% iteration 
for s = 1:k 
    B = B+(abs(A)<=r); 
    % the map 
    A = A.*A+ones(v,v).*c; 
end; 
 
% plot settings 
imagesc(B); 
colormap(jet); 
 
hold off; 
axis equal; 
axis off; 
http://m2matlabdb.ma.tum.de/download.jsp?MC_ID=5&SC_ID=13&MP_ID=283 
Julia(c,k,v) draws the Julia set with the following parameters:  

c is a complex number used in the map f(z) = z^2 + c.  
k gives the number of iterations.  
v determines the number of points on the x-axis. 

Julia uses c = 0.2+0.65i, k = 14, v = 500. 
This file was generated by students as a partial fulfillment  

for the requirements of the course "Fractals",  
Winter term 2004/2005, Stuttgart University. 

 
Visualize Julia Sets using Matlab 

function myjulia(Zmax,c,N) 
% Generate and visualize quadratic Julia Sets 
% More information about Julia Sets can be found here: 
% http://en.wikipedia.org/wiki/Julia_set 
% this code is for the assignment of the "Introduction to Matlab" offered 
by MITOPENCOURSEWARE 
% Coded by http://scriptdemo.blogspot.com 
 
if (nargin==1) 
   Ndemo=Zmax; clear Zmax 
   switch Ndemo 
   case {1} 
       myjulia(1,-0.297491+i*0.641051,100); 
       return; 
   case {2} 
       myjulia(0.35,-0.297491+i*0.641051,250); 
       return; 
   otherwise 
      disp('Not defined demo type!') 
      help myjulia; 
      return 
   end 

http://m2matlabdb.ma.tum.de/download.jsp?MC_ID=5&SC_ID=13&MP_ID=283
http://scriptdemo.blogspot.ru/2010/12/visualize-julia-sets-using-matlab.html
http://en.wikipedia.org/wiki/Julia_set
http://ocw.mit.edu/courses/electrical-engineering-and-computer-science/6-094-introduction-to-matlab-january-iap-2010/assignments/
http://scriptdemo.blogspot.com/
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elseif (nargin~=3) 
   help myjulia; 
   return 
end 
 
% generate the basic matrix 
NM=500; 
[Z,tmpy]=meshgrid(linspace(-Zmax,Zmax,NM),zeros(1,NM)); 
Z=Z+i*Z'; clear tmpy 
 
% compute the escape velocity 
myM=reshape(escapeVelocity(Z(:),c,N),NM,NM); 
 
% visualize the results 
imagesc(atan(0.1*myM)); figurenicer;axis xy; 
 
function n=escapeVelocity(z0,c,N) 
n=z0*0; 
NLen=length(z0); 
IndZ=1:length(z0); 
IndZ=IndZ'; 
for ni=1:N 
      IndLT=find(abs(z0)<2); 
      IndGE=find(abs(z0)>=2); 
      n(IndZ(IndGE))=ni; 
      if (length(IndLT)>0) 
         z0(IndLT)=z0(IndLT).*z0(IndLT)+c; 
      end 
      z0(IndGE)=[]; 
      IndZ(IndGE)=[]; 
end 
if ~isempty(IndZ) 
   n(IndZ)=N; 
end 

 
Basin of attraction to infinity = exterior of filled-in Julia set and The Divergence 

Scheme = Escape Time Method ( ETM ) 

First read definitions 
Here one computes forward iterations of a complex point Z0: 

Here is function which computes the last iteration, that is the first iteration that lands in 
the target set ( for example leaves a circle around the origin with a given escape radius ER ) for the 
iteration of the complex quadratic polynomial above. It is a iteration ( integer) for which 
(abs(Z)>ER). It can also be improved [2] 

C version ( here ER2=ER*ER) using double floating point numbers ( without complex type 
numbers): 

 int GiveLastIteration(double Zx, double Zy, double Cx, double Cy, int IterationMax, int ER2) 
 { 
  double Zx2, Zy2; /* Zx2=Zx*Zx;  Zy2=Zy*Zy  */ 
  int i=0; 
  Zx2=Zx*Zx; 
  Zy2=Zy*Zy; 
  while (i<IterationMax && (Zx2+Zy2<ER2) ) /* ER2=ER*ER */ 
  { 

https://en.wikibooks.org/wiki/Fractals/Iterations_in_the_complex_plane/def_cqp
https://en.wikipedia.org/wiki/complex_quadratic_polynomial
https://en.wikibooks.org/wiki/Fractals/Iterations_in_the_complex_plane/Julia_set#cite_note-2
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   Zy=2*Zx*Zy + Cy; 
   Zx=Zx2-Zy2 +Cx; 
   Zx2=Zx*Zx; 
   Zy2=Zy*Zy; 
   i+=1; 
  } 
  return i; 
 } 

C with complex type from GSL :[3] 

#include <gsl/gsl_complex.h> 
#include <gsl/gsl_complex_math.h> 
#include <stdio.h> 
// gcc -L/usr/lib -lgsl -lgslcblas -lm t.c  
// function fc(z) = z*z+c 
 
gsl_complex f(gsl_complex z, gsl_complex c) { 
  return gsl_complex_add(c, gsl_complex_mul(z,z)); 
} 
 
int main () { 
  gsl_complex c = gsl_complex_rect(0.123, 0.125); 
  gsl_complex z = gsl_complex_rect(0.0, 0.0); 
  int i; 
  for (i = 0; i < 10; i++) { 
    z = f(z, c); 
    double zx = GSL_REAL(z); 
    double zy = GSL_IMAG(z); 
    printf("Real: %f4 Imag: %f4\n", zx, zy); 
  } 
  return 0; 
} 

C++ versions: 

 int GiveLastIteration(complex C,complex Z , int imax, int ER) 
  { 
   int i; // iteration number 
   for(i=0;i<=imax-1;i++) // forward iteration 
    { 
      Z=Z*Z+C; // overloading of operators 
      if(abs(Z)>ER) break; 
    } 
   return i; 
 } 
#include <complex> // C++ complex library 
 
// bailout2 = bailout * bailout 
// this function is based on function esctime from mndlbrot.cpp  
// from program mandel ver. 5.3 by Wolf Jung 
// http://www.mndynamics.com/indexp.html 
 
int escape_time(complex<double> Z, complex<double> C , int iter_max,  double bailout2) 
{  

https://en.wikibooks.org/wiki/Fractals/Iterations_in_the_complex_plane/Julia_set#cite_note-3
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  // z= x+ y*i   z0=0 
  long double x =Z.real(), y =Z.imag(),  u ,  v ; 
  int iter; // iteration 
  for ( iter = 0; iter <= iter_max-1; iter++) 
  { u = x*x;  
    v = y*y; 
    if ( u + v <= bailout2 )  
       {  
         y = 2 * x * y + C.imag(); 
         x = u - v + C.real();  
       } // if 
    else break; 
  } // for  
  return iter; 
} // escape_time 

[4] 
Delphi version ( using user defined complex type, cabs and f functions ) 

function GiveLastIteration(z,c:Complex;ER:real;iMax:integer):integer; 
  var i:integer; 
  begin 
  i:=0; 
  while (cabs(z)<ER) and (i<iMax) do 
    begin 
      z:= f(z,c); 
      inc(i); 
    end; 
  result := i; 
end; 

where : 

type complex = record x, y: real; end; 
 
function cabs(z:complex):real; 
begin 
  cabs:=sqrt(z.x*z.x+z.y*z.y) 
end; 
 
function f(z,c:complex):complex; // complex quadratic polynomial 
  var tmp:complex; 
begin 
  tmp.x := (z.x*z.x) - (z.y*z.y) + c.x; 
  tmp.y := 2*z.x*z.y + c.y ; 
  result := tmp; 
 
end; 

Delphi version without explicit definition of complex numbers : 

function GiveLastIteration(zx0,zy0,cx,cy,ER2:extended;iMax:integer):integer; 
  // iteration of z=zx+zy*i under fc(z)=z*z+c 
  // where c=cx+cy*i 
  // until abs(z)<ER  ( ER2=ER*ER )  or i>=iMax 

https://en.wikibooks.org/wiki/Fractals/Iterations_in_the_complex_plane/Julia_set#cite_note-4
https://en.wikipedia.org/wiki/Object_Pascal
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  var i:integer; 
      zx,zy, 
      zx2,zy2:extended; 
  begin 
  zx:=zx0; 
  zy:=zy0; 
  zx2:=zx*zx; 
  zy2:=zy*zy; 
 
  i:=0; 
  while (zx2+zy2<ER2) and (i<iMax) do 
    begin 
      zy:=2*zx*zy + cy; 
      zx:=zx2-zy2 +cx; 
      zx2:=zx*zx; 
      zy2:=zy*zy; 
      // 
      inc(i); 
    end; 
  result := i; 
end; 

Euler version by R. Grothmann ( with small change : from z^2-c to z^2+c) [5] 

function iter (z,c,n=100) ... 
 
h=z; 
loop 1 to n; 
h=h^2 + c; 
if totalmax(abs(h))>1e20; m=#; break; endif; 
end; 
return {h,m}; 
endfunction 

Lisp version 
This version uses complex numbers. It makes the code short but is also inefficien. 

((DEFUN GIVELASTITERATION (Z_0 _C IMAX ESCAPE_RADIUS)  
  (SETQ Z Z_0)  
  (SETQ I 0) 
  (LOOP WHILE (AND (< I IMAX) (< (ABS Z) ESCAPE_RADIUS)) DO  
    (INCF I) 
    (SETQ Z (+ (* Z Z) _C))) 
   I) 

Maxima version : 

/* easy to read but very slow version, uses complex type numbers */  
GiveLastIteration(z,c):= 
 block([i:0], 
  while abs(z)<ER and i<iMax 
     do (z:z*z + c,i:i+1), 
  i)$ 
/* faster version, without use of complex type numbers, 
   compare with c version, ER2=ER*ER */   

https://en.wikibooks.org/wiki/Fractals/Iterations_in_the_complex_plane/Julia_set#cite_note-5
https://en.wikibooks.org/wiki/Maxima
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GiveLastIter(zx,zy,cx,cy,ER2,iMax):= 
block( 
 [i:0,zx2,zy2], 
 zx2:zx*zx, 
 zy2:zy*zy, 
 while (zx2+zy2<ER2) and i<iMax do 
 (       
  zy:2*zx*zy + cy, 
  zx:zx2-zy2 +cx, 
  zx2:zx*zx, 
  zy2:zy*zy, 
  i:i+1 
 ), 
 return(i) 
); 

Boolean Escape time [edit] 
Algorithm: for every point z of dynamical plane (z-plane) compute iteration number ( last 

iteration) for which magnitude of z is greater than escape radius. If last_iteration=max_iteration 
then point is in filled-in Julia set, else it is in its complement (attractive basin of infinity ). Here one 
has 2 options, so it is named boolean algorithm. 

if (LastIteration==IterationMax) 
   then color=BLACK;   /* bounded orbits = Filled-in Julia set */ 
   else color=WHITE;  /* unbounded orbits = exterior of Filled-in Julia set  */ 

In theory this method is for drawing Filled-in Julia set and its complement ( exterior), but 
when c is Misiurewicz point ( Filled-in Julia set has no interior) this method draws nothing. For 
example for c=i . It means that it is good for drawing interior of Filled-in Julia set. 

 
ASCII graphic[edit] 

; common lisp 
(loop for y from -2 to 2 by 0.05 do 
      (loop for x from -2 to 2 by 0.025 do 
  (let* ((z (complex x y)) 
                    (c (complex -1 0)) 
                    (iMax 20) 
   (i 0)) 
 
  (loop   while (< i iMax ) do  
   (setq z (+ (* z z) c)) 
   (incf i) 
   (when (> (abs z) 2) (return i))) 
    
 
           (if (= i iMax) (princ (code-char 42)) (princ (code-char 32))))) 
      (format t "~%")) 

 
Source: https://en.wikibooks.org/wiki/Fractals/Iterations_in_the_complex_plane/Julia_set 
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Abstract 
Studies were conducted with model systems of bio influence (Drossinakis’ method) with 

electromagnetic (e.m.) fields and infrared thermal field (ITF) (Ignatov et al., 2013). The purpose of 
research is to analyze effects over DNA. Analysis of effects over water and physiological saline is 
carried out in the report. Results are achieved with blood serum of hamsters and physiological 
processes in hamsters with tumors. The water analyses have been conducted with Nonequilibrium 
Energy Spectrum (NES) and Differential Nonequilibrium Energy Spectrum (DNES) methods 
(Antonov, 1992; Ignatov, 1998). Experiments were carried out about the influence on tumor cells of 
mice in water. Reduction of DNES spectrum according to the control sample of cells in healthy 
animals was observed. (Antonov, 1992). Reduction is also observed in DNES spectrum in blood 
serum of people having oncological diseases, compared to the one of healthy people (Ignatov, 
2012).  

Such a reduction is most prevalent in (-0.1387 eV; 8.95 µm; 1117 cm-1). In research of the 
effects of e.m. fields in water and blood serum from hamsters the range is (-0.08 – -0.14 eV) (8.9 –
15.5µm) (645–1129 cm-1). Research is conducted for the effects over Graffi tumor that was 
implanted in hamsters (Toshkova et al., 2019). Studies are conducted with pH and oxidation redox 
potential (ORP) effects of e.m. fields over physiological saline (Gluhchev et al., 2019). 

Keywords: Infrared thermal field (ITF), electromagnetic fields (e.m. fields), experimental 
Graffi solid tumor, energy spectrum, NES and DNES methods. 

 
1. Introduction 
In conducted studies with blood serum from animals and humans parameters of 

electromagnetic hydrogen bonds were analyzed. The hydrogen bonds are electromagnetic among 
bipolar molecules, where the hydrogen is connected to an atom with large electronegativity, such as 
nitrogen (N) and oxygen (O). Hydrogen bonds in DNA are shown in Fig. 1a. In Fig. 1b donor-
acceptor interaction is presented. Hydrogen bonds in water are shown in Fig. 1c.  
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Fig. 1a. Hydrogen bonds among H and N or O in DNA 

 
Fig. 1b. Donor-acceptor interaction of hydrogen bonds among H and N, F or O 

 

 
Fig. 1c. Hydrogen bonds among water molecules 

 
The water is a medium of all life processes. The molecules of DNA in the cells are in the form 

of double helix. The pentose phosphate skeleton of both chains is placed outwards, and the 
nitrogenous bases are pointed towards the inside of the spiral, and are connected to each other 
with weak hydrogen bonds. 

The multiple, although weak hydrogen bonds, provide stability to the molecule of DNA. 
The oxygen and nitrogen are electronegative atoms in the nitrogenous bases. Each separate nucleotide 
contains phosphate, deoxyribose saccharide as well as one of the four nitrogenous bases separated into 
two categories – purine and pyrimidine. The purine bases adenine (A) and guanine (G) are larger and 
contain two aromatic rings. The pyrimidine bases are cytosine (C) and thymine (T).  

Research shows that the range of e.m. interaction of hydrogen bonds in DNA varies from 1 to 
10 THz (1012Hz)(30 –300 µm)( 33.4 – 333.6 cm-1) (Tang et al., 2018). Studies of the DNA changes 
in neoplastic diseases are conducted in such a range (Calvin et al., 2012). The authors investigate 
within the range 21 до 37 THz (8.9 –15.5µm) (645–1129 cm-1) of effects over cancer cells, as the 
radiation of e.m. waves is in such a range (Ignatov et al., 2013). 

The change of pH and oxidation-reduction potential (ORP) has been examined physiological 
saline (Ignatov et al., 2019). During the influence with e.m. waves is researched the survival rate of 
hamsters with tumors, as well as the change in tumor size. The DNA damage contributes to ageing 
and cancer, as the result depends on the type and number of lesions (injury) in DNA. The cancer 
related diseases are one of the main reasons for changes in DNA (Hoeijmakers, 2009). During the 
influence with e.m. fields change of erythrocytes and the animal hair of hamsters is observed 
(Toshkova et al., 2019). 
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2. Materials and methods 
2.1. Experimental animals 
Hamsters, breed “Golden Syrian”, aged 2-4 months with weight around 90-100 g were used 

in the trials. The animals were grown in standard conditions in individual plastic cages with free 
access to food and water. 

2. 2. Experimental tumor model 
Tumor cells (1-2.106) from the experimental Graffi solid tumor are transplanted 

subcutaneously in the back of hamsters. Between days 7 and 15 after the transplantation tumor 
appears, grows progressively and the hamsters die around 30-35 days. In this tumor model 100 % 
tumor transplantation and 100 % mortality are observed. No spontaneous tumor’s regression takes 
place. (Toshkova, 1995). 

2.3. Influence by electromagnetic and infrared thermal fields 
This type of influence is delivered by Christos Drossinakis who holds the hamsters in the 

hands for a couple of minutes. 
2.4. Hematology examination 
Blood smears from experimental Graffi tumour-bearing and control hamsters are prepared, 

stained by May-Gruenwald Giemsa method and examined light-microscopically.  
2.5. Ethical aspects 
All experiments were conducted in accordance with the European convention for protection 

of vertebrate animals, used for experimental and other scientific purposes (OJ L 222) and 
approved from the National Veterinary Medical Office. 

2.6. NES and DNES Spectral Analyses 
The device for DNES spectral analysis based on an optical principle was designed by A. 

Antonov. For this, a hermetic camera for evaporation of water drops under stable temperature 
(+22–24 0С) conditions was used. The water drops were placed on a water-proof transparent pad, 
which consisted of thin maylar folio and a glass plate. The light was monochromatic with filter for 

yellow color with wavelength at  = 580±7 nm. The device measures the angle of evaporation of 
water drops from 72.30 to 00. 

The DNES-spectrum was measured in the range of -0.08– -0.1387 eV or  = 8.9–13.8 µm 
using a specially designed computer program. The main estimation criterion in these studies was 
the average energy (∆EH...O) of hydrogen O...H-bonds between H2O molecules in water samples and 
hamster serum blood. 

 
3. Results 
3.1. Influence of e.m. waves over hydrogen bonds in water medium. Hydrogen 

bonds in DNA 
In the Fig. 2 the four monomers building DNA – deoxyadenosine, deoxycytidine, 

deoxyguanosine, deoxythymidine are presented. The hydrogen bonds are marked with  arrows. 
DNA is located in water medium, and effects of e.m. fields over hydrogen bonds oxygen-hydrogen 
were being investigated. 

 

 
 

Fig. 2. Four monomers, which are created DNA – deoxyadenosine, deoxycytidine, 
deoxyguanosine, deoxythymidine 
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3.2. Electromagnetic parameters with DNES method during influence with 
electromagnetic fields over blood serum of hamsters with tumor 

The average energy (EH...O) of hydrogen Н…O-bonds among individual H2O molecules in 1 % 
solution of Sample of blood serum of hamsters with cancer after influence of Drossinakis is 
measured at E=-0.1285 eV. The result for the Control sample in 1 % solution of blood serum of 
hamsters with cancer is E=-0.1214 eV. The results obtained with the NES method are recalculated 
with the DNES method as a difference of the NES (Sample) minus the NES (Control Sample) 
equalled the DNES spectrum of 1 % solution of blood serum from hamsters with cancer. 

∆f(E) = f (sample 1) – f (control sample 3) 
Thus, the result for 1 % solution of blood serum from hamster recalculated with the DNES 

method is ∆E=-0.0071±0.0011 eV. The result shows the increasing of the values of the energy of 
hydrogen bonds in 1% solution of blood serum of hamsters with tumore after influence of 
Drossinakis regarding control sample blood serum of hamsters with tumors.  

Fig. 3 displays DNES spectrum of 1% solution of blood serum of hamsters with tumors with 
influence from e.m. fields, and control group of hamsters with tumors. At the x-axis are reported the 
values of energy (-E) of hydrogen bonds. A portion of these bonds is in DNA. The function of 
distribution by energies for DNES df (E) в eV-1 is given at the y-axis. The positive values of the spectrum 
indicate effects over the tumor cells. Biological studies reveal improvement of the life status of tumor 
cells compared to the condition of healthy ones. It comes as a result of the improved replication of 
DNA. 

 

 
 
Fig. 3. DNES of 1 % solution of blood serum of hamsters with tumors with influence 
of e.m. fields as difference from the control group of hamsters with tumors 

 
3.3. Biological parameters 
Following biometric parameters have been measured for the evaluation of bioinfluence on 

the tumor: transplantability, tumor size (mm), lethality/mortality rate and survival rate. Their 
measurement revealed significant differences between the experimental and control group.  

3.3.1. Life span of hamsters 
Hamsters that have undergone bioinfluence have had low mortality.  Until the 35th day, 

mortality was 0, at day 40- 40%, at day 45 was 80 %, and at day 50 it was 100%. At the same time 
the lethality was 50 % on the 30th day and reached 100% on the 38th day in the control group. Thus 
the average survival rate of hamsters with therapy was 43.6±5.8 days and for control group-
without therapy – 31.75±6.8 days, which was 12 days longer than the controls. 

Also, some delay in tumor transplantability and growth was registered. The conclusion we 
can draw from the obtained results is that bioinfluence therapy (in this scheme of application and 
duration) in hamsters with developed tumor doesn’t stop the tumor growth, but delayed its 
progression, decreased lethality and prolonged average survival time. 
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3.3.2. Hematological research 
Cytological differences in the erythrocyte /RBCs-/ morphology and differentiation were 

noticed in the blood smears of hamsters from control group vs bio-influenced hamsters with 
implanted myeloid tumours of Graffi. The observed differences  probably indicate positive effects 
of the near infrared bio-influence on the erythropoiesis of Graffi tumour-bearing hamsters,  that 
may lead to improvement of the anemia-syndrome – obligatory developed in this and/or in other 
experimental models of myeloid malignancies.  

 
4. Conclusion 
The results achieved from the tests within 5 days course of ITF and e.m. waves treatment of 

hamsters with experimental subcutaneous tumor are positive. Prolonged survival rate and 
decreased mortality between the experimental and control group, as well as lowered 
transplantability and slowed tumor growth were observed. The present results are the base for 
conducting further tests that aim to establish the optimum regimen of bioinfluence with regards to 
frequency and duration of the therapeutic procedures,  

The mathematical model of blood serum solution of hamsters with cancer after the 
Drossinakis’ influence gives significant information about the possible number of hydrogen bonds 
as a percent of H2O molecules with different distribution of energy relative to the same number in 
the two control groups. 

As a result of different energies of hydrogen bonds, the surface tension of the blood serum 
solution of cancer hamsters is increased after the treatment relative to the control samples. This 
effect is connected with the preservation and increase in the energy of the biochemical processes 
between water molecules and biomolecules. 

The achieved results of hamsters from experimental bio-influence of Christos Drossinakis 
reveal their biological efficiency and can be subject of future studies. Extending the life of the 
hamsters is an indicator of improving immune status. The obtained results correspond to recent 
data from the medical scientific literature for the positive effect of the near infrared irradiation on 
the structure and function of erythrocyte membrane in normal and pathological conditions. The 
mitochondrial polarity in cancer cells was found to be lower than that of normal cells. Drossinakis 
is increasing the mitochondrial polarity. 

The basic conclusion is that Drossinakis is able to increase the average energy of hydrogen 
bonds among water molecules in the blood of hamsters with cancer after treatment compared to 
the average energy of hydrogen bonds among water molecules in the blood of non-treated hamsters 
as control group.  

In the report there are results with DNA, DNES spectrum of 1% solution of blood serum of 
hamsters with tumors with influence from e.m. fields, and control group of hamsters with tumors.  

At the x-axis of Fig. 3 the values of energy (-E) of hydrogen bonds are reported . A portion of 
these bonds is in DNA. The function of distribution by energies for DNES df (E) в in eV-1 is given at 
the y-axis. The positive values of the spectrum indicate effects over the tumor cells. Biological 
studies reveal improvement of the life status of tumor cells compared to the condition of healthy 
ones. It comes as a result of the improved replication of DNA. After the influence the hydrogen 
bonds among oxygen (O) and hydrogen (H) in DNA helix have bigger energy.  

During the study of physiological saline 5-times increase of hydrogen ions and a change in 
conductivity is observed. It is a proof for recovery of the ion balance. In the healthy cells the 
potential for transmission of hydrogen ions H+ through the membrane is (-140 mV), and in the 
cancer cells it is (-70 mV). The increase of the number of hydrogen ions reveals a process of 
recovery in the potential of a cancer cell to a healthy condition. 

The effect of bioinfluence of Christos Drossinakis over the values of pH of physiological saline 
can be considered as established (Ignatov et al., 2019). 

Due to the 65 % of water content in the human body, it can be considered that its parameters 
irrespective of its consistency in the blood and internal organs, will be influenced from an external 
bioinfluence, which will affect their functioning, and hence the health condition of the body. 

The potential of hydrogen ions in a healthy cell is (-140mV), and in a cancer cell (-70 mV). 
The increase of the number of hydrogen ions reveals a process of recovery in the potential of a 
cancer cell to a healthy condition (Ignatov et al., 2019). 
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Abstract 
A reaction is published for forming of nascent (atomic) hydrogen (H*) from hydronium ions 

(H3O+) in catholyte (Ignatov et al., 2015). It is also observed the production of nascent hydrogen in 
electrolysis in the transition to H2 (Mehandjiev et al., 2017a, b). For checking of the theoretical 
suggestion experiments with potassium permanganate (KMnО4) are conducted. Potassium 
permanganate is a strong oxidizing agent. In this compound, manganese is in the +7 oxidation 
state (Мn7+). In reduction process the color оf the aqueous solution of KMnO4 is changed and thus 
the process could be examined spectrophotometrically Described is a reaction that proves the 
presence of nascent hydrogen in catholyte using potassium permanganate (Parn et al., 2012). 
In order to avoid the influence of salts contained in water from other sources, deionized water is 
used for production of catholyte/anolyte. 

There is possibility nascent hydrogen to have been part of reaction for origin of life in hot 
mineral water in primary hydrosphere as result of contact with hydrogen from primary atmosphere 
with hydrogen and gas discharge (Ignatov, 2019). 

Keywords: electrolysis, catholyte, anolyte, nascent hydrogen, reduction. 
 
1. Introducion 
The interest towards electrochemically activated water (ECAW) increases due to its 

applications. It is gained from electrolysis with direct current where the electrodes are separated 
with semipermeable membrane. The liquid surrounding the cathode is called catholyte, and the 
liquid surrounding the anode is called anolyte. It is observed a higher pH in catholyte (> 7.0) in 
comparison with the water before activation. Lower pH is observed in the anolyte (< 7.0) compared 
to the water before activation. The catholyte has reduction properties, and the anolyte oxidative. 
The catholyte has beneficial effect over the human health. The strong oxidative action of anolyte 
enables its use as an antibacterial tool for disinfection, in agriculture, and for purifying 
contaminated water. 

For the science however, still remains open the question what determines these specific 
properties of ECAW. A large number of scientific investigations are conducted in this field, and 
certain physical properties of ECAW are established. 
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The following reactions are known: 
2H2O + 2e- → H2 + 2OH- (1) 
The hydrogen gas is separated and the water acquires alkaline reactivity. The catholyte has 

reduction properties, and it has increase in number of the electrons compared to the control 
sample, and a negative ORP. 

The following reaction happens in the anode section 
2Н2О - 4е-  → 4Н+ + О2   (2) 
The anolyte has oxidative properties and there is reduction in number of the electrons in it, 

and a positive ORP, compared to the control sample. 
The following is valid (Ignatov, Mosin et al., 2015). 
The gaseous hydrogen is generated at the cathode while the oxygen is produced at the anode. 

Water also contains a certain amount of hydronium ions (Н3О+) depolarizing at the cathode with 
formation of the atomic hydrogen: 

Н3О+ + е- → H*+ Н2О, (3) 
In an alkaline environment a disruption of Н2О molecules, accompanied by formation of 

atomic hydrogen and hydroxide ion (OH-) occurs:   
Н2О + е- → H* + ОН-, (4) 
The reactive hydrogen atoms are adsorbed on the surface of the cathode, and molecular 

hydrogen H2 released in the gaseous form after recombination is formed: 
H* + H* → Н2, (5) 
At the same time atomic oxygen is released at the anode. In an acidic environment this 

process is accompanied by the destruction of H2O molecules according to formula (2). 
In an alkaline environment the OH- ions moving from the cathode to the anode during the 

electrolysis are a source of oxygen: 
4ОН- → О2 + 2Н2О + 4е-, (6) 
In a previous article (Mehandjiev et al., 2017a, b) was shown that the mechanism of 

activation in ECAW can occur with the following intermediate reaction taking place: 
 
   At cathode    Н+  +  е- → H* (7) 
     2H* → H2  (8) 
 At anode     О2- -  2 е- → О* (9) 
     2O* → O 2  (10) 
 
In ECAW the mechanism includes two stages as it is for cathode and anode. At the first stage 

nascent hydrogen and nascent oxygen are released according to reactions (7) and (9). The gained 
products react with each other and produce a hydrogen molecule and an oxygen molecule 
respectively – reactions (8) and (10). Certain quantities of the nascent forms of hydrogen in 
catholyte, and oxygen in anolyte can be kept. Due to the strong reduction properties of the nascent 
hydrogen and the oxidative properties of the nascent oxygen, the obtained catholyte and anolyte 
have stronger reduction and oxidative abilities respectively. The experimental check of this 
statement defined the aim of the current scientific research. 

The check of the reduction property of catholyte was performed through a chemical reaction 
with potassium permanganate as a reagent, and a strong oxidant. It is well known that potassium 
permanganate dissolves in water to give intensely pink or purple solutions. Therefore the content 
of manganese ions (Mn7+) in the permanganate anion (MnO4

-) can be controlled 
spectrophotometrically. 

 
2. Materials and methods 
The production of catholyte is performed by the means of device called “Activator 2”, 

developed in the Institute of Information and Communication Technologies, BAS. 
The electrochemical treatment of water is processed in a glass container inside of which two 
electrodes from platinized titanium are put. These are cathode and anode at a distance 3 cm of each 
other. The electrodes of size 17/3 cm and thickness of 0.5 mm are separated by a semipermeable 
membrane. Direct current of 220 V is used. The anode space contains 400 ml of water, and the 
cathode one 1500 ml. Time for activation is 6 minutes, which is sufficient to reach the saturation 
point of the pH curve. 
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Methodology is based on defining the concentration of potassium permanganate in the 
catholyte. For this purpose potassium permanganate (KMnO4) from Merck (Germany) is used. 
Initial solution of KMnO4 is prepared with a concentration of 1000 mg/L through dissolving the 
necessary amount of salt into the deionized water. In volumetric flasks of 50 ml solutions of 
KMnO4 of concentrations 1, 2.5 and 5 mg/L are prepared through dilution of the starting solution 
with deionized water or catholyte. 

The concentrations of solutions are measured spectrophotometrically using the apparatus 
Spekol 11 (Carl Zeiss Industrielle Messtechnik GmbH) via admeasurement of absorbance at λmax 
of 560 nm. The width of cuvettes is 1 cm. Standard line is built within the interval of concentrations 
of KMnO4

: from 0.2 to 50 mg/L (R2 =09988). The concentrations of the working solutions are 
measured at different intervals of time – 1, 2, 3, 24 hours. 

 
3. Experimental results and discussion 
3.1. Experiments with potassium permanganate for presence of nascent 

hydrogen  
On Fig. 1 are presented the results from the potassium permanganate concentration 

measurements at three initial concentrations of 1.0 mg/L; 2.5 mg/L; 5.0 mg/L, depending on the 
time. Over the course of time the concentration of potassium permanganate in the catholyte 
slightly decreases. This supports the supposition that active reduction forms are built in the 
catholyte, which reduce the manganese ions. In control study with the same deionized water but 
without electrolysis the concentration of potassium permanganate remains unchanged over a time 
period of 24 hours. 
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Fig. 1. Change of concentration of potassium permanganate in the catholyte over time depending 
on the initial concentration of 1.0 mg/L; 2.5 mg/L; 5.0 mg/L 

 
From the conducted experiments we can conclude that during the electrolysis atoms of 

nascent hydrogen are created in the catholyte, according to the equations (3) and (7). Figure 1 
shows that the activity of cations lasts for 24 hours with regards to the reduction process. We need 
to take into consideration that as per reaction (8) hydrogen molecules are also released into the 
solution, as they saturate it. In order to exclude the possibility that the observed reduction of 
concentration of permanganate ions is due to this hydrogen, trials were conducted under the same 
conditions using deionized water saturated with hydrogen at 20оС for a period of 30 minutes 
without electrochemical activation. The analysis of the contents of permanganate ions shows that 
their concentration is not diminished as a result of saturation of water with hydrogen. This proves 
that the observed reduction of concentration of these ions is due to the formation of nascent 
hydrogen during the electrochemical activation of deionized water.  
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In Table 1 the measurement results done 24 hours later are presented. The initial and 
residual concentration of permanganate ions, % of reduction, reduced Mn7+- ions, and the quantity 
of nascent hydrogen for this reduction are also shown. 

The content of nascent hydrogen remains the same for 24 hours even in the presence of a 
strong oxidizer such as the manganese ion (Mn7+) in the permanganate anion (MnO4

-). It can be 
concluded that the action of ECAW continues for at least 24 hours. From the Table 1 is also evident 
that with the increase of the initial concentration of potassium permanganate the quantity of reduced 
manganese ions increases. The explanation for this is that the probability for reacting in such low 
concentrations gets higher with the increase of the initial concentration of manganese ions. 

 
Table 1. Initial and residual concentration of permanganate ions, % of reduction, reduced Mn7+- 
ions, and the quantity of nascent hydrogen for this reduction 
 

Initial 
concentration 
mg/L 

Residual 
concentration 
mg/L 

% of 
reduction 

Reduced 
Мn7+ - ions 
mg/L 

Nascent 
hydrogen 
mg/L 102 

1.0 0.8±0.2 20.0 0.2 1.85 
2.5 2.1 ±0.2 16.0 0.4 3.65 
5.0 4.5±0.1 10.0 0.5 4.65 

 
In the Table 1 is also calculated the quantity of nascent hydrogen contained in ECAW for up 

to 24 hours and acted as antioxidant agent. The amount of stabilized nascent hydrogen is low, in a 
range of 0.9.10-2 mg/L, but it has to be taken into account that these are only the kept after 
reactions (5) (8) and forming of molecular hydrogen quantities. 

 
3.2. Reactions with hydrogen and nascent hydrogen in ancient hydrosphere and 

atmosphere  
There were the following reactions for structuring of stromatolites in hot mineral water in 

ancient hydrosphere.  
CO2 + ОН- → HCО3

- (11)  

2 HCO3
- + Ca2+ → CaCO3 + CO2 + H2O (12) 

The following reaction (1) is valid in electrolysis. In the ancient atmosphere and hydrosphere 
there was increased gas discharge. 

2H2O + 2 e- → H2 + 2ОН-  (1) 
The same reaction contributed for the formation of stromatolites as result of negative 

oxidation reduction potential in hot mineral water (Ignatov. 2019). Nowadays it is observed in 
elecrolyzer devices for waters catholyte and anolyte. In the ancient hydrosphere and land the 
charge had been negative and in the atmosphere positive. The conditions had been optimal for 
"nature" electrolysis. In these direction had been the experiments of Miller (Miller, 1953). 

The reaction (14) is possible to structure nascent hydrogen Н* (Mehandjiev et al., 2019). 
Н2О + е- → H* + ОН-, (4)  
The reaction (5) released in the gaseous form after recombination is formed: 
H* + H* → Н2 (5) 
The nascent hydrogen is very active for chemical reactions in primary hydrosphere for origin 

of life and additional formation of Н2 makes alkalizing effect. 
The allocation of H2O molecule when a peptide chain is formed is important factor in 

reaction of condensation of two amino acid molecules into dipeptide. As reaction of 
polycondensation of amino acids is accompanied by dehydration, the H2O removal from reaction 
mixture speeds up the reaction rate. This testifies that formation of early organic forms may have 
occured nearby active volcanoes, because at early periods of geological history volcanic activity 
occurred more actively than during subsequent geological times.  

However, dehydratation accompanies not only amino acid polymerization, but also 
association of other small blocks into larger organic molecules, and also polymerization of 
nucleotides into nucleic acids. Such association is connected with the reaction of condensation, 
at which from one block a proton is removed, and from another – a hydroxyl group with the 
formation of H2O molecule (Ignatov. Mosin, 2012) 
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4. Conclusion 
The achieved results show that ECAW creates strong reducing agents in catholyte. 

The availability of free electrons contributes to the reduction properties of catholyte. Deionized 
water is used, as the reducing components in this case can be also based on hydrogen. These are 
atoms from nascent hydrogen (H*), which can be achieved from hydronium ions (Н3О+) and from 
the electrolysis itself, as an intermediate reaction of 2H*→ H2. The atoms of nascent hydrogen (H*) 
get stabilized within certain amounts in the catholyte, and by having strong reducing activity they 
define its antioxidant activity. The obtained results reveal that the mechanism of activation is also 
determined by nascent hydrogen in ECAW. 

There has been possibility the nascent hydrogen to have took part of reaction for origin of life 
in hot mineral water in primary hydrosphere as result of contact with hydrogen from primary 
atmosphere with hydrogen and gas discharge (Ignatov, 2019). 
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Abstract 
Dihydropyridine Calcium Channel Blockers (CCBs) are widely used as first-line agents to 

treat hypertension in black patients and in patients aged more than 55 years. They have been 
identified as the substrates of intestinal and hepatic CYP3A4 enzymes and this review focuses on 
possible drug-drug interactions of dihydropyridine CCBs involving CYP3A4 enzymes. As object 
drugs, the dihydropyridine CCBs involved in drug-drug interactions with drugs such as Macrolide 
antibiotics, Azole antifungals, Protease inhibitors and fruit juices like Grapefruit juice and Seville 
orange juice and increase the plasma concentrations of dihydropyridine CCBs resulting in 
enhanced adverse effects. In addition, the drugs like Rifampicin, Phenytoin, and other 
antiepileptics including Carbamazepine and Phenobarbital decrease the bioavailability of 
dihydropyridine CCBs. Moreover, as precipitant drugs dihydropyridine CCBs increase the plasma 
concentrations of Statins and Cyclosporine and decrease the therapeutic efficacy of Clopidogrel. 
The prescribers and pharmacists are required to be aware of the adverse drug interactions of 
dihydropyridine CCBs to prevent adverse outcomes. 

Keywords: Drug interactions, Dihydropyridine Calcium Channel Blockers, CYP3A4 
enzymes, Nifedipine, Amlodipine, Felodipine. 

 
1. Introduction 
Calcium channel blockers (CCBs) include Dihydropyridines (DHPs) such as Nifedipine, 

Amlodipine, Felodipine, Nicardipine, and others and non-dihydropyridines (non-DHPs) like 
Verapamil and Diltiazem (Whyte et al., 2016). The first-generation DHPs include Nifedipine and 
Nicardipine, the second-generation agents include Benidipine and Efonidipine, the third-
generation DHPs include Amlodipine and Azelnidipine and fourth-generation drugs include 
Lercanidipine and Lacidipine (Chandra et al., 2013). The dihydropyridine CCBs are approved to 
manage the patients with hypertension and angina (Elliott et al., 2011). 

The National Institute for Health and Care Excellence (NICE) guideline on the 
diagnosis and treatment of high blood pressure (hypertension) recommends CCBs as initial 
therapy to treat hypertension in black patients and in patients aged more than 55 years  
(Krause et al., 2011). Moreover, the guidelines from Eighth Joint National Committee (JNC 8) 
and American College of Cardiology/American Heart Association task force recommend CCBs as 
first-line antihypertensive agents along with Thiazide diuretics, Angiotensin converting enzyme 
inhibitors (ACEIs), Angiotensin receptor blockers (ARBs). Thiazide diuretics are preferred as initial 
drug to treat hypertension irrespective of age and race and CCBs are a good alternative choice for 
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initial therapy when thiazide diuretics are not tolerated. Similar to thiazide diuretics, CCBs have 
been identified to reduce all Cardio vascular disease (CVD) events except Heart failure (HF) (James 
et al., 2014; Whelton et al., 2018). 

The dihydropyridine CCBs bind to L‐type calcium channels and block the entry of calcium in 
vascular smooth muscle, which leads to vasodilatation and reduction of blood pressure (BP) 
(Meredith et al., 2004). The rate of premature death and disability is higher among patients with 
hypertension due to cardiovascular disease (CVD) including coronary artery disease (CAD), 
peripheral artery disease (PAD), congestive heart failure (CHF), and stroke and chronic kidney 
disease (CKD) induced by high blood pressure. It has been estimated that 7.6 million premature 
deaths were attributed to hypertension, in 2001 and hypertension also found to be associated with 
54 % of stroke and 47 % of ischaemic heart disease (Lawes et al., 2001). In 2010, it has been 
estimated that 1.39 billion of people across the globe are affected by hypertension and the numbers 
are increasing daily (Bloch, 2016). 

Modification of effects of one drug by the concomitant administration of other drug(s), 
supplements, food or alcohol is known as Drug interaction (Maideen, 2019). The drug which 
induces the drug-drug interaction is termed “precipitant drug” while the drug affected by the drug-
drug interaction is called “object drug” (Pakkir Maideen, 2018). It has been estimated that the 
prevalence of Adverse drug reactions (ADR)-related hospital admissions was about 3.3 % and drug 
interactions were accounted for 49 % of those admissions (Pedrós et al., 2016). To prevent the 
adverse outcomes, the prescribers and the pharmacists are required to be aware of the possible 
drug interactions of dihydropyridine CCBs.  

 
2. Discussion 
Dihydropyridine CCBs as Object drugs 
The dihydropyridine CCBs have been identified as the substrates of cytochrome P450 3A4 

(CYP3A4) enzymes and they are metabolised in the gut wall and liver by them (Zhu et al., 2014). 
The drugs inhibiting or inducing CYP3A4 enzyme may increase the risk of adverse drug reactions 
of dihydropyridine CCBs including hypotension and shock. 

Macrolide antibiotics 
Macrolide antibiotics help to treat respiratory tract, skin, and soft tissue infections, mainly. 

The macrolide antibiotics such as Erythromycin and Clarithromycin have been identified as 
moderate to potent inhibitors of intestinal and hepatic CYP3A4 enzymes (Pakkir Maideen NM, 
2018). 

Administration of Erythromycin 250mg four times a day, in healthy men taking Felodipine 
10mg resulted in elevated plasma concentrations of Felodipine due to the inhibition of CYP3A4-
mediated metabolism of Felodipine by Erythromycin (Bailey et al., 1996). Similarly, concomitant 
use of Erythromycin in a 43-year-old patient taking Felodipine lead to increased symptoms of 
palpitations, flushing, and ankle edema, which might have occurred due to the inhibition of 
CYP3A4-mediated metabolism of Felodipine by Erythromycin (Liedholm et al., 1991). 

Vasodilatory shock and heart block were occurred in a 77-year-old patient receiving 
Clarithromycin along with Nifedipine, possibly due to the inhibition of CYP3A4-mediated 
metabolism of Nifedipine by Clarithromycin resulting in elevated plasma concentrations and 
toxicity of Nifedipine (Gerónimo-Pardo et al., 2005). The risk of hospitalizations with acute kidney 
injury found higher in patients taking a Calcium channel blocker and Clarithromycin, concurrently 
(Gandhi et al., 2013).  

Erythromycin and Clarithromycin were attributed to increased risk of hypotension-
associated hospitalizations of patients taking calcium-channel blockers (Wright et al., 2011). 
Azithromycin is a weak inhibitor of CYP3A4 enzyme and it may be preferred when the use of 
macrolide antibiotic is necessary for a patient receiving calcium channel blockers (Henneman et 
al., 2012).  

Azole antifungals 
Azole antifungals such as Fluconazole, Itraconazole, Posaconazole and Voriconazole are 

frequently used to prevent or treat systemic fungal infections and they have been identified as the 
inhibitors of CYP3A4 enzyme. Itraconazole and Posaconazole are found to be potent CYP3A4 
inhibitors more than Fluconazole and Voriconazole (Brüggemann et al., 2009). Hence, the azole 
antifungals may inhibit the CYP3A4-mediated metabolism of dihydropyridine CCBs. Concomitant 
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use of Itraconazole and Felodipine in nine healthy individuals resulted in elevated plasma 
concentrations of Felodipine leading to decreased blood pressure and increased heart rate (Jalava 
et al., 1997).  

Administration of Itraconazole in a patient receiving Nifedipine resulted in increased the 
serum concentrations of Nifedipine and ankle edema (Tailor et al., 1996). It is recommended to 
avoid the combination of azole antifungals and dihydropyridine CCBs and dosage adjustments are 
required if their concomitant use is necessary (Jalava et al., 1997). 

Protease inhibitors 
The protease inhibitors include Ritonavir, Saquinavir, Indinavir and others, which are used 

to treat the patients with human immunodeficiency virus (HIV). Ritonavir was found to be very 
potent CYP3A4 inhibitors while other protease inhibitors are also capable of inhibiting CYP3A4 
enzyme (Eagling et al., 1997). 

The plasma concentrations of Amlodipine was increased in healthy HIV- seronegative 
subjects when Indinavir-Ritonavir combination is administered to them (Glesby et al., 2005). 

Administration of Nelfinavir in a 51- year-old man with HIV infection receiving extended-
release Nifedipine developed symptomatic orthostasis and heart block. Recurrence of orthostatic 
symptoms noted, when he was switched to Ritonavir-Indinavir combination. The orthostatic 
symptoms have been managed by dosage reduction of Nifedipine (Rossi et al., 2002).  

Concomitant use of Nifedipine and Lopinavir-Ritonavir in a 47-year-old man with HIV 
infection resulted in severe hypotension along with other symptoms such as malaise, oliguria, and 
progressive generalized edemas and the discontinuation of both the drugs brought the blood 
pressure back to normal (Baeza et al., 2007). The dihydropyridine CCBs should be initiated at low 
doses with careful monitoring, if the coadministration of CCBs and protease inhibitors is necessary 
(Glesby et al., 2005). 

Grapefruit Juice 
Furanocoumarins of grapefruit juice are potent inhibitors of CYP3A4 enzymes and it has 

been noted that CYP3A4-mediated metabolism of substrates could be inhibited by one whole 
grapefruit or 200 mL of grapefruit juice (Glesby et al., 2005). 

The interaction between Felodipine and grapefruit juice was discovered accidentally, as the 
plasma concentrations of Felodipine was increased by the concomitant use of grapefruit juice in 10 
healthy male subjects (Bailey et al., 2013). The plasma concentrations of Felodipine have been 
increased by the consumption of grapefruit juice (Bailey et al., 1989; Bailey et al., 1993) as well as 
unprocessed grapefruit (Dresser et al., 2000; Bailey et al., 2000). 

Moreover, a single glass (250ml) of grapefruit juice was found sufficient to increase the 
plasma concentrations of Felodipine (Lundahl et al., 1998), Amlodipine (Josefsson et al., 1996) and 
Nimodipine (Fuhr et al., 1998). To prevent the adverse outcomes, the patients receiving 
dihydropyridine CCBs should be advised to avoid the consumption of grapefruit juice (Lim et al., 
2003). 

Seville orange juice 
Seville orange inhibits intestinal CYP3A4 as it contains the furanocoumarins such as                      

6’,7’-dihydroxybergamottin and bergamottin (Penzak et al., 2002). Administration of 10mg of 
Felodipine in healthy volunteers consuming 240 mL of Seville orange juice resulted in elevated 
plasma concentrations of Felodipine (Malhotra et al., 2001). 

 
Rifampicin 
Rifampicin is an antimycobacterial antibiotic extensively used to treat tuberculosis and 

leprosy and it has been identified as an inducer of CYP enzymes including CYP3A4 (Pakkir 
Maideen, 2018). The oral bioavailability of Nifedipine (Holtbecker et al., 1996) and Nilvadipine 
(Saima et al., 2002) were decreased in healthy volunteers taking Rifampicin due to the induction of 
intestinal CYP3A4-mediated metabolism of dihydropyridine CCBs. In addition, the blood pressure 
of the patients receiving Nisoldipine, Nifedipine, Barnidipine or Manidipine has been increased 
due to the initiation of Rifampicin in them the blood pressure fell once Rifampicin was withdrawn 
(Yoshimoto et al., 1996).  

As the antihypertensive efficacy of dihydropyridine CCBs is expected to be diminished by 
Rifampicin, the blood pressure of the patients receiving this combination of drugs should be 
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monitored or other antihypertensive drugs which are not affected by Rifampicin should be 
employed in patients with hypertension as well as tuberculosis (Cordeanu et al., 2017). 

Phenytoin 
Phenytoin is an antiepileptic drug and it has been identified as a potent inducer of CYP 

enzymes including CYP3A4 (Hole et al., 2018). The plasma concentrations of Nisoldipine 
decreased in patients receiving Phenytoin concurrently, due to increased first-pass metabolism 
(Michelucci et al., 1996).  

Other Antiepileptic Drugs 
The antiepileptic drugs such as Carbamazepine and Phenobarbital have also been recognized 

as the inducers of CYP3A4 enzymes (Hole et al., 2018). Concomitant administration of Nimodipine 
in epileptic patients receiving antiepileptic drugs such as Carbamazepine and Phenobarbital 
resulted in decreased plasma concentrations of Nimodipine and the patients taking the 
combination of dihydropyridine CCBs and enzyme-inducing antiepileptic drugs may need to 
increase their doses of Nimodipine (Tartara et al., 1991). 

Dihydropyridine CCBs as Precipitant drugs 
The dihydropyridine CCBs are the possible inhibitors of CYP3A4 enzyme and Nicardipine 

found to be the strongest inhibitor of CYP3A4, followed by Lercanidipine, Cilnidipine, Nimodipine, 
and Amlodipine (Bernard et al., 2014). Coadministration of dihydropyridine CCBs and CYP3A4 
substrates may increase the risk of toxicity of CYP3A4 substrates. 

HMG-CoA reductase inhibitors (Statins) 
Hydroxy methyl glutaryl-CoA (HMG-CoA) reductase inhibitors (Statins) are recommended 

primarily to treat atherosclerosis and to prevent myocardial infarction, and stroke (Davies et al., 
2016). The risks of adverse effects such as acute kidney injury, hyperkalemia, acute myocardial 
infarction, and acute ischemic stroke increased due to combined therapy of CYP3A4-metabolized 
statins and CYP3A4-inhibiting CCBs (Wang et al., 2016).  

The plasma concentrations of Simvastatin increased by the concomitant administration of 
Simvastatin and Amlodipine in patients with hypercholesterolemia and hypertension (Nishio et al., 
2005). The probability of interaction between Simvastatin and Amlodipine may be decreased by 
non-concurrent dosing of them (Park et al., 2010). 

 
Cyclosporine 
Cyclosporine is an immunosuppressant drug and it is a substrate of CYP3A4 enzyme (Hu et 

al., 2007). The plasma concentrations of Cyclosporine increased in hypertensive renal transplant 
patients receiving Amlodipine (Pesavento et al., 1996; Cai et al., 2011) and Nicardipine (Guan et al., 
1996). 

Clopidogrel 
Clopidogrel is an antiplatelet drug and it is useful to manage patients with acute coronary 

syndrome, ischemic stroke or peripheral vascular disease to prevent thrombotic events. It is a 
prodrug and it is metabolised to active form mainly by CYP2C19 and CYP3A4 enzymes (Tirkkonen 
et al., 2013). The antiplatelet efficacy of Clopidogrel found to be decreased in patients receiving 
dihydropyridine CCBs such as Amlodipine, Benidpine, Nifedipine and others (Seo et al., 2014; 
Gremmel et al., 2015). 

 
3. Conclusion 
Dihydropyridine Calcium Channel Blockers (CCBs) have been identified as the substrates of 

intestinal and hepatic CYP3A4 enzymes. The plasma concentrations of dihydropyridine CCBs could 
be increased by the concomitant administration of drugs such as Macrolide antibiotics, Azole 
antifungals, Protease inhibitors and juices like Grapefruit juice and Seville orange juice, which may 
result in enhanced adverse effects. In addition, the drugs like Rifampicin, Phenytoin, and other 
antiepileptics including Carbamazepine and Phenobarbital reported to reduce the bioavailability of 
dihydropyridine CCBs that could decrease the therapeutic efficacy.  

Moreover, dihydropyridine CCBs increase the plasma concentrations of Statins and 
Cyclosporine and decrease the therapeutic efficacy of Clopidogrel. The prescribers and pharmacists 
are required to be aware of the adverse drug interactions of dihydropyridine CCBs to prevent 
adverse outcomes. 
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Abstract 
Fibroblast growth Factors (FGFs) are multifunctional proteins with a wide variety of effects. 

(1) Aim: The aim of the present study was to examine FGF23 levels in patients with type II diabetic 
nephropathy (DN) and its correlation with bone metabolism biomarkers (2) Methods-material: 
Demographic, history, clinical examination and laboratory data were recorded from 80 patients 
with type II diabetes mellitus and diabetic nephropathy, 31 patients with type II diabetes mellitus 
and normal renal function and 31 healthy volunteers. (3) Results: GFR in negatively related to 
FGF23 levels, especially in the progression form early (I, II) to late stage (II, IV) of diabetic 
nephropathy, while a moderate relation between 1.25(OH)2D3 and FGF23 was found only in stage 
III and IV of diabetic nephropathy. Weak or no correlation was noticed among other parameters. 
(4) Conclusions: FGF23 is related to early progression of diabetic nephropathy and to markers of 
bone metabolism in stage III and IV of DM related chronic renal disease. The latter is not valid for 
patients with DM with normal renal function. Future research is needed to clarify FGF 23 role as 
prognostic and therapeutic index. 

Keywords: fibroblast growth factor 23, diabetic nephropathy. 
 

1. Introduction 
Fibroblast growth Factors (FGFs) are multifunctional proteins with a wide variety of effects. 

Today, FGFs (over 22) are classified as intracrine, paracrine, and endocrine FGFs by their action 
mechanisms (Itoh et al., 2015:154).  

FGG23 belongs structurally to FGF family and specifically to endocrine FGFs which include 
FGF19, FGF21, and FGF23. The latter is a 32KD protein (251 amino acids), encoded in FGF23 
gene, which in turn is located in chromosome 12p13 and composed by three exons. However, it is 
functionally included in a group of hormones that regulate phosphorus metabolism called 
phosphatonins (Amin, 2014). 

Several tissues express FGF-23, such as bone tissue, bone marrow vessels, ventrolateral 
thalamic nucleus, thymus, and lymph nodes. Its principal target is kidney, where it regulates 
phosphate reabsorption and production of 1,25(OH)2D3 (Liu et al., 2007:18) 

In the past decade, FGF23 has emerged as a possible marker (both diagnostic and 
prognostic) and therapeutic target in several conditions: hereditary diseases such as a) syndromes 
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of FGF23 excess and syndromes of FGF23 deficiency; and b) hypophosphatemic and 
hyperhosphatemic disorders, acute renal failure and chronic kidney disease (CKD), stoke and 
subarachnoid hemorrhage, several types of neoplasm and psoriasis (Kendrick J ,2011;11). 

High FGF23 levels in patients with CKD are related with progression to ESRD, 
cardiovascular disease, transfusion needs, infection susceptibility and death (Myrou et al.,2016:16; 
Tsai et al.,2016:95). In patients with diabetes mellitus (DM), FGF23 has been proposed as possible 
new marker for gestational DM (Tuzun et al. 2018:62) and has been positively related to resistin in 
patients with Type II DM (T2DM) (Nakashima et al.,2018:8; Reyes-Garcia ,2014:37, National 
Kidney Foundation. 2012:60). A previous report relates serum FGF23 to bone metabolic disease 
and preclinical vascular disease in Type II DM patients (Ketteler et al.2017:92). 

The aim of the present study was to examine FGF23 levels in patients with type II diabetic 
nephropathy (DN) and its correlation with bone metabolism biomarkers [25(OH)D3, 1,25(OH)2D3, 
parathormone, calcium, phosphorus, alkaline phosphatase]. 

 
2. Materials and Methods 
This prospective study was performed in the 1st Propaedeutic Clinic of Internal Medicine at 

“AHEPA” University Hospital, Thessaloniki, Greece. It was part of a thesis project (Reference 
No 3377/Academic Year 2017-2018, National Archive of PhD Theses No 44124), approved by 
AHEPA General University Hospital Research Committee. 

In total, 140 persons were included. Eighty (80) patients with T2 DM and renal disease were 
divided into two groups, depending on the stage of the renal disease, i.e. Group 1 (n1=48): stage I 
and II DN and Group 2 (n2=32): stage III and IV DN. Another sixty-two (62) volunteers served as 
control groups: Group 3 (n3=31), patients with T2 DM and normal renal function; and Group 4 
(n4=31), healthy individuals. Diagnosis and staging of CKD were in accordance with National 
Kidney Foundation Disease Outcome Quality Initiative guidelines12-13. All participants were 
informed about the study’s goal and procedures. 

Exclusion criteria were: other than T2 DM type of diabetes (e.g. Type 1 DM, drug-induced, 
pregnancy-related, pancreas diseases related, etc.),presence of acute renal failure, chronic renal 
failure in renal replacement therapy, hepatic failure, cardiac failure, malignancies, women in 
reproductive age, thyroid gland disease, systemic inflammatory disease or immunosuppression 
state. 

Demographic, history and clinical examination data were recorded. Creatinine clearance was 
estimated via 24h urine collection and Glomerular Filtration Ration (GFR) measurement was 
performed via 51Cr-EDTA (ethylenediamine tetra acetic acid) method. Microalbuminuria 
(Microalb) level was considered as the average between two 24h urine measurements, collected 
10day apart from each other. In case of large difference between the two results, a third urine 
collection was ordered. FGF23 examination was carried out with sandwich ELISA (Enzyme-linked 
Immunosorbent Assay) method (ELISA Kits, AMS Biotechnology Ltd®, UK) and the rest of 
parameters (parathyroid hormone-PTH, serum Phosphorus – P, calcitriol -1,25 (OH)2D3, 
calcifediol-25,(OH)D3 , alkaline phospatase- ALP and total serum Calcium – Ca) was performed in 
biochemistry analyst. 

Data analysis was performed with SPSS v.21 (IBM® Corp. Armonk, NY, USA) and included 
initially descriptive statistics analysis, followed by Kolmogorov-Smirnov and Shapiro-Wilk 
normality tests. After that, multiple comparisons among the 4 groups was carried out via non-
parametric Kruskal-Wallis technique; while in case of significant difference (p<0.05), further post-
hoc analysis was performed. Finally, relation between parameters was examined. 

 
3. Results 
Main demographics parameters are displayed in Table 1, while descriptive statistics of the 

measured parameters are shown in Table 2. 
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Table 1. Selected demographic characteristics in the four groups. BMI – Body Mass Index, DN-
Diabetic Nephropathy. (*p > 0.02) 
 

 Sex  
(No of 
male/female) 

Age* 
(mean/standard 
deviation) 

BMI 
(mean/standard 
deviation) 

Group I (DNI, DNII) 27/21 63 (7) 30(4) 
Group II  
(DNIII, DNIV) 

19/13 66.72(6.60) 27.9(4) 

Group III (DM) 11/20 64.77(5.31) 31.31(6.25) 
Group IV (Healthy) 13/18 60.68(6.11) 28.62(5.1) 
 
Table 2. Descriptive statistics, in the form of mean (standard deviation), 
of the measured parameters 
 

Parameter  Group I Group II Group III Group IV 

ClCr (ml/min) 92.33(23.93) 34.96(14.96) 123.01(14.93) 124.61(18.59) 

Ca (mg/dl) 9.26(0.45) 8.66(0.54) 9.37(0.64) 9.42(0.47) 

P (mg/dl) 3.92(0.43) 4.92(1.05) 3.64(0.5) 3.55(0.5) 

ALP (IU/l) 77.46(25.78) 88.00(20.27) 68.71(16.07) 59.74(14.42) 

PTH (pmol/l) 8.08(4.11) 18.41(8.15) 4.70(1.13) 3.99(1.41) 

Microalb 
(mg/l) 

1423.88 
(2218.53) 

4235.47 
(2294.08) 

9.29(5.85) 7.74(6.02) 

25(OH)D3 
(ng/ml) 

20.67(7.64) 11.86(3.6) 40.63(11.24) 50.98 (16.1) 

1.25(OH)2D3 

(pg/ml) 
14.56(3.55) 9.51(3.33) 43.33(10.53) 52.45(10.31) 

FGF23 (ng/ml) 1.00(0.27) 2.55(1.42) 0.49(0.08) 0.44(0.05) 
 
Kruskal-Wallis test results for all measured parameters and age, revealed significance 

p<0.05, while the results (p) of the post analysis are displayed in Table 3: 
 

Relation between change of parameters revealed weak negative relation between 25(OH)D3 

and FGF23 (Kendall τ b = -0.377, p < 0.01) in Group I, a moderate relation between 1.25(OH)2D3 

and FGF23 (τb=-0.631, p < 0.01) in Group II and a weak negative relation 1.25(OH)2D3 and FGF23 
(τb = -0.453, p < 0.01) Group IV. The rest of the results were either non-significant or without 
correlation. 

 
Table 3. Adjusted significance (p) in post-hoc comparisons among groups. Group I: DNI+DNII, 
Group II: DNIII+DNIV, Group II: DM and Group IV: Healthy volunteers. 
 

Parameter  
Group IV- 
Group I 

Group IV- 
Group III 

Group IV- 
Group II 

Group I-
Group III 

Group I- 
Group II 

Group III-
Group II 

Age 0.13 0.31 0.01 1.00 1.00 1.00 

ClCr <0.001 <0.001 <0.001 <0.001 <0.001 0.97 

Ca  <0.001 <0.001 <0.001 1.00 1.00 1.00 

P  1.00 0.055 <0.001 0.33 <0.001 <0.001 

ALP  0.29 0.007 <0.001 1.00 0.005 0.06 

PTH  1.00 <0.001 <0.001 <0.001 <0.001 <0.001 

Microalb 1.00 <0.001 <0.001 <0.001 <0.001 0.004 

25(OH)D3 0.002 <0.001 <0.001 <0.001 <0.001 0.97 

1.25(OH)2D3 0.006 <0.001 <0.001 <0.001 <0.001 0.89 

FGF23  1.00 <0.001 <0.001 <0.001 <0.001 <0.001 
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Calculated Kendal τb between FGF23 and the others parameters in all Groups reveals a 
moderate relation with ClCr (τb = -0.584, p < 0.001), PTH (τb = 0.583, p < 0.01) , Microalb                 
(τb = 0.653, p < 0.01), 25(OH)D3 (τb = -0.667, p < 0.01) and 1.25(OH)2D3 (τb = -0.697, p < 0.01). 

 

 
 
Fig. 1. Scatter plot of FGF23 and other parameters, in all four Groups 
(blue-Group I, green- Group II, orange-Group III, purple-Group IV) 

 
4. Discussion 
From the above as GFR decreases, FGF23 levels increase; the relation is increasingly 

expressed in stage III and IV DN. Moreover, in these two stages, there is also a weak positive 
relation between microalbuminuria and FG23. Previous reports have also supported that FGF-23 is 
a significant independent predictor of renal outcome in patients with macroalbuminuric DN (Titan 
et al., 2011: 6). The rest of the results seem also to agree with the available literature data.  

Recently, there is ever growing research interest about the subject and new data, confirming 
the present study, are becoming available. In a similar study with 30 type II DM normoalbuminuric 
patients and 30 sex and age matched healthy individuals as a control group, negative correlation 
was found between FGF23 and GFR (El-Saeed et al., 2017: 24). Moreover, higher concentration of 
FGF-23 reduced the odds of early nephropathy in patients with type 2 DM, in comparison with 
those in more advanced nephropathy (Farías-Basulto et al., 2018: 49).On the contrary, a recent 
report suggests that other biomarkers, such as tumor necrosis factor receptor 1 (TNFR1), kidney 
injury molecule-1 (KIM-1) and 3) urinary markers: albumin/creatinine ratio (ACR) may be better 
indices of renal function decline (Nowak et al., 2018: 93). 

Positive correlation was recorded between FGF21 and FGF23 and between each of them and 
other biochemical parameters, such as cholesterol, triglycerides, LDL cholesterol, creatinine, and 
urinary albumin excretion (Farías-Basulto et al.,2018: 49). Other studies report strong positive 
correlation was found between soluble Klotho (s-Klotho) levels and FGF23 levels in DN (Nowak et 
al., 2018: 93; Inci et al., 2016: 20; Inci et al., 2016: 64). In the same type of patients (DN) FGF23 
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levels is related also to diastolic dysfunction (Dogan et al., 2016: 48). However, there is no data of 
which FGF23 increase could predict the presence of diastolic dysfunction (Silva et al., 2019: 20). 
Also, there is no direct feedback loop between volume status and FGF-23 in hypertension or DN 
(Humalda et al., 2016: 95); even though that in early stages of CKD, FGF23, as well as lower 
magnesium levels were significantly and independently associated with higher pulse pressure 
levels, an established biomarker of cardiovascular morbidity and mortality (Fragoso et al., 2014: 7). 

In the present study we did not asses the time course of the markers in interest. Previous 
studies reported that in the absence of CKD, parathyroid hormone increases earlier than FGF23 
when the estimated GFR decreases. The increase in FGF23 is closely associated with a decrease in 
1.25(OH)2D3 (Dhayat et al., 2016:20). In early DN though, we cannot claim weather this is also 
valid. 

Finally, the present study did not asses the effect of therapy to FGF23. Yet, there are data that 
support the negative relation between the former and angiotensin-II receptor blocker therapy 
(Nowak et al., 2018:93). 

 
5. Conclusion 
FGF23 is related to early progression of diabetic nephropathy and to biomarkers of bone 

metabolism in stage III and IV of DM related chronic renal disease. The latter is not valid for 
patients with DM with normal renal function.  FGF23 levels increase in diabetic nephropathy stage 
I and II DN, thus serving as a possible prognostic biomarker. However, since DN progression is a 
multifactorial process further research is needed to clarify its role as independent or as embedded 
in a prognostic model marker and as a therapeutic target. 
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Abstract 
Defined are the physicochemical properties of healing thermal spring waters in the area of 

Burgas District. It is shown that according to 18 controlled parameters included in the research, the 
thermal healing spring water village of Shivarovo, thermal healing spring water village of 
Polyanovo, fulfill the required conditions for drinking water. 

The spring waters from the given four water sources are characterized by microbiological 
indicators, as the pathogenic micro-organisms are defined by the membrane method. It is 
established that thermal healing spring water Burgas Mineral baths, thermal healing spring water 
village of Shivarovo, thermal healing spring water  of village of Polyanovo, fulfill the standard 
requirements. The healing water of village Judge, District ofBurgas does not conform to the 
physicochemical indicators given for fluorides, and microbiological indicators with regards to 
coliform bacteria, Escherichia coli and enterococci. 

Defined are the physicochemical properties of healing thermal and non-thermal spring 
waters in the area of Varna District. It is shown that according to 18 controlled parameters 
included in the research, the thermal healing spring water drilling №Р-83хКК “Saints Constantine 
and Helena”, thermal healing spring water  Р-1х “Aquarium”, thermal healing spring water Р-106 х 
“Dom Mladost”, thermal healing spring water Р-161х Varna at “Primorski” swimming pool, fulfill 
the required conditions for drinking water. 

The spring waters from the given four water sources are characterized by microbiological 
indicators, as the pathogenic micro-organisms are defined by the membrane method. It is 
established that thermal healing spring water drilling №Р-83хКК “Saints Constantine and 
Helena”, thermal healing spring water Р-1х “Aquarium”, thermal healing spring water  Р-106 х 
“Dom Mladost”, thermal healing spring water Р-161х Varna at “Primorski” swimming pool, fulfill 
the standard requirements. “The healing water” of village Goren Chiflik, District of Varna does not 
conform with the physicochemical indicators given for nitrates, and microbiological indicators with 
regards to coliform bacteria and enterococci. 

Keywords: spring water, drinking water, physicochemical properties, microbiological 
indicators. 

 
1. Introduction 
Bulgaria is one of the richest in mineral springs countries in Europe. It takes second place 

after Iceland. Their total number is around 225. 
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In Bulgaria there are mineral and spring waters, which are not subjected to physicochemical 
and microbiological control by the Regional Health Inspectorate and microbiological control byt 
they are the most use springs for drinking from the population. Similar springs are located in the 
territory of Haskovo District, Stara Zagora District, Varna District (Valcheva et al., 2013). 

Many of these sources do not carry out physicochemical and microbiological studies bu are 
used for drinking and household needs. 

Although water is an unfavorable environment for the development of microorganisms and 
for the development of microorganisms, studies by many authors including heir, own, that 
microorganisms with valuable properties (enzymes, antibiotics, thermopile can acidophilic strains) 
are in mineral and non – thermal spring waters. This was proved by the results  obtained from the 
experimental work carried out to determinal the microflora of medicinal and spring waters in 
Haskovo , Stara Zagora, Plovdiv (Tumbarski et al., 2014) and Varna region (Valcheva, Ignatov, 
2019). 

Isolated bacteria from the healing and spring regions have been identified by Bacillus 
subtilis, Bacillus cereus, Bacillus thuringiensis, Bacillus methylotrophicus, Aeromonashydrophila. 

The isolated bacteria from the healing and spring waters in the Plovdiv region have been 
identified by molecular genetic methods suchas Aeromonassobria, Klebsiellaoxytoca, Bacillus 
amyloliquefacienssubsp. plantarum, Bacillus thuringiensis, Bacillus cereus (Valcheva et al., 2013, 
2014). 

Strains with high proteolytic, lipolytic and amylolytic activity were selected (Valcheva et al., 
2013, 2014). 

Antimicrobial activity of the strains of Bacillus sp., against the saprophytic and pathogenic 
microorganisms was detected: Penicillium sp., Fusariummoliniforme, Rhizopus sp., 
Aspergillusniger, Aspergillusoryzae, Aspergillusawamori,  Mucorsp. Enterococcus faecalis, in the 
process of development and growt of the four Bacillus – Bacillus cereus, Bacillus thuringiensis, 
Bacillus subtilis, Bacillus methylotrophicusare the the most active strains – Bacillus 
methylotrophicus PY5, Bacillus cereus LH1,  Bacillus cereus WIF15  и Bacillus thuringiensis B62 
(Valcheva et al., 2013, 2014). 

Pathogenic bacteria exhibit resistance and 4 retain their vitality in the process of develop 
pment and interaction between them and the strains of Bacillus sp. and at 37С°. 

A relatively low bactericidal effect was demonstrated against the ( Gr+) bacterium 
Enterococcus faecalis. The isolated strains are likely to have a higher inhibitory ability agains( Gr -) 
bacteria compared to ( Gr+) bacteria (Valcheva et al., 2013, 2014). 

The yeasts used in the genus Candida exhibit a simulating effect of two of Bacillus sp. – 
Bacillus methylotrophicus PY5, and Bacillus cereus LH1. This indicates that synergism has 
occurred between these microorganisms (Valcheva et al., 2013, 2014). 

Based on their location are observed certain specifics. The ones to the north of Balkan are 
with lower temperatures, and are reached usually via drilling. Their total number is almost half the 
amount of the ones to the south of Old Mountain. There are around 148 known springs from 
Southern Bulgaria. Predominant in them are the ones with natural origin and higher temperature 
of the water. The causes for that lie in the combination between hydrological conditions of the 
continuing tectonic processes in the Earth’s crust (Ignatov et al., 2012). By their nature the springs 
can be separated in cold, warm and hot springs. The first group includes the ones with temperature 
up to 37°С, the second one ranges between 37°С and 60°С, and the third one with over 60°С. 
The hottest mineral spring in Bulgaria is the one at Sapareva Banya with temperature of 101,4°С. 
The springing waters have different mineralogical characteristics. Their content is defined by the 
ones of the rocks, where the water has been flowing through, and the solubility of the minerals 
within them (Ignatov et al., 2012). 

 
Mineral springs of Burgas 
Burgas is the second largest seaside town in Bulgaria, located on the Southern Black Sea 

coast. In addition to the beautiful sea and spa – pious beaches, Burgas offers great opportunities 
for balneological treatment with mineral water, characteristic sea mud and lye. 

This is one of the oldest balneological centers in Bulgaria. Mineral water is suitable for the 
treatment and prevention of diseases of the musculoskeletal system, peripheral nervous system, 
chronic gastritis and pyelonephritis infertility, gout. 
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Water is also beneficial for strengthening the general state of the body. 
Mineral spring of District Sudievo 
Sudievo is a village in southeastern Bulgaria. It is located in Aytos municipality. Water helps 

diseases of urinary system, disorders of locomotory system, endocrine diseases. It is suitable for 
daily use as drinking water. This water in Sudievo is hydrocarbonate, sodium, but contains 
fluoride. According to the requirements for drinking water, not mineral water, water should 
contains not more than 1.5 milligrams per liter of fluoride. The water in Sudievo contains much 
more in quantity than this chemical element.What those who consume this water need to know is 
that excessive ingestion of this fluoride per day can accordingly damage tooth enamel in young 
children.In the northern part of Aytosko Polje there are several mineral springs along the fault line: 
the "Smelly Fountain" near the village of Shivarovo and those near the villages of Cherry, 
Yabulchevo and Saedinenie. Geothermal water with a flow rate of 30 L/s and a temperature of 
51 °C emerges from deep drilling in the village of Polyanovo, which flows freely without being used. 
Analyses show that the sources have extremely good healing properties. 

Medicinal properties of water: in diseases of the locomotory system, gastrointestinal, liver-
bile and renal diseases. 

Mineral springs of Varna district 
Health resort “Saints Constantine and Helena” is the first Bulgarian resort at Black 

Sea. One of the most important conditions for the resort development is the availability of 
7 mineral springs with no analogue in Europe. They are calcium-magnesium, with low 
mineralization and come from depth of 1800 to 2050 meters under the ground with total flow rate 
of 175 l/sec. The temperature of the water varies between 40 and 60 degrees centigrade, it can heal 
successfully cardiovascular diseases, the endocrine system, illnesses of the musculoskeletal system 
and the functional nervous system, myocardial infarction. 

Thermal healing spring, city of Varna 2  ( Р-1х “Aquarium”) 
Healing prophylactic properties of the mineral water-the drinking thermal cure has 

positive influence over gastro-intestinal tract, biliary liver system and kidney excretory system. 
The presence of calcium proves to be suitable for application of mineral water for treatment of 
dental caries, as well as osteoporosis of any kind. 

Thermal healing spring Varna (Р-106 х “Dom Mladost”) 
The water comes via drilling with depth 1980 m, and it is thermal with temperature of 47ºС. 

It cures conditions of cardiovascular system, of peripheral nervous system, digestive system, 
gynaecological diseases and post-traumatic stress disorders. 

Non-thermal healing spring “Healing water”, village of Goren Chiflik 
Healing water that can be ignited and can burn, it springs up in the locality Botevo near Dolni 

Chiflik. That is due to the methane contained within it. The water comes up years ago after drilling 
for natural gas. The phenomenal liquid springs up like a geyser from 600 meters depth. Research 
shows that the water contains around 30% iodine and helps for gastro-intestinal conditions, 
arthritis, skin and eye diseases. 

 

2. Materials and methods 
In the work are used thermal healing waters from the district of Burgas – thermal healing 

spring Burgas Mineral baths with water temperature of 41°С, thermal healing spring village of 
Shivarovo with water temperature of 47°С, thermal healing spring village of Polyanovo with water 
temperature of 51°С, thermal healing spring village of  Judge with water temperature of 51°С. 

Nutrient media 
Nutrientagar (MPA) with contents (in %) – meat water, peptone – 1 %, agar –agar – 2 % . 

Endo’s Medium (for defining of Escherichia coliand coliform bacteria) with contents (g/dm3) – 
peptone– 5,0 ; triptone– 5,0 ; lactose – 10,0 ; Na2SO3 – 1,4 ; K2HPO4– 3,0 ; fuchsine– 0,14 ; agar – 
agar– 12,0 рН  7,5 – 7,7 . 

Nutrient gelatine (MPD) (for defining of Pseudomonas aeruginosa) with contents (in %) – 
Peptic digest of animal tissue; 25 % gelatin ; рН = 7, 0 – 7, 2. 

Medium for defining of enterococci (esculin – bile agar). 
Medium for defining of sulphite reducing bacteria (Iron Sulfite Modified Agar). 
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Wilson-Bleer medium (for defining of sulphite reducing spore anaerobes (Clostridium 
perfringens) with contents(g/dm3) – 3% Nutrient agar; 100 сm320% solution Na2SO3 ; 50 сm3 20 % 
glucose solution; 10 сm3 8% solution ofFe2SO4. 

Methods for analysis 
Methods for physicochemical analysis 
Method for determination of color according to Rublyovska Scale – method by Bulgarian 

State Standard (BDS) 8451: 1977; 
Method for determination of smell at 20°С — method BDS 8451 : 1977 technical device – 

glass mercury thermometer, conditions № 21; 
Method for determination of turbidity - EN ISO 7027, technical device turbidimeter type 

TURB 355 IR ID № 200807088; 
Method for determination of pH – BDS 3424 : 1981, technical device pH meter type UB10 ID 

№ UB10128148;  
Method for determination of oxidisability – BDS 3413 : 1981; 
Method for determination of chlorides – BDS 3414 : 1980; 
Method for determination of nitrates – Validated Laboratory Method (VLM) – NO3  – № 2, 

technical device photometer ,, NOVA 60 A “ ID № 08450505; 
Method for determination of nitrites – VLM NO3 –№ 3, technical device photometer ,, NOVA 

60 A “ ID № 08450505; 
Method for determination of ammonium ions – VLM - NH4  – № 1, technical device 

photometer ,, NOVA 60 A “ ID № 08450505; 
Method for determination of general hardness – BDS ISO 6058; 
Method for determination of sulphates – VLM - SO4  – № 4, technical device photometer ,, 

NOVA 60 A “ ID № 08450505; 
Method for determination of calcium – BDS ISO 6058; 
Method for determination of magnesium – BDS 7211: 1982; 
Method for determination of phosphates – VLM - PO4 – № 5, technical device photometer ,, 

NOVA 60 A “ ID № 08450505; 
Method for determination of manganese – VLM – Mn – № 7, technical device photometer ,, 

NOVA 60 A “ ID № 08450505; 
Method for determination of iron – VLM – Fe – № 6, technical device photometer ,, NOVA 

60 A “ ID № 08450505; 
Method for determination of fluorides – VLM – F – № 8, technical device photometer, 

NOVA 60 A “ ID № 08450505; 
Method for determination of electrical conductivity – BDS  ЕN 27888, technical device – 

conductivity meter inoLabcond 720 ID № 11081137. 
Methods for determination of microbiological indicators 
Methods for evaluation of microbiological indicators according to Ordinance № 9/2001, 

Official State Gazette, issue 30, and decree № 178/23.07.2004 about the quality of water, intended 
for drinking purposes. 

Method for determination of Escherichia coli and coliform bacteria –BDSEN ISO 9308 – 1: 
2004; 

Method for determination of enterococci – BDS EN ISO 7899 – 2; 
Method for determination of sulphite reducing spore anaerobes – BDS EN 26461 – 2: 2004; 
Method for determination of total number of aerobic and facultative anaerobic bacteria – 

BDS EN ISO 6222: 2002; 
Method for determination of Pseudomonas aeruginosa – BDS EN ISO 16266: 2008. 
Determination of coli – titre by fermentation method – Ginchev’s method 
Determination of coli – bacteria over Endo’s medium – membrane method. 
Determination of sulphite reducing anaerobic bacteria (Clostridium perfringens) – 

membrane method. 
 
3. Results and discussion 
3.1. Results of mineral springs in Burgas region 
It is done a comparative physicochemical analysis of mineral spring waters at the territory of 

Burgas District by the main indicators (colour according to Rublyovska Scale, smell at 20°С, 
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turbidity, pH, oxidisability, chlorides, nitrates, nitrites, ammonium ions, general hardness, 
sulphates, calcium, magnesium, phosphates, manganese, iron, fluorides, electrical conductivity). 
The results from these examinations are given in Table 1. 

The trial data reveal that thermal healing spring water village of Shivarovo, thermal healing 
spring water village of Polyanovo swimming pool are in compliance with the controlled parameters 
set out in Ordinance № 9/2001, Official State Gazette, issue 30, and decree № 178 / 23.07.2004 
about the quality of water, intended for drinking purposes(RZI (Regional Health Inspection) – 
Burgas).  

 

Table 1. Comparison of the examined spring waters in Burgas District 
by physicochemical properties 

 

Controlled 
parameter 

Measuring unit Maximum 
Limit Value 

Result 
Burgas 
Mineral baths 

Result 
Shivarovo 

Result 
Polyanovo 

Result 
Judge 

1. Color 
according to 
Rublyovska 
Scale 

Chromaticity 
Values 

Acceptable to 
consumers 

Acceptable to 
consumers 

Acceptable to 
consumers 

Acceptable to 
consumers 

Acceptable 
to 
consumers 

2. Smell at  
20°С 

Rating Acceptable  
to consumers 

Acceptable to 
consumers 

Acceptable  
to consumers 

Acceptable  
to consumers 

Acceptable 
to 
consumers 

3. Turbidity NTU Acceptable  
to consumers 

Acceptable to 
consumers 

Acceptable to 
consumers 

Acceptable to 
consumers 

Acceptable 
to 
consumers 

4. рН indicator pH values ≥ 6,5 и ≤ 9,5 9,95 9 9,11 9,1 
5. Oxidisability mgO2/dm3 5,0 0,50 0,4 0,5 0,5 
6. Chlorides mg/ dm3 250 30,7 26,3 26,3 26,0 
7. Nitrates mg/ dm3 50 0,2 2,10 0,1 0,15 
8. Nitrites mg/ dm3 0,50 0,007 0,00 0,006 0,005 
9. Ammonium 
ions 

mg/ dm3 0,50 0,111 0,150 0,154 0,158 

10. General 
hardness 

mgekv/ dm3 12 0,4 0,4 0,4 0,4 

11. Sulphates mg/ dm3 250 37 34 35 36 
12. Calcium mg/ dm3 150 120 118 116 117 
13. Magnesium mg/ dm3 80 68 66 67 66 
14. Phosphates mg/ dm3 0,5 0,015 0,016 0,016 1,018 
15. Manganese mg/ dm3 50 0,0005 0,0008 0,0007 0,0009 
16. Iron µg/ dm3 200 0,0016 0,0020 0,0022 0,0037 
17. Fluorides mg/ dm3 1,5 7,73 0,4 1,48 5,5 
18. Electrical 
conductivity 

 
µS/ dm3 

 
2000 

633 620 612 615 

 

For the same spring waters are determined their microbiological indicators by the membrane 
method. In Table 2 are shown the experimental studies from the determination of total number of 
mesophilic aerobic and facultative anaerobic bacteria. 

 

Table 2. Determination of total number of mesophilic aerobic and facultative anaerobic bacteria 

 

Examined water source Indicator, cfu/cm3 
1. Thermal healing spring Burgas 
Mineral baths with water temperature of 41°С 

6 ± 1 

2. Thermal Healing Spring village of Shivarovo 
with water temperature of 41 °С 

11 - 17 

3. Thermal Healing Springvillage of Polyanovo 
with water temperature of 51°С 

5 - 8 

4. Thermal Healing Springvillage of  Judge 
with water temperature of  51 °С  

120-150 
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According to the standard requirements from the examined water samples from the four 
springs, the water is clean. 

The presence of coliforms and Escherichia coli is determined by the membrane method, and 
according to Ginchev’s method. The trial results (Table 3 and Table 4) reveal that thermal healing 
spring Burgas Mineral baths with water temperature of 41°С, thermal healing spring village of 
Shivarovo with water temperature of 41°С, thermal healing spring  village of Polyanovo with water 
temperature of 51°С swimming pool, are in compliance with the requirements for presence of coli 
bacteria. Thermal healing spring village of Polyanovo does not comply with the requirements for 
presence of coliform bacteria and enterococci. The given results are also confirmed by the analyses 
via the membrane method (Table 4). All the remaining indicators are determined by the membrane 
method. 
 

Table 3. Coli – titre of thermal healing spring waters 

Name of water 
source 

Coli - titre Culture 
volumes 
50 cm3 

Culture 
volumes 
10 cm3 

Culture 
volumes 
10 cm3 

Culture 
volumes 
10 cm3 

Culture 
volumes 
10 cm3 

Culture 
volumes 
10 cm3 

1. Thermal healing 
spring Burgas 
Mineral baths with 
water temperature 
of 41°С 

> 100 ─ ─ ─ ─ ─ ─ 

2. Thermal Healing 
Spring village of 
Shivarovo with 
water temperature 
of 41 °С 

> 100 ─ ─ ─ ─ ─ ─ 

3. Thermal Healing 
Springvillage of 
Polyanovo with 
water temperature 
of 51°С 

> 100 ─ ─ ─ ─ ─ ─ 

4. Thermal Healing 
Spring village of  
Judge with water 
temperature of  51 
°С  

80 

+ 

Acid 

 

+ 

Acid 

 

 

+ 

Acid and 

gas 

 

 

+ 

Acid and 

gas 

 

+ 

Acid and 

gas 

 

─ 

 
Table 4. Microbiological indicators of spring waters in Burgas District 
 

Indicators Measurin
g unit 

Thermal healing 
spring Burgas 
Mineral baths 
with water 
temperature of 
41°С 

Thermal healing 
springvillage of 
Shivarovo  with 
water temperature 
of 41 °С 

Thermal healing 
spring village of 
Polyanovo with 
watertemperature 
of  51 °С  

Thermal healing 
springvillage of  Judge 
with water temperature 
of  
 51 °С  

Coliforms cfu/cm3 0/100 0/100 0/100 10/100 
Escherichiacol
i 

cfu/cm3 0/100 0/100 0/100 10/100 

Enterococci cfu/cm3 0/100 8/100 0/100 8/100 
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Sulphite 
reducing 
anaerobic 
bacteria(Clostr
idium 
perfringens) 

cfu/cm3 0/100 0/100 0/100 0/100 

Pseudomonas 
aeruginosa 

cfu/cm3 0/250 0/250 0/250 0/250 

 
Based on the conducted physicochemical and microbiological evaluations it is established 

that from the four examined springs at the territory of Burgas District by physicochemical 
parameters only thermal healing spring water village of Shivarovo, thermal healing spring water 
village of Polyanovo swimming pool correspond to all controlled parameters according to 
Ordinance № 9 / 2001, Official State Gazette, issue 30, and decree № 178 / 23.07.2004 about the 
quality of water, intended for drinking purposes. With regards to microbiological parameters 
thermal healing water Burgas Mineral baths, thermal healing spring village of Shivarovo, thermal 
healing spring water village of Polyanovo swimming pool are in compliance with the requirements 
for drinking water. 

 
3.2. Results of mineral springs in Varna region 
It is done a comparative physicochemical analysis of mineral spring waters at the territory of 

Varna District by the main indicators (colour according to Rublyovska Scale, smell at 20°С, 
turbidity, pH, oxidisability, chlorides, nitrates, nitrites, ammonium ions, general hardness, 
sulphates, calcium, magnesium, phosphates, manganese, iron, fluorides, electrical conductivity). 
The results from these examinations are given in Table 5. 

The trial data reveal that thermal healing spring water drilling №Р-83хКК “Saints Constantine 
and Helena”, thermal healing spring water Р-1х “Aquarium”, thermal healing spring water Р-106 х 
“Dom Mladost”, thermal healing spring water  Р-161х at “Primorski” swimming pool are in 
compliance with the controlled parameters set out in Ordinance № 9 / 2001, Official State Gazette, 
issue 30, and decree № 178/23.07.2004 about the quality of water, intended for drinking purposes. 
The “Healing water”, village of Goren Chiflik, District of Varna is not in compliance with regards to 
nitrates – higher than 130 milligrams per liter (RZI (Regional Health Inspection) – Varna). 

 
Table 5. Comparison of the examined spring waters in Varna District 
by physicochemical properties 

 
Controlled 
parameter 

Measuring unit Maximum 
Limit Value 

Result 
Varna 1  
(drilling №Р-
83хКК „Saints 
Constantine 
and Helena”) 

Result 
Varna 2 
(Р-1х 
"Aquarium“) 

Rsult 
Varna 3 
 (Р-106 х 
„Dom 
Mladost“) 

Result 
Varna 4 
(Р-161х Varna  
"Primorski" 
swimming 
pool) 

1. Colour 
according to 
Rublyovska 
Scale 

Chromaticity 
Values 

Acceptable 
to 
consumers 

Acceptable to 
consumers 

Acceptable to 
consumers 

Acceptable 
to 
consumers 

Acceptable to 
consumers 

2. Smell at  
20°С 

Rating Acceptable 
to 
consumers 

Acceptable to 
consumers 

Acceptable to 
consumers 

Acceptable 
to 
consumers 

Acceptable to 
consumers 

3. Turbidity NTU Acceptable 
to 
consumers 

Acceptable to 
consumers 

Acceptable to 
consumers 

Acceptable 
to 
consumers 

Acceptable to 
consumers 

4. рН pH единици ≥ 6,5 и ≤ 9,5 7,79 7,6 9,48 9,46 
5. Oxidisability mgO2/dm3 5,0 2,1 1,6 1,9 1,2 
6. Chlorides mg/ dm3 250 64,41 104 130 96 
7. Nitrates mg/ dm3 50 0,9 2,9 2,1 4,9 
8. Nitrites mg/ dm3 0,50 0,04 0,04 0,00 0,004 
9. Ammonium 
ions 

mg/ dm3 0,50 0,04 
0,29 0,21 0,85 

10. General 
hardness 

mgekv/ dm3 12 4 
3,9 11,5 11,5 
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11. Sulphates mg/ dm3 250 36,21 77 62 76 
12. Calcium mg/ dm3 150 53,11 43 118 120 
13. Magnesium mg/ dm3 80 32,83 27 68 67 
14. Phosphates mg/ dm3 0,5 0,02 0,03 0,02 0,02 
15. Manganese mg/ dm3 50 0,01 0,001 0,009 0,05 
16. Iron µg/ dm3 200 0,05 59 481 <5 
17. Fluorides mg/ dm3 1,5 0,43 0,71 0,55 0,62 
18. Electrical 
conductivity 

 
µS/ dm3 

 
2000 

 
694 

 
768 

350 350 

 
For the same spring waters are determined their microbiological indicators by the membrane 

method. In Table 6 are shown the experimental studies from the determination of total number of 
mesophilic aerobic and facultative anaerobic bacteria. 
 
Table 6. Determination of total number of mesophilic aerobic and facultative anaerobic bacteria 
 

Examined water source Indicator, cfu/cm3 
1. Thermal healing spring Varna 1  
(drilling №Р-83х Health Resort „Saints Constantine and 
Helena”) with water temperature of 48 °С 

4± 1 

2. Thermal Healing Spring Varna 2 Р-1х "Aquarium“) 
with water temperature of 47 °С 

5 - 7 

3. Thermal Healing Spring Р-106 х „Dom Mladost“  with 
water temperature of 40 °С 

5 ± 1 

4. Thermal Healing Spring Р-161х Varna at "Primorski" 
swimming pool with water temperature of 50 °С 

5-8 

5. Healing spring ,,Healing water“ village of Goren Chiflik 170-180 

 
According to the standard requirements from the examined water samples from the four 

springs, the water is clean (Murgov, Denkova, 2010). 
The presence of coliforms and Escherichia coli is determined by the membrane method, and 

according to Ginchev’s method. The trial results (Table 7 and Table 8) reveal that thermal healing 
spring drilling №Р-83х Health Resort “Saints Constantine and Helena” with water temperature of 
48°С, thermal healing spring Р-1х “Aquarium” with water temperature of 47°С, thermal healing 
spring Р-106 х “Dom Mladost” with water temperature of 40°С, thermal healing spring Р-161х 
Varna ate “Primorski” swimming pool, are in compliance with the requirements for presence of coli 
bacteria. Non-thermal healing spring “Healing water” village of Goren Chiflik does not comply with 
the requirements for presence of coliform bacteria and enterococci. The given results are also 
confirmed by the analyses via the membrane method (Table 4). All the remaining indicators are 
determined by the membrane method. 
 
Table 7. Coli – titre of thermal healing spring waters 
 

Name of water 
source 

Coli – 
titre 

Culture 
volumes 
50cm3 

Culture 
volumes  
10cm3 

Culture 
volumes 
10cm3 

Culture 
volumes 
10cm3 

Culture 
volumes 
10cm3 

Culture 
volumes 
10cm3 

1. Thermal 
healing spring 
Varna 1  
(drilling №Р-83х 
Health 
Resort„Saints 
Constantine nd 
Helena”) with 
water 
temperature of 
48°С 

> 100 ─ ─ ─ ─ ─ ─ 
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2. Thermal 
Healing Spring 
Varna 2 Р-1х 
"Aquarium“) with 
water 
temperature of 
47°С 

> 100 ─ ─ ─ ─ ─ ─ 

3. Thermal 
healing spring             
Р-106 х „Dom 
Mladost“ with 
water 
temperature of 
40°С 

> 100 ─ ─ ─ ─ ─ ─ 

4. Thermal 
healing spring              
Р-161х Varna at 
"Primorski" 
swimming pool 
with water 
temperature of 
50°С 

> 100 ─ ─ ─ ─ ─ ─ 

5. Non-thermal 
healing spring 
,,Healing water“ 
village of Goren 
Chiflik 70 

+ 
Acid 
 

+ 
Acid 
 

 
+ 
Acid and 
gas 
 
 

+ 
Acid and 
gas 
 

+ 
Acid and 
gas 
 

+ 
Acid and gas 
 

 
Table 8. Microbiological indicators of spring waters in Varna District 
 

Indicators Measuring 
unit 

Thermal 
healing spring 
Varna 1 
(drilling №Р-
83х Health 
Resort „Saints 
Constantine 
and Helena”) 
with water 
temperature of 
48 °С 

Thermal 
healing spring 
Varna 2 Р-1х 
"Aquarium“) 
with water 
temperature of 
47 °С 

Thermal 
healing spring 
Р-106 х „Dom 
Mladost“ with 
water 
temperature of 
40 °С 

Thermal 
healing spring 
Р-161х Varna 
at ”Primorski"  
swimming 
pool with 
water 
temperature of 
50 °С 

Non-
thermal 
healing 
spring 
,,Heling 
waterа“ 
village of 
Goren 
Chiflik 

Coliforms cfu/cm3 0/100 0/100 0/100 0/100 15/100 
Escherichia coli cfu/cm3 0/100 

 
 
 
 

0/100 0/100 0/100 15/100 

Enterococci cfu/cm3 0/100 0/100 0/100 0/100 10/100 
Sulphite 
reducing 
anaerobic 
bacteria 
(Clostridium 
perfringens)  

cfu/cm3 0/100 0/100 0/100 0/100 0/100 

Pseudomonas 
aeruginosa 

cfu/cm3 0/250 0/250 0/250 0/250 0/250 

 
Based on the conducted physicochemical and microbiological evaluations it is established 

that from the five examined springs at the territory of Varna District only thermal spring water, 
drilling №Р-83хКК “Saints Constantine and Helena”, thermal healing spring water Р-1х 
"Aquarium“, thermal healing spring water Р-106 х “Dom Mladost”, thermal healing spring water  
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Р-161х Varna at “Primorski” swimming pool correspond to all controlled parameters according to 
Ordinance № 9/2001, Official State Gazette, issue 30, and decree № 178/23.07.2004 about the 
quality of water, intended for drinking purposes, and with regards to microbiological parameters 
thermal healing water, drilling №Р-83хКК “Saints Constantine and Helena”, thermal healing 
spring water Р-1х "Aquarium“, thermal healing spring water Р-106 х “Dom Mladost”, thermal 
healing spring water Р-161х at “Primorski” swimming pool are in compliance with the 
requirements for drinking water. 

“Healing water” village of Goren Chiflik, Varna District does not comply with 
physicochemical indicators given for nitrates – them being higher than 130 milligrams per litre 
(Regional Health Inspection (RZI) – Varna), and with regards to microbiological indicators it is not 
in compliance with the requirements for presence of coliform bacteria and enterococci. According 
to Ordinance № 9/2001, Official State Gazette, issue 30, and decree № 178/23.07.2004 about the 
quality of water, intended for drinking purposes, it is not suitable for drinking. 

 
4. Conclusion 
The research shows the effects of hot mineral water from Burgas and Varna Districts, 

Bulgaria. There are the results with: 
- Comparison of the examined spring waters in Burgas and Varna Districts by 

physicochemical properties; 
- Determination of total number of mesophilic aerobic and facultative anaerobic bacteria; 
- Coli – titre of thermal healing spring waters; 
- Microbiological indicators of spring waters in Burgas and Varna Districts. 
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Standards 
Ordinance №9/2001, Official State Gazette,issue 30. 
Decree № 178/23.07.2004 about the quality of water, intended for drinking purposes. 
BDS8451: 1977 – defining of colour according to Rublyovska Scale, determination of smell at 20 °С. 
EN ISO 7027 –determination of turbidity. 
BDS3424: 1981 – determination ofрН. 
BDS3413: 1981 –determination of oxidisability. 
BDS3414: 1980 –determination of chlorides. 
BDS ISO 6058 – determination of calcium, determination of general hardness. 
BDS ЕN 27888 – determination of electrical conductivity. 
VLM – NH4 – № 1 –determination of ammonium ions.  
VLM –NO3 – № 2 –determination of nitrates. 
VLM – NO2 – № 3 – determination of nitrites. 
VLM– SO4 – № 4 –determination of sulphates. 
VLM– PO4 – № 5 – determination of phosphates. 
VLM– Fe – № 6 – determination of iron. 
VLM–Mn– № 7 – determination of manganese. 
VLM– F – № 8 – determination of fluorides. 
BDS 7211: 1982 – determination of magnesium. 
BDSEN ISO 7899 – 2 –determination of nitrates.  
BDSEN ISO 9308 – 1: 2004 – determination ofEscherichia coliandcoliformbacteria. 
BDSEN26461 – 2: 2004 – determination of sulphite reducing anaerobic 

bacteria(Clostridiumperfringens). 
BDSEN ISO 16266 – determination ofPseudomonas aeruginosa. 
BDSEN ISO 7899 – 2 – determination of eneterococci. 
BDS EN ISO 6222: 2002 – determination of total number of aerobic and facultative 

anaerobic bacteria.  
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Abstract 
The article considers issues related to the development of motor abilities of a person in the 

process of ontogenesis. The author presents the analysis of the manifestation of sensitive (critical) 
periods in the development of motor abilities of individuals of different sex and age, which makes it 
possible to develop certain functions of the organism of a person purposefully and efficiently as 
well as to form stable motor skills. The article considers age and sex transformations of 
morphological characteristics: total body measurements, body mass, chest size and lungs volume 
as well as sex differentiations in the manifestation of sensitive periods. Dynamics of the quantity of 
the manifestation of sensitive periods in the development of motor abilities of both males and 
females within the range of 2 to 22 years old is studied. Motor abilities, which must be developed at 
every age period, are listed. 

Keywords: motor abilities, age dynamics, sensitive (critical) periods. 
 
1. Introduction 
While considering the issue of age-related changes in the development of motor abilities, the 

following most important points should be noted. In a number of experimental studies (Alabyshev, 
1980, Balsevich, 2000, Balsevich, 1996, Volkov, 1984) it was established that in the process of 
growth and development of the human body, there are special periods of its increased sensitivity to 
environmental influences. During these periods certain functions effectively develop and motor 
skills are forming. Such sensitive periods in the development of an individual in the process of 
ontogenesis are called “critical” or sensitive (Balsevich, 2000). During these periods, the body is 
much better adapted to the action of negative environmental factors, which is associated with its 
increased sensitivity to external influences. Knowing the limits of the “critical periods” and the 
optimal dose of exposure, one can purposefully control the individual program of a person’s 
physical development by identifying the leading factors of development for each stage of 
ontogenesis (Volkov, 1984). 

The purpose of the work is to study the age dynamics in the number of manifestations of 
sensitive, or "critical", periods in the range from 2 to 22 years for both sexes based on the analysis 
of a generalized material of research on the age characteristics of the development of human motor 
abilities. 
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2. Methods and organization of research 
The authors for the first time carried out an analytical analysis of research materials 

(Alabyshev, 1980, Balsevich, 2000, Balsevich, 1996, Volkov, 1984, Guzhalovskiy, 1978, 
Guzhalovskiy, 1984, Gladysheva, 1976, Balsevich, 2000, Balsevich, 1996,Volkov, 1984, 
Guzhalovskiy, 1978, Guzhalovskiy, 1984) by belarusian and russian scientists in the field of theory 
and methods of physical culture, with the result that a new interpretation of data on issues related 
to the manifestations of sensitive periods in the development of human motor abilities was 
obtained. 

 
3. Results and its discussion 
Analysis of the dynamics of manifestation of sensitive periods for a person (pic.) of two, three 

years of sensitive periods for both sexes are synchronized. At this age, develop speed-power 
abilities, coordination of moving during movement and running, the ability to maintain body 
balance, flexibility and also a person gains weight. 

At the age of 4, both boys and girls have the fast improvement of jogging abilities, static 
strength, general endurance, general coordination, coordination while running and throwing an 
object. There are changes in morphological characteristics: the circumference of the chest. At this 
age, gender differences appear in the manifestation of sensitive periods. In addition to these, boys 
have growth of overall strength, general and static endurance. 

At the age of 5, all these children have different indicators of speed and flexibility, 
development of strength, spatial and temporal differentiation. As at the age of 4 boys have the 
growth of total strength, as well as dynamic strength. 

At the age of 6, girls and boys continue to have fast growth of speed, dynamic and general 
characteristics, spatial and temporal characteristics. Boys have the improvement of dynamic 
strength; girls have the improvement of coordination during run-up in long jumps. From 6 to 
9 years, there is a growth in the chest cells. 

The seven-year age is the beginning of a fast rise in the increase in the number of sensitive 
periods in the development of motor abilities for girls and boys, besides girls exceeds the indicators 
of boys (10 to 6). This dynamic continues up to 11 years for girls and 12 years for boys, the 
beginning of periods when a marked reduction in the number of sensitive periods in the 
development of motor abilities for both sexes begins. For seven-years-old girls there is an increase 
in coordination indices is observed during the run-up in long jumps and height while throwing the 
ball, rhythm of movements, balance, flexibility. Synchronous increase of indicators for boys and 
girls occurs with the development of various types of speed, frequency of movements, coordination 
while running. In addition, the boys in the period from 7 to 11 years have an accelerated growth of 
coordination abilities in such a specific form of athletics as a hurdle race. 
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Fig. 1. The dynamics of the manifestations of sensitive periods in the development 
of motor abilities in individuals of different sexes and age 

 
The period of 8 years old for girls is characterized by an increase in the indices of speed, static 

endurance, coordination during a run-up in long and high jumps, a rhythm of movements, 
coordination while throwing the ball, and the development of spatial and temporal differentiations. 
Boys have growth of speed-power indicators. Both girls and boys have growth of speed in the 
frequency of movements, the latent period of the motor response, general and coordination while 
running, rhythm of movements, body balance, flexibility, control of the duration of muscle tension. 

At the age of 9, sensitive periods for girls are observed in terms of speed in the speed of a 
movement, total strength, endurance, manifested in static and dynamic modes, coordination while 
jumping and throwing, body weight increases. Boys develop coordination in gymnastic and 
acrobatic exercises, improve performance in swimming and hurdle race. The representatives of 
both sexes have growth of various types of speed, indicators of frequency of movements, speed-
power abilities, general endurance, general coordination of running, rhythm of movements and 
body balance, control of the duration of muscular tension, spatial and temporal differentiation, 
flexibility; also increases the circumference of the chest. 

At the age of 10, girls experience an increase of speed (movement frequency), endurance of 
static and dynamic modes, coordination of jumps and throws, coordination abilities, lung volume 
increases; boys experience endurance indicators in a zone of high intensity, coordination while a 
run-up in long jumps, gymnastic and acrobatic exercises, swimming, cycling, football, hurdle race, 
rhythm of movements, spatial and temporal differentiation. Both girls and boys have indicators of 
different types of speed, speed of a movement, latent time of motor reaction, speed-strength 
abilities, general endurance, coordination in running, balance, accuracy of movements, flexibility, 
duration of muscle stresses; increases the circumference of the chest. 

At the age of 11, girls have the number of manifestations of sensitive periods reaches the 
highest value (27), after which they decrease until the age of 13. Moreover, for girls this process is 
clearly pronounced due to the processes of puberty, which is typical during these age periods. 
For boys from 10 to 12 years, there is a wavy dynamic in the quantitative manifestation of sensitive 
periods, but it is weakly expressed. 

Thus, for girls of 11 years old, there are sensitive periods in terms of speed in the frequency of 
movements, endurance of static and dynamic (in the submaximal intensity zone) modes, 
coordination of jumping and throwing, swimming, coordination abilities of general, flexibility; total 
body size increases; for boys these sensitive periods are expressed  in terms of speeds manifested in 
different types and in speed of a movement, coordination during a run-up in long jumps, while 
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throwing the ball into the basket, cycling and football; for both sexes it is expressed in terms of 
speed in the latent time of the motor response, total strength, speed-strength abilities, total 
endurance and endurance, manifested in a dynamic mode in areas of moderate and high intensity, 
coordination while running, balance and accuracy of movements; there is an increase of body 
weight, chest circumference, lung volume. 

At the age of 12, sensitive periods in the development of motor abilities of girls are observed 
in terms of endurance in a static mode, coordination during run-up in long jumps and throwing the 
ball, rhythm of movements, and body balance;  this period for boys is characterized by developing 
of  indicators of speed in the frequency of movements and latent time of the motor reaction, 
coordination in acrobatic jumps and throwing the ball into the basket, cycling, football; for both 
boys and girls it is expressed in developing of terms of overall strength and endurance, speed-
strength abilities, endurance in a dynamic mode in areas of high and submaximal intensity, 
coordination while running, swimming, spatial orientation, flexibility; also lung volume increases. 

At the age of thirteen, girls experience an increase in indicators of speed, rhythm of 
movements, body balance, increasing muscle mass; there is a development of indicators of speed in 
the frequency of movements, general strength, speed-strength abilities, coordination while cycling, 
football, general coordination for boys; they also have increase of lung volume as girls. Both boys 
and girls have development of indicators of overall strength, speed-strength abilities, general 
endurance and endurance, manifested in a dynamic mode, coordination while running, swimming, 
flexibility; body weight increases. 

Girls and boys from 12 to 14 years have the same number of manifestations of sensitive 
periods in the development of motor abilities. From 13 to 14 years, both girls and boys have 
another increase (peak of rise) in the number of sensitive periods in the development of motor 
abilities. Moreover, from the age of 15, this number for boys begins to exceed girl’s indicators. This 
dynamic will persist throughout subsequent age periods (up to 22 years). From the age of 14, 
a gradual decrease in the number of sensitive periods for both sexes starts. 

At the age of 14, sensitive periods for girls are observed in terms of speed in the frequency of 
movements, endurance in the zone of maximum intensity, coordination during a run-up in long 
jumps and jumps with a change in direction of movement, swimming, rhythm of movements, 
coordination abilities; an increase of total body size and muscle mass occurs. For young men this 
period is characterized by increasing of different types of speed, dynamic endurance in zones of 
moderate and submaximal intensity, coordination of acrobatic jumps and while throwing the ball 
into the basket, cycling, football, and body balance; lung volume increases. Boys and girls have 
increase of of overall strength, speed-strength abilities, general endurance and endurance of a 
dynamic mode in a zone of high intensity, coordination during a run-up in long jumps, while 
throwing the ball, spatial orientation, flexibility; increases the circumference of the chest. 

At the age of 15, girls experience an increase in speed indicators in the frequency of 
movements, endurance, manifested in areas of high and maximum intensity, coordination during a 
run-up in long jumps and jumps with a change in direction of movement, complex coordination, 
accuracy of movements; total body size and muscle mass increase. Young men experience increase 
of different types of speed, speed of a movement, coordination while acrobatic jumps, while 
throwing the ball and throwing the ball into the basket, swimming and soccer, balance; body 
weight increases. Both boys and girls have increase of overall strength, speed-strength abilities, 
general endurance and endurance in static and dynamic modes, coordination during a run-up in 
jumps, spatial orientation, flexibility; increases the circumference of the chest. 

At the age of 16, girls at an accelerated pace have observed an increase in the indices of 
endurance, manifested in a static mode and in zones of large, submaximal and maximum intensity, 
coordination during exercises with changing direction of movement, complex coordination, 
accuracy of movements; for young men there are indicators of speed in different types and speeds 
of a movement, general endurance and endurance, manifested in a dynamic mode, coordination 
while running and a run-up in jumps, acrobatic jumps, while throwing the ball and throwing the 
ball into the basket, swimming, general coordination; total body size and muscle mass increase; 
girls and boys have indicators of overall strength and speed-strength abilities, spatial orientation, 
flexibility; increases the circumference of the chest. 

At age 17, girls have sensitive periods in the development of motor abilities in terms of 
endurance in areas of high and submaximal intensity, coordination while a run-up in long jumps 
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and jumps with a change in direction of movement, flexibility; for young men this period is 
characterized by speed improvement  of movement while swimming, speed-strength abilities, 
endurance in the zone of moderate intensity, coordination during the run-up in jumps, acrobatic 
jumps and while throwing the ball, complex coordination, balance, accuracy of movements, spatial 
orientation; total body size and muscle mass increase; boys and girls experience development of 
overall strength, endurance in a static mode and a zone of maximum intensity. 

At the age of 18, girls improve coordination wile a run-up in long jumps; boys have an 
increase in strength, manifested in swimming, endurance in static and dynamic modes, as well as 
in the zone of moderate, large, submaximal and maximum intensity, complex coordination, 
accuracy of movements; total body size, chest circumference, muscle mass increase; girls and boys 
have indicators of total strength. 

At age of 19, girls experience gains in speed-power abilities; young men have indicators of 
endurance in all zones of intensity; both boys and girls experience development of coordination 
while running, general coordination. At 20, young men have indicators of endurance in a dynamic 
mode and in areas of high and submaximal intensity, coordination in acrobatic jumps, both boys 
and girls have improvement of overall coordination. At the age of 21, young men experience 
development of coordination of acrobatic jumps, at 22, young men and woman have improvement 
of their speed-strength abilities. 

 
4. Conclusion 
The dynamics of manifestations of sensitive periods in the development of motor abilities 

shows that at the age of 2 and 3 sensitive periods for both sexes is synchronized not only by 
quantitative indicators, but also by morphofunctional characteristics. From the age of 4, sexual 
morphofunctional differences appear in the manifestation of sensitive periods. The age of 7 is the 
beginning of an increase in the number of sensitive periods in the development of motor abilities 
for girls and boys, and this number for girls exceeds the boy’s indicators, and this dynamic 
continues up to 11 years for girls and 12 years for boys, the beginning of decline the number of 
sensitive periods for both sexes. The age of 11 for girls is characterized by reaching a maximum 
value in number of manifestations of sensitive periods, after which they are markedly reduced to 
13 years, which may be due to the processes of puberty. For boys from 10 to 12 years, there is a 
wavy dynamic in the quantitative manifestation of sensitive periods, but it is weakly expressed. 
In the period from 12 to 14 years, both sexes have the same number of manifestations of sensitive 
periods. From 13 to 14 years, girls and boys have another increase in this number. Moreover, from 
the age of 15 these indicators for boys begin to exceed girl’s indicators. From the age of 14, 
a gradual decrease in the number of sensitive periods for both sexes starts. This dynamic will 
persist throughout subsequent age periods up to 22 years. 
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