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 We studied the dynamics of the morphofunctional parameters of blood erythrocytes of 

hens in the course of adaptation to a light mode change by means of methods of nuclear 
and power microscopy. It was established that chronic stress, caused by 

photodesynchronosis, results in characteristic changes of the morphofunctional 

parameters of erythrocytes, first of all, in sizes of near-nuclear space. It was revealed 
that the average surface area of erythrocytes thus grows and rigidity of cells membranes 

decreases that testifies the changes of contact and elastic properties of the cellular 

structures providing transport of oxygen with blood and microcirculation. 
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INTRODUCTION 

 

 Researches of the recent years confirm the fact that changes of morphofunctional parameters of cells are 

universal constituent parts of compensational and adaptive reactions of the body [2, 9, 12]. Method of atomic 

force microscopic investigation permits studying morphofunctional changes, occurring in cells at a qualitatively 

new level [11]. In the course of evaluation of adaptation reactions of cells more often the regularities of 

dynamics of such cell membranes properties as liquidity and penetration are taken into account [2, 13]. The 

universal nature of mechanism of disorder on the contact and elastic properties of cell structures in the course of 

influence of various genesis are confirmed in the number of researches [2, 5, 7, 14]. At present time the 

opportunities of using these regularities in the course of diagnostics of stress conditions are developed, as well 

as diagnosis making, treatment and prevention of diseases.  

 Purpose of research: to study the dynamics of some morphometric and functional parameters of 

erythrocytes of the blood of hens in the course of adaptation to chronic stress, caused by photodesynchronosis.  

 

Methods: 

 The experimental part of the work was performed in conditions of vivarium with hens of «Haysex brown» 

cross, 18-month old, formed under the principle of analogues to groups on control (#1) and experience (#2) 16 

hens in each. The hens were placed into conditions of cages with the density of presence, feed and water in 

accordance with the zoo technical standards and technologies of breeding of this cross. Chronic Ыtress - 

photodesynchronosis was created by means of exposure of hens to permanent lighting within three days [1]. 

Scanning of cells (n=10) was performed at the atomic force microscope (AFM) «INTEGRA Vita» (NT MDT, 

Zelenograd) in the scientific-research laboratory «Physiology of adaptation processes» SRU BelGU by means of 

semi-contact method, the results were processes with the help of software Nova 1.0.26 Build 1397 (NT MDT). 

The potential of the cells surface was evaluated by method of Kelvin probe. The certainty of the differences was 

evaluated according to the Student’s t-test.  

 

Main part: 

 It has been established within our study that by photodesynchronosis the hens demonstrate the chronic 

stress symptoms which is confirmed by the results of the evaluation of the functional state of organism, 

hematologic and biomedical measurements [1]. Since the characteristic of the adaptive behavior of the organism 

according to the present-day ideas cannot be considered complete without analysis of the dynamics of the cell 
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morphofunctional characteristics, the geometrical parameters and functional properties of the red-cell 

membranes were examined by means of the atomic force microscope investigation.  

 In the Table 1 the findings of the analysis of the certain red-cell parameters that undergo the proved changes 

in the course of the hens’ adaptation to photodesynchronosis are indicated.  

 The functional characteristics of the red cells depend, first of all, on the cell surface area [4, 6, 12, 15]. 

Within our study in the course of the hens’ adaptation it was increased by 16%. Regarding the red cell height, by 

the end of the observations it reduced by 33%. Such geometric parameters of a cell as the volume, length and 

width did not suffer any proved changes within the entire experiment duration.  

 The changes of the red-cell morphologic characteristics represent the reversible conformational alterations 

in its membrane and are, according to Starostova Z. et al., the factor determining the metabolic rate [11, 12]. 

That is why the increase in the average cell surface area observed during our study as from the 16
th

 day of the 

experiment can be considered as a compensatory mechanism aimed at stimulation of the oxygen binding and 

transfer by blood in response to stress.  

 
Table 1: Dynamics of the hen red-cell geometric parameters by adaptation to photodesyn chronosis. 

Groups Day Cell parameters 

Surface area, μm² Cell height, μm Perinuclear space 

Width, nm Depth, nm 

1 6th 90,8±2,1 0,9±0,2 6,9±1,5 44,8±2,5 

16th 91,4±1,4 0,7±0,4 6,2±1,2 42,3±1,6 

30th 92,2±3,2 1,0±0,3 7,1±0,8 48,2±2,2 

2 6th 93,2±5,3 0,8±0,1 2,1±0,4* 110,1±4,5* 

16th 105,5±2,4** 1,1±0,1 3,3±0,2* 20,3±0,4* 

30th 108,1±9,2 0,6±0,1* 2,8±0,3* 41,4±4,1 

Note: differences certainty as compared to the data of the 1st group 
* – at Р<0.05, **– at Р<0.01 

 

 A mature red cell of the bird blood as against the mammals and human blood has a nuclear structure. 

Consequently, the essential parameters allowing evaluating the red cell capability under the adaptation 

conditions are the perinuclear space characteristics, primarily, the width and depth. According to our study the 

width of the perinuclear space by the 6
th

 day of the experiment reduced by more than trice and such changes 

persisted during the entire adaptation period. The depth of the red cell perinuclear space as of the 6
th

 day of 

adaptation exceeded the reference value by 146%, no proved changes as compared to the reference values were 

detected by the end of observation. Substantial and sustainable reduction of the perinuclear space width under 

the initial increase of its depth indicates the more efficient use of the red cell volume and fulfills the adaptive 

role. In the Table 2 the findings of analysis of the certain red cell membrane functional parameters by the hens’ 

adaptation to photodesynchronosis are indicated. 

 
Table 2: Functional properties of the hens’ red cell membranes by adaptation to photodesynchronosis. 

Groups Day Cell parameters 

Elasticity modulus, mPa Surface potential, mV 

1 6th 6,8±1,5 -7,6±1,4 

16th 6,1±1,9 -8,2±2,1 

30th 5,8±2,1 -7,2±1,2 

2 6th 2,5±0,1* -1,5±0,3** 

16th 2,9±0,1* -7,5±0,2 

30th 3,8±0,7 -11,4±1,2* 

 

 The red cell membrane elasticity modulus characterizes its average stiffness, within our study over the 

entire adaptation period it was significantly below the value in the control group by 57-63%. According to M. Z. 

Fedorova et. al., the cell surface area may be increased as the result of a more efficient use of the membrane 

reserve [13]. Apparently, the cell content is uniformly distributed, the membrane elasticity is reduced which 

results in the increase of blood flow in the microcirculatory vessels. This may be confirmed by the research by 

Xiong W., Tukina V. N. et al., it has been found out that the increase of the cell membrane stiffness creates 

conditions for the difficult blood flow in the microcirculatory vessels [5, 13, 14]. In the research by Zuk A. et al. 

it has also been established that the increase of the red cell elasticity modulus affects the cell capability relating 

to the oxygen binding and its capillary transfer [2, 14, 15]. The physiological basis of reduction of the red cell 

membrane stiffness can consist in the difficult calcium binding with the plasmalemma proteins which, according 

to a number of researchers, results in the increase in the membrane fluidity. The studies by Moradi A.R., Tukina 

V. N. et al. represent the convincing evidence of interrelation of the blood biochemical parameters, in particular, 

the calcium ions content in plasma and average stiffness of the red cell membranes [7, 13].  

 The value of potential of the red cell membrane surface as of the 6
th

 day of adaptation exceeded the values 

in the control group by 80%, as of the 16
th

 day – no proved changes were observed, as of the 30
th

 day - the value 

decreased by 50%.  

http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&SID=U2q43IUmOsUOWKsnNQv&field=AU&value=Starostova,%20Z&ut=16087100&pos=%7b2%7d&excludeEventConfig=ExcludeIfFromFullRecPage&cacheurlFromRightClick=no
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&SID=U2q43IUmOsUOWKsnNQv&field=AU&value=Zuk,%20A
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 The research by O. V. Bondar et al. showed that the increase of the total negative membrane charge may 

indicate the early atoptosis and reduced cell survival [3]. On the other hand, Neu B. showed that the loss of 

charge by the red cell membrane results in a denser configuration within the solution and their further 

aggregation, therefore, the value of the membrane negative charge is essential for prevention of the spontaneous 

cell aggregation [8, 10]. Considerable rise in the red cell surface potential arising as a consequence of 

photodesynchronosis is replaced in the course of adaptation through reversion of this parameter to its initial 

value which can be considered as a factor of improvement of the blood microcirculation.  

 

Summary: 

 Thus, the research results show that within the adaptive processes taking place in the hens’ nuclear red cells 

a particular role is assigned to the capacity of the perinuclear space which decreased significantly, apparently, 

such reduction is aimed at increase of the cell effective volume. In the course of the hens’ adaptation the red cell 

surface area increased. At the same time the functional properties of the cell membranes were characterized by 

reduction of the average stiffness confirmed by the persistent decrease of the elasticity modulus. It all shows that 

by the hens’ adaptation to photodesynchronosis the contact and elastic properties of the red cell structures are 

changed which stimulates the red cells’ transport function and blood circulation.  

 

Conclusions:  

1. By photodesynchronosis by hens the substantial and typical changes of the morphofunctional parameters of 

the blood red cells are to be observed. 

2. In the course of the hens’ adaptation to photodesynchronosis the capacity of the perinuclear space of the 

blood red cells, mainly through its width, is reduced.   

3. By chronic stress suffered by hens the area of the red blood cells is increased, the cell membrane stiffness is 

reducedя. The changes in the contact and elastic properties of the cell structures stimulate the blood oxygen-

transfer function and facilitate the blood circulation in the microcirculatory vessels. 
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