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Introduction
In his famous work “Cell Pathology” Rudolf Virchow outlined 

that the pathology of organism begins as pathology of cells [1]. One 
of important characteristics of the cell is the state of chromatin 
in cell nucleus. Chromatin is a complex of DNA with nuclear 
proteins. It may be divided in two forms: a dense, low-activity state 
(heterochromatin) and a diffused, active state (euchromatin) [2]. 
The increase of portion of heterochromatin in cell nucleus is a sign 
of decrease of processes of RNA synthesis, or in other words, it is a 
sign of partial inactivation of the cell nucleus. Below some results 
demonstrating the role of chromatin rearrangements in pathology 
and sport medicine are presented. 

Discussion
Chromatin remodelling is often connected with hereditary 

diseases. The role of mutations of proteins associated with 
the nuclear membrane and the corresponding violations of 
the nuclear membrane and chromatin structure are described 
for many hereditary diseases. Among them groups of diseases 
related to striated muscles, adipose tissue, peripheral nerves, 
progeria phenotype [3]. Some of the diseases are connected with 
mutations of A-type and B-type lamins (so-called laminopathies) 
are connected to changes in heterochromatin layer adjacent to the 
nuclear membrane [4,5]. The role of different nuclear proteins in 
peripheral heterochromatin formation in granulocytes is in details 
described in [6]. The significance of the nuclear act in structures 
in regulation of cell nucleus morphology, gene expression and cell 
answer to disease and environmental agents is discussed in [7].

The well-studied autoimmune disease systemic lupus 
erythematosus (SLE) which is characterized by producing of auto 
antibodies to the cell nucleus is also associated with changes in the 
structure of the nuclear membrane and chromatin. Patients with 
SLE have neutrophils with dumbbell-shaped or ovoid nuclei that 
resembled the Pelger-Huet anomaly. The Pelger-Huet anomaly is 
usually autosomal dominant trait. This condition is characterized 
by granulocytes that are either bilobed or completely unsegmented 
[8]. The changes in nuclear morphology related to SLE are connected 
with changes in splicing of mRNA of the nuclear membrane protein-
lamin B receptor (LBR) [9]. Heart failure involved decreased 
stability of chromatin interactions around disease-causing genes. 
In addition, pressure overload or CTCF depletion remodelled long-
range interactions of cardiac enhancers, resulting in a significant 
decrease in local chromatin interactions around these functional 
elements. It was demonstrated that global structural remodelling 
of chromatin underpins heart failure [10]. 

A marker for assessment of cell nucleus morphology 
changes, termed Nucleotyping was used in [11], based on 
automatic assessment of disordered chromatin organization. 
This marker stratifies on regions defined by the distance to the 
nuclear periphery. The chromatin organisation in cell nuclei was 
automatically analysed by examining the spatial variations in DNA 
density. The pattern of spatial distribution of DNA in the nucleus 
was assessed for each prostate cancer patient. By this pattern all 
the patients after radical prostatectomy were distributed in two 
groups and for each group the risk or recurrence was calculated. 
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Abstract

The state of chromatin in individual cells is directly related to the state of the whole organism and may be used for assessment of the state of 
the whole organism. Many hereditary diseases are connected with chromatin rearrangements. Chromatin distribution in cell nucleus is an important 
characteristic which may be applied for determination of disease gravity. The method of determination of the quantity of heterochromatin granules in 
buccal epithelium cells may be applied in the assessment of the state of human organism during sportive trainings and medical treatment. 
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Nucleotyping predicted recurrence with a hazard ratio (HR) of 3.3 
(95% confidence interval (CI), 2.1-5.1) [11]. In a series of works of 
scientific group in Kharkiv National University were assessed the 
chromatin changes in human buccal epithelium cells, connected 
with changes of the state of organism due to ageing, sportive 
charges, visual charges, and disease. The cells of the human 
buccal epithelium are good object for studying the processes of 
euchromatin ↔ heterochromatin transitions, since they have a 
large flat shaped nucleus with well-structured chromatin. It was 
proposed to assess the state of chromatin in cell nucleus by the 
only parameter, the heterochromatin granule quantity (HGQ) after 
dyeing the cells with orcein [12]. The heterochromatin granules 
quantity in the nucleus is evaluated in 30-50 nuclei and the mean 
value of the HGQ and the standard error of the mean HGQ are 
determined. Normally, the standard error for each experiment not 
exceeds 5% of the mean HGQ value. 

The age related chromatin condensation in cells of healthy 
donors of cells was demonstrated [13]. A Patent of Ukraine was 
obtained for “Method for determining of fatigue in humans” 
in which the method of determination of the HGQ degree was 
applied for assessment of the effect of physical loadings [14]. 
The chromatin condensation in exfoliated buccal epithelium cells 
was revealed after sportive trainings. Cells were collected during 
training crosses from students and lecturers of the Kharkiv 
Institute of Air Forces of Ukraine. The cross lasted for 8-10h. The 
energy waste for one person was in different cases approximately 
1 or 2MJ. These physical loadings resulted in the significant 
increase of HGQ. After the period of repose (16h) the chromatin 
condensation in most cases reversed to the initial (control) level 
[15]. The method of HGQ was applied for assessment of the state 
of organism of cancer patients. As it is known homocysteine plays 
an important role in tumor genesis, it inhibits angiogenesis and 
tumor invasion. Among patients – women with breast neoplasms-
breast cancer and fibroadenoma patients, the homocysteine level 
was determined in blood plasma. An inverse correlation was found 
between heterochromatin granule level in buccal epithelium nuclei, 
and homocysteine level in blood plasma [16].

HGQ was estimated in the investigation carried out on a 
stationary bicycle stand trainer in a group of students of Kharkiv 
Medical University (13 men) of age 19-23. Sport exercises on 
stationary bicycle stand trainer VE02 (Kiev) at power charge 400W 
for 1min. In the most of donors HGQ increased but no increase of 
HGQ was observed in two donors, proved to be sportsmen [17]. The 
method of HGQ assessment was used in the study of the influence of 
working with the text on the screen of the computer monitor on the 
functional state of an operator. It was shown that the HGQ increases 
after visual work with text with low readability. On the contrary, 
after the computer game “Kosynka” the HGQ is decreasing, which, 
in authors’ opinion, is due to the positive emotional background 
of this kind of activity. The obtained results allow to state that the 
text presented on the electronic information carrier has a greater 
negative impact on the state of human organism than the text 
printed on paper, causing the development of visual fatigue in 70% 

of the subjects. Using the HGQ opens the new opportunities for 
understanding the mechanisms of adaptation to different types of 
visual load [18]. The HGQ was assessed in cells of human buccal 
epithelium among trained and untrained students during volleyball 
and tennis training sessions: before, in the process and after 
training session. HGQ increased during training sessions among 
both volleyball and tennis players. This parameter increased with 
time of performance of the training session. During the training 
it was observed the uniform increase in the HGQ during training 
and after training for a group of untrained students, and during the 
first steps of training among the athletes was registered a small 
increase in the HGQ, compared to a group of untrained students. 
This dynamics of HGQ changing in different groups of players 
suggests that the organism of athletes answer to training loadings 
more slowly than it is observed among group of untrained students. 
At the end of the training, the HGQ score has the same average level 
in both groups [19]. 

The measurement of HGQ during military training shows that 
the growth of HGQ in buccal epithelium cells under the influence 
of psychophysical stress. The stress can be estimated at the level of 
“high” without approaching the limits of endurance. The research 
during a raid in extreme conditions showed that the limit of endurance 
(up to 5mJ) the HGQ increased to the limit values at 22-23, which 
in some cases was characterized by a partial loss of coordination 
and orientation in space, inadequate response to commands and 
practical inability to use a systematic approach to make a decision 
[20]. The method of HGQ determination in exfoliated cells was 
also applied in observations among patients with neurological 
disorders. It was shown that among patients with diffused sclerosis 
the HGQ level is significantly elevated in comparison with control 
group [21]. The analysis of the data obtained among the patients 
with Wilson’s disease (hepatolenticular degeneration) revealed 
that HGQ in buccal epithelial cells was significantly lower than in 
control group [22].

The method of chromatin state assessment was applied in 
investigation of the state of buccal epithelium cells in different 
groups of cigarette and hookah smokers in comparison with 
control group of non-smokers. It was shown the increase of HGQ 
(chromatin condensation) in cells of buccal epithelium among 
hookah smokers [23]. Summing up, the increase of the degree of 
heterochromatinisation of chromatin in buccal epithelium cell 
nuclei indicates cell response to stress at the cellular level. The 
degree of heterochromatisation increases in unspecific response 
to different unfavorable influences on human organism. In our 
opinion, mentioned above results are in a good agreement with 
well-known views of Rudolf Virchow about cellular mechanisms of 
pathologies. 

Conclusion
Different experimental approaches demonstrate the significant 

role of chromatin rearrangements in cells corresponding to diseases 
and physiological stress at organism level. Assessment of changes 
in chromatin may give clues to more propound understanding of 
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the mechanisms of pathology. On the other side assessment of 
chromatin rearrangements may be applied for diagnostics of the 
gravity of disease and also may be used in sportive and occupational 
medicine. 
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