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Abstract. Spontaneous abortion is frequently linked to chromosomal abnormalities in the embryo, 
with aneuploidies representing a substantial proportion of these cases. Aneuploidies, which account 
for two-thirds of abortions, are predominantly characterized by copy number abnormalities in a 
single chromosome pair. The presence of combined chromosome copy number abnormalities in the 
karyotype is a rare and enigmatic occurrence. This study presents cases of double aneuploidy not 
previously reported in such chromosomal combinations. The first case revealed a combination of 
aneuploidies in chromosomes 7 and 8, while the second case exhibited aneuploidies in 
chromosomes 13 and 16. The identification of these rare double aneuploidy combinations is pivotal 
in enhancing our understanding of the underlying causes of spontaneous abortion and 
predisposition to chromosome non-disjunction. It underscores the necessity for further research to 
explore such rare instances, thereby contributing to the advancement of our knowledge in this field.  
Key words: double aneuploidy, spontaneous abortion, karyotype, cytogenetics 
 

Introduction  
Spontaneous abortion (SA) has been defined as a pathological condition that occurs in 20 % 

of all clinically identified pregnancies [1]. Up to 2/3 of spontaneous abortions (SA) maybe caused 
by abnormalities in the chromosome set of the embryo - aneuploidies and polyploidies [2]. Among 
SA, aneuploidies on chromosomes 16, 22, 21 and 15 are the most frequently detected, with the 
presence of multiple aneuploidies at once accounting for about 4.6 % [3, 4]. Multiple aneuploidy 
refers to cases where numerical abnormalities are observed in more than one chromosome which 
were occurred by errors in two meiotic cycles, and they are of important medical and biological 
significance due to the rarity of their occurrence [5]. The most common combinations of 
aneuploidies consist mainly of chromosome groups G and E, most commonly including anomalies 
such as X/+21, +21/+22, +16/+21 and +7/+16 [5]. In this study, we applied the ultra-low coverage 
whole-genome sequencing (ulcWGS) method to karyotype spontaneous abortus specimens, and we 
were able to find that two cases exhibited double aneuploidies. The karyotype abnormalities 
observed in these samples were characterised by the presence of group C chromosomes (7 and 8) in 
the first case and group D (13) and E (16) chromosomes in the second case. 

 
Research methods  
Tissues of spontaneous abortions with an unknown karyotype were obtained from the 

biological collection of the "Biobank of the Population of Northern Eurasia" of the Research 
Institute of Medical Genetics, Tomsk National Research Medical Center. The gestational age, as 
determined by the date of the last menstruation, was found to be 8.4 and 9.5 weeks in samples 1 and 2, 
respectively. The maternal age was determined to be 28 and 36 years in samples 1 and 2, respectively. 
All participants signed an informed consent.  

Extraembryonic mesoderm samples were separated under an inverted microscope Axiovert 200 
(Carl Zeiss, Germany). Genomic DNA was isolated by the standard phenol-chloroform extraction 
method. The quality and quantity of DNA were analyzed on Nanodrop (Thermo, USA) 
spectrophotometer and Qubit 2.0 (Thermo, USA) fluorimeter. 

The samples were subjected to karyotyping using ulcWGS. Subsequent sequencing was 
performed on a Genolab M (GeneMind, China) utilizing the manufacturer's chemistry and adhering 
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to the manufacturer's recommendations. Subsequent data processing was conducted using the 
software packages BWA 0.7.17, SAMtools v1.6, QDNAseq 1.40.0, and deepTools. 

For verification of aneuploidies, DNA probes for the centromeres of chromosomes 7 and 8 were 
used. The analysis was performed using an Axio Imager Z2 microscope (Carl Zeiss, Germany) with 
Metafer and ISIS software (MetaSystems, Germany). 

Verification of aneuploidy in sample which only DNA was available for analysis was 
performed by real-time PCR. Oligonucleotide primers were selected using the NCBI Gene, UCSC 
Genome Browser, Ensembl databases, and the Primer-BLAST, Oligoanalyzer programs for region 
of chromosome arms of 13 and 16 chromosomes (Table 1). The analysis was performed on an 
AriaMx device (Agilent Technologies, USA). 

 
Table 1  

Primers used for real-time PCR 

Primer Sequence, 5'-3' Chromosome region 
FAM155Aex3 F AGTGTGACTGAGAGATGAAGGA 13q33.3 
FAM155Aex3 R GTCGCAGGGTTAAGTATGATGC 13q33.3 
DIAPH3ex21 F GAGCAATGTGAAGAGACTACGG 13q21.2 
DIAPH3ex21 R TTATCTCTTCGCAGGCAGTACT 13q21.2 

PDPRex18 F TGTTGGCCAGAAATACGGAATC 16q22.1 
PDPRex18 R TCTCTAATTTCACCCGAGACTCT 16q22.1 
PDZD9ex5 F CTGGATAATGGTGAAGCAAGACA 16p12.2 
PDZD9ex5 R GGCTTTACCCTCTTCAACTTGG 16p12.2 
 
Results 
The ulcWGS data revealed double aneuploidy in two samples of spontaneous abortions, 

corresponding to chromosomes 7 and 8 in the first case and chromosomes 13 and 16 in the second 
case (Fig. 1). FISH results determined a karyotype of 48,XY,+7,+8[166]/47,XY,+8[19]/47,XY,+7[12] 
in the first case (Fig. 1).  

 

 
Fig. 1. Results of ulcWGS and verification by FISH and real-time PCR: a) Full genomic profile of the sample with 

identified trisomy 7 and 8 (sample 1); b) Full genomic profile of the sample with identified trisomy 13 and 16 (sample 2); 
c) Confirmation of trisomy by FISH using DNA probes on centromeric regions of chromosomes 7 and 8;  

d) Confirmation of trisomy 13 and 16 by real-time PCR 
 
RT-PCR results showed the presence of additional material of chromosomes 13 and 16 in the 

second case, probably in mosaic form (Fig. 1). 
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Conclusion  
Aneuploidy is defined as a chromosomal condition characterised by a deviation in 

chromosome number from a multiple of the haploid complement. The combination of multiple 
aneuploidies in a single organism is a rare event, with the main mechanism being non-disjunction in 
two meiotic cycles, which can come from either the same parent or different parental origins. In this 
study comparatively rare chromosomal combinations were identified. Chromosomal combination 
identified in the first case including the chromosomes 7 and 8 was a significantly rare combination 
that hadn't been mentioned in previous studies. In case two chromosome 13 and 16 was identified 
which is also not a common combination in double aneuploidy. 

Most cases of double aneuploidy are random events, but their occurrence has been attributed 
to several factors, including maternal age. A review of the literature shows that most cases of 
double aneuploidy occur in mothers younger than 35 years old [6]. In our study, the ages of the 
mothers were 28 and 36 years, suggesting that some cases may be due to other factors, such as 
hereditary predisposition to non-disjunction [7], as well as other factors that need to be investigated. 

The identification of aneuploidies is paramount for the establishment of a diagnosis and the 
formulation of future reproductive plans. This study has led to the identification of two novel 
combinations of double aneuploidies. Further research is necessary to identify and collate rare 
instances of double aneuploidy, with the aim of gaining a more profound understanding of the 
nature of spontaneous abortions and the predisposition factors for chromosome non-disjunction. 
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Abstract. Glucocorticoids are used as anti-inflammatory drug in clinic for treatment various 
diseases, but they have many side effects. The aim of our study was to investigate dexamethasone 
(Dex) effects on oligodendrocytes and myelin content in normal brain tissue of mice. C57Bl/6 mice 
(n=60) received single and multiple Dex injections (2,5 mg/kg dose) intraperitoneally and all the 
studied parameters were analysed at 1-90 days after Dex administration. Oligodendrocytes were 
estimated by immunohistochemistry with specific antibodies Olig2. Myelin content was studied by 
staining with LuxolFastBlue (LFB) according to Viktorov. Dex administration did not affect on 
oligodendrocytes, but decreased myelin content (1,2-1,4-fold, p<0.001) at 3-15 days in normal 
brain tissue of mice. Suchwise, long-term Dex administration modifies cell composition of normal 
brain tissue by reducing the production of myelin content by oligodendrocytes, which can 
contribute to the development of neurodegenerative diseases. 
Key words: glucocorticoid; dexamethasone; oligodendrocyte; myelin; normal brain; C57Bl/6. 
 

�<�\�_�^�_�g�b�_ 
�>�_�d�k�Z�f�_�l�Z�a�h�g�����'�H�[�����i�j�b�f�_�g�y�_�l�k�y���\���d�e�b�g�b�d�_���^�e�y���e�_�q�_�g�b�y���j�Z�a�e�b�q�g�u�o �a�Z�[�h�e�_�\�Z�g�b�c�����l�Z�d�b�o���d�Z�d��

�j�Z�k�k�_�y�g�g�u�c�� �k�d�e�_�j�h�a����COVID-19 �b�� �^�j [1�±3]. �G�_�k�f�h�l�j�y�� �g�Z�� �f�g�h�`�_�k�l�\�h�� �i�h�e�h�`�b�l�_�e�v�g�u�o�� �k�\�h�c�k�l�\���� �\��
�q�Z�k�l�g�h�k�l�b���� �h�l�e�b�q�g�h�_�� �i�j�h�l�b�\�h�h�i�m�o�h�e�_�\�h�_���� �i�j�h�l�b�\�h�\�h�k�i�Z�e�b�l�_�e�v�g�h�_�� �b�� �i�j�h�l�b�\�h�Z�e�e�_�j�]�_�g�g�h�_��
�^�_�c�k�l�\�b�y�����'�H�[���h�[�e�Z�^�Z�_�l���l�Z�d�`�_���j�y�^�h�f���i�h�[�h�q�g�u�o���y�\�e�_�g�b�c�����D���i�h�[�h�q�g�u�f���w�n�n�_�d�l�Z�f���i�j�b�f�_�g�_�g�b�y���'�H�[��
�q�Z�k�l�h���h�l�g�h�k�y�l���k�b�g�^�j�h�f���D�m�r�b�g�]�Z�����k�Z�o�Z�j�g�u�c �^�b�Z�[�_�l���b���h�k�l�_�h�i�h�j�h�a [4, 5]. 

�K�m�s�_�k�l�\�m�x�l�� �g�_�f�g�h�]�h�q�b�k�e�_�g�g�u�_���b�k�k�e�_�^�h�\�Z�g�b�y���� �i�h�k�\�y�s�_�g�g�u�_���\�e�b�y�g�b�x���'�H�[���g�Z���k�h�k�l�Z�\�� �b��
�k�l�j�m�d�l�m�j�m�� �\�g�_�d�e�_�l�h�q�g�h�]�h�� �f�Z�l�j�b�d�k�Z�� �g�h�j�f�Z�e�v�g�h�c�� �l�d�Z�g�b�� �]�h�e�h�\�g�h�]�h�� �f�h�a�]�Z���� �h�^�g�Z�d�h���_�s�_�� �[�h�e�_�_��
�j�_�^�d�h�� �b�a�m�q�Z�x�l�� �\�e�b�y�g�b�_�� �'�H�[�� �g�Z���d�e�_�l�h�q�g�u�c�� �k�h�k�l�Z�\���� �\�� �q�Z�k�l�g�h�k�l�b�����h�e�b�]�h�^�_�g�^�j�h�p�b�l�u�����b��
�k�h�^�_�j�`�Z�g�b�_���f�b�_�e�b�g�Z���\���g�h�j�f�Z�e�v�g�h�c���l�d�Z�g�b���]�h�e�h�\�g�h�]�h���f�h�a�]�Z. 

�F�b�_�e�b�g�h�\�Z�y�� �h�[�h�e�h�q�d�Z �i�h�d�j�u�\�Z�_�l�� �h�l�j�h�k�l�d�b�� �f�g�h�]�b�o�� �g�_�c�j�h�g�h�\���b�� �k�i�h�k�h�[�k�l�\�m�_�l�� �[�u�k�l�j�h�f�m��
�i�j�h�\�_�^�_�g�b�x�� �g�_�j�\�g�h�]�h�� �b�f�i�m�e�v�k�Z�� �<�k�e�_�^�k�l�\�b�_���^�_�f�b�_�e�b�g�b�a�b�j�m�x�s�b�o �a�Z�[�h�e�_�\�Z�g�b�c�� �i�j�h�b�k�o�h�^�b�l��
�j�Z�a�j�m�r�_�g�b�_ �f�b�_�e�b�g�h�\�u�o �h�[�h�e�h�q�_�d�� �b�� �g�Z�j�m�r�_�g�b�_ �\�� �w�e�_�d�l�j�h�i�j�h�\�h�^�b�f�h�k�l�b���� �M�j�h�\�_�g�v��
�k�h�^�_�j�`�Z�g�b�y�� �f�b�_�e�b�g�Z�� �f�h�`�_�l�� �k�e�m�`�b�l�v�� �f�Z�j�d�_�j�h�f�� �e�x�[�u�o�� �i�Z�l�h�e�h�]�b�q�_�k�d�b�o�� �b�a�f�_�g�_�g�b�c����
�i�j�h�b�k�o�h�^�y�s�b�o���\���l�d�Z�g�b���f�h�a�]�Z��  

�F�b�_�e�b�g�b�a�Z�p�b�y�� �\�� �p�_�g�l�j�Z�e�v�g�h�c�� �g�_�j�\�g�h�c�� �k�b�k�l�_�f�_�� �h�[�_�k�i�_�q�b�\�Z�_�l�k�y�� �h�e�b�]�h�^�_�g�^�j�h�p�b�l�Z�f�b����
�i�h�k�d�h�e�v�d�m�� �w�l�b�� �]�e�b�Z�e�v�g�u�_ �d�e�_�l�d�b�� �\�u�j�Z�[�Z�l�u�\�Z�x�l�� �f�b�_�e�b�g�� �^�e�y�� �f�b�_�e�b�g�h�\�h�c�� �h�[�h�e�h�q�d�b������
�F�Z�j�d�_�j�h�f���^�e�y���h�i�j�_�^�_�e�_�g�b�y���h�e�b�]�h�^�_�g�^�j�h�p�b�l�h�\���y�\�e�y�_�l�k�y���2�O�L�J���� 

�P�_�e�v�x�� �g�Z�r�_�]�h�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �[�u�e�h�� �b�a�m�q�b�l�v�� �^�h�e�]�h�k�j�h�q�g�h�_�� �\�e�b�y�g�b�_�� �'�H�[�� �g�Z��
�h�e�b�]�h�^�_�g�^�j�h�p�b�l�u���b���k�h�^�_�j�`�Z�g�b�_���f�b�_�e�b�g�Z���\ �g�h�j�f�Z�e�v�g�h�c���l�d�Z�g�b���]�h�e�h�\�g�h�]�h���f�h�a�]�Z���f�u�r�_�c�� 
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�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y���q�Z�k�l�v 
�F�u�r�Z�f�� �e�b�g�b�b�� �&�����%�O������ �������� �k�Z�f�p�h�\���� �\�h�a�j�Z�k�l�� ���±���� �g�_�^�_�e�v���� �h�^�g�h�d�j�Z�l�g�h�� �b�� �f�g�h�]�h�d�j�Z�l�g�h 

�\�g�m�l�j�b�[�j�x�r�b�g�g�h �\�\�h�^�b�e�b���'�H�[���\���^�h�a�b�j�h�\�d�_����,�����f�]���d�]���� 
�K�o�_�f�Z���h�^�g�h�d�j�Z�l�g�h�]�h���\�\�_�^�_�g�b�y���'�H�[���\���^�h�a�b�j�h�\�d�_����,�����f�]���d�]: �����b�g�t�_�d�p�b�y���d�Z�`�^�u�_���k�m�l�d�b. 
�K�o�_�f�Z�� �f�g�h�]�h�d�j�Z�l�g�h�]�h�� �\�\�_�^�_�g�b�y�� �'�H�[�� �\�� �^�h�a�b�j�h�\�d�_�� ��,���� �f�]���d�]: ���� �k�m�l�h�d�� �h�^�g�h�d�j�Z�l�g�h�_��

�\�\�_�^�_�g�b�_�����i�_�j�_�j�u�\�������k�m�l�h�d�����a�Z�l�_�f �����k�m�l�h�d���h�^�g�h�d�j�Z�l�g�h�_���\�\�_�^�_�g�b�_��  
�@�b�\�h�l�g�u�o���i�h�k�e�_���h�^�g�h�d�j�Z�l�g�h�]�h���\�\�_�^�_�g�b�y �\�u�\�h�^�b�e�b���b�a���w�d�k�i�_�j�b�f�_�g�l�Z���g�Z������������������������ �k�m�l�d�b, 

�i�h�k�e�_���f�g�h�]�h�d�j�Z�l�g�h�]�h���± �g�Z��15, 30, 60, �������k�m�l�d�b. 
�M�j�h�\�_�g�v���k�h�^�_�j�`�Z�g�b�y���h�e�b�]�h�^�_�g�^�j�h�p�b�l�h�\���h�i�j�_�^�_�e�y�e�b���f�_�l�h�^�h�f���b�f�f�m�g�h�]�b�k�l�h�o�b�f�b�q�_�k�d�h�]�h��

���B�=�O�����h�d�j�Z�r�b�\�Z�g�b�y���]�b�k�l�h�e�h�]�b�q�_�k�d�b�o���k�j�_�a�h�\���g�h�j�f�Z�e�v�g�h�c���l�d�Z�g�b���]�h�e�h�\�g�h�]�h���f�h�a�]�Z���� 
�M�j�h�\�_�g�v�� �k�h�^�_�j�`�Z�g�b�y�� �f�b�_�e�b�g�Z�� �h�p�_�g�b�\�Z�e�b�� �f�_�l�h�^�h�f�� �h�d�j�Z�k�d�b��LFB �k�� �f�h�^�b�n�b�d�Z�p�b�_�c�� �i�h��

�<�b�d�l�h�j�h�\�m�� ���b�k�i�h�e�v�a�h�\�Z�g�b�_�� �i�j�b�� �^�b�n�n�_�j�_�g�p�b�j�h�\�d�_�� �\�h�^�g�h�]�h�� �j�Z�k�l�\�h�j�Z�� �l�_�l�j�Z�[�h�j�Z�l�Z�� �g�Z�l�j�b�y��
�\�f�_�k�l�h�� �\�h�^�g�h�]�h�� �j�Z�k�l�\�h�j�Z�� �d�Z�j�[�h�g�Z�l�Z�� �e�b�l�b�y�� [6]. �H�d�j�Z�r�b�\�Z�g�b�_�� �i�j�h�\�h�^�b�e�h�k�v�� �\�� �g�_�k�d�h�e�v�d�h��
�w�l�Z�i�h�\�����^�_�i�Z�j�Z�n�b�g�b�a�Z�p�b�y�����h�d�j�Z�r�b�\�Z�g�b�_�����^�_�]�b�^�j�Z�l�Z�p�b�y�����a�Z�d�e�x�q�_�g�b�_���i�h�^���i�h�d�j�h�\�g�m�x���k�j�_�^�m���� 

 
�J�_�a�m�e�v�l�Z�l�u 
�H�^�g�h�d�j�Z�l�g�h�_���b���f�g�h�]�h�d�j�Z�l�g�h�_���\�\�_�^�_�g�b�_���'�H�[���g�_���\�e�b�y�e�h���g�Z���k�h�^�_�j�`�Z�g�b�_���h�e�b�]�h�^�_�g�^�j�h�p�b�l�h�\��

�\���g�h�j�f�Z�e�v�g�h�c���l�d�Z�g�b���]�h�e�h�\�g�h�]�h���f�h�a�]�Z���f�u�r�_�c (�j�b�k�� 1, A, C). 
�H�^�g�h�d�j�Z�l�g�h�_���\�\�_�^�_�g�b�_��Dex �\���^�h�a�b�j�h�\�d�_����,�����f�]���d�]���k�g�b�`�Z�e�h���m�j�h�\�_�g�v���k�h�^�_�j�`�Z�g�b�y �f�b�_�e�b�g�Z��

�\����,�����j�Z�a�Z�����S = �������������g�Z�����±7 �k�m�l�d�b���i�h�k�e�_���b�g�t�_�d�p�b�b �i�j�_�i�Z�j�Z�l�Z (�j�b�k�� 1, B, D). 
�F�g�h�]�h�d�j�Z�l�g�h�_���\�\�_�^�_�g�b�_���'�H�[���\ �^�h�a�b�j�h�\�d�_����,�����f�]���d�]���l�Z�d�`�_���k�g�b�`�Z�e�h���m�j�h�\�_�g�v���k�h�^�_�j�`�Z�g�b�y��

�f�b�_�e�b�g�Z �\����,�����j�Z�a�Z�����S < 0,001) �g�Z���������k�m�l�d�b���i�h�k�e�_���b�g�t�_�d�p�b�b (�j�b�k�� 1, B, D). 

 
�J�b�k�� 1. �<�e�b�y�g�b�_���^�_�d�k�Z�f�_�l�Z�a�h�g�Z �g�Z���d�h�e�b�q�_�k�l�\�h���h�e�b�]�h�^�_�g�^�j�h�p�b�l�h�\���b���k�h�^�_�j�`�Z�g�b�_���f�b�_�e�b�g�Z���\���g�h�j�f�Z�e�v�g�h�c���l�d�Z�g�b��

�f�h�a�]�Z���f�u�r�b�����F�b�d�j�h�n�h�l�h�]�j�Z�n�b�b���h�d�j�Z�r�b�\�Z�g�b�y���B�=�O �g�Z���h�e�b�]�h�^�_�g�^�j�h�p�b�l�u���Z�g�l�b�l�_�e�Z�f�b���2�O�L�J�� (A).  
�F�b�d�j�h�n�h�l�h�]�j�Z�n�b�b���h�d�j�Z�r�b�\�Z�g�b�y���f�b�_�e�b�g�Z���/�X�[�R�O�)�D�V�W�%�O�X�H (B). �D�h�e�b�q�_�k�l�\�_�g�g�u�c���Z�g�Z�e�b�a���d�h�e�b�q�_�k�l�\�Z��

�h�e�b�]�h�^�_�g�^�j�h�p�b�l�h�\���\���f�h�a�]�_���f�u�r�b (C). �D�h�e�b�q�_�k�l�\�h���d�e�_�l�h�d���h�i�j�_�^�_�e�y�e�h�k�v���i�h���d�h�e�b�q�_�k�l�\�m���b�o���y�^�_�j���\���h�d�j�Z�r�_�g�g�h�c��
�h�[�e�Z�k�l�b���h�[�j�Z�a�p�Z. �D�h�e�b�q�_�k�l�\�_�g�g�u�c���Z�g�Z�e�b�a���k�h�^�_�j�`�Z�g�b�y���f�b�_�e�b�g�Z���\���f�h�a�]�_���f�u�r�b (D). �K�h�^�_�j�`�Z�g�b�_���h�i�j�_�^�_�e�y�e�h�k�v��

�i�h���i�j�h�p�_�g�l�m���h�d�j�Z�r�_�g�g�h�c���h�[�e�Z�k�l�b���\���h�[�j�Z�a�p�_����Dex �����������f�]���d�]�����\�\�h�^�b�e�b���\���\�b�^�_���h�^�g�h�d�j�Z�l�g�h�c���b�g�t�_�d�p�b�b��
�k �i�h�k�e�_�^�m�x�s�b�f���g�Z�[�e�x�^�_�g�b�_�f���q�_�j�_�a�������������������b�e�b���������k�m�l�h�d �i�h�k�e�_���\�\�_�^�_�g�b�y �b�e�b���f�g�h�]�h�d�j�Z�l�g�u�o���b�g�t�_�d�p�b�c��

�k �i�h�k�e�_�^�m�x�s�b�f���g�Z�[�e�x�^�_�g�b�_�f���q�_�j�_�a�������������������������b�e�b���������k�m�l�h�d �i�h�k�e�_���i�h�k�e�_�^�g�_�c���\�\�_�^�_�g�b�y�����D�h�g�l�j�h�e�v���± �f�u�r�b����
�i�h�e�m�q�Z�\�r�b�_���n�b�a�b�h�e�h�]�b�q�_�k�d�b�c���j�Z�k�l�\�h�j�����K�l�Z�l�b�k�l�b�q�_�k�d�b�c���Z�g�Z�e�b�a �± �$�1�2�9�$�������l�_�k�l���N�b�r�_�j�Z�� 

 * -p < 0,05, **-p < 0,01, ***-p < 0,001. 
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�G�_�k�f�h�l�j�y�� �g�Z�� �h�l�k�m�l�k�l�\�b�_�� �b�a�f�_�g�_�g�b�c�� �h�e�b�]�h�^�_�g�^�j�h�p�b�l�h�\�� �i�h�^�� �\�e�b�y�g�b�_�f�� �'�H�[���� �w�l�b��
�]�e�b�Z�e�v�g�u�_���d�e�_�l�d�b�����i�h-�\�b�^�b�f�h�f�m�����k�g�b�`�Z�x�l���\�u�j�Z�[�h�l�d�m���f�b�_�e�b�g�Z���\���g�h�j�f�Z�e�v�g�h�c���l�d�Z�g�b���]�h�e�h�\�g�h�]�h��
�f�h�a�]�Z���i�h�k�e�_���b�g�t�_�d�p�b�b���i�j�_�i�Z�j�Z�l�Z�� 

 
�A�Z�d�e�x�q�_�g�b�_ 
�<���j�_�a�m�e�v�l�Z�l�_���i�j�h�\�_�^�_�g�g�u�o���b�k�k�e�_�^�h�\�Z�g�b�c���[�u�e�h���i�h�d�Z�a�Z�g�h�����q�l�h���^�Z�`�_���h�^�g�h�d�j�Z�l�g�h�_���\�\�_�^�_�g�b�_��

Dex �\���^�h�a�b�j�h�\�d�_�����������f�]���d�]���k�i�h�k�h�[�g�h���k�g�b�`�Z�l�v���\�u�j�Z�[�h�l�d�m���f�b�_�e�b�g�Z���h�e�b�]�h�^�_�g�^�j�h�p�b�l�Z�f�b���� 
�W�l�h�l���n�Z�d�l���m�d�Z�a�u�\�Z�_�l���g�Z���k�i�h�k�h�[�g�h�k�l�v���^�h�e�]�h�k�j�h�q�g�h�]�h���\�\�_�^�_�g�b�y���'�H�[���\�u�a�u�\�Z�l�v���\�h�a�f�h�`�g�u�_��

�g�_�c�j�h�^�_�]�_�g�_�j�Z�l�b�\�g�u�_�� �b�a�f�_�g�_�g�b�y�� �\�� �g�h�j�f�Z�e�v�g�h�c�� �l�d�Z�g�b�� �]�h�e�h�\�g�h�]�h�� �f�h�a�]�Z�� �f�u�r�_�c���� �I�h�^�h�[�g�u�_��
�b�a�f�_�g�_�g�b�y�� �\�� �d�e�_�l�h�q�g�h�f�� �k�h�k�l�Z�\�_�� �g�h�j�f�Z�e�v�g�h�c�� �l�d�Z�g�b�� �]�h�e�h�\�g�h�]�h�� �f�h�a�]�Z�� �f�h�]�m�l�� �k�l�Z�l�v��
�i�j�_�^�i�h�k�u�e�d�h�c���^�e�y���i�h�\�u�r�_�g�b�y���j�b�k�d�Z���j�Z�a�\�b�l�b�y���^�_�f�b�_�e�b�g�b�a�b�j�m�x�s�b�o���a�Z�[�h�e�_�\�Z�g�b�c���\���[�m�^�m�s�_�f�� 

 
�B�k�k�e�_�^�h�\�Z�g�b�_���\�u�i�h�e�g�_�g�h���a�Z���k�q�_�l���[�x�^�`�_�l�g�h�]�h���n�b�g�Z�g�k�b�j�h�\�Z�g�b�y���N�B�P���N�L�F���i�h���i�j�h�_�d�l�m��

�©�I�h�k�l�]�_�g�h�f�g�u�_�� �\�u�k�h�d�h�l�_�o�g�h�e�h�]�b�q�_�k�d�b�_�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �f�_�o�Z�g�b�a�f�h�\�� �j�Z�a�\�b�l�b�y�� �k�h�p�b�Z�e�v�g�h��
�a�g�Z�q�b�f�u�o���a�Z�[�h�e�_�\�Z�g�b�c���b���k�l�j�_�k�k-�b�g�^�m�p�b�j�h�\�Z�g�g�u�o���k�h�k�l�h�y�g�b�c�ª�� 

 
�K�i�b�k�h�d �e�b�l�_�j�Z�l�m�j�u 

1. Meybodi S., Rabori V., Salkhorde D., et al. Dexamethasone in COVID-19 treatment: Analyzing 
monotherapy and combination therapy approaches // Cytokine. �± 2024. �± Vol. 184. �± P. 156794.  

2. Hui Z., Zhijun Y., Yushan Y., et al. The combination of acyclovir and dexamethasone 
�S�U�R�W�H�F�W�V���D�J�D�L�Q�V�W���$�O�]�K�H�L�P�H�U�¶�V���G�L�V�H�D�V�H-related cognitive impairments in mice // Psychopharmacology 
(Berl.). �± 2020. �± �9�R�O���������������‹����. �± P. 1851�±1860. 

3. Lu J., Zhang C., Lv J., et al. Antiallergic drug desloratadine as a selective antagonist of 
5HT2A receptor ameiliorates �S�D�W�K�R�O�R�J�\�� �R�I�� �$�O�]�K�H�L�P�H�U�¶�V�� �G�L�V�H�D�V�H�� �P�R�G�H�O�� �P�L�F�H�� �E�\�� �L�P�S�U�R�Y�L�Q�J��
microglial dysfunction // Aging Cell. �± 2021. �± �9�R�O�������������‹����. �± P. e13286. 

4. Strokotova A., Grigorieva E. Glucocorticoid effects on proteoglycans and glycosaminoglycans 
// International Journal of Molecular Science. �± 2022. �± �9�R�O�������������‹�����������± P. 15678. 

5. Oray M., Samra K., Meese H., et al. Long-term side effects of glucocorticoids // Expert 
Opinion on Drug Safety. �± 2016. �± �9�R�O�������������‹���������± P. 457�±465.  

6. McGavin M. Factors affecting visibility of a target tissue in histologic sections 
// Veterinary Pathology. �± 2014. �± �9�R�O�������������‹ 1. �± P. 9�±27. 

 



12 XXII 

�M�>�D���������������������� 

�<�e�b�y�g�b�_���i�h�e�b�k�Z�o�Z�j�b�^�k�h�^�_�j�`�Z�s�_�]�h���d�h�f�i�e�_�d�k�Z���b�a �k�_�f�y�g�h�d���e�h�i�m�o�Z���\�h�c�e�h�q�g�h�]�h�� 
(Arctium tomentosum �0�L�O�O�������g�Z���j�Z�a�\�b�l�b�_���d�Z�j�p�b�g�h�f�u���e�_�]�d�b�o���E�v�x�b�k���m���f�u�r�_�c�� 

�e�b�g�b�b���&�����%�O���� �b���w�n�n�_�d�l�b�\�g�h�k�l�v���p�b�l�h�k�l�Z�l�b�q�_�k�d�h�c���l�_�j�Z�i�b�b 
�E���:�����:�g1�����H���X�����J�u�[�Z�e�d�b�g�Z1, �:���D���O�����:�e�b2 

�G�Z�m�q�g�u�c���j�m�d�h�\�h�^�b�l�_�e�v�����i�j�h�n�_�k�k�h�j, �^���[���g�� �?���I�����A�m�_�\�Z 
1�L�h�f�k�d�b�c���g�Z�p�b�h�g�Z�e�v�g�u�c���b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�b�c���f�_�^�b�p�b�g�k�d�b�c���p�_�g�l�j, �G�B�B���n�Z�j�f�Z�d�h�e�h�]�b�b��

�b �j�_�]�_�g�_�j�Z�l�b�\�g�h�c���f�_�^�b�p�b�g�u���b�f�_�g�b���?���>�����=�h�e�v�^�[�_�j�]�Z�� 
�J�h�k�k�b�y�����]�����L�h�f�k�d�����i�j�����E�_�g�b�g�Z���������������������� 

2�K�b�[�b�j�k�d�b�c���]�h�k�m�^�Z�j�k�l�\�_�g�g�u�c���f�_�^�b�p�b�g�k�d�b�c���m�g�b�\�_�j�k�b�l�_�l�� 
�J�h�k�k�b�y�����]�����L�h�f�k�d�����F�h�k�d�h�\�k�d�b�c���l�j�Z�d�l������������������������ 

E-mail: ahn_lyubov@mail.ru 
 

Effect of a polysaccharide containing complex isolated from burdock seeds  
(Arctium tomentosum Mill.) on the development of Lewis lung carcinoma  

in C57Bl/6 mice and the effectiveness of cytostatic therapy 
L.A. An1, O.Yu. Rybalkina1, A.Q.H. Ali 2 

Scientific Supervisor: Prof., Dr. E.P. Zueva  
1Tomsk National Research Medical Center GRI of Pharmacology and Regenerative Medicine, 

Russia, Tomsk, Lenin str., 3, 634028 
2 Siberian State Medical University, Russia, Tomsk, Moskovsky trakt, 2, 634050 

E-mail: ahn_lyubov@mail.ru 
 

Abstract. The effect of an extract containing water-soluble polysaccharides from burdock (Arctium 
tomentosum Mill.) seeds on the growth and metastasis of Lewis lung carcinoma (LLC) in C57Bl/6 mice 
was studied. It was shown that a course of isolated administration of polysaccharides from burdock 
seeds significantly inhibits tumor growth by 17% (50 mg/kg) and 38 % (100 mg/kg), and also reduces 
the frequency of tumor metastasis, the area and number of metastases in the lungs of mice. The 
combined use of the polysaccharides with a single injection of cyclophosphamide (125 mg/kg) 
contributed to the improvement of the effect of chemotherapy.  
Key words: Lewis lung carcinoma, Arctium tomentosum Mill., polysaccharides, cyclophosphamide. 
 

�<�\�_�^�_�g�b�_ 
�H�g�d�h�e�h�]�b�q�_�k�d�b�_�� �a�Z�[�h�e�_�\�Z�g�b�y �i�h-�i�j�_�`�g�_�f�m�� �y�\�e�y�x�l�k�y�� �h�^�g�h�c�� �b�a�� �\�_�^�m�s�b�o�� �i�j�b�q�b�g��

�k�f�_�j�l�g�h�k�l�b�� �g�Z�k�_�e�_�g�b�y�� �\�h�� �\�k�_�f�� �f�b�j�_�����K�m�s�_�k�l�\�m�x�s�b�_�� �l�_�j�Z�i�_�\�l�b�q�_�k�d�b�_�� �i�h�^�o�h�^�u�� �d�� �e�_�q�_�g�b�x��
�a�e�h�d�Z�q�_�k�l�\�_�g�g�u�o�� �g�h�\�h�h�[�j�Z�a�h�\�Z�g�b�c���� �\�� �l�h�f�� �q�b�k�e�_�� �e�m�q�_�\�Z�y�� �b�� �o�b�f�b�h�l�_�j�Z�i�b�y���� �^�_�f�h�g�k�l�j�b�j�m�x�l��
�g�_�^�h�k�l�Z�l�h�q�g�m�x�� �w�n�n�_�d�l�b�\�g�h�k�l�v �b�� �g�_�j�_�^�d�h�� �\�u�a�u�\�Z�x�l�� �i�h�[�h�q�g�u�_�� �w�n�n�_�d�l�u���� �a�g�Z�q�b�l�_�e�v�g�h��
�k�g�b�`�Z�x�s�b�_�� �d�Z�q�_�k�l�\�h�� �`�b�a�g�b�� �i�Z�p�b�_�g�l�h�\���� �<�� �k�\�y�a�b�� �k�� �w�l�b�f�� �y�\�e�y�_�l�k�y�� �Z�d�l�m�Z�e�v�g�u�f�� �i�h�b�k�d�� 
�b�� �j�Z�a�j�Z�[�h�l�d�Z�� �k�j�_�^�k�l�\���� �k�i�h�k�h�[�g�u�o���k�g�b�`�Z�l�v���l�h�d�k�b�q�_�k�d�h�_���^�_�c�k�l�\�b�_ �o�b�f�b�h�l�_�j�Z�i�_�\�l�b�q�_�k�d�b�o 
�i�j�_�i�Z�j�Z�l�h�\�� �g�Z�� �a�^�h�j�h�\�u�_�� �l�d�Z�g�b �b�� �i�h�\�u�r�Z�l�v�� �w�n�n�_�d�l�b�\�g�h�k�l�v�� �l�_�j�Z�i�b�b. �A�g�Z�q�b�l�_�e�v�g�u�c�� �b�g�l�_�j�_�k�� 
�\�� �^�Z�g�g�h�f�� �d�h�g�l�_�d�k�l�_�� �i�j�_�^�k�l�Z�\�e�y�x�l�� �j�Z�k�l�b�l�_�e�v�g�u�_�� �i�h�e�b�k�Z�o�Z�j�b�^�u�����h�[�e�Z�^�Z�x�s�b�_�� �\�u�k�h�d�h�c��
�[�b�h�e�h�]�b�q�_�k�d�h�c�� �Z�d�l�b�\�g�h�k�l�v�x�� �b�� �y�\�e�y�x�s�b�_�k�y�� �i�_�j�k�i�_�d�l�b�\�g�u�f�� �b�k�l�h�q�g�b�d�h�f�� �i�h�e�m�q�_�g�b�y�� �g�h�\�u�o��
�n�Z�j�f�Z�d�h�e�h�]�b�q�_�k�d�b���Z�d�l�b�\�g�u�o���\�_�s�_�k�l�\�� 

�E�h�i�m�o�� �\�h�c�e�h�q�g�u�c�� ��Arctium tomentosum Mill. ) �± �^�\�m�e�_�l�g�_�_�� �l�j�Z�\�y�g�b�k�l�h�_�� �j�Z�k�l�_�g�b�_��
�k�_�f�_�c�k�l�\�Z���Z�k�l�j�h�\�u�o�����$�V�W�H�U�D�F�H�D�H�������<���h�n�b�p�b�g�Z�e�v�g�h�c���f�_�^�b�p�b�g�_���d�h�j�g�b���e�h�i�m�o�Z���\�h�c�e�h�q�g�h�]�h���g�Z�j�y�^�m��
�k�� �e�h�i�m�o�h�f�� �[�h�e�v�r�b�f�� ��A. lappa �/������ �b�� �e�h�i�m�o�h�f�� �f�Z�e�u�f�� ��A. minus ���0�L�O�O������ �%�H�U�Q�K������ �j�Z�a�j�_�r�_�g�u�� 
�d���a�Z�]�h�l�h�\�d�_���b���i�j�b�f�_�g�_�g�b�x���>���@�����<���w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o���b�k�k�e�_�^�h�\�Z�g�b�y�o�����i�h�k�\�y�s�_�g�g�u�o���b�a�m�q�_�g�b�x��
�j�Z�a�e�b�q�g�u�o�� �b�a�\�e�_�q�_�g�b�c�� �b�a�� �e�h�i�m�o�Z�� �\�h�c�e�h�q�g�h�]�h���� �i�h�d�Z�a�Z�g�h�� �g�Z�e�b�q�b�_�� �]�Z�k�l�j�h�i�j�h�l�_�d�l�h�j�g�u�o����
�Z�^�Z�i�l�h�]�_�g�g�u�o���� �Z�g�l�b�l�h�d�k�b�q�_�k�d�b�o���� �j�Z�g�h�a�Z�`�b�\�e�y�x�s�b�o���� �i�j�h�l�b�\�h�\�h�k�i�Z�e�b�l�_�e�v�g�u�o�� �k�\�h�c�k�l�\��
�\�u�^�_�e�_�g�g�u�o�� �[�b�h�e�h�]�b�q�_�k�d�b�� �Z�d�l�b�\�g�u�o�� �k�h�_�^�b�g�_�g�b�c��[2�±4]. �< �b�k�k�e�_�^�h�\�Z�g�b�y�o in vitro 
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�i�j�h�^�_�f�h�g�k�l�j�b�j�h�\�Z�g�h �p�b�l�h�l�h�d�k�b�q�_�k�d�h�_���^�_�c�k�l�\�b�_���w�d�k�l�j�Z�d�l�Z���$����tomentosum �g�Z���d�e�_�l�h�q�g�u�o���e�b�g�b�y�o��
�h�i�m�o�h�e�_�c�� �q�_�e�h�\�_�d�Z�� �+�H�/�D���� �0�&�)������ �$��������[5]. �H�[�g�Z�j�m�`�_�g�h���� �q�l�h�� �i�j�b�f�_�g�_�g�b�_�� �i�h�e�b�k�Z�o�Z�j�b�^�h�\�� 
�b�a�� �e�b�k�l�v�_�\���e�h�i�m�o�Z�� �[�h�e�v�r�h�]�h�� �m�� �d�j�u�k�� �k�� �b�g�^�m�p�b�j�h�\�Z�g�g�h�c�� �k�\�b�g�h�p�h�\�h-�m�d�m�k�m�k�g�h�c �Z�g�_�f�b�_�c 
�k�l�b�f�m�e�b�j�m�_�l �i�j�h�p�_�k�k�u���w�j�b�l�j�h�i�h�w�a�Z �b���b�f�f�m�g�h�i�h�w�a�Z���>���@���� 

�P�_�e�v�x �g�Z�k�l�h�y�s�_�]�h�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �y�\�b�e�h�k�v�� �b�a�m�q�_�g�b�_�� �\�e�b�y�g�b�y�� �i�h�e�b�k�Z�o�Z�j�b�^�k�h�^�_�j�`�Z�s�_�]�h��
�w�d�k�l�j�Z�d�l�Z�� �b�a���k�_�f�y�g�h�d �e�h�i�m�o�Z�� �\�h�c�e�h�q�g�h�]�h�� ��Arctium tomentosum �0�L�O�O������ �g�Z�� �j�Z�a�\�b�l�b�_�� �m�� �f�u�r�_�c-
�k�Z�f�h�d���e�b�g�b�b���K�����<�O�������d�Z�j�p�b�g�h�f�u���e�_�]�d�b�o���E�v�x�b�k���b���w�n�n�_�d�l�b�\�g�h�k�l�v���e�_�q�_�g�b�y���p�b�d�e�h�n�h�k�n�Z�g�h�f�� 

 
�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y���q�Z�k�l�v 
�W�d�k�i�_�j�b�f�_�g�l�� �\�u�i�h�e�g�_�g�� �g�Z�� ������ �i�h�e�h�\�h�a�j�_�e�u�o�� �f�u�r�Z�o-�k�Z�f�d�Z�o�� �e�b�g�b�b�� �&�����%�O������ �f�Z�k�k�h�c�� 

20�±������ �]�j���� �@�b�\�h�l�g�u�_�� �k�h�^�_�j�`�Z�e�b�k�v�� �\�� �k�l�Z�g�^�Z�j�l�g�u�o�� �m�k�e�h�\�b�y�o�� �\�b�\�Z�j�b�y�� �g�Z�� �h�[�u�q�g�h�f�� �j�Z�p�b�h�g�_��
�i�b�l�Z�g�b�y���k�h���k�\�h�[�h�^�g�u�f���^�h�k�l�m�i�h�f���d���\�h�^�_���b���i�b�s�_�����<�k�_���i�j�h�p�_�^�m�j�u���\�u�i�h�e�g�y�e�b�k�v���\���k�h�h�l�\�_�l�k�l�\�b�b��
�k�� �f�_�`�^�m�g�Z�j�h�^�g�u�f�b�� �i�j�Z�\�b�e�Z�f�b�� �b�� �g�h�j�f�Z�f�b, �[�u�e�b�� �h�^�h�[�j�_�g�u���d�h�f�b�k�k�b�_�c�� �i�h�� �d�h�g�l�j�h�e�x�� 
�a�Z���k�h�^�_�j�`�Z�g�b�_�f���b���b�k�i�h�e�v�a�h�\�Z�g�b�_�f���e�Z�[�h�j�Z�l�h�j�g�u�o���`�b�\�h�l�g�u�o���G�B�B�N�b�J�F���b�f�����?���>�����=�h�e�v�^�[�_�j�]�Z��
�L�h�f�k�d�h�]�h���G�B�F�P���J�:�G�����i�j�h�l�h�d�h�e���‹���������������������h�l������������������������ [7].  

�K�m�f�f�Z�j�g�u�c�� �\�h�^�g�u�c�� �w�d�k�l�j�Z�d�l�� �b�a �k�_�f�y�g�h�d �e�h�i�m�o�Z�� �\�h�c�e�h�q�g�h�]�h���� �k�h�^�_�j�`�Z�s�b�c��
�i�h�e�b�k�Z�o�Z�j�b�^�g�u�c�� �d�h�f�i�e�_�d�k�� ���I�K�D���� �\�� �d�Z�q�_�k�l�\�_�� �f�Z�`�h�j�g�h�]�h�� �d�h�f�i�h�g�_�g�l�Z (90,1 %), �b�a�]�h�l�h�\�e�_�g�� �g�Z��
�d�Z�n�_�^�j�_�� �n�Z�j�f�Z�p�_�\�l�b�q�_�k�d�h�]�h�� �Z�g�Z�e�b�a�Z�� �K�b�[�=�F�M���� �H�p�_�g�d�m�� �\�e�b�y�g�b�y�� �w�d�k�l�j�Z�d�l�Z�� �g�Z�� �j�Z�a�\�b�l�b�_��
�i�_�j�_�\�b�\�Z�_�f�h�c�� �h�i�m�o�h�e�b�� �i�j�h�\�h�^�b�e�b�� �g�Z�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�c�� �f�h�^�_�e�b�� �d�Z�j�p�b�g�h�f�u�� �e�_�]�d�b�o�� �E�v�x�b�k��
���/�/�&�����m���f�u�r�_�c�����L�j�Z�g�k�i�e�Z�g�l�Z�p�b�x���h�i�m�o�h�e�b���h�k�m�s�_�k�l�\�e�y�e�b���\�a�\�_�k�v�x���h�i�m�o�h�e�_�\�u�o���d�e�_�l�h�d�������±�����o������6 

�d�e�_�l�h�d���\�����������f�e���n�b�a�b�h�e�h�]�b�q�_�k�d�h�]�h���j�Z�k�l�\�h�j�Z�����\���f�u�r�p�m���e�_�\�h�c���a�Z�^�g�_�c���e�Z�i�u���`�b�\�h�l�g�h�]�h-�j�_�p�b�i�b�_�g�l�Z����
�I�K�D�� �b�a���k�_�f�y�g�h�d �e�h�i�m�o�Z�� �\�h�c�e�h�q�g�h�]�h�� �\�\�h�^�b�e�b�� �f�u�r�Z�f�� �\�g�m�l�j�b�[�j�x�r�b�g�g�h�� �\�� �^�h�a�Z�o��5���� �f�]���d�]�� �b��
100 �f�]���d�]�� �\�� �l�_�q�_�g�b�_�� ���� �^�g�_�c���� �g�Z�q�b�g�Z�y�� �k�� ���� �k�m�l�� �i�h�k�e�_�� �i�_�j�_�\�b�\�d�b�� �h�i�m�o�h�e�b���� �<�� �d�Z�q�_�k�l�\�_��
�o�b�f�b�h�l�_�j�Z�i�_�\�l�b�q�_�k�d�h�]�h���k�j�_�^�k�l�\�Z �b�k�i�h�e�v�a�h�\�Z�e�b�� �p�b�d�e�h�n�h�k�n�Z�f�b�  ̂ ���P�N; �©�W�g�^�h�d�k�Z�g�ª, 
�A�:�H �d�h�f�i�Z�g�b�y�� �©�;�Z�d�k�l�_�j�ª���� �J�h�k�k�b�y���� �\�� �^�h�a�_�� �������� �f�]���d�]���� �d�h�l�h�j�u�c�� �\�\�h�^�b�e�b�� �h�^�g�h�d�j�Z�l�g�h��
�\�g�m�l�j�b�[�j�x�r�b�g�g�h���\�����������f�e���n�b�a�b�h�e�h�]�b�q�_�k�d�h�]�h���j�Z�k�l�\�h�j�Z���g�Z���������k�m�l���i�h�k�e�_���l�j�Z�g�k�i�e�Z�g�l�Z�p�b�b���h�i�m�o�h�e�b����
�I�h�� �h�d�h�g�q�Z�g�b�b �w�d�k�i�_�j�b�f�_�g�l�Z�� ���g�Z�������� �k�m�l���� �h�p�_�g�b�\�Z�e�b�� �w�n�n�_�d�l�b�\�g�h�k�l�v�� �i�j�b�f�_�g�y�_�f�u�o�� �e�_�q�_�[�g�u�o��
�\�h�a�^�_�c�k�l�\�b�c�� �i�h�� �i�j�h�l�b�\�h�h�i�m�o�h�e�_�\�h�f�m�� �b���i�j�h�l�b�\�h�f�_�l�Z�k�l�Z�l�b�q�_�k�d�h�f�m�� �^�_�c�k�l�\�b�x�� �i�j�_�i�Z�j�Z�l�h�\����
�h�i�j�_�^�_�e�y�e�b���f�Z�k�k�m���h�i�m�o�h�e�b�����i�j�h�p�_�g�l���l�h�j�f�h�`�_�g�b�y���_�_���j�h�k�l�Z�����L�J�H�������d�h�e�b�q�_�k�l�\�h���f�_�l�Z�k�l�Z�a�h�\���\���e�_�]�d�b�o��
�b���b�o���i�e�h�s�Z�^�v�����q�Z�k�l�h�l�m���f�_�l�Z�k�l�Z�a�b�j�h�\�Z�g�b�y�����b�g�^�_�d�k���b�g�]�b�[�b�j�h�\�Z�g�b�y���f�_�l�Z�k�l�Z�a�b�j�h�\�Z�g�b�y�����B�B�F�����>���@�� 

�K�l�Z�l�b�k�l�b�q�_�k�d�m�x�� �h�[�j�Z�[�h�l�d�m�� �^�Z�g�g�u�o�� �i�j�h�\�h�^�b�e�b�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �i�j�h�]�j�Z�f�f�g�h�]�h��
�h�[�_�k�i�_�q�_�g�b�y�� �*�U�D�S�K�3�D�G�� �3�U�L�V�P�� �Y���� ������������ ���©�*�U�D�S�K�3�D�G�� �6�R�I�W�Z�D�U�H�ª���� �K�R�:������ �K�h�h�l�\�_�l�k�l�\�b�_�� �\�u�[�h�j�h�d��
�a�Z�d�h�g�m���g�h�j�f�Z�e�v�g�h�]�h���j�Z�k�i�j�_�^�_�e�_�g�b�y���i�j�h�\�_�j�y�e�b���k���i�h�f�h�s�v�x���d�j�b�l�_�j�b�y���R�Z�i�b�j�h-�M�b�e�d�Z�����>�Z�g�g�u�_��
�i�j�_�^�k�l�Z�\�e�_�g�u�� �\�� �\�b�^�_�� �0�� �“�� �6�'�� ���0���± �k�j�_�^�g�_�_�� �a�g�Z�q�_�g�b�_���� �6�'���± �k�l�Z�g�^�Z�j�l�g�h�_�� �h�l�d�e�h�g�_�g�b�_������ �<�\�b�^�m��
�k�f�_�r�Z�g�g�h�k�l�b�� �\�u�[�h�j�h�d�� �i�h�� �o�Z�j�Z�d�l�_�j�m�� �j�Z�k�i�j�_�^�_�e�_�g�b�y�� �i�j�b�� �i�Z�j�g�u�o�� �k�j�Z�\�g�_�g�b�y�o�� �b�k�i�h�e�v�a�h�\�Z�e�b��
�g�_�i�Z�j�Z�f�_�l�j�b�q�_�k�d�b�c���8-�l�_�k�l���F�Z�g�g�Z-�M�b�l�g�b�����i�j�b���f�g�h�`�_�k�l�\�_�g�g�u�o���k�j�Z�\�g�_�g�b�y�o���± H-�l�_�k�l���D�j�Z�k�d�Z�e�Z-
�M�h�e�e�b�k�Z���� �>�e�y�� �h�p�_�g�d�b�� �k�l�Z�l�b�k�l�b�q�_�k�d�h�c�� �a�g�Z�q�b�f�h�k�l�b�� �j�Z�a�e�b�q�b�c�� �d�Z�q�_�k�l�\�_�g�g�u�o�� �i�h�d�Z�a�Z�l�_�e�_�c��
�b�k�i�h�e�v�a�h�\�Z�e�b�� �m�]�e�h�\�h�_�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�_�� �N�b�r�_�j�Z�� ���3������ �J�Z�a�e�b�q�b�y�� �k�q�b�l�Z�e�b�� �k�l�Z�l�b�k�l�b�q�_�k�d�b��
�a�g�Z�q�b�f�u�f�b���i�j�b���3 < 0,05 [9].  

 
�J�_�a�m�e�v�l�Z�l�u 
�B�a�h�e�b�j�h�\�Z�g�g�h�_���d�m�j�k�h�\�h�_���i�j�b�f�_�g�_�g�b�_���m�� �f�u�r�_�c�� �k���d�Z�j�p�b�g�h�f�h�c�� �e�_�]�d�b�o�� �E�v�x�b�k �I�K�D�� �b�a��

�k�_�f�y�g�h�d���e�h�i�m�o�Z�� �\�h�c�e�h�q�g�h�]�h�� ��Arctium tomentosum Mill.)  �\�u�a�u�\�Z�e�h���k�l�Z�l�b�k�l�b�q�_�k�d�b�� �a�g�Z�q�b�f�h�_��
�m�f�_�g�v�r�_�g�b�_ �f�Z�k�k�u���i�_�j�\�b�q�g�h�]�h���h�i�m�o�h�e�_�\�h�]�h���m�a�e�Z���\�������� ���\���^�h�a�_���������f�]���d�]�� �b�����������j�Z�a�Z �����������f�]���d�]�� 
�\�� �k�j�Z�\�g�_�g�b�b�� �k�� �i�h�d�Z�a�Z�l�_�e�y�f�b���m�� �`�b�\�h�l�g�u�o�� �d�h�g�l�j�h�e�v�g�h�c�� �]�j�m�i�i�u�� �I�h�^�� �\�e�b�y�g�b�_�f�� �d�m�j�k�h�\�h�]�h��
�i�j�b�f�_�g�_�g�b�y���I�K�D �\���^�h�a�Z�o���������b�����������f�]���d�] �\���e�_�]�d�b�o���`�b�\�h�l�g�u�o���h�l�f�_�q�_�g�h �m�f�_�g�v�r�_�g�b�_���d�h�e�b�q�_�k�l�\�Z��
�f�_�l�Z�k�l�Z�l�b�q�_�k�d�b�o�� �m�a�e�h�\��(12,2 �j�Z�a�Z���b�� ���������� �j�Z�a�Z�� �b���b�o���i�e�h�s�Z�^�b��(�\�� �������� �b�� �������� �j�Z�a�Z)���� �D�j�h�f�_�� �l�h�]�h����
�q�Z�k�l�h�l�Z���f�_�l�Z�k�l�Z�a�b�j�h�\�Z�g�b�y �\���]�j�m�i�i�Z�o �`�b�\�h�l�g�u�o�����i�h�e�m�q�Z�\�r�b�o���I�K�D���\���^�h�a�_ �������f�]���d�], �k�g�b�a�b�e�Z�k�v��
�^�h�� ���� ���� ���i�j�h�l�b�\�� ������ ���� �\�� �d�h�g�l�j�h�e�_���� �Z �\���[�h�e�v�r�_�c�� �^�h�a�_���w�l�h�l�� �i�h�d�Z�a�Z�l�_�e�v���m�f�_�g�v�r�b�e�k�y���^�h 56 % 
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(P < 0,01). �B�B�F���\���]�j�m�i�i�_�� �f�u�r�_�c�����e�_�q�_�g�u�o���I�K�D���\���^�h�a�Z�o �������f�]���d�] �b�����������f�]���d�], �k�h�k�l�Z�\�b�e������ %  
�b��93 % �k�h�h�l�\�_�l�k�l�\�_�g�g�h. 

�H�^�g�h�d�j�Z�l�g�h�_�� �\�\�_�^�_�g�b�_���f�u�r�Z�f�� �k��LLC �P�N�� �\�� �^�h�a�_�� �������� �f�]���d�]���g�Z�� ������ �k�m�l�� �w�d�k�i�_�j�b�f�_�g�l�Z��
�i�h�e�g�h�k�l�v�x�� �b�g�]�b�[�b�j�h�\�Z�e�h�� �i�j�h�p�_�k�k�� �f�_�l�Z�k�l�Z�a�b�j�h�\�Z�g�b�y���h�i�m�o�h�e�b���m�� �`�b�\�h�l�g�u�o���� �D�j�h�f�_�� �l�h�]�h���� �i�h�^��
�^�_�c�k�l�\�b�_�f�� �P�N�� �k�j�_�^�g�y�y�� �f�Z�k�k�Z�� �h�i�m�o�h�e�b�� �f�u�r�_�c���h�d�Z�a�Z�e�Z�k�v�� �k�g�b�`�_�g�Z�� �g�Z�� ���� ���� �h�l�g�h�k�b�l�_�e�v�g�h��
�d�h�g�l�j�h�e�v�g�u�o���a�g�Z�q�_�g�b�c (P < 0,01). 

�K�h�q�_�l�Z�g�g�h�_�� �i�j�b�f�_�g�_�g�b�_�� �I�K�D�� �b�a���k�_�f�y�g�h�d �e�h�i�m�o�Z�� �\�h�c�e�h�q�g�h�]�h�� �k���P�N �k�i�h�k�h�[�k�l�\�h�\�Z�e�h��
�i�h�\�u�r�_�g�b�x���Z�g�l�b�[�e�Z�k�l�h�f�g�h�]�h�� �^�_�c�k�l�\�b�y �p�b�l�h�k�l�Z�l�b�d�Z���� �i�h�d�Z�a�Z�l�_�e�v�� �L�J�H�� �\�� �]�j�m�i�i�_�� �`�b�\�h�l�g�u�o����
�i�h�e�m�q�Z�\�r�b�o�� �I�K�D�� �\�� �^�h�a�_�� ������ �f�]���d�], �[�u�e�� �j�Z�\�_�g�� ���� ������ �Z�� �\�� �^�h�a�_�� �������� �f�]���d�]�� �h�d�Z�a�Z�e�k�y�� �g�Z�b�\�u�k�r�b�f�� 
�b���k�h�k�l�Z�\�b�e������ % (P < 0,01). 

 
�A�Z�d�e�x�q�_�g�b�_ 
�L�Z�d�b�f���h�[�j�Z�a�h�f�����\���w�d�k�i�_�j�b�f�_�g�l�_���g�Z���f�u�r�Z�o���k���d�Z�j�p�b�g�h�f�h�c���e�_�]�d�b�o���E�v�x�b�k���h�[�g�Z�j�m�`�_�g�h�����q�l�h��

�d�m�j�k�h�\�h�_���b�a�h�e�b�j�h�\�Z�g�g�h�_���i�j�b�f�_�g�_�g�b�_���i�h�e�b�k�Z�o�Z�j�b�^�k�h�^�_�j�`�Z�s�_�]�h���d�h�f�i�e�_�d�k�Z���b�a���k�_�f�y�g�h�d �e�h�i�m�o�Z��
�\�h�c�e�h�q�g�h�]�h�� �\�� �^�h�a�Z�o�� ������ �f�]���d�]�� �b�� �������� �f�]���d�]���i�j�b�\�h�^�b�l�� �d�� �l�h�j�f�h�`�_�g�b�x�� �j�h�k�l�Z�� �h�i�m�o�h�e�b  
�b�� �_�_�� �f�_�l�Z�k�l�Z�a�b�j�h�\�Z�g�b�y. �K�h�q�_�l�Z�g�g�h�_�� �i�j�b�f�_�g�_�g�b�_���I�K�D���\�� �^�h�a�Z�o�� ������ �f�]���d�]�� �b�� �������� �f�]���d�]�� 
�k���p�b�d�e�h�n�h�k�n�Z�f�b�^�h�f���i�j�b�\�h�^�b�l �d���m�k�b�e�_�g�b�x���Z�g�l�b�[�e�Z�k�l�h�f�g�h�]�h���w�n�n�_�d�l�Z���p�b�d�e�h�n�h�k�n�Z�f�b�^�Z�� 
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Abstract. Inflammation induced by factors such as metalloproteinases, reactive oxygen species and 
nitric oxide can compromise the integrity of the intestinal barrier, exacerbating immune responses and 
promoting chronic disease. Fortunately, animal models, particularly mouse models, provide invaluable 
insight into these mechanisms. Through such studies, we can uncover the pathways underlying chronic 
inflammation, identify critical periods of development, and discover metabolites that may mitigate 
inflammation or prevent the progression of chronic disease. 
Key words: macrophages, polarisation, T cells, B cells, inflammation, mucin 2. 

 
�<�\�_�^�_�g�b�_ 
�:�d�l�m�Z�e�v�g�h�k�l�v�� �^�Z�g�g�h�]�h�� �b�k�k�e�_�^�h�\�Z�g�b�y���a�Z�d�e�x�q�Z�_�l�k�y�� �\�� �b�a�m�q�_�g�b�b�� �\�h�a�j�Z�k�l�g�u�o�� �b�a�f�_�g�_�g�b�c��

�b�f�f�m�g�g�u�o���b���\�h�k�i�Z�e�b�l�_�e�v�g�u�o���i�j�h�p�_�k�k�h�\���\���d�b�r�_�q�g�b�d�_���f�u�r�_�c���k���^�_�n�b�p�b�l�h�f���f�m�p�b�g�Z-2 (Muc2-/-), 
�q�l�h�� �y�\�e�y�_�l�k�y�� �f�h�^�_�e�v�x�� �^�e�y�� �i�h�g�b�f�Z�g�b�y�� �i�Z�l�h�]�_�g�_�a�Z�� �\�h�k�i�Z�e�b�l�_�e�v�g�u�o�� �a�Z�[�h�e�_�\�Z�g�b�c�� �d�b�r�_�q�g�b�d�Z��
���<�A�D���� �b�� �Z�e�e�_�j�]�b�q�_�k�d�b�o�� �j�_�Z�d�p�b�c [1�±3]���� �<�A�D�� �b���Z�e�e�_�j�]�b�b�� �i�j�_�^�k�l�Z�\�e�y�x�l�� �k�h�[�h�c�� �k�_�j�v�_�a�g�u�_��
�f�_�^�b�p�b�g�k�d�b�_���i�j�h�[�e�_�f�u�����h�k�h�[�_�g�g�h���\���j�Z�g�g�_�f���i�h�k�l�g�Z�l�Z�e�v�g�h�f���i�_�j�b�h�^�_�����d�h�]�^�Z���b�f�f�m�g�g�Z�y���k�b�k�l�_�f�Z��
�Z�d�l�b�\�g�h���j�Z�a�\�b�\�Z�_�l�k�y���b���Z�^�Z�i�l�b�j�m�_�l�k�y���d���g�h�\�u�f���Z�g�l�b�]�_�g�g�u�f���\�h�a�^�_�c�k�l�\�b�y�f�����l�Z�d�b�f���d�Z�d���i�_�j�_�o�h�^���g�Z��
�l�\�_�j�^�m�x�� �i�b�s�m [9]. �B�a�m�q�_�g�b�_�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�y�� �f�b�d�j�h�[�b�h�f�Z���� �f�Z�d�j�h�n�Z�]�h�\�� �b�� �L-�d�e�_�l�h�d�� �y�\�e�y�_�l�k�y��
�\�Z�`�g�u�f���g�Z�i�j�Z�\�e�_�g�b�_�f���\���i�h�g�b�f�Z�g�b�b���f�_�o�Z�g�b�a�f�h�\���j�Z�a�\�b�l�b�y���\�h�k�i�Z�e�b�l�_�e�v�g�u�o���a�Z�[�h�e�_�\�Z�g�b�c [4�±8]. 
�K�h�\�j�_�f�_�g�g�u�_�� �f�h�^�_�e�b���� �\�d�e�x�q�Z�y�� �]�_�g�_�l�b�q�_�k�d�b�� �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�u�o�� �f�u�r�_�c���� �i�h�a�\�h�e�y�x�l��
�b�k�k�e�_�^�h�\�Z�l�v�� �d�j�b�l�b�q�_�k�d�b�_�� �f�h�f�_�g�l�u�� �h�g�l�h�]�_�g�_�a�Z�� �b�� �i�_�j�_�o�h�^���h�l�� �h�k�l�j�h�]�h�� �d�� �o�j�h�g�b�q�_�k�d�h�f�m��
�\�h�k�i�Z�e�_�g�b�x [10].  

 
�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y���q�Z�k�l�v 
�<�� �b�k�k�e�_�^�h�\�Z�g�b�b �b�k�i�h�e�v�a�h�\�Z�g�u�� �f�u�r�b�� �6�3�)-�k�l�Z�l�m�k�Z���� �i�h�^�l�\�_�j�`�^�_�g�g�h�]�h�� �_�`�_�d�\�Z�j�l�Z�e�v�g�h��

�i�h���k�l�Z�g�^�Z�j�l�Z�f���)�(�/�$�6�$�� �F�u�r�b���e�b�g�b�b��Muc2-/- �i�h�e�m�q�_�g�u���b�a���N�B�P���©�H�k�g�h�\�u���[�b�h�l�_�o�g�h�e�h�]�b�b�ª��
�J�:�G����Muc2+/- �i�h�e�m�q�_�g�u�� �k�d�j�_�s�b�\�Z�g�b�_�f��Muc2-/- ���&�����%�/�������� �k�� �&�����%�/�������� �<�� �w�d�k�i�_�j�b�f�_�g�l�_��
�b�k�i�h�e�v�a�h�\�Z�g�u��Muc2-/-, Scid �b��Muc2+/+  ���d�h�g�l�j�h�e�v������ �@�b�\�h�l�g�u�_�� �k�h�^�_�j�`�Z�e�b�k�v���h�^�g�h�i�h�e�u�f�b��
�]�j�m�i�i�Z�f�b�� �i�h�� ���� �h�k�h�[�_�c�� �\���b�g�^�b�\�b�^�m�Z�e�v�g�h���± �\�_�g�l�b�e�b�j�m�_�f�u�o�� �d�e�_�l�d�Z�o�� �2�S�W�L�P�L�F�H���� �\�� �j�_�`�b�f�_ 
�l�_�f�i�_�j�Z�l�m�j�u��20�±22 �ƒ�&���� �\�e�Z�`�g�h�k�l�b�� �����±60 %, �k�\�_�l�Z ������������ �q���� �D�h�j�f�e�_�g�b�_�� �h�k�m�s�_�k�l�\�e�y�e�h�k�v��
�Z�\�l�h�d�e�Z�\�b�j�h�\�Z�g�g�u�f���d�h�j�f�h�f���b���k�l�_�j�b�e�v�g�h�c���\�h�^�h�c���[�_�a���h�]�j�Z�g�b�q�_�g�b�c���� 

�>�e�y�� �i�j�h�\�_�^�_�g�b�y�� �]�b�k�l�h�e�h�]�b�q�_�k�d�h�]�h�� �Z�g�Z�e�b�a�Z �l�d�Z�g�b�� �n�b�d�k�b�j�h�\�Z�e�b�� �\�� ���� ���� �n�h�j�f�Z�e�b�g�_����
�a�Z�e�b�\�Z�e�b���\�� �i�Z�j�Z�n�b�g�����K�j�_�a�u�������� �f�d�f���� �h�d�j�Z�r�b�\�Z�e�b���3�$�6���^�e�y���h�p�_�g�d�b���f�h�j�n�h�e�h�]�b�b���b���k�_�d�j�_�p�b�b��
�[�h�d�Z�e�h�\�b�^�g�u�o�� �d�e�_�l�h�d���� �D�h�e�b�q�_�k�l�\�h�� �w�i�b�l�_�e�b�Z�e�v�g�u�o�� �d�e�_�l�h�d�� �g�Z�� �d�j�b�i�l�m�� �i�h�^�k�q�b�l�u�\�Z�e�b�� �\��
15 �k�e�m�q�Z�c�g�u�o�� �d�j�b�i�l�Z�o���� �F�Z�d�j�h�n�Z�]�b�� �b�� �w�h�a�b�g�h�n�b�e�u�� �h�p�_�g�b�\�Z�e�b�� �\�� �k�j�_�a�Z�o���� �h�d�j�Z�r�_�g�g�u�o�� 
�Z�a�m�j-II -�w�h�a�b�g�h�f�����i�j�b���m�\�_�e�b�q�_�g�b�b���î���������� 
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�>�e�y�� �i�j�h�\�_�^�_�g�b�y�� �I�P�J�� �\�� �j�_�Z�e�v�g�h�f�� �\�j�_�f�_�g�b�� �h�[�s�m�x �J�G�D�� �\�u�^�_�e�y�e�b�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f��
�7�5�,�]�R�O�����d�h�g�p�_�g�l�j�Z�p�b�x���b�a�f�_�j�y�e�b���g�Z���1�D�Q�R�'�U�R�S���������������H�[�j�Z�l�g�m�x���l�j�Z�g�k�d�j�b�i�p�b�x���i�j�h�\�h�^�b�e�b���k��
M-�0�X�/�9�� �5�7���� �b�k�i�h�e�v�a�m�y�� �k�e�m�q�Z�c�g�u�_�� �]�_�d�k�Z�f�_�j�u�� �b�� �2�O�L�J�R-�G�7���� �I�P�J�� �\�u�i�h�e�g�y�e�b�� �k�� 
BioMaster HS-�T�3�&�5�� �6�<�%�5�� �%�O�X�H�� �g�Z�� �&�)�;������ �7�R�X�F�K�Œ���� �W�d�k�i�j�_�k�k�b�x�� �]�_�g�h�\�� �g�h�j�f�Z�e�b�a�h�\�Z�e�b�� �i�h��
�7�X�E�E�������û�&�W��� �����A���&�W�7�X�E�E����- Ctgene)). 

�K�l�Z�l�b�k�l�b�q�_�k�d�b�c�� �Z�g�Z�e�b�a���^�Z�g�g�u�o���i�j�h�\�h�^�b�e�b�� �k�� �i�h�f�h�s�v�x�� �I�H IBM SPSS Statistics 23 �b 
Past 4. �G�h�j�f�Z�e�v�g�h�k�l�v���j�Z�k�i�j�_�^�_�e�_�g�b�y���h�p�_�g�b�\�Z�e�b���d�j�b�l�_�j�b�_�f���D�h�e�f�h�]�h�j�h�\�Z-�K�f�b�j�g�h�\�Z�����>�Z�g�g�u�_��
�Z�g�Z�e�b�a�b�j�h�\�Z�e�b���k���b�k�i�h�e�v�a�h�\�Z�g�b�_�f���2�Q�H-�Z�D�\���3�(�5�0�$�1�2�9�$�����g�_�g�h�j�f�Z�e�v�g�h�_���j�Z�k�i�j�_�^�_�e�_�g�b�_�����b��
Two-�Z�D�\���3�(�5�0�$�1�2�9�$�����f�g�h�]�h�n�Z�d�l�h�j�g�u�c���Z�g�Z�e�b�a�������M�j�h�\�_�g�v���a�g�Z�q�b�f�h�k�l�b���± �S���”�������������� 
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�g�Z�[�e�x�^�Z�x�l�k�y���k�l�h�c�d�b�_���b�a�f�_�g�_�g�b�y���\���k�l�j�m�d�l�m�j�_���d�b�r�_�q�g�b�d�Z�����\�d�e�x�q�Z�y���m�\�_�e�b�q�_�g�b�_���d�h�e�b�q�_�k�l�\�Z��
�f�Z�d�j�h�n�Z�]�h�\�� �b�� �w�h�a�b�g�h�n�b�e�h�\���� �q�l�h�� �f�h�`�_�l�� �k�\�b�^�_�l�_�e�v�k�l�\�h�\�Z�l�v�� �h�� �g�Z�q�Z�e�_�� �\�h�k�i�Z�e�b�l�_�e�v�g�u�o�� �b��
�Z�e�e�_�j�]�b�q�_�k�d�b�o�� �i�j�h�p�_�k�k�h�\���� �W�l�b�� �b�a�f�_�g�_�g�b�y�� �h�k�h�[�_�g�g�h�� �\�Z�`�g�u���� �l�Z�d�� �d�Z�d�� �h�g�b�� �k�h�\�i�Z�^�Z�x�l�� �k��
�d�j�b�l�b�q�_�k�d�b�f�b�� �i�_�j�b�h�^�Z�f�b�� �j�Z�a�\�b�l�b�y���� �l�Z�d�b�f�b�� �d�Z�d�� �g�Z�q�Z�e�h�� �i�h�l�j�_�[�e�_�g�b�y�� �l�\�_�j�^�h�c�� �i�b�s�b���� �q�l�h��
�f�h�`�_�l���\�e�b�y�l�v���g�Z���n�h�j�f�b�j�h�\�Z�g�b�_���f�b�d�j�h�[�b�h�l�u���b���b�f�f�m�g�g�h�]�h���h�l�\�_�l�Z�� 

 

 
�J�b�k�����������H�k�h�[�_�g�g�h�k�l�b���\�h�a�j�Z�k�l�g�u�o���b�a�f�_�g�_�g�b�c���w�d�k�i�j�_�k�k�b�b���]�_�g�h�\���f�_�l�Z�[�h�e�b�l�h�\���f�Z�d�j�h�n�Z�]�h�\���\���g�b�k�o�h�^�y�s�_�f��
�h�l�^�_�e�_���l�h�e�k�l�h�c���d�b�r�d�b���m���f�u�r�_�c���k���g�m�e�v-�f�m�l�Z�p�b�_�c���]�_�g�Z���0�X�F�����b���l�h�q�_�q�g�h�c���f�m�l�Z�p�b�_�c���6�F�L�G���\���]�_�g�_���3�U�F�G�F����

�W�d�k�i�j�_�k�k�b�y���]�_�g�h�\���n�_�j�f�_�g�l�h�\���f�Z�d�j�h�n�Z�]�h�\���0�����± �b�g�^�m�p�b�j�h�\�Z�g�g�Z�y���1�2-�k�b�g�l�Z�a�Z���L�1�2�6�������Z�����b���F�����± �Z�j�]�b�g�Z�a�Z����
���$�U�J���������[��; * - p < 0,05; **- p < 0,01  

 
�D�j�h�f�_�� �l�h�]�h���� �j�Z�[�h�l�Z�� �j�Z�k�d�j�u�\�Z�_�l�� �f�_�o�Z�g�b�a�f�u�� �i�h�e�y�j�b�a�Z�p�b�b�� �f�Z�d�j�h�n�Z�]�h�\���� �d�e�x�q�_�\�u�o��

�d�e�_�l�h�d���b�f�f�m�g�g�h�c���k�b�k�l�_�f�u�����b���b�o���j�h�e�v���\���j�_�]�m�e�y�p�b�b���\�h�k�i�Z�e�_�g�b�y�����M�k�l�Z�g�h�\�e�_�g�h�����q�l�h���m���f�u�r�_�c��
Muc2-/- �i�j�h�b�k�o�h�^�b�l�� �i�_�j�_�d�e�x�q�_�g�b�_ �f�Z�d�j�h�n�Z�]�h�\�� �k�� �i�j�h�\�h�k�i�Z�e�b�l�_�e�v�g�h�]�h�� ���F������ �g�Z��
�i�j�h�l�b�\�h�\�h�k�i�Z�e�b�l�_�e�v�g�u�c�� ���F������ �l�b�i (�j�b�k������, �q�l�h�� �f�h�`�_�l�� �[�u�l�v�� �k�\�y�a�Z�g�h�� �k�� �j�_�]�m�e�y�l�h�j�g�u�f�b��
�f�_�o�Z�g�b�a�f�Z�f�b�����\�d�e�x�q�Z�x�s�b�f�b���a�j�_�e�u�_���e�b�f�n�h�p�b�l�u�����W�l�h���h�l�d�j�u�l�b�_���\�Z�`�g�h���^�e�y���i�h�g�b�f�Z�g�b�y���l�h�]�h����
�d�Z�d���b�f�f�m�g�g�Z�y���k�b�k�l�_�f�Z���d�h�g�l�j�h�e�b�j�m�_�l���\�h�k�i�Z�e�_�g�b�_���b���i�j�_�^�h�l�\�j�Z�s�Z�_�l���_�]�h���o�j�h�g�b�a�Z�p�b�x�� 

�B�k�i�h�e�v�a�h�\�Z�g�b�_���f�u�r�b�g�u�o���f�h�^�_�e�_�c���k���^�\�h�c�g�u�f�b���f�m�l�Z�p�b�y�f�b����Muc2-/- �b��Scid�����i�h�a�\�h�e�b�e�h��
�\�u�y�\�b�l�v���� �q�l�h�� �a�j�_�e�u�_�� �e�b�f�n�h�p�b�l�u�� �b�]�j�Z�x�l���a�g�Z�q�b�l�_�e�v�g�m�x �j�h�e�v�� �\�� �i�h�^�Z�\�e�_�g�b�b��
�i�j�h�\�h�k�i�Z�e�b�l�_�e�v�g�u�o�� �j�_�Z�d�p�b�c���� �W�l�h�� �i�h�^�q�_�j�d�b�\�Z�_�l�� �k�e�h�`�g�h�k�l�v�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�c�� �f�_�`�^�m��
�b�f�f�m�g�g�u�f�b���d�e�_�l�d�Z�f�b���b���b�o���\�e�b�y�g�b�_���g�Z���j�Z�a�\�b�l�b�_���o�j�h�g�b�q�_�k�d�b�o���a�Z�[�h�e�_�\�Z�g�b�c�� 

 
�A�Z�d�e�x�q�_�g�b�_ 
�G�Z�r�b �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_���j�Z�[�h�l�u���^�_�f�h�g�k�l�j�b�j�m�x�l���j�Z�a�\�b�l�b�_���o�j�h�g�b�q�_�k�d�h�]�h���\�h�k�i�Z�e�_�g�b�y����

�Z�k�k�h�p�b�b�j�h�\�Z�g�g�h�_���k���i�h�\�u�r�_�g�b�_�f���q�b�k�e�Z���f�Z�d�j�h�n�Z�]�h�\���b���k�l�Z�[�b�e�v�g�u�f���i�h�^�t�_�f�h�f���d�Z�d���i�j�h-�����l�Z�d���b��
�i�j�h�l�b�\�h�\�h�k�i�Z�e�b�l�_�e�v�g�u�o���n�Z�d�l�h�j�h�\���m���f�u�r�_�c���k���i�j�b�a�g�Z�d�Z�f�b���<�A�D�����<���h�l�e�b�q�b�_���h�l���e�x�^�_�c���k���<�A�D����
�\�h�k�i�Z�e�_�g�b�_�� �m�� �f�u�r�_�c�� �k�� �\�j�h�`�^�_�g�g�h�c�� �i�Z�l�h�e�h�]�b�_�c�� �g�Z�q�b�g�Z�_�l�k�y�� �\�� �i�h�k�l�g�Z�l�Z�e�v�g�u�c�� �i�_�j�b�h�^�� �^�h��
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Abstract. Recently, the importance of effective adaptation of students to new socio-cultural conditions 
for successful educational process has been emphasized. Difficulties associated with adaptation to a 
new environment can negatively affect the health and academic performance of international 
students. The aim of the study was to conduct a comparative analysis of the physical and psycho-
emotional state of female students from the People's Republic of China who entered Tyumen State 
Medical University in 2023 and 2024. The study involved 30 female students, 14 of whom entered in 
2023 and 16 in 2024. Methods were used to assess the quality of life (SF-36 questionnaire), nervous 
system strength (Tepping test), psychophysiological status, anxiety (Spielberger-Hanin test) and 
anthropometric measurements. The results showed that female students of 2024 had lower quality of 
life scores on all criteria and their mental health suffered due to higher levels of situational anxiety. 
Statistically significant differences in blood pressure indicate a lack of adaptation in this group, as 
well as the predominance of sympathetic tone of the nervous system, which may slow down adaptation 
processes. Whereas female students of 2023 showed a satisfactory state of health and successful 
adaptation mechanisms. In conclusion, it is emphasised that 2024 female students need more time for 
adaptation, as well as an individual approach to prevent stress and disorders of adaptation 
mechanisms. The need for in-depth monitoring of the health and psycho-emotional status of these 
female students becomes evident to ensure their successful integration into the educational process. 
Key words: adaptation potential, Kerdo index, Spielberger�±Khanin test, tapping-test. 
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�[�u�l �b���\�a�Z�b�f�h�^�_�c�k�l�\�b�_���k���k�h�p�b�m�f�h�f���k���^�j�m�]�b�f���d�m�e�v�l�m�j�g�u�f���d�h�^�h�f���f�h�`�_�l���[�u�l�v���a�Z�l�j�m�^�g�_�g�h �b�a-�a�Z��
�n�b�a�b�h�e�h�]�b�q�_�k�d�b�o���h�k�h�[�_�g�g�h�k�l�_�c���b�g�^�b�\�b�^�m�m�f�h�\�����q�l�h �f�h�`�_�l���i�j�b�\�_�k�l�b���d���k�g�b�`�_�g�b�x���m�k�i�_�\�Z�_�f�h�k�l�b��
�b�� �m�o�m�^�r�_�g�b�x�� �a�^�h�j�h�\�v�y�� �k�l�m�^�_�g�l�h�\ [1]���� �L�Z�d�b�f�� �h�[�j�Z�a�h�f�����w�n�n�_�d�l�b�\�g�Z�y �h�p�_�g�d�Z �Z�^�Z�i�l�Z�p�b�h�g�g�h�]�h 
�i�h�l�_�g�p�b�Z�e�Z �i�h�f�h�`�_�l���i�j�Z�\�b�e�v�g�h���\�u�k�l�j�h�b�l�v���f�_�j�h�i�j�b�y�l�b�y���i�h���m�e�m�q�r�_�g�b�x���k�h�k�l�h�y�g�b�y���a�^�h�j�h�\�v�y�����b 
�b�a�[�_�`�Z�l�v���\�h�a�f�h�`�g�u�c �i�_�j�_�o�h�^���\���^�_�a�Z�^�Z�i�l�Z�p�b�x, �Z���l�Z�d�`�_���i�j�_�^�h�l�\�j�Z�l�b�l�v���m�]�g�_�l�_�g�b�_ �d�h�]�g�b�l�b�\�g�u�c 
�k�i�h�k�h�[�g�h�k�l�_�c �b�g�h�k�l�j�Z�g�g�u�o �k�l�m�^�_�g�l�h�\, �q�l�h �i�h�e�h�`�b�l�_�e�v�g�h �k�d�Z�`�_�l�k�y �g�Z �h�[�s�_�c �m�k�i�_�\�Z�_�f�h�k�l�b. 

�P�_�e�v�x�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �k�l�Z�e�h�� �i�j�h�\�_�k�l�b���k�j�Z�\�g�b�l�_�e�v�g�u�c�� �Z�g�Z�e�b�a�� �n�b�a�b�q�_�k�d�h�]�h�� �b��
�i�k�b�o�h�w�f�h�p�b�h�g�Z�e�v�g�h�]�h�� �k�h�k�l�h�y�g�b�y�� �k�l�m�^�_�g�l�h�\���b�a�� �D�b�l�Z�c�k�d�h�c�� �G�Z�j�h�^�g�h�c�� �j�_�k�i�m�[�e�b�d�b����
�i�h�k�l�m�i�b�\�r�b�o���\���L�x�f�_�g�k�d�b�c���=�F�M���\���������� �b�������������]�]. 
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�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y���q�Z�k�l�v 
�<�� �b�k�k�e�_�^�h�\�Z�g�b�b�� �i�j�b�g�y�e�b�� �m�q�Z�k�l�b�_ ������ �k�l�m�^�_�g�l�h�\�� �`�_�g�k�d�h�]�h�� �i�h�e�Z�� �b�a�� �D�b�l�Z�c�k�d�h�c���g�Z�j�h�^�g�h�c��

�j�_�k�i�m�[�e�b�d�b�� ���D�G�J������ �d�h�l�h�j�u�_�� �i�h�k�l�m�i�b�e�b�� �\�� �L�x�f�_�g�k�d�b�c�� �=�F�M�� �\�� ���������� �b�� ���������� �]�h�^�Z�o���� �G�Z�� �f�h�f�_�g�l��
�b�k�k�e�_�^�h�\�Z�g�b�y�� �\�k�_�� �g�Z�[�e�x�^�Z�_�f�u�_�� �[�u�e�b�� �k�l�m�^�_�g�l�Z�f�b�� ��-�]�h�� �]�h�^�Z�� �h�[�m�q�_�g�b�y���� �<�� ���� �]�j�m�i�i�m�� �\�h�r�e�h��
14 �^�_�\�m�r�_�d�����d�h�l�h�j�u�_���i�h�k�l�m�i�b�e�b���\���L�x�f�_�g�k�d�b�c���=�F�M �\�������������]�h�^�m�����b�o���k�j�_�^�g�b�c���\�h�a�j�Z�k�l���k�h�k�l�Z�\�b�e��
19 �“ ���� �e�_�l���� �<�h�� ���� �]�j�m�i�i�m�� �\�h�r�e�h�� ������ �k�l�m�^�_�g�l�h�d���� �i�h�k�l�m�i�b�\�r�b�o�� �\�� ���������� �]�h�^�m���� �b�o�� �k�j�_�^�g�b�c�� �\�h�a�j�Z�k�l��
�k�h�k�l�Z�\�b�e������ �“ �����e�_�l�����D�Z�q�_�k�l�\�h���`�b�a�g�b���h�[�k�e�_�^�m�_�f�u�o���h�p�_�g�b�\�Z�e�b���k���i�h�f�h�s�v�x���h�i�j�h�k�g�b�d�Z���6�)-36.  

�K���b�k�i�h�e�v�a�h�\�Z�g�b�_�f���©�L�_�i�i�b�g�]-�l�_�k�l�Z�ª �[�u�e�Z���h�p�_�g�_�g�Z���k�b�e�Z���g�_�j�\�g�h�c���k�b�k�l�_�f�u�����G�K�����b���_�_���j�_�Z�d�p�b�y��
�g�Z�� �i�k�b�o�h�w�f�h�p�b�h�g�Z�e�v�g�h�_�� �g�Z�i�j�y�`�_�g�b�_�����G�Z�� �h�k�g�h�\�_�� �i�h�d�Z�a�Z�g�b�c�� �Z�d�l�b�\�Z�p�b�h�f�_�l�j�Z�� �h�p�_�g�b�\�Z�e�b��
�i�k�b�o�h�n�b�a�b�h�e�h�]�b�q�_�k�d�b�c�� �k�l�Z�l�m�k�� �b�� �k�\�h�c�k�l�\�Z�� �g�_�j�\�g�h�c�� �k�b�k�l�_�f�u�����>�e�y�� �h�p�_�g�d�b�� �k�b�l�m�Z�l�b�\�g�h�c�� �b��
�e�b�q�g�h�k�l�g�h�c�� �l�j�_�\�h�`�g�h�k�l�b�� �i�j�h�\�h�^�b�e�b�� �l�_�k�l�� �K�i�b�e�[�_�j�]�_�j�Z�±�O�Z�g�b�g�Z�����M�� �k�l�m�^�_�g�l�h�d�� �b�a�f�_�j�y�e�b��
�Z�g�l�j�h�i�h�f�_�l�j�b�q�_�k�d�b�_���i�Z�j�Z�f�_�l�j�u���� �j�h�k�l���� �\�_�k���� �g�Z�� �h�k�g�h�\�_�� �q�_�]�h �j�Z�k�k�q�b�l�u�\�Z�e�b�� �b�g�^�_�d�k�� �f�Z�k�k�u�� �l�_�e�Z��
���B�F�L������ �i�h�^�k�q�b�l�u�\�Z�e�b �q�Z�k�l�h�l�m �k�_�j�^�_�q�g�u�o�� �k�h�d�j�Z�s�_�g�b�c�� ���Q�K�K�������b�a�f�_�j�y�e�b���k�b�k�l�h�e�b�q�_�k�d�h�_�� �b��
�^�b�Z�k�l�h�e�b�q�_�k�d�h�_���Z�j�l�_�j�b�Z�e�v�g�h�_���^�Z�\�e�_�g�b�_�����:�>�����^�h���b���i�h�k�e�_���n�b�a�b�q�_�k�d�h�c���g�Z�]�j�m�a�d�b�����I�h���i�h�e�m�q�_�g�g�u�f��
�i�h�d�Z�a�Z�l�_�e�y�f�� �j�Z�k�k�q�b�l�u�\�Z�e�b�� �\�_�]�_�l�Z�l�b�\�g�u�c�� �b�g�^�_�d�k�� �D�_�j�^�h�� ���<�B�D������ �b�g�^�_�d�k�� �n�m�g�d�p�b�h�g�Z�e�v�g�u�o��
�b�a�f�_�g�_�g�b�c�����B�N�B�� �^�e�y���h�p�_�g�d�b���Z�^�Z�i�l�Z�p�b�h�g�g�h�]�h���i�h�l�_�g�p�b�Z�e�Z���k�_�j�^�_�q�g�h-�k�h�k�m�^�b�k�l�h�c���k�b�k�l�_�f�u�����K�K�K��.  

�K�l�Z�l�b�k�l�b�q�_�k�d�m�x�� �h�[�j�Z�[�h�l�d�m�� �i�j�h�\�h�^�b�e�b�� �\��Statistica 6.0. �J�_�a�m�e�v�l�Z�l�u, �d�h�l�h�j�u�_�� �g�_��
�i�h�^�q�b�g�y�e�b�k�v�� �a�Z�d�h�g�m�� �g�h�j�f�Z�e�v�g�h�]�h�� �j�Z�k�i�j�_�^�_�e�_�g�b�y, �[�u�e�b�� �i�j�_�^�k�l�Z�\�e�_�g�u�� �\�� �\�b�^�_�� �f�_�^�b�Z�g�u�� ���0�H����
�b�g�l�_�j�d�\�Z�g�l�b�e�v�g�h�]�h�� �j�Z�a�f�Z�o�Z�� �\�� ������ �b�� ������ �i�_�j�p�_�g�l�b�e�_�c�� ���&25 �b�� �K75������ �>�e�y�� �h�p�_�g�d�b�� �^�h�k�l�h�\�_�j�g�h�k�l�b��
�j�Z�a�e�b�q�b�c���f�_�`�^�m���\�u�[�h�j�d�Z�f�b���i�j�b�f�_�g�y�e�b���g�_�i�Z�j�Z�f�_�l�j�b�q�_�k�d�b�c���d�j�b�l�_�j�b�c���F�Z�g�g�Z-�M�b�l�g�b����p < 0,05).  

 
�J�_�a�m�e�v�l�Z�l�u 
�>�h�k�l�h�\�_�j�g�u�o���j�Z�a�e�b�q�b�c���f�_�`�^�m���i�h�d�Z�a�Z�l�_�e�y�f�b���\�h�a�j�Z�k�l�Z�����j�h�k�l�Z�����f�Z�k�k�u���l�_�e�Z���b���b�g�^�_�d�k�Z���f�Z�k�k�u��

�l�_�e�Z�����B�F�L�����m���d�b�l�Z�c�k�d�b�o���k�l�m�^�_�g�l�h�d�����i�h�k�l�m�i�b�\�r�b�o���\���\�m�a���\�������������b�������������]�]�������h�[�g�Z�j�m�`�_�g�h���g�_���[�u�e�h����
�I�j�b���h�p�_�g�d�_���j�_�a�m�e�v�l�Z�l�h�\���h�i�j�h�k�g�b�d�Z��SF-36 �m�k�l�Z�g�h�\�e�_�g�h�����q�l�h���d�Z�q�_�k�l�\�h���`�b�a�g�b���i�h�k�l�m�i�b�\�r�b�o���\���\�m�a��
�\�� ���������� �]�h�^�m���k�l�m�^�_�g�l�h�d���g�b�`�_, �q�_�f�� �m�� �i�h�k�l�m�i�b�\�r�b�o�� �j�Z�g�_�_���� �i�h�� �\�k�_�f �i�h�d�Z�a�Z�l�_�e�y�f. �I�j�b�� �Z�g�Z�e�b�a�_��
�j�_�a�m�e�v�l�Z�l�h�\���g�_�h�[�o�h�^�b�f�h���i�h�^�q�_�j�d�g�m�l�v�����q�l�h���[�h�e�_�_���\�u�k�h�d�b�_���i�h�d�Z�a�Z�l�_�e�b (> 75 �[�Z�e�e�h�\) �m�d�Z�a�u�\�Z�x�l��
�g�Z�� �[�h�e�_�_�� �\�u�k�h�d�m�x�� �k�l�_�i�_�g�v�� �m�^�h�\�e�_�l�\�h�j�_�g�g�h�k�l�v�x �`�b�a�g�v�x. �;�u�e�b�� �\�u�y�\�e�_�g�u�� �k�l�Z�l�b�k�l�b�q�_�k�d�b��
�a�g�Z�q�b�f�u�_���h�l�e�b�q�b�y���\���k�e�_�^�m�x�s�b�o���i�h�d�Z�a�Z�l�_�e�y�o�����n�b�a�b�q�_�k�d�h�_���n�m�g�d�p�b�h�g�b�j�h�\�Z�g�b�_�����3�)�������k�h�p�b�Z�e�v�g�h�_��
�n�m�g�d�p�b�h�g�b�j�h�\�Z�g�b�_�� ���6�)������ �`�b�a�g�_�g�g�Z�y�� �Z�d�l�b�\�g�h�k�l�v�� ���9�7���� �b�� �i�k�b�o�b�q�_�k�d�h�_�� �a�^�h�j�h�\�v�_�� ���0�1������
�< 2023 �]�h�^�m�� �\�k�_�� �i�h�d�Z�a�Z�l�_�e�b�� �[�u�e�b�� �\�u�r�_�� �������� �h�k�h�[�_�g�g�h�� �`�b�a�g�_�g�g�Z�y�� �Z�d�l�b�\�g�h�k�l�v�� �b�� �i�k�b�o�b�q�_�k�d�h�_��
�a�^�h�j�h�\�v�_���� �d�h�l�h�j�u�_�� �^�h�k�l�b�]�e�b�� ����0 �[�Z�e�e�h�\���� �q�l�h�� �]�h�\�h�j�b�e�h�� �h�[�� �h�l�e�b�q�g�h�f�� �k�h�k�l�h�y�g�b�b�� �k�l�m�^�_�g�l�h�d. 
�< �����������]�h�^�m���i�h�d�Z�a�Z�l�_�e�b���3�)���b���6�)���i�j�_�\�u�r�Z�e�b��75�����q�l�h���]�h�\�h�j�b�e�h���h���o�h�j�h�r�_�f���k�h�k�l�h�y�g�b�b �k�l�m�^�_�g�l�h�d. 
�H�k�h�[�_�g�g�h�� �g�b�a�d�b�f�b�� �[�u�e�b �a�g�Z�q�_�g�b�y�� �9�7�� �b�� �0�1��(< 75 �[�Z�e�e�h�\)���� �q�l�h�� �m�d�Z�a�u�\�Z�e�h�� �g�Z���m�]�g�_�l�_�g�b�_ 
�n�b�a�b�q�_�k�d�h�]�h���b���i�k�b�o�h�w�f�h�p�b�h�g�Z�e�v�g�h�]�h���a�^�h�j�h�\�v�y���� 

�K�l�m�^�_�g�l�d�b��������4 �b��������3 �]�h�^�h�\���i�h�k�l�m�i�e�_�g�b�y���b�f�_�e�b���^�\�Z���l�b�i�Z���k�b�e�u���g�_�j�\�g�h�c���k�b�k�l�_�f�u�����G�K������
�k�e�Z�[�Z�y���b���k�j�_�^�g�_-�k�e�Z�[�Z�y, �d�h�l�h�j�u�_ �\�k�l�j�_�q�Z�e�b�k�v���k���h�^�b�g�Z�d�h�\�h�c���q�Z�k�l�h�l�h�c �\���h�[�_�b�o���]�j�m�i�i�h�c��  

�<���o�h�^�_���Z�g�Z�e�b�a�Z���l�_�k�l�Z���K�i�b�e�[�_�j�]�_�j�Z-�O�Z�g�b�g�Z���[�u�e�h���\�u�y�\�e�_�g�h�����q�l�h �e�b�q�g�h�k�l�g�Z�y���l�j�_�\�h�`�g�h�k�l�v��
(�E�L) �b�f�_�e�Z���m�f�_�j�_�g�g�u�_���b���\�u�k�h�d�b�_���m�j�h�\�g�b���m���k�l�m�^�_�g�l�h�d��������4 �b��������3 �]�]�����i�h�k�l�m�i�e�_�g�b�y���\���j�Z�\�g�u�o 
�i�j�h�i�h�j�p�b�y�o. �H�^�g�Z�d�h�� �[�u�e�b�� �h�[�g�Z�j�m�`�_�g�u�� �j�Z�a�e�b�q�b�y���\�� �m�j�h�\�g�y�o�� �k�b�l�m�Z�l�b�\�g�h�c�� �l�j�_�\�h�`�g�h�k�l�b�� ���K�L������
�K�j�_�^�b���i�h�k�l�m�i�b�\�r�b�o���\�������������]�h�^�m���i�j�_�h�[�e�Z�^�Z�e���m�f�_�j�_�g�g�u�c���m�j�h�\�_�g�v���K�L�������� ���������Z���m������ �����k�l�m�^�_�g�l�h�d��
�g�Z�[�e�x�^�Z�e�Z�k�v�� �g�b�a�d�Z�y�� �K�L���� �\�� ���������� �]�h�^�Z�� �i�j�_�h�[�e�Z�^�Z�e�Z�� �g�b�a�d�Z�y�� �K�L�� ���������� �������� �Z�� �m�� �������� ���� �[�u�e�Z��
�m�f�_�j�_�g�g�Z�y�� �K�L�����M�� �k�l�m�^�_�g�l�h�d�� ���������� �]�h�^�Z�� �i�h�k�l�m�i�e�_�g�b�y �g�Z�[�e�x�^�Z�e�Z�k�v�� �[�h�e�_�_ �\�u�k�h�d�Z�y �K�L���i�h��
�k�j�Z�\�g�_�g�b�x�� �k�� �]�j�m�i�i�h�c������������ �]�h�^�Z�� ��p = 0,043)���� �q�l�h �i�h�^�l�\�_�j�`�^�Z�_�l�� �a�g�Z�q�b�f�m�x���g�_�]�Z�l�b�\�g�m�x��
�i�k�b�o�h�w�f�h�p�b�h�g�Z�e�v�g�m�x�� �j�_�Z�d�p�b�x�� �g�Z�� �\�g�_�r�g�b�_�� �n�Z�d�l�h�j�u�� �k�j�_�^�u�����k�� �q�_�f�� �k�d�h�j�_�_�� �\�k�_�]�h�� �k�\�y�a�Z�g�h��
�k�g�b�`�_�g�b�_���i�h�d�Z�a�Z�l�_�e�_�c���i�k�b�o�b�q�_�k�d�h�]�h���a�^�h�j�h�\�v�y�� 

�A�g�Z�q�_�g�b�y���:�>���[�u�e�h �k�l�Z�l�b�k�l�b�q�_�k�d�b���a�g�Z�q�b�f�h���g�b�`�_ �m���k�l�m�^�_�g�l�h�d�������������]��, �K�:�>���k�l�m�^�_�g�l�h�d���������� �]����
�k�h�k�l�Z�\�b�e�h���F�_ = 98 �f�f���j���k�l�� (90;113)�����m �k�l�m�^�_�g�l�h�d�������������]�����g�Z�[�h�j�Z �[�u�e�h �F�_ = 114 �f�f���j�l���k�l������105;128) 
(p = 0,043). �>�:�>���k�l�m�^�_�g�l�h�d������������ �]�� �b�f�_�e�h �[�h�e�_�_���g�b�a�d�h�_ �a�g�Z�q�_�g�b�_�����]�^�_���F�_ = 70 �f�f���j�l���k�l������60;75) 
�i�h �k�j�Z�\�g�_�g�b�x���k���i�h�d�Z�a�Z�l�_�e�y�f�b���k�l�m�^�_�g�l�h�d�������������]�����g�Z�[�h�j�Z�����]�^�_���F�_ = 78 �f�f���j�l���k�l������75;85) (p = 0,004). 
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�I �j�b �w�l�h�f�� �i�Z�j�Z�f�_�l�j�u �Q�K�K���g�_���b�f�_�e�b �h�l�e�b�q�b�c. �:�g�Z�e�b�a���a�g�Z�q�_�g�b�c �B�N�B �i�h�d�Z�a�Z�e���� �q�l�h���k�l�m�^�_�g�l�d�b 
2024 �]�����i�h�k�l�m�i�e�_�g�b�y �b�f�_�x�l���g�Z�i�j�y�`�_�g�b�_���f�_�o�Z�g�b�a�f�h�\���Z�^�Z�i�l�Z�p�b�b �K�K�K (�F�_ = �����������_�^���� (2,87;3,19)); 
�m 5 �k�l�m�^�_�g�l�h�d �g�Z�[�e�x�^�Z�e�Z�k�v �g�_�m�^�h�\�e�_�l�\�h�j�b�l�_�e�v�g�Z�y�� �k�b�l�m�Z�p�b�y���� �]�^�_���B�N�B���± �F�_ = ���������� �_�^������
(3,13;3,20))���� �Z�� �m�� ���� �k�l�m�^�_�g�l�h�d���± �k�j�u�\�� �f�_�o�Z�g�b�a�f�h�\�� �Z�^�Z�i�l�Z�p�b�b�� �K�K�K�� ���F�_ = ���������� �_�^�� (3,54;3,53)).  
�:���m���\�k�_�o �k�l�m�^�_�g�l�h�d�������������]�� �[�u�e�Z �m�^�h�\�e�_�l�\�h�j�b�l�_�e�v�g�Z�y���Z�^�Z�i�l�Z�p�b�y�����l�Z�d���d�Z�d���B�N�B���k�h�k�l�Z�\�b�e �F�_ = 2,08 �_�^�� 
(1,58;2,33). �<�b�^�b�f�h���� �g�_�m�^�h�\�e�_�l�\�h�j�b�l�_�e�v�g�h�� �k�n�h�j�f�b�j�h�\�Z�g�g�u�_�� �f�_�o�Z�g�b�a�f�u�� �Z�^�Z�i�l�Z�p�b�b�� �m�� �k�l�m�^�_�g�l�h�d��
2024 �]�h�^�Z���i�h�k�l�m�i�e�_�g�b�y���h�[�m�k�e�h�\�b�e�b���k�g�b�`�_�g�b�_���i�h�d�Z�a�Z�l�_�e�_�c���`�b�a�g�_�g�g�h�c���Z�d�l�b�\�g�h�k�l�b�� 

�I�j�b�� �h�p�_�g�d�_ �\�_�]�_�l�Z�l�b�\�g�h�]�h�� �k�l�Z�l�m�k�Z�� �g�Z�� �h�k�g�h�\�Z�g�b�b�� �\�_�e�b�q�b�g�u�� �<�B�D���m�k�l�Z�g�h�\�e�_�g�h, 
�q�l�h �m �[�h�e�v�r�b�g�k�l�\�Z���k�l�m�^�_�g�l�h�d�������������]�� �\�������������k�e�m�q�Z�_�\ �[�u�e�b���m�j�Z�\�g�h�\�_�r�_�g�u���i�Z�j�Z�k�b�f�i�Z�l�b�q�_�k�d�Z�y��
�G�K (�I�G�K) �b �k�b�f�i�Z�l�b�q�_�k�d�Z�y�� �G�K (�K�G�K)���� �m�� ���� ���� �k�l�m�^�_�g�l�h�d�� �h�l�f�_�q�Z�e�h�k�v�� �i�j�_�h�[�e�Z�^�Z�g�b�_�� �K�G�K����
�b �\ 8 ���� �k�l�m�^�_�g�l�h�d�� �[�u�e�Z�� �\�u�j�Z�`�_�g�g�Z�y�� �i�Z�j�Z�k�b�f�i�Z�l�b�d�h�l�h�g�b�y�����H�^�g�Z�d�h �m�� �k�l�m�^�_�g�l�h�d�� ���������� �]�h�^�Z��
�m�j�Z�\�g�h�\�_�r�_�g�g�h�k�l�v�� �k�h�k�l�h�y�g�b�y�� �I�G�K�� �b���K�G�K�� �[�u�e�Z �l�h�e�v�d�h�� �m�� ���� ������ �m�� ���� ���� �k�l�m�^�_�g�l�h�d�� �g�Z�r�e�b��
�i�j�_�h�[�e�Z�^�Z�g�b�_ �l�h�g�m�k�Z �K�G�K�����M���]�j�m�i�i�u �����������]�h�^�Z �m���[�h�e�v�r�b�g�k�l�\�Z���<�B�D���\�u�y�\�b�e �i�j�_�h�[�e�Z�^�Z�g�b�_���K�G�K, 
�]�^�_���F�_ = 18,3 (7,3;26,1) ���m�j�Z�\�g�h�\�_�r�_�g�g�h�k�l�v�� �I�G�K�� �b�� �K�G�K-�K�G�K��)���� �Z�� �m�� �k�l�m�^�_�g�l�h�d ���������� �]�h�^�Z �[�u�e�Z��
�m�j�Z�\�g�h�\�_�r�_�g�g�h�k�l�v�� �i�Z�j�Z�k�b�f�i�Z�l�b�q�_�k�d�h�c�� �G�K�� �b�� �k�b�f�i�Z�l�b�q�_�k�d�h�c�� �G�K���� �]�^�_���F�_ = (-0,77) ((-15,6);10,9) 
���m�j�Z�\�g�h�\�_�r�_�g�g�h�k�l�v���I�G�K���b���K�G�K������(p = 0,002). �M�j�Z�\�g�h�\�_�r�_�g�g�h�k�l�v���\�_�]�_�l�Z�l�b�\�g�h�c���G�K���k�i�h�k�h�[�k�l�\�m�_�l��
�Z�^�_�d�\�Z�l�g�h�c�� �Z�^�Z�i�l�Z�p�b�b�����I�j�_�h�[�e�Z�^�Z�g�b�_�� �k�b�f�i�Z�l�b�q�_�k�d�h�c�� �G�K�� �k�i�h�k�h�[�k�l�\�m�_�l�� �n�h�j�f�b�j�h�\�Z�g�b�x��
�^�b�a�w�j�]�b�q�_�k�d�b�o���j�_�Z�d�p�b�c���� 

 
�A�Z�d�e�x�q�_�g�b�_ 
�M�� �k�l�m�^�_�g�l�h�d ���������� �]�h�^�Z�� �i�h�k�l�m�i�e�_�g�b�y �[�u�e�h �\�u�y�\�e�_�g�h�� �k�g�b�`�_�g�g�h�_ �d�Z�q�_�k�l�\�h�� �`�b�a�g�b����

�I�k�b�o�b�q�_�k�d�h�_ �a�^�h�j�h�\�v�_���[�u�e�h�� �k�g�b�`�_�g�h, �q�l�h�� �i�h�^�l�\�_�j�`�^�Z�e�h�k�v�� �m�\�_�e�b�q�_�g�b�_�f�� �m�j�h�\�g�y�� �K�L����
�;�h�e�_�_ �g�b�a�d�b�c���m�j�h�\�_�g�v���`�b�a�g�_�g�g�h�c���Z�d�l�b�\�g�h�k�l�b���[�u�e���k�\�y�a�Z�g���k���g�Z�i�j�y�`�_�g�b�_�f���f�_�o�Z�g�b�a�f�h�\���Z�^�Z�i�l�Z�p�b�b�� 
�G�_�m�j�Z�\�g�h�\�_�r�_�g�g�h�_���i�j�_�h�[�e�Z�^�Z�g�b�_���k�b�f�i�Z�l�b�q�_�k�d�h�]�h���l�h�g�m�k�Z���<�G�K �a�Z�f�_�^�e�y�_�l���i�j�h�p�_�k�k�u���Z�^�Z�i�l�Z�p�b�b����
�K�l�m�^�_�g�l�d�Z�f�������������]�h�^�Z���i�h�k�l�m�i�e�_�g�b�y���l�j�_�[�m�_�l�k�y���[�h�e�v�r�_�_���\�j�_�f�y���g�Z���Z�^�Z�i�l�Z�p�b�x���d���h�[�m�q�_�g�b�x���\���<�M�A�_����
�K�l�m�^�_�g�l�u���l�j�_�[�m�x�l���[�h�e�_�_���^�_�l�Z�e�v�g�h�]�h���i�h�^�o�h�^�Z���b���g�Z�[�e�x�^�_�g�b�y���k���p�_�e�v�x���i�j�h�n�b�e�Z�d�l�b�d�b���g�Z�j�m�r�_�g�b�c��
�Z�^�Z�i�l�Z�p�b�h�g�g�u�o���f�_�o�Z�g�b�a�f�h�\ �b���i�j�_�^�h�l�\�j�Z�s�_�g�b�y���j�Z�a�\�b�l�b�y���[�h�e�_�a�g�_�c���k�l�j�_�k�k�Z.  

 
�K�i�b�k�h�d���e�b�l�_�j�Z�l�m�j�u 

1. �K�Z�n�h�g�h�\�Z�� �<���<������ �>�h�j�h�n�_�_�\�� �<���<������ �;�Z�`�b�g�Z�� �B���:���� �B�k�k�e�_�^�h�\�Z�g�b�_�� �\�e�b�y�g�b�y�� �l�b�i�Z�� �g�_�j�\�g�h�c 
�k�b�k�l�_�f�u�� �g�Z �\�h�k�k�l�Z�g�h�\�e�_�g�b�_�� �h�j�]�Z�g�b�a�f�Z���� ������ �M�q�_�g�u�_�� �a�Z�i�b�k�d�b�� �m�g�b�\�_�j�k�b�l�_�l�Z�� �E�_�k�]�Z�n�l�Z�� �± 2023. �± 
�‹  4 (218). �± �K�� 359�±363. 
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Abstract. TDP-43 protein is a nuclear DNA/RNA-binding protein that plays an important role in 
RNA metabolism. Specificity of its structure and excessive accumulation of TDP-43 in the cytoplasm 
leads to disruption of its functions and formation of aggregates. This phenomenon is observed in 
amyotrophic lateral sclerosis and a number of other neurodegenerative diseases �± a group of 
disorders of the nervous system, which are based on the destruction of neurons. The exact 
mechanisms of aggregation and ways to protect cells from it have not yet been established. 
Sesquiterpene lactones, a class of compounds with a wide spectrum of pharmacological activity 
capable of neuroprotection, can be considered as potential antiaggregating substances. In our study, 
five compounds from the class of sesquiterpene lactones were tested for their antiaggregation activity 
against TDP-43 protein. SH-SY5Y cell culture was used as a model, in which pathological protein 
aggregation was induced by transfection of cell cultures with a plasmid vector encoding a mutant 
form of human TDP-43 protein fused to the fluorescent protein GFP for aggregate detection. Analysis 
of cell cultures after transfection and addition of the tested compounds showed that compounds  
L04-6037 and L03-6037 significantly reduced aggregation of TDP-43 protein, probably due to direct 
interaction with the protein, as shown by docking. Other compounds SAV88, L01-T10 �b L02-5272 
did not have this activity. 
Key words: TDP-43, aggregation, sesquiterpene lactones, docking. 
 

�<�\�_�^�_�g�b�_ 
�G�_�c�j�h�^�_�]�_�g�_�j�Z�l�b�\�g�u�_�� �a�Z�[�h�e�_�\�Z�g�b�y�� ���G�>�A�����± �]�_�l�_�j�h�]�_�g�g�Z�y�� �]�j�m�i�i�Z�� �j�Z�k�k�l�j�h�c�k�l�\�� �g�_�j�\�g�h�c��

�k�b�k�l�_�f�u�����\���h�k�g�h�\�_���j�Z�a�\�b�l�b�y���d�h�l�h�j�u�o���e�_�`�b�l���]�b�[�_�e�v���g�_�c�j�h�g�h�\ [1]. �G�>�A���y�\�e�y�x�l�k�y���h�^�g�h�c���b�a���h�k�l�j�_�c�r�b�o��
�f�_�^�b�p�b�g�k�d�b�o�� �b�� �k�h�p�b�Z�e�v�g�u�o�� �i�j�h�[�e�_�f���� �w�l�h�� �h�[�m�k�e�h�\�e�_�g�h���l�y�`�_�e�h�c�� �n�b�a�b�q�_�k�d�h�c�� �b�� �i�k�b�o�b�q�_�k�d�h�c��
�b�g�\�Z�e�b�^�b�a�Z�p�b�_�c �i�Z�p�b�_�g�l�h�\�����Z���l�Z�d�`�_���\�h�a�j�Z�k�l-�a�Z�\�b�k�b�f�u�f���o�Z�j�Z�d�l�_�j�h�f���i�j�h�y�\�e�_�g�b�y���k�b�f�i�l�h�f�h�\�� 

�<�Z�`�g�u�f�� �a�\�_�g�h�f�� �i�Z�l�h�]�_�g�_�a�Z�� �G�>�A�� �y�\�e�y�_�l�k�y�� �n�h�j�f�b�j�h�\�Z�g�b�_�� �g�_�j�Z�k�l�\�h�j�b�f�u�o�� �[�_�e�d�h�\�u�o��
�\�d�e�x�q�_�g�b�c�� �b�e�b�� �Z�]�j�_�]�Z�l�h�\���� �d�h�l�h�j�u�_�� �h�d�Z�a�u�\�Z�x�l�� �l�h�d�k�b�q�_�k�d�b�c�� �w�n�n�_�d�l�� �g�Z �d�e�_�l�d�b�� �g�_�j�\�g�h�c��
�k�b�k�l�_�f�u�� �=�b�k�l�h�i�Z�l�h�e�h�]�b�q�_�k�d�b�_�� �h�l�e�h�`�_�g�b�y�� �[�_�e�d�Z��TDP-������ �h�[�g�Z�j�m�`�b�\�Z�x�l�k�y�� �i�j�b �j�y��̂_ �G�>�A����
�l�Z�d�b�o�� �d�Z�d �[�h�d�h�\�h�c �Z�f�b�h�l�j�h�n�b�q�_�k�d�b�c �k�d�e�_�j�h�a���� �n�j�h�g�l�h�l�_�f�i�h�j�Z�e�v�g�Z�y �^�_�f�_�g�p�b�y, �[�h�e�_�a�g�v��
�:�e�v�p�]�_�c�f�_�j�Z���b���^�j�� [1]. 

TDP-43 �± �y�^�_�j�g�u�c�� �>�G�D���J�G�D-�k�\�y�a�u�\�Z�x�s�b�c�� �[�_�e�h�d���� �d�h�l�h�j�u�c���m�q�Z�k�l�\�m�_�l�� �\�� �j�_�]�m�e�y�p�b�b��
�l�j�Z�g�k�d�j�b�i�p�b�b���� �Z�e�v�l�_�j�g�Z�l�b�\�g�h�f�� �k�i�e�Z�c�k�b�g�]�_���� �k�l�Z�[�b�e�b�a�Z�p�b�b�� �b�� �l�j�Z�g�k�i�h�j�l�_�� �f�J�G�D���� �h�[�j�Z�a�h�\�Z�g�b�b��
�j�b�[�h�g�m�d�e�_�h�i�j�h�l�_�b�g�h�\�u�o�� �d�h�f�i�e�_�d�k�h�\ �b�� �w�d�k�i�j�_�k�k�b�j�m�_�l�k�y�� �\�h�� �\�k�_�o�� �d�e�_�l�d�Z�o. �H�k�h�[�_�g�g�h�k�l�b��
�k�l�j�m�d�l�m�j�u �K-�d�h�g�p�_�\�h�]�h���^�h�f�_�g�Z�����m�\�_�e�b�q�_�g�b�_ �w�d�k�i�j�_�k�k�b�b��TDP-43 �b���^�j�m�]�b�_���i�j�b�q�b�g�u �i�j�b�\�h�^�y�l���d��
�h�[�j�Z�a�h�\�Z�g�b�x���[�_�e�d�h�f �l�h�d�k�b�q�g�u�o���Z�]�j�_�]�Z�l�h�\���b���d�Z�d���k�e�_�^�k�l�\�b�_���d���]�b�[�_�e�b �d�e�_�l�h�d. �L�h�q�_�q�g�u�_ �f�m�l�Z�p�b�b 
�\��TDP-43 �]�_�g�_�l�b�q�_�k�d�b �Z�k�k�h�p�b�b�j�h�\�Z�g�u���k���j�Z�a�e�b�q�g�u�f�b���G�>�A��[2]. 

�<���g�Z�k�l�h�y�s�_�_���\�j�_�f�y���f�_�o�Z�g�b�a�f�u���[�_�e�d�h�\�h�c���Z�]�j�_�]�Z�p�b�b�����Z���l�Z�d�`�_���k�i�h�k�h�[�u���a�Z�s�b�l�u���d�e�_�l�h�d���h�l��
�l�h�d�k�b�q�g�u�o���Z�]�j�_�]�Z�l�h�\���^�h���d�h�g�p�Z���g�_���b�a�m�q�_�g�u�����<�k�_���k�h�k�l�Z�\�e�y�x�s�b�_���k�e�h�`�g�h�]�h���d�Z�k�d�Z�^�g�h�]�h���i�j�h�p�_�k�k�Z��
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�Z�]�j�_�]�Z�p�b�b�� �[�_�e�d�h�\�� �f�h�]�m�l�� �j�Z�k�k�f�Z�l�j�b�\�Z�l�v�k�y�� �\�� �d�Z�q�_�k�l�\�_�� �i�h�l�_�g�p�b�Z�e�v�g�u�o�� �f�b�r�_�g�_�c�� �^�e�y 
�g�_�c�j�h�i�j�h�l�_�d�l�h�j�g�u�o���k�h�_�^�b�g�_�g�b�c�����\�h�a�^�_�c�k�l�\�m�x�s�b�o���g�Z���]�e�Z�\�g�u�_���i�Z�l�h�]�_�g�_�l�b�q�_�k�d�b�_���a�\�_�g�v�y���G�>�A�� 

�<�� �d�Z�q�_�k�l�\�_�� �l�Z�d�b�o�� �a�Z�s�b�l�g�u�o�� �k�h�_�^�b�g�_�g�b�c�� �f�h�]�m�l�� �[�u�l�v�� �j�Z�k�k�f�h�l�j�_�g�u�� �k�_�k�d�\�b�l�_�j�i�_�g�h�\�u�_��
�e�Z�d�l�h�g�u �± �w�l�h �h��̂b�g���b�a�� �d�j�m�i�g�_�c�r�b�o�� �d�e�Z�k�k�h�\�� �\�l�h�j�b�q�g�u�o�� �f�_�l�Z�[�h�e�b�l�h�\���j�Z�k�l�_�g�b�c���k�_�f�_�c�k�l�\�Z��
Asteraceae�����W�l�b���k�h�_�^�b�g�_�g�b�y���i�j�_�^�k�l�Z�\�e�y�x�l���k�h�[�h�c������-�m�]�e�_�j�h�^�g�u�c���k�d�_�e�_�l���k���l�j�_�f�y���b�a�h�i�j�_�g�h�\�u�f�b��
�_�^�b�g�b�p�Z�f�b�����a�Z �d�h�l�h�j�u�f�b���k�e�_�^�m�_�l���e�Z�d�l�h�g�g�h�_���d�h�e�v�p�h�����>�Z�g�g�u�_���k�h�_�^�b�g�_�g�b�y���h�[�e�Z�^�Z�x�l �r�b�j�h�d�b�f��
�k�i�_�d�l�j�h�f�� �n�Z�j�f�Z�d�h�e�h�]�b�q�_�k�d�h�c�� �Z�d�l�b�\�g�h�k�l�b: �i�j�h�l�b�\�h�f�Z�e�y�j�b�c�g�h�c���� �i�j�h�l�b�\�h�h�i�m�o�h�e�_�\�h�c, 
�i�j�h�l�b�\�h�\�h�k�i�Z�e�b�l�_�e�v�g�h�c�����Z�g�l�b�[�Z�d�l�_�j�b�Z�e�v�g�h�c �b���^�j�� �< �b�k�k�e�_�^�h�\�Z�g�b�y�o���i�h�k�e�_�^�g�b�o���e�_�l���i�h�y�\�e�y�_�l�k�y��
�\�k�_���[�h�e�v�r�_���k�\�_�^�_�g�b�c���h���g�Z�e�b�q�b�b���m���^�Z�g�g�u�o���k�h�_�^�b�g�_�g�b�c���g�_�c�j�h�i�j�h�l�_�d�l�h�j�g�h�c���Z�d�l�b�\�g�h�k�l�b [3].  

�P�_�e�v�x���b�k�k�e�_�^�h�\�Z�g�b�y���y�\�e�y�e�h�k�v �h�i�j�_�^�_�e�_�g�b�_ �\�e�b�y�g�b�y���j�y�^�Z���k�_�k�d�\�b�l�_�j�i�_�g�h�\�u�o���e�Z�d�l�h�g�h�\ �g�Z��
�i�j�h�p�_�k�k���Z�]�j�_�]�Z�p�b�b���[�_�e�d�Z��TDP-43 �\���f�h�^�_�e�b��in vitro �\���m�k�e�h�\�b�y�o���b�g�^�m�p�b�j�h�\�Z�g�g�h�c���i�Z�l�h�e�h�]�b�q�_�k�d�h�c��
�[�_�e�d�h�\�h�c���Z�]�j�_�]�Z�p�b�b�� 

 
�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y���q�Z�k�l�v 
�<�� �d�Z�q�_�k�l�\�_�� �k�h�_�^�b�g�_�g�b�c�� �k�� �i�h�l�_�g�p�b�Z�e�v�g�u�f�b�� �g�_�c�j�h�i�j�h�l�_�d�l�h�j�g�u�f�b�� �k�\�h�c�k�l�\�Z�f�b�� �[�u�e�b��

�i�j�h�\�_�j�_�g�u �i�y�l�v �k�_�k�d�\�b�l�_�j�i�_�g�h�\�u�o���e�Z�d�l�h�g�h�\ �b�a���k�h�[�k�l�\�_�g�g�h�c���[�b�[�e�b�h�l�_�d�b���k�h�_�^�b�g�_�g�b�c.  
�H�p�_�g�d�Z �g�Z�e�b�q�b�y�� �Z�g�l�b�Z�]�j�_�]�Z�p�b�h�g�g�u�o�� �k�\�h�c�k�l�\�� �m�� �k�h�_�^�b�g�_�g�b�c���i�j�h�\�h�^�b�e�Z�k�v�� �g�Z �d�e�_�l�h�q�g�h�c��

�d�m�e�v�l�m�j�_��SH-SY5Y���� �F�h�^�_�e�b�j�h�\�Z�g�b�_ �i�Z�l�h�e�h�]�b�q�_�k�d�h�c�� �[�_�e�d�h�\�h�c�� �Z�]�j�_�]�Z�p�b�b �h�k�m�s�_�k�l�\�e�y�e�h�k�v��
�i�m�l�_�f 24-�q�Z�k�h�\�h�c �l�j�Z�g�k�n�_�d�p�b�b�� �d�e�_�l�h�q�g�u�o�� �d�m�e�v�l�m�j�� �i�e�Z�a�f�b�^�g�u�f�� �\�_�d�l�h�j�h�f���� �d�h�^�b�j�m�x�s�b�f��
�f�m�l�Z�g�l�g�m�x�� �n�h�j�f�m�� �[�_�e�d�Z��TDP-43-�L����(d1-���������� �q�_�e�h�\�_�d�Z �b �k�e�b�l�u�f�� �k�� �n�e�m�h�j�_�k�p�_�g�l�g�u�f�� �[�_�e�d�h�f��
GFP �^�e�y�� �^�_�l�_�d�p�b�b�� �Z�]�j�_�]�Z�l�h�\. �M�d�h�j�h�q�_�g�g�Z�y�� �n�h�j�f�Z�� �[�_�e�d�Z TDP-43-�L���� �b�f�_�_�l�� �i�h�\�u�r�_�g�g�m�x��
�k�d�e�h�g�g�h�k�l�v���d���Z�]�j�_�]�Z�p�b�b���b���q�Z�k�l�h���h�[�g�Z�j�m�`�b�\�Z�_�l�k�y���\���k�h�k�l�Z�\�_���Z�]�j�_�]�Z�l�h�\���m���i�Z�p�b�_�g�l�h�\���k���G�>�A���� 

�<�� �h�i�u�l�g�u�_�� �h�[�j�Z�a�p�u���q�_�j�_�a�� ���� �q�Z�k�Z�� �i�h�k�e�_�� �g�Z�q�Z�e�Z�� �l�j�Z�g�k�n�_�d�p�b�b �^�h�[�Z�\�e�y�e�b�k�v���b�k�k�e�_�^�m�_�f�u�_ 
�\�_�s�_�k�l�\�Z�� ��SAV88, L01-T10, L04-6037, L03-6037, L02-5272���� �\�� �d�h�g�p�_�g�l�j�Z�p�b�b������ �f�d�F����
�Q�_�j�_�a 24 �q�Z�k�Z�� �i�h�k�e�_�� �l�j�Z�g�k�n�_�d�p�b�b�� �i�j�h�\�h�^�b�e�b�k�v�� �n�b�d�k�Z�p�b�y �h�i�u�l�g�u�o�� �b�� �d�h�g�l�j�h�e�v�g�u�o �d�e�_�l�h�d�� �b��
�f�b�d�j�h�k�d�h�i�b�j�h�\�Z�g�b�_�� �:�g�Z�e�b�a���b�a�h�[�j�Z�`�_�g�b�c���i�j�h�\�h�^�b�e�k�y���\���i�j�h�]�j�Z�f�f�_��ImageJ. 

�L�Z�d�`�_���i�j�h�\�h�^�b�e�k�y���^�h�d�b�g�]���k���b�k�i�h�e�v�a�h�\�Z�g�b�_�f���i�j�h�]�j�Z�f�f�g�h�]�h���h�[�_�k�i�_�q�_�g�b�y��AutoDock Vina 
�b�k�k�e�_�^�m�_�f�u�o�� �k�_�k�d�\�b�l�_�j�i�_�g�h�\�u�o�� �e�Z�d�l�h�g�h�\�� �k�� �[�_�e�d�h�f��TDP-������ �k�� �p�_�e�v�x�� �\�u�y�\�e�_�g�b�y�� �\�h�a�f�h�`�g�h�]�h��
�i�j�y�f�h�]�h���\�a�Z�b�f�h�^�_�c�k�l�\�b�y���f�_�`�^�m���k�h�_�^�b�g�_�g�b�y�f�b���b���[�_�e�d�h�f�� 

 
�J�_�a�m�e�v�l�Z�l�u 
�G�Z�� �f�b�d�j�h�n�h�l�h�]�j�Z�n�b�y�o�� �h�i�u�l�g�u�o�� �b�� �d�h�g�l�j�h�e�v�g�u�o�� �d�m�e�v�l�m�j (�j�b�k. 1) �[�u�e�b�� �i�h�k�q�b�l�Z�g�u��

�i�h�d�Z�a�Z�l�_�e�b���� �h�l�j�Z�`�Z�x�s�b�_�� �k�l�_�i�_�g�v�� �Z�]�j�_�]�Z�p�b�b�� �[�_�e�d�Z�� �\�� �d�e�_�l�h�q�g�u�o�� �d�m�e�v�l�m�j�Z�o�����b�g�l�_�g�k�b�\�g�h�k�l�v��
�n�e�m�h�j�_�k�p�_�g�p�b�b���[�_�e�d�Z��TDP-43-T5 (�j�b�k. 2, �Z�����b���d�e�_�l�d�b�����k�h�^�_�j�`�Z�s�b�_���Z�]�j�_�]�Z�l�u�����j�b�k. 2, �[). 

 

 
(�Z) 

 
(�[) 

 
(�\) 

�J�b�k�����������J�_�i�j�_�a�_�g�l�Z�l�b�\�g�u�_���n�h�l�h�]�j�Z�n�b�b���d�m�e�v�l�m�j���i�h�k�e�_���l�j�Z�g�k�n�_�d�p�b�b���\�_�d�l�h�j�h�f��EGFP-TDP-43-T5:  
�d�h�g�l�j�h�e�v�g�u�_���d�m�e�v�l�m�j�u(�Z); �h�i�u�l�g�u�_���d�m�e�v�l�m�j�u���k���^�h�[�Z�\�e�_�g�b�_�f���k�h�_�^�b�g�_�g�b�c��L04-6037, L03-6037 (�[);  

�h�i�u�l�g�u�_���d�m�e�v�l�m�j�u���k���^�h�[�Z�\�e�_�g�b�_�f���k�h�_�^�b�g�_�g�b�c SAV88, L01-T10, L02-5272 (�\) 
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�J�b�k. 2. �H�p�_�g�d�Z���k�l�_�i�_�g�b���Z�]�j�_�]�Z�p�b�b���[�_�e�d�Z��TDP-43-T5 �\���d�e�_�l�h�q�g�u�o���d�m�e�v�l�m�j�Z�o:  
�h�p�_�g�d�Z���b�g�l�_�g�k�b�\�g�h�k�l�b���n�e�m�h�j�_�k�p�_�g�p�b�b���[�_�e�d�Z��TDP-43-T5 ���Z��; �h�p�_�g�d�Z���d�h�e�b�q�_�k�l�\�Z���d�e�_�l�h�d���k���Z�]�j�_�]�Z�l�Z�f�b���[�_�e�d�Z��

TDP-43 T�����g�Z�����
����5 �f�d�f2 ���[��. �B�a�h�[�j�Z�`�_�g�u���k�j�_�^�g�_�_ �b���k�l�Z�g�^�Z�j�l�g�Z�y���h�r�b�[�d�Z���k�j�_�^�g�_�]�h.  
�G�_�i�Z�j�Z�f�_�l�j�b�q�_�k�d�b�c���d�j�b�l�_�j�b�c���F�Z�g�g�Z-�M�b�l�g�b���k���i�h�i�j�Z�\�d�h�c���;�h�g�n�_�j�j�h�g�b����* *  - p < 0.01 

 
�;�u�e�h���i�h�d�Z�a�Z�g�h���� �q�l�h�� �k�h�_�^�b�g�_�g�b�y L04-6037 �b��L03-6037 (�j�b�k���� ���� �a�g�Z�q�b�f�h�� �m�f�_�g�v�r�Z�x�l��

�b�g�l�_�g�k�b�\�g�h�k�l�v�� �n�e�m�h�j�_�k�p�_�g�p�b�b�� �[�_�e�d�Z��TDP-43-T���� �b�� �k�g�b�`�Z�x�l�� �q�b�k�e�h�� �d�e�_�l�h�d�� �k�� �Z�]�j�_�]�Z�l�Z�f�b�� �\��
�l�j�Z�g�k�n�_�p�b�j�h�\�Z�g�g�u�o�� �d�m�e�v�l�m�j�Z�o�� �d�e�_�l�h�d���� �K�h�_�^�b�g�_�g�b�y��SAV88, L01-T10 �b L02-5272 �l�Z�d�b�f��
�k�\�h�c�k�l�\�h�f���g�_���h�[�e�Z�^�Z�e�b. 

�>�h�d�b�g�]���k�_�k�d�\�b�l�_�j�i�_�g�h�\�u�o���e�Z�d�l�h�g�h�\���k���[�_�e�d�h�f��TDP-�������i�h�d�Z�a�Z�e�����q�l�h���k�h�_�^�b�g�_�g�b�y L04-6037 
�b��L03-���������� �k�� �\�u�k�h�d�h�c�� �\�_�j�h�y�l�g�h�k�l�v�x�� ���h�p�_�g�h�q�g�u�_ �n�m�g�d�p�b�b = �±9,���� �b���±10,4���� �k�\�y�a�u�\�Z�x�l�k�y�� �k�h��
�\�l�h�j�u�f�� �J�G�D-�k�\�y�a�u�\�Z�x�s�_�f�� �^�h�f�_�g�h�f�� �[�_�e�d�Z��TDP-�������� �<�� �h�[�j�Z�a�h�\�Z�g�b�b�� �d�h�f�i�e�_�d�k�Z�� �[�_�e�h�d-�e�b�]�Z�g�^��
�m�q�Z�k�l�\�m�x�l�� �Z�f�b�g�h�d�b�k�e�h�l�g�u�_�� �h�k�l�Z�l�d�b�� ��������Lys, 194 Phe, 221 Phe, 231 Phe, 261 Glu, 263 Lys. 
�<�_�j�h�y�l�g�h�k�l�v���k�\�y�a�u�\�Z�g�b�y���^�j�m�]�b�o���k�h�_�^�b�g�_�g�b�c���f�Z�e�Z�� 

 

 
���Z�� 

 
���[�� 

�J�b�k. 3. �K�l�j�m�d�l�m�j�u���k�_�k�d�\�b�l�_�j�i�_�g�h�\�u�o���e�Z�d�l�h�g�h�\: �k�h�_�^�b�g�_�g�b�_ L04-6037 ���Z���� �k�h�_�^�b�g�_�g�b�_ L03-6037 ���[�� 
 
�A�Z�d�e�x�q�_�g�b�_ 
�<�� �j�_�a�m�e�v�l�Z�l�_�� �i�j�h�\�_�^�_�g�g�u�o�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �[�u�e�h���i�h�d�Z�a�Z�g�h���� �q�l�h���k�h�_�^�b�g�_�g�b�y �b�a�� �d�e�Z�k�k�Z��

�k�_�k�d�\�b�l�_�j�i�_�g�h�\�u�o���e�Z�d�l�h�g�h�\ L04-6037 �b��L03-6037 �h�[�e�Z�^�Z�x�l���Z�g�l�b�Z�]�j�_�]�Z�p�b�h�g�g�h�c���Z�d�l�b�\�g�h�k�l�v�x��
�\���h�l�g�h�r�_�g�b�b���[�_�e�d�Z��TDP-43�����<�_�j�h�y�l�g�h�����^�Z�g�g�u�c���w�n�n�_�d�l���h�[�m�k�e�h�\�e�_�g���i�j�y�f�u�f���\�a�Z�b�f�h�^�_�c�k�l�\�b�_�f��
�k�h�_�^�b�g�_�g�b�c �k���[�_�e�d�h�f��TDP-43. 

 
�K�i�b�k�h�d���e�b�l�_�j�Z�l�m�j�u 
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Abstract. Alternative splicing (AS) is a key post-transcriptional regulatory mechanism that 
increases transcriptome and proteome diversity. This study investigates the role of AS in the 
pathogenesis of fetal growth restriction by analyzing AS events in the placenta decidual cells. We 
conducted a deep whole transcriptome RNA sequencing on samples from 8 women with 
physiological pregnancy and 8 women with fetal growth restriction. The results revealed 8,770 AS 
events in 5,411 genes in the fetal growth restriction group. The most common AS types were exon 
skipping for annotated events and intron retention for de novo events. During the analysis of 
differential alternative splicing between the groups, 51 genes were identified. These genes involved 
in DNA repair, actin binding, the fibroblast growth factor signaling pathway, and the Wnt signaling 
pathway, whose disruption may contribute to the fetal growth restriction development, as they play 
a crucial role in maintaining physiological pregnancy. It was found that among these genes, SENP7 
and CUL4B are the most susceptible to alternative splicing.  
Keywords: alternative splicing, placenta, decidual cells, fetal growth restriction. 
 

�<�\�_�^�_�g�b�_ 
�:�e�v�l�_�j�g�Z�l�b�\�g�u�c�� �k�i�e�Z�c�k�b�g�]���± �w�l�h�� �f�_�o�Z�g�b�a�f�� �i�h�k�l�l�j�Z�g�k�d�j�b�i�p�b�h�g�g�h�c�� �f�h�^�b�n�b�d�Z�p�b�b�� �J�G�D����

�i�j�b���d�h�l�h�j�h�f���h�^�b�g���b���l�h�l���`�_���i�_�j�\�b�q�g�u�c���l�j�Z�g�k�d�j�b�i�l�����i�j�_-�f�J�G�D�����f�h�`�_�l���i�h�^�\�_�j�]�Z�l�v�k�y���j�Z�a�e�b�q�g�u�f��
�i�j�_�h�[�j�Z�a�h�\�Z�g�b�y�f���� �n�h�j�f�b�j�m�y�� �j�Z�a�g�u�_�� �\�Z�j�b�Z�g�l�u�� �a�j�_�e�h�c�� �f�J�G�D�� �b�� �m�\�_�e�b�q�b�\�Z�y�� �[�_�e�d�h�\�h�_��
�j�Z�a�g�h�h�[�j�Z�a�b�_�� �[�_�a�� �b�a�f�_�g�_�g�b�y�� �>�G�D. �J�y�^�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �i�h�d�Z�a�Z�e���� �q�l�h�� �]�_�g�u���� �i�h�^�\�_�j�`�_�g�g�u�_�� �:�K����
�f�h�]�m�l�� �b�]�j�Z�l�v�� �\�Z�`�g�m�x�� �j�h�e�v�� �\�� �i�Z�l�h�]�_�g�_�a�_���f�g�h�]�h�n�Z�d�l�h�j�g�u�o���a�Z�[�h�e�_�\�Z�g�b�c���� �h�g�d�h�e�h�]�b�q�_�k�d�b�o����
�g�_�\�j�h�e�h�]�b�q�_�k�d�b�o���� �Z�d�m�r�_�j�k�d�b�o�� �b�� �^�j���� �>���±3]. �:�d�l�m�Z�e�v�g�u�f�� �i�j�_�^�k�l�Z�\�e�y�_�l�k�y�� �b�a�m�q�_�g�b�_ �e�Z�g�^�r�Z�n�l�Z 
�:�K�� �\�� �d�e�_�l�d�Z�o���� �d�h�l�h�j�u�_�� �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h�� �m�q�Z�k�l�\�m�x�l�� �\�� �j�Z�a�\�b�l�b�b�� �i�Z�l�h�e�h�]�b�b���� �l�Z�d�� �d�Z�d�� �^�Z�g�g�u�c��
�f�h�e�_�d�m�e�y�j�g�u�c�� �f�_�o�Z�g�b�a�f�� �y�\�e�y�_�l�k�y�� �d�e�_�l�d�h�k�i�_�p�b�n�b�q�g�u�f�� �>4]. �>�_�p�b�^�m�Z�e�v�g�u�_�� �d�e�_�l�d�b�� ���>�D����
�i�e�Z�p�_�g�l�u�� �b�]�j�Z�x�l�� �d�e�x�q�_�\�m�x�� �j�h�e�v�� �\�� �i�h�^�^�_�j�`�Z�g�b�b�� �n�b�a�b�h�e�h�]�b�q�_�k�d�h�c�� �[�_�j�_�f�_�g�g�h�k�l�b�� ���N�;������
�m�q�Z�k�l�\�m�y�� �\�� �i�j�h�p�_�k�k�Z�o�� �]�_�f�h�k�l�Z�a�Z���� �\�h�k�i�Z�e�_�g�b�b�� �b�� �b�f�f�m�g�g�h�f�� �h�l�\�_�l�_, �b�o�� �^�b�k�n�m�g�d�p�b�y�� �f�h�`�_�l��
�i�j�b�\�_�k�l�b�� �d�� �j�Z�a�\�b�l�b�x�� �Z�d�m�r�_�j�k�d�b�o�� �i�Z�l�h�e�h�]�b�c���� �\�� �l�h�f�� �q�b�k�e�_���� �d�� �a�Z�^�_�j�`�d�_�� �j�h�k�l�Z�� �i�e�h�^�Z�� ���A�J�I�� [5]. 
�K�l�h�b�l�� �h�l�f�_�l�b�l�v���� �q�l�h�� �j�Z�g�_�_�� �g�_�� �i�j�h�\�h�^�b�e�k�y�� �i�h�e�g�h�l�j�Z�g�k�d�j�b�i�l�h�f�g�u�c�� �k�d�j�b�g�b�g�]�� �b�a�f�_�g�_�g�b�c�� �:�K�� �\��
�h�l�^�_�e�v�g�u�o���d�e�_�l�h�q�g�u�o���i�h�i�m�e�y�p�b�y�o���i�e�Z�p�_�g�l�Z�j�g�h�c���l�d�Z�g�b�����i�h�w�l�h�f�m���p�_�e�v�x���^�Z�g�g�h�]�h���b�k�k�e�_�^�h�\�Z�g�b�y��
�y�\�e�y�_�l�k�y�� �Z�g�Z�e�b�a�� �b�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�� �k�h�[�u�l�b�c�� �Z�e�v�l�_�j�g�Z�l�b�\�g�h�]�h�� �k�i�e�Z�c�k�b�g�]�Z�� �\���>�D �i�j�b��
�n�b�a�b�h�e�h�]�b�q�_�k�d�h�c���[�_�j�_�f�_�g�g�h�k�l�b���b���a�Z�^�_�j�`�d�_���j�h�k�l�Z���i�e�h�^�Z�� 
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�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y���q�Z�k�l�v 
�H�[�t�_�f�� �\�u�[�h�j�d�b�� �k�h�k�l�Z�\�b�e��8 �`�_�g�s�b�g�� �k���N�; �b�� ���� �`�_�g�s�b�g�� �k���\�u�j�Z�`�_�g�g�h�c���A�J�I. �=�j�m�i�i�u��

�k�h�i�h�k�l�Z�\�b�f�u�� �i�h�� �h�k�g�h�\�g�u�f�� �d�e�b�g�b�q�_�k�d�b�f�� �b�� �Z�g�l�j�h�i�h�f�_�l�j�b�q�_�k�d�b�f�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�����K�[�h�j��
�[�b�h�i�l�Z�l�h�\�� �f�Z�l�_�j�b�g�k�d�h�c�� �q�Z�k�l�b�� �i�e�Z�p�_�g�l�u�� �h�k�m�s�_�k�l�\�e�_�g�� �i�h�� �k�l�Z�g�^�Z�j�l�g�h�c�� �f�_�l�h�^�b�d�_�� �Z�d�m�r�_�j�Z�f�b-
�]�b�g�_�d�h�e�h�]�Z�f�b���g�Z���[�Z�a�_���H�=�:�M�A���©�H�I�P���b�f�����B���>�����?�\�l�m�r�_�g�d�h�ª���]�����L�h�f�k�d�Z�����I�j�h�\�_�^�_�g�b�_���g�Z�k�l�h�y�s�_�]�h��
�b�k�k�e�_�^�h�\�Z�g�b�y�� �h�^�h�[�j�_�g�h�� �D�h�f�b�l�_�l�h�f�� �i�h�� �[�b�h�f�_�^�b�p�b�g�k�d�h�c�� �w�l�b�d�_�� �G�Z�m�q�g�h-�b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�h�]�h��
�b�g�k�l�b�l�m�l�Z�� �f�_�^�b�p�b�g�k�d�h�c�� �]�_�g�_�l�b�d�b�� �N�_�^�_�j�Z�e�v�g�h�]�h�� �]�h�k�m�^�Z�j�k�l�\�_�g�g�h�]�h�� �[�x�^�`�_�l�g�h�]�h�� �g�Z�m�q�g�h�]�h��
�m�q�j�_�`�^�_�g�b�y�� �©�L�h�f�k�d�b�c�� �g�Z�p�b�h�g�Z�e�v�g�u�c���b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�b�c�� �f�_�^�b�p�b�g�k�d�b�c�� �p�_�g�l�j�ª�����K�� �d�Z�`�^�h�]�h��
�b�g�^�b�\�b�^�m�Z�e�v�g�h�]�h�� �[�b�h�i�l�Z�l�Z�� �i�e�Z�p�_�g�l�Z�j�g�h�c�� �l�d�Z�g�b�� �i�h�e�m�q�_�g�� �i�m�e�� ���������� �>�D���� �\�u�^�_�e�_�g�Z�� �J�G�D����
�k�b�g�l�_�a�b�j�h�\�Z�g�u�� �[�b�[�e�b�h�l�_�d�b�����k�f���� �i�h�^�j�h�[�g�_�_�� �>6]). �K�_�d�\�_�g�b�j�h�\�Z�g�b�_���[�b�[�e�b�h�l�_�d���i�j�h�\�_�^�_�g�h���\��
�j�_�`�b�f�_�� �^�\�m�o�d�h�g�p�_�\�h�]�h�� �i�j�h�q�l�_�g�b�y�� �g�Z�� �i�e�Z�l�n�h�j�f�_�� �,�O�O�X�P�L�Q�D�� �1�H�[�W-seq 2000 �����o�������� �i���h�������k��
�j�Z�k�q�_�l�g�u�f���q�b�k�e�h�f���i�j�h�q�l�_�g�b�c���g�Z���h�[�j�Z�a�_�p���g�_���f�_�g�_�_���������f�e�g�����:�g�Z�e�b�a���k�h�[�u�l�b�c���Z�e�v�l�_�j�g�Z�l�b�\�g�h�]�h��
�k�i�e�Z�c�k�b�g�]�Z�� �\�u�i�h�e�g�_�g�� �k�� �i�h�f�h�s�v�x���i�j�h�]�j�Z�f�f�u �©MAJIQ�ª���� �d�h�l�h�j�Z�y�� �b�^�_�g�l�b�n�b�p�b�j�m�_�l�� �[�b�g�Z�j�g�u�_��
�k�h�[�u�l�b�y���:�K���b���d�h�f�i�e�_�d�k�g�u�_�����k�h�[�u�l�b�y�����k�h�k�l�h�y�s�b�_���b�a���g�_�k�d�h�e�v�d�b�o���[�b�g�Z�j�g�u�o���k�h�[�u�l�b�c�� [7].  

 
�J�_�a�m�e�v�l�Z�l�u 
�<�� �]�j�m�i�i�_���A�J�I �b�^�_�g�l�b�n�b�p�b�j�h�\�Z�g�h��8770 �k�h�[�u�l�b�c �:�K �^�e�y 5411 �]�_�g�h�\���� �l�h�]�^�Z�� �d�Z�d�� �i�j�b��

�N�; �\�u�y�\�e�_�g�h�������������k�h�[�u�l�b�c���^�e�y�������������]�_�g�h�\�����q�l�h���f�h�`�_�l���]�h�\�h�j�b�l�v���h���[�h�e�_�_���r�b�j�h�d�h�f���e�Z�g�^�r�Z�n�l�_��
�Z�e�v�l�_�j�g�Z�l�b�\�g�h�]�h�� �k�i�e�Z�c�k�b�g�]�Z�� �i�j�b�� �a�Z�[�h�e�_�\�Z�g�b�b���� �B�a�� �\�u�y�\�e�_�g�g�u�o�� �k�h�[�u�l�b�c�� �:�K �\�� �]�j�m�i�i�_�� �k�� �A�J�I: 
�d�h�f�i�e�_�d�k�g�u�o���± 2113 (24,1 ���������[�b�g�Z�j�g�u�o���± 6657 (75,9 ���������G�Z�b�[�h�e�_�_���j�Z�k�i�j�h�k�l�j�Z�g�_�g�g�u�f���l�b�i�h�f��
�:�K���^�e�y���Z�g�g�h�l�b�j�h�\�Z�g�g�u�o���[�b�g�Z�j�g�u�o���k�h�[�u�l�b�c���y�\�e�y�_�l�k�y���i�j�h�i�m�k�d���w�d�a�h�g�Z (33,1 %)�����l�h�]�^�Z���d�Z�d���^�e�y��
de novo �± �m�^�_�j�`�Z�g�b�_�� �b�g�l�j�h�g�Z (74,6 %)���� �q�l�h�� �k�h�]�e�Z�k�m�_�l�k�y�� �d�Z�d�� �k�� �m�`�_�� �^�Z�\�g�h�� �b�a�\�_�k�l�g�u�f��
�i�h�e�h�`�_�g�b�_�f�� �h�� �i�j�_�h�[�e�Z�^�Z�g�b�b�� �i�j�h�i�m�k�d�Z�� �w�d�a�h�g�Z�� �m�� �f�e�_�d�h�i�b�l�Z�x�s�b�o���� �l�Z�d�� �b�� �k�� �j�h�k�l�h�f�� �k�h�[�u�l�b�c��
�m�^�_�j�`�Z�g�b�y���b�g�l�j�h�g�Z���k�h�]�e�Z�k�g�h���i�h�k�e�_�^�g�b�f���^�Z�g�g�u�f���>8]�����=�_�g�Z�f�b�����g�Z�b�[�h�e�_�_���i�h�^�\�_�j�`�_�g�g�u�f�b���:�K �\��
�]�j�m�i�i�_�� �k�� �A�J�I, �k�h�]�e�Z�k�g�h�� �i�j�h�p�_�g�l�g�h�f�m�� �b�g�^�_�d�k�m�� �k�i�e�Z�c�k�b�g�]�Z (PSI), �y�\�e�y�x�l�k�y��BAZ2B, ESRP2, 
LLGL2, MCTP2, RAB7A, RNF126, UEVLD�����\�h�\�e�_�q�_�g�g�u�_���\���l�Z�d�b�_���[�b�h�e�h�]�b�q�_�k�d�b�_���i�j�h�p�_�k�k�u���d�Z�d��
�k�b�]�g�Z�e�v�g�u�c�� �i�m�l�v��ERBB ���*�2���������������������� �p�b�l�h�a�h�e�v�g�u�c�� �l�j�Z�g�k�i�h�j�l (GO:0016482), 
�w�g�^�h�k�h�f�Z�e�v�g�u�c�� �l�j�Z�g�k�i�h�j�l�� ���*�2������������������. �K�b�]�g�Z�e�v�g�u�c�� �i�m�l�v�� �(�U�E�%�� �b�]�j�Z�_�l�� �j�_�r�Z�x�s�m�x�� �j�h�e�v�� �\��
�j�Z�a�e�b�q�g�u�o�� �d�e�_�l�h�q�g�u�o�� �i�j�h�p�_�k�k�Z�o���� �\�d�e�x�q�Z�y�� �j�h�k�l���� �i�j�h�e�b�n�_�j�Z�p�b�x���� �^�b�n�n�_�j�_�g�p�b�j�h�\�d�m�� �b��
�\�u�`�b�\�Z�g�b�_���d�e�_�l�h�d [9]. �H�[�g�Z�j�m�`�_�g�h�����q�l�h���d�h�f�i�e�_�d�k�g�u�_ �k�h�[�u�l�b�y���b�f�_�x�l���[�h�e�_�_���f�g�h�]�h�]�j�Z�g�g�m�x���b��
�k�e�h�`�g�m�x�� �k�l�j�m�d�l�m�j�m�� �i�j�b���A�J�I���� �q�_�f�� �i�j�b�� �N�;�����L�Z�d���� �]�_�g��DDX60L, �b�f�_�x�s�b�c�� �g�Z�b�[�h�e�v�r�_�_��
�d�h�e�b�q�_�k�l�\�h���k�h�[�u�l�b�c �:�K���\���h�[�_�b�o���]�j�m�i�i�Z�o, �i�j�b���A�J�I���[�h�e�_�_���i�h�^�\�_�j�`�_�g���:�K�����j�b�k��������.  

 

 

�J�b�k. 1. �K�j�Z�\�g�_�g�b�_���k�l�j�m�d�l�m�j�u���k�h�[�u�l�b�c���:�K���]�_�g�Z��DDX60L �\���]�j�m�i�i�Z�o���k���N�;���b���A�J�I 
 

�<�� �o�h�^�_�� �Z�g�Z�e�b�a�Z�� �^�b�n�n�_�j�_�g�p�b�Z�e�v�g�h�]�h�� �:�K�� �f�_�`�^�m�� �N�;�� �b���A�J�I �b�^�_�g�l�b�n�b�p�b�j�h�\�Z�g��51 �]�_�g����
�\�h�\�e�_�q�_�g�g�u�c �\���j�_�i�Z�j�Z�p�b�x���>�G�D����GO:0006289), �k�\�y�a�u�\�Z�g�b�_���Z�d�l�b�g�Z�����*�2�����������������������k�b�]�g�Z�e�v�g�u�c��
�i�m�l�v���n�Z�d�l�h�j�h�\���j�h�k�l�Z���n�b�[�j�h�[�e�Z�k�l�h�\�����3�����������������k�b�]�g�Z�e�v�g�u�c���i�m�l�v��Wnt ���3���������������b���^�j�����<�u�y�\�e�_�g�h����
�q�l�h�� �k�j�_�^�b���^�b�n�n�_�j�_�g�p�b�Z�e�v�g�h�� �Z�e�v�l�_�j�g�Z�l�b�\�g�h�� �k�i�e�Z�c�k�b�j�h�\�Z�g�g�u�o �]�_�g�h�\��SENP7 (PSI = 0,5941) �b��
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CUL4B (PSI = 0,4814) �g�Z�b�[�h�e�_�_�� �i�h�^�\�_�j�`�_�g�u �:�K�����B�g�l�_�j�_�k�g�h���� �q�l�h�� �]�_�g SENP7 �i�j�h�]�j�Z�f�f�b�j�m�_�l��
�Z�j�o�b�l�_�d�l�m�j�m���f�_�c�h�a�Z���b���\�u�`�b�\�Z�g�b�_���w�f�[�j�b�h�g�h�\���m���f�u�r�_�c���>10]. �<���k�\�h�x���h�q�_�j�_�^�v�����l�Z�d�`�_���g�Z���f�u�r�Z�o��
�i�h�d�Z�a�Z�g�h���� �q�l�h�� �g�_�^�h�k�l�Z�l�h�d�� �&�X�O���E���� �d�h�f�i�h�g�_�g�l�Z�� �m�[�b�d�\�b�l�b�g�e�b�]�Z�a�u �(������ �i�j�b�\�h�^�b�l�� �d�� �]�b�[�_�e�b��
�w�f�[�j�b�h�g�h�\�� �b�� �Z�g�h�f�Z�e�v�g�h�f�m���j�Z�a�\�b�l�b�x�� �i�e�Z�p�_�g�l�u�� �>11]���� �D�j�h�f�_�� �l�h�]�h���� �h�i�u�l�� �g�Z�� �d�m�e�v�l�m�j�_�� �d�e�_�l�h�d��
�i�h�d�Z�a�Z�e���\�e�b�y�g�b�_���&�X�O���%���g�Z���j�h�k�l���g�_�j�\�g�u�o���d�e�_�l�h�d-�i�j�_�^�r�_�k�l�\�_�g�g�b�d�h�\���>��2].  

 
�A�Z�d�e�x�q�_�g�b�_ 
�I�h�e�m�q�_�g�g�u�_ �j�_�a�m�e�v�l�Z�l�u���k�\�b�^�_�l�_�e�v�k�l�\�m�x�l���h���l�h�f�����q�l�h���Z�e�v�l�_�j�g�Z�l�b�\�g�u�c���k�i�e�Z�c�k�b�g�]���b�]�j�Z�_�l��

�\�Z�`�g�m�x�� �j�h�e�v�� �\�� �f�h�e�_�d�m�e�y�j�g�u�o�� �f�_�o�Z�g�b�a�f�Z�o�� �j�Z�a�\�b�l�b�y �a�Z�^�_�j�`�d�b �j�h�k�l�Z�� �i�e�h�^�Z���� �Z�� �\�u�y�\�e�_�g�g�u�_��
�]�_�g�u���y�\�e�y�x�l�k�y���i�_�j�k�i�_�d�l�b�\�g�u�f�b���f�Z�j�d�_�j�Z�f�b���^�e�y���^�Z�e�v�g�_�c�r�_�]�h���b�a�m�q�_�g�b�y���^�Z�g�g�h�]�h���a�Z�[�h�e�_�\�Z�g�b�y. 

 
�B�k�k�e�_�^�h�\�Z�g�b�_�� �\�u�i�h�e�g�_�g�h�� �a�Z�� �k�q�_�l�� �k�j�_�^�k�l�\�� �]�h�k�m�^�Z�j�k�l�\�_�g�g�h�]�h�� �a�Z�^�Z�g�b�y�� �i�h�� �l�_�f�_�� �N�G�B��

�‹  122020200083-8. 
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Abstract. To this day, one of the major obstacles in cancer treatment is tumour progression after 
chemotherapy and radiotherapy, the mechanisms of which are still being elucidated by the scientific 
�F�R�P�P�X�Q�L�W�\���� �6�W�U�X�F�W�X�U�H�V�� �V�X�F�K�� �D�V�� �µ�F�H�O�O-in-�F�H�O�O�¶�� ���&�,�&���� �K�D�Y�H�� �E�H�H�Q�� �R�E�V�H�U�Y�Hd in malignancy samples for 
over a century. Entosis itself is a process whereby living and viable cells are internalised into 
neighbouring cells of the same type, involving adhesion molecules, forming the very same CIC 
structures. There is evidence that chemotherapy may be one of the possible triggers for the initiation 
of entosis in tumour populations. We suggest that in the process, aneuploidy in host cells may arise, 
in particular, the appearance of stemness gene amplifications, dramatically affecting the risk of 
metastasis. 
Key words: entosis, cell-in-cell, lysosomal entosis, lung cancer, colorectal cancer. 

 
Introduction  
In 2007, Overholtzer M. et al. published a paper presenting a new process of non-apoptotic cell 

death in human tumours triggered by the loss of matrix adhesion [1]. The authors named this new 
�S�U�R�F�H�V�V�� �µ�H�Q�W�R�V�L�V�¶���� �7�K�H�� �S�H�F�X�O�L�D�U�L�W�\�� �R�I�� �W�K�L�V�� �W�\�S�H�� �R�I�� �F�H�O�O�� �G�H�D�W�K�� �L�V that the inner cell itself actively 
penetrates into the host cell (internalised), the process occurs between homotypic cells with the 
involvement of adhesion molecules, forming the very cell-in-cell (CIC) structures. In the literature of 
the last 5 years we can find evidence that the presence of CICs in tumour material contributes to 
tumour progression. Indicating that entosis can be considered as a characteristic of malignant cells 
for practical diagnosis of pathology. Chemotherapy is thought to be able to trigger entotic events 
between tumour cells. We assume that under the action of chemopreparations, due to the mechanism 
of entosis and subsequent death of the internalised cell, fusion of the genetic material of the 
internalised and engulfing cells may occur. This provokes the occurrence of aneuploidy, in particular, 
the appearance of amplifications of stemness genes, dramatically affecting the risk of metastasis [2]. 
Also in 2017, in their work Garanina A.S. et.al. proposed a variant of the sequence of stages of entosis 
in substrate-dependent tumour cultures. The authors identified 5 stages of lysosomal entosis in situ 
[3]. In the literature there are no studies demonstrating these stages directly on clinical material of 
cancer patients. 

 
Research methods  
This study included 40 patients with colorectal cancer (CRC) T1-4N0-2M0 (stages I-IIIB) and 

30 patients with lung cancer (LC) T1-3N0-3M0 (stages IIA-IIIA) with morphologically verified 
diagnosis. The patients' study material was fixed, after which paraffin blocks for histological sections 
were made. Then standard haematoxylin-eosin staining was performed. Mackay's Criteria [4], which 
is recognised and used by many laboratories, was used for histological determination of entosis. 
Entotic indices are counted in haematoxylin/eosin (H&E) stained specimens where a minimum of 
four of the following six features can be unambiguously identified:   

1) A clear nucleus of the internalised (infiltrated) cell;  
2) Clearly defined cytoplasm of the internalised (infiltrated) cell;  
3) The nucleus of the host cell is clearly defined;  
4) The nucleus of the engulfing cell has a sickle/lunar shape;  
5) Clearly defined cytoplasm of the engulfing cell;  
6) The presence of an entotic vacuole between the lyser cell and the host cell. 
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The frequency of entosis was compared with the main clinical and morphological parameters 
of patients (stage, tumour size, degree of differentiation, Grade). Statistical processing of the data was 
�F�D�U�U�L�H�G���R�X�W���X�V�L�Q�J���D�S�S�O�L�F�D�W�L�R�Q���V�R�I�W�Z�D�U�H���S�D�F�N�D�J�H�V���µ�6�W�D�W�L�V�W�L�F�D�����¶�����6�W�D�W�6�R�I�W���,�Q�F�������8�6�$��. 

Fter that, one sample of each localisation was selected for visualisation on a 3D HISTECH 
PANNORAMIC MIDI histoscanner to visualise entotic events, the frequency of which was more 
than 0.3. Statistical processing of the data was performed using the application software packages 
�µ�6�W�D�W�L�V�W�L�F�D�����¶�����6�W�D�W�6�R�I�W���,�Q�F�������8�6�$���� 

 
Results 
Twenty randomly selected fields of histological specimen were taken for each glass and entotic 

structures were searched and counted using Mackay criteria (Fig. 1). The average frequency of 
occurrence for CRC patients was 0.25 and for RL patients 0.07.  
 

 
Fig. 1. Entosis images obtained with 3D HISTECH PANNORAMIC MIDI. 

Note:1. The nucleus of the inner cell; 2. Entotic vacuole; 3. The nucleus of the host cell 
 

After that we considered the relationship of entotic event frequency with the main clinical and 
morphological parameters of patients: tumour size, stage, degree of differentiation, Grade. As a result 
of the analysis it was found that the frequency of entotic events was practically not related to clinical 
and morphological parameters. An association between the age of patients and the number of CIC 
(p = 0.007) for CRC, as well as an association between lymphogenic metastasis and the number of 
CIC (p = 0.03) for RL patients was shown (Fig. 2). 

The prognostic significance of CIC structures was also assessed (Fig. 3). The overall survival 
of patients with colorectal cancer and the metastatic-free survival of patients with lung cancer were 
calculated. Patients with RL in whom no entosis was noted had a metastatic-free survival rate of 
almost 80 %, while this rate was 2-fold lower in patients with entosis (p = 0.05). In patients with 
CRC, overall survival in the group with no entotic events showed 100 % survival, compared to 80 % 
in the second group (p = 0.078). This indicates that the presence of entotic events in the clinical 
material may indicate a poor prognosis for the course of the disease. 

1 

2 
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Fig. 2. Correlation of the frequency of cell-in-cell structures with lymphogenic  
and distant metastasis in lung cancer patients 
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Fig. 3. Graph of metastatic-free survival of (�Z) lung cancer patients  

and Graph of overall survival of colorectal cancer patients (�[) 
 

To visualize the results, we selected one sample for each localisation with a CIC frequency of 
more than 0.3 in the clinical material. In the process, we were able to identify 5 consecutive stages of 
lysosomal entosis. 

 
Conclusions 
In connection with the results obtained, the study of entosis will be continued; it may provide a 

key to understanding the mechanism of rapid development of aneuploid subpopulations of tumour 
cells during chemotherapy and tumour progression. We have also managed to confirm the existence 
of the stages of entosis in cell cultures, which have been identified in the literature. 
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�B�a�m�q�_�g�b�_���i�j�_�^�k�l�Z�\�e�_�g�g�h�k�l�b���7�U�L�W�U�L�F�K�R�P�R�Q�D�V���I�R�H�W�X�V���\���i�h�i�m�e�y�p�b�b���d�j�m�i�g�h�]�h���j�h�]�Z�l�h�]�h���k�d�h�l�Z��
�G�h�\�h�k�b�[�b�j�k�d�h�c���h�[�e�Z�k�l�b 

�B���;�����=�j�b�[�q�_�g�d�h�����������<���>�����;�_�p�������D���?�����?�\�k�l�j�h�i�h�\�Z�� 

�G�Z�m�q�g�u�c���j�m�d�h�\�h�^�b�l�_�e�v�����^�h�p�_�g�l�����^���\���g�����G���G�����R�d�b�e�v 
�G�h�\�h�k�b�[�b�j�k�d�b�c���]�h�k�m�^�Z�j�k�l�\�_�g�g�u�c���l�_�o�g�b�q�_�k�d�b�c���m�g�b�\�_�j�k�b�l�_�l�� 

�J�h�k�k�b�y�����]�����G�h�\�h�k�b�[�b�j�k�d�����i�j�����D�����F�Z�j�d�k�Z������������������������ 
�K�b�[�b�j�k�d�b�c���n�_�^�_�j�Z�e�v�g�u�c���g�Z�m�q�g�u�c���p�_�g�l�j���Z�]�j�h�[�b�h�l�_�o�g�h�e�h�]�b�c���J�:�G 

�J�h�k�k�b�y�����j���i�����D�j�Z�k�g�h�h�[�k�d�����m�e�����P�_�g�l�j�Z�e�v�g�Z�y���������������������� 
�(���P�D�L�O�����L�Q�Q�D���J�U�L�����#�P�D�L�O���U�X 

 
�6�W�X�G�\���R�I���7�U�L�W�U�L�F�K�R�P�R�Q�D�V���I�R�H�W�X�V���U�H�S�U�H�V�H�Q�W�D�W�L�R�Q���L�Q���F�D�W�W�O�H���S�R�S�X�O�D�W�L�R�Q���R�I���1�R�Y�R�V�L�E�L�U�V�N���U�H�J�L�R�Q 

�,���%�����*�U�L�E�F�K�H�Q�N�R�����������9���'�����%�H�W�V�������.���(�����(�Y�V�W�U�R�S�R�Y�D�� 
�6�F�L�H�Q�W�L�I�L�F���6�X�S�H�U�Y�L�V�R�U�����$�V�V�����3�U�R�I�������'�U�����1���1�����6�K�N�L�O 

���1�R�Y�R�V�L�E�L�U�V�N���6�W�D�W�H���7�H�F�K�Q�L�F�D�O���8�Q�L�Y�H�U�V�L�W�\�����5�X�V�V�L�D�����1�R�Y�R�V�L�E�L�U�V�N�����.�����0�D�U�N�V�D���V�W�U������������������������ 
���6�L�E�H�U�L�D�Q���)�H�G�H�U�D�O���6�F�L�H�Q�W�L�I�L�F���&�H�Q�W�U�H���R�I���$�J�U�R�E�L�R�W�H�F�K�Q�R�O�R�J�L�H�V�����5�X�V�V�L�D�� �V�H�W�W�����.�U�D�V�Q�R�E�V�N�����&�H�Q�W�U�D�O�Q�D�\�D���V�W�U���������������������� �� 

�(���P�D�L�O�����L�Q�Q�D���J�U�L�����#�P�D�L�O���U�X 
 

�$�E�V�W�U�D�F�W�����3�U�R�W�R�]�R�D�O���L�Q�I�H�F�W�L�R�Q���L�V���D�Q���L�P�S�R�U�W�D�Q�W���I�D�F�W�R�U���L�Q���U�H�G�X�F�L�Q�J���W�K�H���S�U�R�G�X�F�W�L�Y�L�W�\���R�I���I�D�U�P���D�Q�L�P�D�O�V�����7�K�H��
�F�D�X�V�D�W�L�Y�H���D�J�H�Q�W���R�I���S�U�R�W�R�]�R�D�O���L�Q�I�H�F�W�L�R�Q���F�D�X�V�L�Q�J���D�E�R�U�W�L�R�Q���D�Q�G���L�Q�I�H�U�W�L�O�L�W�\���L�Q���F�D�W�W�O�H���L�V���P�R�V�W���R�I�W�H�Q���S�U�R�W�R�]�R�D��
�±���7�U�L�W�U�L�F�K�R�P�R�Q�D�V���I�R�H�W�X�V�����,�Q���R�U�G�H�U���W�R���G�H�W�H�U�P�L�Q�H���W�K�H���H�S�L�]�R�R�W�L�F���V�L�W�X�D�W�L�R�Q���L�Q���W�K�H���U�H�J�L�R�Q�����Z�H���V�W�X�G�L�H�G���W�K�H��
�U�H�S�U�H�V�H�Q�W�D�W�L�R�Q���R�I���S�D�W�K�R�J�H�Q�L�F���W�U�L�F�K�R�P�R�Q�D�G�V���L�Q���F�D�W�W�O�H���R�I���W�K�H���1�R�Y�R�V�L�E�L�U�V�N���U�H�J�L�R�Q�����8�V�L�Q�J���V�S�H�F�L�I�L�F���S�U�L�P�H�U�V����
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Abstract. Unlike primary tumors, metastasis is a systemic disease and requires more complex 
therapeutic strategies. Despite its importance, to date the mechanisms of metastasis are still not fully 
understood. In the present study, we investigated the effects of small-molecule inhibitors of stemness 
genes (TERT, MYC and NOTCH1) on the metastatic potential of Lewis lung carcinoma (LLC). All 
inhibitors were shown to significantly reduce the number and area of lung metastases as well as the 
incidence of metastasis. The greatest efficacy was seen with the combined use of inhibitors, which 
resulted in a reduction in metastasis rate of up to 20 % (compared to 100 % in the control group). 
The metastasis inhibition index was 98 % for the combination of inhibitors, confirming the key role 
of stemness genes in the development of metastasis. These findings emphasize the potential of targeted 
therapy aimed at suppressing stemness gene activity to inhibit the metastatic process. 
Key words: Lewis lung carcinoma, metastasis, stemness genes, dedifferentiation. 
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�F�_�l�Z�k�l�Z�a�b�j�h�\�Z�g�b�_�� �i�j�_�^�k�l�Z�\�e�y�_�l�� �k�h�[�h�c�� �k�e�h�`�g�u�c�� �f�g�h�]�h�k�l�m�i�_�g�q�Z�l�u�c�� �i�j�h�p�_�k�k����

�i�j�b�\�h�^�y�s�b�c�� �d�� �h�[�j�Z�a�h�\�Z�g�b�x�� �\�l�h�j�b�q�g�u�o�� �h�q�Z�]�h�\�� �h�i�m�o�h�e�_�\�h�]�h�� �j�h�k�l�Z�� �\�� �j�_�a�m�e�v�l�Z�l�_��
�j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�y�� �a�e�h�d�Z�q�_�k�l�\�_�g�g�u�o�� �d�e�_�l�h�d�� �b�a�� �i�_�j�\�b�q�g�h�]�h�� �h�q�Z�]�Z���� �H�d�h�e�h�� ���� ���� �k�f�_�j�l�_�c��
�h�g�d�h�e�h�]�b�q�_�k�d�b�o�� �[�h�e�v�g�u�o�� �\�u�a�\�Z�g�u�� �j�Z�a�\�b�l�b�_�f�� �f�_�l�Z�k�l�Z�a�h�\ [1]���� �<�� �h�l�e�b�q�b�_�� �h�l�� �i�_�j�\�b�q�g�u�o��
�h�i�m�o�h�e�_�c���� �f�_�l�Z�k�l�Z�a�b�j�h�\�Z�g�b�_�� �y�\�e�y�_�l�k�y�� �k�b�k�l�_�f�g�u�f�� �a�Z�[�h�e�_�\�Z�g�b�_�f�� �b�� �l�j�_�[�m�_�l�� �[�h�e�_�_�� �k�e�h�`�g�u�o��
�l�_�j�Z�i�_�\�l�b�q�_�k�d�b�o���k�l�j�Z�l�_�]�b�c�����G�_�k�f�h�l�j�y���g�Z���k�\�h�x���a�g�Z�q�b�f�h�k�l�v�����f�_�o�Z�g�b�a�f�u���f�_�l�Z�k�l�Z�a�b�j�h�\�Z�g�b�y���i�h-
�i�j�_�`�g�_�f�m�� �b�a�m�q�_�g�u�� �g�_�� �^�h�� �d�h�g�p�Z�� �H�^�g�b�f�� �b�a�� �\�Z�`�g�u�o�� �Z�k�i�_�d�l�h�\�� �i�j�h�p�_�k�k�Z �f�_�l�Z�k�l�Z�a�b�j�h�\�Z�g�b�y 
�y�\�e�y�_�l�k�y�� �j�h�e�v�� �]�_�g�h�\�� �k�l�\�h�e�h�\�h�k�l�b���� �d�h�l�h�j�u�_�� �j�_�]�m�e�b�j�m�x�l�� �i�j�h�e�b�n�_�j�Z�p�b�x���� �\�u�`�b�\�Z�_�f�h�k�l�v�� �b��
�f�_�l�Z�k�l�Z�l�b�q�_�k�d�b�c���i�h�l�_�g�p�b�Z�e���h�i�m�o�h�e�_�\�u�o���d�e�_�l�h�d���>2, 3].  

�<�� �i�h�k�e�_�^�g�b�_�� �]�h�^�u�� �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�_�� �b�g�]�b�[�b�l�h�j�u�� �]�_�g�h�\�� �k�l�\�h�e�h�\�h�k�l�b �i�j�b�\�e�_�d�Z�x�l��
�\�g�b�f�Z�g�b�_���d�Z�d���i�h�l�_�g�p�b�Z�e�v�g�u�_���Z�]�_�g�l�u���^�e�y���i�h�^�Z�\�e�_�g�b�y���f�_�l�Z�k�l�Z�l�b�q�_�k�d�h�]�h���i�j�h�p�_�k�k�Z���>4�@�����H�^�g�Z�d�h��
�b�o���\�e�b�y�g�b�_���g�Z���f�_�l�Z�k�l�Z�l�b�q�_�k�d�m�x���k�i�h�k�h�[�g�h�k�l�v���h�i�m�o�h�e�_�\�u�o���d�e�_�l�h�d��in vivo �h�k�l�Z�_�l�k�y���g�_�^�h�k�l�Z�l�h�q�g�h��
�b�a�m�q�_�g�g�u�f�� �L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �p�_�e�v�x�� �g�Z�k�l�h�y�s�_�c �j�Z�[�h�l�u���y�\�b�e�Z�k�v �h�p�_�g�d�Z �\�e�b�y�g�b�y 
�g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o�� �b�g�]�b�[�b�l�h�j�h�\�� �]�_�g�h�\�� �k�l�\�h�e�h�\�h�k�l�b���g�Z�� �f�_�l�Z�k�l�Z�l�b�q�_�k�d�b�c�� �i�h�l�_�g�p�b�Z�e��
�d�Z�j�p�b�g�h�f�u���e�_�]�d�h�]�h���E�v�x�b�k�Z�� 
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�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y���q�Z�k�l�v 
�<���b�k�k�e�_�^�h�\�Z�g�b�_���[�u�e�h���\�d�e�x�q�_�g�h���������b�f�[�j�_�^�g�u�o���f�u�r�_�c���k�Z�f�h�d���e�b�g�b�b���&�����%�O���������\�h�a�j�Z�k�l�����±8 

�g�_�^�_�e�v�����i�_�j�\�h�c���d�Z�l�_�]�h�j�b�b�����j�Z�a�\�h�^�d�b���h�l�^�_�e�Z���w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�]�h���[�b�h�f�h�^�_�e�b�j�h�\�Z�g�b�y���G�B�B�N�b�J�F��
�b�f�����?���>�����=�h�e�v�^�[�_�j�]�Z���L�h�f�k�d�h�]�h���G�B�F�P�� �W�\�l�Z�g�Z�a�b�x���`�b�\�h�l�g�u�o���i�j�h�\�h�^�b�e�b���\���K�H�����d�Z�f�_�j�_�����<���j�Z�[�h�l�_��
�[�u�e�b�� �b�k�i�h�e�v�a�h�\�Z�g�u�� �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�_�� �b�g�]�b�[�b�l�h�j�u�� �]�_�g�h�\�� �k�l�\�h�e�h�\�h�k�l�b��TERT (BIBR1532), 
MYC (10058-�)������ �b��NOTCH1 (FLI-06). �H�i�m�o�h�e�_�\�u�_�� �d�e�_�l�d�b�� �/�&�&�� �i�h�e�m�q�Z�e�b�� �i�j�b��
�\�g�m�l�j�b�[�j�x�r�b�g�g�h�c�� �b�g�n�m�a�b�b�� �k�j�_�^�h�c�� �5�3�0�,-���������� �f�u�r�_�c�� �k�� �l�j�Z�g�k�i�e�Z�g�l�b�j�h�\�Z�g�g�h�c��
�\�g�m�l�j�b�[�j�x�r�b�g�g�h���/�/�&���a�Z���g�_�^�_�e�x���^�h���i�j�h�\�_�^�_�g�b�y���w�d�k�i�_�j�b�f�_�g�l�Z�����>�Z�e�_�_�����i�h�k�e�_���h�l�f�u�\�d�b�����d�e�_�l�d�b��
�/�/�&���i�h�f�_�s�Z�e�b���\���i�h�e�g�m�x���i�b�l�Z�l�_�e�v�g�m�x �k�j�_�^�m RPMI-1640. �;�u�e�h���k�n�h�j�f�b�j�h�\�Z�g�h���i�y�l�v���]�j�m�i�i�����d��
�d�e�_�l�d�Z�f�� �d�h�g�l�j�h�e�v�g�h�c�� �]�j�m�i�i�u �^�h�[�Z�\�e�y�e�b�� �� % DMSO ���6�L�J�P�D���� �K�R�:��, �\�� �d�Z�`�^�m�x�� �b�a�� �l�j�_�o��
�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o���]�j�m�i�i���^�h�[�Z�\�e�y�e�b���b�g�]�b�[�b�l�h�j�u �%�,�%�5�������������6�L�J�P�D�����K�R�:����������������-F4 (Sigma, 
�K�R�:�� �b FLI-������ ���6�L�J�P�D���� �K�R�:�����j�Z�k�l�\�h�j�_�g�g�u�_�� �\ �'�0�6�2���� �\�� �d�h�g�p�_�g�l�j�Z�p�b�y�o���� �w�d�\�b�\�Z�e�_�g�l�g�u�o�� �b�o��
IC50 (BIBR1532 �± ������ �g�F���� ����������-F4 �± ������ �f�d�F���� �)�/�,-6 �± ���� �f�d�F������ �i�h�k�e�_�^�g�y�y�� �]�j�m�i�i�Z�� �\�d�e�x�q�Z�e�Z��
�d�e�_�l�d�b���� �h�[�j�Z�[�h�l�Z�g�g�u�_�� �d�h�f�[�b�g�Z�p�b�_�c�� �b�a���l�j�_�o �b�g�]�b�[�b�l�h�j�h�\. �A�Z�l�_�f�� �d�e�_�l�d�b LLC �b�g�d�m�[�b�j�h�\�Z�e�b��
24 �q�Z�k�Z�� �\�� �K�H��-�b�g�d�m�[�Z�l�h�j�_�� �i�j�b���l�_�f�i�_�j�Z�l�m�j�_�������� �]�j�Z�^�m�k�h�\���� �Q�_�j�_�a�� ������ �q�Z�k�Z�� �d�e�_�l�d�b�� �l�j�b�`�^�u��
�h�l�f�u�\�Z�e�b�� �h�l�� �'�0�6�2�� �b�� �b�g�]�b�[�b�l�h�j�h�\���� �i�h�^�k�q�b�l�u�\�Z�e�b�� �d�h�e�b�q�_�k�l�\�h�� �b�� �h�p�_�g�b�\�Z�e�b�� �b�o��
�`�b�a�g�_�k�i�h�k�h�[�g�h�k�l�v�����G�Z�� �k�e�_�^�m�x�s�_�f�� �w�l�Z�i�_�� �`�b�\�h�l�g�u�f���\�g�m�l�j�b�\�_�g�g�h���\�\�h�^�b�e�b�� �i�h 500 �l�u�k�y�q 
�`�b�a�g�_�k�i�h�k�h�[�g�u�o���d�e�_�l�h�d��LLC, �b�g�d�m�[�b�j�h�\�Z�g�g�u�o�� �k�� �b�g�]�b�[�b�l�h�j�Z�f�b �b�� �n�h�j�f�b�j�h�\�Z�e�b�� �k�e�_�^�m�x�s�b�_��
�]�j�m�i�i�u�� �i�h�� ������ �f�u�r�_�c���� �d�h�g�l�j�h�e�v���� �)�/�,-06, BIBR1532, 10058-�)���� �b�� �$�O�O��Inhibitors (�d�h�f�[�b�g�Z�p�b�y 
�b�g�]�b�[�b�l�h�j�h�\). �>�Z�e�_�_�� �g�Z�� ���� �k�m�l�d�b�� �i�h�k�e�_�� �l�j�Z�g�k�i�e�Z�g�l�Z�p�b�b�� �h�i�m�o�h�e�b�� �f�u�r�_�c�� �m�f�_�j�s�\�e�y�e�b�� �b��
�h�p�_�g�b�\�Z�e�b�� �d�h�e�b�q�_�k�l�\�h�� �f�_�l�Z�k�l�Z�a�h�\�� �\�� �e�_�]�d�b�o�� �b�� �i�e�h�s�Z�^�v�� �f�_�l�Z�k�l�Z�a�h�\���� �G�Z�� �h�k�g�h�\�Z�g�b�b�� �^�Z�g�g�u�o��
�i�h�d�Z�a�Z�l�_�e�_�c���\�u�q�b�k�e�y�e�b���b�g�^�_�d�k���b�g�]�b�[�b�j�h�\�Z�g�b�y���f�_�l�Z�k�l�Z�a�b�j�h�\�Z�g�b�y���i�h���n�h�j�f�m�e�_: 
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�]�^�_ Acon �± �i�j�h�p�_�g�l�� �f�u�r�_�c�� �k�� �f�_�l�Zc�l�Z�a�Z�f�b �\���d�h�g�l�j�h�e�v�g�h�c �]�j�m�i�i�_�����:exp �± �i�j�h�p�_�g�l�� �f�u�r�_�c�� �k��
�f�_�l�Zc�l�Z�a�Z�f�b �\���w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�c �]�j�m�i�i�_, Bcon �± �d�h�e�b�q�_�k�l�\�h�� �f�_�l�Z�k�l�Z�l�b�q�_�k�d�b�o�� �d�h�e�h�g�b�c�� �\��
�e�_�]�d�b�o �f�u�r�_�c���b�a���d�h�g�l�j�h�e�v�g�h�c �]�j�m�i�i�u����Bexp �± �d�h�e�b�q�_�k�l�\�h���f�_�l�Z�k�l�Z�l�b�q�_�k�d�b�o���d�h�e�h�g�b�c���\���e�_�]�d�b�o 
�f�u�r�_�c���b�a �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�c �]�j�m�i�i�u. 
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�]�^�_�� �6con �± �k�j�_�^�g�y�y�� �i�e�h�s�Z�^�v�� �f�_�l�Z�k�l�Z�l�b�q�_�k�d�b�o�� �d�h�e�h�g�b�c�� �\�� �d�h�g�l�j�h�e�v�g�h�c �]�j�m�i�i�_�� �f�u�r�_�c���� 
Sexp �± �k�j�_�^�g�y�y���i�e�h�s�Z�^�v���f�_�l�Z�k�l�Z�l�b�q�_�k�d�b�o���d�h�e�h�g�b�c���\���w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�c �]�j�m�i�i�_�� 

 
�J�_�a�m�e�v�l�Z�l�u 
�B�k�k�e�_�^�h�\�Z�g�b�_�� �i�h�d�Z�a�Z�e�h���� �q�l�h�� �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�_�� �b�g�]�b�[�b�l�h�j�u�� �]�_�g�h�\�� �k�l�\�h�e�h�\�h�k�l�b��

�k�m�s�_�k�l�\�_�g�g�h�� �k�g�b�`�Z�x�l�� �d�h�e�b�q�_�k�l�\�h�� �b�� �k�j�_�^�g�x�x�� �i�e�h�s�Z�^�v�� �f�_�l�Z�k�l�Z�a�h�\���� �Z�� �l�Z�d�`�_�� �q�Z�k�l�h�l�m��
�f�_�l�Z�k�l�Z�a�b�j�h�\�Z�g�b�y�����G�Z�b�e�m�q�r�b�_���j�_�a�m�e�v�l�Z�l�u���[�u�e�b���i�h�e�m�q�_�g�u���i�j�b���h�^�g�h�\�j�_�f�_�g�g�h�f���b�k�i�h�e�v�a�h�\�Z�g�b�b��
�\�k�_�o�� �l�j�_�o�� �b�g�]�b�[�b�l�h�j�h�\���� �>�e�y�� �]�j�m�i�i�u���� �\�� �d�h�l�h�j�h�c�� �d�e�_�l�d�b�� �[�u�e�b�� �h�[�j�Z�[�h�l�Z�g�u�� �d�h�f�[�b�g�Z�p�b�_�c��
�b�g�]�b�[�b�l�h�j�h�\�� �i�h�d�Z�a�Z�g�h�� �k�m�s�_�k�l�\�_�g�g�h�_�� �k�g�b�`�_�g�b�_�� �q�Z�k�l�h�l�u�� �f�_�l�Z�k�l�Z�a�b�j�h�\�Z�g�b�y���� �h�g�Z�� �k�h�k�l�Z�\�b�e�Z��
20 ������ �Q�Z�k�l�h�l�Z�� �f�_�l�Z�k�l�Z�a�b�j�h�\�Z�g�b�y�� �\�� �d�h�g�l�j�h�e�v�g�h�c�� �]�j�m�i�i�_�� �k�h�k�l�Z�\�b�e�Z�� ������ ������ �\�� �]�j�m�i�i�_���� �d�h�l�h�j�h�c��
�\�\�h�^�b�e�b���d�e�_�l�d�b���k���b�g�]�b�[�b�l�h�j�h�f�� �)�/�,-������ ���]�_�g��NOTCH1�����^�Z�g�g�u�c���i�h�d�Z�a�Z�l�_�e�v���k�h�k�l�Z�\�b�e������ ������ �Z�� �\��
�]�j�m�i�i�Z�o���k������������-�)�������]�_�g��MYC�����b���%�,�%�5-�������������]�_�g��TERT) �± 30 % ���j�b�k��������. 
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�J�b�k. 1. �:�g�l�b�f�_�l�Z�k�l�Z�l�b�q�_�k�d�h�_���^�_�c�k�l�\�b�_���g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o���b�g�]�b�[�b�l�h�j�h�\���]�_�g�h�\���k�l�\�h�e�h�\�h�k�l�b 

�I�j�b�f�_�q�Z�g�b�_�����:���± �K�j�_�^�g�_�_���d�h�e�b�q�_�k�l�\�h���f�_�l�Z�k�l�Z�a�h�\���\���]�j�m�i�i�Z�o�����<���± �K�j�_�^�g�y�y���i�e�h�s�Z�^�v���f�_�l�Z�k�l�Z�a�h�\���\���]�j�m�i�i�Z�o; 
�K���± �B�g�^�_�d�k���b�g�]�b�[�b�p�b�b���f�_�l�Z�k�l�Z�a�b�j�h�\�Z�g�b�y���b���b�g�^�_�d�k���l�h�j�f�h�`�_�g�b�y���j�h�k�l�Z���f�_�l�Z�k�l�Z�a�h�\ 

 
�B�g�^�_�d�k�� �b�g�]�b�[�b�p�b�b�� �f�_�l�Z�k�l�Z�a�b�j�h�\�Z�g�b�y�� �^�e�y�� �]�j�m�i�i���� �\�� �d�h�l�h�j�u�o�� �b�k�i�h�e�v�a�h�\�Z�e�b�k�v�� �d�e�_�l�d�b����

�h�[�j�Z�[�h�l�Z�g�g�u�_���h�^�g�b�f���b�g�]�b�[�b�l�h�j�h�f�����k�h�k�l�Z�\�b�e������ %, 94 �����b������ �����^�e�y��FLI-06, BIBR-�����������b������������-F4 
�k�h�h�l�\�_�l�k�l�\�_�g�g�h���� �>�e�y�� �d�h�f�[�b�g�Z�p�b�b�� �b�g�]�b�[�b�l�h�j�h�\�� �^�Z�g�g�u�c�� �i�h�d�Z�a�Z�l�_�e�v�� �k�h�k�l�Z�\�b�e�� ���� ������ �B�g�^�_�d�k��
�l�h�j�f�h�`�_�g�b�y�� �j�h�k�l�Z�� �f�_�l�Z�k�l�Z�a�h�\�� �^�e�y�� �]�j�m�i�i�u�� �k�� �b�g�]�b�[�b�l�h�j�h�f�� �)�/�,-������ �k�h�k�l�Z�\�b�e�� ���� ������ �^�e�y�� �]�j�m�i�i�u�� �k�� 
BIBR-1532 �± 88 �������^�e�y���]�j�m�i�i�u������������-�)�����b���d�h�f�[�b�g�Z�p�b�b���b�g�]�b�[�b�l�h�j�h�\���± 91 %. 

�I�h�e�m�q�_�g�g�u�_���j�_�a�m�e�v�l�Z�l�u �i�h�d�Z�a�Z�e�b���� �q�l�h�� �b�g�]�b�[�b�l�h�j�u�� �]�_�g�h�\�� �k�l�\�h�e�h�\�h�k�l�b���w�n�n�_�d�l�b�\�g�h 
�i�j�_�^�h�l�\�j�Z�s�Z�x�l���j�Z�a�\�b�l�b�_���f�_�l�Z�k�l�Z�a�h�\���\���e�_�]�d�b�o���b���l�h�j�f�h�a�y�l���b�o���j�h�k�l�� 

 
�A�Z�d�e�x�q�_�g�b�_ 
�I�j�h�\�_�^�_�g�g�h�_���b�k�k�e�_�^�h�\�Z�g�b�_���i�j�h�^�_�f�h�g�k�l�j�b�j�h�\�Z�e�h�����q�l�h���g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�_���b�g�]�b�[�b�l�h�j�u���]�_�g�h�\��

�k�l�\�h�e�h�\�h�k�l�b���k�m�s�_�k�l�\�_�g�g�h���k�g�b�`�Z�x�l���f�_�l�Z�k�l�Z�l�b�q�_�k�d�b�c���i�h�l�_�g�p�b�Z�e���d�Z�j�p�b�g�h�f�u���e�_�]�d�h�]�h���E�v�x�b�k�Z�����/�/�&������
�G�Z�b�[�h�e�v�r�Z�y���w�n�n�_�d�l�b�\�g�h�k�l�v���[�u�e�Z���^�h�k�l�b�]�g�m�l�Z���i�j�b���d�h�f�[�b�g�b�j�h�\�Z�g�g�h�f���i�j�b�f�_�g�_�g�b�b���b�g�]�b�[�b�l�h�j�h�\�����q�l�h��
�i�j�b�\�_�e�h�� �d�� �k�g�b�`�_�g�b�x�� �q�Z�k�l�h�l�u�� �f�_�l�Z�k�l�Z�a�b�j�h�\�Z�g�b�y�� �^�h�� ���� ���� ���i�h�� �k�j�Z�\�g�_�g�b�x�� �k�� ������ ���� �\�� �d�h�g�l�j�h�e�v�g�h�c��
�]�j�m�i�i�_���� �b�� �m�\�_�e�b�q�_�g�b�x�� �b�g�^�_�d�k�Z�� �b�g�]�b�[�b�j�h�\�Z�g�b�y�� �f�_�l�Z�k�l�Z�a�b�j�h�\�Z�g�b�y�� �^�h�� ���� ������ �B�g�^�b�\�b�^�m�Z�e�v�g�h�_��
�i�j�b�f�_�g�_�g�b�_�� �b�g�]�b�[�b�l�h�j�h�\�� �l�Z�d�`�_�� �i�h�d�Z�a�Z�e�h�� �a�g�Z�q�b�l�_�e�v�g�h�_�� �k�g�b�`�_�g�b�_�� �d�h�e�b�q�_�k�l�\�Z�� �b�� �i�e�h�s�Z�^�b��
�f�_�l�Z�k�l�Z�a�h�\�����q�l�h���i�h�^�l�\�_�j�`�^�Z�_�l���d�e�x�q�_�\�m�x���j�h�e�v���]�_�g�h�\���k�l�\�h�e�h�\�h�k�l�b���\���i�j�h�p�_�k�k�_���f�_�l�Z�k�l�Z�a�b�j�h�\�Z�g�b�y�� 
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Abstract. The identification of new molecular markers in colon cancer (CRC) represents a significant 
advancement in cancer diagnostics and personalized treatment approaches. Despite the fact 
FOLFOXIRI (folinic acid, 5-fluorouracil, oxaliplatin and irinotecan) regimen of chemotherapy 
significantly improves the survival of patients with metastatic colon cancer, it ranks 5th in the 
structure of cancer mortality from malignant tumors. We present potential transcriptomic and 
proteomic markers of response to neoadjuvant FOLFOXIRI such as ZG16 and EPS8L2. 
Key words: Colon cancer, liver metastasis, FOLFOXIRI, sequencing, molecular markers. 

 
�<�\�_�^�_�g�b�_ 
�F�_�l�Z�k�l�Z�l�b�q�_�k�d�b�c�� �j�Z�d���l�h�e�k�l�h�c�� �d�b�r�d�b�� ���f�J�L�D�����a�Z�g�b�f�Z�_�l�� �e�b�^�b�j�m�x�s�_�_���f�_�k�l�h �\�� �k�l�j�m�d�l�m�j�_��

�h�g�d�h�e�h�]�b�q�_�k�d�h�c���a�Z�[�h�e�_�\�Z�_�f�h�k�l�b���b���k�f�_�j�l�g�h�k�l�b�����d�Z�d���k�j�_�^�b���f�m�`�k�d�h�]�h�����l�Z�d���b���`�_�g�k�d�h�]�h���g�Z�k�_�e�_�g�b�y����
�K�h�\�j�_�f�_�g�g�u�_�� �\�h�a�f�h�`�g�h�k�l�b �o�b�f�b�h�l�_�j�Z�i�b�b�� �\�� �k�h�q�_�l�Z�g�b�b�� �k�� �l�Z�j�]�_�l�g�h�c�� �l�_�j�Z�i�b�_�c���i�h�a�\�h�e�y�x�l��
�m�e�m�q�r�b�l�v�� �i�h�d�Z�a�Z�l�_�e�b�� �\�u�`�b�\�Z�_�f�h�k�l�b�� �i�h�� �k�j�Z�\�g�_�g�b�x�� �k���h�i�l�b�f�Z�e�v�g�h�c�� �i�h�^�^�_�j�`�b�\�Z�x�s�_�c��
�l�_�j�Z�i�b�_�c���� �h�^�g�Z�d�h, �f�h�e�_�d�m�e�y�j�g�u�_���f�Z�j�d�_�j�u���w�n�n�_�d�l�b�\�g�h�k�l�b���i�j�b�f�_�g�y�_�f�u�o���k�o�_�f�� �e�_�q�_�g�b�y���f�J�L�D��
�\ �g�Z�k�l�h�y�s�_�_���\�j�_�f�y���g�_���h�i�j�_�^�_�e�_�g�u [1, 2]. 

�P�_�e�v���b�k�k�e�_�^�h�\�Z�g�b�y�����h�i�j�_�^�_�e�_�g�b�_���f�h�e�_�d�m�e�y�j�g�u�o �f�Z�j�d�_�j�h�\���q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�b���i�_�j�\�b�q�g�h�c��
�h�i�m�o�h�e�b���l�h�e�k�l�h�c���d�b�r�d�b���b���f�_�l�Z�k�l�Z�l�b�q�_�k�d�b�o���m�a�e�h�\���\ �i�_�q�_�g�b���i�h�k�e�_���i�j�b�f�_�g�_�g�b�y �g�_�h�Z�^�t�x�\�Z�g�l�g�h�c��
�o�b�f�b�h�l�_�j�Z�i�b�b FOLFOXIRI (�n�l�h�j�i�b�j�b�f�b�^�b�g�����b�j�b�g�h�l�_�d�Z�g, �h�d�k�Z�e�b�i�e�Z�l�b�g �b �e�_�c�d�h�\�h�j�b�g) 
�\ �d�h�f�[�b�g�Z�p�b�b���k �p�_�l�m�d�k�b�f�Z�[�h�f�� 

 
�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y���q�Z�k�l�v 
�<���b�k�k�e�_�^�h�\�Z�g�b�b���b�k�i�h�e�v�a�h�\�Z�g���[�b�h�i�k�b�c�g�u�c �b���h�i�_�j�Z�p�b�h�g�g�u�c���f�Z�l�_�j�b�Z�e �q�_�l�u�j�_�o���i�Z�p�b�_�g�l�h�\ 

�f�J�L�D��(T4N1M1), �\�d�e�x�q�Z�x�s�b�c�� �i�Z�j�g�u�_���h�[�j�Z�a�p�u�� �h�i�m�o�h�e�_�\�h�c�� �l�d�Z�g�b�� �l�h�e�k�l�h�c�� �d�b�r�d�b����
�i�j�b�e�_�`�Z�s�_�c���g�h�j�f�Z�e�v�g�h�c���l�d�Z�g�b �l�h�e�k�l�h�c���d�b�r�d�b�� �h�[�j�Z�a�p�u���f�_�l�Z�k�l�Z�a�h�\���\���i�_�q�_�g�v���b���i�j�b�e�_�`�Z�s�_�c��
�g�h�j�f�Z�e�v�g�h�c���l�d�Z�g�b���i�_�q�_�g�b���^�h���b���i�h�k�e�_���g�_�h�Z�^�t�x�\�Z�g�l�g�h�]�h���i�j�b�f�_�g�_�g�b�y��FOLFOXIRI �\���d�h�f�[�b�g�Z�p�b�b��
�k�� �p�_�l�m�d�k�b�f�Z�[�h�f�� �K�h�]�e�Z�k�g�h���d�j�b�l�_�j�b�y�f�� RECIST 1.1. �h�[�t�_�d�l�b�\�g�u�c�� �h�l�\�_�l�� �i�_�j�\�b�q�g�h�c�� �h�i�m�o�h�e�b��
�l�h�e�k�l�h�c�� �d�b�r�d�b, �h�p�_�g�_�g�g�u�c �d�Z�d�� �q�Z�k�l�b�q�g�Z�y�� �j�_�]�j�_�k�k�b�y �h�l�f�_�q�_�g�� �m�� �\�k�_�o�� �i�Z�p�b�_�g�l�h�\; �q�Z�k�l�b�q�g�Z�y��
�j�_�]�j�_�k�k�b�y���f�_�l�Z�k�l�Z�a�h�\���\���i�_�q�_�g�b �g�Z�[�e�x�^�Z�e�Z�k�v���m���l�j�_�o���i�Z�p�b�_�g�l�h�\�� �i�h�e�g�Z�y���j�_�]�j�_�k�k�b�y �f�_�l�Z�k�l�Z�a�h�\���\��
�i�_�q�_�g�b���± �m���h�^�g�h�]�h���i�Z�p�b�_�g�l�Z�� 

�B�a���b�k�k�e�_�^�m�_�f�u�o�� �h�[�j�Z�a�p�h�\���J�G�D���\�u�^�_�e�_�g�Z �k�� �i�h�f�h�s�v�x�� �d�h�f�f�_�j�q�_�k�d�b�o�� �g�Z�[�h�j�h�\�� ��PureLink 
RNA Mini Kit, RNA PureLinK FFPE). �P�_�e�h�k�l�g�h�k�l�v���J�G�D���h�p�_�g�_�g�Z�� �k�� �i�h�f�h�s�v�x�� �]�_�e�v-
�w�e�_�d�l�j�h�n�h�j�_�a�Z�� �g�Z�� ���������� �7�D�S�H�� �6�W�D�W�L�R�Q�� ���$�J�L�O�H�Q�W���� �K�R�:������ �H�p�_�g�d�Z���d�h�g�p�_�g�l�j�Z�p�b�b�� �b�� �d�Z�q�_�k�l�\�Z�� �J�G�D 
�h�i�j�_�^�_�e�_�g�Z�� �k�i�_�d�l�j�h�n�h�l�h�f�_�l�j�b�q�_�k�d�b�� �g�Z�� �i�j�b�[�h�j�_�� �1�D�Q�R�'�U�R�S�� ���������� ���7�K�H�U�P�R�� �)�L�V�K�H�U�� �6�F�L�H�Q�W�L�I�L�F����
�K�R�:���� �I�h�^�]�h�l�h�\�d�Z �J�G�D-�[�b�[�e�b�h�l�_�d �h�k�m�s�_�k�l�\�e�_�g�Z���k���i�h�f�h�s�v�x���g�Z�[�h�j�Z����KAPA RNA HyperPrep 
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Kit  with RiboErase (HMR))���� �H�p�_�g�d�Z���b�o���d�Z�q�_�k�l�\�Z�� �i�j�h�\�_�^�_�g�Z���w�e�_�d�l�j�h�n�h�j�_�l�b�q�_�k�d�b �k���i�h�f�h�s�v�x��
4150 Tape Station (Agilent�����K�R�:�������d�h�g�p�_�g�l�j�Z�p�b�y���[�b�[�e�b�h�l�_�d���± �k���b�k�i�h�e�v�a�h�\�Z�g�b�_�f �n�e�x�h�j�b�f�_�l�j�Z��
�4�X�E�L�W�� �������� ���7�K�H�U�P�R�� �)�L�V�K�H�U�� �6�F�L�H�Q�W�L�I�L�F������ �I�m�e�b�j�h�\�Z�g�g�u�_�� �[�b�[�e�b�h�l�_�d�b �i�h�^�\�_�j�]�g�m�l�u�� �f�Z�k�k�h�\�h�f�m��
�i�Z�j�Z�e�e�_�e�v�g�h�f�m�� �k�_�d�\�_�g�b�j�h�\�Z�g�b�x�� �g�Z�� �i�j�b�[�h�j�_�� �1�H�[�W�6�H�T�������� ���,�O�O�X�P�L�Q�D�� �K�R�:��. �D�Z�q�_�k�l�\�h��
�k�_�d�\�_�g�b�j�h�\�Z�g�b�y �h�p�_�g�_�g�h���k���i�h�f�h�s�v�x���i�j�h�]�j�Z�f�f�g�u�o���i�Z�d�_�l�h�\���)�D�V�W�4�&���b���0�X�O�W�L�4�&�����<�u�j�Z�\�g�b�\�Z�g�b�_��
�i�j�h�q�l�_�g�b�c�� �g�Z�� �j�_�n�_�j�_�g�k�g�u�c�� �]�_�g�h�f�� �i�j�h�\�_�^�_�g�h�� �k�� �i�h�f�h�s�v�x�� �i�j�h�]�j�Z�f�f�u�� �6�7�$�5���� �\�� �d�Z�q�_�k�l�\�_��
�j�_�n�_�j�_�g�k�Z �b�k�i�h�e�v�a�h�\�Z�g�Z �]�_�g�h�f�g�Z�y�� �k�[�h�j�d�Z�� �*�5�&�K������ �b�� �Z�g�g�h�l�Z�p�b�b�� �*�(�1�&�2�'�(���5�������� �I�h�^�k�q�_�l 
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Abstract. Immune targeted therapy (ITT), including the Immune checkpoint inhibitor pembrolizumab 
and the targeting drug lenvatinib, which blocks tyrosine kinases of receptors, is one of the main 
treatment strategies for advanced endometrial cancer EC with proficient mismatch repair (pMMR) 
and microsatellite stable (MSS). In this study, we investigated the changes in serum cytokine levels 
associated with molecular cellular mechanisms of action of pembrolizumab and lenvatinib in 
endometrial cancer patients on immune targeted therapy for disease progression in relation to the 
efficacy of this treatment. 
Key words: endometrial cancer, immune targeted therapy, antitumor treatment efficacy. 
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�b�a�m�q�_�g�b�_ �m�j�h�\�g�y �k�u�\�h�j�h�l�h�q�g�u�o�� �p�b�l�h�d�b�g�h�\�� ��IL-6, IL-8, IL-10, VEGF, TNF, IFN-������ �0�&�3-1), 
�m �[�h�e�v�g�u�o���k���i�j�h�]�j�_�k�k�b�j�m�x�s�b�f���j�Z�d�h�f���w�g�^�h�f�_�l�j�b�y���i�j�b���i�j�h�\�_�^�_�g�b�b���b�f�f�m�g�h�l�Z�j�]�_�l�g�h�c���l�_�j�Z�i�b�b���b��
�_�]�h���k�\�y�a�v���k���w�n�n�_�d�l�b�\�g�h�k�l�v�x���^�Z�g�g�h�]�h���\�b�^�Z���e�_�q�_�g�b�y�� 

 
�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y���q�Z�k�l�v 
�<���b�k�k�e�_�^�h�\�Z�g�b�_���\�h�r�e�b���������i�Z�p�b�_�g�l�h�d���k���i�J�W��I-IV (T1-4N0-2M0-�������k�l�Z�^�b�b�����k���S�0�0�5���b���0�6�6����

�i�h�e�m�q�b�\�r�b�_�� �b�f�f�m�g�h�l�j�Z�]�_�l�g�m�x�� �l�_�j�Z�i�b�x���� �i�j�_�^�k�l�Z�\�e�y�x�s�m�x�� �k�h�[�h�c�� �d�h�f�[�b�g�Z�p�b�x�� �Z�g�l�b-PD-1 
�f�h�g�h�d�e�h�g�Z�e�v�g�h�]�h���Z�g�l�b�l�_�e�Z���i�_�f�[�j�h�e�b�a�m�f�Z�[�Z�����;�B�H�D�:�>�����J�h�k�k�b�y�����b���f�m�e�v�l�b�d�b�g�Z�a�g�h�]�h���b�g�]�b�[�b�l�h�j�Z��
�e�_�g�\�Z�l�b�g�b�[�Z�� ���(�,�6�$�,���� �Y�i�h�g�b�y������ �L�_�j�Z�i�b�x�� �i�j�h�\�h�^�b�e�b�� �i�h�� �k�o�_�f�_���� �i�_�f�[�j�h�e�b�a�m�f�Z�[�� �������� �f�]��
�\�g�m�l�j�b�\�_�g�g�h�������j�Z�a���\�������g�_�^�_�e�b�������e�_�g�\�Z�l�b�g�b�[���������f�]���i�_�j�h�j�Z�e�v�g�h�������j�Z�a���\���k�m�l�d�b��������-�^�g�_�\�g�u�_���p�b�d�e�u���� 

�W�n�n�_�d�l�b�\�g�h�k�l�v���B�L�L���h�p�_�g�b�\�Z�e�b���f�_�l�h�^�Z�f�b���e�m�q�_�\�h�c���^�b�Z�]�g�h�k�l�b�d�b���g�Z���h�k�g�h�\�Z�g�b�b���h�l�k�m�l�k�l�\�b�y��
�i�j�b�a�g�Z�d�h�\���i�j�h�]�j�_�k�k�b�j�h�\�Z�g�b�y���i�h���r�d�Z�e�_���L�5�(�&�,�6�7�����B�L�L���k�q�b�l�Z�e�b���w�n�n�_�d�l�b�\�g�h�c�����_�k�e�b���m���i�Z�p�b�_�g�l�d�b��
�i�j�b���i�j�h�\�_�^�_�g�b�b���e�_�q�_�g�b�y���\���l�_�q�_�g�b�_�������f�_�k�y�p�_�\���b���[�h�e�_�_���g�_���h�l�f�_�q�_�g�u���i�j�b�a�g�Z�d�b���i�j�h�]�j�_�k�k�b�j�h�\�Z�g�b�y��
�a�Z�[�h�e�_�\�Z�g�b�y���� �?�k�e�b�� �i�j�h�]�j�_�k�k�b�j�h�\�Z�g�b�_�� �h�l�f�_�q�_�g�h�� �\�� �l�_�q�_�g�b�_�� ���� �f�_�k�y�p�_�\�� �B�L�L���� �l�h�� �l�_�j�Z�i�b�x��
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�i�j�b�a�g�Z�\�Z�e�b���g�_�w�n�n�_�d�l�b�\�g�h�c�����<���a�Z�\�b�k�b�f�h�k�l�b���h�l���w�n�n�_�d�l�b�\�g�h�k�l�b���B�L�L���k�n�h�j�f�b�j�h�\�Z�g�u�������]�j�m�i�i�u����
�k�� �i�j�h�]�j�_�k�k�b�j�h�\�Z�g�b�_�f�� �B�L�L�� �\�� �l�_�q�_�g�b�_�� ���� �f�_�k�y�p�_�\�� �h�l�� �g�Z�q�Z�e�Z�� �^�Z�g�g�h�c�� �l�_�j�Z�i�b�b�� ���Q = ������ �b�� �[�_�a��
�i�j�b�a�g�Z�d�h�\�� �i�j�h�]�j�_�k�k�b�j�h�\�Z�g�b�y�� �[�h�e�_�_ ���� �f�_�k�y�p�_�\�� ���Q = �������� �>�h�� �g�Z�q�Z�e�Z�� �B�L�L���� �q�_�j�_�a�� ���� �f�_�k�y�p�_�\, 
6 �f�_�k�y�p�_�\�� �b�� �k�i�m�k�l�y�� �[�h�e�_�_�� �q�_�f�� ������ �d�m�j�k�h�\ �l�_�j�Z�i�b�b�� �m�� �i�Z�p�b�_�g�l�h�d�� �f�_�l�h�^�h�f�� �b�f�f�m�g�h�n�_�j�f�_�g�l�g�h�]�h��
�Z�g�Z�e�b�a�Z���h�p�_�g�b�\�Z�e�b���k�e�_�^�m�x�s�b�_���i�h�d�Z�a�Z�l�_�e�b���\���k�u�\�h�j�h�l�d�_���d�j�h�\�b�����,�/-6, IL-8, IL-10, VEGF, TNF, 
IFN-������ �0�&�3-������ �<�� �d�Z�q�_�k�l�\�_�� �d�h�g�l�j�h�e�v�g�h�c�� �]�j�m�i�i�u�� �\�u�k�l�m�i�b�e�b�� ������ �i�Z�p�b�_�g�l�h�d�� �k�� �\�i�_�j�\�u�_��
�^�b�Z�]�g�h�k�l�b�j�h�\�Z�g�g�u�f�� �J�W�� �^�h�� �g�Z�q�Z�e�Z�� �i�j�h�l�b�\�h�h�i�m�o�h�e�_�\�h�]�h�� �e�_�q�_�g�b�y���� �;�u�e�h�� �i�j�h�\�_�^�_�g�h�� �i�h�i�Z�j�g�h�_��
�k�j�Z�\�g�_�g�b�_���b�k�k�e�_�^�m�_�f�u�o���i�h�d�Z�a�Z�l�_�e�_�c���k���b�k�i�h�e�v�a�h�\�Z�g�b�_�f���d�j�b�l�_�j�b�y���F�Z�g�g�Z-�M�b�l�g�b�� 

 
�J�_�a�m�e�v�l�Z�l�u 
�I�j�_�`�^�_�� �\�k�_�]�h���� �k�e�_�^�m�_�l�� �h�l�f�_�l�b�l�v�� �\�e�b�y�g�b�_���i�j�h�]�j�_�k�k�b�j�h�\�Z�g�b�y�� �b�� �i�j�h�\�_�^�_�g�g�h�]�h�� �i�h�� �w�l�h�f�m��

�i�h�\�h�^�m�� �i�j�h�l�b�\�h�h�i�m�o�h�e�_�\�h�]�h�� �e�_�q�_�g�b�y���� �\�� �k�j�Z�\�g�_�g�b�b�� �k�� �i�Z�p�b�_�g�l�d�Z�f�b�� �k���\�i�_�j�\�u�_�� �m�k�l�Z�g�h�\�e�_�g�g�u�f��
�J�W�� �m�� �[�h�e�v�g�u�o���� �d�h�l�h�j�u�f�� �g�Z�a�g�Z�q�_�g�Z�� �B�L�L���� �h�l�f�_�q�_�g�� �[�h�e�_�_�� �\�u�k�h�d�b�c�� �m�j�h�\�_�g�v�� �,�/-�������� ���j�b�k���� ��, A), 
�h�[�e�Z�^�Z�x�s�_�]�h�� �\�u�j�Z�`�_�g�g�u�f�� �b�f�f�m�g�h�k�m�i�j�_�k�k�b�\�g�u�f�� �w�n�n�_�d�l�h�f���� �I�j�h�\�_�^�_�g�b�_�� �B�L�L�� �\�� �l�_�q�_�g�b�_��
�i�_�j�\�u�o�� ���� �f�_�k�y�p�_�\�� �g�_�� �\�u�a�u�\�Z�e�h�� �d�� �\�u�j�Z�`�_�g�g�h�f�m�� �b�a�f�_�g�_�g�b�x�� �k�h�^�_�j�`�Z�g�b�y�� �b�k�k�e�_�^�m�_�f�u�o��
�p�b�l�h�d�b�g�h�\�� �\�� �k�u�\�h�j�h�l�d�_�� �d�j�h�\�b�� �m�� �[�h�e�v�g�u�o�� �i�j�h�]�j�_�k�k�b�j�m�x�s�b�f�� �J�W���� �H�^�g�Z�d�h�� �[�h�e�_�_�� �^�e�b�l�_�e�v�g�h�_��
�i�j�b�f�_�g�_�g�b�_�� �i�_�f�[�j�h�e�b�a�m�f�Z�[�Z�� �\�� �d�h�f�[�b�g�Z�p�b�b�� �k�� �e�_�g�\�Z�l�b�g�b�[�h�f�� �k�h�i�j�h�\�h�`�^�Z�e�h�k�v�� �a�g�Z�q�b�l�_�e�v�g�u�f��
�k�g�b�`�_�g�b�_�f���m�j�h�\�g�y���d�Z�d���i�j�h�\�h�k�i�Z�e�b�l�_�e�v�g�u�o���p�b�l�h�d�b�g�h�\���,�/-�����b���,�/-�������j�b�k����, �%���b���&�������l�Z�d���p�b�l�h�d�b�g�Z��
�k���i�j�h�l�b�\�h�\�h�k�i�Z�e�b�l�_�e�v�g�h�c���Z�d�l�b�\�g�h�k�l�v�x���,�/-���������j�b�k������, �:������ 

 

 
�J�b�k�����������B�a�f�_�g�_�g�b�_���m�j�h�\�g�y���p�b�l�h�d�b�g�h�\���\���^�b�g�Z�f�b�d�_���i�j�h�\�h�^�b�f�h�c���B�L�L 

 
�>�e�b�l�_�e�v�g�h�_���i�j�b�f�_�g�_�g�b�_���B�L�L���Z�k�k�h�p�b�b�j�h�\�Z�g�h���k���l�_�j�Z�i�_�\�l�b�q�_�k�d�b�f���h�l�\�_�l�h�f���g�Z���^�Z�g�g�u�c���\�b�^��

�e�_�q�_�g�b�y�� �b���� �k�e�_�^�h�\�Z�l�_�e�v�g�h���� �m�]�g�_�l�_�g�b�_�f�� �h�i�m�o�h�e�_�\�h�]�h�� �j�h�k�l�Z���� �<�_�j�h�y�l�g�h���� �h�l�f�_�q�_�g�g�h�_�� �k�g�b�`�_�g�b�_��
�k�h�^�_�j�`�Z�g�b�y���p�b�l�h�d�b�g�h�\���\���p�b�j�d�m�e�y�p�b�b���g�Z���n�h�g�_���^�e�b�l�_�e�v�g�h�]�h���i�j�b�f�_�g�_�g�b�y���B�L�L���k�\�b�^�_�l�_�e�v�k�l�\�m�_�l��
�h�[�� �h�l�f�_�g�_�� �j�_�]�m�e�y�l�h�j�g�h�]�h�� �k�b�k�l�_�f�g�h�]�h�� �\�e�b�y�g�b�y�� �h�i�m�o�h�e�b�� �g�Z�� �h�j�]�Z�g�b�a�f�� �i�Z�p�b�_�g�l�d�b���B�a�f�_�g�_�g�b�_��
�d�h�g�p�_�g�l�j�Z�p�b�c�� �j�y�^�Z�� �p�b�l�h�d�b�g�h�\�� �\�� �k�u�\�h�j�h�l�d�_�� �d�j�h�\�b�� �m�� �[�h�e�v�g�u�o�� �i�j�h�]�j�_�k�k�b�j�m�x�s�b�f�� �J�W�� �[�u�e�Z��
�Z�k�k�h�p�b�b�j�h�\�Z�g�Z�� �k�� �w�n�n�_�d�l�b�\�g�h�k�l�v�x�� �B�L�L���� �L�Z�d���� �m�j�h�\�_�g�v�� �i�j�h�\�h�k�i�Z�e�b�l�_�e�v�g�h�]�h�� �p�b�l�h�d�b�g�Z�� �,�/-8 
�k�g�b�`�Z�e�k�y���m���i�Z�p�b�_�g�l�h�d���k���w�n�n�_�d�l�b�\�g�h�c���B�L�L�����\���l�h���\�j�_�f�y���d�Z�d���m���[�h�e�v�g�u�o���k���i�j�h�]�j�_�k�k�b�j�h�\�Z�g�b�_�f���g�Z��
�n�h�g�_�� �i�j�b�f�_�g�_�g�b�y�� �i�_�f�[�j�h�e�b�a�m�f�Z�[�Z�� �\�� �d�h�k�f�[�b�g�Z�p�b�b�� �k�� �e�_�g�\�Z�l�b�g�b�[�h�f�� �\�� �l�_�q�_�g�b�_�� ���� �f�_�k�� �^�Z�g�g�u�c��
�i�h�d�Z�a�Z�l�_�e�v�� �h�k�l�Z�\�Z�e�k�y�� �g�Z�� �l�h�f�� �`�_�� �m�j�h�\�g�_���� �q�l�h�� �b�� �^�h�� �g�Z�q�Z�e�Z�� �B�L�L�� ���j�b�k�� 2, �:������ �>�Z�g�g�u�c�� �n�Z�d�l����
�\�_�j�h�y�l�g�h�����m�d�Z�a�u�\�Z�_�l���g�Z���k�g�b�`�_�g�b�_���\�h�k�i�Z�e�_�g�b�y�� �b�g�^�m�p�b�j�h�\�Z�g�g�h�]�h���h�i�m�o�h�e�v�x�����i�j�b���w�n�n�_�d�l�b�\�g�h�f��
�e�_�q�_�g�b�b���� 
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�J�b�k�����������B�a�f�_�g�_�g�b�_���m�j�h�\�g�y���p�b�l�h�d�b�g�h�\���\���a�Z�\�b�k�b�f�h�k�l�b���h�l���w�n�n�_�d�l�b�\�g�h�k�l�b���i�j�h�\�h�^�b�f�h�c���B�L�L 

 
�W�n�n�_�d�l�b�\�g�Z�y�� �B�L�L�� �m�� �[�h�e�v�g�u�o�� �i�j�h�]�j�_�k�k�b�j�m�x�s�b�f�� �J�W�� �i�j�b�\�h�^�b�e�Z�� �d�� �m�\�_�e�b�q�_�g�b�x�� �\�� ���� �j�Z�a�Z��

�k�h�^�_�j�`�Z�g�b�y�� �F�K�J-���� �\�� �k�j�Z�\�g�_�g�b�b�� �k�� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�f�� �i�h�d�Z�a�Z�l�_�e�_�f�� �i�j�b�� �g�_�w�n�n�_�d�l�b�\�g�h�c�� �l�_�j�Z�i�b�b�� 
���j�b�k������, �K�������B�a�\�_�k�l�g�h�����q�l�h���F�K�J-1 �± �h�k�g�h�\�g�h�c���o�_�f�h�Z�l�l�j�Z�d�l�Z�g�l �d�e�_�l�h�d���f�h�g�h�p�b�l�Z�j�g�h-�f�Z�d�j�h�n�Z�]�Z�e�v�g�h�]�h��
�j�y�^�Z���b���h�i�j�_�^�_�e�y�_�l�� �b�o�� �f�b�]�j�Z�p�b�x�� �\�� �l�d�Z�g�b���� �\�� �l�h�f�� �q�b�k�e�_���b���h�i�m�o�h�e�v���� �K�\�y�a�v�� �[�h�e�_�_�� �\�u�k�h�d�h�]�h�� �m�j�h�\�g�y�� �k��
�w�n�n�_�d�l�b�\�g�h�c�� �B�L�L���� �i�h-�\�b�^�b�f�h�f�m���� �k�\�b�^�_�l�_�e�v�k�l�\�m�_�l�� �h�� �i�j�b�\�e�_�q�_�g�b�b�� �\�� �h�i�m�o�h�e�v�� �f�h�g�h�p�b�l�h�\�� �b��
�f�Z�d�j�h�n�Z�]�h�\�����h�[�e�Z�^�Z�x�s�b�o���p�b�l�h�l�h�d�k�b�q�_�k�d�h�c���Z�d�l�b�\�g�h�k�l�v�x���\���h�l�g�h�r�_�g�b�b���h�i�m�o�h�e�_�\�u�o���d�e�_�l�h�d�� �D�j�h�f�_��
�l�h�]�h�����\�g�_���a�Z�\�b�k�b�f�h�k�l�b �h�l���w�n�n�_�d�l�b�\�g�h�k�l�b���B�L�L���h�l�f�_�q�_�g�h���k�g�b�`�_�g�b�_���k�h�^�_�j�`�Z�g�b�y���,�)�1-�����\���l�h�q�d�_���h�p�_�g�d�b��
�b�k�o�h�^�Z�� �i�h�� �k�j�Z�\�g�_�g�b�x�� �k�� �m�j�h�\�g�_�f�� �^�h�� �g�Z�q�Z�e�Z�� �B�L�L�� ���j�b�k���� ��, �<������ �q�l�h�� �l�Z�d�`�_�� �m�d�Z�a�u�\�Z�_�l�� �g�Z�� �k�g�b�`�_�g�b�_��
�k�b�k�l�_�f�g�h�]�h���\�h�k�i�Z�e�_�g�b�y���i�j�b���i�j�b�f�_�g�_�g�b�b���i�_�f�[�j�h�e�b�a�m�f�Z�[�Z���b���e�_�g�\�Z�l�b�g�b�[�Z��  

 
�A�Z�d�e�x�q�_�g�b�_ 
�M�� �i�Z�p�b�_�g�l�h�d�� �k�� �i�j�h�]�j�_�k�k�b�j�m�x�s�b�f�� �J�W�� �\�� �k�u�\�h�j�h�l�d�_�� �d�j�h�\�b�� �m�\�_�e�b�q�_�g�h�� �k�h�^�_�j�`�Z�g�b�_��

�b�f�f�m�g�h�k�m�i�j�_�k�k�b�j�m�x�s�_�]�h�� �p�b�l�h�d�b�g�Z�� �,�/-������ �\�� �k�j�Z�\�g�_�g�b�b�� �k�� �[�h�e�v�g�u�f�� �k�� �\�i�_�j�\�u�_��
�^�b�Z�]�g�h�k�l�b�j�h�\�Z�g�g�u�f���J�W�����<�e�b�y�g�b�_���B�L�L���g�Z���m�j�h�\�_�g�v���p�b�l�h�d�b�g�h�\���i�j�h�y�\�e�y�_�l�k�y���i�j�b���_�_���^�e�b�l�_�e�v�g�h�f��
�i�j�b�f�_�g�_�g�b�b�����! �������d�m�j�k�h�\�������>�b�g�Z�f�b�d�Z���b�a�f�_�g�_�g�b�y���m�j�h�\�g�y���p�b�l�h�d�b�g�h�\���\���p�b�j�d�m�e�y�p�b�b���m���[�h�e�v�g�u�o��
�J�W�� �k�\�y�a�Z�g�Z�� �k�� �w�n�n�_�d�l�b�\�g�h�k�l�v�x�� �l�_�j�Z�i�b�b�� �i�_�f�[�j�h�e�b�a�m�f�Z�[�h�f�� �\�� �d�h�f�[�b�g�Z�p�b�b�� �k�� �e�_�g�\�Z�l�b�g�b�[�h�f����
�I�j�b �w�l�h�f�� �m�� �i�Z�p�b�_�g�l�h�d�� �k�� �w�n�n�_�d�l�b�\�g�h�c�� �l�_�j�Z�i�b�_�c�� �h�l�f�_�q�_�g�h�� �k�g�b�`�_�g�b�_�� �k�h�^�_�j�`�Z�g�b�y��
�i�j�h�\�h�k�i�Z�e�b�l�_�e�v�g�h�]�h���p�b�l�h�d�b�g�Z���,�/-�����\���k�j�Z�\�g�_�g�b�b���k���b�k�o�h�^�g�u�f�b���i�h�d�Z�a�Z�l�_�e�y�f�b���b���[�h�e�_�_���\�u�k�h�d�b�c��
�m�j�h�\�_�g�v�� �o�_�f�h�Z�l�l�j�Z�d�l�Z�g�l�Z�� �0�&�3-���� �h�l�g�h�k�b�l�_�e�v�g�h�� �i�Z�p�b�_�g�l�h�d�� �k�� �g�_�w�n�n�_�d�l�b�\�g�u�f�� �e�_�q�_�g�b�_�f���� �q�l�h��
�f�h�`�_�l���[�u�l�v���\���i�_�j�k�i�_�d�l�b�\�_���b�k�i�h�e�v�a�h�\�Z�g�h���^�e�y���f�h�g�b�l�h�j�b�g�]�Z���h�l�\�_�l�Z���g�Z���B�L�L�� 
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Abstract. West Nile virus is an arbovirus in the family Flaviviridae, genus Flavivirus, that is 
transmitted to humans through the bites of infected mosquitoes. The virus can cause an infectious 
disease in humans that has a wide range of manifestations, from an asymptomatic course and mild 
fever to severe neurologic complications such as meningitis or encephalitis. Laboratory diagnosis of 
West Nile virus is made by detection of viral glycoprotein E. This work proposes a method for the 
rapid detection of glycoprotein E using a biosensor-based analytical device. The biosensor is based 
on a field-effect transistor fabricated using silicon-on-insulator technology. Protein detection using 
the biosensor is based on measuring the current amplitude in the source-drain circuit of the  
field-effect transistor with monoclonal antibodies immobilized on the surface in response to the 
appearance of the antigen �± protein E of West Nile virus �± in the analyzed sample. It was 
experimentally established that the biosensor is able to detect recombinant glycoprotein E of the West 
Nile virus at a concentration of 10 �ig/�PL. 
Key words: biosensor, detection, West Nile virus, field-effect transistor, surface modification, 
infectious diseases, glycoprotein E. 

 
�<�\�_�^�_�g�b�_ 
�<�b�j�m�k���A�Z�i�Z�^�g�h�]�h���G�b�e�Z�����<�A�G�� �± �J�G�D-�k�h�^�_�j�`�Z�s�b�c���\�b�j�m�k���j�h�^�Z��Flavivirus �k�_�f�_�c�k�l�\�Z��Flaviviridae. 

�I�h���^�Z�g�g�u�f���P�_�g�l�j�h�\���i�h���d�h�g�l�j�h�e�x���b���i�j�h�n�b�e�Z�d�l�b�d�_���a�Z�[�h�e�_�\�Z�g�b�c���h�d�h�e�h�������������b�g�n�b�p�b�j�h�\�Z�g�g�u�o���<�G�A��
�e�x�^�_�c���i�_�j�_�g�h�k�y�l���a�Z�[�h�e�_�\�Z�g�b�_���[�_�k�k�b�f�i�l�h�f�g�h�� �M�������������j�Z�a�\�b�\�Z�_�l�k�y���e�b�o�h�j�Z�^�d�Z�����k�\�y�a�Z�g�g�Z�y���k���]�h�e�h�\�g�h�c��
�[�h�e�v�x�����[�h�e�y�f�b���\���l�_�e�_���b���\���k�m�k�l�Z�\�Z�o�����j�\�h�l�h�c�����^�b�Z�j�_�_�c���b�e�b���k�u�i�v�x�����<�����������k�e�m�q�Z�_�\���b�g�n�_�d�p�b�y �i�j�b�\�h�^�b�l��
�d���l�y�`�_�e�h�f�m���a�Z�[�h�e�_�\�Z�g�b�x�����i�h�j�Z�`�Z�x�s�_�f�m���p�_�g�l�j�Z�e�v�g�m�x���g�_�j�\�g�m�x���k�b�k�l�_�f�m�����l�Z�d�h�f�m���d�Z�d���w�g�p�_�n�Z�e�b�l���b��
�f�_�g�b�g�]�b�l�� �>1]. �<���J�h�k�k�b�b���g�Z���d�h�g�_�p�� �Z�\�]�m�k�l�Z�� �����������]�h�^�Z�� �i�h�d�Z�a�Z�l�_�e�v�� �a�Z�[�h�e�_�\�Z�_�f�h�k�l�b���k�h�k�l�Z�\�b�e�� ���������� �g�Z��
100 �l�u�k�����g�Z�k�_�e�_�g�b�y�����q�l�h���\�u�r�_���k�j�_�^�g�_�f�g�h�]�h�e�_�l�g�_�]�h���i�h�d�Z�a�Z�l�_�e�y���g�Z������ % [2].  

�D�Z�i�k�b�^ �<�A�G �\�d�e�x�q�Z�_�l�� �\�� �k�_�[�y�� �k�l�j�m�d�l�m�j�g�u�c�� �[�_�e�h�d�� ��C���� �b�� �e�b�i�h�i�j�h�l�_�b�g�h�\�m�x�� �h�[�h�e�h�q�d�m���� �\��
�d�h�l�h�j�m�x�� �b�g�l�_�]�j�b�j�h�\�Z�g�u�� �f�_�f�[�j�Z�g�g�u�c�� �[�_�e�h�d�� ���0���� �b�� �h�[�h�e�h�q�g�u�c�� �]�e�b�d�h�i�j�h�l�_�b�^�� ���(������
�B�g�n�b�p�b�j�m�x�s�Z�y�� �a�j�_�e�Z�y�� �q�Z�k�l�b�p�Z�� �\�b�j�m�k�Z�� �^�b�Z�f�_�l�j�h�f�� �i�j�b�f�_�j�g�h�� ������ �g�f�� �k�h�^�_�j�`�b�l�� �������� �d�h�i�b�c��
�]�e�b�d�h�i�j�h�l�_�b�g�Z�� �?��[3]. �W�l�h���]�h�\�h�j�b�l�� �h�� �l�h�f ���� �q�l�h�� �]�e�b�d�h�i�j�h�l�_�b�g�� �?�� �y�\�e�y�_�l�k�y���^�h�f�b�g�b�j�m�x�s�_�c��
�f�b�r�_�g�v�x�� �g�_�c�l�j�Z�e�b�a�m�x�s�b�o�� �Z�g�l�b�l�_�e���� �b���� �k�e�_�^�h�\�Z�l�_�e�v�g�h�� �h�l�e�b�q�g�h�c�� �f�b�r�_�g�v�x���^�e�y �k�h�a�^�Z�g�b�y 
�e�Z�[�h�j�Z�l�h�j�g�u�o���f�_�l�h�^�h�\���^�_�l�_�d�p�b�b���\�b�j�m�k�Z���A�Z�i�Z�^�g�h�]�h���G�b�e�Z�� 

�G�Z�b�[�h�e�_�_���r�b�j�h�d�h���b�k�i�h�e�v�a�m�_�f�u�f�� �^�b�Z�]�g�h�k�l�b�q�_�k�d�b�f�� �b�g�k�l�j�m�f�_�g�l�h�f��� �̂_�l�_�d�l�b�j�h�\�Z�g�b�y �<�G�A��
�y�\�e�y�_�l�k�y���b�f�f�m�g�h�n�_�j�f�_�g�l�g�u�c���Z�g�Z�e�b�a���g�Z���Z�g�l�b�]�_�g, �k�_�j�h�d�h�g�\�_�j�k�b�y �Z�g�l�b�l�_�e�����i�h�e�b�f�_�j�Z�a�g�Z�y �p�_�i�g�Z�y 
�j�_�Z�d�p�b�y �k���h�[�j�Z�l�g�h�c���l�j�Z�g�k�d�j�b�i�p�b�_�c�����Z�g�Z�e�b�a���g�_�c�l�j�Z�e�b�a�Z�p�b�b���b���b�a�h�e�b�j�h�\�Z�g�b�_���\�b�j�m�k�Z��[4].  
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�I�_�j�k�i�_�d�l�b�\�g�h�_�� �Z�g�Z�e�b�l�b�q�_�k�d�h�_�� �m�k�l�j�h�c�k�l�\�h�� �^�e�y�� �e�Z�[�h�j�Z�l�h�j�g�h�]�h�� �Z�g�Z�e�b�a�Z�� �g�Z�� �\�b�j�m�k��
�A�Z�i�Z�^�g�h�]�h�� �G�b�e�Z���± �g�Z�g�h�i�j�h�\�h�e�h�q�g�u�c�� �[�b�h�k�_�g�k�h�j���g�Z�� �h�k�g�h�\�_�� �i�h�e�_�\�h�]�h�� �l�j�Z�g�a�b�k�l�h�j�Z�� �k��
�b�a�h�e�b�j�h�\�Z�g�g�u�f�� �a�Z�l�\�h�j�h�f (�[�b�h�k�_�g�k�h�j)���� �;�b�h�k�_�g�k�h�j�� �k�h�k�l�h�b�l�� �b�a�� �i�h�e�_�\�h�]�h�� �l�j�Z�g�a�b�k�l�h�j�Z�� ���^�\�Z��
�w�e�_�d�l�j�h�^�Z���± �b�k�l�h�d���b���k�l�h�d�����f�_�`�^�m���d�h�l�h�j�u�f�b���j�Z�k�i�h�e�h�`�_�g�Z���d�j�_�f�g�b�_�\�Z�y���g�Z�g�h�i�j�h�\�h�e�h�d�Z�����b���k�e�h�_�f��
�j�_�p�_�i�l�h�j�h�\�� �g�Z�� �_�]�h�� �i�h�\�_�j�o�g�h�k�l�b���� �I�j�h�l�_�d�Z�g�b�_�� �k�i�_�p�b�n�b�q�_�k�d�h�c�� �j�_�Z�d�p�b�b�� �f�_�`�^�m�� �j�_�p�_�i�l�h�j�Z�f�b�� �b��
�f�h�e�_�d�m�e�h�c-�f�b�r�_�g�v�x���b�a�f�_�g�y�_�l �l�h�d�� �\�� �p�_�i�b�� �b�k�l�h�d-�k�l�h�d���� �d�h�l�h�j�u�c�� �j�_�]�b�k�l�j�b�j�m�_�l�� �^�_�l�_�d�l�h�j�� �b��
�\�u�\�h�^�b�l���b�g�n�h�j�f�Z�p�b�x���g�Z���w�d�j�Z�g���]�Z�^�`�_�l�Z�����B�k�i�h�e�v�a�h�\�Z�l�v���[�b�h�k�_�g�k�h�j���f�h�`�g�h �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h���g�Z��
�f�_�k�l�_���h�d�Z�a�Z�g�b�y���w�d�k�l�j�_�g�g�h�c���f�_�^�b�p�b�g�k�d�h�c���i�h�f�h�s�b���a�Z���k�q�z�l���f�h�[�b�e�v�g�u�o���j�Z�a�f�_�j�h�\���b���j�_�]�b�k�l�j�Z�p�b�b��
�k�b�]�g�Z�e�Z���\���j�_�`�b�f�_���j�_�Z�e�v�g�h�]�h���\�j�_�f�_�g�b���k���\�u�k�h�d�h�c���q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�v�x�� 

�P�_�e�v���j�Z�[�h�l�u���± �^�_�l�_�d�p�b�y���i�h�\�_�j�o�g�h�k�l�g�h�]�h���]�e�b�d�h�i�j�h�l�_�b�g�Z���?���\�b�j�m�k�Z���A�Z�i�Z�^�g�h�]�h���G�b�e�Z �k���i�h�f�h�s�v�x��
�[�b�h�k�_�g�k�h�j�Z�� 

 
�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y���q�Z�k�l�v 
�;�b�h�e�h�]�b�q�_�k�d�b�c�� �f�Z�l�_�j�b�Z�e�� �f �h�g�h�d�e�h�g�Z�e�v�g�u�_���Z�g�l�b�l�_�e�Z���� �k�i�_�p�b�n�b�q�g�u�_�� �d�� �n�e�Z�\�b�\�b�j�m�k�Z�f��

���d�h�g�p�_�g�l�j�Z�p�b�y�����������f�]���f�e), �j�_�d�h�f�[�b�g�Z�g�l�g�u�c���[�_�e�h�d���]�e�b�d�h�i�j�h�l�_�b�g�Z���?���\�b�j�m�k�Z���A�Z�i�Z�^�g�h�]�h���G�b�e�Z���± 
WEF ���d�h�g�p�_�g�l�j�Z�p�b�y�� ����0089 �f�]���f�e��, �j�_�d�h�f�[�b�g�Z�g�l�g�u�c�� �[�_�e�h�d�� �<�B�Q �± �j������ ���d�h�g�p�_�g�l�j�Z�p�b�y��
0,625 �f�]���f�e�� ���N�;�M�G���=�G�P���<�;���©�<�_�d�l�h�j�ª���J�h�k�i�h�l�j�_�[�g�Z�^�a�h�j�Z��.  

�O�b�f�b�q�_�k�d�b�_�� �j�_�Z�d�l�b�\�u�� (3-�Z�f�b�g�h�i�j�h�i�b�e���� �l�j�b�w�l�h�d�k�b�k�b�e�Z�g�� ���:�I�L�?�K������ �i�_�j�_�d�b�k�v�� �\�h�^�h�j�h�^�Z 
3,3'-�^�b�l�b�h�>�k�m�e�v�n�h�k�m�d�p�b�g�b�f�b�^�b�e�i�j�h�i�b�h�g�Z�l�@�� ���>�L�K�K�I���� ��Sigma Aldrich���� �K�R�:��; 
� �̂b�k�l�b�e�e�b�j�h�\�Z�g�g�Z�y�� �\�h�^�Z���� �w�l�Z�g�h�e ���E�_�g�j�_�Z�d�l�b�\���� �J�h�k�k�b�y��. �K�l�j�m�d�l�m�j�Z���[�b�h�k�_�g�k�h�j�Z�� �F�Z�k�k�b�\�� �b�a��
�^�\�Z�^�p�Z�l�b���i�h�e�_�\�u�o�� �l�j�Z�g�a�b�k�l�h�j�h�\ 1, 2, 4�±9, 11�±14, 16�±21, 23, 24 �b�a�]�h�l�h�\�e�_�g �g�Z�� �d�j�_�f�g�b�_�\�h�f��
�d�j�b�k�l�Z�e�e�_���f�b�d�j�h�k�o�_�f�u�����L�h�i�h�e�h�]�b�y���f�b�d�j�h�k�o�_�f�u���i�j�_�^�k�l�Z�\�e�_�g�Z���\���>5]. �<���p�_�g�l�j�_���g�Z���i�h�\�_�j�o�g�h�k�l�b��
�d�j�b�k�l�Z�e�e�Z�� �j�Z�k�i�h�e�h�`�_�g�� �w�e�_�d�l�j�h�^�� �a�Z�a�_�f�e�_�g�b�y���� �\�u�i�h�e�g�_�g�g�u�c�� �b�a�� �a�h�e�h�l�Z�� ���i�h�a�b�p�b�b��3, 10). 
�G�Z�i�j�y�`�_�g�b�_�f�� �g�Z�� �i�h�^�a�Z�l�\�h�j�_���i�h�e�_�\�u�o�� �l�j�Z�g�a�b�k�l�h�j�h�\ �m�i�j�Z�\�e�y�e�b �k�� �i�h�f�h�s�v�x�� �\�u�\�h�^�h�\�� �������� ��������
�F�b�d�j�h�k�o�_�f�u �b�a�]�h�l�h�\�e�_�g�u���H�H�H���©�>�P���F�;�L���©�<�_�]�Z�ª�����]�����G�h�\�h�k�b�[�b�j�k�d�����J�h�k�k�b�y���� �I�h�k�e�_���g�Z�g�_�k�_�g�b�y��
�k�i�_�p�b�n�b�q�_�k�d�b�o���j�_�p�_�i�l�h�j�h�\���g�Z���i�h�\�_�j�o�g�h�k�l�v���i�h�e�_�\�u�o �l�j�Z�g�a�b�k�l�h�j�h�\ �h�g�b �i�j�b�h�[�j�_�l�Z�_�l���k�\�h�c�k�l�\�Z��
�[�b�h�k�_�g�k�h�j�Z�� �b�� �k�i�h�k�h�[�g�u �h�k�m�s�_�k�l�\�e�y�l�v�� �k�i�_�p�b�n�b�q�_�k�d�m�x�� �^�_�l�_�d�p�b�x�� �f�h�e�_�d�m�e�u-�f�b�r�_�g�b����
�W�e�_�d�l�j�b�q�_�k�d�b�_�� �i�h�d�Z�a�Z�g�b�y�� �[�b�h�k�_�g�k�h�j�h�\�� �k�g�b�f�Z�e�b�� �k�� �i�h�f�h�s�v�x�� �i�j�_�p�b�a�b�h�g�g�h�]�h�� �b�a�f�_�j�b�l�_�e�v�g�h�]�h��
�[�e�h�d�Z�� �3�;�,�H�� ���������� ���1�D�W�L�R�Q�D�O�� �,�Q�V�W�U�X�P�H�Q�W�V���� �K�R�$���� �k�� �h�l�g�h�k�b�l�_�e�v�g�u�f�b�� �i�h�]�j�_�r�g�h�k�l�y�f�b�� �b�a�f�_�j�_�g�b�y��
�g�Z�i�j�y�`�_�g�b�y�����������������b���l�h�d�Z���������������� 

�>�_�l�_�d�p�b�y�� �]�e�b�d�h�i�j�h�l�_�b�g�Z�� �?. �H�q�b�k�l�d�m�� �i�h�\�_�j�o�g�h�k�l�b�� �[�b�h�k�_�g�k�h�j�Z�� �i�j�h�\�h�^�b�e�b�� ���� %-�f  
�j�Z�k�l�\�h�j�h�f��H2O2 �i�j�b���d�h�f�g�Z�l�g�h�c���l�_�f�i�_�j�Z�l�m�j�_���\���l�_�q�_�g�b�_���������f�b�g�m�l�����I�j�h�f�u�\�Z�e�b���^�b�k�l�b�e�e�b�j�h�\�Z�g�g�h�c��
�\�h�^�h�c�����I�j�h�p�_�^�m�j�m���i�j�h�\�h�^�b�e�b�������j�Z�a�Z�� �I�h�\�_�j�o�g�h�k�l�v���f�h�^�b�n�b�p�b�j�h�\�Z�e�b 1,5%-�f���j�Z�k�l�\�h�j�h�f���:�I�L�W�K��
�\���w�l�Z�g�h�e�_���\���l�_�q�_�g�b�_���������f�b�g�m�l���i�j�b���d�h�f�g�Z�l�g�h�c���l�_�f�i�_�j�Z�l�m�j�_�����I�h�k�e�_���i�j�h�f�u�\�Z�e�b���w�l�Z�g�h�e�h�f���b���k�m�r�b�e�b��
�i�j�b�� �d�h�f�g�Z�l�g�h�c�� �l�_�f�i�_�j�Z�l�m�j�_�� �:�d�l�b�\�b�j�h�\�Z�e�b��NH2-�]�j�m�i�i�u�� �:�I�L�W�K �������� �f�F�� �>�L�K�K�I�� �\�� ������ �f�F��
�n�h�k�n�Z�l�g�h-�k�h�e�_�\�h�f�� �[�m�n�_�j�_�� �\�� �l�_�q�_�g�b�_�� ������ �f�b�g�m�l���� �>�Z�e�_�_�� �g�Z�g�h�k�b�e�b�� �j�Z�a�\�_�^�_�g�g�u�_�� �\��
�^�b�k�l�b�e�e�b�j�h�\�Z�g�g�h�c���\�h�^�_���Z�g�l�b�l�_�e�Z�����������f�b�g�m�l�����d�h�f�g�Z�l�g�Z�y���l�_�f�i�_�j�Z�l�m�j�Z�������G�_���k�\�y�a�Z�\�r�b�_�k�y���Z�g�l�b�l�_�e�Z��
�m�^�Z�e�y�e�b�� �\�h�^�h�c�� �B�a�f�_�j�y�e�b�� �l�h�d���g�Z �o�h�e�h�k�l�h�f�� �o�h�^�m���� �>�Z�e�_�_�� �^�h�[�Z�\�e�y�e�b�� �\�h�^�m���� �i�h�k�e�_�� �k�l�Z�[�b�e�b�a�Z�p�b�b��
�k�b�]�g�Z�e�Z - �\�_�e�b�q�b�g�u���l�h�d�Z���\���p�_�i�b���b�k�l�h�d-�k�l�h�d����Ids), �a�Z�l�_�f���\�g�h�k�b�e�b���Z�g�Z�e�b�a�b�j�m�_�f�u�_���i�j�h�[�u �± �[�_�e�h�d��
WEF �\�� �d�h�g�p�_�g�l�j�Z�p�b�y�o�� ������ �i�]���f�d�e���� �������� �i�]���f�d�e���� ���������� �i�]���f�d�e���� ������ �g�]���f�d�e���� ������ �f�d�]���f�d�e. �<�� �d�Z�q�_�k�l�\�_��
�d�h�g�l�j�h�e�y�� �g�_�k�i�_�p�b�n�b�q�_�k�d�h�]�h�� �k�b�]�g�Z�e�Z�� �i�j�h�\�h�^�b�e�b�� �^�_�l�_�d�p�b�x�� �j�_�d�h�f�[�b�g�Z�g�l�g�h�]�h�� �[�_�e�d�Z�� �j������ �i�h��
�Z�g�Z�e�h�]�b�b���k���^�_�l�_�d�p�b�_�c��WEF. 

 
�J�_�a�m�e�v�l�Z�l�u 
�J�_�a�m�e�v�l�Z�l�u���w�d�k�i�_�j�b�f�_�g�l�Z���i�h���^�_�l�_�d�p�b�b���i�h�\�_�j�o�g�h�k�l�g�h�]�h���]�e�b�d�h�i�j�h�l�_�b�g�Z���?���\�b�j�m�k�Z���A�Z�i�Z�^�g�h�]�h��

�G�b�e�Z�� �i�j�_�^�k�l�Z�\�e�_�g�u�� �\�� �\�b�^�_�� �k�_�g�k�h�]�j�Z�f�f�� ���j�b�k���� �������± �a�Z�\�b�k�b�f�h�k�l�b�� �[�_�a�j�Z�a�f�_�j�g�h�c�� �\�_�e�b�q�b�g�u �l�h�d�Z 
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�]�^�_��Ids �± �k�b�e�Z���l�h�d�Z���\���p�_�i�b���b�k�l�h�d-�k�l�h�d���[�b�h�k�_�g�k�h�j�Z���i�h�k�e�_���Z�^�k�h�j�[�p�b�b���q�Z�k�l�b�p�u�����+�×�æ
�4  �± �b�k�o�h�^�g�Z�y���k�b�e�Z��

�l�h�d�Z���\���p�_�i�b���b�k�l�h�d-�k�l�h�d���[�b�h�k�_�g�k�h�j�Z��[6]. 
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�J�b�k����1. �K�_�g�k�h�]�j�Z�f�f�u, �i�h�e�m�q�_�g�g�u�_ �i�j�b���^�_�l�_�d�p�b�b �i�h�\�_�j�o�g�h�k�l�g�h�]�h���]�e�b�d�h�i�j�h�l�_�b�g�Z���?���\�b�j�m�k�Z���A�Z�i�Z�^�g�h�]�h���G�b�e�Z 

�b���j�_�d�h�f�[�b�g�Z�g�l�g�h�]�h���[�_�e�d�Z���j���� 
 
�D�Z�d���\�b�^�g�h���b�a���j�b�k�� 1�����[�b�h�k�_�g�k�h�j���j�_�Z�]�b�j�h�\�Z�e �g�Z���\�g�_�k�_�g�b�_���Z�g�l�b�]�_�g�Z��WEF �k���d�h�g�p�_�g�l�j�Z�p�b�_�c��

������ �i�]���f�d�e���� �M�\�_�e�b�q�_�g�b�_�� �d�h�g�p�_�g�l�j�Z�p�b�b�� �Z�g�l�b�]�_�g�Z�� �^�h�� ���������� �i�]���f�d�e �i�j�b�\�h�^�b�e�h�� �d�� �m�\�_�e�b�q�_�g�b�x��
�\�_�e�b�q�b�g�u���l�h�d�Z���\���p�_�i�b���b�k�l�h�d-�k�l�h�d�����G�Z�b�[�h�e�v�r�b�c���k�b�]�g�Z�e���[�b�h�k�_�g�k�h�j�Z���g�Z�[�e�x�^�Z�e�k�y �i�j�b���^�_�l�_�d�p�b�b��
�����������i�]���f�d�e��WEF�����M�j�h�\�_�g�v���k�b�]�g�Z�e�Z���[�b�h�k�_�g�k�h�j�Z���i�j�b���\�g�_�k�_�g�b�b������ �g�]���f�d�e �Z�g�l�b�]�_�g�Z���Z�g�Z�e�h�]�b�q�_�g��
�k���k�b�]�g�Z�e�h�f���i�j�b���^�_�l�_�d�p�b�b���������i�]���f�d�e���b�����������i�]���f�d�e�����I�h�k�e�_�^�m�x�s�_�_ �m�\�_�e�b�q�_�g�b�_���d�h�g�p�_�g�l�j�Z�p�b�b���^�h��
������ �f�d�]���f�d�e���i�j�b�\�h�^�b�e�h �d���m�f�_�g�v�r�_�g�b�x���k�b�]�g�Z�e�Z�� �[�b�h�k�_�g�k�h�j�Z�� �^�h�� �m�j�h�\�g�y�� �g�_�k�i�_�p�b�n�b�q�_�k�d�h�]�h��
�k�b�]�g�Z�e�Z�� �h�l�� �Z�^�k�h�j�[�p�b�b�� �j�_�d�h�f�[�b�g�Z�g�l�g�h�]�h�� �[�_�e�d�Z�� �j������ �<�B�Q�����W�l�h�� �k�\�y�a�Z�g�h�� �k�� �k�h�d�j�Z�s�_�g�b�_�f��
�d�h�e�b�q�_�k�l�\�Z�� �k�\�h�[�h�^�g�u�o�� �Z�g�l�b�l�_�e�� �g�Z�� �i�h�\�_�j�o�g�h�k�l�b���g�Z�i�h�i�j�h�\�h�e�h�d�b. �B�a�� �i�h�e�m�q�_�g�g�u�o�� �j�_�a�m�e�v�l�Z�l�h�\��
�f�h�`�g�h���k�^�_�e�Z�l�v���\�u�\�h�^�����q�l�h���^�b�Z�i�Z�a�h�g���q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�b���[�b�h�k�_�g�k�h�j�Z���\�Z�j�v�b�j�m�_�l�k�y���h�l���������i�]���f�d�e���^�h��
������ �g�]���f�d�e�� �[�_�e�d�Z��WEF. �<�g�_�k�_�g�b�_ �j�_�d�h�f�[�b�g�Z�g�l�g�h�]�h�� �[�_�e�d�Z�� �j�������\���d�h�g�p�_�g�l�j�Z�p�b�y�o 10 �i�]���f�d�e, 
100 �i�]/�f�d�] �b�������f�d�]/�f�d�e �i�j�Z�d�l�b�q�_�k�d�b���g�_���b�a�f�_�g�y�e�h���\�_�e�b�q�b�g�m �l�h�d�Z. �K�b�]�g�Z�e���h�l���g�_�k�i�_�p�b�n�b�q�_�k�d�h�]�h��
�\�a�Z�b�f�h�^�_�c�k�l�\�b�y���j�������k���Z�g�l�b�l�_�e�Z�f�b���\���j�Z�c�h�g�_���r�m�f�Z. �L�Z�d�b�f���h�[�j�Z�a�h�f�����f�h�`�g�h���d�h�g�k�l�Z�l�b�j�h�\�Z�l�v�����q�l�h��
�g�Z���i�h�\�_�j�o�g�h�k�l�b���[�b�h�k�_�g�k�h�j�Z���i�j�h�b�k�o�h�^�b�l���k�i�_�p�b�n�b�q�_�k�d�h�_���k�\�y�a�u�\�Z�g�b�_���Z�g�l�b�l�_�e���k WEF. 
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�J�_�a�m�e�v�l�Z�l�u���� �i�h�e�m�q�_�g�g�u�_�� �\�� �j�Z�[�h�l�_���� �i�h�d�Z�a�Z�e�b���� �q�l�h�� �f�_�l�h�^ �g�Z�� �h�k�g�h�\�_�� �j�Z�a�j�Z�[�h�l�Z�g�g�h�]�h��

�[�b�h�k�_�g�k�h�j�Z���y�\�e�y�_�l�k�y���i�_�j�k�i�_�d�l�b�\�g�u�f���^�e�y���^�_�l�_�d�p�b�b���]�e�b�d�h�i�j�h�l�_�b�g�Z���?���\�b�j�m�k�Z���A�Z�i�Z�^�g�h�]�h���G�b�e�Z���\��
�^�b�Z�i�Z�a�h�g�_���d�h�g�p�_�g�l�j�Z�p�b�c���������i�]���f�d�e�±�������g�]���f�d�e. 
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Abstract. The aim of the work is to assess the prevalence of hepatitis B virus mutations in patients in 
the Siberian region. Blood plasma samples obtained from 701 patients from Novosibirsk region, 
Republics of Gorny Altai and Yakutia. Nucleotide sequences for genotype identification and mutation 
detection were obtained using NGS. In the examined group, the viral subgenotype D2 was the most 
prevalent (34,5 %) compared with subgenotypes D3 (30,9 %), D1 (27,3 %), A2 (7,3 %). 
Escape- mutations were found in 38,18 % of HBV isolates in the studied samples, of which A128V is 
the most common. Among the examined HBV variants, drug resistance mutations were not detected. 
Mutations of the Core-region and the X gene were found in all HBV isolates, which serves as a 
prognostic marker of disease progression. The high prevalence of immune escape and mutations of 
the Core-region and the X gene potentially associated with false-negative result of HBsAg screening, 
prophylaxis failure, and disease progression imposes a serious problem. 
Keywords: hepatitis B virus, mutation, genotype, HBV- infection. 

 
�<�\�_�^�_�g�b�_ 
�B�g�n�_�d�p�b�y���� �\�u�a�\�Z�g�g�Z�y �\�b�j�m�k�h�f�� �]�_�i�Z�l�b�l�Z�� �< ���<�=�<������ �y�\�e�y�_�l�k�y�� �k�_�j�v�_�a�g�h�c�� �i�j�h�[�e�_�f�h�c��

�a�^�j�Z�\�h�h�o�j�Z�g�_�g�b�y�� �\�h�� �\�k�_�f�� �f�b�j�_ [1]. �<�k�e�_�^�k�l�\�b�_�� �h�k�h�[�_�g�g�h�k�l�_�c�� �j�_�i�e�b�d�Z�p�b�b�� �\�b�j�m�k�Z���� �^�e�y�� �<�=�<��
�o�Z�j�Z�d�l�_�j�_�g �\�u�k�h�d�b�c���m�j�h�\�_�g�v���f�m�l�Z�p�b�c, �q�l�h���i�j�b�\�h�^�b�l���d���\�h�a�g�b�d�g�h�\�_�g�b�x���d�e�b�g�b�q�_�k�d�b���a�g�Z�q�b�f�u�o 
�f�m�l�Z�p�b�c �\�h���\�k�_�o���]�_�g�Z�o��(preS1/preS2/S, preCore/Core�����3���b���O) [1]. �L�h�q�_�q�g�u�_���f�m�l�Z�p�b�b���b���^�_�e�_�p�b�b 
S-�]�_�g�Z���f�h�]�m�l�� �i�j�b�\�h�^�b�l�v�� �d���a�Z�l�j�m�^�g�_�g�b�x �^�b�Z�]�g�h�k�l�b�d�b�� �<�=�<-�b�g�n�_�d�p�b�b �b �b�g�n�b�p�b�j�h�\�Z�g�b�x 
�\�Z�d�p�b�g�b�j�h�\�Z�g�g�h�]�h���g�Z�k�_�e�_�g�b�y [2]. �:�f�b�g�h�d�b�k�e�h�l�g�u�_���a�Z�f�_�g�u���\���[�_�e�d�_���i�h�e�b�f�_�j�Z�a�u�����]�_�g���J�����f�h�]�m�l��
�\�u�a�u�\�Z�l�v���i�j�y�f�m�x �m�k�l�h�c�q�b�\�h�k�l�v���d���i�j�h�l�b�\�h�\�b�j�m�k�g�h�c���l�_�j�Z�i�b�b�����g�Z�i�j�b�f�_�j�����l�Z�d�b�f�b���i�j�_�i�Z�j�Z�l�Z�f�b��
�d�Z�d�� �:�^�_�n�h�\�b�j���� �W�g�l�_�d�Z�\�b�j�� �b�� �^�j���� [3]. �=�_�g�� �&�R�U�H �d�h�^�b�j�m�_�l�� �[�_�e�h�d �g�m�d�e�_�h�d�Z�i�k�b�^�Z�� ���+�%�F�$�J���� �b�� 
e-�Z�g�l�b�]�_�g�� ���+�%�H�$�J������ �F�m�l�Z�p�b�b�� �\�� �w�l�b�o�� �m�q�Z�k�l�d�Z�o�� �\�� �h�k�g�h�\�g�h�f�� �\�u�a�u�\�Z�x�l�� �o�h�j�h�r�h�� �b�a�\�_�k�l�g�u�c��
HBeAg-�g�_�]�Z�l�b�\�g�u�c�� �]�_�i�Z�l�b�l, �Z�� �l�Z�d�`�_ �j�y�^�� �f�m�l�Z�p�b�c�� �&�R�U�H-�h�[�e�Z�k�l�b�� �k�\�y�a�Z�g�� �k�� �[�h�e�_�_�� �l�y�`�_�e�u�f��
�l�_�q�_�g�b�_�f���]�_�i�Z�l�b�l�Z [4]. �J�y�^�� �f�m�l�Z�p�b�c�� �O-�]�_�g�Z �b�� �Z�f�b�g�h�d�b�k�e�h�l�g�u�o�� �a�Z�f�_�g��L-HBsAg ���=�_�g��S) 
�k�\�y�a�u�\�Z�x�l���k���j�Z�a�\�b�l�b�_�f  �=�P�D [4]. 

�P�_�e�v�x�� �j�Z�[�h�l�u�� �y�\�e�y�_�l�k�y�� �Z�g�Z�e�b�a�� �j�Z�k�i�j�h�k�l�j�Z�g�_�g�g�h�k�l�b�� �d�e�b�g�b�q�_�k�d�b�� �a�g�Z�q�b�f�u�o�� �f�m�l�Z�p�b�c��
�k�j�_�^�b�� �]�_�g�_�l�b�q�_�k�d�b�o�� �\�Z�j�b�Z�g�l�h�\�� �<�=�<�����p�b�j�d�m�e�b�j�m�x�s�b�o�� �g�Z�� �l�_�j�j�b�l�h�j�b�b�� �K�b�[�b�j�k�d�h�]�h�� �j�_�]�b�h�g�Z��
���G�h�\�h�k�b�[�b�j�k�d�Z�y���h�[�e�Z�k�l�v�����J�_�k�i�m�[�e�b�d�b���=�h�j�g�u�c���:�e�l�Z�c���b���Y�d�m�l�b�y���� 

 
�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y���q�Z�k�l�v 
�K�d�j�b�g�b�g�]�� �b�k�k�e�_�^�m�_�f�u�o�� �k�u�\�h�j�h�l�h�d���� �i�h�e�m�q�_�g�g�u�o�� �h�l�� �i�Z�p�b�_�g�l�h�\�� �G�h�\�h�k�b�[�b�j�k�d�h�c�� �h�[�e�Z�k�l�b��

���������� �h�[�j�Z�a�p�Z������ �Z�� �l�Z�d�`�_�� �J�_�k�i�m�[�e�b�d�� �=�h�j�g�u�c�� �:�e�l�Z�y������������ �h�[�j�Z�a�p�Z���� �b�� �Y�d�m�l�b�y�� �������� �h�[�j�Z�a�p�h�\�� �g�Z��
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�g�Z�e�b�q�b�_���]�_�g�_�l�b�q�_�k�d�h�]�h���f�Z�l�_�j�b�Z�e�Z���<�=�<���i�j�h�\�h�^�b�e�k�y���f�_�l�h�^�h�f���I�P�J-�J�< �k���b�k�i�h�e�v�a�h�\�Z�g�b�_�f���g�Z�[�h�j�Z��
�j�_�Z�]�_�g�l�h�\���©�:�f�i�e�b�K�_�g�k��HBV-FL�ª�����I�h�e�h�`�b�l�_�e�v�g�u�_�� �h�[�j�Z�a�p�u (55) �h�l�[�b�j�Z�e�b�� �^�e�y�� �^�Z�e�v�g�_�c�r�_�]�h��
�h�i�j�_�^�_�e�_�g�b�y�� �i�h�e�g�h�]�_�g�h�f�g�u�o�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�_�c�� �<�=�<�� �f�_�l�h�^�h�f�� �\�u�k�h�d�h�i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�]�h��
�k�_�d�\�_�g�b�j�h�\�Z�g�b�y���g�Z���i�e�Z�l�n�h�j�f�_�� �,�O�O�X�P�L�Q�D�0�L�6�H�T�� �i�m�l�_�f�� �l�Z�j�]�_�l�g�h�]�h���h�[�h�]�Z�s�_�g�b�y���j�Z�a�j�Z�[�h�l�Z�g�g�u�f�b��
�g�Z�f�b���h�e�b�]�h�g�m�d�e�_�h�l�b�^�g�u�f�b���i�j�Z�c�f�_�j�Z�f�b�����i�_�j�_�d�j�u�\�Z�x�s�b�f�b���i�h�e�g�u�c���]�_�g�h�f���<�=�<�����B�k�k�e�_�^�h�\�Z�g�b�_��
�i�j�h�\�h�^�b�e�h�k�v�� �i�j�b�� �^�h�[�j�h�\�h�e�v�g�h�f�� �b�g�n�h�j�f�b�j�h�\�Z�g�g�h�f�� �k�h�]�e�Z�k�b�b�� �i�Z�p�b�_�g�l�h�\���� �I�j�h�l�h�d�h�e��
�b�k�k�e�_�^�h�\�Z�g�b�y�� �h�^�h�[�j�_�g�� �j�_�r�_�g�b�_�f�� �w�l�b�q�_�k�d�h�]�h�� �d�h�f�b�l�_�l�Z�� �N�;�M�G�� �=�G�P�� �<�;�� �©�<�_�d�l�h�j�ª��
�J�h�k�i�h�l�j�_�[�g�Z�^�a�h�j�Z�����i�j�h�l�h�d�h�e���‹�������h�l������������������������. 

�=�_�g�h�l�b�i�u �b���k�m�[�]�_�g�h�l�b�i�u���\�u�y�\�e�_�g�g�u�o���]�_�g�_�l�b�q�_�k�d�b�o���\�Z�j�b�Z�g�l�h�\���<�=�<���[�u�e�b �h�i�j�_�^�_�e�_�g�u �k 
�i�h�f�h�s�v�x �f�_�l�h�^�h�\�� �n�b�e�h�]�_�g�_�l�b�q�_�k�d�h�]�h���Z�g�Z�e�b�a�Z���� �H�i�j�_�^�_�e�_�g�b�_�� �k�_�j�h�l�b�i�h�\�� �i�j�h�\�h�^�b�e�h�k�v�� �g�Z��
�h�k�g�h�\�_�� �Z�g�Z�e�b�a�Z�� �\�u�\�_�^�_�g�g�h�c�� �Z�f�b�g�h�d�b�k�e�h�l�g�h�c�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b��HBsAg �i�h�e�h�`�_�g�b�y�o�� ����������
�����������������������������b�������� [1]. �;�u�e���i�j�h�\�_�^�_�g���h�[�r�b�j�g�u�c���Z�g�Z�e�b�a���e�b�l�_�j�Z�l�m�j�u�����i�h�k�\�y�s�_�g�g�h�c���d�e�b�g�b�q�_�k�d�b��
�a�g�Z�q�b�f�u�f���f�m�l�Z�p�b�y�f���<�=�<�����i�h���b�l�h�]�Z�f���d�h�l�h�j�h�]�h���[�u�e���k�h�k�l�Z�\�e�_�g���k�i�b�k�h�d���f�m�l�Z�p�b�c���e�_�d�Z�j�k�l�\�_�g�g�h�c��
�j�_�a�b�k�l�_�g�l�g�h�k�l�b���� �f�m�l�Z�p�b�c�� �m�k�d�h�e�v�a�Z�g�b�y�� �h�l�� �b�f�f�m�g�b�l�_�l�Z �b�� �f�m�l�Z�p�b�c���� �k�\�y�a�Z�g�g�u�o�� �k�� �=�P�D���� �\ 
�k�h�h�l�\�_�l�k�l�\�b�_���d�h�l�h�j�u�f �i�h�e�g�h�]�_�g�h�f�g�u�_���i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b���[�u�e�b���i�j�h�Z�g�Z�e�b�a�b�j�h�\�Z�g�u.  

 
�J�_�a�m�e�v�l�Z�l�u 
�J�Z�k�i�j�h�k�l�j�Z�g�_�g�g�h�k�l�v �]�_�g�h�l�b�i�h�\ �b �k�_�j�h�l�b�i�h�\. �H�[�g�Z�j�m�`�_�g�h�����q�l�h���i�j�_�h�[�e�Z�^�Z�x�s�b�f �k�j�_�^�b��

�\�u�y�\�e�_�g�g�u�o�� �b�a�h�e�y�l�h�\ �]�_�g�h�l�b�i�h�f �y�\�e�y�_�l�k�y D ���j�b�k���� ��, �[������ �i�j�b�� �w�l�h�f�� �j�Z�k�i�j�_�^�_�e�_�g�b�_�� �i�h��
�k�m�[�]�_�g�h�l�b�i�Z�f���k�e�_�^�m�x�s�b�_: D2 �± 34,5 % (19/55; 95 �����>�B�����������±47,7), D3 �± 30,9 % (17/55; 95 % 
�>�B�����������±44,0), D1 �± 27,3 % (15/55, 95 �����>�B�����������±4�������������:�� �± 7,3 % (4/55; 95 �����>�B���������±17,2). 
(�j�b�k����1, �[���� �J�Z�k�i�j�_�^�_�e�_�g�b�_�� �]�_�g�h�l�b�i�h�\�� �b�� �k�m�[�]�_�g�h�l�b�i�h�\�� �<�=�<�� �\�� �b�k�k�e�_�^�m�_�f�h�c�� �\�u�[�h�j�d�_��
�k�h�h�l�\�_�l�k�l�\�m�_�l���^�Z�g�g�u�f���i�h���k�l�j�Z�g�_ [5]. 

 
�J�b�k������. �=�_�g�h�l�b�i�b�j�h�\�Z�g�b�_���i�h�e�m�q�_�g�g�u�o���b�a�h�e�y�l�h�\ �<�=�<�����Z�������:�g�Z�e�b�a���h�[�s�_�c���j�Z�k�i�j�h�k�l�j�Z�g�z�g�g�h�k�l�b���]�_�g�h�l�b�i�h�\�����[����

�b �k�_�j�h�l�b�i�h�\�����\�������p�b�j�d�m�e�b�j�m�x�s�b�o���g�Z���l�_�j�j�b�l�h�j�b�b���K�b�[�b�j�b 
 

�:�g�Z�e�b�a �k�_�j�h�l�b�i�h�\ �i�h�d�Z�a�Z�e���� �q�l�h �g�Z�b�[�h�e�_�_ �j�Z�k�i�j�h�k�l�j�Z�g�z�g�g�u�f �k�_�j�h�l�b�i�h�f �y�\�e�y�_�l�k�y ayw 
(ayw1, ayw2 �b ayw3) �± 87,3 % (48/55, 95 �����>�B�������������±93,7). �J�Z�k�i�j�h�k�l�j�Z�g�z�g�g�h�k�l�v �k�_�j�h�l�b�i�h�\ adw 
���D�G�Z������ �b ayr �k�h�k�l�Z�\�e�y�_�l 7,3 % (4/55, 95 ���� �>�B���� �������±������������ �b�� �������� �� (1/55, 95 ���� �>�B���� �������±9,6) 
�k�h�h�l�\�_�l�k�l�\�_�g�g�h�� �>�e�y�� �^�\�m�o�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�_�c�� �h�i�j�_�^�_�e�b�l�v�� ���� �Z�g�l�b�]�_�g�g�m�x�� �^�_�l�_�j�f�b�g�Z�g�l�m��
�h�d�Z�a�Z�e�h�k�v�� �a�Z�l�j�m�^�g�b�l�_�e�v�g�h�� �\�k�e�_�^�k�l�\�b�_�� �f�m�l�Z�p�b�c�� �\�� �������� �i�h�e�h�`�_�g�b�b�� ���k�_�j�h�l�b�i�� �D�\���"�������� �I�j�b�� �w�l�h�f��
�g�Z�[�e�x�^�Z�e�h�k�v���k�h�h�l�\�_�l�k�l�\�b�_���k�_�j�h�l�b�i�h�\���]�_�g�h�l�b�i�Z�f ���j�b�k������, �\�������]�_�g�h�l�b�i�m���:���k�h�h�l�\�_�l�k�l�\�m�_�l���k�_�j�h�l�b�i��
�D�G�Z�� ���D�G�Z�������� �]�_�g�h�l�b�i�m�� �'���± �k�_�j�h�l�b�i�� �D�\�Z�� ���D�\�Z���� ayw2 �b ayw3). �W�l�b �j�_�a�m�e�v�l�Z�l�u �m�[�_�^�b�l�_�e�v�g�h 
�k�\�b�^�_�l�_�e�v�k�l�\�m�x�l �h �l�h�f�����q�l�h �k�m�s�_�k�l�\�m�_�l �a�g�Z�q�b�l�_�e�v�g�Z�y �\�a�Z�b�f�h�k�\�y�a�v �f�_�`�^�m �]�_�g�h�l�b�i�Z�f�b �<�=�< �b 
�k�_�j�h�l�b�i�Z�f�b���i�h�e�m�q�_�g�g�u�o���b�a�h�e�y�l�h�\�����q�l�h���l�Z�d�`�_���k�h�]�e�Z�k�m�_�l�k�y���k���e�b�l�_�j�Z�l�m�j�g�u�f�b���^�Z�g�g�u�f�b��[5]. 

�:�g�Z�e�b�a�� �f�m�l�Z�p�b�c�� �+�%�V�$�J. �<�� �d�Z�`�^�h�c�� �b�a�� ������ �i�h�e�g�h�]�_�g�h�f�g�u�o�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�_�c�� �[�u�e�Z��
�h�[�g�Z�j�m�`�_�g�Z�� �o�h�l�y�� �[�u�� �h�^�g�Z�� �f�m�l�Z�p�b�y�� �+�%�V�$�J�����?scape- �f�m�l�Z�p�b�b���� �h�[�g�Z�j�m�`�_�g�u�� �\�� ���������� % 
�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�_�c�� ���������������� ���� ���� �>�B���� ���������±�������������� �i�j�b�� �w�l�h�f�� �f�m�l�Z�p�b�b���� �a�Z�l�j�Z�]�b�\�Z�x�s�b�_�� 
�Z-�^�_�l�_�j�f�b�g�Z�g�l�m�� ���Z�f�b�g�h�d�b�k�e�h�l�u�� �������±������������ �[�u�e�b�� �h�[�g�Z�j�m�`�_�g�u�� �\�� �������� ���� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�_�c 
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(14/55, 95 �����>�B�������������±38,3). �D�j�h�f�_���l�h�]�h �[�u�e�b���h�[�g�Z�j�m�`�_�g�u���f�m�l�Z�p�b�b���\���i�h�e�h�`�_�g�b�y�o������������������������������
���h�i�b�k�Z�g�g�u�_���d�Z�d���f�m�l�Z�p�b�b���m�k�d�h�e�v�a�Z�g�b�y�����������������f�m�l�Z�p�b�b�����\�u�a�u�\�Z�x�s�b�_���j�_�a�d�h�_���k�g�b�`�_�g�b�_���j�_�i�e�b�d�Z�p�b�b��
�b���k�_�d�j�_�p�b�b���\�b�j�b�h�g�h�\�������Z���l�Z�d�`�_���������������������b�������������f�m�l�Z�p�b�b�����b�a�f�_�g�y�x�s�b�_���Z�g�l�b�]�_�g�g�h�k�l�v���[�_�e�d�Z���b���_�]�h��
�j�Z�k�i�h�a�g�Z�\�Z�g�b�_���Z�g�l�b�l�_�e�Z�f�b�������G�Z�b�[�h�e�_�_���j�Z�k�i�j�h�k�l�j�Z�g�z�g�g�h�c���k�j�_�^�b���\�u�y�\�e�_�g�g�u�o���b�a�h�e�y�l�h�\���f�m�l�Z�p�b�_�c��
�+�%�V�$�J�����m�k�l�h�c�q�b�\�u�f���d���\�Z�d�p�b�g�_�����y�\�e�y�_�l�k�y���:�������9�� 

�:�g�Z�e�b�a �f�m�l�Z�p�b�c �m�k�l�h�c�q�b�\�h�k�l�b �d �i�j�h�l�b�\�h�\�b�j�m�k�g�u�f �i�j�_�i�Z�j�Z�l�Z�f. �F�m�l�Z�p�b�c��
�e�_�d�Z�j�k�l�\�_�g�g�h�c���j�_�a�b�k�l�_�g�l�g�h�k�l�b �g�_���h�[�g�Z�j�m�`�_�g�h���� 

�:�g�Z�e�b�a �f�m�l�Z�p�b�c�����k�\�y�a�Z�g�g�u�o���k���i�j�h�]�j�_�k�k�b�j�h�\�Z�g�b�_�f���a�Z�[�h�e�_�\�Z�g�b�y�����=�P�D�����P�I��. �F�m�l�Z�p�b�b��
�]�_�g�Z���K���b���O�����k�\�y�a�Z�g�g�u�_���k���i�j�h�]�j�_�k�k�b�j�h�\�Z�g�b�_�f���a�Z�[�h�e�_�\�Z�g�b�y���h�[�g�Z�j�m�`�_�g�u���\�h���\�k�_�o���Z�g�Z�e�b�a�b�j�m�_�f�u�o��
�\�Z�j�b�Z�g�l�Z�o���<�=�<�����\���l�h���\�j�_�f�y���d�Z�d���f�m�l�Z�p�b�c���/-�+�%�V�$�J���g�_���h�[�g�Z�j�m�`�_�g�u���� 

�F�m�l�Z�p�b�b���<�K�J�������������L���*���������:�����h�[�g�Z�j�m�`�_�g�u���\���������������i�h�e�g�h�]�_�g�h�f�g�u�o���i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�y�o��
�<�=�<���� �K�j�_�^�b�� �f�m�l�Z�p�b�c�� �3�U�H�&�R�U�H�� �g�Z�b�[�h�e�_�_�� �j�Z�k�i�j�h�k�l�j�Z�g�_�g�g�h�c�� �y�\�e�y�_�l�k�y�� �$���������*�� ������������������ �d�h�l�h�j�Z�y��
�[�e�h�d�b�j�m�_�l�� �k�b�g�l�_�a HBeAg �g�Z�� �m�j�h�\�g�_�� �l�j�Z�g�k�e�y�p�b�b���� �D�� �^�j�m�]�b�f�� �h�[�g�Z�j�m�`�_�g�g�u�f�� �f�m�l�Z�p�b�y�f�� �3�U�H�&�R�U�H��
�h�l�g�h�k�b�l�k�y�� �+���'�� �������������� �b�� �*�����'�� ������������������ �H�[�g�Z�j�m�`�_�g�g�u�_�� �f�m�l�Z�p�b�b�� �&�R�U�H�����k�\�y�a�Z�g�g�u�_�� �k��
�i�j�h�]�j�_�k�k�b�j�h�\�Z�g�b�_�f���]�_�i�Z�l�b�l�Z���<�����)�����<�������������������(�����' (5/55), E77Q (6/55), A80I/T/V (16/55), E83D 
������������������ �k�� �^�h�i�h�e�g�b�l�_�e�v�g�h�c�� �d�e�b�g�b�q�_�k�d�h�c�� �a�g�Z�q�b�f�h�k�l�v�x�� �m�k�d�h�e�v�a�Z�g�b�y�� �h�l�� �b�f�f�m�g�b�l�_�l�Z���� �/�������,���9���*��
(47/55), E113Q (7/55), T114P/V (2/55), A131P (7/55).  

�K�j�_�^�b�� �f�m�l�Z�p�b�c �]�_�g�Z�� �O���g�Z�b�[�h�e�_�_�� �j�Z�k�i�j�h�k�l�j�Z�g�_�g�g�u�f�b�� �y�\�e�y�x�l�k�y �l�j�h�c�g�Z�y�� �f�m�l�Z�p�b�y��
V5M/L+K130M+V131I (29,1 �����i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�_�c���<�=�<���������������������� �����>�B�����������±42,1)�����b H94Y 
(14,5 �����i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�_�c�������������������� �����>�B�����������±26,1)). 

 
�A�Z�d�e�x�q�_�g�b�_ 
�L�Z�d�b�f���h�[�j�Z�a�h�f�����k�m�s�_�k�l�\�m�_�l���k�b�e�v�g�Z�y���d�h�j�j�_�e�y�p�b�y���f�_�`�^�m���]�_�g�h�l�b�i�h�f���<�=�<���b���k�_�j�h�l�b�i�h�f�����i�j�b��

�w�l�h�f�� �j�Z�k�i�j�h�k�l�j�Z�g�z�g�g�h�k�l�v���k�m�[�]�_�g�h�l�b�i�h�\�� �'������ �'������ �'���� �b���$�� �\�� �b�k�k�e�_�^�m�_�f�u�o���\�u�[�h�j�d�Z�o���k�h�k�l�Z�\�e�y�_�l��
�����������������������������������b�������� ���� �k�h�h�l�\�_�l�k�l�\�_�g�g�h�� �=�_�g�h�l�b�i�u���$���b���'���k�h�h�l�\�_�l�k�l�\�m�x�l���k�_�j�h�l�b�i�Z�f���D�G�Z���b���D�\�Z 
�k�h�h�l�\�_�l�k�l�\�_�g�g�h�� �F�m�l�Z�p�b�b�����b�f�f�m�g�g�h�]�h���m�k�d�h�e�v�a�Z�g�b�y���[�u�e�b���h�[�g�Z�j�m�`�_�g�u���\�h������������ �����b�a�h�e�y�l�h�\���<�=�<��
�\�� �b�k�k�e�_�^�m�_�f�u�o�� �\�u�[�h�j�d�Z�o���� �b�a�� �d�h�l�h�j�u�o�� �g�Z�b�[�h�e�_�_�� �j�Z�k�i�j�h�k�l�j�Z�g�_�g�g�h�c�� �y�\�e�y�_�l�k�y��A128V���� �F�m�l�Z�p�b�b��
�e�_�d�Z�j�k�l�\�_�g�g�h�c���j�_�a�b�k�l�_�g�l�g�h�k�l�b���g�_���h�[�g�Z�j�m�`�_�g�u�����F�m�l�Z�p�b�b���K�R�U�H-�h�[�e�Z�k�l�b���b���]�_�g�Z���O���h�[�g�Z�j�m�`�_�g�u���\�h��
�\�k�_�o���b�a�h�e�y�l�Z�o���<�=�<�����q�l�h���k�e�m�`�b�l���i�j�h�]�g�h�k�l�b�q�_�k�d�b�f���f�Z�j�d�_�j�h�f���i�j�h�]�j�_�k�k�b�j�h�\�Z�g�b�y���a�Z�[�h�e�_�\�Z�g�b�y���� 

�I�h�e�m�q�_�g�g�u�_�� �\�� �o�h�^�_�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �j�_�a�m�e�v�l�Z�l�u�� �j�Z�k�r�b�j�y�x�l�� �\�h�a�f�h�`�g�h�k�l�b�� �d�h�g�l�j�h�e�y��
�\�b�j�m�k�g�u�o�� �]�_�i�Z�l�b�l�h�\���� �i�h�k�d�h�e�v�d�m�� �f�h�]�m�l�� �[�u�l�v�� �h�k�g�h�\�h�c�� �^�e�y�� �i�_�j�k�h�g�Z�e�b�a�b�j�h�\�Z�g�g�h�]�h�� �i�h�^�o�h�^�Z�� �\��
�l�_�j�Z�i�b�b���<�=�<- �b�g�n�_�d�p�b�b���� �D�j�h�f�_�� �w�l�h�]�h���� �\�u�y�\�e�_�g�b�_�� �j�Z�k�i�j�h�k�l�j�Z�g�_�g�g�h�k�l�b�� �f�m�l�Z�p�b�c�� �\�Z�d�p�b�g�g�h�]�h��
�m�k�d�h�e�v�a�Z�g�b�y �y�\�e�y�_�l�k�y���h�k�g�h�\�h�c���^�e�y���i�h�g�b�f�Z�g�b�y���w�n�n�_�d�l�b�\�g�h�k�l�b���i�j�_�\�_�g�l�b�\�g�u�o���f�_�j���\���h�l�g�h�r�_�g�b�b��
�<�=�<- �b�g�n�_�d�p�b�b���b���b�o���k�\�h�_�\�j�_�f�_�g�g�h�c���d�h�j�j�_�d�l�b�j�h�\�d�b�� 
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Abstract. In this study, we used 3D printing by fused deposition modeling (FDM) to print matrices 
with varying degrees of occupancy from 95 % to 99 % and evaluated the adhesion and proliferation 
of fibroblast and endotheliocyte cells on the surface of polylactide matrices. The microstructure and 
porosity of the obtained scaffolds are shown by scanning electron microscopy. Cytotoxicity 
assessment was performed in vitro on a culture of human fibroblasts of the FRSN-1 line and 
endotheliocytes of the EA.hy926 line. 
Key words: polylactide, matrix, fibroblasts, endothelial cells. 
 

�<�\�_�^�_�g�b�_ 
�B�g�`�_�g�_�j�b�y�� �d�h�k�l�g�h�c�� �l�d�Z�g�b�� �i�j�_�^�k�l�Z�\�e�y�_�l�� �k�h�[�h�c�� �[�u�k�l�j�h�� �j�Z�a�\�b�\�Z�x�s�m�x�k�y�� �h�[�e�Z�k�l�v����

�g�Z�i�j�Z�\�e�_�g�g�m�x���g�Z���\�h�k�k�l�Z�g�h�\�e�_�g�b�_���b���b�e�b���a�Z�f�_�g�m���i�h�\�j�_�`�^�_�g�g�u�o���b�e�b���m�l�j�Z�q�_�g�g�u�o���l�d�Z�g�_�c�����H�^�g�b�f��
�b�a���d�e�x�q�_�\�u�o���h�[�t�_�d�l�h�\���b�k�k�e�_�^�h�\�Z�g�b�y���\���w�l�h�c���h�[�e�Z�k�l�b���y�\�e�y�x�l�k�y���i�h�e�b�f�_�j�g�u�_���f�Z�l�j�b�d�k�u�����d�h�l�h�j�u�_��
�k�e�m�`�Z�l���d�Z�j�d�Z�k�h�f���^�e�y���j�h�k�l�Z���d�e�_�l�h�d���b���i�h�^�^�_�j�`�b�\�Z�x�l���n�h�j�f�b�j�h�\�Z�g�b�_���d�h�k�l�g�h�c �l�d�Z�g�b de novo [1]. 
�>�e�y�� �i�h�e�m�q�_�g�b�y�� �l�Z�d�b�o�� �f�Z�l�j�b�d�k�h�\�� �b�k�i�h�e�v�a�m�x�l�� �[�b�h�j�Z�a�e�Z�]�Z�_�f�u�_�� �i�h�e�b�f�_�j�u�����d�h�l�h�j�u�_�� �f�h�`�g�h��
�i�_�j�_�j�Z�[�Z�l�u�\�Z�l�v�� �j�Z�a�e�b�q�g�u�f�b�� �f�_�l�h�^�Z�f�b���� �\�� �l�h�f�� �q�b�k�e�_�����>-�i�_�q�Z�l�v�x. �I�_�q�Z�l�v�� �i�h�e�b�f�_�j�Z�f�b��
�i�j�_�^�e�Z�]�Z�_�l �f�g�h�`�_�k�l�\�h���i�j�_�b�f�m�s�_�k�l�\���^�e�y���k�h�a�^�Z�g�b�y���b�f�i�e�Z�g�l�Z�l�h�\ ���\�u�[�h�j �j�Z�a�f�_�j�Z���i�h�j�����l�h�q�g�h�k�l�v����
�f�h�^�_�e�b�j�h�\�Z�g�b�_���� �b �d�h�g�k�l�j�m�d�p�b�c�� �^�e�y�� �j�_�]�_�g�_�j�Z�p�b�b�� �l�d�Z�g�_�c [3]. �I�h�e�b�e�Z�d�l�b�^�� ���I�E) �± �w�l�h�� �h�^�b�g�� �b�a��
�g�Z�b�[�h�e�_�_�� �i�h�i�m�e�y�j�g�u�o �l�_�j�f�h�i�e�Z�k�l�h�\���� �b�k�i�h�e�v�a�m�_�f�u�o�� �\�� ���>-�i�_�q�Z�l�b���� �h�k�h�[�_�g�g�h�� �\�� �h�[�e�Z�k�l�b��
�Z�^�^�b�l�b�\�g�u�o�� �l�_�o�g�h�e�h�]�b�c���� �l�Z�d�b�o�� �d�Z�d�� �)�'�0�� ���f�_�l�h�^�� �i�h�k�e�h�c�g�h�]�h�� �g�Z�i�e�Z�\�e�_�g�b�y������ �>�e�y�� �d�h�k�l�g�h�c��
�b�g�`�_�g�_�j�b�b�� �I�E �b�� �_�]�h���k�h�i�h�e�b�f�_�j�u �b�f�_�x�l�� �j�y�^�� �\�Z�`�g�u�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d���� �[�b�h�k�h�\�f�_�k�l�b�f�h�k�l�v����
�h�l�k�m�l�k�l�\�b�_�� �\�h�k�i�Z�e�b�l�_�e�v�g�u�o�� �j�_�Z�d�p�b�c�� �h�j�]�Z�g�b�a�f�Z�� �i�h�k�e�_�� �b�f�i�e�Z�g�l�Z�p�b�b���� �m�^�h�\�e�_�l�\�h�j�b�l�_�e�v�g�u�_��
�f�_�o�Z�g�b�q�_�k�d�b�_���k�\�h�c�k�l�\�Z���>2]. 

�P�_�e�v���± �b�k�k�e�_�^�h�\�Z�g�b�_���\�e�b�y�g�b�y �k�l�_�i�_�g�b���a�Z�i�h�e�g�_�g�g�h�k�l�b�����>���f�Z�l�j�b�d�k�h�\���b�a �i�h�e�b�e�Z�d�l�b�^�Z �g�Z��
�Z�^�]�_�a�b�x���d�e�_�l�h�q�g�u�o���d�m�e�v�l�m�j �n�b�[�j�h�[�e�Z�k�l�h�\���b���w�g�^�h�l�_�e�b�h�p�b�l�h�\�� 

 
�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y���q�Z�k�l�v 
�>�e�y�� ���>-�i�_�q�Z�l�b�� �f�Z�l�j�b�d�k�h�\�� �[�u�e�� �b�k�i�h�e�v�a�h�\�Z�g���n�b�e�Z�f�_�g�l�� �i�h�e�b�e�Z�d�l�b�^�Z�� �^�b�Z�f�_�l�j�h�f�� ���������� �f�f��

�f�Z�j�d�b��Kingroon�����F�Z�l�j�b�d�k�u���k �j�Z�a�g�h�c���k�l�_�i�_�g�v�x���a�Z�i�h�e�g�_�g�g�h�k�l�b (95 %, 96 %, 97 %, 98 �����b������ %) 
�[�u�e�b�� �i�h�e�m�q�_�g�u���g�Z�� ���>�� �i�j�b�g�l�_�j�_��GHOST ���� �k�� �i�h�f�h�s�v�x�� �i�j�h�]�j�Z�f�f�g�h�]�h�� �h�[�_�k�i�_�q�_�g�b�y�� 
|Repetier-Host, FDM���� �>�e�y�� �h�p�_�g�d�b�� �h�[�t�_�f�g�h�c�� �f�b�d�j�h�k�l�j�m�d�l�m�j�u���b�� �i�h�j�b�k�l�h�k�l�b�����i�h�e�m�q�_�g�g�u�o��
�f�Z�l�j�b�d�k�h�\ �b�k�i�h�e�v�a�h�\�Z�e�b�� �w�e�_�d�l�j�h�g�g�u�c�� �f�b�d�j�h�k�d�h�i�� ���L�F�� ���������� �©Hitachi�ª���� �Y�i�h�g�b�y��. �A�Z�l�_�f�� �g�Z 
�f�Z�l�j�b�d�k�Z�o�� �\�� �l�_�q�_�g�b�_�� ���� �k�m�l�h�d�� �d�m�e�v�l�b�\�b�j�h�\�Z�e�b�� �^�\�Z�� �\�b�^�Z�� �d�e�_�l�h�d���� �n�b�[�j�h�[�e�Z�k�l�u�� �q�_�e�h�\�_�d�Z�� �e�b�g�b�b��
FRSN-�����b���w�g�^�h�l�_�e�b�h�p�b�l�u���e�b�g�b�b���(�$���K�\���������^�e�y���h�p�_�g�d�b���p�b�l�h�l�h�d�k�b�q�g�h�k�l�b���� 

�D�e�_�l�d�b���j�Z�k�k�_�\�Z�e�b���g�Z���f�Z�l�j�b�d�k�Z�o�����i�h���������l���d�e�����e�m�g�d�m�����\���d�Z�q�_�k�l�\�_���d�h�g�l�j�h�e�y���± �d�m�e�v�l�m�j�Z�e�v�g�u�c��
�i�e�Z�k�l�b�d�����i�m�k�l�u�_���e�m�g�d�b���i�e�Z�g�r�_�l�Z�����D�e�_�l�d�b���b�g�d�m�[�b�j�h�\�Z�e�b���\���K�H��-�b�g�d�m�[�Z�l�h�j�_�����\���� �����Z�l�f�h�k�n�_�j�_��
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�K�H������ �i�j�b�� ������ �h�K���� �\�� �i�b�l�Z�l�_�e�v�g�h�c�� �k�j�_�^�_��DMEM �k�� �^�h�[�Z�\�e�_�g�b�_�� ���� ���� �k�u�\�h�j�h�l�d�b�� �b�� �� ���� �j�Z�k�l�\�h�j�Z��
�Z�g�l�b�[�b�h�l�b�d�h�\�����������f�]���f�e���k�l�j�_�i�l�h�f�b�p�b�g���������������?�^���i�_�g�b�p�b�e�e�b�g�������;�j�Z�e�b�������i�h�\�l�h�j�g�h�k�l�b���������]�j�m�i�i�Z��
�d�h�g�l�j�h�e�y�����d�e�_�l�d�b���b�g�l�Z�d�l�g�u�_�������h�i�u�l�g�u�_���]�j�m�i�i�u�����G�_�k�d�h�e�v�d�h���\�j�_�f�_�g�g�u�o���l�h�q�_�d���������������b������ �k�m�l�h�d����
�>�e�y�� �F�L�L�� �l�_�k�l�Z�� �b�a�� �e�m�g�h�d�� �i�e�Z�g�r�_�l�Z�� �m�^�Z�e�y�e�b�� �i�b�l�Z�l�_�e�v�g�m�x�� �k�j�_�^�m�� �k�� �g�_�i�j�b�d�j�_�i�b�\�r�b�f�b�k�y�� �b�e�b��
�i�h�]�b�[�r�b�f�b�� �d�e�_�l�d�Z�f�b���� �^�h�[�Z�\�e�y�e�b�� �i�h�� ���� �f�e�� �i�b�l�Z�l�_�e�v�g�h�c�� �k�j�_�^�u�� �k�� �j�Z�k�l�\�h�j�h�f�� �F�L�L����
�b�g�d�m�[�b�j�h�\�Z�e�b�� ���� �q�Z�k�Z���� �A�Z�l�_�f�� �m�^�Z�e�y�e�b�� �i�b�l�Z�l�_�e�v�g�m�x�� �k�j�_�^�m���� �h�[�j�Z�a�h�\�Z�\�r�b�c�k�y�� �n�h�j�f�Z�a�Z�g��
�j�Z�k�l�\�h�j�y�e�b�� �\�� �>�F�K�H���� �i�h�� �������� �f�d�e�� �b�a�� �d�Z�`�^�h�c�� �e�m�g�d�b�� �i�_�j�_�g�h�k�b�e�b�� �\�� ����-�e�m�g�h�q�g�u�c�� �i�e�Z�g�r�_�l�� �b��
�k�g�b�f�Z�e�b�� �h�i�l�b�q�_�k�d�m�x�� �i�e�h�l�g�h�k�l�v�� �i�j�b�� �� = �������� �g�f�� �g�Z�� �f�b�d�j�h�i�e�Z�g�r�_�l�g�h�f�� �j�b�^�_�j�_ (SpectroStar 
�1�D�Q�R�������J�_�a�m�e�v�l�Z�l�u���g�h�j�f�b�j�h�\�Z�e�b���h�l�g�h�k�b�l�_�e�v�g�h���d�h�g�l�j�h�e�y�� 

 
�J�_�a�m�e�v�l�Z�l�u 
�I�h�e�m�q�_�g�u��3 �>-�f�Z�l�j�b�d�k�u �g�Z�� �h�k�g�h�\�_�� �i�h�e�b�e�Z�d�l�b�^�Z�����\�_�k�h�f�� ���������� �]������ �\�u�k�h�l�h�c�� ���� �f�f�� �b��

�^�b�Z�f�_�l�j�h�f���������f�f�� 
�<�g�_�r�g�b�c�� �\�b�^�� �b���K�W�F�� �b�a�h�[�j�Z�`�_�g�b�y�� �i�h�e�m�q�_�g�g�u�o�� �f�Z�l�j�b�d�k�h�\���� �i�j�_�^�k�l�Z�\�e�_�g�u���g�Z���j�b�k. 1. 

�G�Z �K�W�F-�b�a�h�[�j�Z�`�_�g�b�y�o�� �\�b�^�g�h���� �q�l�h�� �i�h�\�_�j�o�g�h�k�l�v�� �f�Z�l�j�b�d�k�h�\�� �b�f�_�_�l�� �j�_�r�z�l�q�Z�l�h�_�� �k�l�j�h�_�g�b�_��
���d�j�h�f�_���f�Z�l�j�b�d�k�Z���k������%-�c���a�Z�i�h�e�g�_�g�g�h�k�l�v�x�������i�j�b���w�l�h�f�� �j�Z�a�f�_�j�� �i�h�j�� �j�Z�a�e�b�q�Z�_�l�k�y���\�� �a�Z�\�b�k�b�f�h�k�l�b��
�h�l���a�Z�i�h�e�g�_�g�g�h�k�l�b���f�Z�l�j�b�d�k�h�\�����F�Z�d�k�b�f�Z�e�v�g�u�c���^�b�Z�f�_�l�j���i�h�j�����������±���������f�d�f�����h�l�f�_�q�_�g �m���h�[�j�Z�a�p�Z���k��
95%-�c�� �a�Z�i�h�e�g�_�g�g�h�k�l�v�x���� �F�Z�l�j�b�d�k�u�� �����±97%-�c�� �a�Z�i�h�e�g�_�g�g�h�k�l�v�x�� �b�f�_�e�b�� �[�e�b�a�d�b�_�� �i�h�� �^�b�Z�f�_�l�j�m��
�j�Z�a�f�_�j�u���i�h�j�����������±���������f�d�f���� 

 

 
�J�b�k. �������:-�f�Z�l�j�b�d�k���k��������-�c���a�Z�i�h�e�g�_�g�g�h�k�l�v�x�����:��-�\�g�_�r�g�b�c���\�b�^�����:��-�K�W�F���b�a�h�[�j�Z�`�_�g�b�_�������;-�f�Z�l�j�b�d�k���k��������-�c��

�a�Z�i�h�e�g�_�g�g�h�k�l�v�x�����;1-�\�g�_�r�g�b�c���\�b�^�����;��-�K�W�F���b�a�h�[�j�Z�`�_�g�b�_�������<-�f�Z�l�j�b�d�k���k��������-�c���a�Z�i�h�e�g�_�g�g�h�k�l�v�x�����<1-�\�g�_�r�g�b�c��
�\�b�^�����<2-�K�W�F���b�a�h�[�j�Z�`�_�g�b�_�������=-�f�Z�l�j�b�d�k���k��������-�c���a�Z�i�h�e�g�_�g�g�h�k�l�v�x�����=1-�\�g�_�r�g�b�c���\�b�^�����=2-�K�W�F���b�a�h�[�j�Z�`�_�g�b�_),  

�>-�f�Z�l�j�b�d�k���k��������-�c���a�Z�i�h�e�g�_�g�g�h�k�l�v�x�����>1-�\�g�_�r�g�b�c���\�b�^�����>2-�K�W�F���b�a�h�[�j�Z�`�_�g�b�_) 
 

�M���f�Z�l�j�b�d�k�h�\���k��98%-�c���a�Z�i�h�e�g�_�g�g�h�k�l�v�x �e�b�g�b�b���j�_�r�_�l�d�b���q�Z�k�l�b�q�g�h���k�e�b�e�b�k�v���b�a-�a�Z���q�_�]�h���j�Z�a�f�_�j��
�i�h�j �\�� �h�[�j�Z�a�p�_ �a�g�Z�q�b�l�_�e�v�g�h�� �\�Z�j�v�b�j�h�\�Z�e���\�� �^�b�Z�i�Z�a�h�g�_ 140�±�������� �f�d�f. �>�e�y�� �h�[�j�Z�a�p�Z�� �k�� ������-�c��
�a�Z�i�h�e�g�_�g�g�h�k�l�v�x�� �g�Z�[�e�x�^�Z�e�h�k�v�� �k�e�b�y�g�b�_�� �e�b�g�b�c�� �j�_�r�_�l�d�b���� �d�h�l�h�j�h�_�� �i�j�b�\�_�e�h�� �d�� �h�[�j�Z�a�h�\�Z�g�b�x��
�\�u�l�y�g�m�l�u�o���i�h�j���g�Z���k�i�e�h�r�g�h�c���i�h�\�_�j�o�g�h�k�l�b�� 

�H�p�_�g�d�Z�� �p�b�l�h�l�h�d�k�b�q�g�h�k�l�b�� �i�h�e�m�q�_�g�g�u�o�� ���>-�f�Z�l�j�b�d�k�h�\�� �k�� �i�h�f�h�s�v�x�� �F�L�L-�l�_�k�l�Z�� �\�� �d�m�e�v�l�m�j�_��
�n�b�[�j�h�[�e�Z�k�l�h�\�� �q�_�e�h�\�_�d�Z��FRSN-���� �i�h�d�Z�a�Z�e�Z���� �q�l�h�� �d�h�e�b�q�_�k�l�\�h�� �`�b�a�g�_�k�i�h�k�h�[�g�u�o�� �d�e�_�l�h�d�� �\�� �h�i�u�l�g�u�o��
�]�j�m�i�i�Z�o���k�h���\�j�_�f�_�g�_�f�� �k�g�b�`�Z�e�h�k�v���i�h���k�j�Z�\�g�_�g�b�x���k���d�h�g�l�j�h�e�_�f �g�Z������ %, 82 %, 82 %, 65 % �b������ % 
�m �f�Z�l�j�b�d�k�h�\��������-�c����������-�c����������-�c����������-�c���b��������-�c���a�Z�i�h�e�g�_�g�g�h�k�l�v�x, �k�h�h�l�\�_�l�k�l�\�_�g�g�h�����G�Z�������k�m�l�d�b��
�d�m�e�v�l�b�\�b�j�h�\�Z�g�b�y���h�l�g�h�k�b�l�_�e�v�g�h���d�h�g�l�j�h�e�y���k�Z�f�h�_���\�u�k�h�d�b�c���i�h�d�Z�a�Z�l�_�e�v���a�Z�j�_�]�b�k�l�j�b�j�h�\�Z�g �m���h�[�j�Z�a�p�Z���k��
98 % �a�Z�i�h�e�g�_�g�g�h�k�l�v�x�� ���j�b�k. 2������ �>�e�y�� �w�g�^�h�l�_�e�b�h�p�b�l�h�\�� �e�b�g�b�b�� �(�$���K�\�������� �g�_�� �[�u�e�h�� �^�h�k�l�h�\�_�j�g�u�o��
�h�l�e�b�q�b�c�� �f�_�`�^�m�� �h�[�j�Z�a�p�Z�f�b�� �f�Z�l�j�b�d�k�h�\���� �d�h�e�b�q�_�k�l�\�h�� �d�e�_�l�h�d�� �� �h�l�g�h�k�b�l�_�e�v�g�h�� �d�h�g�l�j�h�e�y�� �k�h�k�l�Z�\�b�e�h��
2,1 %, 3,3 %, 3,5 %, 5,7 ���� �b�� ������ % �± 95%-�c���� ������-�c���� ������ ��-�g�h�c���� ������-�c�� �b�� ������-�c�� �a�Z�i�h�e�g�_�g�g�h�k�l�b��
�k�h�h�l�\�_�l�k�l�\�_�g�g�h. �G�Z�������k�m�l�d�b���w�d�k�i�_�j�b�f�_�g�l�Z���d�h�e�b�q�_�k�l�\�h���`�b�a�g�_�k�i�h�k�h�[�g�u�o���f�_�l�Z�[�h�e�b�q�_�k�d�b���Z�d�l�b�\�g�u�o��
�d�e�_�l�h�d�� �g�Z�q�Z�e�h�� �m�\�_�e�b�q�b�\�Z�l�v�k�y�� �b�� �g�Z�� ���� �k�m�l�d�b�� �i�j�_�\�u�k�b�e�h�� �i�h�d�Z�a�Z�l�_�e�b���� �i�h�e�m�q�_�g�g�u�_�� �q�_�j�_�a�� ������ �q�Z�k�Z��
�i�h�k�e�_���a�Z�k�_�\�Z���f�Z�l�j�b�d�k�h�\�����j�b�k. 3). 
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�J�b�k. �������H�p�_�g�d�Z���`�b�a�g�_�k�i�h�k�h�[�g�h�k�l�b���n�b�[�j�h�[�e�Z�k�l�h�\ 

 
�J�b�k. �������H�p�_�g�d�Z���`�b�a�g�_�k�i�h�k�h�[�g�h�k�l�b���W�g�^�h�l�_�e�b�h�p�b�l�h�\ 

 
�A�Z�d�e�x�q�_�g�b�_ 
�L�Z�d�b�f�� �h�[�j�Z�a�h�f�����\�� �^�Z�g�g�h�c�� �j�Z�[�h�l�_�� �m�k�l�Z�g�h�\�e�_�g�h���� �q�l�h���i�j�b�� �h�p�_�g�d�_�� �`�b�a�g�_�k�i�h�k�h�[�g�h�k�l�b��

�a�Z�k�_�y�g�g�u�o �d�e�_�l�h�d���h�i�l�b�f�Z�e�v�g�Z�y���a�Z�i�h�e�g�_�g�g�h�k�l�v �f�Z�l�j�b�d�k�Z���^�e�y���i�j�b�d�j�_�i�e�_�g�b�y�� �d�e�_�l�h�d��
�n�b�[�j�h�[�e�Z�k�l�h�\���k�h�k�l�Z�\�e�y�_�l��99%-�c�� �a�Z�i�h�e�g�_�g�g�h�k�l�v�x���� �^�e�y���d�e�_�l�h�d���w�g�^�h�l�_�e�b�h�p�b�l�h�\ �± 98%-�c��
�a�Z�i�h�e�g�_�g�g�h�k�l�v�x, �k�� �j�Z�a�f�_�j�h�f�� �i�h�j �h�l�� �������� �^�h�� �������� �f�d�f���� �F�h�`�g�h�� �k�^�_�e�Z�l�v�� �i�j�_�^�i�h�e�h�`�_�g�b�_�� �h�� �l�h�f����
�q�l�h�� �j�Z�a�f�_�j�� �i�h�j�� �g�Z�i�j�y�f�m�x�� �k�\�y�a�Z�g�� �k���i�j�b�d�j�_�i�e�_�g�b�_�f �b�� �i�j�h�e�b�n�_�j�Z�p�b�_�c�� �d�e�_�l�h�d �± �q�_�f�� �[�h�e�v�r�_��
�j�Z�a�f�_�j���i�h�j�����l�_�f���k�e�h�`�g�_�_���d�e�_�l�d�Z�f���i�j�b�d�j�_�i�b�l�v�k�y���d���f�Z�l�j�b�d�k�m. 

 
�B�k�k�e�_�^�h�\�Z�g�b�_�� �i�h�^�^�_�j�`�Z�g�h �F�b�g�b�k�l�_�j�k�l�\�h�f�� �g�Z�m�d�b�� �b�� �\�u�k�r�_�]�h�� �h�[�j�Z�a�h�\�Z�g�b�y�� �J�h�k�k�b�c�k�d�b�c��

�n�_�^�_�j�Z�p�b�b�� �\�� �j�Z�f�d�Z�o�� �]�h�k�a�Z�^�Z�g�b�y�� �g�Z�� �\�u�i�h�e�g�_�g�b�_�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �i�h�� �l�_�f�_�� �©�B�k�k�e�_�^�h�\�Z�g�b�_��
�a�Z�d�h�g�h�f�_�j�g�h�k�l�_�c�� �o�b�f�b�d�h-�[�b�h�l�_�o�g�h�e�h�]�b�q�_�k�d�h�]�h�� �k�b�g�l�_�a�Z�� �[�b�h�j�Z�a�e�Z�]�Z�_�f�u�o�� �i�h�e�b�f�_�j�h�\�ª��
���i�j�h�_�d�l���‹���)�(�)�(-2024-0027). 

 
�K�i�b�k�h�d���e�b�l�_�j�Z�l�m�j�u 

1. Black C.R.M. et al. Bone tissue engineering // Current molecular biology reports. �± 2015. �± 
Vol. 1. �± P. 132�±140. 

2. Gremare A. et al. Characterization of printed PLA scaffolds for bone tissue engineering 
// Journal of Biomedical Materials Research Part A. �± 2018. �± Vol. 106. �± P. 887�±894. 

3. Kroeze R.J. et al. Biodegradable polymers in bone tissue engineering // Materials. �± 2009. �± 
Vol. 2. �± P. 833�±856. 



XXII 

�M�>�D��617.741-004.1-06:[617.735:617.725]-002-02:611.844.1.068.1 

�K�l�j�m�d�l�m�j�Z���f�h�j�n�h�e�h�]�b�q�_�k�d�b�o���b�a�f�_�g�_�g�b�c���o�j�m�k�l�Z�e�b�d�Z���i�j�b���h�k�e�h�`�g�_�g�g�h�c���d�Z�l�Z�j�Z�d�l�_��
�g�Z �n�h�g�_���o�j�h�g�b�q�_�k�d�h�]�h���i�_�j�k�b�k�l�b�j�m�x�s�_�]�h���\�h�k�i�Z�e�_�g�b�y���i�_�j�b�n�_�j�b�q�_�k�d�b�o���h�l�^�_�e�h�\���k�_�l�q�Z�l�d�b��

�b���i�e�h�k�d�h�c���q�Z�k�l�b���p�b�e�b�Z�j�g�h�]�h���l�_�e�Z 
�>���?�����A�b�g�h�\�b�q�����?���<�����B�\�Z�g�h�\�Z�����<���<�����B�\�Z�g�h�\�Z 

�G�Z�m�q�g�u�c���j�m�d�h�\�h�^�b�l�_�e�v�����^�h�p�_�g�l�����^���f���g�����X���B�����A�Z�i�m�k�d�Z�e�h�\�Z 
�K�b�[�b�j�k�d�b�c���]�h�k�m�^�Z�j�k�l�\�_�g�g�u�c���f�_�^�b�p�b�g�k�d�b�c���m�g�b�\�_�j�k�b�l�_�l,  

�J�h�k�k�b�y�����]�����L�h�f�k�d�����m�e�����F�h�k�d�h�\�k�d�b�c���l�j�Z�d�l���������������������� 
�H�[�s�_�k�l�\�h���k���h�]�j�Z�g�b�q�_�g�g�h�c���h�l�\�_�l�k�l�\�_�g�g�h�k�l�v�x���©�=�j�Z�g�^���J�_�l�b�g�Z�ª,  

�J�h�k�k�b�y�����]�����L�h�f�k�d�����m�e�����F�h�d�j�m�r�b�g�Z, 9, �k�l�j�h�_�g�b�_ 16, 634045 
e-mail: i_kate@mail.ru 

 
The structure of morphological changes of the lens in complicated cataract in patients 

with  chronic inflammation of peripheral retina and pars plana of the ciliary body 
D.E. Zinovich, E.V. Ivanova, V.V. Ivanova 

Scientific Supervisor: Ass. Prof., Dr. Y.I. Zapuskalova 
The Siberian State Medical University, Russia, Tomsk, Moskovskiy trakt, 2, 634050 

2�/�/�&���©�*�U�D�Q�G���5�H�W�L�Q�D�ª����Russia, Tomsk, Mokrushina str, 9, p.16, 634045 
e-mail: i_kate@mail.ru 

 
Abstract. This study aims to identify the morphological features of complicated cataracts in the setting 
of intermediate uveitis among young people and to contribute to the effective identification of patients 
with risks of intermediate uveitis to prescribe effective therapy and improve their quality of life. 
Key words: cataract, optical coherence tomography, intermediate uveitis.  
 

�<�\�_�^�_�g�b�_ 
�I�h�� �^�Z�g�g�u�f�� �<�k�_�f�b�j�g�h�c�� �h�j�]�Z�g�b�a�Z�p�b�b���a�^�j�Z�\�h�h�o�j�Z�g�_�g�b�y���� �\�h�� �\�k�z�f�� �f�b�j�_�� �g�Z�k�q�b�l�u�\�Z�_�l�k�y��

�h�d�h�e�h�� �������� �f�b�e�e�b�Z�j�^�Z�� �q�_�e�h�\�_�d�� �k�h�� �k�e�_�i�h�l�h�c�� �b�� �k�e�Z�[�h�\�b�^�_�g�b�_�f���� �D�Z�l�Z�j�Z�d�l�Z�� �a�Z�g�b�f�Z�_�l�� �h�^�g�h�� �b�a��
�\�_�^�m�s�b�o�� �f�_�k�l�� �k�j�_�^�b�� �h�[�j�Z�l�b�f�h�]�h�� �g�Z�j�m�r�_�g�b�y�� �a�j�_�g�b�y�� �\�� �f�b�j�_���� �b�� �[�h�e�v�r�_�� ���� ���� �k�e�m�q�Z�_�\��
�d�e�Z�k�k�b�q�_�k�d�h�c�� �\�h�a�j�Z�k�l�g�h�c�� �d�Z�l�Z�j�Z�d�l�u���j�Z�a�\�b�\�Z�_�l�k�y �k�j�_�^�b�� �e�x�^�_�c�� �k�l�Z�j�r�_�� ������ �e�_�l���� �I�j�b�� �w�l�h�f�� �g�Z��
�k�_�]�h�^�g�y�r�g�b�c�� �^�_�g�v�� �\�h�� �\�k�z�f�� �f�b�j�_�� �g�Z�[�e�x�^�Z�_�l�k�y�� �©�h�f�h�e�h�`�_�g�b�_�ª�� �d�Z�l�Z�j�Z�d�l�u���� �i�h�w�l�h�f�m�� �g�Z�f��
�g�_�h�[�o�h�^�b�f�h�� �h�[�j�Z�l�b�l�v�� �i�j�b�k�l�Z�e�v�g�h�_�� �\�g�b�f�Z�g�b�_�� �g�Z�� �i�Z�p�b�_�g�l�h�\�� �h�l�� ������ �^�h�� ������ �e�_�l���� �l�Z�d�� �d�Z�d�� �\�� �b�o 
�k�e�m�q�Z�_�� �^�b�g�Z�f�b�d�Z�� �b�� �f�h�j�n�h�e�h�]�b�y�� �i�h�f�m�l�g�_�g�b�y�� �o�j�m�k�l�Z�e�b�d�Z�� �g�_�� �k�h�h�l�\�_�l�k�l�\�m�_�l�� �d�e�Z�k�k�b�q�_�k�d�h�c��
�d�Z�j�l�b�g�_���k�_�g�b�e�v�g�h�c���d�Z�l�Z�j�Z�d�l�u���>���@�� 

�W�l�b�h�e�h�]�b�q�_�k�d�b�_�� �n�Z�d�l�h�j�u���� �\�u�a�u�\�Z�x�s�b�_�� �j�Z�a�\�b�l�b�_�� �d�Z�l�Z�j�Z�d�l�u�� �m�� �e�b�p�� �^�Z�g�g�h�c�� �\�h�a�j�Z�k�l�g�h�c��
�]�j�m�i�i�u���� �j�Z�a�g�h�h�[�j�Z�a�g�u���� �l�j�Z�\�f�Z�l�b�q�_�k�d�b�_���� �k�\�y�a�Z�g�g�u�_�� �k�� �g�Z�j�m�r�_�g�b�_�f�� �h�[�f�_�g�Z�� �\�_�s�_�k�l�\����
�l�h�d�k�b�q�_�k�d�b�_�� ���\�� �l�h�f�� �q�b�k�e�_�� �b�g�n�_�d�p�b�h�g�g�u�_�� �b�� �f�_�^�b�d�Z�f�_�g�l�h�a�g�u�_������ �I�j�b�� �w�l�h�f�� �\�u�^�_�e�y�_�l�k�y�� �]�j�m�i�i�Z��
�i�Z�p�b�_�g�l�h�\�����m���d�h�l�h�j�u�o���g�Z���i�_�j�\�u�c���\�a�]�e�y�^���g�_���i�j�_�^�k�l�Z�\�e�y�_�l�k�y���\�h�a�f�h�`�g�u�f���h�i�j�_�^�_�e�b�l�v���w�l�b�h�e�h�]�b�x��
�d�Z�l�Z�j�Z�d�l�u���>���±3].  

�I�j�b�� �[�h�e�_�_�� �]�e�m�[�h�d�h�f�� �h�[�k�e�_�^�h�\�Z�g�b�b�� �m�� �i�Z�p�b�_�g�l�h�\�� �^�Z�g�g�h�c�� �]�j�m�i�i�u�� �a�Z�q�Z�k�l�m�x�� �\�u�y�\�e�y�x�l�k�y��
�i�j�b�a�g�Z�d�b�� �o�j�h�g�b�q�_�k�d�h�]�h�� �\�h�k�i�Z�e�_�g�b�y�� �i�_�j�b�n�_�j�b�q�_�k�d�b�o�� �h�l�^�_�e�h�\�� �k�_�l�q�Z�l�d�b���± �o�j�h�g�b�q�_�k�d�h�]�h��
�i�_�j�b�n�_�j�b�q�_�k�d�h�]�h�� �m�\�_�b�l�Z�� ���O�I�M������ �q�l�h�� �\�� �g�_�d�h�l�h�j�u�o�� �k�e�m�q�Z�y�o�� �i�h�^�l�\�_�j�`�^�Z�_�l�k�y�� �m�`�_�� �i�h�k�e�_��
�i�j�h�\�_�^�_�g�g�h�]�h�� �o�b�j�m�j�]�b�q�_�k�d�h�]�h�� �e�_�q�_�g�b�y [4]. �J�Z�a�\�b�l�b�_�� �d�Z�l�Z�j�Z�d�l�u�� �i�j�b�� �h�k�l�j�h�f�� �l�_�q�_�g�b�b��
�i�_�j�b�n�_�j�b�q�_�k�d�h�]�h���m�\�_�b�l�Z���h�i�b�k�Z�g�h���b���k�h�k�l�Z�\�e�y�_�l�����i�h���^�Z�g�g�u�f���e�b�l�_�j�Z�l�m�j�u�����h�l�������^�h������ �����>���@�����\���l�h��
�`�_���\�j�_�f�y���f�_�o�Z�g�b�a�f���j�Z�a�\�b�l�b�y���h�k�e�h�`�g�_�g�g�h�c���d�Z�l�Z�j�Z�d�l�u���i�j�b���g�Z�e�b�q�b�b���o�j�h�g�b�q�_�k�d�h�]�h���\�h�k�i�Z�e�_�g�b�y��
�g�Z�� �d�j�Z�c�g�_�c�� �i�_�j�b�n�_�j�b�b���k�_�l�q�Z�l�d�b�� �g�_�� �b�f�_�_�l�� �_�s�_���^�_�l�Z�e�v�g�h�]�h �h�i�b�k�Z�g�b�y���� �:�� �h�i�Z�k�g�h�k�l�v�� �O�I�M�� �^�e�y��
�a�j�_�g�b�y���h�i�j�_�^�_�e�y�_�l�k�y���\�h���f�g�h�]�h�f���j�Z�a�\�b�l�b�_�f���_�]�h���h�l�^�Z�e�z�g�g�u�o���h�k�e�h�`�g�_�g�b�c�����l�Z�d�b�o���d�Z�d���d�b�k�l�h�a�g�u�c��
�f�Z�d�m�e�y�j�g�u�c���h�l�z�d�����h�n�l�Z�e�v�f�h�]�b�i�_�j�l�_�g�a�b�y�����h�l�k�e�h�_�g�b�_���k�_�l�q�Z�l�d�b���>���@. 

 
 



52 XXII 

�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y���q�Z�k�l�v 
�P�_�e�v�x�� �b�k�k�e�_�^�h�\�Z�g�b�y �[�u�e�h�� �\�u�^�_�e�_�g�b�_�� �f�h�j�n�h�e�h�]�b�q�_�k�d�b�o�� �h�k�h�[�_�g�g�h�k�l�_�c�� �h�k�e�h�`�g�_�g�g�h�c��

�d�Z�l�Z�j�Z�d�l�u�� �g�Z�� �n�h�g�_�� �O�I�M�� �k�j�_�^�b�� �e�b�p�� �f�h�e�h�^�h�]�h�� �\�h�a�j�Z�k�l�Z���� �<�� �b�k�k�e�_�^�h�\�Z�g�b�_�� �[�u�e�b�� �\�d�e�x�q�_�g�u��
358 �i�Z�p�b�_�g�l�h�\�� �\�� �\�h�a�j�Z�k�l�_�� �h�l ������ �^�h�� ������ �e�_�l�� ���k�j�_�^�g�b�c�� �\�h�a�j�Z�k�l�� �������� +/- �������� �e�_�l������ �f�m�`�q�b�g��
169 �q�_�e�h�\�_�d���� �`�_�g�s�b�g��189 �q�_�e�h�\�_�d���� �<�k�_�� �i�Z�p�b�_�g�l�u�� �[�u�e�b�� �j�Z�a�^�_�e�_�g�u�� �g�Z�� �^�\�_�� �]�j�m�i�i�u���� �h�k�g�h�\�g�Z�y��
�\�d�e�x�q�Z�e�Z�� �i�Z�p�b�_�g�l�h�\�� �k�� �^�b�Z�]�g�h�k�l�b�j�h�\�Z�g�g�u�f�� �O�I�M�� �b�� �k�h�k�l�Z�\�e�y�e�Z���������� �i�Z�p�b�_�g�l�h�\�� ���������� �]�e�Z�a������ �b��
�]�j�m�i�i�Z���k�j�Z�\�g�_�g�b�y�����\���d�h�l�h�j�m�x���\�h�r�e�b���i�Z�p�b�_�g�l�u���[�_�a���k�h�i�m�l�k�l�\�m�x�s�_�c���\�h�k�i�Z�e�b�l�_�e�v�g�h�c���i�Z�l�h�e�h�]�b�b��
�]�e�Z�a�� ���������� �i�Z�p�b�_�g�l�h�\���� ������ �]�e�Z�a������ �� �D�j�b�l�_�j�b�y�f�b�� �b�k�d�e�x�q�_�g�b�y�� �y�\�e�y�e�b�k�v�� �\�h�a�j�Z�k�l�� �f�_�g�_�_�� ������ �b�� �[�h�e�_�_��
52 �e�_�l���� �k�h�i�m�l�k�l�\�m�x�s�b�_�� �a�Z�[�h�e�_�\�Z�g�b�y�� �]�e�Z�a�Z���� �l�j�Z�\�f�u�� �]�e�Z�a���� �h�[�s�_�k�h�f�Z�l�b�q�_�k�d�b�_�� �a�Z�[�h�e�_�\�Z�g�b�y�� �b��
�i�j�b�z�f���e�_�d�Z�j�k�l�\�_�g�g�u�o���i�j�_�i�Z�j�Z�l�h�\�����k�i�h�k�h�[�g�u�_���\�u�a�\�Z�l�v���j�Z�a�\�b�l�b�_���h�k�e�h�`�g�_�g�g�h�c �d�Z�l�Z�j�Z�d�l�u�� 

�I�Z�p�b�_�g�l�Z�f�� �h�[�h�b�o�� �]�j�m�i�i�� �i�j�h�\�h� �̂b�e�b�k�v�� �b�k�k�e�_�^�h�\�Z�g�b�y���� �[�b�h�f�b�d�j�h�k�d�h�i�b�y�� �k�� �n�h�l�h�n�b�d�k�Z�p�b�_�c��
(Mediworks���� �D�b�l�Z�c������ �h�i�l�b�q�_�k�d�Z�y�� �d�h�]�_�j�_�g�l�g�Z�y�� �l�h�f�h�]�j�Z�n�b�y�� ���H�D�L���� �k�l�j�m�d�l�m�j�� �i�_�j�_� �̂g�_�c�� �d�Z�f�_�j�u�� �\��
�m�k�e�h�\�b�y�o���m�a�d�h�]�h���b���f�_� �̂b�d�Z�f�_�g�l�h�a�g�h���j�Z�k�r�b�j�_�g�g�h�]�h�����l�j�h�i�b�d�Z�f�b� �̂������� �������a�j�Z�q�d�Z�����6�R�O�L�[�����2�S�W�R�Y�X�H�����K�R�:���� 

 
�J�_�a�m�e�v�l�Z�l�u 
�<�� �k�l�j�m�d�l�m�j�_�� �f�h�j�n�h�e�h�]�b�q�_�k�d�b�o�� �b�a�f�_�g�_�g�b�c�� �o�j�m�k�l�Z�e�b�d�Z�� �g�Z�b�[�h�e�_�_�� �q�Z�k�l�h�� �\�u�y�\�e�y�e�b�k�v��

�i�u�e�_�\�b�^�g�u�_�� �i�h�f�m�l�g�_�g�b�y�� �i�_�j�b�n�_�j�b�q�_�k�d�h�]�h�� �d�h�j�l�_�d�k�Z���� �k�m�[�d�Z�i�k�m�e�y�j�g�u�_�� �i�h�f�m�l�g�_�g�b�y����
�k�m�[�d�Z�i�k�m�e�y�j�g�u�_�� �\�Z�d�m�h�e�b���� �k�i�b�p�_�\�b�^�g�u�_�� �b�� �d�e�b�g�h�\�b�^�g�u�_�� �i�h�f�m�l�g�_�g�b�y�� �i�_�j�b�n�_�j�b�q�_�k�d�h�]�h��
�d�h�j�l�_�d�k�Z�����m�i�e�h�l�g�_�g�b�_���`�_���y�^�j�Z���\�k�l�j�_�q�Z�e�h�k�v���i�j�_�b�f�m�s�_�k�l�\�_�g�g�h���k�j�_�^�b���i�Z�p�b�_�g�l�h�\�������±�������e�_�l�����i�j�b��
�w�l�h�f�� �h�[�s�b�c�� �i�j�h�p�_�g�l�� �g�Z�e�b�q�b�y���i�h�f�m�l�g�_�g�b�c �\�� �o�j�m�k�l�Z�e�b�d�_�� �i�h�� �l�b�i�m�� �h�k�e�h�`�g�_�g�g�h�c�� �d�Z�l�Z�j�Z�d�l�u��
�k�j�_�^�b���i�Z�p�b�_�g�l�h�\���h�k�g�h�\�g�h�c���]�j�m�i�i�u���k�h�k�l�Z�\�b�e���������� ������ �k�j�_�^�b���`�_���i�Z�p�b�_�g�l�h�\���]�j�m�i�i�u���k�j�Z�\�g�_�g�b�y��- 
�l�h�e�v�d�h�� ���������� ������ �i�j�b�� �w�l�h�f�� �\�� �h�[�_�b�o�� �]�j�m�i�i�Z�o�� �q�Z�s�_�� �\�k�_�]�h�� �\�k�l�j�_�q�Z�e�b�k�v�� �d�h�f�[�b�g�Z�p�b�b�� �i�h�f�m�l�g�_�g�b�c��
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�H�k�g�h�\�g�Z�y��
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���Q���]�e�Z�a�������� 

�=�j�m�i�i�Z��
�k�j�Z�\�g�_�g�b�y 
���Q���]�e�Z�a�������� 

�I�j�b�f�_�j�u 

�I�u�e�_�\�b�^�g�u�_���i�h�f�m�l�g�_�g�b�y��
�i�_�j�b�n�_�j�b�q�_�k�d�h�]�h��

�d�h�j�l�_�d�k�Z 
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�i�h�f�m�l�g�_�g�b�y�����\���l�h�f���q�b�k�e�_��
�i�h���l�b�i�m���©�a�Z�^�g�_�c���q�Z�r�b�ª�� 

93, 45,8 % 0 

 

�K�m�[�d�Z�i�k�m�e�y�j�g�u�_���\�Z�d�m�h�e�b 87, 42,8 % 21, 13,5 % 
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116, 57,1 % 7, 4,5 % 

 

�M�i�e�h�l�g�_�g�b�_���y�^�j�Z 91, 44,8 % 58, 37,4 % 

 

�H�l�k�m�l�k�l�\�b�_���i�h�f�m�l�g�_�g�b�c 0 37, 23,9 % 
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Hormonal Regulation of Potato Regenerant Resistance to Hypothermia 
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Abstract. The effect of pre-treatment with melatonin (Mel), indole-3-acetic acid (IAA), and salicylic 
acid (SA) on cold tolerance of potato regenerants was studied. Hormone treatment significantly 
�L�Q�F�U�H�D�V�H�G���S�O�D�Q�W���U�H�V�L�V�W�D�Q�F�H���W�R���K�\�S�R�W�K�H�U�P�L�D�������ƒ�&���������G�D�\�V�����W�K�U�R�X�J�K���G�L�I�I�H�U�H�Q�W���P�H�F�K�D�Q�L�V�P�V�����0�H�O���D�I�I�H�F�W�H�G��
the photosynthetic apparatus, IAA regulated growth processes, and SA activated the antioxidant 
system. IAA showed the highest efficiency in protecting plants from cold stress. 
Key words: Solanum tuberosum, plant hormones, cold stress, antioxidant system, regenerants, 
melatonin, IAA, salicylic acid. 
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Abstract. At present, a disease known as Takotsubo syndrome is a rare but dangerous condition 
observed in 0.6�±2.5 % of patients with acute coronary syndrome. The in-hospital mortality rate 
ranges from 3.5 % to 12 %, which corresponds to the mortality rate of acute myocardial infarction. 
The primary etiology is considered to be severe emotional stress, which leads to excessive 
activation of the sympathetic-adrenal system. The study was conducted on 48 Wistar rats. Stress-
induced cardiac injury was modeled by immobilizing the animals on their backs, after which the 
radiopharmaceutical 99mTc-pyrophotech was administered to assess heart damage under emotional 
stress. Thus, it can be concluded that the alkaloid songorine may reduce stress-induced cardiac 
injury. 
Key words: Takotsubo syndrome, alkaloid songorine. 
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�\�g�m�l�j�b�[�j�x�r�b�g�g�h �Z�e�d�Z�e�h�b�^�� �a�h�g�]�h�j�b�g�� �\�� �^�h�a�_�� ������ �f�]���d�] [3]. �>�e�y�� �h�p�_�g�d�b�� �k�l�_�i�_�g�b�� �i�h�\�j�_�`�^�_�g�b�y��
�f�b�h�d�Z�j�^�Z�� �b�k�i�h�e�v�a�h�\�Z�e�k�y�� �j�Z�^�b�h�n�Z�j�f�Z�p�_�\�l�b�q�_�k�d�b�c�� �i�j�_�i�Z�j�Z�l��99mTc-�i�b�j�h�n�h�k�n�Z�l���� �d�h�l�h�j�u�c��
�b�a�[�b�j�Z�l�_�e�v�g�h���g�Z�d�Z�i�e�b�\�Z�_�l�k�y���\�� �m�q�Z�k�l�d�Z�o���g�_�d�j�h�a�Z���b���i�h�\�j�_�`�^�_�g�b�y���d�Z�j�^�b�h�f�b�h�p�b�l�h�\�����B�a�f�_�j�_�g�b�_��
�i�j�h�\�h�^�b�e�h�k�v���k���b�k�i�h�e�v�a�h�\�Z�g�b�_�f���k�p�b�g�l�b�e�e�y�p�b�h�g�g�h�]�h���]�Z�f�f�Z-�k�q�_�l�q�b�d�Z���� �j�_�a�m�e�v�l�Z�l�u���\�u�j�Z�`�Z�e�b�k�v��
�\�� �m�k�e�h�\�g�u�o�� �_�^�b�g�b�p�Z�o�� �g�Z�d�h�i�e�_�g�b�y�� �g�Z�� �]�j�Z�f�f�� �l�d�Z�g�b�����K�l�Z�l�b�k�l�b�q�_�k�d�b�c�� �Z�g�Z�e�b�a�� �i�j�h�\�h�^�b�e�k�y�� �i�j�b��
�i�h�f�h�s�b�� �d�j�b�l�_�j�b�y�� �F�Z�g�g�Z-�M�b�l�g�b�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �i�Z�d�_�l�Z��STATISTICA 13. �<�k�_�� �^�Z�g�g�u�_��
�i�j�_�^�k�l�Z�\�e�_�g�u�� �\�� �\�b�^�_�� �f�_�^�b�Z�g�u�� �b�� �f�_�`�d�\�Z�j�l�b�e�v�g�h�]�h�� �j�Z�a�f�Z�o�Z�� ���0�H�� �>�4������ �4���@������
�>�e�y �f�_�`�]�j�m�i�i�h�\�h�]�h�� �k�j�Z�\�g�_�g�b�y�� �b�k�i�h�e�v�a�h�\�Z�e�k�y�� �g�_�i�Z�j�Z�f�_�l�j�b�q�_�k�d�b�c�� �d�j�b�l�_�j�b�c�� �F�Z�g�g�Z�±�M�b�l�g�b����
�M�j�h�\�_�g�v���k�l�Z�l�b�k�l�b�q�_�k�d�h�c���a�g�Z�q�b�f�h�k�l�b���i�j�b�g�b�f�Z�e�k�y���i�j�b���S < 0,05. 
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Abstract. The paper presents the study of the stress state in the system "bone�±implant" under static 
loading due to screw fastening. The relevance of this topic is due to the wide application of implants 
in orthopedic and dental practice, where it is important to ensure reliable interaction between the 
implant and surrounding tissues. 
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�k�o�h�^�b�f�h�k�l�v�� �b�� �^�e�b�l�_�e�v�g�h�k�l�v�� �j�_�r�_�g�b�y�� �a�Z�^�Z�q�b���� �>�e�y�� �j�_�r�_�g�b�y�� �a�Z�^�Z�q�b�� �[�u�e�Z�� �\�u�[�j�Z�g�Z��
�n�h�j�f�m�e�b�j�h�\�d�Z���d�h�g�l�Z�d�l�g�h�]�h���\�a�Z�b�f�h�^�_�c�k�l�\�b�y���©�i�h�\�_�j�o�g�h�k�l�v�±�i�h�\�_�j�o�g�h�k�l�v�ª�����6�X�U�I�D�F�H-to-Surface), 
�i�h�k�d�h�e�v�d�m�� �y�\�g�h�� �\�u�^�_�e�y�x�l�k�y�� �^�\�_�� �d�h�g�l�Z�d�l�b�j�m�x�s�b�_�� �i�h�\�_�j�o�g�h�k�l�b�����I �j�b�� �a�Z�^�Z�g�b�b�� �k�\�h�c�k�l�\��
�d�h�g�l�Z�d�l�Z�� �f�_�`�^�m�� �\�b�g�l�Z�f�b���� �b�f�i�e�Z�g�l�Z�l�h�f�� �b�� �m�q�Z�k�l�d�Z�f�b�� �d�h�k�l�b�� �[�u�e�h�� �a�Z�^�Z�g�h �l�j�_�g�b�_�� �^�e�y��
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�Z�g�Z�e�b�a�Z���� �g�h�� �k�� �f�b�g�b�f�Z�e�v�g�u�f�b�� �g�Z�]�j�m�a�d�Z�f�b���� �W�l�h�� �h�[�_�k�i�_�q�b�e�h�� �g�_�h�[�o�h�^�b�f�m�x�� �k�l�Z�[�b�e�v�g�h�k�l�v�� �g�Z��
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�A�g�Z�q�_�g�b�y�� �m�i�j�m�]�b�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �^�e�y�� �i�h�j�b�k�l�h�c�� �d�_�j�Z�f�b�d�b�� �b�� �d�h�k�l�g�h�c�� �l�d�Z�g�b�� �>���@��
�i�j�b�\�_�^�_�g�u���\���l�Z�[�e�b�p�_����. 

 
�L�Z�[�e�b�p�Z����  

�F�_�o�Z�g�b�q�_�k�d�b�_���k�\�h�c�k�l�\�Z���d�h�k�l�b���b���d�_�j�Z�f�b�q�_�k�d�h�]�h���b�f�i�e�Z�g�l�Z�l�Z 

�G�Z�a�\�Z�g�b�_ �F�h�^�m�e�v���X�g�]�Z�����=�I�Z �D�h�w�n�n�b�p�b�_�g�l���I�m�Z�k�k�h�g�Z 

�D�h�k�l�g�Z�y���l�d�Z�g�v 7 0,28 

�D�_�j�Z�f�b�d�Z����ZrO2�±Al 2O3) 9 0,25 

 
�G�Z�� �i�_�j�\�u�o�� �^�\�m�o�� �w�l�Z�i�Z�o�� �f�h�^�_�e�b�j�h�\�Z�g�b�y�� �g�Z�i�j�y�`�_�g�g�h�]�h�� �k�h�k�l�h�y�g�b�y�� �k�b�k�l�_�f�u�� 

�©�d�h�k�l�v�±�b�f�i�e�Z�g�l�Z�l�ª�� �[�u�e�b�� �b�k�i�h�e�v�a�h�\�Z�g�u�� �^�h�e�b�� �e�b�p�_�\�h�c�� �d�h�k�l�b�� �j�Z�a�g�u�o�� �j�Z�a�f�_�j�h�\���� �g�Z�� �i�_�j�\�h�f��
�w�l�Z�i�_�� �[�u�e�� �b�k�i�h�e�v�a�h�\�Z�g�� �n�j�Z�]�f�_�g�l�� �d�h�k�l�b���� �i�j�b�f�u�d�Z�x�s�b�c�� �d�� �e�Z�l�_�j�Z�e�v�g�h�c�� �q�Z�k�l�b�� �b�f�i�e�Z�g�l�Z�l�Z���� �g�Z��
�\�l�h�j�h�f�� �w�l�Z�i�_�� �i�h�e�h�\�b�g�Z�� �e�b�p�_�\�h�c�� �d�h�k�l�b���� �G�Z�� �l�j�_�l�v�_�f�� �w�l�Z�i�_�� �d�� �d�h�k�l�b�� �b�� �b�f�i�e�Z�g�l�Z�l�m�� �[�u�e�b��
�^�h�[�Z�\�e�_�g�u �\�b�g�l�u�� �\�� �d�Z�q�_�k�l�\�_�� �d�j�_�i�e�_�g�b�y�� ���j�b�k������������ �>�e�y�� �[�h�e�_�_�� �l�h�q�g�h�]�h�� �m�q�_�l�Z�� �k�e�h�`�g�h�c�� �n�h�j�f�u��
�f�h�^�_�e�_�c�� �b�� �h�[�_�k�i�_�q�_�g�b�y�� �l�h�q�g�h�k�l�b�� �j�Z�k�q�_�l�h�\�� �[�u�e�b�� �b�k�i�h�e�v�a�h�\�Z�g�u�� �l�_�l�j�Z�w�^�j�Z�e�v�g�u�_�� �w�e�_�f�_�g�l�u����
�D�h�e�b�q�_�k�l�\�h���d�h�g�_�q�g�u�o���w�e�_�f�_�g�l�h�\���\���j�Z�k�q�_�l�g�h�c���k�_�l�d�_���^�e�y���d�h�k�l�b���k�h�k�l�Z�\�b�e�h�����������������\���b�f�i�e�Z�g�l�Z�l�_��
�k�� �h�l�\�_�j�k�l�b�y�f�b���± 150631. �G�Z���l�j�_�l�v�_�f�� �w�l�Z�i�_���f�h�^�_�e�b�j�h�\�Z�g�b�y �[�u�e�b�� �^�h�[�Z�\�e�_�g�u�� �d�j�_�i�_�`�g�u�_��
�w�e�_�f�_�g�l�u���b���h�l�\�_�j�k�l�b�y���\���f�h�^�_�e�y�o���d�h�k�l�b���b���b�f�i�e�Z�g�l�Z�l�Z�����K�h�a�^�Z�g�b�_���h�l�\�_�j�k�l�b�c���\���f�h�^�_�e�y�o���k�e�h�`�g�h�c��
�d�h�g�n�b�]�m�j�Z�p�b�x�� �\�u�a�\�Z�e�h���^�h�i�h�e�g�b�l�_�e�v�g�u�_���i�j�h�[�e�_�f�u �i�j�b�� �k�h�a�^�Z�g�b�b�� �j�Z�k�q�_�l�g�h�c�� �k�_�l�d�b����
�>�e�y �m�k�i�_�r�g�h�]�h�� �i�h�k�l�j�h�_�g�b�y�� �k�_�l�d�b�� �[�u�e�b�� �i�j�_�^�i�j�b�g�y�l�u�� �r�Z�]�b�� �i�h�� �m�k�l�j�Z�g�_�g�b�x�� �h�r�b�[�h�d�� �\��
�l�\�_�j�^�h�l�_�e�v�g�h�c���f�h�^�_�e�b���k�h�]�e�Z�k�g�h���^�h�d�m�f�_�g�l�Z�p�b�b��ABAQUS. 
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�L�h�f�k�d���������±�������k�_�g�l�y�[�j�y�������������]�h�^�Z�����± �G�h�\�h�k�b�[�b�j�k�d�����G�=�M, 2022. �± �K�����������±196. 
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Abstract. This study examines the effects of red, green, and blue light on cognitive performance, 
attention, and physiological responses. An adaptive RGB lighting system was developed to 
dynamically adjust color and intensity. Results show that red light boosts physical activity but may 
cause fatigue, green light enhances relaxation and cognitive perception, and blue light improves 
alertness and concentration. Adaptive lighting systems could optimize learning environments by 
�D�O�L�J�Q�L�Q�J�� �Z�L�W�K�� �V�W�X�G�H�Q�W�V�¶�� �E�L�R�O�R�J�L�F�D�O�� �U�K�\�W�K�P�V���� �H�Q�K�D�Q�F�L�Q�J�� �D�F�D�G�H�P�L�F�� �S�H�U�I�R�U�P�D�Q�F�H�� �D�Q�G�� �Z�H�O�O-being. 
Further research is needed to refine algorithms and assess long-term cognitive effects. 
Key words: spectral characteristics, cognitive functions, emotional state, adaptive lighting, 
educational environment, biodynamic lighting systems. 

 
�<�\�_�^�_�g�b�_ 
�B�k�d�m�k�k�l�\�_�g�g�h�_�� �h�k�\�_�s�_�g�b�_�� �b�]�j�Z�_�l�� �d�e�x�q�_�\�m�x�� �j�h�e�v�� �\�� �d�h�]�g�b�l�b�\�g�u�o�� �n�m�g�d�p�b�y�o����

�w�f�h�p�b�h�g�Z�e�v�g�h�f�� �k�h�k�l�h�y�g�b�b���b�� �n�b�a�b�h�e�h�]�b�q�_�k�d�b�o�� �i�j�h�p�_�k�k�Z�o���� �B�k�k�e�_�^�h�\�Z�g�b�y�� �i�h�^�l�\�_�j�`�^�Z�x�l���� �q�l�h��
�k�i�_�d�l�j�Z�e�v�g�u�_�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �k�\�_�l�Z���� �\�d�e�x�q�Z�y�� �b�g�l�_�g�k�b�\�g�h�k�l�v�� �b�� �p�\�_�l�h�\�m�x�� �l�_�f�i�_�j�Z�l�m�j�m����
�k�m�s�_�k�l�\�_�g�g�h���\�e�b�y�x�l�� �g�Z���p�b�j�d�Z�^�g�u�_���j�b�l�f�u���� �m�j�h�\�_�g�v���[�h�^�j�k�l�\�h�\�Z�g�b�y���b���g�_�c�j�h�n�b�a�b�h�e�h�]�b�q�_�k�d�b�_��
�j�_�Z�d�p�b�b�� �>���@���� �<�� �h�[�j�Z�a�h�\�Z�l�_�e�v�g�u�o���m�q�j�_�`�^�_�g�b�y�o�� �^�e�b�l�_�e�v�g�h�_�� �i�j�_�[�u�\�Z�g�b�_�� �i�j�b�� �g�_�i�h�^�o�h�^�y�s�_�f��
�h�k�\�_�s�_�g�b�b�� �f�h�`�_�l�� �k�g�b�`�Z�l�v�� �d�h�g�p�_�g�l�j�Z�p�b�x���� �m�o�m�^�r�Z�l�v�� �g�Z�k�l�j�h�_�g�b�_�� �b�� �i�h�\�u�r�Z�l�v�� �m�l�h�f�e�y�_�f�h�k�l�v����
�q�l�h���g�_�]�Z�l�b�\�g�h���k�d�Z�a�u�\�Z�_�l�k�y���g�Z���m�q�_�[�g�h�c���i�j�h�^�m�d�l�b�\�g�h�k�l�b���>���@�� 

�P�_�e�v���b�k�k�e�_�^�h�\�Z�g�b�y���± �b�a�m�q�b�l�v���\�e�b�y�g�b�_���j�Z�a�e�b�q�g�u�o���k�i�_�d�l�j�h�\���k�\�_�l�Z�����d�j�Z�k�g�h�]�h�����a�_�e�z�g�h�]�h���b���k�b�g�_�]�h����
�g�Z���d�h�]�g�b�l�b�\�g�u�_���n�m�g�d�p�b�b�����w�f�h�p�b�h�g�Z�e�v�g�h�_���k�h�k�l�h�y�g�b�_���b���n�b�a�b�h�e�h�]�b�q�_�k�d�b�_���j�_�Z�d�p�b�b���k�l�m�^�_�g�l�h�\�� 

 
�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y���q�Z�k�l�v 
�>�e�y�� �i�j�h�\�_�^�_�g�b�y�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �[�u�e�h�� �j�Z�a�j�Z�[�h�l�Z�g�h�� �b�g�l�_�e�e�_�d�l�m�Z�e�v�g�h�_�� �5�*�%-�h�k�\�_�l�b�l�_�e�v�g�h�_��

�m�k�l�j�h�c�k�l�\�h ���j�b�k. 1)���� �i�h�a�\�h�e�y�x�s�_�_���j�_�]�m�e�b�j�h�\�Z�l�v���p�\�_�l�� �b���b�g�l�_�g�k�b�\�g�h�k�l�v�� �k�\�_�l�Z���� �B�k�l�h�q�g�b�d�h�f�� �k�\�_�l�Z��
�k�e�m�`�b�e�Z���k�\�_�l�h�^�b�h�^�g�Z�y���e�_�g�l�Z�����k�h�^�_�j�`�Z�s�Z�y���k�\�_�l�h�^�b�h�^�u���k���^�e�b�g�Z�f�b���\�h�e�g�� �d�j�Z�k�g�u�c�������������g�f�������a�_�e�z�g�u�c��
�����������g�f�������k�b�g�b�c�������������g�f��. �M�i�j�Z�\�e�_�g�b�_���h�k�m�s�_�k�l�\�e�y�e�h�k�v���k���i�h�f�h�s�v�x���d�h�g�l�j�h�e�e�_�j�Z���6�0�$�5�7-K22-MIX, 
�Z�� �k�i�_�d�l�j�Z�e�v�g�u�_�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �h�k�\�_�s�_�g�b�y�� �b�a�f�_�j�y�e�b�k�v�� �n�e�b�d�_�j-�k�i�_�d�l�j�h�n�h�l�h�f�_�l�j�h�f�� �3�6�7-SVM 
OHSP350LFA.  

�F�_�l�h�^�u���h�p�_�g�d�b���d�h�]�g�b�l�b�\�g�u�o���n�m�g�d�p�b�c���b���n�b�a�b�h�e�h�]�b�q�_�k�d�b�o���j�_�Z�d�p�b�c 
�<�� �b�k�k�e�_�^�h�\�Z�g�b�b�� �m�q�Z�k�l�\�h�\�Z�e�b��3 �k�l�m�^�_�g�l�Z, �d�h�l�h�j�u�f�� �i�j�_�^�e�Z�]�Z�e�b�k�v�� �a�Z�^�Z�g�b�y�� �g�Z�� �\�g�b�f�Z�g�b�_����

�\�h�k�i�j�b�y�l�b�_�� �b�� �k�d�h�j�h�k�l�v�� �j�_�Z�d�p�b�b�� �i�j�b�� �j�Z�a�e�b�q�g�u�o�� �p�\�_�l�h�\�u�o�� �j�_�`�b�f�Z�o�� �h�k�\�_�s�_�g�b�y���� �>�e�y��
�h�[�t�_�d�l�b�\�g�h�c���h�p�_�g�d�b���n�b�a�b�h�e�h�]�b�q�_�k�d�b�o���j�_�Z�d�p�b�c���b�k�i�h�e�v�a�h�\�Z�e�b�k�v�� 

�G�Z�]�j�m�^�g�u�c���i�m�e�v�k�h�f�_�l�j���± �^�e�y���b�a�f�_�j�_�g�b�y���q�Z�k�l�h�l�u���k�_�j�^�_�q�g�u�o���k�h�d�j�Z�s�_�g�b�c; 
NASA-TLX (Task Load Index) �± �^�e�y���h�p�_�g�d�b���k�m�[�t�_�d�l�b�\�g�h�c���m�f�k�l�\�_�g�g�h�c���g�Z�]�j�m�a�d�b; 
�D�Z�j�h�e�b�g�k�d�Z�y���r�d�Z�e�Z���k�h�g�e�b�\�h�k�l�b���± �^�e�y���h�i�j�_�^�_�e�_�g�b�y���m�j�h�\�g�y���[�h�^�j�k�l�\�h�\�Z�g�b�y; 
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�R�d�Z�e�Z���\�b�a�m�Z�e�v�g�h�]�h���m�l�h�f�e�_�g�b�y�����9�)�����± �^�e�y���h�p�_�g�d�b���a�j�b�l�_�e�v�g�h�c���m�k�l�Z�e�h�k�l�b. 
 

 

�J�b�k. 1. �H�k�\�_�l�b�l�_�e�v�g�u�c���i�j�b�[�h�j���b���j�Z�[�h�q�_�_���f�_�k�l�h 
 

�J�_�a�m�e�v�l�Z�l�u 
�<�� �b�k�k�e�_�^�h�\�Z�g�b�b�� �m�q�Z�k�l�\�h�\�Z�e�b�� �k�l�m�^�_�g�l�u���� �d�h�l�h�j�u�f�� �i�j�_�^�e�Z�]�Z�e�b�k�v�� �a�Z�^�Z�g�b�y�� �g�Z���h�p�_�g�d�m��

�d�h�]�g�b�l�b�\�g�u�o���n�m�g�d�p�b�c�����l�_�k�l���k�e�_�`�_�g�b�y�����l�_�k�l���‹ �����b���������j�Z�a�g�h�c���k�e�h�`�g�h�k�l�b�������l�_�k�l���k�b�f�\�h�e�v�g�u�o���p�b�n�j��
���l�_�k�l�� �‹ ������ �b�� �l�_�k�l�� �g�Z�� �j�Z�a�e�b�q�b�y�� ���l�_�k�l�� �‹ 4). �:�g�Z�e�b�a�� �k�h�[�j�Z�g�g�u�o�� �^�Z�g�g�u�o���i�h�d�Z�a�Z�e ���j�b�k. 2), �q�l�h��
�j�Z�a�e�b�q�g�u�_�� �k�i�_�d�l�j�u�� �k�\�_�l�Z�� �h�d�Z�a�u�\�Z�x�l�� �k�i�_�p�b�n�b�q�_�k�d�h�_�� �\�e�b�y�g�b�_�� �g�Z�� �d�h�]�g�b�l�b�\�g�u�_���n�m�g�d�p�b�b�� �b��
�w�f�h�p�b�h�g�Z�e�v�g�h�_���k�h�k�l�h�y�g�b�_�� 
 

  

 

�J�b�k. 2. �=�b�k�l�h�]�j�Z�f�f�u���j�_�a�m�e�v�l�Z�l�h�\���m�q�Z�k�l�g�b�d�Z���w�d�k�i�_�j�b�f�_�g�l�Z 
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�h�k�\�_�s�_�g�b�y���g�_���\�u�y�\�e�_�g�Z�����g�h���g�Z�[�e�x�^�Z�e�b�k�v���h�i�j�_�^�_�e�_�g�g�u�_���d�h�j�j�_�e�y�p�b�b�� 

�D�j�Z�k�g�u�c���k�\�_�l�������������g�f�����k�l�b�f�m�e�b�j�m�_�l���n�b�a�b�q�_�k�d�m�x���Z�d�l�b�\�g�h�k�l�v���b���f�h�a�]�h�\�m�x���^�_�y�l�_�e�v�g�h�k�l�v����
�g�h�� �i�j�b�� �^�e�b�l�_�e�v�g�h�f���\�h�a�^�_�c�k�l�\�b�b�� �m�\�_�e�b�q�b�\�Z�_�l�� �m�l�h�f�e�y�_�f�h�k�l�v�� �b�� �k�l�j�_�k�k���� �A�_�e�z�g�u�c�� ���������� �g�f����
�k�g�b�`�Z�_�l���k�l�j�_�k�k���b���m�e�m�q�r�Z�_�l���d�h�]�g�b�l�b�\�g�h�_���\�h�k�i�j�b�y�l�b�_�����K�b�g�b�c�������������g�f�����i�h�\�u�r�Z�_�l���d�h�g�p�_�g�l�j�Z�p�b�x��
�b���k�d�h�j�h�k�l�v���j�_�Z�d�p�b�b�����g�h���f�h�`�_�l���\�u�a�u�\�Z�l�v���a�j�b�l�_�e�v�g�h�_���m�l�h�f�e�_�g�b�_�� 

�J�_�a�m�e�v�l�Z�l�u�� �i�h�^�l�\�_�j�`�^�Z�x�l�� �a�g�Z�q�b�f�h�k�l�v�� �k�i�_�d�l�j�Z�e�v�g�u�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �k�\�_�l�Z�� �\��
�h�[�j�Z�a�h�\�Z�l�_�e�v�g�h�c�� �k�j�_�^�_�� �b�� �i�_�j�k�i�_�d�l�b�\�g�h�k�l�v�� �Z�^�Z�i�l�b�\�g�u�o�� �k�b�k�l�_�f�� �h�k�\�_�s�_�g�b�y�� �^�e�y�� �i�h�\�u�r�_�g�b�y��
�i�j�h�^�m�d�l�b�\�g�h�k�l�b���h�[�m�q�_�g�b�y�� 

 
�A�Z�d�e�x�q�_�g�b�_ 
�J�Z�a�j�Z�[�h�l�Z�g�g�Z�y���k�b�k�l�_�f�Z���Z�^�Z�i�l�b�\�g�h�]�h���h�k�\�_�s�_�g�b�y���i�h�a�\�h�e�b�e�Z���\�u�y�\�b�l�v���h�k�h�[�_�g�g�h�k�l�b���\�e�b�y�g�b�y��

�j�Z�a�e�b�q�g�u�o�� �k�i�_�d�l�j�h�\�� �k�\�_�l�Z�� �g�Z���d�h�]�g�b�l�b�\�g�u�_�� �n�m�g�d�p�b�b�� �k�l�m�^�_�g�l�h�\���� �D�j�Z�k�g�u�c�� �k�\�_�l�� �k�l�b�f�m�e�b�j�m�_�l��
�Z�d�l�b�\�g�h�k�l�v�����g�h���k�i�h�k�h�[�k�l�\�m�_�l�� �m�l�h�f�e�y�_�f�h�k�l�b�����a�_�e�z�g�u�c���k�i�h�k�h�[�k�l�\�m�_�l���j�_�e�Z�d�k�Z�p�b�b���b���m�e�m�q�r�_�g�b�x��
�\�h�k�i�j�b�y�l�b�y���� �Z�� �k�b�g�b�c�� �i�h�\�u�r�Z�_�l�� �d�h�g�p�_�g�l�j�Z�p�b�x���� �g�h�� �f�h�`�_�l�� �\�u�a�u�\�Z�l�v�� �a�j�b�l�_�e�v�g�h�_�� �g�Z�i�j�y�`�_�g�b�_�� 
�I�j�b�� �w�l�h�f���d�j�Z�k�g�u�c�� �b�� �k�b�g�b�c�� �k�\�_�l���f�h�]�m�l�� �\�u�a�u�\�Z�l�v�� �e�_�]�d�h�_�� �g�Z�i�j�y�`�_�g�b�_���� �q�l�h�� �i�j�b�\�h�^�b�l�� �d�� �[�h�e�_�_��
�^�e�b�l�_�e�v�g�h�f�m���\�u�i�h�e�g�_�g�b�x���a�Z�^�Z�q. 

�I�h�e�m�q�_�g�g�u�_�� �j�_�a�m�e�v�l�Z�l�u�� �f�h�]�m�l�� �[�u�l�v�� �b�k�i�h�e�v�a�h�\�Z�g�u�� �i�j�b�� �j�Z�a�j�Z�[�h�l�d�_�� �b�g�l�_�e�e�_�d�l�m�Z�e�v�g�u�o��
�k�b�k�l�_�f�� �[�b�h�^�b�g�Z�f�b�q�_�k�d�h�]�h�� �h�k�\�_�s�_�g�b�y�� �^�e�y�� �h�[�j�Z�a�h�\�Z�l�_�e�v�g�u�o�� �m�q�j�_�`�^�_�g�b�c���� �m�q�b�l�u�\�Z�x�s�b�o��
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Abstract. Breast cancer (BC) occupies a leading place in the structure of oncological morbidity. 
When developing breast cancer treatment tactics, a personalized approach to the appointment of 
neoadjuvant chemotherapy (NAC) is chosen, which serves to reduce the volume of the primary 
tumor and transfer it to an operable state in order to improve treatment outcomes. To this end, it is 
necessary to study the effects of various preoperative treatment regimens on the genetic landscape 
of the tumor, which determines both a favorable outcome and the stimulation of metastasis. 
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�m�k�l�Z�g�h�\�e�_�g�h�����q�l�h���\�h�a�g�b�d�g�h�\�_�g�b�_���]�_�f�Z�l�h�]�_�g�g�h�]�h���f�_�l�Z�k�l�Z�a�b�j�h�\�Z�g�b�y���g�Z�[�e�x�^�Z�e�h�k�v���i�j�b���[�h�e�v�r�_�f��
�d�h�e�b�q�_�k�l�\�_���^�_�e�_�p�b�c���\�����S�����������j�_�]�b�h�g�_������ �����^�h���e�_�q�_�g�b�y���������� �����i�h�k�e�_���G�O�L�������j = 0,053) ���j�b�k. 1).  

 

 
 

�J�b�k. �������Q�Z�k�l�h�l�Z���\�k�l�j�_�q�Z�_�f�h�k�l�b���&�1�$���m���[�h�e�v�g�u�o���J�F�@�����d�h�l�h�j�u�f���\���j�_�`�b�f�_���i�j�_�^�h�i�_�j�Z�p�b�h�g�g�h�c���o�b�f�b�h�l�_�j�Z�i�b�b��
�[�u�e�b���i�j�b�f�_�g�_�g�u���Z�g�l�j�Z�p�b�d�e�b�g-�k�h�^�_�j�`�Z�s�b�_���k�o�_�f�u�����)�$�&���$�&�����&�$�;�������^�h���b���i�h�k�e�_���e�_�q�_�g�b�y���\���a�Z�\�b�k�b�f�h�k�l�b�� 

�h�l���g�Z�e�b�q�b�y �]�_�f�Z�l�h�]�_�g�g�h�]�h���f�_�l�Z�k�l�Z�a�b�j�h�\�Z�g�b�y 
�I�j�b�f�_�q�Z�g�b�_�����G�_�l���0�H�W���± �h�l�k�m�l�k�l�\�b�_���]�_�f�Z�l�h�]�_�g�g�h�]�h���f�_�l�Z�k�l�Z�a�b�j�h�\�Z�g�b�y�����0�H�W���± �g�Z�e�b�q�b�_ �]�_�f�Z�l�h�]�_�g�g�h�]�h��

�f�_�l�Z�k�l�Z�a�b�j�h�\�Z�g�b�y 
�I�h�l�_�g�p�b�Z�e�v�g�h�� �^�Z�g�g�u�_�� �e�h�d�m�k�u�� �f�h�]�m�l�� �\�u�k�l�m�i�Z�l�v�� �\�� �d�Z�q�_�k�l�\�_�� �i�j�h�]�g�h�k�l�b�q�_�k�d�h�]�h�� �f�Z�j�d�_�j�Z��

�\�h�a�g�b�d�g�h�\�_�g�b�y���]�_�f�Z�l�h�]�_�g�g�h�]�h���f�_�l�Z�k�l�Z�a�b�j�h�\�Z�g�b�y���m���[�h�e�v�g�u�o���e�x�f�b�g�Z�e�v�g�u�f���<���i�h�^�l�b�i�h�f���J�F�@��
�i�j�b���g�Z�a�g�Z�q�_�g�b�b �Z�g�l�j�Z�p�b�d�e�b�g-�k�h�^�_�j�`�Z�s�b�o���k�o�_�f���G�O�L���� 
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�>�e�y�� ��-�c�� �]�j�m�i�i�u�� �i�Z�p�b�_�g�l�h�d, �d�h�l�h�j�u�f���\�� �j�_�`�b�f�_�� �i�j�_�^�h�i�_�j�Z�p�b�h�g�g�h�c�� �o�b�f�b�h�l�_�j�Z�i�b�b��
�i�j�b�f�_�g�y�e�b�� �l�Z�d�k�Z�g-�k�h�^�_�j�`�Z�s�b�_�� �k�o�_�f�u�� �G�O�L, �l�Z�d�`�_�� �[�u�e�� �i�j�h�\�_�^�_�g�� �Z�g�Z�e�b�a�� �j�Z�k�i�j�_�^�_�e�_�g�b�y��
�q�Z�k�l�h�l�� �&�1�$�� �\�� �]�j�m�i�i�Z�o�� �i�Z�p�b�_�g�l�h�d�� �^�h�� �b�� �i�h�k�e�_�� �e�_�q�_�g�b�y�� �\�� �a�Z�\�b�k�b�f�h�k�l�b�� �h�l�� �g�Z�e�b�q�b�y��
�]�_�f�Z�l�h�]�_�g�g�h�]�h�� �f�_�l�Z�k�l�Z�a�b�j�h�\�Z�g�b�y���� �<�� �b�k�k�e�_�^�m�_�f�h�c�� �]�j�m�i�i�_�� �m�� ���� �i�Z�p�b�_�g�l�h�d�� �a�Z�j�_�]�b�k�l�j�b�j�h�\�Z�g�h��
�\�h�a�g�b�d�g�h�\�_�g�b�_���]�_�f�Z�l�h�]�_�g�g�h�]�h���f�_�l�Z�k�l�Z�a�b�j�h�\�Z�g�b�y���� 

�<�� �j�_�a�m�e�v�l�Z�l�_�� �k�j�Z�\�g�_�g�b�y�� �q�Z�k�l�h�l�� �\�k�l�j�_�q�Z�_�f�h�k�l�b�� �&�1�$�� �\�� �^�Z�g�g�u�o�� �]�j�m�i�i�Z�o�� �i�Z�p�b�_�g�l�h�d�� �^�h��
�e�_�q�_�g�b�y�� �i�h�d�Z�a�Z�g�h���� �q�l�h�� �\�h�a�g�b�d�g�h�\�_�g�b�_�� �]�_�f�Z�l�h�]�_�g�g�h�]�h�� �f�_�l�Z�k�l�Z�a�b�j�h�\�Z�g�b�y�� �g�Z�[�e�x�^�Z�e�h�k�v�� �i�j�b��
�[�h�e�v�r�_�f�� �d�h�e�b�q�_�k�l�\�_�� �Z�f�i�e�b�n�b�d�Z�p�b�c�� �\�� ���S���������� �j�_�]�b�h�g�_�� ���j� �������������� �b�� �^�_�e�_�p�b�c�� �\�� ���S���������� �j�_�]�b�h�g�_��
���j = 0,053). 

�<���j�_�a�m�e�v�l�Z�l�_���k�j�Z�\�g�_�g�b�y���q�Z�k�l�h�l���\�k�l�j�_�q�Z�_�f�h�k�l�b���&�1�$���\���^�Z�g�g�u�o���]�j�m�i�i�Z�o���i�Z�p�b�_�g�l�h�d���i�h�k�e�_��
�e�_�q�_�g�b�y�� �i�h�d�Z�a�Z�g�h���� �q�l�h�� �\�h�a�g�b�d�g�h�\�_�g�b�_�� �]�_�f�Z�l�h�]�_�g�g�h�]�h�� �f�_�l�Z�k�l�Z�a�b�j�h�\�Z�g�b�y�� �g�Z�[�e�x�^�Z�e�h�k�v�� �i�j�b��
�[�h�e�v�r�_�f���d�h�e�b�q�_�k�l�\�_���Z�f�i�e�b�n�b�d�Z�p�b�c���\�������T�������������j�_�]�b�h�g�_������ �����^�h���e�_�q�_�g�b�y���������� �����i�h�k�e�_���G�O�L����
���j = 0,00171) ���j�b�k�� 2).  

 

 
 

�J�b�k�� �������Q�Z�k�l�h�l�Z���\�k�l�j�_�q�Z�_�f�h�k�l�b���&�1�$���m���[�h�e�v�g�u�o���J�F�@�����d�h�l�h�j�u�f���\���j�_�`�b�f�_���i�j�_�^�h�i�_�j�Z�p�b�h�g�g�h�c���o�b�f�b�h�l�_�j�Z�i�b�b��
�[�u�e�b���i�j�b�f�_�g�_�g�u���l�Z�d�k�Z�g-�k�h�^�_�j�`�Z�s�b�_���k�o�_�f�u�����$�&�7���$�7�����l�Z�d�k�h�l�_�j���\���f�h�g�h-�j�_�`�b�f�_�������^�h���b���i�h�k�e�_���e�_�q�_�g�b�y�� 

�\���a�Z�\�b�k�b�f�h�k�l�b���h�l���g�Z�e�b�q�b�y �]�_�f�Z�l�h�]�_�g�g�h�]�h���f�_�l�Z�k�l�Z�a�b�j�h�\�Z�g�b�y 
�I�j�b�f�_�q�Z�g�b�_�����G�_�l Met �± �h�l�k�m�l�k�l�\�b�_���]�_�f�Z�l�h�]�_�g�g�h�]�h���f�_�l�Z�k�l�Z�a�b�j�h�\�Z�g�b�y�����0�H�W���± �g�Z�e�b�q�b�_ �]�_�f�Z�l�h�]�_�g�g�h�]�h��

�f�_�l�Z�k�l�Z�a�b�j�h�\�Z�g�b�y 
 
�I�h�l�_�g�p�b�Z�e�v�g�h�� � �̂Z�g�g�u�c�� �e�h�d�m�k�� �f�h� �̀_�l�� �\�u�k�l�m�i�Z�l�v�� �\�� �d�Z�q�_�k�l�\�_�� �i�j�h�]�g�h�k�l�b�q�_�k�d�h�]�h�� �f�Z�j�d�_�j�Z��

�\�h�a�g�b�d�g�h�\�_�g�b�y�� �]�_�f�Z�l�h�]�_�g�g�h�]�h�� �f�_�l�Z�k�l�Z�a�b�j�h�\�Z�g�b�y�� �m�� �[�h�e�v�g�u�o�� �e�x�f�b�g�Z�e�v�g�u�f�� �<�� �+�(�5��-�g�_�]�Z�l�b�\�g�u�f��
�i�h� �̂l�b�i�h�f���J�F�@���i�j�b���g�Z�a�g�Z�q�_�g�b�b���l�Z�d�k�Z�g-�k�h� �̂_�j� �̀Z�s�b�_���k�o�_�f�u�����$�&�7���$�7�����l�Z�d�k�h�l�_�j���\���f�h�g�h-�j�_� �̀b�f�_�����G�O�L���� 

 
�A�Z�d�e�x�q�_�g�b�_ 
�< �o�h�^�_�� �\�u�i�h�e�g�_�g�b�y�� �i�j�_�^�k�l�Z�\�e�_�g�g�h�]�h�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �[�u�e�b�� �\�u�y�\�e�_�g�u�� �i�h�l�_�g�p�b�Z�e�v�g�u�_��

�i�j�h�]�g�h�k�l�b�q�_�k�d�b�_�� �f�Z�j�d�_�j�u�� �\�h�a�g�b�d�g�h�\�_�g�b�y�� �]�_�f�Z�l�h�]�_�g�g�h�]�h�� �f�_�l�Z�k�l�Z�a�b�j�h�\�Z�g�b�y�� �^�e�y��
�e�x�f�b�g�Z�e�v�g�h�]�h��B HER2-�h�l�j�b�p�Z�l�_�e�v�g�h�]�h �J�F�@�� �i�j�b�� �i�j�b�f�_�g�_�g�b�b���j�Z�a�e�b�q�g�u�o�� �k�o�_�f��
�g�_�h�Z�^�t�x�\�Z�g�l�g�h�c���o�b�f�b�h�l�_�j�Z�i�b�b. 

 
�J�Z�[�h�l�Z���i�h�^�^�_�j�`�Z�g�Z���]�j�Z�g�l�h�f���J�G�N���‹������ -25-00499. 
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�D�F�W�L�Y�L�W�\���G�X�U�L�Q�J���W�K�H���V�R�O�Y�L�Q�J���R�I���Y�H�U�E�D�O���D�Q�G���Q�R�Q���Y�H�U�E�D�O���W�D�V�N�V�����D�V���Z�H�O�O���D�V���(�(�* ���S�D�W�W�H�U�Q�V�����7�K�H���L�Q�G�L�Y�L�G�X�D�O��
�I�H�D�W�X�U�H�V�� �R�I�� �W�K�H���E�D�F�N�J�U�R�X�Q�G�� �(�(�* �� �U�K�\�W�K�P�V�� �U�H�I�O�H�F�W�� �W�K�H���U�H�J�X�O�D�W�R�U�\�� �S�U�R�F�H�V�V�H�V�� �W�K�D�W���S�U�R�Y�L�G�H�� �W�K�H��
�F�R�R�U�G�L�Q�D�W�L�R�Q���R�I���L�Q�W�U�D�F�R�U�W�L�F�D�O���U�H�O�D�W�L�R�Q�V�K�L�S�V�����D�I�I�H�F�W�L�Q�J���W�K�H���R�Y�H�U�D�O�O���V�W�D�W�H���R�I���W�K�H���E�U�D�L�Q�����+�R�Z�H�Y�H�U�����W�K�H�U�H���D�U�H��
�F�R�Q�I�O�L�F�W�L�Q�J���G�D�W�D���D�E�R�X�W���W�K�H���L�Q�W�H�U�K�H�P�L�V�S�K�H�U�L�F���U�H�O�D�W�L�R�Q�V�K�L�S�V���G�X�U�L�Q�J���V�R�O�Y�L�Q�J���Y�H�U�E�D�O���W�D�V�N�V�� 
�.�H�\���Z�R�U�G�V�� coherence, EEG, odorants, verbal tasks, working memory, attention. 
 

�<�\�_�^�_�g�b�_�� 
�F�_�`�i�h�e�m�r�Z�j�g�u�_�� �h�l�g�h�r�_�g�b�y���� �\�h�a�g�b�d�Z�x�s�b�_�� �\�� �i�j�h�p�_�k�k�_�� �\�u�i�h�e�g�_�g�b�y�� �\�_�j�[�Z�e�v�g�u�o�� �b��

�g�_�\�_�j�[�Z�e�v�g�u�o���a�Z�^�Z�q�����f�h�]�m�l���\�e�b�y�l�v���g�Z���i�Z�f�y�l�v�����\�g�b�f�Z�g�b�_�����w�n�n�_�d�l�b�\�g�h�k�l�v���^�_�y�l�_�e�v�g�h�k�l�b�����Z���l�Z�d�`�_��
�g�Z�� �i�Z�l�l�_�j�g�u�� �W�W�=�����B�g�^�b�\�b�^�m�Z�e�v�g�u�_�� �h�k�h�[�_�g�g�h�k�l�b�� �n�h�g�h�\�u�o�� �j�b�l�f�h�\�� �W�W�=�� �h�l�j�Z�`�Z�x�l�� �o�Z�j�Z�d�l�_�j��
�j�_�]�m�e�y�l�h�j�g�u�o���i�j�h�p�_�k�k�h�\�����h�[�_�k�i�_�q�b�\�Z�x�s�b�o���d�h�h�j�^�b�g�Z�p�b�x���\�g�m�l�j�b���d�h�j�d�h�\�u�o���\�a�Z�b�f�h�h�l�g�h�r�_�g�b�c����
�\�e�b�y�y�� �g�Z�� �h�[�s�_�_�� �k�h�k�l�h�y�g�b�_�� �f�h�a�]�Z���� �H�^�g�Z�d�h���k�m�s�_�k�l�\�m�x�l�� �i�j�h�l�b�\�h�j�_�q�b�\�u�_�� �^�Z�g�g�u�_�� �h�� �o�Z�j�Z�d�l�_�j�_��
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Abstract. In this study, we conducted experimental modeling of hypercoagulation syndrome and 
evaluated the dynamics of peripheral blood parameters, which significantly increase the 
likelihood of its occurrence and development of thrombosis. A statistically significant increase in 
the number of leukocytes, erythrocytes, hemoglobin, and hematocrit was recorded on the final day 
of the experiment in laboratory animals (rats) 29 %, 13 %, 6 %, 6 % accordingly, it is higher than 
the indicators of the control group. It has been shown that for a better study of hypercoagulation 
in patients, it is necessary to conduct a laboratory study of 12 major significant peripheral blood 
parameters that can act as predictors of thrombosis. 
Key words: hypercoagulation syndrome, hypercoagulation, platelets, erythrocytes, generalized 
pulmonary thrombosis model, thromboplastin. 
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�n�b�a�b�q�_�k�d�b�f�b�� �k�\�h�c�k�l�\�Z�f�b�� �l�j�h�f�[�h�p�b�l�h�\�� �b�� �w�j�b�l�j�h�p�b�l�h�\ [2]. �K�� �b�a�f�_�g�_�g�b�_�f���k�\�h�c�k�l�\ �f�_�g�y�_�l�k�y 
�n�m�g�d�p�b�h�g�Z�e�v�g�Z�y�� �Z�d�l�b�\�g�h�k�l�v �d�e�_�l�h�d���� �q�l�h�� �i�j�b�\�h�^�b�l�� �d�� �n�h�j�f�b�j�h�\�Z�g�b�x�� �w�j�b�l�j�h�p�b�l�Z�j�g�u�o�� �b��
�l�j�h�f�[�h�p�b�l�Z�j�g�u�o�� �Z�]�j�_�]�Z�l�h�\�� �>3]. �K�i�_�p�b�n�b�q�_�k�d�h�_�� �d�e�b�g�b�q�_�k�d�h�_�� �i�j�h�y�\�e�_�g�b�_�� �b�� �a�Z�l�j�m�^�g�b�l�_�e�v�g�h�_��
�b�k�k�e�_�^�h�\�Z�g�b�_�� �l�j�h�f�[�h�w�f�[�h�e�b�q�_�k�d�b�o�� �h�k�e�h�`�g�_�g�b�c���� �m�\�_�e�b�q�b�\�Z�x�l�� �a�g�Z�q�b�f�h�k�l�v�� �e�Z�[�h�j�Z�l�h�j�g�h�c��
�^�b�Z�]�g�h�k�l�b�d�b���b���i�h�b�k�d���i�h�d�Z�a�Z�l�_�e�_�c���± �[�b�h�f�Z�j�d�_�j�h�\�����k�j�_�^�b���d�h�l�h�j�u�o���h�k�h�[�h�_���\�g�b�f�Z�g�b�_���m�^�_�e�y�_�l�k�y��
�b�f�_�g�g�h���i�Z�j�Z�f�_�l�j�Z�f���i�_�j�b�n�_�j�b�q�_�k�d�h�c���d�j�h�\�b���� 

 
�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y���q�Z�k�l�v 
�<���g�Z�r�_�f���b�k�k�e�_�^�h�\�Z�g�b�b���=�D�K���f�h�^�_�e�b�j�h�\�Z�e�b���g�Z���h�k�g�h�\�_���l�j�h�f�[�h�i�e�Z�k�l�b�g-�b�g�^�m�p�b�j�h�\�Z�g�g�h�c��

�f�h�^�_�e�b���� �i�h�d�Z�a�Z�\�r�_�c �o�h�j�h�r�m�x�� �\�h�k�i�j�h�b�a�\�h�^�b�f�h�k�l�v�� �\�_�g�h�a�g�h�]�h�� �l�j�h�f�[�h�a�Z �b�� �i�h�a�\�h�e�y�x�s�_�c �\��
�j�_�Z�e�v�g�h�f���\�j�_�f�_�g�b���g�Z�[�e�x�^�Z�l�v���b���b�a�m�q�Z�l�v���i�j�h�p�_�k�k�u���l�j�h�f�[�h�h�[�j�Z�a�h�\�Z�g�b�y���>��������]. 
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�W�d�k�i�_�j�b�f�_�g�l�u�� �i�j�h�\�_�^�_�g�u�� �g�Z�� ������ �d�j�u�k�Z�o-�k�Z�f�d�Z�o�� �k�l�h�d�Z�� �6�'�� �f�Z�k�k�h�c�� �������±�������� �]���� �b�a��
�i�b�l�h�f�g�b�d�Z���G�B�B�N�b�J�F���b�f�� �?���>���� �=�h�e�v�^�[�_�j�]�Z���� �j�Z�a�^�_�e�_�g�g�u�o���g�Z������ �]�j�m�i�i�u���� �d�h�g�l�j�h�e�v�g�Z�y���]�j�m�i�i�Z��
(n = 40), �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y�� �]�j�m�i�i�Z�� ���Q = ���������� �>�e�y�� �h�i�j�_�^�_�e�_�g�b�y�� �h�i�l�b�f�Z�e�v�g�h�c�� �^�h�a�u�� �[�u�e��
�i�j�h�\�_�^�_�g �i�j�h�[�b�l-�Z�g�Z�e�b�a���� �>�e�y�� �f�h�^�_�e�b�j�h�\�Z�g�b�y�� �=�D�K�� �d�j�u�k�Z�f�� �\�� �o�\�h�k�l�h�\�m�x�� �\�_�g�m�� �\�g�m�l�j�b�\�_�g�g�h��
�\�\�h�^�b�e�b�����������j�Z�k�l�\�h�j���l�j�h�f�[�h�i�e�Z�k�l�b�g�Z���\���h�[�t�_�f�_�����������f�d�e�����A�Z�[�h�j���d�j�h�\�b���i�j�h�\�h�^�b�e�k�y���g�Z��������������������
7, 10, 14, 17, �������k�m�l�d�b�� 

�>�b�g�Z�f�b�d�m�� �������]�_�f�Z�l�h�e�h�]�b�q�_�k�d�b�o�� �i�h�d�Z�a�Z�l�_�e�_�c �h�p�_�g�b�\�Z�e�b���k�� �i�h�f�h�s�v�x�� �Z�\�l�h�f�Z�l�b�q�_�k�d�h�]�h��
�]�_�f�Z�l�h�e�h�]�b�q�_�k�d�h�]�h���Z�g�Z�e�b�a�Z�l�h�j�Z����-diff Mindray BC-5000Vet (�l�Z�[�e. 1). �K�l�Z�l�b�k�l�b�q�_�k�d�b�c���Z�g�Z�e�b�a��
�i�j�h�\�h�^�b�e�k�y�� �i�j�h�]�j�Z�f�f�h�c�� �6�W�D�W�3�O�X�V�� �\�_�j�k�b�b�� �������������� �>�e�y�� �d�Z�`�^�h�c�� �\�u�[�h�j�d�b�� �\�u�q�b�k�e�y�e�b�� �k�j�_�^�g�_�_��
�Z�j�b�n�f�_�l�b�q�_�k�d�h�_�� ���O������ �h�r�b�[�d�m�� �k�j�_�^�g�_�]�h�� �Z�j�b�n�f�_�l�b�q�_�k�d�h�]�h�� ���P������ �I�j�h�\�_�j�d�m�� �g�Z�� �g�h�j�f�Z�e�v�g�h�k�l�v��
�j�Z�k�i�j�_�^�_�e�_�g�b�y�� �i�j�h�\�h�^�b�e�b�� �k�� �i�h�f�h�s�v�x�� �k�l�Z�g�^�Z�j�l�b�a�b�j�h�\�Z�g�g�u�o���d�h�w�n�n�b�p�b�_�g�l�h�\�� �Z�k�b�f�f�_�l�j�b�b���b��
�w�d�k�p�_�k�k�Z���� �I�j�b�� �g�_�k�h�h�l�\�_�l�k�l�\�b�b�� �j�Z�k�i�j�_�^�_�e�_�g�b�y�� �g�h�j�f�Z�e�v�g�h�f�m�� �a�Z�d�h�g�m�� �b�k�i�h�e�v�a�h�\�Z�e�b��
�g�_�i�Z�j�Z�f�_�l�j�b�q�_�k�d�b�c�� �d�j�b�l�_�j�b�c�� �F�Z�g�g�Z-�M�b�l�g�b���� �M�j�h�\�_�g�v�� �a�g�Z�q�b�f�h�k�l�b�� �d�j�b�l�_�j�b�_�\�� �a�Z�^�Z�\�Z�e�b��
�j�Z�\�g�u�f�����������b���������� 
 

�L�Z�[�e�b�p�Z 1 
�B�a�f�_�g�_�g�b�_���]�_�f�Z�l�h�e�h�]�b�q�_�k�d�b�o���i�h�d�Z�a�Z�l�_�e�_�c���i�j�b���j�Z�a�\�b�l�b�b���]�b�i�_�j�d�h�Z�]�m�e�y�p�b�b�� 

�m���e�Z�[�h�j�Z�l�h�j�g�u�o���`�b�\�h�l�g�u�o�����d�j�u�k�u�� 

 WBC RBC HGB HCT MCV MCH MCH
C 

RDW PLT MPV PDW 
 

PCT 
 

�d�h�g�l-
�j�h�e�v 

�������������“��
0,64 

�����������“��
0,13 

18,84
�“���������� 

46,92
�“���������� 

53,38
�“���������� 

21,50
�“���������� 

40,50
�“���������� 

25,44
�“���������� 

763,20 
�“������������ 

�����������“��
0,12 

15,54
�“���������� 

�����������“��
0,23 

�����k�m�l �������������“��
0,86* 

�����������“��
0,23 

18,92
�“���������� 

42,44
�“��

0,85* 

45,86
�“��

0,50* 

20,44
�“��

0,17* 

44,58
�“��

0,24* 

23,44
�“��

0,41* 

632,00 
�“������������ 

�����������“��
0,06 

24,06
�“��

2,06* 

�����������“��
0,17* 

�����k�m�l �������������“��
0,76* 

�����������“��
0,08* 

19,72
�“��

0,13* 

48,18
�“���������� 

51,48
�“��

0,20* 

20,92
�“��

0,15* 

40,48
�“���������� 

25,36
�“���������� 

749,40 
�“���������� 

�����������“��
0,04 

17,62
�“��

0,21* 

�����������“��
0,10 

�����k�m�l �������������“��
0,63* 

8,80 
�“�������� 

18,62
�“���������� 

47,34
�“���������� 

52,60
�“���������� 

20,22
�“��

0,29* 

38,38
�“��

0,27* 

23,92
�“��

0,26* 

899,60 
�“��

41,41* 

�����������“��
0,09* 

15,30
�“���������� 

�����������“��
0,26 

�����k�m�l �������������“��
1,27* 

�����������“��
0,12 

17,78
�“��

0,15* 

46,44
�“���������� 

53,32
�“���������� 

20,36
�“��

0,24* 

38,22
�“��

0,37* 

25,40
�“���������� 

877,60 
�“��

18,15* 

�����������“��
0,04* 

15,58
�“ 

0,04 

�����������“ 
0,19* 

�������k�m�l �������������“��
0,59 

�����������“��
0,27 

18,40
�“���������� 

47,42
�“���������� 

53,94
�“���������� 

20,92
�“���������� 

38,78
�“��

0,04* 

25,22
�“���������� 

826,40 
�“������������ 

�����������“��
0,05* 

15,58
�“���������� 

�����������“��
0,28 

�������k�m�l �������������“��
0,50* 

�����������“��
0,28 

18,16
�“���������� 

46,92
�“��1,48 

54,36
�“���������� 

21,00
�“���������� 

38,66
�“��

0,23* 

25,18
�“���������� 

864,80 
�“��

19,64* 

�����������“��
0,04* 

15,62
�“���������� 

�����������“��
0,26* 

�������k�m�l �������������“��
0,42* 

�����������“��
0,21* 

19,20
�“���������� 

46,20
�“���������� 

50,70
�“��

0,71* 

21,08
�“�������� 

41,54
�“��

0,15* 

24,16
�“��

0,33* 

750,60 
�“���������� 

�����������“��
0,11 

18,46
�“��

0,63* 

�����������“��
0,29 

�������k�m�l �������������“��
0,50* 

�����������“��
0,2* 

20,00
�“��

0,28* 

49,76
�“��

0,68* 

51,98
�“���������� 

20,90
�“���������� 

40,22
�“���������� 

25,68
�“���������� 

804,40 
�“������������ 

�����������“��
0,12 

17,38
�“���������� 

�����������“��
0,05 

 
�J�_�a�m�e�v�l�Z�l�u 
�J�_�a�m�e�v�l�Z�l�u�� �\�u�i�h�e�g�_�g�g�u�o�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �i�h�d�Z�a�Z�e�b���� �q�l�h�� �\�\�_�^�_�g�b�_���w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�f��

�`�b�\�h�l�g�u�f�� ���d�j�u�k�Z�f���� ���� ���� �j�Z�k�l�\�h�j�Z�� �l�j�h�f�[�h�i�e�Z�k�l�b�g�Z�� �i�j�b�\�h�^�b�e�h�� �d�� �i�h�\�u�r�_�g�b�x�� �\�k�_�o��
�]�_�f�Z�l�h�e�h�]�b�q�_�k�d�b�o�� �i�h�d�Z�a�Z�l�_�e�_�c�� �\�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�c�� �]�j�m�i�i�_�� �m�`�_�� �g�Z�� �i�_�j�\�u�_�� �k�m�l�d�b��
�w�d�k�i�_�j�b�f�_�g�l�Z. �L�Z�d���� �d�h�e�b�q�_�k�l�\�h�� �e�_�c�d�h�p�b�l�h�\�� ��WBC���� �g�Z�� ��-�_�� �k�m�l�d�b�� �i�h�\�u�k�b�e�h�k�v �g�Z�� ������ ���� �\��
�k�j�Z�\�g�_�g�b�b���k���]�j�m�i�i�h�c���d�h�g�l�j�h�e�y�����h�l���������������^�h���������������]���e�������K�l�Z�l�b�k�l�b�q�_�k�d�b���a�g�Z�q�b�f�h�_���i�h�\�u�r�_�g�b�_��
WBC �j�_�]�b�k�l�j�b�j�h�\�Z�e�b�� �g�Z�� ����-�_�� �k�m�l�d�b (������������ �]���e������ �q�l�h���g�Z�� ������ ���� �\�u�r�_�� �a�g�Z�q�_�g�b�y�� �d�h�g�l�j�h�e�v�g�h�c��
�]�j�m�i�i�u �b �f�h�`�_�l���k�\�b�^�_�l�_�e�v�k�l�\�h�\�Z�l�v �h���g�Z�e�b�q�b�b���\�h�k�i�Z�e�b�l�_�e�v�g�h�]�h���i�j�h�p�_�k�k�Z���\���k�h�k�m�^�Z�o�� 
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�G�Z�� �b�l�h�]�h�\�u�_�� �k�m�l�d�b�� �w�d�k�i�_�j�b�f�_�g�l�Z�� �[�u�e�h�� �a�Z�j�_�]�b�k�l�j�b�j�h�\�Z�g�h�� �i�h�\�u�r�_�g�b�_�� �d�h�e�b�q�_�k�l�\�Z 
�w�j�b�l�j�h�p�b�l�h�\��(RBC) �\���d�j�h�\�b ���k�������������^�h�������������l���e�������m�j�h�\�g�y���]�_�f�h�]�e�h�[�b�g�Z����HGB�������k���������������^�h���������������]���^�e������
�q�l�h�� �g�Z�� ������ ���� �b�� ���� ���� �k�h�h�l�\�_�l�k�l�\�_�g�g�h�� �\�u�r�_�� �i�h�d�Z�a�Z�l�_�e�_�c�� �]�j�m�i�i�u�� �d�h�g�l�j�h�e�y���� �>�Z�g�g�u�c�� �n�Z�d�l��
�k�\�b�^�_�l�_�e�v�k�l�\�m�_�l���h���i�h�\�u�r�_�g�b�b���\�y�a�d�h�k�l�b���d�j�h�\�b���b���m�o�m�^�r�_�g�b�b �d�j�h�\�h�k�g�Z�[�`�_�g�b�y������ 

�H�[�� �m�\�_�e�b�q�_�g�b�b�� �^�Z�g�g�h�]�h�� �i�h�d�Z�a�Z�l�_�e�y�� �l�Z�d�`�_�� �k�\�b�^�_�l�_�e�v�k�l�\�m�_�l���i�h�\�u�r�_�g�b�_�� �g�Z�� ����-�_�� �k�m�l�d�b��
�]�_�f�Z�l�h�d�j�b�l�g�h�]�h�� �q�b�k�e�Z (HCT) (49,76 %)���� �q�l�h�� �g�Z�� ���� ���� �\�u�r�_�� �m�j�h�\�g�y�� �d�h�g�l�j�h�e�v�g�h�c�� �]�j�m�i�i�u����
�K�e�_�^�m�_�l�� �h�l�f�_�l�b�l�v���� �q�l�h�� �\�� �h�[�s�_�c�� �i�h�i�m�e�y�p�b�b �i�h�\�u�r�_�g�b�_ �m�j�h�\�g�y �]�_�f�Z�l�h�d�j�b�l�Z �g�Z�� ���� ����
�Z�k�k�h�p�b�b�j�h�\�Z�g�h���k���m�\�_�e�b�q�_�g�b�_�f���j�b�k�d�Z���\�_�g�h�a�g�u�o���l�j�h�f�[�h�w�f�[�h�e�b�c���>6].  

�J�Z�a�\�b�l�b�_�� �l�j�h�f�[�h�p�b�l�h�a�Z�� �\�� �i�_�j�b�n�_�j�b�q�_�k�d�h�c�� �d�j�h�\�b �j�_�]�b�k�l�j�b�j�h�\�Z�e�b�� �i�h�� �b�a�f�_�g�_�g�b�x 
�d�h�e�b�q�_�k�l�\�Z���l�j�h�f�[�h�p�b�l�h�\ (PLT), �g�Z����-�_���k�m�l�d�b���b�o �a�g�Z�q�_�g�b�_���^�h�k�l�b�]�e�h�����������������l���e�����q�l�h���\�u�r�_���g�Z��
18 % �i�j�_�\�u�r�Z�_�l�� �i�h�d�Z�a�Z�l�_�e�v���d�h�g�l�j�h�e�v�g�h�c�� �]�j�m�i�i�u���� �L�Z�d�`�_�� �g�Z�[�e�x�^�Z�e�h�k�v�� �i�h�\�u�r�_�g�b�_�� �m�j�h�\�g�y��
�l�j�h�f�[�h�d�j�b�l�Z (PCT) �g�Z 7-�_���b������-�_���k�m�l�d�b�����k���f�Z�d�k�b�f�Z�e�v�g�u�f���b�a�f�_�g�_�g�b�_�f���^�Z�g�g�h�]�h���i�h�d�Z�a�Z�l�_�e�y���g�Z��
7-�_���k�m�l�d�b�����������������������q�l�h���g�Z�������������\�u�r�_���i�h�d�Z�a�Z�l�_�e�y �]�j�m�i�i�u���d�h�g�l�j�h�e�y���� 
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Abstract. Titanium nickelide (NiTi) has proven to be one of the best biomaterials for implantation. 
Due to its unique properties, NiTi provides the best biocompatibility with human body tissues. In 
this study, NiTi samples obtained by self propagating high-temperature synthesis (SHS) and 
selective laser melting (SLM) were analyzed. The porosity of NiTi was assessed using optical 
coherence tomography (OCT). The surface of porous NiTi samples was analyzed and the pore 
surface relative to the entire sample was estimated. 
Key words: titanium nickelide, porosity, optical coherence tomography, biocompatibility. 
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�b�a�f�_�g�_�g�b�y���d�h�k�l�g�u�o���b���k�m�k�l�Z�\�g�u�o���l�d�Z�g�_�c�����Z���l�Z�d�`�_���l�j�Z�\�f�u���i�j�_�^�k�l�Z�\�e�y�x�l���k�h�[�h�c���h�^�g�m���b�a���k�Z�f�u�o��
�\�Z�`�g�u�o�� �i�j�h�[�e�_�f�� �\�� �h�[�e�Z�k�l�b�� �a�^�j�Z�\�h�h�o�j�Z�g�_�g�b�y���� �W�l�h���i�j�b�\�h�^�b�l���d�� �m�\�_�e�b�q�_�g�b�x �k�i�j�h�k�Z�� �g�Z��
�b�g�^�b�\�b�^�m�Z�e�v�g�u�_ �b�f�i�e�Z�g�l�Z�l�u���� �d�h�l�h�j�u�_�� �i�h�f�h�]�Z�x�l�� �\�h�k�k�l�Z�g�h�\�b�l�v�� �d�h�k�l�g�m�x�� �l�d�Z�g�v�� �G�b�d�_�e�b�^��
�l�b�l�Z�g�Z�� ���1�L�7�L���� �a�Z�j�_�d�h�f�_�g�^�h�\�Z�e �k�_�[�y���h�^�g�b�f �b�a�� �e�m�q�r�b�o�� �[�b�h�f�Z�l�_�j�b�Z�e�h�\ �^�e�y�� �b�f�i�e�Z�g�l�Z�p�b�b�� 
�B�f�i�e�Z�g�l�Z�l�u���g�Z���h�k�g�h�\�_���1�L�7�L���h�[�e�Z�^�Z�x�l���o�b�f�b�q�_�k�d�h�c���b�g�_�j�l�g�h�k�l�v�x���� �w�n�n�_�d�l�h�f�� �i�Z�f�y�l�b���n�h�j�f�u���b��
�k�\�_�j�o�w�e�Z�k�l�b�q�g�h�k�l�v�x���� �q�l�h�� �^�_�e�Z�_�l���b�o �b�^�_�Z�e�v�g�u�f�� �f�Z�l�_�j�b�Z�e�h�f�� �^�e�y�� �b�f�i�e�Z�g�l�Z�p�b�b�� �\�� �h�j�l�h�i�_�^�b�b����
�k�l�h�f�Z�l�h�e�h�]�b�b���b���d�Z�j�^�b�h�e�h�]�b�b�����1�L�7�L���k�i�h�k�h�[�_�g���Z�^�Z�i�l�b�j�h�\�Z�l�v�k�y���d���Z�g�Z�l�h�f�b�q�_�k�d�b�f�� �h�k�h�[�_�g�g�h�k�l�y�f��
�i�Z�p�b�_�g�l�Z�� �b�� �\�u�^�_�j�`�b�\�Z�l�v�� �^�b�g�Z�f�b�q�_�k�d�b�_�� �n�b�a�b�h�e�h�]�b�q�_�k�d�b�_�� �g�Z�]�j�m�a�d�b��[1]���� �J�Z�a�\�b�l�b�_�� �^�Z�g�g�h�]�h��
�g�Z�i�j�Z�\�e�_�g�b�y�� �k�\�y�a�Z�g�h�� �k�� �i�h�b�k�d�h�f�� �l�_�o�g�h�e�h�]�b�c�� �b�a�]�h�l�h�\�e�_�g�b�y�� �b�f�i�e�Z�g�l�Z�l�h�\�� �b�a��NiTi  �k��
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�b���� �d�h�l�h�j�u�_�� �[�u�� �h�[�_�k�i�_�q�b�\�Z�e�b�� �g�Z�b�e�m�q�r�m�x�� �i�j�b�`�b�\�Z�_�f�h�k�l�v�� �\�� �h�j�]�Z�g�b�a�f�_��
�q�_�e�h�\�_�d�Z���� �q�l�h���� �\�� �i�_�j�\�m�x�� �h�q�_�j�_�^�v���� �k�\�y�a�Z�g�h�� �k�� �b�o�� �[�b�h�k�h�\�f�_�k�l�b�f�h�k�l�v�x��[2]. �;�b�h�k�h�\�f�_�k�l�b�f�h�k�l�v �± 
�k�i�h�k�h�[�g�h�k�l�v�� �f�Z�l�_�j�b�Z�e�Z�� �b�g�l�_�]�j�b�j�h�\�Z�l�v�k�y�� �k�� �l�d�Z�g�y�f�b�� �i�Z�p�b�_�g�l�Z���� �g�_�� �\�u�a�u�\�Z�y�� �d�Z�d�b�o-�e�b�[�h��
�i�h�[�h�q�g�u�o�� �d�e�b�g�b�q�_�k�d�b�o�� �j�_�Z�d�p�b�c�� �H�^�g�b�f�� �b�a�� �d�e�x�q�_�\�u�o�� �n�Z�d�l�h�j�h�\���� �\�e�b�y�x�s�b�o�� �g�Z��
�[�b�h�k�h�\�f�_�k�l�b�f�h�k�l�v�� �[�b�h�f�Z�l�_�j�b�Z�e�h�\���� �y�\�e�y�_�l�k�y�� �i�h�j�b�k�l�h�k�l�v���� �d�h�l�h�j�Z�y�� �\�e�b�y�_�l�� �g�Z�� �\�u�`�b�\�Z�_�f�h�k�l�v��
�d�e�_�l�h�d���� �h�[�_�k�i�_�q�b�\�Z�y �i�j�h�k�l�j�Z�g�k�l�\�h�� �^�e�y�� �b�o�� �i�j�b�d�j�_�i�e�_�g�b�y���� �f�b�]�j�Z�p�b�b�� �b���j�h�k�l�Z [3, 4]. 
�H�i�l�b�f�Z�e�v�g�u�c�� �j�Z�a�f�_�j�� �i�h�j�� �h�d�Z�a�u�\�Z�_�l�� �i�h�e�h�`�b�l�_�e�v�g�h�_�� �\�e�b�y�g�b�_�� �g�Z�� �i�j�h�e�b�n�_�j�Z�p�b�x�� �b��
�f�h�j�n�h�e�h�]�b�x�� �d�e�_�l�h�d���� �i�h�\�u�r�Z�y�� �[�b�h�k�h�\�f�_�k�l�b�f�h�k�l�v�� �[�b�h�f�Z�l�_�j�b�Z�e�Z�� �>�e�y�� �h�p�_�g�d�b�� �i�h�j�b�k�l�h�k�l�b�� �\��
�g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y�� �i�j�b�f�_�g�y�x�l�k�y�� �l�Z�d�b�_�� �\�b�a�m�Z�e�v�g�h-�h�i�l�b�q�_�k�d�b�_�� �f�_�l�h�^�u���� �d�Z�d���h�i�l�b�q�_�k�d�Z�y��
�f�b�d�j�h�k�d�h�i�b�y�� �b�� �k�d�Z�g�b�j�m�x�s�Z�y�� �w�e�_�d�l�j�h�g�g�Z�y�� �f�b�d�j�h�k�d�h�i�b�y�� ���K�W�F������ �H�^�g�Z�d�h�� �g�_�^�h�k�l�Z�l�d�Z�f�b��
�^�Z�g�g�u�o���f�_�l�h�^�h�\���y�\�e�y�x�l�k�y���h�]�j�Z�g�b�q�_�g�g�Z�y���]�e�m�[�b�g�Z���n�h�d�m�k�b�j�h�\�d�b�����k�i�_�p�b�n�b�q�_�k�d�b�_���l�j�_�[�h�\�Z�g�b�y���d��
�i�h�^�]�h�l�h�\�d�_�� �h�[�j�Z�a�p�h�\�� ���i�h�e�b�j�h�\�d�Z���� �r�e�b�n�h�\�d�Z��. �K�e�_�^�h�\�Z�l�_�e�v�g�h�� �i�h�b�k�d�� �w�n�n�_�d�l�b�\�g�u�o�� �b��
�^�h�k�l�m�i�g�u�o�� �f�_�l�h�^�h�\�� �^�e�y�� �Z�g�Z�e�b�a�Z�� �i�h�j�b�k�l�h�k�l�b�� �y�\�e�y�_�l�k�y�� �Z�d�l�m�Z�e�v�g�h�c�� �a�Z�^�Z�q�_�c�� �<�� �^�Z�g�g�h�c�� �j�Z�[�h�l�_��
�h�i�l�b�q�_�k�d�Z�y�� �d�h�]�_�j�_�g�l�g�Z�y�� �l�h�f�h�]�j�Z�n�b�y�����H�D�L�����\�u�k�l�m�i�Z�_�l�� �Z�e�v�l�_�j�g�Z�l�b�\�g�u�f�� �f�_�l�h�^�h�f�� �h�p�_�g�d�b��
�i�h�j�b�k�l�h�k�l�b��NiTi ���� �l�Z�d�� �d�Z�d�� �i�h�a�\�h�e�y�_�l�� �m�i�j�Z�\�e�y�l�v�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�f�� �i�h�e�h�`�_�g�b�_�f�� �h�[�e�Z�k�l�b��
�\�b�a�m�Z�e�b�a�Z�p�b�b�����q�l�h���i�h�a�\�h�e�y�_�l���b�k�k�e�_�^�h�\�Z�l�v���i�h�j�u���g�Z���a�Z�^�Z�g�g�h�c���]�e�m�[�b�g�_��[5]. 
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�P�_�e�v�x�� �^�Z�g�g�h�c�� �j�Z�[�h�l�u�� �y�\�e�y�_�l�k�y�� �i�j�b�f�_�g�_�g�b�_�� �f�_�l�h�^�Z�� �H�D�L�� �^�e�y�� �Z�g�Z�e�b�a�Z�� �i�h�j�b�k�l�h�k�l�b��
�h�[�j�Z�a�p�h�\���b�a��NiTi �����b�k�i�h�e�v�a�m�_�f�h�]�h���\���d�Z�q�_�k�l�\�Z���h�^�g�h�]�h���b�a���h�k�g�h�\�g�u�o���[�b�h�f�_�^�b�p�b�g�k�d�b�o���f�Z�l�_�j�b�Z�e�h�\��
�^�e�y���b�f�i�e�Z�g�l�Z�p�b�b�� 
 

�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y���q�Z�k�l�v 
�>�e�y �i�j�h�\�_�^�_�g�b�y���b�k�k�e�_�^�h�\�Z�g�b�y���[�u�e�b���b�k�i�h�e�v�a�h�\�Z�g�u���h�[�j�Z�a�p�u��NiTi �����i�h�e�m�q�_�g�g�u�_���f�_�l�h�^�Z�f�b��

�k�Z�f�h�j�Z�k�i�j�h�k�l�j�Z�g�y�x�s�_�]�h�k�y �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�h�]�h�� �k�b�g�l�_�a�Z�� ���K�<�K���� �b�� �k�_�e�_�d�l�b�\�g�h�]�h�� �e�Z�a�_�j�g�h�]�h��
�i�e�Z�\�e�_�g�b�y�� ���6�H�O�H�F�W�L�Y�H�� �O�D�V�H�U���P�H�O�W�L�Q�J���� �6�/�0���� �H�[�j�Z�a�p�u���� �i�h�e�m�q�_�g�g�u�_�� �f�_�l�h�^�h�f���K�<�K���� �i�j�_�^�k�l�Z�\�e�y�e�b��
�k�h�[�h�c���^�b�k�d�b�� �l�h�e�s�b�g�h�c��6 �f�f  �b�� �^�b�Z�f�_�l�j�h�f�� ���� �f�f ���� �H�[�j�Z�a�p�u NiTi ���� �i�h�e�m�q�_�g�g�u�_ �f�_�l�h�^�h�f��SLM, 
�b�f�_�e�b�� �d�m�[�b�q�_�k�d�m�x�� �n�h�j�f�m�� �k�h���k�l�h�j�h�g�Z�f�b�������� �f�f�����H�[�j�Z�a�p�u���[�u�e�b�� �i�h�^�]�h�l�h�\�e�_�g�u�� �e�Z�[�h�j�Z�l�h�j�b�_�c 
�f�_�^�b�p�b�g�k�d�b�o�� �k�i�e�Z�\�h�\�� �b�� �b�f�i�e�Z�g�l�Z�l�h�\�� �k�� �i�Z�f�y�l�v�x�� �n�h�j�f�u���G�Z�p�b�h�g�Z�e�v�g�h�]�h�� �b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�h�]�h��
�L�h�f�k�d�h�]�h �]�h�k�m�^�Z�j�k�l�\�_�g�g�h�]�h �m�g�b�\�_�j�k�b�l�_�l�Z�� 

�H�p�_�g�d�Z���i�h�j�b�k�l�h�k�l�b���h�[�j�Z�a�p�h�\��NiTi �i�j�h�\�h�^�b�e�Z�k�v���k���i�h�f�h�s�v�x���i�j�b�[�h�j�Z���H�D�L���*�$�1�<�0�(�'�(�í�,�,��
���7�+�2�5�/�$�%�6���� �K�R�:���� �k�� �f�h�^�m�e�_�f�� �k�d�Z�g�b�j�h�\�Z�g�b�y�� �2�&�7�*-900. �K�m�i�_�j�e�x�f�b�g�_�k�p�_�g�l�g�u�c�� �^�b�h�^���k��
�h�k�_�\�u�f���j�Z�a�j�_�r�_�g�b�_�f���^�h�������f�d�f���b �^�e�b�g�h�c���j�Z�[�h�q�_�c���\�h�e�g�u�������� �“ �������g�f���i�h�a�\�h�e�y�_�l���i�h�e�m�q�b�l�v���]�e�m�[�b�g�m��
�i�j�h�g�b�d�g�h�\�_�g�b�y�� �k�\�_�l�h�\�h�]�h�� �k�b�]�g�Z�e�Z�� �^�h�� �������� �f�f�� �^�e�y�� �h�i�l�b�q�_�k�d�b�� �i�j�h�a�j�Z�q�g�u�o�� �h�[�j�Z�a�p�h�\. �I�j�b��
�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�c���p�b�n�j�h�\�h�c���h�[�j�Z�[�h�l�d�_���^�Z�g�g�u�o���Z�g�Z�e�b�a�b�j�h�\�Z�e�b�k�v���b�a�h�[�j�Z�`�_�g�b�y���g�Z���]�e�m�[�b�g�_���h�l����������
�^�h�� �������� �f�d�f�����I�j�b�f�_�j�u���b�a�h�[�j�Z�`�_�g�b�c�� �i�h�\�_�j�o�g�h�k�l�b���h�[�j�Z�a�p�h�\��NiTi ���� �i�h�e�m�q�_�g�g�u�_�� �k�� �i�h�f�h�s�v�x�� �H�D�L����
�i�j�_�^�k�l�Z�\�e�_�g�u���g�Z���j�b�k. 1. 
 

 

�J�b�k. 1. �I�j�b�f�_�j�u���i�h�\�_�j�o�g�h�k�l�b���h�[�j�Z�a�p�h�\��NiTi�����i�h�e�m�q�_�g�g�u�_: �Z�����f�_�l�h�^�h�f���K�<�K�����[�����f�_�l�h�^�h�f��SLM 
 
�<�k�_�]�h�� �[�u�e�h�� �b�a�f�_�j�_�g�h�� ���� �h�[�j�Z�a�p�Z�� ���i�h�� ���� �b�a�� �d�Z�`�^�h�c�� �]�j�m�i�i�u������ �>�e�y�� �d�Z�`�^�h�]�h�� �h�[�j�Z�a�p�Z�� �[�u�e�h��

�b�a�f�_�j�_�g�h���������K-�k�d�Z�g�h�\���b�a���j�Z�a�g�u�o���g�_�i�_�j�_�d�j�u�\�Z�x�s�b�o�k�y���h�[�e�Z�k�l�_�c�����h�[�s�_�_���b�a�f�_�j�_�g�b�_���± �������K-�k�d�Z�g�h�\���� 
�>�e�y�� �h�[�j�Z�[�h�l�d�b�� �^�Z�g�g�u�o�� �b�k�i�h�e�v�a�h�\�Z�e�Z�k�v�� �i�j�h�]�j�Z�f�f�Z��ThorImageOCT 5.0.1. �H�[�j�Z�a�p�u��NiTi  

�[�u�e�b�� �b�a�f�_�j�_�g�u�� �k�� �h�[�_�b�o�� �k�l�h�j�h�g ���k�\�_�j�o�m�� �b�� �k�g�b�a�m��. �B�a�f�_�j�_�g�b�y�� �[�u�e�b�� �i�j�h�\�_�^�_�g�u�� �i�h��
�g�_�i�_�j�_�k�_�d�Z�x�s�b�f�k�y�� �h�[�e�Z�k�l�y�f�� �k�d�Z�g�b�j�h�\�Z�g�b�y���� �\�u�^�_�e�_�g�g�u�o�� �i�Z�j�Z�e�e�_�e�v�g�u�f�� �i�_�j�_�g�h�k�h�f�� �\�^�h�e�v��
�h�k�_�c��X, Y���� �>�e�y�� �d�Z�`�^�h�]�h�� �h�[�j�Z�a�p�Z�� �[�u�e�b���i�h�e�m�q�_�g�u�� �l�j�_�o�f�_�j�g�u�_�� �f�Z�k�k�b�\�u���^�Z�g�g�u�o�� ���K-�k�d�Z�g�u) �b��
�i�j�h�\�_�^�_�g�u�� �k�j�_�a�u�� �i�h�� �h�k�y�f��X, Y �b��Z���� �q�l�h�� �i�h�a�\�h�e�b�e�h�� �i�j�h�Z�g�Z�e�b�a�b�j�h�\�Z�l�v�� �g�_�� �l�h�e�v�d�h��
�i�h�\�_�j�o�g�h�k�l�g�m�x���k�l�j�m�d�l�m�j�m���h�[�j�Z�a�p�h�\��NiTi �����g�h���b���]�e�m�[�b�g�m�����^�h���d�h�l�h�j�h�c���^�h�o�h�^�y�l���i�h�j�u�����G�Z���j�b�k. �����\��
�d�Z�q�_�k�l�\�_���i�j�b�f�_�j�Z���i�j�b�\�_�^�_�g�u���k�j�_�a�u���\�^�h�e�v���h�k�_�c��Y �b��Z �^�e�y���h�[�j�Z�a�p�Z NiTi �����i�h�e�m�q�_�g�g�h�]�h���f�_�l�h�^�h�f��
SLM. �K�j�_�a�� �i�h�� �h�k�b��Y �i�j�h�o�h�^�b�l���i�_�j�i�_�g�^�b�d�m�e�y�j�g�h �i�h�\�_�j�o�g�h�k�l�b�� �h�[�j�Z�a�p�Z�� �b�� �i�h�a�\�h�e�y�_�l��
�i�j�h�Z�g�Z�e�b�a�b�j�h�\�Z�l�v�� �k�l�j�m�d�l�m�j�m�� �h�[�j�Z�a�p�Z�� �k�[�h�d�m���� �K�j�_�a�� �i�h�� �h�k�b��Z �i�h�a�\�h�e�y�_�l�� �i�j�h�Z�g�Z�e�b�a�b�j�h�\�Z�l�v��
�i�h�\�_�j�o�g�h�k�l�v���h�[�j�Z�a�p�Z���k�\�_�j�o�m�� 
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�J�b�k. 2. �I�j�b�f�_�j�u���H�D�L-�b�a�h�[�j�Z�`�_�g�b�c���h�[�j�Z�a�p�h�\��NiTi�����i�h�e�m�q�_�g�g�u�o �f�_�l�h�^�h�f���K�<�K: �Z�����\�^�h�e�v���h�k�b���m�����[�����\�^�h�e�v���h�k�b��z 
 

�J�_�a�m�e�v�l�Z�l�u 
�<�� �j�_�a�m�e�v�l�Z�l�_�� �i�j�b�f�_�g�_�g�b�y�� �H�D�L�� �[�u�e�b���i�h�e�m�q�_�g�u�� ��D �b�a�h�[�j�Z�`�_�g�b�y�� �i�h�j�b�k�l�h�]�h��NiTi , 

�b�a�]�h�l�h�\�e�_�g�g�h�]�h�� �f�_�l�h�^�Z�f�b�� �K�<�K�� �b��SLM. �I�j�h�Z�g�Z�e�b�a�b�j�h�\�Z�g�Z�� �i�h�\�_�j�o�g�h�k�l�v�� �h�[�j�Z�a�p�h�\�� �i�h�j�b�k�l�h�]�h��
�1�L�7�L���� �h�p�_�g�_�g�Z�� �i�e�h�s�Z�^�v�� �i�h�j���i�h�� �h�l�g�h�r�_�g�b�x�� �d�� �i�e�h�s�Z�^�b�� �\�k�_�]�h�� �h�[�j�Z�a�p�Z. �I�h�k�e�_�� �h�[�j�Z�[�h�l�d�b��
�^�Z�g�g�u�o�� �[�u�e�h�� �h�[�g�Z�j�m�`�_�g�h���� �q�l�h���[�b�h�f�Z�l�_�j�b�Z�e�u���� �b�a�]�h�l�h�\�e�_�g�g�u�_�� �^�\�m�f�y�� �j�Z�a�g�u�f�b�� �f�_�l�h�^�Z�f�b����
�f�h�]�m�l���b�f�_�l�v �j�Z�a�g�u�_���i�Z�j�Z�f�_�l�j�u���i�h�j�����l�Z�d�b�_���d�Z�d���j�Z�a�f�_�j���i�h�j�����b�o���]�e�m�[�b�g�Z���b���^�b�Z�f�_�l�j�� 

 
�A�Z�d�e�x�q�_�g�b�_ 
�I�h�j�b�k�l�h�k�l�v���y�\�e�y�_�l�k�y���h�^�g�b�f���b�a���\�Z�`�g�u�o���n�Z�d�l�h�j�h�\�����d�h�l�h�j�u�c���\�e�b�y�_�l���g�Z���[�b�h�k�h�\�f�_�k�l�b�f�h�k�l�v��

�[�b�h�f�_�^�b�p�b�g�k�d�b�o�� �f�Z�l�_�j�b�Z�e�h�\���� �<�� �^�Z�g�g�h�f�� �b�k�k�e�_�^�h�\�Z�g�b�b�� �k�� �i�h�f�h�s�v�x�� �f�_�l�h�^�Z�� �H�D�L�� �m�^�Z�e�h�k�v��
�i�j�h�Z�g�Z�e�b�a�b�j�h�\�Z�l�v�� �i�h�\�_�j�o�g�h�k�l�g�m�x�� �k�l�j�m�d�l�m�j�m�� �i�h�j�b�k�l�h�]�h��NiTi ���� �;�e�Z�]�h�^�Z�j�y�� �^�Z�g�g�h�f�m��
�b�k�k�e�_�^�h�\�Z�g�b�x�� �k�^�_�e�Z�g�� �\�u�\�h�^�� �h�� �l�h�f���� �q�l�h�� �b�f�i�e�Z�g�l�Z�l�u�� �b�a��NiTi ���� �b�a�]�h�l�h�\�e�_�g�g�u�_ �^�\�m�f�y�� �j�Z�a�g�u�f�b��
�f�_�l�h�^�Z�f�b �K�<�K���b��SLM�����f�h�]�m�l���h�l�e�b�q�Z�l�v�k�y���i�h���o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f���i�h�j�b�k�l�h�k�l�b���� 

�J�Z�k�i�j�_�^�_�e�_�g�b�_�� �i�h�j�� �i�h�� �j�Z�a�f�_�j�Z�f���� �k�j�_�^�g�b�c�� �j�Z�a�f�_�j�� �i�h�j�� �b�� �b�o�� �]�e�m�[�b�g�Z�� �\�e�b�y�x�l�� �g�Z��
�[�b�h�k�h�\�f�_�k�l�b�f�h�k�l�v�� �f�Z�l�_�j�b�Z�e�h�\�� �k�� �l�d�Z�g�y�f�b�� �h�j�]�Z�g�b�a�f�Z�����K�e�_�^�h�\�Z�l�_�e�v�g�h�����\�Z�`�g�h�_�� �a�g�Z�q�_�g�b�_�� �^�e�y��
�g�Z�b�e�m�q�r�_�c�� �i�j�b�`�b�\�Z�_�f�h�k�l�b�� �b�f�i�e�Z�g�l�Z�l�Z�� �\�� �h�j�]�Z�g�b�a�f�_�� �q�_�e�h�\�_�d�Z�� �b�f�_�_�l�� �g�_�� �l�h�e�v�d�h�� �\�u�[�h�j��
�i�j�Z�\�b�e�v�g�h�]�h���[�b�h�f�Z�l�_�j�b�Z�e�Z�����g�h���b���\�u�[�h�j���h�i�l�b�f�Z�e�v�g�h�]�h���f�_�l�h�^�Z���b�a�]�h�l�h�\�e�_�g�b�y���b�f�i�e�Z�g�l�Z�l�Z�� 

 
�B�k�k�e�_�^�h�\�Z�g�b�_�� �\�u�i�h�e�g�_�g�h�� �i�j�b�� �n�b�g�Z�g�k�h�\�h�c�� �i�h�^�^�_�j�`�d�_�� �F�b�g�b�k�l�_�j�k�l�\�Z�� �g�Z�m�d�b�� �b�� �\�u�k�r�_�]�h��

�h�[�j�Z�a�h�\�Z�g�b�y���J�h�k�k�b�c�k�d�h�c���N�_�^�_�j�Z�p�b�b�����]�j�Z�g�l���‹��������-15-2024-���������h�l�������������������������]���� 
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�f�_�`�^�m���b�g�l�j�h�g�h�f���]�_�g�Z���b���\�k�l�Z�\�d�h�c��LINE-1, �j�Z�k�i�h�e�h�`�_�g�g�u�o���[�e�b�`�_���\�k�_�]�h �d���l�_�j�f�b�g�Z�e�v�g�h�c���q�Z�k�l�b��
�]�_�g�Z���� �>�e�y�� �w�l�h�]�h�� �[�u�e�b�� �\�a�y�l�u�� �d�h�h�j�^�b�g�Z�l�u�� �\�k�l�Z�\�h�d���� �^�Z�e�_�_�� �i�h�e�m�q�_�g�� �j�_�]�b�h�g�� �a�Z�l�j�Z�\�d�b���^�e�b�g�h�c��
30 �g�m�d�e�_�h�l�b�^�h�\���� �\�d�e�x�q�Z�x�s�b�o�� �\�� �k�_�[�y�� ������ �g�m�d�e�_�h�l�b�^�h�\�� �b�g�l�j�h�g�Z�� �b�� ������ �g�m�d�e�_�h�l�b�^�h�\�� �/�,�1�(����
�K �i�h�f�h�s�v�x �i�Z�d�_�l�Z�� �i�j�h�]�j�Z�f�f��Bedtools getfasta �[�u�e�b�� �i�h�e�m�q�_�g�u�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b�� �w�l�b�o��
�j�_�]�b�h�g�h�\���� �I�h�k�e�_�� �q�_�]�h�� �^�e�y�� �d�Z�`�^�h�]�h�� �l�j�Z�g�k�d�j�b�i�l�Z�� �[�u�e�b�� �i�h�e�m�q�_�g�u�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b��
�i�j�h�q�l�_�g�b�c�����d�Z�j�l�b�j�h�\�Z�g�g�u�_���\���j�_�]�b�h�g���a�Z�l�j�Z�\�d�b ���������g�m�d�e�_�h�l�b�^�h�\��LINE �����������g�m�d�e�_�h�l�b�^�h�\���b�g�l�j�h�g�Z��
���� ������ �g�m�d�e�_�h�l�b�^�h�\�� �\�� �h�[�_�� �k�l�h�j�h�g�u������ �J�b�^�u�� �[�u�e�b�� �h�l�n�b�e�v�l�j�h�\�Z�g�u�� �l�Z�d���� �q�l�h�[�u�� ���� ���� �b�o��
�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b���k�h�\�i�Z�^�Z�e�h�� �k�� �a�Z�l�j�Z�\�d�h�c���� �L�Z�d�b�f�� �h�[�j�Z�a�h�f�����i�h�e�m�q�_�g�u���i�j�h�q�l�_�g�b�y, 
�d�Z�j�l�b�j�h�\�Z�g�g�u�_ �d�Z�d���g�Z���q�Z�k�l�v���b�g�l�j�h�g�Z�����l�Z�d���b���g�Z���q�Z�k�l�v���\�k�l�Z�\�d�b���/�,�1�(�����W�l�h���g�_�h�[�o�h�^�b�f�h�����l�Z�d���d�Z�d��
�j�Z�k�i�h�e�h�`�_�g�g�u�_���i�h���\�k�_�f�m���]�_�g�h�f�m���i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b���/�,�1�( �k�o�h�`�b�����b �\���h�^�g�h�f���j�_�]�b�h�g�_���f�h�`�_�l��
�g�Z�[�e�x�^�Z�l�v�k�y �b�a�[�u�l�h�q�g�h�_�� �i�h�d�j�u�l�b�_�� �/�,�1�(���� �Z�� �\�� �^�j�m�]�h�f �h�g�h�� �f�h�`�_�l �h�l�k�m�l�k�l�\�h�\�Z�l�v�����>�Z�g�g�h�_��
�h�[�k�l�h�y�l�_�e�v�k�l�\�h�� �h�[�t�y�k�g�y�_�l�� �g�Z�r�� �\�u�[�h�j�� �i�j�h�q�l�_�g�b�c���� �w�d�k�i�j�_�k�k�b�j�m�x�s�b�o�k�y���k�� �i�j�h�f�h�l�h�j�Z�� �/�,�1�(��
���a�Z �k�q�_�l���q�Z�k�l�b���a�Z�l�j�Z�\�d�b���h�l���/�,�1�(-�������b���h�^�g�h�\�j�_�f�_�g�g�h���i�j�b�g�Z�^�e�_�`�Z�s�b�o �w�l�h�f�m���]�_�g�m�����a�Z���k�q�_�l���q�Z�k�l�b��
�a�Z�l�j�Z�\�d�b���k���b�g�l�j�h�g�h�f�������L�Z�d�b�f���h�[�j�Z�a�h�f �[�u�e�b���i�h�e�m�q�_�g�u���l�j�Z�g�k�d�j�b�i�l�u���k���b�a�\�_�k�l�g�u�f���d�h�e�b�q�_�k�l�\�h�f��
�i�j�h�q�l�_�g�b�c �k���/�,�1�(-1 ASP. �I �_�j�_�^���h�p�_�g�d�h�c���d�h�e�b�q�_�k�l�\�Z���l�j�Z�g�k�d�j�b�i�l�h�\���k���/�,�1�(-�����$�6�3���\���h�[�j�Z�a�p�Z�o��
�i�e�Z�p�_�g�l�u�� �[�u�e�b�� �i�j�b�f�_�g�_�g�u�� �^�h�i�h�e�g�b�l�_�e�v�g�u�_�� �n�b�e�v�l�j�u���� �b�k�d�e�x�q�_�g�u�� �l�j�Z�g�k�d�j�b�i�l�u���� �m�� �d�h�l�h�j�u�o��
�i�h�d�j�u�l�b�_���i�h�k�e�_���/�,�1�(���� �^�h���/�,�1�(���������������\���k�j�_�^�g�_�f���i�h���h�[�j�Z�a�p�Z�f�������Z���l�Z�d�`�_���l�_�����m���d�h�l�h�j�u�o���i�h�d�j�u�l�b�_��
�i�h�k�e�_���/�,�1�(��� �������������������\���k�j�_�^�g�_�f�������>�e�y���d�Z�`�^�h�]�h���]�_�g�Z���i�h�k�e�_���n�b�e�v�l�j�Z�p�b�b���[�u�e���\�u�q�b�k�e�_�g���b�g�^�_�d�k����
�i�j�_�^�k�l�Z�\�e�y�x�s�b�c�� �k�h�[�h�c�� �h�l�g�h�r�_�g�b�_�� �q�b�k�e�Z�� �i�j�h�q�l�_�g�b�c���� �k�h�^�_�j�`�Z�s�b�o�� �a�Z�l�j�Z�\�d�m�� �/�,�1�(-������ �d��
�k�j�_�^�g�_�f�m���i�h�d�j�u�l�b�x���\���w�d�a�h�g�Z�o���i�h�k�e�_���/�,�1�(-1 ASP.  
 

�J�_�a�m�e�v�l�Z�l�u 
�K���i�h�f�h�s�v�x���j�Z�a�j�Z�[�h�l�Z�g�g�h�]�h���Z�e�]�h�j�b�l�f�Z���[�b�h�b�g�n�h�j�f�Z�l�b�q�_�k�d�h�]�h���Z�g�Z�e�b�a�Z���[�u�e�b���h�[�j�Z�[�h�l�Z�g�u��

�^�Z�g�g�u�_�� �l�j�Z�g�k�d�j�b�i�l�h�f�h�\�� �i�e�Z�p�_�g�l�u���� �i�h�e�m�q�_�g�g�u�_�� �b�a�� �[�Z�a�u�� �^�Z�g�g�u�o�� �(�1�$�� ���3�5�-�(�%���������������� 
�I�h�k�e�_�� �Z�g�Z�e�b�a�Z�� ������ �l�j�Z�g�k�d�j�b�i�l�h�f�h�\�� �i�e�Z�p�_�g�l�u�� �[�u�e�b�� �\�u�^�_�e�_�g�u�� ���������� �l�j�Z�g�k�d�j�b�i�l�Z, 
�i�j�b�g�Z�^�e�_�`�Z�s�b�o�������� �]�_�g�Z�f�����^�e�y���d�h�l�h�j�u�o���i�h�d�j�u�l�b�_���i�h�k�e�_���\�k�l�Z�\�d�b���/�,�1�(-�����[�h�e�v�r�_�����q�_�f���^�h���g�_�_����
�W�l�h���m�d�Z�a�u�\�Z�_�l���g�Z���l�h�����q�l�h���_�k�l�v���^�h�i�h�e�g�b�l�_�e�v�g�Z�y���w�d�k�i�j�_�k�k�b�y���k���Z�e�v�l�_�j�g�Z�l�b�\�g�h�]�h���i�j�h�f�h�l�h�j�Z���/�,�1�(����
�;�u�e���i�j�h�\�_�^�_�g���Z�g�Z�e�b�a���h�[�h�]�Z�s�_�g�b�y���w�l�b�o���������� �]�_�g�h�\���� �h�^�g�Z�d�h���a�g�Z�q�b�f�u�o���h�[�h�]�Z�s�_�g�b�c���d�Z�d�b�o-�e�b�[�h��
�d�Z�l�_�]�h�j�b�c���g�_���[�u�e�h�����I�h�w�l�h�f�m���[�u�e�b���i�j�h�Z�g�Z�e�b�a�b�j�h�\�Z�g�u���l�_���n�m�g�d�p�b�b���]�_�g�h�\�����d�h�l�h�j�u�_���f�h�]�m�l���[�u�l�v��
�d�j�b�l�b�q�g�u�� �^�e�y�� �j�Z�a�\�b�l�b�y�� �i�e�Z�p�_�g�l�u�� �b�� �w�f�[�j�b�h�g�Z�� �\�� �i�_�j�b�h�^�� �b�f�i�e�Z�g�l�Z�p�b�b���� �G�_�k�d�h�e�v�d�h�� �]�_�g�h�\�� �b�a��
�k�i�b�k�d�Z ���.�,�)������ �(�9�&������ �*�$�/�1�7�������� �3�2�&���%���� �7�0�(�0�������� �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h�� �k�\�y�a�Z�g�u�� �k��
�n�m�g�d�p�b�h�g�b�j�h�\�Z�g�b�_�f�� �i�_�j�\�b�q�g�u�o�� �j�_�k�g�b�q�_�d�� �b�e�b�� �p�b�e�b�c�����W�l�h �l�h�g�d�Z�y�� �\�h�e�h�k�h�\�b�^�g�Z�y�� �k�l�j�m�d�l�m�j�Z����
�\�u�k�l�m�i�Z�x�s�Z�y���b�a���i�h�\�_�j�o�g�h�k�l�b���d�e�_�l�d�b�����i�h�a�\�h�e�y�_�l���d�e�_�l�d�Z�f���j�_�Z�]�b�j�h�\�Z�l�v���g�Z���k�b�]�g�Z�e�u���h�d�j�m�`�Z�x�s�_�c��
�k�j�_�^�u�� �i�h�k�j�_�^�k�l�\�h�f�� �h�[�r�b�j�g�h�]�h�� �k�h�k�l�Z�\�Z�� �j�_�p�_�i�l�h�j�h�\�� �g�Z�� �i�h�\�_�j�o�g�h�k�l�b�� �_�_�� �f�_�f�[�j�Z�g�u��[2]. 
�H�g�Z �k�e�m�`�b�l�� �\�� �d�Z�q�_�k�l�\�_�� �k�b�]�g�Z�e�v�g�h�]�h�� �m�a�e�Z�� �^�e�y�� �j�Z�a�e�b�q�g�u�o���k�l�b�f�m�e�h�\ �b�a�� �\�g�_�d�e�_�l�h�q�g�h�c�� �k�j�_�^�u�� �b��
�i�j�b�k�m�l�k�l�\�m�_�l�� �i�h�q�l�b�� �\�h�� �\�k�_�o�� �d�e�_�l�d�Z�o���i�h�a�\�h�g�h�q�g�u�o. �<�� �q�Z�k�l�g�h�k�l�b���� �k�b�]�g�Z�e�v�g�u�c�� �i�m�l�v�� �+�H�G�J�H�K�R�J����
�h�i�h�k�j�_�^�h�\�Z�g���b�k�d�e�x�q�b�l�_�e�v�g�h���i�_�j�\�b�q�g�h�c���j�_�k�g�b�q�d�h�c [3]. �>�b�k�n�m�g�d�p�b�y���w�l�h�c���h�j�]�Z�g�_�e�e�u���i�j�b�\�h�^�b�l��
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�d���f�g�h�]�h�q�b�k�e�_�g�g�u�f�� �l�y�`�_�e�u�f�� �j�Z�k�k�l�j�h�c�k�l�\�Z�f�� �q�_�e�h�\�_�d�Z���� �g�Z�a�u�\�Z�_�f�u�f�b�� �p�b�e�b�h�i�Z�l�b�y�f�b��[4]. 
�<�h �\�j�_�f�y�� �j�Z�a�\�b�l�b�y�� �i�e�Z�p�_�g�l�u�� �i�j�h�p�_�k�k�� �w�i�b�l�_�e�b�Z�e�v�g�h-�f�_�a�_�g�o�b�f�Z�e�v�g�h�]�h�� �i�_�j�_�o�h�^�Z�� ���W�F�I����
�y�\�e�y�_�l�k�y���d�e�x�q�_�\�u�f �w�l�Z�i�h�f�� �^�e�y�� �w�d�k�l�j�Z�\�h�j�k�b�g�q�Z�l�h�]�h�� �l�j�h�n�h�[�e�Z�k�l�Z���� �d�h�l�h�j�u�c�� �i�j�b�h�[�j�_�l�Z�_�l��
�i�h�\�u�r�_�g�g�m�x�� �f�b�]�j�Z�p�b�h�g�g�m�x�� �b�� �b�g�\�Z�a�b�\�g�m�x�� �k�i�h�k�h�[�g�h�k�l�v���� �q�l�h�� �i�h�a�\�h�e�y�_�l�� �_�f�m�� �i�j�h�g�b�d�Z�l�v�� �\��
�f�Z�l�_�j�b�g�k�d�m�x�� �^�_�p�b�^�m�Z�e�v�g�m�x�� �h�[�h�e�h�q�d�m���� �I�m�l�v�� �+�H�G�J�H�K�R�J�� �k�i�h�k�h�[�_�g�� �b�g�^�m�p�b�j�h�\�Z�l�v�� �W�F�I�� �\��
�l�j�h�n�h�[�e�Z�k�l�Z�o���� �a�Z�i�m�k�d�Z�y�� �w�d�k�i�j�_�k�k�b�x�� �d�e�x�q�_�\�u�o�� �l�j�Z�g�k�d�j�b�i�p�b�h�g�g�u�o�� �j�_�]�m�e�y�l�h�j�h�\���� �l�Z�d�b�o�� �d�Z�d��
�6�Q�D�L�O������ �:�d�l�b�\�Z�p�b�y�� �i�m�l�b�� �+�H�G�J�H�K�R�J�� �l�Z�d�`�_�� �\�Z�`�g�Z�� �^�e�y�� �i�h�^�^�_�j�`�Z�g�b�y�� �k�b�g�p�b�l�b�h�l�j�h�n�h�[�e�Z�k�l�Z���� �_�s�_��
�h�^�g�h�]�h���\�Z�`�g�h�]�h���l�b�i�Z���d�e�_�l�h�d���\���i�e�Z�p�_�g�l�_��[5]. 

�;�u�e�� �k�j�Z�\�g�_�g�� �m�j�h�\�_�g�v�� �w�d�k�i�j�_�k�k�b�b�� �k�� �/�,�1�(-���� �$�6�3�� �\�� �i�e�Z�p�_�g�l�_�� �b�� �e�b�f�n�h�p�b�l�Z�o��
�i�_�j�b�n�_�j�b�q�_�k�d�h�c���d�j�h�\�b�����Q = ���������I�_�j�\�b�q�g�u�_���^�Z�g�g�u�_�������l�j�Z�g�k�d�j�b�i�l�h�f�h�\���e�b�f�n�h�p�b�l�h�\ �i�h�e�m�q�_�g�u��
�b�a�� �[�Z�a�u�� �^�Z�g�g�u�o�� �(�1�$�� ���K�W�W�S�V�������Z�Z�Z���H�E�L���D�F���X�N���H�Q�D���E�U�R�Z�V�H�U���Y�L�H�Z���3�5�-�1�$���������������� �b��
�i�j�h�Z�g�Z�e�b�a�b�j�h�\�Z�g�u�� �k�h�h�l�\�_�l�k�l�\�_�g�g�h�� �i�j�b�\�_�^�_�g�g�h�f�m�� �\�u�r�_�� �Z�e�]�h�j�b�l�f�m�� �a�Z�� �b�k�d�e�x�q�_�g�b�_�f�� �w�l�Z�i�Z��
�n�b�e�v�l�j�Z�p�b�b�� �i�h�e�� �a�g�Z�q�_�g�b�y�f�� �i�h�d�j�u�l�b�y�� �i�h�k�e�_�� �b�� �^�h��LINE���� �l�Z�d�� �d�Z�d�� �f�h�`�g�h�� �i�h�l�_�j�y�l�v�� �l�_��
�l�j�Z�g�k�d�j�b�i�l�u���]�_�g�u�����d�h�l�h�j�u�_���g�_���w�d�k�i�j�_�k�k�b�j�m�x�l�k�y���\�h���\�a�j�h�k�e�h�f���\�h�a�j�Z�k�l�_���b���i�h�w�l�h�f�m���b�o���i�h�d�j�u�l�b�_��
�i�h�k�e�_��LINE � �������b�e�b���f�_�g�v�r�_�����q�_�f���^�h���\�k�l�Z�\�d�b���� �I�h�e�m�q�_�g�g�u�_���b�g�^�_�d�k�u���w�d�k�i�j�_�k�k�b�b���\���i�e�Z�p�_�g�l�_���b��
�e�b�f�n�h�p�b�l�Z�o�� �[�u�e�b�� �h�[�t�_�^�b�g�_�g�u�� �i�h�� �l�j�Z�g�k�d�j�b�i�l�Z�f�����I �h�^�k�q�b�l�Z�g�u�� �f�_�^�b�Z�g�g�u�_�� �b�g�^�_�d�k�u�� �^�e�y��
�d�Z�`�^�h�]�h���l�j�Z�g�k�d�j�b�i�l�Z���\�g�m�l�j�b���]�j�m�i�i���i�e�Z�p�_�g�l�u���b���e�b�f�n�h�p�b�l�h�\ �b���h�i�j�_�^�_�e�_�g�Z���^�_�e�v�l�Z�����f�_�^�b�Z�g�g�u�c��
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Abstract. Climate change contributes to an increase in the frequency and duration of drought. One 
of the possible ways to reduce the negative effects of abiotic factors is the use of phytohormones, 
such as 28-homocastasterone (HCS). In our work, the effect of HCS on the parameters of 
chlorophyll a fluorescence for rapeseed plants under prolonged soil drought (5 weeks) was 
demonstrated. The contribution of hormonal effects to the accumulation of biomass, the content of 
photosynthetic pigments and the activity of the antioxidant enzyme - peroxidase under optimal 
conditions and at the stage of recovery after stress was assessed. The experiment showed that HCS 
contribute to an increase in the content of pigments in leaves, enhance peroxidase activity, and also 
increase the activity of PS II, which is reflected in maintaining the maximum quantum yield of the 
second photosystem during stress. 
Key words: Brassica napus, PAM, drought, oxidative stress. 
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�\�e�b�y�g�b�_ �[�j�Z�k�k�b�g�h�k�l�j�_�j�h�b�^�Z �± 28-�]�h�f�h�d�Z�k�l�Z�k�l�_�j�h�g�Z�� �g�Z�� �g�Z�d�h�i�e�_�g�b�_�� �[�b�h�f�Z�k�k�u���� �k�h�^�_�j�`�Z�g�b�_��
�n�h�l�h�k�b�g�l�_�l�b�q�_�k�d�b�o�� �i�b�]�f�_�g�l�h�\�� �n�h�l�h�o�b�f�b�q�_�k�d�m�x�� �Z�d�l�b�\�g�h�k�l�v�� �n�h�l�h�k�b�k�l�_�f�u�� �,�,�����N�K��II ) �b 
�Z�d�l�b�\�g�h�k�l�v���Z�g�l�b�h�d�k�b�^�Z�g�l�g�h�]�h �n�_�j�f�_�g�l�Z���± �i�_�j�h�d�k�b�^�Z�a�u [3]. 

 
�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y���q�Z�k�l�v  
�H�[�t�_�d�l�h�f���b�k�k�e�_�^�h�\�Z�g�b�y���\�u�[�j�Z�g�h���j�Z�k�l�_�g�b�_���y�j�h�\�h�]�h���j�Z�i�k�Z���k�h�j�l�Z���O�Z�g�l�_�j����Brassica napus L). 

�>�e�y�� �Z�g�Z�e�b�a�Z�� �[�u�e�h�� �h�l�h�[�j�Z�g�h�� ������ �k�_�f�y�g�� �j�Z�i�k�Z���� �i�h�e�h�\�b�g�m�� �b�a�� �d�h�l�h�j�u�o�� �i�h�f�_�k�l�b�e�b�� �\�� �q�Z�r�d�m�� �I�_�l�j�b�� �k��
�^�b�k�l�b�e�e�b�j�h�\�Z�g�g�h�c�� �\�h�^�h�c���� �Z�� �\�l�h�j�m�x�� �q�Z�k�l�v���± �\ ���� �f�e�� �\�h�^�g�h�]�h �j�Z�k�l�\�h�j�Z��28-�]�h�f�h�d�Z�k�l�Z�k�l�_�j�h�g�Z��
���=�D�K�����Ü����-8 �F���� �K�_�f�_�g�Z �k�l�j�Z�l�b�n�b�p�b�j�h�\�Z�e�b�k�v �i�j�b�� �l�_�f�i�_�j�Z�l�m�j�_�� ���� �ƒC �\�� �l�_�q�_�g�b�_�� �l�j�z�o�� �k�m�l�h�d. 
�>�Z�e�_�_ �k�_�f�_�g�Z���i�j�h�j�Z�s�b�\�Z�e�b���g�Z���k�\�_�l�m�����H�l�d�j�u�l�u�_���k�_�f�_�g�Z���b�a���i�_�j�\�h�c���q�Z�r�d�b���I�_�l�j�b���\�u�k�Z�`�b�\�Z�e�b�k�v �\��
�m�\�e�Z�`�g�z�g�g�u�c �i�h�q�\�_�g�g�u�c �]�j�m�g�l. �K�h�k�m�^�u�� �[�u�e�b�� �j�Z�a�^�_�e�_�g�u�� �g�Z�� �l�j�b�� �j�Z�\�g�u�_�� �]�j�m�i�i�u���� �I�_�j�\�m�x���± 
�d�h�g�l�j�h�e�v�g�m�x���]�j�m�i�i�m���i�h�e�b�\�Z�e�b���d�Z�`�^�u�_���^�\�h�_���k�m�l�h�d�����<�h���\�l�h�j�h�c���b���l�j�_�l�v�_�c���]�j�m�i�i�Z�o���f�h�^�_�e�b�j�h�\�Z�e�b�k�v��
�m�k�e�h�\�b�y���a�Z�k�m�o�b�� �f�_�l�h�^�h�f�� �i�h�e�g�h�]�h���i�j�_�d�j�Z�s�_�g�b�y�� �i�h�e�b�\�Z���� �I�h�k�e�_�� �q�_�l�u�j�_�o�� �g�_�^�_�e�v���l�Z�d�h�]�h�� �j�_�`�b�f�Z���\��
�l�j�_�l�v�_�c�� �]�j�m�i�i�_�� �[�u�e�� �\�h�k�k�l�Z�g�h�\�e�_�g�� �i�h�e�b�\���� �K�_�f�_�g�Z���� �h�[�j�Z�[�h�l�Z�g�g�u�_�� �]�h�j�f�h�g�h�f���� �[�u�e�b�� �\�u�k�Z�`�_�g�u�� �b��
�j�Z�a�^�_�e�_�g�u�� �g�Z�� �l�j�b�� �]�j�m�i�i�u�� �Z�g�Z�e�h�]�b�q�g�u�f�� �k�i�h�k�h�[�h�f���� �L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �\�� �o�h�^�_�� �w�d�k�i�_�j�b�f�_�g�l�Z�� �[�u�e�b��
�i�h�e�m�q�_�g�u���r�_�k�l�v���]�j�m�i�i���j�Z�k�l�_�g�b�c���j�Z�i�k�Z�����<�k�_���j�Z�k�l�_�g�b�y���j�h�k�e�b���g�Z���k�\�_�l�m�����\���n�b�l�h�l�j�h�g�_�� 

�Q�_�j�_�a�� ���� �g�_�^�_�e�v���� �f�u�� �b�a�f�_�j�y�e�b�� �k�u�j�m�x�� �f�Z�k�k�m�� �g�Z�^�a�_�f�g�h�c�� �q�Z�k�l�b�� �j�Z�k�l�_�g�b�c���� �Z���l�Z�d�`�_��
�k�h�^�_�j�`�Z�g�b�_ �n�h�l�h�k�b�g�l�_�l�b�q�_�k�d�b�o �i�b�]�f�_�g�l�h�\���b���Z�d�l�b�\�g�h�k�l�b���]�\�Z�y�d�h�e-�a�Z�\�b�k�b�f�h�c �i�_�j�h�d�k�b�^�Z�a�u [2]. 

�>�e�y���h�p�_�g�d�b���k�h�^�_�j�`�Z�g�b�y���n�h�l�h�k�b�g�l�_�l�b�q�_�k�d�b�o���i�b�]�f�_�g�l�h�\���e�b�k�l�v�y���i�_�j�\�h�]�h���b���l�j�_�l�v�_�]�h���y�j�m�k�Z��
�j�Z�k�l�b�j�Z�e�b �\�� �`�b�^�d�h�f�� �Z�a�h�l�_, �g�Z�\�_�k�d�m�� �h�d�h�e�h�� ������ �f�]�� �i�_�j�_�g�h�k�b�e�b�� �\��96 ���� �w�l�Z�g�h�e. �=�h�f�h�]�_�g�Z�l��
�p�_�g�l�j�b�n�m�]�b�j�h�\�Z�e�k�y���� �I�h�e�m�q�_�g�g�u�c���k�m�i�_�j�g�Z�l�Z�g�l�� �k�e�b�\�Z�e�k�y�� �\�� �f�_�j�g�m�x�� �i�j�h�[�b�j�d�m���� �Z�� �h�k�Z�^�h�d��
�a�Z�e�b�\�Z�e�k�y���k�i�b�j�l�h�f���^�e�y���i�h�\�l�h�j�g�h�c���w�d�k�l�j�Z�d�p�b�b�����B�l�h�]�h�\�u�c���h�[�t�_�f���\�u�l�y�`�d�b���^�h�\�h�^�b�e�k�y���^�h�������f�e����
�H�i�l�b�q�_�k�d�m�x�� �i�e�h�l�g�h�k�l�v�� �k�i�b�j�l�h�\�h�]�h�� �j�Z�k�l�\�h�j�Z�� �b�a�f�_�j�y�e�b�� �i�j�b�� ���������� �������� �b�� ������ �g�f �g�Z��
�k�i�_�d�l�j�h�n�h�l�h�f�_�l�j�_�����k�h�^�_�j�`�Z�g�b�_���i�b�]�f�_�g�l�h�\���j�Z�k�k�q�b�l�u�\�Z�e�b���k�h�]�e�Z�k�g�h���n�h�j�f�m�e�_��[4]. 

�>�e�y�� �h�p�_�g�d�b�� �Z�d�l�b�\�g�h�k�l�b�� �]�\�Z�y�d�h�e-�a�Z�\�b�k�b�f�h�c�� �i�_�j�h�d�k�b�^�Z�a�u�� �e�b�k�l�v�y�� �i�_�j�\�h�]�h�� �b�� �l�j�_�l�v�_�]�h��
�y�j�m�k�Z�� �j�Z�k�l�b�j�Z�e�b�� �\�� �`�b�^�d�h�f�� �Z�a�h�l�_�� �b�� �g�Z�\�_�k�d�m�� �h�d�h�e�h�� �������� �f�]�� �i�_�j�_�g�h�k�b�e�b�� �\ ������������ �F���d�Z�e�b�c-
�n�h�k�n�Z�l�g�u�c�[�m�n�_�j�� ���������� �F�� �^�b�l�b�h�l�j�_�c�l�h�e�Z���� �������� �F�n�_�g�b�e�f�_�l�b�e�k�m�e�v�n�h�g�b�e�n�l�h�j�b�^�Z�� �\��
�^�b�f�_�l�b�e�k�m�e�v�n�h�d�k�b�^�_���� �k�� �g�_�j�Z�k�l�\�h�j�b�f�u�f�� �i�h�e�b�\�b�g�b�e�i�b�j�j�h�e�b�^�h�g�h�f���� �A�Z�l�_�f�� �h�[�j�Z�a�p�u��
�p�_�g�l�j�b�n�m�]�b�j�h�\�Z�e�b���b���h�l�[�b�j�Z�e�b���k�m�i�_�j�g�Z�l�Z�g�l�����J�_�Z�d�p�b�h�g�g�Z�y���k�f�_�k�v: �������f�d�e �k�m�i�_�j�g�Z�l�Z�g�l�Z���������������f�e��
������������ �F���n�h�k�n�Z�l�g�h�]�h���[�m�n�_�j�Z���� �������� �f�d�e�� ���f�F�� �]�\�Z�y�d�h�e�Z���� �������� �f�d�e ���������� �F�� �G2�H2. �>�b�g�Z�f�b�d�m��
�b�a�f�_�g�_�g�b�y���h�i�l�b�q�_�k�d�h�c���i�e�h�l�g�h�k�l�b �j�Z�k�l�\�h�j�Z���b�a�f�_�j�y�e�b���i�j�b�����������g�f���g�Z���k�i�_�d�l�j�h�n�h�l�h�f�_�l�j�_ [5]. 

�:�d�l�b�\�g�h�k�l�v�� �i�_�j�h�d�k�b�^�Z�a�u �j�Z�k�k�q�b�l�u�\�Z�e�b�� �h�l�g�h�k�b�l�_�e�v�g�h�� �k�h�^�_�j�`�Z�g�b�y�� �[�_�e�d�Z���� �>�e�y�� �w�l�h�]�h��
�i�h�e�m�q�_�g�g�u�_�� �k�m�i�i�_�j�g�Z�l�Z�g�l�u�� �g�Z�g�h�k�b�e�b�� �i�h�� ���� �f�d�e�� �\�� �^�\�m�o�d�j�Z�l�g�h�c�� �i�h�\�l�h�j�g�h�k�l�b�� �g�Z 
�o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�m�x�� �[�m�f�Z�]�m���� �Q�_�j�_�a�� �k�m�l�d�b�� �[�m�f�Z�]�m�� �k�� �i�j�h�[�Z�f�b�� �h�d�j�Z�r�b�\�Z�e�b�� �k�� �i�h�f�h�s�v�x��
�d�j�Z�k�b�l�_�e�y���D�m�f�Z�k�k�b��R���������� �I�h�k�e�_�� �h�d�j�Z�r�b�\�Z�g�b�y�� �e�b�k�l�u�� �i�j�h�f�u�\�Z�e�b�� �^�b�k�l�b�e�e�b�j�h�\�Z�g�g�h�c�� �\�h�^�h�c����
�I�y�l�g�Z�� �k�� �i�j�h�[�Z�f�b�� �\�u�j�_�a�Z�e�b�� �b�� �a�Z�e�b�\�Z�e�b�� ���� �f�e�� �� % SDS (Sodiumdodecylsulfate������ �I�j�h�[�b�j�d�b��
�l�s�Z�l�_�e�v�g�h���i�_�j�_�f�_�r�b�\�Z�e�b�k�v���� �H�i�l�b�q�_�k�d�Z�y�� �i�e�h�l�g�h�k�l�v�� �i�h�e�m�q�_�g�g�h�]�h�� �j�Z�k�l�\�h�j�Z�� �b�a�f�_�j�y�e�b�� �i�j�b��
600 �g�f���g�Z���k�i�_�d�l�j�h�n�h�l�h�f�_�l�j�_ [6]. 

�N�e�m�h�j�_�k�p�_�g�p�b�x�� �o�e�h�j�h�n�b�e�e�Z a �h�p�_�g�b�\�Z�e�b�� �\�� �e�b�k�l�v�y�o�� �q�_�j�_�a�� �������� ������ �b�� ������ �k�m�l�h�d�� �j�h�k�l�Z��
�j�Z�k�l�_�g�b�c�� �j�Z�i�k�Z�� �\�� �k�h�k�m�^�Z�o�� �k�� �i�h�q�\�h�c�� �i�j�b�� �i�h�f�h�s�b�� �i�h�j�l�Z�l�b�\�g�h�]�h�� �b�f�i�m�e�v�k�g�h�]�h�� �n�e�m�h�j�b�f�_�l�j�Z��
MINI -PAM-II  �i�h���k�e�_�^�m�x�s�b�f���i�Z�j�Z�f�_�l�j�Z�f�����f�Z�d�k�b�f�Z�e�v�g�u�c���n�h�l�h�o�b�f�b�q�_�k�d�b�c���d�\�Z�g�l�h�\�u�c���\�u�o�h�^��
�N�K���,�,�����)�Y���)�P�����b���g�_�n�h�l�h�o�b�f�b�q�_�k�d�h�_���l�m�r�_�g�b�_�����1PQ�������J�Z�k�l�_�g�b�y���i�j�_�^�\�Z�j�b�l�_�e�v�g�h���b�g�d�m�[�b�j�h�\�Z�e�b��
�\���l�_�f�g�h�l�_���������f�b�g�m�l [7]. 

 
�J�_�a�m�e�v�l�Z�l�u 
�<�� �j�Z�f�d�Z�o�� �g�Z�r�_�]�h�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �i�h�d�Z�a�Z�g�h���� �q�l�h�� �d���i�y�l�h�c�� �g�_�^�_�e�_�� �w�d�k�i�_�j�b�f�_�g�l�Z��

�]�h�j�f�h�g�Z�e�v�g�h�_���\�h�a�^�_�c�k�l�\�b�_ �g�Z���j�Z�k�l�_�g�b�y���\���d�h�g�l�j�h�e�v�g�u�o���m�k�e�h�\�b�y�o���k�i�h�k�h�[�k�l�\�h�\�Z�e�h���m�\�_�e�b�q�_�g�b�x��
�d�h�e�b�q�_�k�l�\�h�� �i�b�]�f�_�g�l�h�\�� �\�� �g�b�`�g�_�f�� �y�j�m�k�_�� �j�Z�k�l�_�g�b�c: �o�e�h�j�h�n�b�e�e�Z �Z �g�Z�� ���� ������ �o�e�h�j�h�n�b�e�e�Z��b �g�Z��
26 �������d�Z�j�h�l�b�g�h�b�^�h�\���g�Z������ �������<���l�h�`�_���\�j�_�f�y���;�K �g�_���h�d�Z�a�u�\�Z�e���^�h�k�l�h�\�_�j�g�h�]�h���w�n�n�_�d�l�Z���g�Z���^�Z�g�g�u�c��
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�i�Z�j�Z�f�_�l�j�� �^�e�y�� �e�b�k�l�v�_�\�� �\�l�h�j�h�]�h�� �y�j�m�k�Z�����: �d�l�b�\�g�h�k�l�v�� �i�_�j�h�d�k�b�^�Z�a�u�� �\�_�j�o�g�_�f  �y�j�m�k�_�� �e�b�k�l�v�_�\ �[�u�e�Z��
�\�u�r�_���g�Z������ �����m���j�Z�k�l�_�g�b�c�����h�[�j�Z�[�h�l�Z�g�g�u�o �]�h�j�f�h�g�h�f. 

�<�e�b�y�g�b�_���;�K �l�Z�d�`�_�� �h�l�j�Z�a�b�e�h�k�v�� �b�� �g�Z�� �a�g�Z�q�_�g�b�b�� �f�Z�d�k�b�f�Z�e�v�g�h�]�h�� �d�\�Z�g�l�h�\�h�]�h�� �\�u�o�h�^�Z�� �\�l�h�j�h�c��
�n�h�l�h�k�b�k�l�_�f�u�� ��Fv/Fm������ �G�Z�� �i�j�h�l�y�`�_�g�b�b�� �\�k�_�]�h�� �w�d�k�i�_�j�b�f�_�g�l�Z�� �i�h�d�Z�a�Z�l�_�e�v�� �[�u�e�� �\�u�r�_�� �m�� �j�Z�k�l�_�g�b�c����
�h�[�j�Z�[�h�l�Z�g�g�u�o���=�D�K�����^�h�k�l�b�]�g�m�\���f�Z�d�k�b�f�Z�e�v�g�h�c���j�Z�a�g�b�p�u���\���� �����g�Z���������k�m�l�d�b���j�h�k�l�Z�����q�l�h���m�d�Z�a�u�\�Z�_�l���g�Z��
�m�\�_�e�b�q�_�g�b�_�� �n�h�l�h�k�b�g�l�_�l�b�q�_�k�d�h�c�� �Z�d�l�b�\�g�h�k�l�b�� �H�[�j�Z�[�h�l�d�Z�� �n�b�l�h�]�h�j�f�h�g�h�f�� �l�Z�d�`�_�� �k�i�h�k�h�[�k�l�\�h�\�Z�e�Z��
�g�Z�d�h�i�e�_�g�b�x�� �[�b�h�f�Z�k�k�u�� �g�Z�� ���� %. �I�j�_�d�j�Z�s�_�g�b�_�� �i�h�e�b�\�Z�� �j�Z�k�l�_�g�b�c�� �i�j�b�\�h�^�b�e�h�� �d�� �i�h�k�l�_�i�_�g�g�h�f�m��
�k�g�b�`�_�g�b�x�� �a�g�Z�q�_�g�b�y�� �f�Z�d�k�b�f�Z�e�v�g�h�]�h�� �d�\�Z�g�l�h�\�h�]�h�� �\�u�o�h�^�Z���� �q�l�h�� �y�\�e�y�e�h�k�v�� �b�g�^�b�d�Z�l�h�j�h�f�� �k�l�j�_�k�k�h�\�h�]�h��
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Abstract. In this study, we report the creation of a genetically engineered cI/Plam_RFP construct 
based on a NOT logic gate for detecting IPTG in E. coli cells. Both classical bioengineering methods, 
such as restriction and ligation, and more advanced ones, such as Gibson assembly, were applied. 
The effectiveness of the synthetic construct was confirmed by transforming cells of the DH5a strain 
with a recombinant vector and culturing them on a selective medium. When IPTG was added to the 
culture medium, RFP suppression was observed in bacterial cells, which led to fluorescence arrest. 
Key words: NOT gate, synthetic biology, genetic circuits, gene engineering. 
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�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y���q�Z�k�l�v 
�J�Z�a�j�Z�[�h�l�d�Z�� �k�b�g�l�_�l�b�q�_�k�d�h�c�� �d�h�g�k�l�j�m�d�p�b�b�� �h�k�m�s�_�k�l�\�e�y�e�Z�k�v��in silico �\�� �I�H��SnapGene. 

�< �d�Z�q�_�k�l�\�_�� �g�_�k�m�s�_�]�h�� �\�_�d�l�h�j�Z�� �[�u�e�Z�� �\�u�[�j�Z�g�Z�� �d�h�f�f�_�j�q�_�k�d�Z�y�� �i�e�Z�a�f�b�^�Z��pET-15b���� �>�e�y�� �k�h�a�^�Z�g�b�y��
�f�h�e�_�d�m�e�y�j�g�h�]�h���e�h�]�b�q�_�k�d�h�]�h���\�_�g�l�b�e�y���1�2�7���k�h�a�^�Z�g�Z���k�b�k�l�_�f�Z�����k�h�k�l�h�y�s�Z�y���b�a���l�j�_�o���f�h�^�m�e�_�c�����\�o�h�^�Z �± 
�\�h�k�i�j�b�g�b�f�Z�x�s�_�]�h�� �\�o�h�^�g�h�c�� �k�b�]�g�Z�e�����b�g�\�_�j�l�h�j�Z �± �i�_�j�_�d�e�x�q�Z�l�_�e�y�� �k�h�k�l�h�y�g�b�_�� �k�b�k�l�_�f�u�����\�u�o�h�^�Z �± 
�n�h�j�f�b�j�m�x�s�_�]�h�� �\�u�o�h�^�g�h�c�� �k�b�]�g�Z�e�� �<�o�h�^�� �b�� �b�g�\�_�j�l�h�j�� �k�h�k�l�h�y�l�� �b�a�� �j�Z�a�e�b�q�g�u�o�� �i�Z�j�� �j�_�i�j�_�k�k�h�j-
�i�j�h�f�h�l�h�j���� �h�k�m�s�_�k�l�\�e�y�x�s�b�o�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h-�\�j�_�f�_�g�g�m�x�� �j�_�]�m�e�y�p�b�x�� �l�j�Z�g�k�d�j�b�i�p�b�b�� 
�I�j�b �i�h�^�[�h�j�_�� �i�j�h�f�h�l�h�j�h�\�� �b�� �j�_�i�j�_�k�k�h�j�h�\�� �^�e�y�� �k�h�a�^�Z�g�b�y�� �f�h�e�_�d�m�e�y�j�g�h�]�h�� �e�h�]�b�q�_�k�d�h�]�h�� �\�_�g�l�b�e�y��
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�g�Z�f�b�� �\�� �i�_�j�\�m�x�� �h�q�_�j�_�^�v�� �j�Z�k�k�f�Z�l�j�b�\�Z�e�b�k�v�� �l�Z�d�b�_�� �n�m�g�d�p�b�h�g�Z�e�v�g�u�_�� �w�e�_�f�_�g�l�u���� �j�Z�[�h�l�m�� �d�h�l�h�j�u�o��
�f�h�`�g�h�� �j�_�Z�e�b�a�h�\�Z�l�v�� �\�� �d�e�_�l�d�Z�o��E. coli �a�Z�� �k�q�_�l�� �j�Z�[�h�l�u�� �k�h�[�k�l�\�_�g�g�h�]�h�� �[�Z�d�l�_�j�b�Z�e�v�g�h�]�h��
�k�b�g�l�_�l�b�q�_�k�d�h�]�h���Z�i�i�Z�j�Z�l�Z���� �D�h�g�k�l�j�m�d�p�b�y���\�_�g�l�b�e�y���i�h�^�j�Z�a�m�f�_�\�Z�_�l���d�h�g�l�j�h�e�v���\�u�o�h�^�g�h�]�h���k�b�]�g�Z�e�Z��
�a�Z�� �k�q�_�l�� �j�_�]�m�e�y�p�b�b�� �w�d�k�i�j�_�k�k�b�b�� �5�)�3���� �F�h�^�m�e�v�� �F�,���3�O�D�P (�j�_�i�j�_�k�k�h�j�� �b�� �i�j�h�f�h�l�h�j�� �n�Z�]�Z�� �e�y�f�[�^�Z�� �\��
�d�h�g�k�l�j�m�d�p�b�b�� �\�u�i�h�e�g�y�_�l�� �n�m�g�d�p�b�x�� �b�g�\�_�j�l�h�j�Z���� �l�h�� �_�k�l�v�� �_�]�h�� �j�Z�[�h�l�Z�� �h�i�j�_�^�_�e�y�_�l�� �a�g�Z�q�_�g�b�_��
�\�u�o�h�^�g�h�]�h�� �k�b�]�g�Z�e�Z���� �<�� �d�Z�q�_�k�l�\�_�� �k�b�k�l�_�f�u���� �\�h�k�i�j�b�g�b�f�Z�x�s�_�c�� �\�o�h�^�g�h�c�� �k�b�]�g�Z�e���� �[�u�e�� �\�u�[�j�Z�g��
�j�_�]�m�e�y�l�h�j�g�u�c�� �w�e�_�f�_�g�l�� �e�Z�d�l�h�a�g�h�]�h�� �h�i�_�j�h�g�Z�� �/�D�F�,���3�O�D�F���� �j�_�Z�]�b�j�m�x�s�b�c�� �g�Z�� �g�Z�e�b�q�b�_�� �\�� �k�j�_�^�_��
�d�m�e�v�l�b�\�b�j�h�\�Z�g�b�y���,�3�7�*�����I�j�b�k�m�l�k�l�\�m�x�s�b�c���\���k�j�_�^�_���,�3�7�*���j�_�i�j�_�k�k�b�j�m�_�l���j�Z�[�h�l�m���[�_�e�d�Z���/�D�F�,�����q�l�h���\��
�k�\�h�x�� �h�q�_�j�_�^�v�� �k�g�b�f�Z�_�l�� �j�_�i�j�_�k�k�b�x�� �k�� �i�j�h�f�h�l�h�j�Z�� �e�Z�d�l�h�a�g�h�]�h�� �h�i�_�j�h�g�Z�� �O�D�FP���� �I�h�^�� �m�i�j�Z�\�e�_�g�b�_�f��
�w�l�h�]�h�� �i�j�h�f�h�l�h�j�Z�� �g�Z�o�h�^�b�l�k�y�� �i�_�j�\�u�c�� �w�e�_�f�_�g�l�� �b�g�\�_�j�l�h�j�Z���± �]�_�g�� �F�,���� �d�h�^�b�j�m�x�s�b�c�� �e�y�f�[�^�Z-
�j�_�i�j�_�k�k�h�j���� �;�_�e�h�d-�j�_�i�j�_�k�k�h�j�� �i�h�^�Z�\�e�y�_�l���l�j�Z�g�k�d�j�b�i�p�b�x �k�� �k�h�h�l�\�_�l�k�l�\�m�x�s�_�]�h�� �i�j�h�f�h�l�h�j�Z�� �3�O�D�P����
�l�_�f�� �k�Z�f�u�f�� �i�j�_�^�h�l�\�j�Z�s�Z�y�� �i�h�y�\�e�_�g�b�y�� �n�e�m�h�j�_�k�p�_�g�l�g�h�]�h�� �k�b�]�g�Z�e�Z�� �5�)�3���� �I�j�b�� �h�l�k�m�l�k�l�\�b�b�� �,�3�7�*��
�g�Z�[�e�x�^�Z�_�l�k�y���h�[�j�Z�l�g�u�c���j�_�a�m�e�v�l�Z�l (�j�b�k��������. 

 

 
�J�b�k�������� �K�o�_�f�Z���j�Z�[�h�l�u���]�_�g�_�l�b�q�_�k�d�h�c���d�h�g�k�l�j�m�d�p�b�b��cI/Plam�B�5�)�3���g�Z���h�k�g�h�\�_���e�h�]�b�q�_�k�d�h�]�h���\�_�g�l�b�e�y���1�2�7 

 
�K�[�h�j�d�Z���d�h�g�k�l�j�m�d�p�b�b���h�k�m�s�_�k�l�\�e�y�e�Z�k�v���i�m�l�_�f���i�h�w�l�Z�i�g�h�]�h���d�e�h�g�b�j�h�\�Z�g�b�y���w�e�_�f�_�g�l�h�\���\�_�g�l�b�e�y��

�k���i�h�f�h�s�v�x���f�_�l�h�^�Z���j�_�k�l�j�b�d�p�b�b���b���e�b�]�b�j�h�\�Z�g�b�y�����I�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b���]�_�g�h�\��RFP, Plam �b��cI �[�u�e�b��
�Z�f�i�e�b�n�b�p�b�j�h�\�Z�g�u���k���i�h�f�h�s�v�x���I�P�J�� �:�f�i�e�b�d�h�g�u���[�m�^�m�s�b�o���n�m�g�d�p�b�h�g�Z�e�v�g�u�o���w�e�_�f�_�g�l�h�\ �\�_�g�l�b�e�y��
�[�u�e�b �i�j�h�\�_�j�_�g�u�� �g�Z�� �k�h�h�l�\�_�l�k�l�\�b�_�� �h�`�b�^�Z�_�f�u�f�� �^�e�b�g�Z�f���� �Z�� �l�Z�d�`�_�� �h�q�b�s�_�g�u�� �b�a�� �]�_�e�y�� �i�h�k�e�_��
�i�j�h�\�_�^�_�g�b�y�� �]�_�e�v-�w�e�_�d�l�j�h�n�h�j�_�a�Z���� �I�h�k�e�_�� �d�Z�`�^�h�]�h�� �Z�d�l�Z�� �d�e�h�g�b�j�h�\�Z�g�b�y�� �i�j�h�b�a�\�h�^�b�e�Z�k�v��
�l�j�Z�g�k�n�h�j�f�Z�p�b�y�� �j�_�d�h�f�[�b�g�Z�g�l�g�u�f�� �\�_�d�l�h�j�h�f�� �o�b�f�b�q�_�k�d�b�� �d�h�f�i�_�l�_�g�u�o�� �d�e�_�l�h�d��E. coli �r�l�Z�f�f�Z��
�i�h�^�^�_�j�`�d�b��DH���. �b�� �i�h�k�_�\���b�o�� �g�Z�� �Z�]�Z�j�b�a�h�\�Z�g�g�m�x��LB-�k�j�_�^�m. �<�k�_�� �w�l�Z�i�u�� �d�e�h�g�b�j�h�\�Z�g�b�y��
�d�h�g�l�j�h�e�b�j�h�\�Z�e�b�k�v�� �k�� �i�h�f�h�s�v�x�� �Z�g�Z�e�b�a�b�j�m�x�s�_�c�� �j�_�k�l�j�b�d�p�b�b�� �k�� �w�g�^�h�g�m�d�e�_�Z�a�h�c��VneI���� �Z�� �l�Z�d�`�_��
colony-�I�P�J���� 

�D�h�f�f�_�j�q�_�k�d�b�c���\�_�d�l�h�j���w�d�k�i�j�_�k�k�b�b��pET-15b �m�`�_���k�h�^�_�j�`�b�l���\���k�\�h�_�c���i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b���]�_�g��
LacI���� �i�h�w�l�h�f�m�� �i�h�k�e�_�^�g�b�f�� �w�l�Z�i�h�f�� �k�[�h�j�d�b�� �d�h�g�k�l�j�m�d�p�b�b�� �y�\�e�y�e�h�k�v�� �d�e�h�g�b�j�h�\�Z�g�b�_�� �w�e�_�f�_�g�l�h�\��
�e�Z�d�l�h�a�g�h�]�h�� �h�i�_�j�h�g�Z��LacO �b��LacP �b�a�� �\�_�d�l�h�j�Z��pUC19 �f�_�l�h�^�h�f���k�[�h�j�d�b�� �i�h�� �=�b�[�k�h�g�m����
�:�f�i�e�b�n�b�d�Z�p�b�y�� �n�j�Z�]�f�_�g�l�h�\�� �i�j�h�b�a�\�h�^�b�e�Z�k�v�� �k�� �i�h�f�h�s�v�x�� �I�P�J�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f��high-fidelity 
�i�h�e�b�f�_�j�Z�a�u�����J�_�a�m�e�v�l�Z�l���k�[�h�j�d�b���[�u�e���i�j�h�\�_�j�_�g���i�m�l�_�f���i�h�k�_�\�Z���l�j�Z�g�k�n�h�j�f�b�j�h�\�Z�g�g�u�o���[�Z�d�l�_�j�b�c���g�Z��
�k�j�_�^�m�����k�h�^�_�j�`�Z�s�m�x�����������F��IPTG.  
 

�J�_�a�m�e�v�l�Z�l�u 
�L�j�Z�g�k�n�h�j�f�b�j�h�\�Z�g�g�u�_�� �j�_�d�h�f�[�b�g�Z�g�l�g�u�f�� �\�_�d�l�h�j�h�f�� �d�e�_�l�d�b��E. coli �[�u�e�b�� �\�u�k�_�y�g�u�� �g�Z��

�Z�]�Z�j�b�a�h�\�Z�g�g�m�x��LB-�k�j�_�^�m �[�_�a���k�h�^�_�j�`�Z�g�b�y �k�_�e�_�d�l�b�\�g�h�]�h���f�Z�j�d�_�j�Z IPTG. �;�u�e���i�j�h�\�_�^�_�g�� �h�l�[�h�j��
�d�j�Z�k�g�u�o���d�h�e�h�g�b�c���� �d�h�l�h�j�u�_���a�Z�l�_�f�� �[�u�e�b���i�_�j�_�k�_�y�g�u���g�Z���Z�g�Z�e�h�]�b�q�g�m�x���k�j�_�^�m���d�m�e�v�l�b�\�b�j�h�\�Z�g�b�y �k��
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�^�h�[�Z�\�e�_�g�b�_�f�����������F��IPTG. �<���j�y�^�_���k�e�m�q�Z�_�\���g�Z�[�e�x�^�Z�e�h�k�v���b�a�f�_�g�_�g�b�_���p�\�_�l�Z���i�_�j�_�k�_�y�g�g�u�o���d�h�e�h�g�b�c��
�k���d�j�Z�k�g�h�]�h���g�Z���[�_�e�u�c (�j�b�k����2).  

 

  
�J�b�k����2�����I�j�h�\�_�j�d�Z���j�Z�[�h�l�u���d�h�g�k�l�j�m�d�p�b�b��cI/Plam_RFP �i�m�l�_�f���i�h�k�_�\�Z���d�h�e�h�g�b�c���g�Z���k�_�e�_�d�l�b�\�g�m�x���k�j�_�^�m���� 

�k�h�^�_�j�`�Z�s�m�x��IPTG�����:���± �[�_�a��IPTG�����;���± �k��IPTG 
 
�D�h�e�h�g�b�b���� �\�� �d�h�l�h�j�u�o�� �g�Z�[�e�x�^�Z�e�h�k�v�� �b�a�f�_�g�_�g�b�_���h�d�j�Z�k�d�b���� �[�u�e�b�� �i�j�h�\�_�j�_�g�u�� �g�Z�� �g�Z�e�b�q�b�_��

�\�k�l�Z�\�d�b�� �w�e�_�f�_�g�l�h�\�� �e�Z�d�l�h�a�g�h�]�h�� �h�i�_�j�h�g�Z�� �f�_�l�h�^�h�f��colony-�I�P�J �b�� �Z�g�Z�e�b�a�b�j�m�x�s�_�c�� �j�_�k�l�j�b�d�p�b�_�c��
�w�g�^�h�g�m�d�e�_�Z�a�h�c��VneI. �J�_�a�m�e�v�l�Z�l�� �]�_�e�v-�w�e�_�d�l�j�h�n�h�j�_�a�Z�� �i�h�d�Z�a�Z�e���� �q�l�h�� �^�Z�g�g�u�_�� �d�h�e�h�g�b�b�� �k�h�^�_�j�`�Z�l��
�\�k�l�Z�\�d�m���]�_�g�h�\ LacO �b��lacP �b�a��pUC19.  

�>�e�y���\�_�j�b�n�b�d�Z�p�b�b�� �j�_�d�h�f�[�b�g�Z�g�l�g�h�]�h�� �\�_�d�l�h�j�Z �[�u�e�b�� �j�Z�a�j�Z�[�h�l�Z�g�u�� �i�j�Z�c�f�_�j�u�� �^�e�y��
�k�_�d�\�_�g�b�j�h�\�Z�g�b�y �d�h�g�k�l�j�m�d�p�b�b��cI/Plam_RFP���� �Z�� �l�Z�d�`�_���i�j�Z�c�f�_�j�u���^�e�y�� �i�j�h�\�_�j�d�b �]�_�g�Z��LacI. 
�;�u�e�h �\�u�y�k�g�_�g�h���� �q�l�h�� �f�_�`�^�m�� �]�_�g�h�f��cI �b�� �h�i�_�j�Z�l�h�j�h�f�� �e�Z�d�l�h�a�g�h�]�h�� �h�i�_�j�h�g�Z�� �h�l�k�m�l�k�l�\�m�_�l�� �k�Z�c�l��
�k�\�y�a�u�\�Z�g�b�y�� �j�b�[�h�k�h�f���± �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v�� �R�Z�c�g�Z-�>�Z�e�v�]�Z�j�g�h�� ��RBS)���� �q�l�h�� �f�h�`�_�l�� �h�d�Z�a�Z�l�v��
�\�e�b�y�g�b�_�� �g�Z�� �m�j�h�\�_�g�v�� �w�d�k�i�j�_�k�k�b�b�� �j�_�i�j�_�k�k�h�j�Z���n�Z�]�Z�� �e�y�f�[�^�u���� �>�e�y�� �w�l�h�]�h�� �[�u�e�� �h�k�m�s�_�k�l�\�e�_�g�� �a�Z�d�Z�a��
�i�j�Z�c�f�_�j�h�\���� �d�� �d�h�l�h�j�u�f�� �i�h�f�b�f�h�� �k�Z�c�l�Z�� �j�_�k�l�j�b�d�p�b�b�� �i�_�j�_�^�� �k�l�Z�j�l-�d�h�^�h�g�h�f�� �Z�f�i�e�b�n�b�p�b�j�m�_�f�h�]�h��
�]�_�g�Z���[�m�^�_�l���\�k�l�j�h�_�g��RBS.  

 
�A�Z�d�e�x�q�_�g�b�_ 
�<�� �j�_�a�m�e�v�l�Z�l�_�� �i�j�h�\�_�^�_�g�g�h�c�� �j�Z�[�h�l�u�� �[�u�e�� �k�h�a�^�Z�g�� �j�_�d�h�f�[�b�g�Z�g�l�g�u�c�� �\�_�d�l�h�j���� �k�h�^�_�j�`�Z�s�b�c��

�]�_�g�_�l�b�q�_�k�d�m�x�� �d�h�g�k�l�j�m�d�p�b�x��cI/Plam_RFP �e�h�]�b�q�_�k�d�h�]�h�� �\�_�g�l�b�e�y��NOT. �J�Z�a�j�Z�[�h�l�Z�g�g�Z�y��
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Abstract. The use of antiseptic properties of silver is often complicated by its toxicity as a heavy 
metal. In this work an approach to solve this problem is proposed �± bionanomaterial based on silver 
nanoparticles and humic substances. Determination of silver nanoparticles yield from semi-solid 
dosage forms by vertical diffusion method using Franz cell was carried out. The obtained results can 
be used to substantiate the application of ointment or gel in diseases of different genesis. 
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�k�e�_�^�m�x�s�_�f���� �g�Z�\�_�k�d�m�� ���������� �]�� �&�+�3-�$�J�1�3�V�� �h�l�\�_�r�b�\�Z�e�b�� �g�Z�� �Z�g�Z�e�b�l�b�q�_�k�d�b�o�� �\�_�k�Z�o���� �^�Z�e�_�_��
�k�m�[�k�l�Z�g�p�b�x�� �i�h�f�_�s�Z�e�b�� �\�� �k�l�m�i�d�m�� �b�� �j�Z�k�l�\�h�j�y�e�b�� �\�� ������ �f�e�� �\�h�^�u�� �h�q�b�s�_�g�g�h�c���� �^�h�[�Z�\�e�y�e�b�� �������� �]��
�k�m�[�k�l�Z�g�p�b�b�� �E�b�g�d�h�f�b�p�b�g�Z�� �]�b�^�j�h�o�e�h�j�b�^�Z�� �b�� �j�Z�a�f�_�r�b�\�Z�e�b�� �i�_�k�l�b�d�h�f�� �^�h�� �i�h�e�g�h�]�h�� �j�Z�k�l�\�h�j�_�g�b�y����
�A�Z�l�_�f���^�h�[�Z�\�e�y�e�b�������������]���i�j�_�^�\�Z�j�b�l�_�e�v�g�h���j�Z�a�h�]�j�_�l�h�]�h���g�Z���\�h�^�y�g�h�c���[�Z�g�_���e�Z�g�h�e�b�g�Z���[�_�a�\�h�^�g�h�]�h���i�h��
�q�Z�k�l�y�f�� �b�� �w�f�m�e�v�]�b�j�h�\�Z�e�b�� �i�_�k�l�b�d�h�f���� �i�h�k�l�_�i�_�g�g�h�� �i�j�b�[�Z�\�e�y�y���� �j�Z�a�h�]�j�_�l�u�_�� �Z�g�Z�e�h�]�b�q�g�u�f��
�k�i�h�k�h�[�h�f���� ���������� �]�� �\�Z�a�_�e�b�g�Z���� �b�l�h�]�h�� �i�h�e�m�q�b�e�h�k�v�� ������������ �]�� �h�^�g�h�j�h�^�g�h�c���� �w�f�m�e�v�k�b�h�g�g�h�c�� �f�Z�a�b�� �g�Z��
�Z�^�k�h�j�[�p�b�h�g�g�h�c���h�k�g�h�\�_�� 

�L�_�o�g�h�e�h�]�b�y�� �b�a�]�h�l�h�\�e�_�g�b�_�� �]�_�e�y�� �k�h�k�l�Z�\�Z�� �&�+�3-AgNPs (2 ���� �i�h�� �k�_�j�_�[�j�m���� �h�k�m�s�_�k�l�\�e�y�e�b��
�k�h�]�e�Z�k�g�h���k�e�_�^�m�x�s�_�c���f�_�l�h�^�b�d�_�������������]���d�Z�j�[�h�d�k�b�f�_�l�b�e�p�_�e�e�x�e�h�a�u���\���g�Z�l�j�b�_�\�h�c���n�h�j�f�_�����1�D-�D�F�P����
�j�Z�k�l�\�h�j�y�e�b�� �\�� ������,0 �f�e�� �\�h�^�u�� �i�j�b�� ���� �ƒ�K�� �k�� �h�[�j�Z�a�h�\�Z�g�b�_�f�� �\�y�a�d�h�]�h�� �� %-�g�h�]�h���]�_�e�_�\�h�]�h �j�Z�k�l�\�h�j�Z����
�A�Z�l�_�f���\�� �k�l�m�i�d�m�� �i�h�f�_�s�Z�e�b�� ���������� �]�� �&�+�3-�$�J�1�3�V�� �b�� �k�f�_�r�b�\�Z�e�b�� �k�� ����,0 �]�� �]�_�e�_�\�h�c�� �h�k�g�h�\�u�� ���� % 
�D�F�P������ �j�Z�a�f�_�r�b�\�Z�e�b�� �i�_�k�l�b�d�h�f�� �^�h�� �i�h�e�g�h�]�h�� �j�Z�k�l�\�h�j�_�g�b�y�� �b�� �h�[�j�Z�a�h�\�Z�g�b�y�� �h�^�g�h�j�h�^�g�h�c�� �f�Z�k�k�u����
�a�Z�l�_�f���^�h�\�h�^�b�e�b���f�Z�k�k�m���]�h�l�h�\�h�c���e�_�d�Z�j�k�l�\�_�g�g�h�c���n�h�j�f�u���]�_�e�_�\�h�c���h�k�g�h�\�h�c�����D�F�P������ �������^�h���������������]�� 

�B�k�k�e�_�^�h�\�Z�g�b�_�� �\�u�k�\�h�[�h�`�^�_�g�b�y�� �$�J�1�3�V�� �i�j�h�\�h�^�b�e�b�� �f�_�l�h�^�h�f�� �\�_�j�l�b�d�Z�e�v�g�h�c�� �^�b�n�n�m�a�b�b���� �k��
�i�h�f�h�s�v�x���\�_�j�l�b�d�Z�e�v�g�h�c���^�b�n�n�m�a�b�h�g�g�h�c���y�q�_�c�d�b���N�j�Z�g�p�Z�����f�h�^�_�e�v���+�'�7�������������� �L�_�k�l�_�j�� �+�'�7����������
�i�j�_�^�k�l�Z�\�e�y�_�l�� �k�h�[�h�c�� �m�k�l�j�h�c�k�l�\�h���� �i�j�_�^�g�Z�a�g�Z�q�_�g�g�h�_�� �^�e�y�� �h�i�j�_�^�_�e�_�g�b�y�� �\�u�k�\�h�[�h�`�^�_�g�b�y��
�e�_�d�Z�j�k�l�\�_�g�g�h�]�h�� �k�j�_�^�k�l�\�Z�� �b�a�� �i�h�e�m�l�\�_�j�^�u�o�� �e�_�d�Z�j�k�l�\�_�g�g�u�o�� �n�h�j�f���� �d�� �d�h�l�h�j�u�f�� �h�l�g�h�k�y�l�k�y�� �d�j�_�f�Z����
�f�Z�a�b�����]�_�e�b���b���e�h�k�v�h�g�u�����>�Z�g�g�u�c���i�j�b�[�h�j�����\�f�_�s�Z�_�l���\���k�_�[�y���������^�b�n�n�m�a�b�h�g�g�u�o���y�q�_�_�d�����k�h�k�l�h�y�s�b�o���b�a��
�^�\�m�o�� �q�Z�k�l�_�c���� �^�h�g�h�j�g�Z�y�� ���d�Z�f�_�j�Z�� �^�e�y�� �h�[�j�Z�a�p�h�\���� �b�� �j�_�p�_�i�l�h�j�g�Z�y�� �d�Z�f�_�j�Z���� �k�h�^�_�j�`�Z�s�Z�y��
�j�_�p�_�i�l�h�j�g�u�c�� �j�Z�k�l�\�h�j�� ���k�j�_�^�Z������ �W�l�b�� �^�\�_���q�Z�k�l�b�� �j�Z�a�^�_�e�_�g�u�� �k�i�_�p�b�Z�e�v�g�h�c�� �\�u�k�h�d�h�i�j�h�g�b�p�Z�_�f�h�c��
�f�_�f�[�j�Z�g�h�c���� �i�j�_�^�g�Z�a�g�Z�q�_�g�g�h�c�� �^�e�y�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �\�� �d�Z�q�_�k�l�\�_�� �i�j�h�\�h�^�y�s�_�]�h�� �d�Z�g�Z�e�Z�� �^�e�y��
�^�b�n�n�m�a�b�b���� �F�Z�a�v�� �b�e�b�� �]�_�e�v�� �g�Z�g�h�k�b�e�b�� �g�Z�� �^�b�Z�e�b�a�g�m�x�� �]�b�^�j�h�n�b�e�v�g�m�x�� �i�h�e�b�w�n�b�j�k�m�e�v�n�h�g�h�\�m�x��
�f�_�f�[�j�Z�g�m���k���j�Z�a�f�_�j�Z�f�b���i�h�j�����������g�f�����^�b�Z�f�_�l�j�h�f���������f�f�����k���j�Z�a�f�_�s�_�g�g�h�c���g�Z���g�_�c���i�e�Z�k�l�f�Z�k�k�h�\�u�f��
�d�h�e�v�p�h�f���� �K�h�^�_�j�`�b�f�h�_�� �y�q�_�_�d�� �i�_�j�_�f�_�r�b�\�Z�e�b�� �i�j�b�� �i�h�f�h�s�b�� �f�Z�]�g�b�l�g�h�c�� �f�_�r�Z�e�d�b�� �g�Z�� �k�d�h�j�h�k�l�b��
400 �h�[���f�b�g���� �D�h�e�b�q�_�k�l�\�_�g�g�h�_�� �k�h�^�_�j�`�Z�g�b�_�� �g�Z�g�h�q�Z�k�l�b�p�� �k�_�j�_�[�j�Z�� �h�i�j�_�^�_�e�y�e�b�� �g�Z��
�k�i�_�d�l�j�h�n�h�l�h�f�_�l�j�_�� �I�W-���������M�N�� �\�� �d�\�Z�j�p�_�\�u�o�� �d�x�\�_�l�Z�o�� ���� �k�f�� �\�� �b�g�l�_�j�\�Z�e�_�� �������±425 �g�f�� �k�� �r�Z�]�h�f��
2 �g�f���� �D�h�g�p�_�g�l�j�Z�p�b�x�� �\�u�k�\�h�[�h�^�b�\�r�b�o�k�y�� �g�Z�g�h�q�Z�k�l�b�p�� �k�_�j�_�[�j�Z�� �b�a�� �h�[�j�Z�a�p�Z�� �K�+�3-AgNPs 
�h�p�_�g�b�\�Z�e�b�� �i�h�� �d�Z�e�b�[�j�h�\�h�q�g�h�f�m�� �]�j�Z�n�b�d�m���� �i�h�e�m�q�_�g�g�h�f�m�� �i�j�b�� �j�Z�a�e�b�q�g�u�o�� �j�Z�a�\�_�^�_�g�b�y�o�� �j�Z�k�l�\�h�j�Z��
�K�+�3-AgNPs. 

 
�J�_�a�m�e�v�l�Z�l�u 
�<�� �j�_�a�m�e�v�l�Z�l�_�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �\�u�k�\�h�[�h�`�^�_�g�b�y�� �$�J�1�3�V�� �b�a�� �w�f�m�e�v�k�b�h�g�g�h�c�� �f�Z�a�b�� �g�Z�� �h�k�g�h�\�_��

�Z�^�k�h�j�[�p�b�b���� �k�j�_�^�g�_�_�� �a�g�Z�q�_�g�b�_�� �k�h�k�l�Z�\�b�e�h�� �������� ������ �q�l�h�� �k�\�b�^�_�l�_�e�v�k�l�\�m�_�l�� �h�� �g�b�a�d�h�c�� �k�b�k�l�_�f�g�h�c��
�l�h�d�k�b�q�g�h�k�l�b�� �$�J�� �d�Z�d�� �l�y�`�_�e�h�]�h�� �f�_�l�Z�e�e�Z�� �b�� �\�h�a�f�h�`�g�h�k�l�b�� �^�e�b�l�_�e�v�g�h�]�h�� �i�j�b�f�_�g�_�g�b�y�� �f�_�l�Z�e�e�Z���� �Z��



XXII 

�l�Z�d�`�_���h���\�h�a�f�h�`�g�h�k�l�b���^�e�b�l�_�e�v�g�h�]�h���i�j�b�f�_�g�_�g�b�y���b���i�j�_�[�u�\�Z�g�b�y���f�Z�a�b���g�Z���j�Z�g�_�\�h�c���i�h�\�_�j�o�g�h�k�l�b����
�J�_�a�m�e�v�l�Z�l�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �\�u�k�\�h�[�h�`�^�_�g�b�y�� �$�J�1�3�V�� �b�a�� �]�b�^�j�h�n�b�e�v�g�h�]�h�� �]�_�e�y�� �g�Z�� �h�k�g�h�\�_��
�d�Z�j�[�h�d�k�b�f�_�l�b�e�p�_�e�e�x�e�h�a�u�� �k�h�k�l�Z�\�b�e�� ���������� ������ �q�l�h�� �k�\�b�^�_�l�_�e�v�k�l�\�m�_�l�� �h�� �\�u�k�h�d�h�c�� �k�i�h�k�h�[�g�h�k�l�b��
�$�J�1�3�V�� �\�u�k�\�h�[�h�`�^�Z�l�v�k�y�� �b�a�� �e�_�d�Z�j�k�l�\�_�g�g�h�c�� �n�h�j�f�u�� �b�� �h�d�Z�a�u�\�Z�l�v�� �[�u�k�l�j�h�_�� �Z�g�l�b�k�_�i�l�b�q�_�k�d�h�_��
�^�_�c�k�l�\�b�_�����k�f�_�r�b�\�Z�y�k�v���\���j�Z�g�_���k���[�b�h�e�h�]�b�q�_�k�d�b�f�b���`�b�^�d�h�k�l�y�f�b�� 

 
�L�Z�[�e�b�p�Z���� 

�J�_�a�m�e�v�l�Z�l�u���\�u�k�\�h�[�h�`�^�_�g�b�y���g�Z�g�h�q�Z�k�l�b�p���k�_�j�_�[�j�Z�� 

�‹��
�i�h�\�l�h�j�Z 

�F�Z�k�k�Z��
�f�Z�a�b���]�_�e�y����

�g�Z�g�_�k�_�g�g�h�]�h���g�Z��
�f�_�f�[�j�Z�g�m�����f�] 

�F�Z�k�k�Z���g�Z�g�h�q�Z�k�l�b�p���$�J���\��
�f�Z�a�_�\�h�c���]�_�e�_�\�h�c��

�k�m�k�i�_�g�a�b�b�����g�Z�g�_�k�_�g�g�h�c��
�g�Z���f�_�f�[�j�Z�g�m�����f�] 

�D�h�g�p�_�g�l�j�Z�p�b�y���g�Z�g�h�q�Z�k�l�b�p���$�J����
�\�u�k�\�h�[�h�`�^�_�g�g�u�o���\��

�i�h�]�e�h�s�Z�x�s�m�x���k�j�_�^�m���q�_�j�_�a��
�k�m�l�d�b�����f�]���f�e 

�<�u�o�h�^��
�g�Z�g�h�q�Z�k�l�b�p�� % 

�w�f�m�e�v�k�b�h�g�g�Z�y���f�Z�a�v���g�Z���Z�^�k�h�j�[�p�b�h�g�g�h�c���h�k�g�h�\�_ 
1 146,0 �“ 1,0 2,919 �“ 0,022 0,0032 �“ 0,0007 0,77 �“ 0,14 
2 144,0 �“ 1,0 2,875 �“ 0,022 0,0019 �“ 0,0007 0,49 �“ 0,14 
3 145,0 �“ 1,0 2,899 �“ 0,022 0,0025 �“ 0,0007 0,63 �“ 0,14 

�K�j�_�^�g�_�_��
�a�g�Z�q�_�g�b�_ 

145,0 �“ 1,0 2,898 �“ 0,022 0,0025 �“ 0,0007 0,63 �“ 0,14 

�]�b�^�j�h�n�b�e�v�g�u�c���]�_�e�v���g�Z���h�k�g�h�\�_���d�Z�j�[�h�d�k�b�f�_�l�b�e�p�_�e�e�x�e�h�a�u�������� 
1 147,0 �“ 2,7 2,94 �“ 0,05 0,047 �“ 0,001 11,06 �“ 0,07 
2 143,0 �“ 2,7 2,86 �“ 0,05 0,046 �“ 0,001 11,13 �“ 0,07 
3 142,0 �“ 2,7 2,84 �“ 0,05 0,045 �“ 0,001 11,20 �“ 0,07 

�K�j�_�^�g�_�_��
�a�g�Z�q�_�g�b�_ 

144,0 �“ 2,7 2,88 �“ 0,05 0,046 �“ 0,001 11,13 �“ 0,07 

 
�A�Z�d�e�x�q�_�g�b�_ 
�L�Z�d�b�f���h�[�j�Z�a�h�f�����i�_�j�\�Z�y���e�_�d�Z�j�k�l�\�_�g�g�Z�y���n�h�j�f�Z�����f�Z�a�v���g�Z���Z�^�k�h�j�[�p�b�h�g�g�h�c���h�k�g�h�\�_�����y�\�e�y�_�l�k�y��

�g�Z�b�[�h�e�_�_���i�j�_�^�i�h�q�l�b�l�_�e�v�g�h�c�� �^�e�y�� �e�_�q�_�g�b�y�� �\�y�e�h�l�_�d�m�s�b�o���o�j�h�g�b�q�_�k�d�b�o���]�g�h�c�g�h-�\�h�k�i�Z�e�b�l�_�e�v�g�u�o��
�i�j�h�p�_�k�k�h�\���b���i�j�h�e�_�`�g�_�c�����F�_�o�Z�g�b�a�f���^�_�c�k�l�\�b�y���f�Z�a�b���i�j�_�^�i�h�e�h�`�b�l�_�e�v�g�h���a�Z�d�e�x�q�Z�_�l�k�y���\���l�h�f�����q�l�h��
�h�g�Z�� �Z�^�k�h�j�[�b�j�m�_�l�� �k�h�^�_�j�`�b�f�h�_�� �j�Z�g�u�� �\�f�_�k�l�_�� �k�� �b�g�n�_�d�p�b�h�g�g�u�f�b�� �Z�]�_�g�l�Z�f�b���� �Z�� �\�g�m�l�j�b�� �f�Z�a�b��
�Z�d�l�b�\�g�u�c���d�h�f�i�h�g�_�g�l���K�+�3-�$�J�1�3�V�����k�h�\�f�_�k�l�g�h���k���e�b�g�d�h�f�b�p�b�g�h�f���h�d�Z�a�u�\�Z�_�l���Z�g�l�b�[�Z�d�l�_�j�b�Z�e�v�g�h�_��
�b�� �Z�g�l�b�k�_�i�l�b�q�_�k�d�h�_�� �^�_�c�k�l�\�b�_���� �<�l�h�j�Z�y�� �e�_�d�Z�j�k�l�\�_�g�g�Z�y�� �n�h�j�f�Z�� ���]�b�^�j�h�n�b�e�v�g�u�c�� �]�_�e�v�� �g�Z�� �h�k�g�h�\�_��
�d�Z�j�[�h�d�k�b�f�_�l�b�e�p�_�e�e�x�e�h�a�u�������y�\�e�y�_�l�k�y���g�Z�b�[�h�e�_�_���i�j�_�^�i�h�q�l�b�l�_�e�v�g�h�c���^�e�y���e�_�q�_�g�b�y���h�l�d�j�u�l�u�o���j�Z�g����
�\���l�h�f���q�b�k�e�_���[�h�e�v�r�b�o �i�h���i�e�h�s�Z�^�b���b���l�j�_�[�m�x�s�b�o���q�Z�k�l�h�]�h���i�j�b�f�_�g�_�g�b�y�� 

 
�J�Z�[�h�l�Z�� �\�u�i�h�e�g�_�g�Z�� �i�j�b�� �n�b�g�Z�g�k�h�\�h�c�� �i�h�^�^�_�j�`�d�_�� �J�h�k�k�b�c�k�d�h�]�h�� �g�Z�m�q�g�h�]�h�� �n�h�g�^�Z�� ���]�j�Z�g�l��
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Abstract. Neurodegenerative diseases are characterized by a progressive loss of selectively sensitive 
neuronal populations, and a common feature of pathogenesis is the formation of protein aggregates. 
In this study, we analyzed the pathological protein aggregation of TDP-43, which was induced by 
stereotaxic injection of Tau protein aggregates into the mouse brain. A statistically significant 
decrease in the fluorescence intensity of TDP-43 was found in the brain of mice in the experimental 
group, and abnormal nuclear-cytoplasmic distribution of TDP-43 protein with the formation of its 
aggregates was revealed. The images obtained with a fluorescence microscope served as a dataset for 
developing a machine learning model for cell recognition and counting, fluorescence signal 
measurement and recognition of protein aggregates in cells of histological sections. The developed 
model was evaluated using the following metrics: Sensitivity = 90.9 %, Specificity = 80.7 %, 
Precision = 89.3 %, and it can be said that it achieved the target quality metrics.  
Key words: neurodegenerative diseases, protein aggregates, TDP-43, machine learning model. 
 

�<�\�_�^�_�g�b�_ 
�G�_�c�j�h�^�_�]�_�g�_�j�Z�l�b�\�g�u�_ �a�Z�[�h�e�_�\�Z�g�b�y (�G�>�A) �± �]�_�l�_�j�h�]�_�g�g�Z�y �]�j�m�i�i�Z �g�_�\�j�h�e�h�]�b�q�_�k�d�b�o 

�a�Z�[�h�e�_�\�Z�g�b�c, �o�Z�j�Z�d�l�_�j�b�a�m�x�s�b�o�k�y�� �n�m�g�d�p�b�h�g�Z�e�v�g�h�c �^�b�k�n�m�g�d�p�b�_�c�� �g�_�c�j�h�g�h�\���� �b�o�� �]�b�[�_�e�v�x �b��
�i�h�k�e�_�^�m�x�s�_�c�� �i�j�h�]�j�_�k�k�b�j�m�x�s�_�c�� �^�_�]�_�g�_�j�Z�p�b�_�c�� �j�Z�a�e�b�q�g�u�o�� �h�[�e�Z�k�l�_�c�� �g�_�j�\�g�h�c�� �k�b�k�l�_�f�u�� 
�L�h�q�g�u�_���f�_�o�Z�g�b�a�f�u���j�Z�a�\�b�l�b�y �G�>�A �h�k�l�Z�x�l�k�y���g�_�y�k�g�u�f�b �b���g�Z���k�_�]�h�^�g�y�r�g�b�c���^�_�g�v���g�_���j�Z�a�j�Z�[�h�l�Z�g�h��
�w�n�n�_�d�l�b�\�g�u�o�� �l�_�j�Z�i�_�\�l�b�q�_�k�d�b�o�� �f�_�l�h�^�h�\�� �^�e�y�� �a�Z�f�_�^�e�_�g�b�y���� �h�k�l�Z�g�h�\�d�b�� �b�e�b�� �i�j�_�^�h�l�\�j�Z�s�_�g�b�y��
�e�x�[�u�o���G�>�A [1]. 

�H�[�s�_�c�� �q�_�j�l�h�c�� �f�g�h�]�b�o �G�>�A �y�\�e�y�_�l�k�y�� �h�[�j�Z�a�h�\�Z�g�b�_�� �[�_�e�d�h�\�u�o�� �Z�]�j�_�]�Z�l�h�\���� �<�h�� �f�g�h�]�b�o��
�k�e�m�q�Z�y�o�� �h�^�g�h�\�j�_�f�_�g�g�Z�y�� �Z�]�j�_�]�Z�p�b�y�� �g�_�k�d�h�e�v�d�b�o�� �i�Z�l�h�]�_�g�g�u�o�� �[�_�e�d�h�\�� �f�h�`�_�l�� �i�j�h�b�k�o�h�^�b�l�v�� �\��
�h�^�g�h�c���b���l�h�c���`�_���d�e�_�l�d�_���� �k�i�h�k�h�[�k�l�\�m�y���i�j�h�]�j�_�k�k�b�j�h�\�Z�g�b�x���a�Z�[�h�e�_�\�Z�g�b�y �b���j�Z�a�\�b�l�b�x���k�f�_�r�Z�g�g�u�o��
�d�e�b�g�b�q�_�k�d�b�o���i�j�h�y�\�e�_�g�b�c. �<�h�i�j�h�k���h���l�h�f�����y�\�e�y�x�l�k�y���e�b���w�l�b���Z�]�j�_�]�Z�l�u���l�h�d�k�b�q�g�u�f�b�����[�_�a�\�j�_�^�g�u�f�b��
�b�e�b���^�Z�`�_���a�Z�s�b�l�g�u�f�b �\���i�j�h�p�_�k�k�_���a�Z�[�h�e�_�\�Z�g�b�y�����h�k�l�Z�_�l�k�y���i�j�_�^�f�_�l�h�f���^�b�k�d�m�k�k�b�c�����>�\�Z���h�k�g�h�\�g�u�o��
�[�_�e�d�Z���� �d�h�l�h�j�u�_�� �g�Z�d�Z�i�e�b�\�Z�x�l�k�y�� �\�� �f�h�a�]�_�� �i�j�b�� �e�h�[�g�h-�\�b�k�h�q�g�h�c�� �^�_�f�_�g�p�b�b���± �w�l�h��Tau-�[�_�e�h�d�� �b�� 
TDP-�������� �Lau-�[�_�e�h�d �± �w�l�h���Z�k�k�h�p�b�b�j�h�\�Z�g�g�u�c���k���f�b�d�j�h�l�j�m�[�h�q�d�Z�f�b���[�_�e�h�d���� �d�h�l�h�j�u�c�� �m�q�Z�k�l�\�m�_�l�� �\�h��
�f�g�h�]�b�o�� �f�h�e�_�d�m�e�y�j�g�u�o�� �i�j�h�p�_�k�k�Z�o���� �\�d�e�x�q�Z�y�� �k�b�g�Z�i�l�b�q�_�k�d�m�x�� �i�e�Z�k�l�b�q�g�h�k�l�v���� �d�e�_�l�h�q�g�m�x��
�k�b�]�g�Z�e�b�a�Z�p�b�x���b���j�_�]�m�e�y�p�b�x���k�l�Z�[�b�e�v�g�h�k�l�b���Z�d�k�h�g�h�\�� �>�G�D-�k�\�y�a�u�\�Z�x�s�b�c���[�_�e�h�d��TAR (TDP-43) �± 
�f�g�h�]�h�n�m�g�d�p�b�h�g�Z�e�v�g�u�c�� �[�_�e�h�d�� �d�h�l�h�j�u�c�� �k�\�y�a�u�\�Z�_�l�k�y�� �k�� �g�m�d�e�_�b�g�h�\�u�f�b�� �d�b�k�e�h�l�Z�f�b�� �b�� �m�q�Z�k�l�\�m�_�l��
�\���f�_�l�Z�[�h�e�b�a�f�_���J�G�D��[2]. �B�a�m�q�_�g�b�_���f�_�o�Z�g�b�a�f�h�\���b�g�b�p�b�Z�p�b�b���Z�]�j�_�]�Z�p�b�b���b���\�a�Z�b�f�h�^�_�c�k�l�\�b�y���f�_�`�^�m��
�j�Z�a�g�u�f�b���i�Z�l�h�]�_�g�g�u�f�b���[�_�e�d�Z�f�b���\���g�_�j�\�g�h�c���k�b�k�l�_�f�_���y�\�e�y�_�l�k�y���Z�d�l�m�Z�e�v�g�h�c���g�Z�m�q�g�h�c���a�Z�^�Z�q�_�c�� 
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�<�� �g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y�� �a�h�e�h�l�u�f�� �k�l�Z�g�^�Z�j�l�h�f�� �^�b�Z�]�g�h�k�l�b�d�b �G�>�A �y�\�e�y�_�l�k�y��
�i�Z�l�h�e�h�]�h�Z�g�Z�l�h�f�b�q�_�k�d�Z�y�� �w�d�k�i�_�j�l�b�a�Z�� �i�j�b�� �\�k�d�j�u�l�b�b [3]. �D�h�f�i�v�x�l�_�j�g�h�_�� �a�j�_�g�b�_�� �b�� �f�_�l�h�^�u��
�]�e�m�[�h�d�h�]�h�� �h�[�m�q�_�g�b�y�� �i�j�_�^�h�k�l�Z�\�b�e�b�� �g�h�\�u�_�� �\�h�a�f�h�`�g�h�k�l�b�� �^�e�y�� �Z�\�l�h�f�Z�l�b�a�Z�p�b�b�� �w�l�h�]�h�� �i�j�h�p�_�k�k�Z�� �b��
�m�e�m�q�r�_�g�b�y�� �_�]�h�� �w�n�n�_�d�l�b�\�g�h�k�l�b���� �>�e�y�� �[�h�e�_�_�� �^�_�l�Z�e�v�g�h�]�h�� �Z�g�Z�e�b�a�Z���]�b�k�l�h�e�h�]�b�q�_�k�d�b�o�� �k�j�_�a�h�\��
�j�Z�a�g�u�o�� �h�[�e�Z�k�l�_�c�� �]�h�e�h�\�g�h�]�h�� �b�� �k�i�b�g�g�h�]�h�� �f�h�a�]�Z�� �h�q�_�g�v�� �\�Z�`�g�Z�� �k�i�h�k�h�[�g�h�k�l�v�� �i�h�e�m�q�Z�l�v��
�b�a�h�[�j�Z�`�_�g�b�y�����\�u�^�_�e�y�l�v���b���b�a�m�q�Z�l�v���j�Z�a�g�u�_���l�b�i�u���d�e�_�l�h�d�����b�o���k�m�[�d�e�_�l�h�q�g�u�_���d�h�f�i�Z�j�l�f�_�g�l�u���� 

 
�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y���q�Z�k�l�v 
�B�a�� �f�h�a�]�Z�� �l�j�Z�g�k�]�_�g�g�u�o�� �f�u�r�_�c�� �e�b�g�b�b��Tau P301S���� �w�d�k�i�j�_�k�k�b�j�m�x�s�b�o�� �f�m�l�Z�g�l�g�u�c�� 

Tau-�[�_�e�h�d�� �q�_�e�h�\�_�d�Z���� �Z�� �l�Z�d�`�_�� �h�l�� �f�u�r�_�c�� �^�b�d�h�]�h�� �l�b�i�Z�� �e�b�g�b�b��C57BL/���� �[�u�e�b�� �i�h�e�m�q�_�g�u��
�]�h�f�h�]�_�g�Z�l�u�� �f�h�a�]�Z�� �f�_�l�h�^�h�f�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�]�h�� �p�_�g�l�j�b�n�m�]�b�j�h�\�Z�g�b�y�� �k�� �h�[�j�Z�[�h�l�d�h�c��
�m�e�v�l�j�Z�a�\�m�d�h�f���� �=�h�f�h�]�_�g�Z�l�u�� �\�\�h�^�b�e�b�k�v�� �k�� �i�h�f�h�s�v�x�� �k�l�_�j�_�h�l�Z�d�k�b�q�_�k�d�h�c�� �b�g�t�_�d�p�b�b�� �\�� �h�[�e�Z�k�l�v��
�Z�f�b�]�^�Z�e�u�� �f�u�r�Z�f�� �^�b�d�h�]�h�� �l�b�i�Z���� �Q�_�j�_�a�� ������ �^�g�_�c�� �i�h�k�e�_�� �b�g�t�_�d�p�b�b�� �i�j�h�\�h�^�b�e�b�� �a�Z�[�h�j�� �f�Z�l�_�j�b�Z�e�Z��
�^�e�y�� �]�b�k�l�h�e�h�]�b�q�_�k�d�h�]�h�� �Z�g�Z�e�b�a�Z���� �;�u�e�h�� �i�j�h�\�_�^�_�g�h�� �b�f�f�m�g�h�]�b�k�l�h�o�b�f�b�q�_�k�d�h�_�� �h�d�j�Z�r�b�\�Z�g�b�_���^�e�y��
�^�_�l�_�d�p�b�b�� �[�_�e�d�Z��TDP-43���� �y�^�j�Z�� �d�e�_�l�h�d�� �h�d�j�Z�r�b�\�Z�e�b�k�v�� �k�� �i�h�f�h�s�v�x�� �d�j�Z�k�b�l�_�e�y��DAPI. �:�g�Z�e�b�a��
�b�a�h�[�j�Z�`�_�g�b�c���i�j�h�\�h�^�b�e�k�y���\���i�j�h�]�j�Z�f�f�_��ImageJ�����i�h�e�m�q�_�g�g�u�_���b�a�h�[�j�Z�`�_�g�b�y���[�u�e�b���b�k�i�h�e�v�a�h�\�Z�g�u��
�^�e�y���h�[�m�q�Z�x�s�_�c���\�u�[�h�j�d�b�� 

�F�h�^�_�e�v�� �[�u�e�Z�� �h�[�m�q�_�g�Z�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f���Z�e�]�h�j�b�l�f�h�\�� �]�e�m�[�h�d�h�]�h�� �h�[�m�q�_�g�b�y�� �k��
�i�j�b�f�_�g�_�g�b�_�f�� �k�h�\�j�_�f�_�g�g�h�c�� �Z�j�o�b�l�_�d�l�m�j�u�� �g�_�c�j�h�g�g�h�c�� �k�_�l�b�� �&�R�Q�W�R�X�U�� �3�U�R�S�R�V�D�O�� �1�H�W�Z�R�U�N�� ���&�3�1���� �\��
�k�_�j�\�b�k�_��GitHub �g�Z�� �y�a�u�d�_�� �3�\�W�K�R�Q�� Contour Proposal Network �± �k�l�j�m�d�l�m�j�Z�� �^�e�y�� �k�_�]�f�_�g�l�Z�p�b�b��
�h�[�t�_�d�l�h�\�� �d�h�l�h�j�Z�y���h�[�g�Z�j�m�`�b�\�Z�_�l���i�_�j�_�d�j�u�\�Z�x�s�b�_�k�y���h�[�t�_�d�l�u���g�Z���b�a�h�[�j�Z�`�_�g�b�b���� �h�^�g�h�\�j�_�f�_�g�g�h��
�i�h�^�]�h�g�y�y���a�Z�f�d�g�m�l�u�_���d�h�g�l�m�j�u���h�[�t�_�d�l�h�\���k���b�k�i�h�e�v�a�h�\�Z�g�b�_�f���N�m�j�v�_���^�_�k�d�j�b�i�l�h�j�h�\ [4]. 
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�i�h�k�e�_�� �b�g�t�_�d�p�b�c�� �Z�]�j�_�]�Z�l�h�\��Tau-�[�_�e�d�Z�����I�h�f�b�f�h�� �w�l�h�]�h�� �[�u�e�h�� �h�[�g�Z�j�m�`�_�g�h�� �Z�g�h�f�Z�e�v�g�h�_�� �y�^�_�j�g�h-
�p�b�l�h�i�e�Z�a�f�Z�l�b�q�_�k�d�h�_���i�_�j�_�j�Z�k�i�j�_�^�_�e�_�g�b�_���[�_�e�d�Z���7�'�3-�������m���f�u�r�_�c���h�i�u�l�g�h�c���]�j�m�i�i�u�� 
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�Z�����d�h�g�l�j�h�e�v�g�Z�y �]�j�m�i�i�Z�����[�����h�i�u�l�g�Z�y �]�j�m�i�i�Z�����\�������]�����a�Z�\�b�k�b�f�h�k�l�b���b�g�l�_�g�k�b�\�g�h�k�l�b���n�e�m�h�j�_�k�p�_�g�p�b�b��TDP-�������\���j�Z�a�g�u�o��

�]�j�m�i�i�Z�o���b���i�h�e�m�r�Z�j�b�y�o ���g�_�i�Z�j�Z�f�_�l�j�b�q�_�k�d�b�c���d�j�b�l�_�j�b�c���F�Z�g�g�Z-�M�b�l�g�b�����
��- �j�����������������^�����Z�g�h�f�Z�e�v�g�h�_���y�^�_�j�g�h-
�p�b�l�h�i�e�Z�a�f�Z�l�b�q�_�k�d�h�_���j�Z�k�i�j�_�^�_�e�_�g�b�_��TDP-43 �m���f�u�r�_�c���h�i�u�l�g�h�c���]�j�m�i�i�u ���k�l�j�_�e�d�b���± �i�Z�l�h�e�h�]�b�q�_�k�d�b�_���Z�]�j�_�]�Z�l�u�� 



92 XXII 
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�y�^�_�j�g�u�_�� �b�� �Z�]�j�_�]�Z�l�g�u�_�� �d�h�f�i�h�g�_�g�l�u�� �\�u�i�h�e�g�y�_�l�k�y�� �g�Z�� �h�k�g�h�\�Z�g�b�b�� �k�_�]�f�_�g�l�Z�p�b�b�� �d�e�_�l�h�d����
�h�i�j�_�^�_�e�_�g�b�_���b�o���l�h�q�g�u�o���]�j�Z�g�b�p�����L�Z�d�`�_���i�h�e�m�q�_�g�g�Z�y���f�h�^�_�e�v���[�u�e�Z���h�p�_�g�_�g�Z���k���i�h�f�h�s�v�x���f�_�l�j�b�d����
�q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�v (Sensitivity) = 90,9 ������ �k�i�_�p�b�n�b�q�g�h�k�l�v�� ��Specificity) = 80,7 ������ �l�h�q�g�h�k�l�v��
(Precision) = 89,3 �������h�[�s�Z�y���l�h�q�g�h�k�l�v����Accuracy) = 87,2 %, F1-score = 90,1 %. 

 

�Z��  �[��  
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Abstract. This article examines the potential application of the direct pressing method in the 
production of enalapril tablets with an emphasis on the development of a reproducible drug. The 
study analyzes the physico-chemical and technological properties of enalapril and auxiliary 
substances. Studies show that these substances have poor technological properties for direct 
pressing, including low fluidity and high adhesion. The study highlights the importance of a thorough 
assessment of the physico-chemical and technological properties of substances in the development of 
pharmaceutical tablet manufacturing processes. 
Key words: enalapril ; tablets; excipients; pressing. 
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�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y���q�Z�k�l�v 
�H�[�t�_�d�l�Z�f�b���b�k�k�e�_�^�h�\�Z�g�b�y���y�\�e�y�e�b�k�v�� �Z�d�l�b�\�g�Z�y���n�Z�j�f�Z�p�_�\�l�b�q�_�k�d�Z�y���k�m�[�k�l�Z�g�p�b�y���w�g�Z�e�Z�i�j�b�e�Z, 

�e�Z�d�l�h�a�u�� �f�h�g�h�]�b�^�j�Z�l���� �d�j�Z�o�f�Z�e�� �d�Z�j�l�h�n�_�e�v�g�u�c���� �d�j�Z�o�f�Z�e�� �d�m�d�m�j�m�a�g�u�c���� �d�j�Z�o�f�Z�e��
�i�j�_�`�_�e�Z�l�b�a�b�j�h�\�Z�g�g�u�c���� �g�Z�l�j�b�y�� �]�b�^�j�h�d�Z�j�[�h�g�Z�l, �f�Z�]�g�b�y�� �k�l�_�Z�j�Z�l �b�� �b�o�� �k�f�_�k�b. �<�� �k�h�h�l�\�_�l�k�l�\�b�b�� �k��
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�k�h�k�l�Z�\�����g�Z�k�u�i�g�m�x �i�e�h�l�g�h�k�l�v���� �i�e�h�l�g�h�k�l�v�� �i�h�k�e�_ �m�i�e�h�l�g�_�g�b�y���� �i�j�_�k�k�m�_�f�h�k�l�v���b�� �k�u�i�m�q�_�k�l�v �k��
�b�k�i�h�e�v�a�h�\�Z�g�b�_�f���k�l�Z�g�^�Z�j�l�g�u�o���i�j�b�[�h�j�h�\ [2]. 
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�k�u�i�m�q�_�k�l�b���b���m�]�e�Z���_�k�l�_�k�l�\�_�g�g�h�]�h���h�l�d�h�k�Z ���l�Z�[�e�b�p�Z 2). 

�L�Z�[�e�b�p�Z���� 
�K�u�i�m�q�_�k�l�v�����m�]�h�e���h�l�d�h�k�Z���d�h�f�i�h�g�_�g�l�h�\���i�j�_�i�Z�j�Z�l�Z���b���l�Z�[�e�_�l�h�q�g�u�o���k�f�_�k�_�c 

�W�g�Z�e�Z�i�j�b�e 
�E�Z�d�l�h�a�u�� 

�f�h�g�h�]�b�^�j�Z�l 
�D�j�Z�o�f�Z�e��

�d�Z�j�l�h�n�_�e�v�g�u�c 
�D�j�Z�o�f�Z�e��

�d�m�d�m�j�m�a�g�u�c 

�D�j�Z�o�f�Z�e�� 
�d�m�d�m�j�m�a�g�u�c 

�i�j�_�`�_�e�� 

�G�Z�l�j�b�y 
�]�b�^�j�h�d�Z�j�[�h�g�Z�l 

�F�Z�]�g�b�y�� 
�k�l�_�Z�j�Z�l 

�K�u�i�m�q�_�k�l�v�����]���k�_�d 
2,2 �“ 0,2 3,7 �“ 0,3 1,5 �“ 0,1 1,7 �“ 0,1 2,2 �“ 0,2 4,1 �“ 0,2 1,2 �“ 0,3 

�M�]�h�e���_�k�l�_�k�l�\�_�g�g�h�]�h���h�l�d�h�k�Z�����]�j�Z�^ 
47,4 �“��0,4 34,7 �“ 0,2 34,2 �“ 0,1 43,7 �“ 0,2 33,6 �“ 0,3 31,2 �“�������� 56,1 �“�������� 
�K�f�_�k�v �g�Z�����������f�]���:�N�K �K�f�_�k�v���g�Z�������f�]���:�N�K �K�f�_�k�v���g�Z�������f�]���:�N�K �K�f�_�k�v �g�Z���������f�]���:�N�K 

�K�u�i�m�q�_�k�l�v�����]���k�_�d 
4,17 �“�������� 4,20 �“�������� 4,31 �“�������� 4,29 �“�������� 

�M�]�h�e���_�k�l�_�k�l�\�_�g�g�h�]�h���h�l�d�h�k�Z�����]�j�Z�^ 
39,2 �“�������� 38,6 �“�������� 44,7 �“�������� 45,2 �“�������� 

 
�K�u�i�m�q�_�k�l�v���b���m�]�h�e���_�k�l�_�k�l�\�_�g�g�h�]�h���h�l�d�h�k�Z���h�i�j�_�^�_�e�y�x�l���i�h�\�_�^�_�g�b�_���i�h�j�h�r�d�Z���i�j�b���_�]�h���i�_�j�_�f�_�s�_�g�b�b 

�\���i�j�h�p�_�k�k�_�� �l�Z�[�e�_�l�b�j�h�\�Z�g�b�y�� �b�� �a�Z�i�h�e�g�_�g�b�b�� �f�Z�l�j�b�p�����G�b�a�d�Z�y�� �k�u�i�m�q�_�k�l�v�� �b�� �\�u�k�h�d�b�c�� �m�]�h�e�� �h�l�d�h�k�Z�� �m��
�b�k�k�e�_�^�m�_�f�u�o�� �k�m�[�k�l�Z�g�p�b�c�� �m�d�Z�a�u�\�Z�x�l�� �g�Z�� �k�b�e�v�g�h�_�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�_�� �q�Z�k�l�b�p�����L�Z�[�e�_�l�b�j�m�_�f�u�_�� �k�f�_�k�b��
�^�_�f�h�g�k�l�j�b�j�m�x�l �e�m�q�r�b�_�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �k�u�i�m�q�_�k�l�b�� �i�h�� �k�j�Z�\�g�_�g�b�x�� �k���i�h�d�Z�a�Z�l�_�e�y�f�b���h�l�^�_�e�v�g�u�o 
�d�h�f�i�h�g�_�g�l�h�\ �b�� �f�h�]�m�l�� �[�u�l�v�� �b�k�i�h�e�v�a�h�\�Z�g�u�� �^�e�y���i�h�k�e�_�^�m�x�s�_�]�h���i�j�_�k�k�h�\�Z�g�b�y�����h�^�g�Z�d�h�� �w�l�h�� �i�h�l�j�_�[�m�_�l 
�b�k�i�h�e�v�a�h�\�Z�g�b�y���^�h�i�h�e�g�b�l�_�e�v�g�u�o���l�_�o�g�b�q�_�k�d�b�o���k�j�_�^�k�l�\�����\�h�j�h�g�h�d���b���^�h�a�Z�l�h�j�h�\ �i�j�b�g�m�^�b�l�_�e�v�g�h�]�h���l�b�i�Z), 
�q�l�h���m�k�e�h�`�g�b�l �l�_�o�g�h�e�h�]�b�q�_�k�d�b�c���i�j�h�p�_�k�k �b���h�l�j�Z�a�b�l�k�y���g�Z���a�Z�l�j�Z�l�Z�o���g�Z���_�]�h���h�k�m�s�_�k�l�\�e�_�g�b�_. 

�G�_�^�h�k�l�Z�l�h�q�g�Z�y �k�u�i�m�q�_�k�l�v�� �\�_�s�_�k�l�\�� �b�� �b�o�� �k�f�_�k�_�c���m�k�m�]�m�[�e�y�_�l�k�y�� �\�u�k�h�d�b�f�b �a�g�Z�q�_�g�b�y�f�b 
�d�h�w�n�n�b�p�b�_�g�l�Z���O�Z�m�k�g�_�j�Z�����h�l�j�Z�`�Z�x�s�_�]�h���h�l�g�h�r�_�g�b�_���g�Z�k�u�i�g�u�o���h�[�t�_�f�h�\��� �̂h���b �i�h�k�e�_���m�i�e�h�l�g�_�g�b�y 
[3] ���l�Z�[�e�b�p�Z 3).  

�L�Z�[�e�b�p�Z���� 
�D�h�w�n�n�b�p�b�_�g�l���O�Z�m�k�g�_�j�Z 

�W�g�Z�e�Z�i�j�b�e 
�E�Z�d�l�h�a�u�� 

�f�h�g�h�]�b�^�j�Z�l 
�D�j�Z�o�f�Z�e��

�d�Z�j�l�h�n�_�e�v�g�u�c 
�D�j�Z�o�f�Z�e��

�d�m�d�m�j�m�a�g�u�c 

�D�j�Z�o�f�Z�e�� 
�d�m�d�m�j�m�a�g�u�c��

�i�j�_�`�_�e�� 

�G�Z�l�j�b�y��
�]�b�^�j�h�d�Z�j�[�h�g�Z�l 

�F�Z�]�g�b�y�� 
�k�l�_�Z�j�Z�l 

1,64 1,52 1,38 1,47 1,37 1,29 1,32 
�K�f�_�k�v���g�Z�����������f�]���:�N�K �K�f�_�k�v���g�Z�������f�]���:�N�K �K�f�_�k�v���g�Z���������f�]���:�N�K �K�f�_�k�v���g�Z���������f�]���:�N�K 

1,62 1,64 1,72 1,61 
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�N�j�Z�d�p�b�h�g�g�u�c �k�h�k�l�Z�\�� �i�h�j�h�r�d�h�\�� �b�� �b�o�� �k�f�_�k�_�c���y�\�e�y�_�l�k�y�� �d�j�b�l�b�q�_�k�d�b�f�� �i�Z�j�Z�f�_�l�j�h�f, 
�h�i�j�_�^�_�e�y�x�s�b�f�� �^�j�m�]�b�_�� �l�_�o�g�h�e�h�]�b�q�_�k�d�b�_�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b���b�� �h�^�g�h�j�h�^�g�h�k�l�v���k�f�_�k�b  
�^�e�y�� �l�Z�[�e�_�l�b�j�h�\�Z�g�b�y. �H�k�h�[�h�_�� �\�g�b�f�Z�g�b�_�� �m�^�_�e�y�_�l�k�y�� �k�h�^�_�j�`�Z�g�b�x�� �f�_�e�d�h�c�� �n�j�Z�d�p�b�b�� ���� �������� �f�f������
�h�i�j�_�^�_�e�y�x�s�_�c�� �f�_�l�h�^�� �i�j�h�b�a�\�h�^�k�l�\�Z���� �i�j�b��80�±100 ���� �l�j�_�[�m�_�l�k�y�� �]�j�Z�g�m�e�b�j�h�\�Z�g�b�_���� �i�j�b�� �^�h��15 % 
�\�h�a�f�h�`�g�h���i�j�y�f�h�_���i�j�_�k�k�h�\�Z�g�b�_�����l�Z�[�e�b�p�Z 4). 

�L�Z�[�e�b�p�Z���� 
�N�j�Z�d�p�b�h�g�g�u�c���k�h�k�l�Z�\������ 

�N�j�Z�d�p�b�y 
�q�Z�k�l�b�p �W�g�Z�e�Z�i�j�b�e 

�E�Z�d�l�h�a�u��
�f�h�g�h�]�b�^�j�Z

�l 

�D�j�Z�o�f�Z�e��
�d�Z�j�l�h�n�_�e�v�g�u�c 

�D�j�Z�o�f�Z�e��
�d�m�d�m�j�m�a�g�u�c 

�D�j�Z�o�f�Z�e��
�d�m�d�m�j�m�a����
�i�j�_�`�_�e�� 

�G�Z�l�j�b�y��
�]�b�^�j�h�d�Z�j�[�h�g�Z�l 

�F�Z�]�g�b�y��
�k�l�_�Z�j�Z�l 

> 0,50 �f�f  1,00 0,13 0,57 0,04 0,09 0,35 2,33 
< 0,50�f�f����
> �������������f�f 

10,00 20,20 1,81 0,00 0,78 2,62 4,63 

< 0,315 �f �f�� 
> 0,20 �f�f  

68,00 44,86 0,39 0,28 1,12 14,53 24,43 

< 0,20 �f�f����
> �����������f�f 

16,75 26,95 0,23 2,12 6,70 53,78 14,87 

���������������f�f����
> 0,10 �f�f  

3,90 5,80 0,37 4,37 30,36 14,75 39,59 

< 0,10 �f�f����
> �����������f�f 

0,30 1,63 43,62 30,21 46,73 13,59 14,09 

���������������f�f 0,06 0,38 53,01 63,00 14,20 0,40 0,07 
  
�B�a���i�h�e�m�q�_�g�g�u�o�� �^�Z�g�g�u�o �k�e�_�^�m�_�l���� �q�l�h�� �[�h�e�v�r�b�g�k�l�\�h�� �k�m�[�k�l�Z�g�p�b�c���i�j�_�^�k�l�Z�\�e�_�g�u��

�f�_�e�d�h�^�b�k�i�_�j�k�g�u�f�b���i�h�j�h�r�d�Z�f�b�� �K�m�[�k�l�Z�g�p�b�y���w�g�Z�e�Z�i�j�b�e�Z, �d�Z�d���b���\�k�_ �\�k�i�h�f�h�]�Z�l�_�e�v�g�u�_���\�_�s�_�k�l�\�Z, 
�l�Z�d�`�_���o�Z�j�Z�d�l�_�j�b�a�m�_�l�k�y���\�u�k�h�d�b�f �m�j�h�\�g�_�f���k�h�^�_�j�`�Z�g�b�y���f�_�e�d�h�c���n�j�Z�d�p�b�b�����q�l�h�����\�_�j�h�y�l�g�h�����y�\�e�y�_�l�k�y��
�h�^�g�h�c���b�a �i�j�b�q�b�g���k�e�Z�[�h�c���k�u�i�m�q�_�k�l�b���f�Z�l�_�j�b�Z�e�Z�� 

 
�A�Z�d�e�x�q�_�g�b�_ 
�G�Z�� �h�k�g�h�\�Z�g�b�b�� �i�j�h�\�_�^�_�g�g�u�o�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �i�h�j�h�r�d�h�\���f�h�`�g�h�� �k�^�_�e�Z�l�v�� �\�u�\�h�^���� �q�l�h��

�b�k�k�e�_�^�m�_�f�u�_�� �h�[�t�_�d�l�u���^�_�f�h�g�k�l�j�b�j�m�x�l�� �g�_�m�^�h�\�e�_�l�\�h�j�b�l�_�e�v�g�u�_�� �a�g�Z�q�_�g�b�y �l�_�o�g�h�e�h�]�b�q�_�k�d�b�o��
�o�Z�j�Z�d�l�_�j�b�k�l�b�d���� �b�k�d�e�x�q�Z�x�s�b�o �\�h�a�f�h�`�g�h�k�l�v �i�j�y�f�h�]�h�� �i�j�_�k�k�h�\�Z�g�b�y���� �W�l�h�� �\�u�k�h�d�Z�y�� �Z�^�]�_�a�b�\�g�h�k�l�v 
���g�b�a�d�Z�y�� �k�u�i�m�q�_�k�l�v������ �\�u�k�h�d�Z�y�� �m�i�e�h�l�g�y�_�f�h�k�l�v ���d�h�w�n�n�b�p�b�_�g�l�� �O�Z�m�k�g�_�j�Z�� �!�������������b���i�j�_�h�[�e�Z�^�Z�g�b�_��
�f�_�e�d�h�c���n�j�Z�d�p�b�b�����L�Z�d�b�f���h�[�j�Z�a�h�f�����i�h�e�m�q�_�g�g�u�_���j�_�a�m�e�v�l�Z�l�u���k�\�b�^�_�l�_�e�v�k�l�\�m�x�l���h���p�_�e�_�k�h�h�[�j�Z�a�g�h�k�l�b��
�b�k�i�h�e�v�a�h�\�Z�g�b�y �i�j�b�z�f�Z �]�j�Z�g�m�e�b�j�h�\�Z�g�b�y �i�j�b���i�h�^�]�h�l�h�\�d�_���l�Z�[�e�_�l�b�j�m�_�f�h�c���k�f�_�k�b. 
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Abstract. In this work, the sex differences in brain myelination in CD-1 mice were studied using the 
MRI method of fast macromolecular proton fraction of the (MPF) mapping. MPF is a biophysical 
parameter, which was validated on various animal models as non-invasive quantitative myelin 
biomarker. Sex differences in brain myelination of nine adult CD-1 mice (4 males, 5 females) were 
assessed using MPF mapping. No significant differences between males and females in average 
MPF values were found.  Significant sex differences were found in three of the eight investigated 
brain structures. In males, MPF was higher by 9.5 % in the anterior commissure and lower, in the 
corpus callosum by 0.8 % and caudoputamen (6.5 %).  
Key words: CD-1 mice, MRI, macromolecular proton fraction mapping, myelin, sex differences. 

�<�\�_�^�_�g�b�_  
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�6�W�D�W�L�V�W�L�F�D�� ���������� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �Z�g�Z�e�b�a�Z�� �*�H�Q�H�U�D�O�� �/�L�Q�H�D�U�� �0�R�G�H�O�V�� ���*�/�0���� �b�� �i�h�k�e�_�^�m�x�s�b�f�� 
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�j�Z�k�i�h�e�h�`�_�g�g�h�c�� �j�h�k�l�j�Z�e�v�g�_�_�� �a�h�g�_�� �\�[�e�b�a�b�� �[�h�d�h�\�u�o�� �`�_�e�m�^�h�q�d�h�\, �F�I�N�� �g�Z�� �� ���� �\�u�r�_���m�� �k�Z�f�h�d  
(p < ���������������� �Z�� �\�� �j�Z�k�i�h�e�h�`�_�g�g�h�c�� �d�Z�m�^�Z�e�v�g�_�_�� �a�h�g�_�� �\�[�e�b�a�b�� �]�b�i�i�h�d�Z�f�i�Z�� �F�I�N�� �g�Z�� ������ ���� �� �\�u�r�_�� �m��
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�J�b�k�����������F�I�N���\���f�h�a�h�e�b�k�l�h�f���l�_�e�_���b���d�h�j�_���[�h�e�v�r�b�o���i�h�e�m�r�Z�j�b�c���m���k�Z�f�p�h�\���b���k�Z�f�h�d. 
�A�g�Z�q�b�f�u�_���j�Z�a�e�b�q�b�y���f�_�`�^�m���k�Z�f�p�Z�f�b���b���k�Z�f�d�Z�f�b�� * �± p < 0.05, *** �± p < 0.001 
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Watering of barley plants with melatonin solution to increase drought resistance 
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Abstract. The effect of melatonin on physiological parameters (growth, content of the main 
photosynthetic pigments, lipid peroxidation, osmotic potential) of barley plants against drought 
stress was studied. The protective effect of melatonin is based on its ability to reduce the intensity of 
oxidative stress by maintaining the level of carotenoids. The data obtained indicate the possibility of 
using melatonin as a substance that increases the resistance of plants to subsequent drought.  
Key words: Melatonin, drought, barley, lipid peroxidation, photosynthetic pigments. 
 

�<�\�_�^�_�g�b�_ 
�<�� �m�k�e�h�\�b�y�o �h�d�j�m�`�Z�x�s�_�c�� �k�j�_�^�u���j�Z�k�l�_�g�b�y�� �q�Z�k�l�h �i�h�^�\�_�j�]�Z�x�l�k�y�� �Z�[�b�h�l�b�q�_�k�d�b�f�� �k�l�j�_�k�k�Z�f����

�g�Z�i�j�b�f�_�j���� �g�_�o�\�Z�l�d�_�� �^�h�k�l�m�i�g�h�c�� �\�h�^�u. �>�_�n�b�p�b�l�� �\�e�Z�]�b�� �y�\�e�y�_�l�k�y�� �h�^�g�h�c�� �b�a�� �h�k�g�h�\�g�u�o�� �i�j�b�q�b�g��
�k�g�b�`�_�g�b�y���m�j�h�`�Z�c�g�h�k�l�b���b���m�o�m�^�r�_�g�b�y���d�Z�q�_�k�l�\�Z���i�j�h�^�m�d�p�b�b���k�_�e�v�k�d�h�o�h�a�y�c�k�l�\�_�g�g�u�o���d�m�e�v�l�m�j���>���@�� 

�M�� �j�Z�k�l�_�g�b�c���� �\�� �a�Z�\�b�k�b�f�h�k�l�b�� �h�l�� �k�l�Z�^�b�b�� �j�Z�a�\�b�l�b�y�� �b�� �i�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�b�� �k�l�j�_�k�k�Z, �a�Z�k�m�o�Z��
�\�u�a�u�\�Z�_�l�� �j�Z�a�e�b�q�g�u�_�� �f�h�j�n�h�e�h�]�b�q�_�k�d�b�_���� �n�b�a�b�h�e�h�]�b�q�_�k�d�b�_���� �[�b�h�o�b�f�b�q�_�k�d�b�_�� �b�� �f�h�e�_�d�m�e�y�j�g�u�_��
�Z�g�h�f�Z�e�b�b���� �i�j�b�\�h�^�y�s�b�_�� �d�� �k�g�b�`�_�g�b�x�� �j�h�k�l�Z�� �b�� �j�Z�a�\�b�l�b�y. �D�j�h�f�_�� �l�h�]�h���� �\�h�^�g�u�c�� �^�_�n�b�p�b�l��
�i�h�\�u�r�Z�_�l�� �]�_�g�_�j�Z�p�b�x�� �Z�d�l�b�\�g�u�o�� �n�h�j�f�� �d�b�k�e�h�j�h�^�Z���� �q�l�h�� �i�j�b�\�h�^�b�l�� �d�� �j�Z�a�\�b�l�b�x�� �h�d�b�k�e�b�l�_�e�v�g�h�]�h��
�k�l�j�_�k�k�Z [2]. �<�k�_���\�u�r�_�g�Z�a�\�Z�g�g�u�_���g�_�]�Z�l�b�\�g�u�_���w�n�n�_�d�l�u���^�_�c�k�l�\�b�y���a�Z�k�m�o�b���a�g�Z�q�b�l�_�e�v�g�h���k�g�b�`�Z�x�l��
�i�j�h�^�m�d�l�b�\�g�h�k�l�v���j�Z�k�l�_�g�b�c�����q�l�h���^�_�e�Z�_�l���g�_�h�[�o�h�^�b�f�u�f���i�h�g�b�f�Z�g�b�_���f�_�o�Z�g�b�a�f�h�\ �m�k�l�h�c�q�b�\�h�k�l�b���� 

�H�^�g�b�f�� �b�a�� �i�_�j�k�i�_�d�l�b�\�g�u�o�� �k�i�h�k�h�[�h�\�� �a�Z�s�b�l�u�� �h�l�� �g�_�]�Z�l�b�\�g�h�]�h�� �\�h�a�^�_�c�k�l�\�b�y�� �Z�[�b�h�l�b�q�_�k�d�b�o��
�n�Z�d�l�h�j�h�\�� �y�\�e�y�_�l�k�y�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�� �l�Z�d�b�o�� �j�_�]�m�e�y�l�h�j�h�\�� �j�h�k�l�Z�� �d�Z�d�� �n�b�l�h�]�h�j�f�h�g�u���� �d�h�l�h�j�u�_��
�b�a�\�_�k�l�g�u�� �k�\�h�_�c�� �k�i�h�k�h�[�g�h�k�l�v�x�� �i�h�\�u�r�Z�l�v�� �k�l�j�_�k�k�h�m�k�l�h�c�q�b�\�h�k�l�v�� �j�Z�k�l�_�g�b�c�� �H�k�h�[�u�c�� �b�g�l�_�j�_�k 
�i�j�_�^�k�l�Z�\�e�y�_�l�� �n�b�l�h�f�_�e�Z�l�h�g�b�g���± �i�e�_�c�h�l�j�h�i�g�Z�y�� �f�h�e�_�d�m�e�Z�� �b�g�^�h�e�v�g�h�c�� �i�j�b�j�h�^�u���� �d�h�l�h�j�m�x�� �j�y�^��
�b�k�k�e�_�^�h�\�Z�l�_�e�_�c���h�l�g�h�k�y�l���d���n�b�l�h�]�h�j�f�h�g�Z�f [3]�����F�_�e�Z�l�h�g�b�g�����[�e�Z�]�h�^�Z�j�y���k�\�h�b�f���Z�g�l�b�h�d�k�b�^�Z�g�l�g�u�f��
�k�\�h�c�k�l�\�Z�f�� �b�� �m�q�Z�k�l�b�x�� �\�� �j�_�]�m�e�y�p�b�b�� �i�j�h�p�_�k�k�h�\�� �n�h�l�h�k�b�g�l�_�a�Z�� �k�i�h�k�h�[�_�g�� �i�h�\�u�r�Z�l�v�� �m�k�l�h�c�q�b�\�h�k�l�v��
�j�Z�k�l�_�g�b�c�� �d�� �k�l�j�_�k�k�m���� �\�u�a�\�Z�g�g�h�f�m�� �a�Z�k�m�o�h�c [4]. �H�^�g�Z�d�h���� �n�b�a�b�h�e�h�]�b�q�_�k�d�b�c�� �w�n�n�_�d�l�� �f�_�e�Z�l�h�g�b�g�Z��
�\�Z�j�v�b�j�m�_�l�k�y���\���a�Z�\�b�k�b�f�h�k�l�b���h�l���\�b�^�Z���j�Z�k�l�_�g�b�y�����d�h�g�p�_�g�l�j�Z�p�b�b���b���k�i�h�k�h�[�Z���_�]�h���b�k�i�h�e�v�a�h�\�Z�g�b�y.  

�P�_�e�v�x�� �^�Z�g�g�h�]�h�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �[�u�e�Z�� �h�p�_�g�d�Z�� �w�n�n�_�d�l�b�\�g�h�k�l�b���h�^�g�h�d�j�Z�l�g�h�]�h�� �i�h�e�b�\�Z��
�j�Z�k�l�_�g�b�c���y�q�f�_�g�y���j�Z�k�l�\�h�j�h�f���f�_�e�Z�l�h�g�b�g�Z �^�e�y���i�h�\�u�r�_�g�b�y���b�o���a�Z�k�m�o�h�m�k�l�h�c�q�b�\�h�k�l�b������ 

 
�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y���q�Z�k�l�v 
�B�k�k�e�_�^�h�\�Z�g�b�y���[�u�e�b���i�j�h�\�_�^�_�g�u���g�Z���j�Z�k�l�_�g�b�y�o���y�j�h�\�h�]�h���y�q�f�_�g�y��Hordeum vulgare �/�����k�h�j�l�Z���;�b�h�f����

�W�l�h���h�^�g�h�e�_�l�g�_�_���l�j�Z�\�y�g�b�k�l�h�_���j�Z�k�l�_�g�b�_�����\�b�^���j�h�^�Z���Y�q�f�_�g�v����Hordeum�����k�_�f�_�c�k�l�\�Z���A�e�Z�d�b����Poaceae). 
�K�_�f�_�g�Z�� �y�q�f�_�g�y�� �k�h�j�l�Z�� �;�b�h�f�� �k�l�_�j�b�e�b�a�h�\�Z�e�b���k�i�b�j�l�h�\�u�f�� �j�Z�k�l�\�h�j�h�f���b�� ������ �q�Z�k�h�\��

�k�l�j�Z�l�b�n�b�p�b�j�h�\�Z�e�b�� �i�j�b�� �l�_�f�i�_�j�Z�l�m�j�_�� ���ƒ�K���� �>�Z�e�_�_���k�_�f�_�g�Z�� �i�j�h�j�Z�s�b�\�Z�e�b�� �\�� �_�f�d�h�k�l�y�o�� �k��
�^�b�k�l�b�e�e�b�j�h�\�Z�g�g�h�c���\�h�^�h�c �\���n�b�l�h�l�j�h�g�_ �k������-�l�b���q�Z�k�h�\�u�f���n�h�l�h�i�_�j�b�h�^�h�f �\���l�_�q�_�g�b�_�����o���k�m�l�h�d �i�j�b��
�l�_�f�i�_�j�Z�l�m�j�_������ �ƒ�K�� 

�>�Z�e�_�_���k�_�f�_�g�Z���j�Z�k�i�j�_�^�_�e�y�e�b���\���k�h�k�m�^�u���k���j�Z�\�g�u�f���h�[�t�_�f�h�f���i�h�q�\�_�g�g�h�]�h �k�m�[�k�l�j�Z�l�Z �k�h�]�e�Z�k�g�h��
4 �\�Z�j�b�Z�g�l�Z�f���� �©�d�h�g�l�j�h�e�v�ª���� �©�a�Z�k�m�o�Z�ª���� �©�f�_�e�Z�l�h�g�b�g�ª���� �©�f�_�e�Z�l�h�g�b�g�� ���� �a�Z�k�m�o�Z�ª. �<�� �d�Z�`�^�h�f�� �k�h�k�m�^�_��
�g�Z�o�h�^�b�e�h�k�v�� �i�h�� ������ �k�_�f�y�g���� �<�� �i�_�j�\�u�_������ �k�m�l�h�d �i�j�h�j�h�k�l�d�b�� �y�q�f�_�g�y�� �\�k�_�o�� �\�Z�j�b�Z�g�l�h�\ �i�h�e�b�\�Z�e�b��
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�^�b�k�l�b�e�e�b�j�h�\�Z�g�g�h�c�� �\�h�^�h�c�� �\�� �j�Z�\�g�h�c�� �k�l�_�i�_�g�b�����g�Z�� ���� �k�m�l�d�b�� �i�j�h�\�h�^�b�e�k�y�� �i�h�e�b�\�� �j�Z�k�l�\�h�j�h�f��
�f�_�e�Z�l�h�g�b�g�Z�� �\�� �d�h�g�p�_�g�l�j�Z�p�b�b�� ������ �f�d�F �\�Z�j�b�Z�g�l�h�\�� �©�f�_�e�Z�l�h�g�b�g�ª�� �b���©�f�_�e�Z�l�h�g�b�g�� ���� �a�Z�k�m�o�Z�ª. 
�M�k�e�h�\�b�y�� �a�Z�k�m�o�b�� �f�h�^�_�e�b�j�h�\�Z�e�b�� �i�m�l�_�f�� �h�l�f�_�g�u�� �i�h�e�b�\�Z �k�� �����o �k�m�l�h�d�� �w�d�k�i�_�j�b�f�_�g�l�Z���� �Q�_�j�_�a��
20 �k�m�l�h�d �i�h�k�e�_�� �i�_�j�_�g�h�k�Z�� �k�_�f�y�g�� �\�� �i�h�q�\�m�� �[�u�e�Z�� �a�Z�n�b�d�k�b�j�h�\�Z�g�Z�� �[�b�h�f�Z�k�k�Z�� �g�Z�^�a�_�f�g�h�c�� �q�Z�k�l�b��
�j�Z�k�l�_�g�b�c. �F�Z�l�_�j�b�Z�e���^�e�y���b�k�k�e�_�^�h�\�Z�g�b�y���n�b�a�b�h�e�h�]�b�q�_�k�d�b�o���i�h�d�Z�a�Z�l�_�e�_�c���n�b�d�k�b�j�h�\�Z�e�b���\���`�b�^�d�h�f��
�Z�a�h�l�_���b���o�j�Z�g�b�e�b���i�j�b���l�_�f�i�_�j�Z�l�m�j�_��-70 �ƒ�K�� 

�K�u�j�m�x�� �b�� �k�m�o�m�x�� �[�b�h�f�Z�k�k�m�� �j�Z�k�l�b�l�_�e�v�g�h�]�h�� �f�Z�l�_�j�b�Z�e�Z�� �h�p�_�g�b�\�Z�e�b�� �]�j�Z�\�b�f�_�l�j�b�q�_�k�d�b�f��
�f�_�l�h�^�h�f�� �k�� �i�h�f�h�s�v�x�� �Z�g�Z�e�b�l�b�q�_�k�d�b�o�� �\�_�k�h�\�� �6�D�U�W�R�U�L�X�V�� �&�3�� �������� ���d�e�Z�k�k�� �l�h�q�g�h�k�l�b�� �,�,�� �\�u�k�h�d�b�c����
���=�_�j�f�Z�g�b�y������ �K�m�o�m�x�� �f�Z�k�k�m�� �h�i�j�_�^�_�e�y�e�b�� �i�h�k�e�_�� �n�b�d�k�Z�p�b�b�� �f�Z�l�_�j�b�Z�e�Z�� �b�� �_�]�h�� �\�u�k�m�r�b�\�Z�g�b�y�� �^�h��
�i�h�k�l�h�y�g�g�h�]�h���\�_�k�Z�����K�h�^�_�j�`�Z�g�b�_���\�h�^�u���������h�l���k�u�j�h�c���f�Z�k�k�u�����j�Z�k�k�q�b�l�u�\�Z�e�b�����b�k�o�h�^�y���b�a���h�l�g�h�r�_�g�b�y��
�j�Z�a�g�h�k�l�b���k�u�j�h�c���b���k�m�o�h�c���[�b�h�f�Z�k�k�����h�l�g�_�k�_�g�g�h�c���d���k�u�j�h�c���f�Z�k�k�_�� 

�>�e�y���h�i�j�_�^�_�e�_�g�b�y���k�h�^�_�j�`�Z�g�b�y���n�h�l�h�k�b�g�l�_�l�b�q�_�k�d�b�o���i�b�]�f�_�g�l�h�\���g�Z�\�_�k�d�m���e�b�k�l�v�_�\�� �������±80 �f�]����
�j�Z�k�l�b�j�Z�e�b���\���`�b�^�d�h�f���Z�a�h�l�_���b���\�g�h�k�b�e�b���\���i�j�h�[�b�j�d�m���k������ %-�u�f���w�l�Z�g�h�e�h�f�������������f�e�������\�h�j�l�_�d�k�b�j�h�\�Z�e�b, 
�p�_�g�l�j�b�n�m�]�b�j�h�\�Z�e�b�� �i�j�b�� ������������ �J�� ������ �f�b�g�m�l���� �g�Z�^�h�k�Z�^�h�q�g�m�x�� �`�b�^�d�h�k�l�v�� �Z�d�d�m�j�Z�l�g�h�� �i�_�j�_�g�h�k�b�e�b�� �\��
�d�h�g�b�q�_�k�d�b�_�� �i�j�h�[�b�j�d�b���� �>�Z�g�g�m�x�� �w�d�k�l�j�Z�d�p�b�x�� �i�j�h�b�a�\�h�^�b�e�b�� �l�j�b�`�^�u���� �i�j�h�[�b�j�d�b�� �^�_�j�`�Z�e�b�� �\��
�l�_�f�g�h�l�_���� �>�h�\�h�^�b�e�b�� �d�h�e�b�q�_�k�l�\�h�� �k�i�b�j�l�Z�� �\�h�� �\�k�_�o�� �i�j�h�[�b�j�d�Z�o�� �^�h�� �h�^�b�g�Z�d�h�\�h�]�h�� �h�[�t�_�f�Z�� ������ �f�e������
�i�_�j�_�f�_�r�b�\�Z�e�b�� �b�� �b�a�f�_�j�y�e�b�� �h�i�l�b�q�_�k�d�m�x�� �i�e�h�l�g�h�k�l�v���� �D�h�g�p�_�g�l�j�Z�p�b�x�� �n�h�l�h�k�b�g�l�_�l�b�q�_�k�d�b�o��
�i�b�]�f�_�g�l�h�\���\���j�Z�k�l�\�h�j�_���h�i�j�_�^�_�e�y�e�b���k�h�]�e�Z�k�g�h���/�L�F�K�W�H�Q�W�K�D�O�H�U���>5]. 

�<�_�e�b�q�b�g�m�� �i�_�j�_�d�b�k�g�h�]�h�� �h�d�b�k�e�_�g�b�y�� �e�b�i�b�^�h�\�� ���I�H�E������ �k�\�b�^�_�l�_�e�v�k�l�\�m�x�s�m�x���h�[���m�j�h�\�g�_��
�h�d�b�k�e�b�l�_�e�v�g�h�]�h �k�l�j�_�k�k�Z, �b�a�f�_�j�y�e�b�� �k�i�_�d�l�j�h�n�h�l�h�f�_�l�j�b�q�_�k�d�b�f�� �f�_�l�h�^�h�f�� �i�h�� �d�h�g�p�_�g�l�j�Z�p�b�b��
�k�h�_�^�b�g�_�g�b�c���� �Z�d�l�b�\�g�u�o���\�� �j�_�Z�d�p�b�b���k���l�b�h�[�Z�j�[�b�l�m�j�h�\�h�c���d�b�k�e�h�l�h�c���i�j�b���g�Z�]�j�_�\�Z�g�b�b�����L�;�D-�:�I��  �i�h��
�%�X�H�J�H���b���$�X�V�W���>6]. 

�H�k�f�h�l�b�q�_�k�d�b�c�� �i�h�l�_�g�p�b�Z�e�� �d�e�_�l�h�q�g�h�]�h�� �w�d�k�k�m�^�Z�l�Z �j�Z�k�l�_�g�b�c�� �y�q�f�_�g�y �h�i�j�_�^�_�e�y�e�b�� �g�Z��
�d�j�b�h�k�d�h�i�b�q�_�k�d�h�f�� �h�k�f�h�f�_�l�j�_�� �2�V�P�R�P�D�W�� �������� ���©�*�R�Q�R�W�H�F�ª���� �=�_�j�f�Z�g�b�y������ �I�j�b�� �w�l�h�f�� �h�k�f�h�l�b�q�_�k�d�b�c��
�i�h�l�_�g�p�b�Z�e�� �h�p�_�g�b�\�Z�e�b�� �i�h�� �l�h�q�d�_�� �a�Z�f�_�j�a�Z�g�b�y�� �d�e�_�l�h�q�g�h�]�h�� �k�h�d�Z���� �<�_�e�b�q�b�g�m�� �h�k�f�h�l�b�q�_�k�d�h�]�h��
�i�h�l�_�g�p�b�Z�e�Z���\�u�j�Z�`�Z�e�b���\���0�I�Z�� 

 
�J�_�a�m�e�v�l�Z�l�u 
�J�_�a�m�e�v�l�Z�l�u���w�d�k�i�_�j�b�f�_�g�l�h�\���i�h�d�Z�a�Z�e�b�����q�l�h���a�Z�k�m�o�Z���b�g�]�b�[�b�j�h�\�Z�e�Z���g�Z�d�h�i�e�_�g�b�_���k�u�j�h�c���f�Z�k�k�u��

�j�Z�k�l�_�g�b�c�� �y�q�f�_�g�y�� �g�Z�� ���� ���� �h�l�g�h�k�b�l�_�e�v�g�h�� �d�h�g�l�j�h�e�v�g�h�]�h�� �\�Z�j�b�Z�g�l�Z���� �I�h�e�b�\�� �j�Z�k�l�_�g�b�c�� �j�Z�k�l�\�h�j�h�f��
�f�_�e�Z�l�h�g�b�g�Z�� �\�� �k�l�j�_�k�k�h�\�u�o�� �m�k�e�h�\�b�y�o�� �k�i�h�k�h�[�k�l�\�h�\�Z�e�� �m�\�_�e�b�q�_�g�b�x�� �k�u�j�h�c�� �f�Z�k�k�u���j�Z�k�l�_�g�b�c�� �g�Z��
27 �����h�l�g�h�k�b�l�_�e�v�g�h���k�l�j�_�k�k�h�\�h�]�h���\�Z�j�b�Z�g�l�Z�����h�^�g�Z�d�h���g�_���\�h�k�k�l�Z�g�Z�\�e�b�\�Z�e���g�Z�d�h�i�e�_�g�b�_���[�b�h�f�Z�k�k�u���^�h��
�d�h�g�l�j�h�e�v�g�h�]�h�� �m�j�h�\�g�y. �K�m�o�Z�y�� �f�Z�k�k�Z�� �g�Z�^�a�_�f�g�h�c�� �q�Z�k�l�b�� �j�Z�k�l�_�g�b�c, �i�h�^�\�_�j�]�r�b�o�k�y�� �k�l�j�_�k�k�m, 
�m�f�_�g�v�r�Z�e�Z�k�v�� �g�Z�� ���� ���� �h�l�g�h�k�b�l�_�e�v�g�h�� �d�h�g�l�j�h�e�v�g�u�o�� �j�Z�k�l�_�g�b�c���� �\�� �l�h�� �\�j�_�f�y�� �d�Z�d�� �h�[�j�Z�[�h�l�d�Z��
�f�_�e�Z�l�h�g�b�g�h�f�� �k�i�h�k�h�[�k�l�\�h�\�Z�e�Z�� �k�h�o�j�Z�g�_�g�b�x���^�Z�g�g�h�]�h�� �i�h�d�Z�a�Z�l�_�e�y���� �i�h�k�d�h�e�v�d�m�� �k�g�b�`�_�g�b�_�� �k�m�o�h�c��
�[�b�h�f�Z�k�k�u���k�h�k�l�Z�\�b�e�h���\�k�_�]�h���� �����h�l�g�h�k�b�l�_�e�v�g�h���d�h�g�l�j�h�e�y��  

�J�Z�k�l�_�g�b�y�� �y�q�f�_�g�y�� �\�� �m�k�e�h�\�b�y�o�� �a�Z�k�m�o�b�� �b�f�_�e�b�� �f�_�g�v�r�_�_�� �h�l�g�h�k�b�l�_�e�v�g�h�_�� �k�h�^�_�j�`�Z�g�b�_�� �\�h�^�u�� 
�q�_�f�� �\�� �h�i�l�b�f�Z�e�v�g�u�o�� �m�k�e�h�\�b�y�o�� �g�Z�� ���� ������ �h�^�g�Z�d�h�� �h�[�j�Z�[�h�l�d�Z�� �f�_�e�Z�l�h�g�b�g�h�f�� �k�i�h�k�h�[�k�l�\�h�\�Z�e�Z��
�i�h�\�u�r�_�g�b�x�� �h�l�g�h�k�b�l�_�e�v�g�h�]�h�� �k�h�^�_�j�`�Z�g�b�y���\�h�^�u�� �g�Z��5 ���� �i�h�� �k�j�Z�\�g�_�g�b�x�� �k�h�� �k�l�j�_�k�k�h�\�u�f��
�\�Z�j�b�Z�g�l�h�f�����q�l�h���i�j�b�[�e�b�`�Z�e�h���^�Z�g�g�u�c���i�h�d�Z�a�Z�l�_�e�v���d���d�h�g�l�j�h�e�v�g�h�f�m���a�g�Z�q�_�g�b�x�� 

�>�e�y�� �k�h�o�j�Z�g�_�g�b�y�� �\�h�^�g�h�]�h�� �k�l�Z�l�m�k�Z�� �l�d�Z�g�_�c�� �j�Z�k�l�_�g�b�c�� �\�� �k�l�j�_�k�k�h�\�u�o�� �m�k�e�h�\�b�y�o�� �\�Z�`�g�u�f��
�y�\�e�y�_�l�k�y���i�h�g�b�`�_�g�b�_���b�o���h�k�f�h�l�b�q�_�k�d�h�]�h���i�h�l�_�g�p�b�Z�e�Z���^�h�� �m�j�h�\�g�y�����h�[�_�k�i�_�q�b�\�Z�x�s�_�]�h���i�h�l�h�d���\�h�^�u��
�b�a�� �k�j�_�^�u�� �\�� �d�e�_�l�d�b�� �d�h�j�g�y�� �B�k�o�h�^�y�� �b�a�� �i�h�e�m�q�_�g�g�u�o�� �^�Z�g�g�u�o�����h�k�f�h�l�b�q�_�k�d�b�c�� �i�h�l�_�g�p�b�Z�e��
�d�e�_�l�h�q�g�h�]�h�� �w�d�k�k�m�^�Z�l�Z�� �e�b�k�l�v�_�\�� �y�q�f�_�g�y�� �\�� �d�h�g�l�j�h�e�v�g�h�f�� �\�Z�j�b�Z�g�l�_�� �k�h�k�l�Z�\�e�y�e��-0,89 �F�I�Z�� 
�I�h�  ̂�^�_�c�k�l�\�b�_�f���i�h�q�\�_�g�g�h�c���a�Z�k�m�o�b���h�k�f�h�l�b�q�_�k�d�b�c���i�h�l�_�g�p�b�Z�e���d�e�_�l�h�q�g�h�]�h���k�h�^�_�j�`�b�f�h�]�h���e�b�k�l�v�_�\��
�k�g�b�`�Z�e�k�y���g�Z�� ���� ������ �I�h�e�b�\���j�Z�k�l�_�g�b�c�� �j�Z�k�l�\�h�j�h�f�� �f�_�e�Z�l�h�g�b�g�Z�� �\�� �k�l�j�_�k�k�h�\�u�o�� �m�k�e�h�\�b�y�o���i�h�\�u�r�Z�e��
�\�_�e�b�q�b�g�m�� �h�k�f�h�l�b�q�_�k�d�h�]�h�� �i�h�l�_�g�p�b�Z�e�Z�� �e�b�k�l�v�_�\�� �y�q�f�_�g�y�� �g�Z�� ���� ���� �h�l�g�h�k�b�l�_�e�v�g�h �j�Z�k�l�_�g�b�c�� �\��
�\�Z�j�b�Z�g�l�_���k���a�Z�k�m�o�h�c�����g�h���[�_�a���f�_�e�Z�l�h�g�b�g�Z���� 

�G�_�]�Z�l�b�\�g�h�_�� �^�_�c�k�l�\�b�_�� �a�Z�k�m�o�b�� �h�l�j�Z�a�b�e�h�k�v�� �l�Z�d�� �`�_�� �g�Z�� �k�h�^�_�j�`�Z�g�b�b���o�e�h�j�h�n�b�e�e�h�\��a �b��b �\��
�e�b�k�l�v�y�o���y�q�f�_�g�y�����d�h�l�h�j�h�_���k�g�b�a�b�e�h�k�v���g�Z�����±10 �����h�l�g�h�k�b�l�_�e�v�g�h���d�h�g�l�j�h�e�y��  
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�A�Z�k�m�o�Z���i�h�\�u�r�Z�e�Z���k�h�^�_�j�`�Z�g�b�_���d�Z�j�h�l�b�g�h�b�^�h�\���g�Z������ �������Z���f�_�e�Z�l�h�g�b�g���\���h�l�k�m�l�k�l�\�b�b �k�l�j�_�k�k�Z��
�g�Z������ %, �i�h���k�j�Z�\�g�_�g�b�x���k���d�h�g�l�j�h�e�v�g�u�f���\�Z�j�b�Z�g�l�h�f. 

�W�d�a�h�]�_�g�g�u�c�� �f�_�e�Z�l�h�g�b�g���k�� �i�h�k�e�_�^�m�x�s�b�f���^�_�c�k�l�\�b�_�f�� �a�Z�k�m�o�b �m�\�_�e�b�q�b�\�Z�e���k�h�^�_�j�`�Z�g�b�_��
�d�Z�j�h�l�b�g�h�b�^�h�\�� �g�Z�� ���� ���� �h�l�g�h�k�b�l�_�e�v�g�h�� �k�l�j�_�k�k�h�\�h�]�h�� �\�Z�j�b�Z�g�l�Z�� �b�� �i�j�Z�d�l�b�q�_�k�d�b�� �\�� �^�\�Z�� �j�Z�a�Z��
�h�l�g�h�k�b�l�_�e�v�g�h�� �d�h�g�l�j�h�e�v�g�u�o�� �j�Z�k�l�_�g�b�c. �>�Z�g�g�Z�y�� �l�_�g�^�_�g�p�b�y�� �i�h�\�u�r�_�g�b�y �m�j�h�\�g�y�� �d�Z�j�h�l�b�g�h�b�^�h�\����
�d�Z�d�� �g�_�n�_�j�f�_�g�l�Z�l�b�\�g�u�o�� �Z�g�l�b�h�d�k�b�^�Z�g�l�h�\���� �y�\�e�y�_�l�k�y�� �h�^�g�b�f�� �b�a �a�Z�s�b�l�g�u�o�� �f�_�o�Z�g�b�a�f�h�\�� �^�_�c�k�l�\�b�y��
�f�_�e�Z�l�h�g�b�g�Z�� �i�j�b�� �\�e�b�y�g�b�b�� �k�l�j�_�k�k�h�\�u�o�� �n�Z�d�l�h�j�h�\���� �l�Z�d�� �d�Z�d�� �d�Z�j�h�l�b�g�h�b�^�u�� �g�_�c�l�j�Z�e�b�a�m�x�l��
�k�b�g�]�e�_�l�g�u�c���d�b�k�e�h�j�h�^���b �i�h�^�Z�\�e�y�x�l���h�[�j�Z�a�h�\�Z�g�b�_���k�\�h�[�h�^�g�u�o���j�Z�^�b�d�Z�e�h�\��[7]. 

�<���h�l�k�m�l�k�l�\�b�b�� �k�l�j�_�k�k�h�\�h�]�h�� �n�Z�d�l�h�j�Z�� �i�h�e�b�\ �y�q�f�_�g�y���j�Z�k�l�\�h�j�h�f�� �f�_�e�Z�l�h�g�b�g�Z �i�h�g�b�`�Z�e��
�d�h�e�b�q�_�k�l�\�h�� �L�;�D-�:�I�� �g�Z�� ���� ���� �h�l�g�h�k�b�l�_�e�v�g�h�� �d�h�g�l�j�h�e�y���� �<�� �i�j�h�[�Z�o�� �j�Z�k�l�_�g�b�c���� �\�u�j�Z�s�_�g�g�u�o�� �\��
�m�k�e�h�\�b�y�o���a�Z�k�m�o�b���� �d�h�e�b�q�_�k�l�\�h�� �L�;�D-�:�I�� �\�� �^�\�Z �j�Z�a�Z�� �i�j�_�\�u�r�Z�e�h�� �d�h�g�l�j�h�e�v�g�u�_�� �a�g�Z�q�_�g�b�y����
�H�[�j�Z�[�h�l�d�Z�� �j�Z�k�l�_�g�b�c�� �j�Z�k�l�\�h�j�h�f�� �f�_�e�Z�l�h�g�b�g�Z���k�� �i�h�k�e�_�^�m�x�s�_�c�� �a�Z�k�m�o�h�c���k�g�b�`�Z�e�Z�� �\�_�e�b�q�b�g�m��
�I�H�E �i�h���k�j�Z�\�g�_�g�b�x���k �\�Z�j�b�Z�g�l�h�f���©�a�Z�k�m�o�Z�ª���[�_�a���f�_�e�Z�l�h�g�b�g�Z���g�Z������ %. 

 
�A�Z�d�e�x�q�_�g�b�_ 
�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �b�a�m�q�_�g�h�� �\�e�b�y�g�b�_�� �w�d�a�h�]�_�g�g�h�]�h���f�_�e�Z�l�h�g�b�g�Z�� �g�Z�� �j�Z�k�l�_�g�b�y�� �y�q�f�_�g�y�� �g�Z�� �n�h�g�_��

�^�_�c�k�l�\�b�y�� �i�h�q�\�_�g�g�h�c�� �a�Z�k�m�o�b���� �I�h�d�Z�a�Z�g�h���� �q�l�h�� �a�Z�k�m�o�Z�� �g�_�]�Z�l�b�\�g�h�� �\�e�b�y�_�l�� �g�Z�� �j�h�k�l�� �y�q�f�_�g�y���� �q�l�h��
�^�h�d�Z�a�u�\�Z�_�l�k�y�� �k�g�b�`�_�g�b�_�f�� �g�Z�^�a�_�f�g�h�c�� �f�Z�k�k�u�� �j�Z�k�l�_�g�b�c���� �I�h�l�_�j�y�� �f�Z�k�k�u�� �j�Z�k�l�_�g�b�y�f�b�� �i�j�h�b�k�o�h�^�b�l��
�g�_�� �l�h�e�v�d�h�� �b�a-�a�Z�� �k�g�b�`�_�g�b�y�� �k�h�^�_�j�`�Z�g�b�y�� �\�e�Z�]�b�����g�h���b���b�a-�a�Z�� �l�h�j�f�h�`�_�g�b�y�� �j�h�k�l�Z�� �\�� �k�l�j�_�k�k�h�\�u�o��
�m�k�e�h�\�b�y�o�����h���q�_�f���k�\�b�^�_�l�_�e�v�k�l�\�m�_�l���b�g�]�b�[�b�j�h�\�Z�g�b�_���k�m�o�h�c���f�Z�k�k�u���j�Z�k�l�_�g�b�c���� 

�>�_�n�b�p�b�l�� �\�e�Z�]�b�� �\�u�a�u�\�Z�_�l�� �h�d�b�k�e�b�l�_�e�v�g�u�c�� �k�l�j�_�k�k���� �q�l�h�� �^�h�d�Z�a�Z�g�h�� �m�k�b�e�_�g�b�_�f�� �I�H�E�� �\��
�j�Z�k�l�_�g�b�y�o�� �y�q�f�_�g�y���� �H�^�g�h�d�j�Z�l�g�u�c�� �i�h�e�b�\�� �j�Z�k�l�_�g�b�c�� �y�q�f�_�g�y �j�Z�k�l�\�h�j�h�f�� �f�_�e�Z�l�h�g�b�g�Z�� �k�g�b�`�Z�e��
�m�j�h�\�_�g�v�� �h�d�b�k�e�b�l�_�e�v�g�h�]�h�� �k�l�j�_�k�k�Z���� �q�l�h�� �i�h�d�Z�a�Z�g�h�� �i�h�� �d�h�e�b�q�_�k�l�\�m�� �L�;�D-�:�I���� �I�Z�^�_�g�b�_�� �m�j�h�\�g�y��
�I�H�E �h�[�t�y�k�g�b�f�h���j�_�Z�e�b�a�Z�p�b�_�c���Z�g�l�b�h�d�k�b�^�Z�g�l�g�h�]�h���w�n�n�_�d�l�Z���f�_�e�Z�l�h�g�b�g�Z���� 

�H�^�g�b�f�� �b�a���\�h�a�f�h�`�g�u�o���a�Z�s�b�l�g�u�o���f�_�o�Z�g�b�a�f�h�\���^�_�c�k�l�\�b�y���f�_�e�Z�l�h�g�b�g�Z���g�Z���j�Z�k�l�_�g�b�y���y�q�f�_�g�y��
�f�h� �̀g�h���k�q�b�l�Z�l�v���i�h�\�u�r�_�g�b�_���d�h�e�b�q�_�k�l�\�Z���Z�g�l�b�h�d�k�b�^�Z�g�l�g�u�o���\�_�s�_�k�l�\�����\���l�h�f���q�b�k�e�_���d�Z�j�h�l�b�g�h�b�^�h�\�� 

 
�B�k�k�e�_�^�h�\�Z�g�b�_ �i�h�^�^�_�j�`�Z�g�h���J�h�k�k�b�c�k�d�b�f���g�Z�m�q�g�u�f���n�h�g�^�h�f�����J�G�N�����i�j�h�_�d�l���‹������-44-10019). 
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Abstract. The aim of this study was to evaluate the effect of long-term insulin therapy on the intensity 
of lipolysis in isolated adipocytes of rats with experimental streptozocin-induced type 1 diabetes 
mellitus. We have shown that long-term insulin therapy maintaining normoglycaemia in rats with 
experimental type 1 diabetes mellitus increased the intensity of basal lipolysis in isolated adipocytes 
of epididymal adipose tissue and reduced the antilipolytic effect of insulin on isoproterenol-
stimulated lipolysis. 
Key words: type 1 diabetes, insulin resistance, lipolysis, rats. 
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�b�g�k�m�e�b�g-�q�m�\�k�l�\�b�l�_�e�v�g�u�_�� �l�d�Z�g�b���� �\�� �l�h�f�� �q�b�k�e�_�� �`�b�j�h�\�m�x���� �y�\�e�y�_�l�k�y�� �b�g�]�b�[�b�j�h�\�Z�g�b�_�� �e�b�i�h�e�b�a�Z����
�I�h�^�Z�\�e�_�g�b�_�� �b�g�k�m�e�b�g�h�f�� �e�b�i�h�e�b�a�Z�� �\�� �Z�^�b�i�h�p�b�l�Z�o �y�\�e�y�_�l�k�y�� �h�k�g�h�\�g�u�f�� �^�_�c�k�l�\�b�_�f���� �i�h�k�j�_�^�k�l�\�h�f��
�d�h�l�h�j�h�]�h���h�g���j�_�]�m�e�b�j�m�_�l���k�b�k�l�_�f�g�u�c���f�_�l�Z�[�h�e�b�a�f���>6]. 

�P�_�e�v���b�k�k�e�_�^�h�\�Z�g�b�y���± �h�p�_�g�b�l�v���\�e�b�y�g�b�_���^�e�b�l�_�e�v�g�h�c���b�g�k�m�e�b�g�h�l�_�j�Z�i�b�b���g�Z���b�g�l�_�g�k�b�\�g�h�k�l�v��
�e�b�i�h�e�b�a�Z���\�� �b�a�h�e�b�j�h�\�Z�g�g�u�o�� �Z�^�b�i�h�p�b�l�Z�o�� �d�j�u�k�� �k�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�f �k�l�j�_�i�l�h�a�h�p�b�g-
�b�g�^�m�p�b�j�h�\�Z�g�g�u�f���k�Z�o�Z�j�g�u�f���^�b�Z�[�_�l�h�f�������l�b�i�Z. 
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�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y���q�Z�k�l�v 
�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�m�x�� �f�h�^�_�e�v���k�Z�o�Z�j�g�h�]�h�� �^�b�Z�[�_�l�Z�� ���� �l�b�i�Z �\�h�k�i�j�h�b�a�\�h�^�b�e�b�� �g�Z�� ��0 �d�j�u�k�Z�o-

�k�Z�f�p�Z�o�� �e�b�g�b�b�� �:�L�V�W�D�U�� �f�Z�k�k�h�c�� ������ �“ ������ �]���� �i�h�e�m�q�_�g�g�u�o�� �b�a�� �N�=�;�M�� �G�B�B�� �n�Z�j�f�Z�d�h�e�h�]�b�b�� �b��
�j�_�]�_�g�_�j�Z�l�b�\�g�h�c�� �f�_�^�b�p�b�g�u�� �b�f���� �?���>���� �=�h�e�v�^�[�_�j�]�Z�����]���� �L�h�f�k�d������ �I�j�h�l�h�d�h�e�u�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �[�u�e�b��
�h�^�h�[�j�_�g�u���d�h�f�b�k�k�b�_�c���i�h���d�h�g�l�j�h�e�x���k�h�^�_�j�`�Z�g�b�y���b���b�k�i�h�e�v�a�h�\�Z�g�b�y���e�Z�[�h�j�Z�l�h�j�g�u�o���`�b�\�h�l�g�u�o���P�>�B��
�P�G�B�E���N�=�;�H�M���<�H���K�b�[�=�F�M���F�b�g�a�^�j�Z�\�Z���J�h�k�k�b�b�����a�Z�d�e�x�q�_�g�b�_���‹�������������h�l�������������������������� 

�K�Z�o�Z�j�g�u�c�� �^�b�Z�[�_�l ���� �l�b�i�Z�� �f�h�^�_�e�b�j�h�\�Z�e�b�� �_�`�_�^�g�_�\�g�h�c�� �\�g�m�l�j�b�[�j�x�r�b�g�g�h�c�� �b�g�t�_�d�p�b�_�c��
�k�l�j�_�i�l�h�a�h�l�h�p�b�g�Z�� ���6�L�J�P�D�� �$�O�G�U�L�F�K���� �K�R�:���� �\�� �^�h�a�_�� ������ �f�]���d�]�� �\�� �l�_�q�_�g�b�_�� ���� �^�g�_�c�� �>7]. �@�b�\�h�l�g�u�f��
�d�h�g�l�j�h�e�v�g�h�c�� �]�j�m�i�i�u�� ��n = 10���� �\�� �l�_�q�_�g�b�_�� ���� �^�g�_�c�� �\�\�h�^�b�e�b�� �g�h�k�b�l�_�e�v�� ���p�b�l�j�Z�l�g�u�c�� �[�m�n�_�j���� �\��
�w�d�\�b�\�Z�e�_�g�l�g�h�f���h�[�t�z�f�_�� 

�I�h�k�e�_�� �i�h�^�l�\�_�j�`�^�_�g�b�y�� �j�Z�a�\�b�l�b�y�� �k�l�j�_�i�l�h�a�h�l�h�p�b�g-�b�g�^�m�p�b�j�h�\�Z�g�g�h�]�h�� �k�Z�o�Z�j�g�h�]�h�� �^�b�Z�[�_�l�Z��
1 �l�b�i�Z�� �`�b�\�h�l�g�u�f  �h�i�u�l�g�h�c�� �]�j�m�i�i�u�� �[�u�e�Z�� �i�j�h�\�_�^�_�g�Z�� �^�e�b�l�_�e�v�g�Z�y�� �b�g�k�m�e�b�g�h�l�_�j�Z�i�b�y�� �\�� �l�_�q�_�g�b�_��
3,5 �f�_�k�y�p�_�\�� �i�m�l�z�f�� �_�`�_�^�g�_�\�g�h�]�h�� �i�h�^�d�h�`�g�h�]�h�� �\�\�_�^�_�g�b�y�� �j�Z�k�l�\�h�j�Z�� �b�g�k�m�e�b�g-�b�a�h�n�Z�g����
�q�_�e�h�\�_�q�_�k�d�h�]�h�� �]�_�g�g�h-�b�g�`�_�g�_�j�g�h�]�h�� �b�g�k�m�e�b�g�Z�� �k�j�_�^�g�_�c�� �i�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�b�� �^�_�c�k�l�\�b�y�� �\�� �^�h�a�Z�o����
�i�h�^�^�_�j�`�b�\�Z�x�s�b�o���g�h�j�f�h�]�e�b�d�_�f�b�x�����d�h�g�p�_�g�l�j�Z�p�b�y���]�e�x�d�h�a�u���\���d�j�h�\�b���d�j�u�k���\���^�b�Z�i�Z�a�h�g�_���h�l����,�����^�h��
7,���� �f�f�h�e�v���e�� �k�q�b�l�Z�e�Z�k�v�� �g�h�j�f�h�]�e�b�d�_�f�b�q�_�k�d�b�f�� �k�h�k�l�h�y�g�b�_�f�� �d�j�h�\�b�� �b�� �d�h�g�l�j�h�e�b�j�h�\�Z�e�Z�k�v�� ���� �j�Z�a�Z�� �\��
�^�_�g�v���i�_�j�_�^���\�\�_�^�_�g�b�_�f���b�g�k�m�e�b�g�Z���� 

�<�u�^�_�e�_�g�b�_�� �Z�^�b�i�h�p�b�l�h�\�� �b�a�� �w�i�b�^�b�^�b�f�Z�e�v�g�h�c�� �`�b�j�h�\�h�c�� �l�d�Z�g�b�� �h�k�m�s�_�k�l�\�e�y�e�h�k�v�� �k��
�b�k�i�h�e�v�a�h�\�Z�g�b�_�f���d�e�Z�k�k�b�q�_�k�d�h�]�h���f�_�l�h�^�Z���0�����5�R�G�E�H�O�O���>���@�����I�h�e�m�q�_�g�g�u�_���i�h�k�e�_���n�h�l�h�]�j�Z�n�b�j�h�\�Z�g�b�y��
�b�a�h�[�j�Z�`�_�g�b�y���Z�^�b�i�h�p�b�l�h�\���h�[�j�Z�[�Z�l�u�\�Z�e�b�k�v���\���i�j�h�]�j�Z�f�f�_���,�P�D�J�H���-�����:�D�\�Q�H���5�D�V�E�D�Q�G�����8�6�$�������>�Z�e�_�_��
�i�j�h�\�h�^�b�e�h�k�v���h�i�j�_�^�_�e�_�g�b�_���^�b�Z�f�_�l�j�Z�����������k�e�m�q�Z�c�g�h���\�u�[�j�Z�g�g�u�o �Z�^�b�i�h�p�b�l�h�\���\���d�Z�`�^�h�c���i�j�h�[�_�� 

�B�g�l�_�g�k�b�\�g�h�k�l�v�� �e�b�i�h�e�b�a�Z�� �\�� �b�a�h�e�b�j�h�\�Z�g�g�u�o�� �Z�^�b�i�h�p�b�l�Z�o�� �h�p�_�g�b�\�Z�e�b�� �i�h�� �\�u�o�h�^�m�� �\��
�b�g�d�m�[�Z�p�b�h�g�g�m�x�� �k�j�_�^�m�� �]�e�b�p�_�j�h�e�Z�� �K�h�^�_�j�`�Z�g�b�_�� �]�e�b�p�_�j�h�e�Z�� �\�� �b�g�d�m�[�Z�p�b�h�g�g�h�c�� �k�j�_�^�_�� �d�e�_�l�h�d��
�h�i�j�_�^�_�e�y�e�b�� �n�_�j�f�_�g�l�Z�l�b�\�g�u�f�� �d�h�e�h�j�b�f�_�l�j�b�q�_�k�d�b�f�� �f�_�l�h�^�h�f�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �)�U�H�H��Glycerol 
�5�H�D�J�H�Q�W�����6�L�J�P�D�����&�R�:���� 

�>�e�y�� �h�p�_�g�d�b�� �k�i�h�g�l�Z�g�g�h�]�h�� ���[�Z�a�Z�e�v�g�h�]�h���� �e�b�i�h�e�b�a�Z�� ���� �f�e�� �k�m�k�i�_�g�a�b�b�� �Z�^�b�i�h�p�b�l�h�\�� �k��
�k�h�^�_�j�`�Z�g�b�_�f���� �î 106 �d�e�_�l�h�d���f�e���b�����������f�e���[�m�n�_�j�Z�����������f�F���+�H�S�H�V���[�m�n�_�j�����j�Z�k�l�\�h�j���D�j�_�[�k�Z-�J�b�g�]�_�j�Z����
2 ���� �;�K�:�� �[�_�a�� �`�b�j�g�u�o�� �d�b�k�e�h�l���� ���� �f�F�� �j�Z�k�l�\�h�j�Z�� �]�e�x�d�h�a�u������ �b�g�d�m�[�b�j�h�\�Z�e�b�� �\�� �K�H2-�b�g�d�m�[�Z�l�h�j�_��
���©�6�D�Q�\�R�ª�����Y�i�h�g�b�y�����\���l�_�q�_�g�b�_�������q���i�j�b������ �ƒ�K�����<������-�e�m�g�h�q�g�u�_���i�e�Z�r�d�b���h�l�[�b�j�Z�e�b���������f�d�e���i�j�h�[�u���b��
�^�h�[�Z�\�e�y�e�b�� �������� �f�d�e�� �)�U�H�H�� �*�O�\�F�H�U�R�O�� �5�H�D�J�H�Q�W�� �b�� �b�g�d�m�[�b�j�h�\�Z�e�b�� ������ �f�b�g�� �i�j�b�� ���� �ƒ�K���� �H�i�l�b�q�_�k�d�Z�y��
�i�e�h�l�g�h�k�l�v�� �j�Z�k�l�\�h�j�Z�� �b�a�f�_�j�y�e�Z�k�v�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �i�e�Z�g�r�_�l�g�h�]�h�� �k�i�_�d�l�j�h�n�h�l�h�f�_�l�j�Z��
�7�H�F�D�Q�6�X�Q�U�L�V�H���i�j�b���^�e�b�g�_���\�h�e�g�u�����������g�f�����K�h�^�_�j�`�Z�g�b�_���]�e�b�p�_�j�h�e�Z���j�Z�k�k�q�b�l�u�\�Z�e�b���i�h���d�Z�e�b�[�j�h�\�h�q�g�h�c��
�d�j�b�\�h�c���\���^�b�Z�i�Z�a�h�g�_���d�h�g�p�_�g�l�j�Z�p�b�c���h�l�������^�h�����������f�d�]���f�e�� 

�>�e�y�� �h�p�_�g�d�b�� �k�l�b�f�m�e�b�j�h�\�Z�g�g�h�]�h�� �e�b�i�h�e�b�a�Z�� �k�h�^�_�j�`�Z�g�b�_�� �]�e�b�p�_�j�h�e�Z�� �h�i�j�_�^�_�e�y�e�b�� �\��
�Z�^�b�i�h�p�b�l�Z�o���� �d�h�l�h�j�u�_�� �i�j�_�^�\�Z�j�b�l�_�e�v�g�h �b�g�d�m�[�b�j�h�\�Z�e�b�� �\�� �l�_�q�_�g�b�_�� ���� �q�� �\�� �i�j�b�k�m�l�k�l�\�b�b�� ������ �f�d�e��
�b�a�h�i�j�h�l�_�j�_�g�h�e�Z�� ���Z�]�h�g�b�k�l�� ����-�Z�^�j�_�g�h�j�_�p�_�i�l�h�j�h�\���� �©�6�L�J�P�D�ª���� �6�W���� �/�R�X�L�V���� �0�2���� �\�� �d�h�g�_�q�g�h�c��
�d�h�g�p�_�g�l�j�Z�p�b�b���������f�d�F���b���b�e�b���������f�d�?���f�e���b�g�k�m�e�b�g�Z�����©�6�L�J�P�D�ª�����6�W�����/�R�X�L�V�����0�2�����k�h�]�e�Z�k�g�h���f�_�l�h�^�b�d�_����
�i�j�b�\�_�^�z�g�g�h�c���\�u�r�_�� 

�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_���^�Z�g�g�u�_���h�[�j�Z�[�Z�l�u�\�Z�e�b���k���b�k�i�h�e�v�a�h�\�Z�g�b�_�f���i�j�h�]�j�Z�f�f�g�h�]�h���h�[�_�k�i�_�q�_�g�b�y��
�6�7�$�7�,�6�7�,�&�$�� �������� ���6�W�D�W�6�R�I�W���� �K�R�:������ �I�j�h�\�_�j�d�m�� �g�Z�� �g�h�j�f�Z�e�v�g�h�k�l�v�� �j�Z�k�i�j�_�^�_�e�_�g�b�y�� �a�g�Z�q�_�g�b�c��
�h�k�m�s�_�k�l�\�e�y�e�b���k���b�k�i�h�e�v�a�h�\�Z�g�b�_�f���d�j�b�l�_�j�b�y���R�Z�i�b�j�h-�M�b�e�d�Z�����:�g�Z�e�b�a���k�l�Z�l�b�k�l�b�q�_�k�d�h�c���a�g�Z�q�b�f�h�k�l�b��
�j�Z�a�e�b�q�b�c�� �f�_�`�^�m�� �\�u�[�h�j�d�Z�f�b�� �\�u�i�h�e�g�y�e�b�� �i�j�b�� �i�h�f�h�s�b�� �W-�d�j�b�l�_�j�b�y�� �K�l�v�x�^�_�g�l�Z�� ���\�� �k�e�m�q�Z�_��
�g�h�j�f�Z�e�v�g�h�]�h���j�Z�k�i�j�_�^�_�e�_�g�b�y�����b���8-�d�j�b�l�_�j�b�c���F�Z�g�g�Z-�M�b�l�g�b�����\���k�e�m�q�Z�_���j�Z�k�i�j�_�^�_�e�_�g�b�y���h�l�e�b�q�g�h�]�h��
�h�l���g�h�j�f�Z�e�v�g�h�]�h�������k�l�Z�l�b�k�l�b�q�_�k�d�b���a�g�Z�q�b�f�u�f���k�q�b�l�Z�e�b���j�_�a�m�e�v�l�Z�l���i�j�b���j < 0,05. 

 
�J�_�a�m�e�v�l�Z�l�u 
�K�j�_�^�g�b�c�� �^�b�Z�f�_�l�j�� �Z�^�b�i�h�p�b�l�h�\���w�i�b�^�b�^�b�f�Z�e�v�g�h�c�� �`�b�j�h�\�h�c�� �l�d�Z�g�b�� �m�� �d�j�u�k�� �k��

�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�f�� �k�l�j�_�i�l�h�a�h�p�b�g-�b�g�^�m�p�b�j�h�\�Z�g�g�u�f���k�Z�o�Z�j�g�u�f�� �^�b�Z�[�_�l�h�f�� ���� �l�b�i�Z���g�Z�� �n�h�g�_��
�^�e�b�l�_�e�v�g�h�c���b�g�k�m�e�b�g�h�l�_�j�Z�i�b�b���k�h�k�l�Z�\�e�y�e���������� �“ ���������f�d�f�����q�l�h���g�Z�������������������j = 0,���������f�_�g�v�r�_���w�l�h�]�h��
�i�h�d�Z�a�Z�l�_�e�y���m���`�b�\�h�l�g�u�o���d�h�g�l�j�h�e�v�g�h�c���]�j�m�i�i�u������������ �“ �����������f�d�f��. 
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�B�g�l�_�g�k�b�\�g�h�k�l�v���[�Z�a�Z�e�v�g�h�]�h���e�b�i�h�e�b�a�Z��in vitro �\���Z�^�b�i�h�p�b�l�Z�o���h�p�_�g�b�\�Z�e�b���i�h���\�u�o�h�^�m���]�e�b�p�_�j�h�e�Z��
�\�� �k�j�_�^�m�� �b�g�d�m�[�Z�p�b�b�� �d�e�_�l�h�d�� �a�Z�� ���� �q�Z�k�Z���� �D�h�g�p�_�g�l�j�Z�p�b�y�� �]�e�b�p�_�j�h�e�Z�� �\�� �k�j�_�^�_�� �i�j�b�� �b�g�d�m�[�Z�p�b�b��
�b�a�h�e�b�j�h�\�Z�g�g�u�o���Z�^�b�i�h�p�b�l�h�\���d�h�g�l�j�h�e�v�g�u�o���d�j�u�k���k�h�k�l�Z�\�b�e�Z���������� �“ �����������f�d�]���������f�d�e���m�i�Z�d�h�\�Z�g�g�u�o��
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Abstract. Within the framework of this research the hemolytic activity and cytotoxicity of 
cucurbit[n]urils (CB[6-8]) and zoledronic acid were evaluated. In the process of project 
implementation it was possible to select optimal concentrations of the research objects, which at the 
next stage will be used to create supramolecules based on cucurbit[n]urils with zoledronic acid 
molecules included in the cavity.  
Key words: cucurbit[6]uril, cucurbit[7]uril , cucurbit[8]uril , zoledronic acid, hemocompatibility, 
cytotoxicity. 
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�d�m�d�m�j�[�b�l�>n�@�m�j�b�e�h�\��(n = 6, 7, 8) �k���\�d�e�x�q�_�g�g�u�f�b���\���i�h�e�h�k�l�v���f�h�e�_�d�m�e�Z�f�b���a�h�e�_�^�j�h�g�h�\�h�c���d�b�k�e�h�l�u. 
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�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y���q�Z�k�l�v 
�<�� �j�Z�f�d�Z�o�� �^�Z�g�g�h�]�h �b�k�k�e�_�^�h�\�Z�g�b�y�� �i�j�h�\�_�^�_�g�h�� �b�a�m�q�_�g�b�_���]�_�f�h�k�h�\�f�_�k�l�b�f�h�k�l�b�� �b��

�p�b�l�h�l�h�d�k�b�q�g�h�k�l�b �d�m�d�m�j�[�b�l�>n�@�m�j�b�e�h�\ (n = 6, 7, 8) �b���a�h�e�_�^�j�h�g�h�\�h�c�� �d�b�k�e�h�l�u (Sigma-Aldrich, 
USA). �>�e�y�� �w�l�h�]�h�� �b�a�m�q�_�g�Z�� �b�o���]�_�f�h�k�h�\�f�_�k�l�b�f�h�k�l�v�� �g�Z�� �w�j�b�l�j�h�p�b�l�Z�o�� �i�_�j�b�n�_�j�b�q�_�k�d�h�c���d�j�h�\�b��
�q�_�e�h�\�_�d�Z�� �Z�� �l�Z�d�`�_ �p�b�l�h�l�h�d�k�b�q�g�h�k�l�v�� �g�Z�� �d�e�_�l�h�q�g�h�c �e�b�g�b�b NIH/3T3 �f�_�l�h�^�h�f�� �j�_�Z�d�p�b�b�� �k��
AlamarBlue. �>�e�y�� �h�p�_�g�d�b�� �]�_�f�h�k�h�\�f�_�k�l�b�f�h�k�l�b�� �h�[�j�Z�a�p�h�\�� �b�k�i�h�e�v�a�h�\�Z�e�Z�k�v�� �p�_�e�v�g�Z�y��
�]�_�f�h�k�l�Z�l�b�j�h�\�Z�g�g�Z�y�� �d�j�h�\�v�� �a�^�h�j�h�\�h�]�h�� �^�h�g�h�j�Z�����H�p�_�g�d�Z�� �]�_�f�h�k�h�\�f�_�k�l�b�f�h�k�l�b�� �i�j�h�\�h�^�b�e�Z�k�v�� �i�h��
�k�l�Z�g�^�Z�j�l�g�h�c���f�_�l�h�^�b�d�_�����i�j�_�^�m�k�f�h�l�j�_�g�g�h�c��ISO 10993-4:2017 [3]. �E�b�g�b�y���1�,�+�����7�����i�j�_�^�k�l�Z�\�e�y�_�l��
�k�h�[�h�c���^�_�e�y�s�b�_�k�y���n�b�[�j�h�[�e�Z�k�l�u���f�u�r�b. �D�m�e�v�l�b�\�b�j�h�\�Z�g�b�_���d�e�_�l�h�q�g�u�o���e�b�g�b�c���h�k�m�s�_�k�l�\�e�y�e�h�k�v���\��
�k�h�h�l�\�_�l�k�l�\�b�b�� �k�� �j�_�d�h�f�_�g�^�Z�p�b�y�f�b���i�j�h�b�a�\�h�^�b�l�_�e�y�����>�e�y�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �h�[�j�Z�a�p�u�� �a�h�e�_�^�j�h�g�h�\�h�c��
�d�b�k�e�h�l�u���[�u�e�b���\�a�y�l�u���\���d�h�g�p�_�g�l�j�Z�p�b�y�o�����î����-8 �F����Zol-�����������î����-9 �F����Zol-�������b�����î����-10 �F����Zol-�����������Z��
�d�m�d�m�j�[�b�l[n]�m�j�b�e�u (n = 6, 7, 8) �± �\���d�h�g�p�_�g�l�j�Z�p�b�y�o�����î����-3 �F����CB[6, 7, 8]-���������î����-4 �F����CB[6, 7, 8]-4 
�b���� �î 10-5 �F����CB[6, 7, 8]-5. �D�m�d�m�j�[�b�l�>n�@�m�j�b�e�u���[�u�e�b���k�b�g�l�_�a�b�j�h�\�Z�g�u���\���e�Z�[�h�j�Z�l�h�j�b�b �h�j�]�Z�g�b�q�_�k�d�h�]�h��
�k�b�g�l�_�a�Z���O�N���G�B���L�=�M�� 

�>�e�y���b�k�k�e�_�^�h�\�Z�g�b�y���\�e�b�y�g�b�y���h�[�j�Z�a�p�h�\ �g�Z���`�b�a�g�_�k�i�h�k�h�[�g�h�k�l�v���d�e�_�l�h�d���[�u�e���b�k�i�h�e�v�a�h�\�Z�g���l�_�k�l��
�k�� �$�O�D�P�D�U�%�O�X�H���� �I�j�h�\�_�^�_�g�b�_�� �l�_�k�l�Z�� �k�� �$�O�D�P�D�U�%�O�X�H �h�k�m�s�_�k�l�\�e�y�e�h�k�v�� �\�� �k�h�h�l�\�_�l�k�l�\�b�b�� �k��
�j�_�d�h�f�_�g�^�Z�p�b�y�f�b���i�j�h�b�a�\�h�^�b�l�_�e�y���� 

 
�J�_�a�m�e�v�l�Z�l�u 
�<�� �j�_�a�m�e�v�l�Z�l�_�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �]�_�f�h�k�h�\�f�_�k�l�b�f�h�k�l�b�� �m�k�l�Z�g�h�\�e�_�g�h���� �q�l�h���h�[�j�Z�a�_�p CB�>���@�� �\ 

�d�h�g�p�_�g�l�j�Z�p�b�b���� �î 10-4 �F���i�j�h�y�\�b�e���g�_�d�h�l�h�j�m�x�� �]�_�f�h�e�b�l�b�q�_�k�d�m�x���Z�d�l�b�\�g�h�k�l�v���� �g�h���k�l�Z�l�b�k�l�b�q�_�k�d�b��
�^�h�k�l�h�\�_�j�g�u�o�� �j�Z�a�e�b�q�b�c�� �f�_�`�^�m�� �i�j�h�p�_�g�l�h�f�� �]�_�f�h�e�b�a�Z���^�Z�g�g�h�]�h�� �h�[�j�Z�a�p�Z �b�� �h�l�j�b�p�Z�l�_�e�v�g�u�f��
�d�h�g�l�j�h�e�_�f�� ���&�7�5�/�� ���� ������ �g�_�� �m�k�l�Z�g�h�\�e�_�g�h�� ���j > 0,05). �H�k�l�Z�e�v�g�u�_�� �h�[�j�Z�a�p�u�� �g�_�� �i�j�h�y�\�b�e�b��
�]�_�f�h�e�b�l�b�q�_�k�d�h�c�� �Z�d�l�b�\�g�h�k�l�b���� �F�h�`�g�h�� �h�l�f�_�l�b�l�v���� �q�l�h�� �m�j�h�\�_�g�v�� �]�_�f�h�e�b�a�Z�� �d�h�g�l�Z�d�l�b�j�m�x�s�b�o�� �k��
�\�g�m�l�j�_�g�g�_�c���k�j�_�^�h�c���h�j�]�Z�g�b�a�f�Z���[�b�h�f�Z�l�_�j�b�Z�e�h�\�� �g�_���^�h�e�`�_�g���i�j�_�\�u�r�Z�l�v�� ���� ���� �>1�@�����D�Z�d���k�e�_�^�m�_�l�� �b�a��
�w�d�k�i�_�j�b�f�_�g�l�Z���� �g�b�� �h�^�b�g�� �b�a�m�q�_�g�g�u�c�� �h�[�j�Z�a�_�p�� �g�_�� �i�j�_�\�u�r�Z�e�� �^�Z�g�g�u�c�� �m�j�h�\�_�g�v���� �I�h�w�l�h�f�m�� �f�h�`�g�h��
�a�Z�d�e�x�q�b�l�v�����q�l�h���\�k�_���h�[�j�Z�a�p�u���y�\�e�y�x�l�k�y���]�_�f�h�k�h�\�f�_�k�l�b�f�u�f�b�� 

�G�Z���k�e�_�^�m�x�s�_�f���w�l�Z�i�_���b�k�k�e�_�^�h�\�Z�g�b�y���f�u���b�a�m�q�b�e�b���p�b�l�h�l�h�d�k�b�q�g�h�k�l�v���h�[�t�_�d�l�h�\���b�k�k�e�_�^�h�\�Z�g�b�y��
�g�Z���d�e�_�l�h�q�g�h�c �e�b�g�b�b��NIH/3T3 (�j�b�k��������. 

 

 
�J�b�k. 1. �<�e�b�y�g�b�_���h�[�t�_�d�l�h�\���b�k�k�e�_�^�h�\�Z�g�b�y���g�Z���`�b�a�g�_�k�i�h�k�h�[�g�h�k�l�v���d�e�_�l�h�d���e�b�g�b�b��NIH/3T3 

CTRL �± �d�h�g�l�j�h�e�v�����=�R�O���± �a�h�e�_�^�j�h�g�h�\�Z�y���d�b�k�e�h�l�Z�����K�<�>���@���± �d�m�d�m�j�[�b�l�>���@�m�j�b�e�����K�<�>���@���± �d�m�d�m�j�[�b�l�>���@�m�j�b�e���� 
�K�<�>���@���± �d�m�d�m�j�[�b�l�>���@�m�j�b�e 

 
�D�Z�d���k�e�_�^�m�_�l�� �b�a���^�Z�g�g�u�o���J�b�k�m�g�d�Z�������� �h�[�j�Z�a�p�u���a�h�e�_�^�j�h�g�h�\�h�c���d�b�k�e�h�l�u���\�� �i�j�_�^�k�l�Z�\�e�_�g�g�u�o���\��

�b�k�k�e�_�^�h�\�Z�g�b�b���d�h�g�p�_�g�l�j�Z�p�b�y�o�� �g�_�� �h�d�Z�a�Z�e�b�� �l�h�d�k�b�q�_�k�d�h�]�h���^�_�c�k�l�\�b�y�� �g�Z�� �d�e�_�l�d�b�� �e�b�g�b�b�� �1�,�+�����7������
�D�h�e�b�q�_�k�l�\�h�� �`�b�\�u�o�� �d�e�_�l�h�d �i�j�b�� �w�l�h�f�� �m�\�_�e�b�q�b�e�h�k�v���d�h�e�b�q�_�k�l�\�h�� �d�e�_�l�h�d�� �g�Z�� �������� ������ �b�� ������ ����
�k�h�h�l�\�_�l�k�l�\�_�g�g�h (�j < 0,05). �I�j�b���w�l�h�f���\�k�_���h�[�j�Z�a�p�u���]�j�m�i�i�u���d�m�d�m�j�[�b�l�>n�@�m�j�b�e�h�\�������K�<�>��, �K�<�>��] �b��
�K�<�>���@�����g�Z�i�j�h�l�b�\�� �h�d�Z�a�Z�e�b�� �p�b�l�h�l�h�d�k�b�q�_�k�d�h�_�� �^�_�c�k�l�\�b�_�� �g�Z���d�e�_�l�d�b�����Q�b�k�e�h�� �`�b�\�u�o�� �d�e�_�l�h�d�� �i�h�k�e�_��
�b�g�d�m�[�Z�p�b�b���k���h�[�j�Z�a�p�Z�f�b CB[6]-�����b����CB[6]-4 �k�g�b�a�b�e�h�k�v���g�Z���������b�������������k�h�h�l�\�_�l�k�l�\�_�g�g�h��(�j < 0,05). 
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�I�j�b�� �w�l�h�f�� �i�h�k�e�_�� �b�g�d�m�[�Z�p�b�b�� �k�� �h�[�j�Z�a�p�h�f��CB[6]-���� �q�b�k�e�h�� �`�b�\�u�o�� �d�e�_�l�h�d�� �m�\�_�e�b�q�b�e�h�k�v �g�Z�� ������ ����
(�j < 0,05). �H�q�_�\�b�^�g�h���� �q�l�h�� �w�l�Z�� �d�h�g�p�_�g�l�j�Z�p�b�y�� �g�_�� �\�u�a�u�\�Z�_�l�� �l�h�d�k�b�q�_�k�d�b�o�� �w�n�n�_�d�l�h�\���� �H�[�j�Z�a�p�u��
�]�j�m�i�i�u��CB�>���@���i�j�h�y�\�b�e�b���g�_�k�d�h�e�v�d�h���f�_�g�v�r�m�x���l�h�d�k�b�q�g�h�k�l�v�����q�_�f���h�[�j�Z�a�p�u���]�j�m�i�i�u���K�<�>���@�����Q�b�k�e�h��
�`�b�\�u�o���d�e�_�l�h�d���i�h�k�e�_���b�g�d�m�[�Z�p�b�b���k���h�[�j�Z�a�p�h�f��CB[7]-�����m�f�_�g�v�r�b�e�h�k�v���g�Z���������������Z���i�h�k�e�_���b�g�d�m�[�Z�p�b�b��
�k���h�[�j�Z�a�p�Z�f�b��CB[7]-�����b��CB[7]-�����m�\�_�e�b�q�b�e�h�k�v���g�Z�������������m���h�[�h�b�o���h�[�j�Z�a�p�h�\�����j���������������������G�Z�b�[�h�e�v�r�m�x��
�l�h�d�k�b�q�g�h�k�l�v�� �i�j�h�y�\�b�e�b�� �h�[�j�Z�a�p�u�� �]�j�m�i�i�u��CB�>���@���� �Q�b�k�e�h�� �`�b�\�u�o�� �d�e�_�l�h�d�� �i�h�k�e�_�� �b�g�d�m�[�Z�p�b�b�� �k��
�h�[�j�Z�a�p�Z�f�b��CB[8]-�����b��CB[8]-�������m�f�_�g�v�r�b�e�h�k�v���g�Z���������b�������������k�h�h�l�\�_�l�k�l�\�_�g�g�h�����Z���i�h�k�e�_���b�g�d�m�[�Z�p�b�b���k��
�h�[�j�Z�a�p�h�f��CB[8]-5 �± �m�\�_�e�b�q�b�e�h�k�v���g�Z���������������j���������������������F�h�`�g�h���k�^�_�e�Z�l�v���\�u�\�h�^�����q�l�h���d�h�g�p�_�g�l�j�Z�p�b�y��
1 �î 10-5 �f�h�e�v���e�� �y�\�e�y�_�l�k�y�� �[�_�a�h�i�Z�k�g�h�c�� �^�e�y�� �d�e�_�l�h�d�� �e�b�g�b�b��NIH/3T3���� �q�l�h�� �l�Z�d�� �`�_�� �i�h�^�l�\�_�j�`�^�Z�_�l�k�y��
�\�b�a�m�Z�e�v�g�h�� ���j�b�k. 2). �D�e�_�l�d�b�� �i�h�^�� �\�h�a�^�_�c�k�l�\�b�_�f�� �h�[�j�Z�a�p�h�\�� �\�� �b�k�i�h�e�v�a�h�\�Z�g�g�u�o�� �d�h�g�p�_�g�l�j�Z�p�b�y�o��
�k�h�o�j�Z�g�y�x�l���k�\�h�x���f�h�j�n�h�e�h�]�b�x���b���h�[�j�Z�a�m�x�l���d�h�g�n�e�x�w�g�l�g�u�c���f�h�g�h�k�e�h�c�� 

 

 
�J�b�k. 2. �F�b�d�j�h�n�h�l�h�]�j�Z�n�b�b���d�h�g�n�e�x�w�g�l�g�h�]�h���f�h�g�h�k�e�h�y���d�e�_�l�h�d���e�b�g�b�b���1�,�+�����7�����i�h�k�e�_���b�g�d�m�[�Z�p�b�b���k���h�[�j�Z�a�p�Z�f�b��

�K�<�>��] , �K�<�>���@ �b �K�<�>8] �����F�Z�k�r�l�Z�[���± ���������f�d�f�� 
�:���± �d�h�g�l�j�h�e�v�����;�����<���b���=���± �K�<�>��] , �K�<�>���@ �b �K�<�>8]  �\���d�h�g�p�_�g�l�j�Z�p�b�b��1 �î  10-5 �f�h�e�v���e���k�h�h�l�\�_�l�k�l�\�_�g�g�h 
 
�A�Z�d�e�x�q�_�g�b�_ 
�<�� �j�Z�f�d�Z�o�� �\�u�i�h�e�g�_�g�b�y�� �^�Z�g�g�h�]�h���b�k�k�e�_�^�h�\�Z�g�b�y �i�j�h�\�_�^�_�g�Z�� �h�p�_�g�d�Z�� �]�_�f�h�e�b�l�b�q�_�k�d�h�c��

�Z�d�l�b�\�g�h�k�l�b�� �b�� �p�b�l�h�l�h�d�k�b�q�g�h�k�l�b�� �d�m�d�m�j�[�b�l�>n�@�m�j�b�e�h�\�� �b�� �a�h�e�_�^�j�h�g�h�\�h�c�� �d�b�k�e�h�l�u���� �<�� �i�j�h�p�_�k�k�_��
�\�u�i�h�e�g�_�g�b�y�� �i�j�h�_�d�l�h�\�� �m�^�Z�e�h�k�v�� �h�k�m�s�_�k�l�\�b�l�v���i�h�^�[�h�j�� �h�i�l�b�f�Z�e�v�g�u�o�� �d�h�g�p�_�g�l�j�Z�p�b�c�� �h�[�t�_�d�l�h�\��
�b�k�k�e�_�^�h�\�Z�g�b�y�����d�h�l�h�j�u�_���g�Z���k�e�_�^�m�x�s�_�f���w�l�Z�i�_���[�m�^�m�l���b�k�i�h�e�v�a�h�\�Z�g�u���^�e�y���k�h�a�^�Z�g�b�y���k�m�i�j�Z�f�h�e�_�d�m�e���g�Z��
�h�k�g�h�\�_���d�m�d�m�j�[�b�l�>�Q�@�m�j�b�e�h�\���k���\�d�e�x�q�_�g�g�u�f�b���\���i�h�e�h�k�l�v���f�h�e�_�d�m�e�Z�f�b���a�h�e�_�^�j�h�g�h�\�h�c���d�b�k�e�h�l�u�����L�Z�d�`�_��
�f�h�`�g�h���h�l�f�_�l�b�l�v�����q�l�h���k�h�a�^�Z�g�b�_���k�m�i�j�Z�f�h�e�_�d�m�e�y�j�g�u�o���d�h�g�k�l�j�m�d�p�b�c���g�Z���h�k�g�h�\�_���d�m�d�m�j�[�b�l�>�Q�@�m�j�b�e�h�\���b��
�a�h�e�_�^�j�h�g�h�\�h�c���d�b�k�e�h�l�u���y�\�e�y�_�l�k�y���k�l�j�Z�l�_�]�b�q�_�k�d�h�c���a�Z�^�Z�q�_�c���^�e�y���^�b�a�Z�c�g�Z���k�b�k�l�_�f���^�h�k�l�Z�\�d�b���e�_�d�Z�j�k�l�\�� 
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Abstract. In the present study, we have investigated isomeric compounds PA-198-1 and PA-198-2 
derived from monoterpenoid diol. PA-198-1 and PA-198-2 at doses 20 mg/kg proved to have 
antiparkinsonian properties. PA-198-2 mediates its effect through nicotinic acetylcholinic receptors, 
whereas PA-198-1 does not.  
Key words: �3�D�U�N�L�Q�V�R�Q�¶�V���G�L�V�H�D�V�H�����Q�H�X�U�R�S�U�R�W�H�F�W�L�R�Q�����D�Q�W�L�S�D�U�N�L�Q�V�R�Q�L�D�Q���D�J�H�Q�Ws. 
 

�<�\�_�^�_�g�b�_ 
�;�h�e�_�a�g�v�� �I�Z�j�d�b�g�k�h�g�Z���y�\�e�y�_�l�k�y �o�j�h�g�b�q�_�k�d�b�f �i�j�h�]�j�_�k�k�b�j�m�x�s�b�f �g�_�c�j�h�^�_�]�_�g�_�j�Z�l�b�\�g�u�f 

�a�Z�[�h�e�_�\�Z�g�b�_�f ���� �o�Z�j�Z�d�l�_�j�b�a�m�x�s�b�f�k�y�� �j�Z�g�g�_�c�� �\�u�j�Z�`�_�g�g�h�c�� �]�b�[�_�e�v�x�� �^�h�n�Z�f�b�g�_�j�]�b�q�_�k�d�b�o��
�g�_�c�j�h�g�h�\�� �d�h�f�i�Z�d�l�g�h�c�� �q�Z�k�l�b�� �q�_�j�g�h�c�� �k�m�[�k�l�Z�g�p�b�b�� �b�� �r�b�j�h�d�b�f�� �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�_�f��
�\�g�m�l�j�b�d�e�_�l�h�q�g�h�]�h�� �[�_�e�d�Z�� �.-�k�b�g�m�d�e�_�b�g�Z�� �>1]. �A�Z�� �i�h�k�e�_�^�g�b�_�� �^�\�Z�� �^�_�k�y�l�b�e�_�l�b�y�� �[�u�e�h�� �h�l�f�_�q�_�g�h��
�m�\�_�e�b�q�_�g�b�_�� �a�Z�[�h�e�_�\�Z�_�f�h�k�l�b�� �b�� �j�Z�k�i�j�h�k�l�j�Z�g�_�g�g�h�k�l�b���[�h�e�_�a�g�b�� �I�Z�j�d�b�g�k�h�g�Z [2]. �G�_�k�f�h�l�j�y�� �g�Z��
�m�k�i�_�o�b�� �^�h�k�l�b�]�g�m�l�u�_���\���e�_�q�_�g�b�b���[�h�e�_�a�g�b���I�Z�j�d�b�g�k�h�g�Z�����\���g�Z�k�l�h�y�s�_�_���\�j�_�f�y���g�b���h�^�b�g���i�j�_�i�Z�j�Z�l���g�_��
�f�h�`�_�l�� �h�[�j�Z�l�b�l�v�� �\�k�i�y�l�v���i�j�h�]�j�_�k�k�b�j�m�x�s�m�x�� �i�h�l�_�j�x�� �^�h�n�Z�f�b�g�_�j�]�b�q�_�k�d�b�o�� �g�_�c�j�h�g�h�\�� �\�� �f�h�a�]�_��
�i�Z�p�b�_�g�l�h�\�� �>3]���� �i�h�w�l�h�f�m�� �j�Z�a�j�Z�[�h�l�d�Z�� �i�Z�l�h�]�_�g�_�l�b�q�_�k�d�b�o�� �i�j�h�l�b�\�h�i�Z�j�d�b�g�k�h�g�b�q�_�k�d�b�o�� �i�j�_�i�Z�j�Z�l�h�\��
�h�k�l�Z�_�l�k�y���Z�d�l�m�Z�e�v�g�h�c���a�Z�^�Z�q�_�c��  

�F�h�g�h�l�_�j�i�_�g�h�b�^�u���i�j�_�^�k�l�Z�\�e�y�x�l���k�h�[�h�c���i�_�j�k�i�_�d�l�b�\�g�m�x���h�k�g�h�\�m���^�e�y���k�b�g�l�_�a�Z���k�h�_�^�b�g�_�g�b�c���k��
�i�j �h�l�b�\�h�i�Z�j�d�b�g�k�h�g�b�q�_�k�d�h�c���Z�d�l�b�\�g�h�k�l�v�x�����L�Z�d�����j�Z�g�_�_���[�u�e�b �h�[�g�Z�j�m�`�_�g�u �f�h�g�h�l�_�j�i�_�g�h�b�^-�^�b�h�e���b��
�_�]�h���Z�d�l�b�\�g�u�c���f�_�l�Z�[�h�e�b�l���w�i�h�d�k�b�^�b�h�e��[4]�����i�h�d�Z�a�Z�\�r�b�_���i�j�h�l�b�\�h�i�Z�j�d�b�g�k�h�g�b�q�_�k�d�m�x���Z�d�l�b�\�g�h�k�l�v���\��
�j�Z�a�e�b�q�g�u�o�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o�� �f�h�^�_�e�y�o�����W�l�b�� �j�_�a�m�e�v�l�Z�l�u�� �i�h�^�q�_�j�d�b�\�Z�x�l�� �a�g�Z�q�b�f�h�k�l�v��
�f�h�g�h�l�_�j�i�_�g�h�b�^�h�\�� �d�Z�d�� �i�_�j�k�i�_�d�l�b�\�g�h�c�� �h�k�g�h�\�u�� �^�e�y�� �j�Z�a�j�Z�[�h�l�d�b�� �g�h�\�u�o��
�i�j�h�l�b�\�h�i�Z�j�d�b�g�k�h�g�b�q�_�k�d�b�o�� �i�j�_�i�Z�j�Z�l�h�\���� �g�Z�i�j�Z�\�e�_�g�g�u�o�� �g�Z�� �d�e�x�q�_�\�u�_�� �i�Z�l�h�]�_�g�_�l�b�q�_�k�d�b�_��
�f�_�o�Z�g�b�a�f�u�� �[�h�e�_�a�g�b�� �I�Z�j�d�b�g�k�h�g�Z���� �b �p�_�e�_�k�h�h�[�j�Z�a�g�h�k�l�v �i�j�h�^�h�e�`�_�g�b�y �i�h�b�k�d�� �k�h�_�^�b�g�_�g�b�c����
�h�[�e�Z�^�Z�x�s�b�o�� �\�u�j�Z�`�_�g�g�h�c�� �i�j�h�l�b�\�h�i�Z�j�d�b�g�k�h�g�b�q�_�k�d�h�c�� �Z�d�l�b�\�g�h�k�l�v�x���� �k�b�g�l�_�a�b�j�h�\�Z�g�g�u�o�� �g�Z��
�h�k�g�h�\�_�� �^�b�h�e�Z�� �L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �p�_�e�v�x�� �g�Z�r�_�]�h�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �y�\�e�y�_�l�k�y�� �\�u�y�\�e�_�g�b�_�� �b�� �b�a�m�q�_�g�b�_��
�i�j�h�b�a�\�h�^�g�u�o���^�b�h�e�Z�����h�[�e�Z�^�Z�x�s�b�o���i�j�h�l�b�\�h�i�Z�j�d�b�g�k�h�g�b�q�_�k�d�h�c���Z�d�l�b�\�g�h�k�l�v�x�� 

 
�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y���q�Z�k�l�v 
�>�e�y�� �f�h�^�_�e�b�j�h�\�Z�g�b�y�� �[�h�e�_�a�g�b�� �I�Z�j�d�b�g�k�h�g�Z���b�k�i�h�e�v�a�h�\�Z�e�b�� �f�h�^�_�e�v�� �i�Z�j�d�b�g�k�h�g�b�q�_�k�d�h�]�h��

�k�b�g�^�j�h�f�Z���� �b�g�^�m�p�b�j�h�\�Z�g�g�h�]�h�� �g�_�c�j�h�l�h�d�k�b�g�h�f�� �F�N�L�I [5]. �K�Z�f�p�Z�f�� �f�u�r�_�c�� �&�����%�O���� ���\�� �d�Z�`�^�h�c��
�]�j�m�i�i�_���i�h�������h�k�h�[�_�c�� �\�\�h�^�b�e�k�y���F�N�L�I���\�g�m�l�j�b�[�j�x�r�b�g�g�h���q�_�l�u�j�_�o�d�j�Z�l�g�h���k���i�j�h�f�_�`�m�l�d�h�f�������q�Z�k�Z����
�Q�_�j�_�a�� �k�m�l�d�b�� �i�h�k�e�_�� �i�h�k�e�_�^�g�_�c�� �b�g�t�_�d�p�b�b���F�N�L�I���b�k�k�e�_�^�m�_�f�u�_���Z�]�_�g�l�u���\�� �^�h�a�_�� ������ �f�]���d�]�� �f�u�r�Z�f��
�\�\�h�^�b�e�b�� �\�g�m�l�j�b�`�_�e�m�^�h�q�g�h���� �q�_�j�_�a�� ���� �q�Z�k�Z�� �i�h�k�e�_�� �\�\�_�^�_�g�b�y�� �i�j�h�\�h�^�b�e�b�� �l�_�k�l�u���©�h�l�d�j�u�l�h�_�� �i�h�e�_�ª 
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(�k �i�h�f�h�s�v�x�� �Z�\�l�h�f�Z�l�b�a�b�j�h�\�Z�g�g�h�c�� �m�k�l�Z�g�h�\�d�b�� �7�U�X�� �6�F�D�Q) �b���©�g�Z�� �\�_�r�Z�e�d�_�ª �^�e�y�� �h�p�_�g�d�b�� �\�e�b�y�g�b�y��
�k�h�_�^�b�g�_�g�b�c���g�Z���^�\�b�]�Z�l�_�e�v�g�m�x �Z�d�l�b�\�g�h�k�l�v�����L�Z�d�`�_ �h�p�_�g�b�\�Z�e�b���\�e�b�y�g�b�_���Z�]�_�g�l�h�\���g�Z���^�\�b�]�Z�l�_�e�v�g�m�x��
�Z�d�l�b�\�g�h�k�l�v���m���k�Z�f�p�h�\���f�u�r�_�c��CD-1 �[�_�a���b�g�^�m�p�b�j�h�\�Z�g�g�h�]�h���i�Z�j�d�b�g�k�h�g�b�a�f�Z �\�� �©�h�l�d�j�u�l�h�f���i�h�e�_�ª. 
�<�e�b�y�g�b�_�� �g�Z�� �^�h�n�Z�f�b�g�_�j�]�b�q�_�k�d�m�x�� �k�b�k�l�_�f�m�� �h�p�_�g�b�\�Z�e�b�� �k�� �i�h�f�h�s�v�x���f�h�^�_�e�b���d�Z�l�Z�e�_�i�k�b�b����
�\�u�a�\�Z�g�g�h�c���\�\�_�^�_�g�b�_�f���]�Z�e�h�i�_�j�b�^�h�e�Z�����m���k�Z�f�p�h�\���f�u�r�_�c��CD-1. �I�h�f�b�f�h���w�l�h�]�h�� �i�j�h�\�h�^�b�e�b���h�p�_�g�d�m��
�\�e�b�y�g�b�y���i�_�j�k�i�_�d�l�b�\�g�u�o���Z�]�_�g�l�h�\���g�Z���o�h�e�b�g�_�j�]�b�q�_�k�d�m�x���k�b�k�l�_�f�m���m���k�Z�f�p�h�\���f�u�r�_�c��CD-1 �\���l�_�k�l�Z�o��
�©�Z�p�_�l�b�e�o�h�e�b�g�h�\�u�_���d�h�j�q�b�ª���b���©�g�b�d�h�l�b�g�h�\�Z�y���l�h�d�k�b�q�g�h�k�l�v�ª��  

�J�_�a�m�e�v�l�Z�l�u�� �h�[�j�Z�[�Z�l�u�\�Z�e�b�� �k�l�Z�l�b�k�l�b�q�_�k�d�b�� �\�� �i�j�h�]�j�Z�f�f�_�� �6�W�D�W�L�V�W�L�F�D�� �������� ���6�W�D�W�6�R�I�W���� �,�Q�F��������
�>�Z�g�g�u�_�� �i�j�_�^�k�l�Z�\�e�y�e�b�� �\�� �\�b�^�_�� �k�j�_�^�g�_�]�h�� �a�g�Z�q�_�g�b�y�� �b�� �k�l�Z�g�^�Z�j�l�g�h�c�� �h�r�b�[�d�b�� �k�j�_�^�g�_�]�h�� ��M �“��m). 
�>�h�k�l�h�\�_�j�g�h�k�l�v�� �j�Z�a�e�b�q�b�c�� �f�_�`�^�m�� �]�j�m�i�i�Z�f�b�� �m�k�l�Z�g�Z�\�e�b�\�Z�e�b�� �i�h�� �d�j�b�l�_�j�b�x�� �F�Z�g�g�Z-�M�b�l�g�b�� 
�i�j�b���S < 0,05. �<�k�_���j�Z�[�h�l�u���k���`�b�\�h�l�g�u�f�b���[�u�e�b���i�j�h�\�_�^�_�g�u���\���k�h�h�l�\�_�l�k�l�\�b�b���k���w�l�b�q�_�k�d�b�f�b���g�h�j�f�Z�f�b��
�h�[�j�Z�s�_�g�b�y�� �k�� �e�Z�[�h�j�Z�l�h�j�g�u�f�b�� �`�b�\�h�l�g�u�f�b�� �b���I�j�b�d�Z�a�h�f�� �F�A�� �J�N�� �‹�� �������g�� �h�l�� ���� �Z�i�j�_�e�y�� ���������� �]����
�©�I�j�Z�\�b�e�Z�� �g�Z�^�e�_�`�Z�s�_�c�� �e�Z�[�h�j�Z�l�h�j�g�h�c�� �i�j�Z�d�l�b�d�b�ª���� �Z�� �l�Z�d�`�_ �\�� �k�h�h�l�\�_�l�k�l�\�b�b�� �k�� �i�j�h�l�h�d�h�e�h�f��
�b�k�k�e�_�^�h�\�Z�g�b�y�����m�l�\�_�j�`�^�z�g�g�u�f���[�b�h�w�l�b�q�_�k�d�b�f���d�h�f�b�l�_�l�h�f���G�B�H�O���K�H���J�:�G�� 

 
�J�_�a�m�e�v�l�Z�l�u 
�I�h���j�_�a�m�e�v�l�Z�l�Z�f���i�j�h�\�_�^�_�g�g�u�o���k�d�j�b�g�b�g�]�h�\�u�o���b�k�k�e�_�^�h�\�Z�g�b�c���[�u�e�b���\�u�y�\�e�_�g�u���i�j�h�b�a�\�h�^�g�u�_��

�^�b�h�e�Z���J�:-198-���� �b�� �J�:-198-2���� �\�e�b�y�g�b�_�� �d�h�l�h�j�u�o�� �g�Z�� �^�\�b�]�Z�l�_�e�v�g�m�x�� �Z�d�l�b�\�g�h�k�l�v�� �f�u�r�_�c�� 
�k�� �b�g�^�m�p�b�j�h�\�Z�g�g�u�f�� �i�Z�j�d�b�g�k�h�g�b�a�f�h�f�� �i�h�d�Z�a�Z�g�h�� �\�� �l�Z�[�e. 1���� �a�g�Z�q�b�f�h�]�h�� �\�e�b�y�g�b�y�� �k�h�_�^�b�g�_�g�b�c�� 
�g�Z���^�\�b�]�Z�l�_�e�v�g�m�x�� �Z�d�l�b�\�g�h�k�l�v���f�u�r�_�c�� �[�_�a���i�Z�j�d�b�g�k�h�g�b�a�f�Z�� �g�_�� �[�u�e�h�� �i�h�d�Z�a�Z�g�h (p > 0,05). 
�J�_�a�m�e�v�l�Z�l�u���b�k�k�e�_�^�h�\�Z�g�b�y���g�Z���f�h�^�_�e�b���d�Z�l�Z�e�_�i�k�b�b�����\�u�a�\�Z�g�g�h�c���]�Z�e�h�i�_�j�b�^�h�e�h�f�����i�j�_�^�k�l�Z�\�e�_�g�u���g�Z��
�j�b�k�� 1. 

 
�L�Z�[�e�b�p�Z���� 

�<�e�b�y�g�b�_ �b�k�k�e�_�^�m�_�f�u�o���Z�]�_�g�l�h�\���g�Z���^�\�b�]�Z�l�_�e�v�g�m�x �Z�d�l�b�\�g�h�k�l�v���f�u�r�_�c���k���b�g�^�m�p�b�j�h�\�Z�g�g�u�f���i�Z�j�d�b�g�k�h�g�b�q�_�k�d�b�f��
�k�b�g�^�j�h�f�h�f���i�j�b���q�_�l�u�j�_�o�d�j�Z�l�g�h�f���\�\�_�^�_�g�b�b���F�N�L�I 

 �L�_�k�l���©�h�l�d�j�u�l�h�_���i�h�e�_�ª �L�_�k�l���©�g�Z���\�_�r�Z�e�d�_�ª 
�>�\�b�]�Z�l�_�e�v�g�Z�y��

�Z�d�l�b�\�g�h�k�l�v�����k�_�d�� 
�>�b�k�l�Z�g�p�b�y��

�^�\�b�`�_�g�b�y�����k�f�� 
�K�d�h�j�h�k�l�v���^�\�b�`�_�g�b�y 

���k�f���k�_�d�� 
�<�j�_�f�y���\���^�\�b�`�_�g�b�b��

���k�_�d�� 
�D�h�g�l�j�h�e�v 78,6 �“�������� �������������“���������� ���������“�������� ���������“�������� 
�F�N�L�I�� 
�������f�]���d�]�� 
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�����j�Z�a�Z 
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�F�N�L�I������ 
�J�:-198-�����������f�]���d�]�� 

�����������“�������� �������������“�������������
�
�� ���������“�����������
�
�� 31,4 ***  

�F�N�L�I������ 
�J�:-198-�����������f�]���d�]�� 

�����������“�������� �������������“���������� # ���������“�������� # �����������“�������������
�
�
 

* �± p<0,05; ** �± p<0,01; *** �± �S���������������^�h�k�l�h�\�_�j�g�h�k�l�v���i�h���k�j�Z�\�g�_�g�b�x���k���d�h�g�l�j�h�e�v�g�h�c���]�j�m�i�i�h�c��   
# �± �S�������������^�h�k�l�h�\�_�j�g�h�k�l�v���i�h���k�j�Z�\�g�_�g�b�x���k���]�j�m�i�i�h�c���F�N�L�I. 
 

�I�h���j�_�a�m�e�v�l�Z�l�Z�f �b�k�k�e�_�^�h�\�Z�g�b�y���\�e�b�y�g�b�y���Z�]�_�g�l�h�\���J�:-198-�����b���J�:-198-�����g�Z���o�h�e�b�g�_�j�]�b�q�_�k�d�b�_��
�j�_�p�_�i�l�h�j�u �[�u�e�h�� �\�u�y�\�e�_�g�h�� �a�g�Z�q�b�f�h�_�� ���j = 0,01���� �k�g�b�`�_�g�b�_�� �e�_�l�Z�e�v�g�h�k�l�b�� �\�� �l�_�k�l�_�� �©�g�b�d�h�l�b�g�h�\�Z�y��
�l�h�d�k�b�q�g�h�k�l�v�ª�� �i�j�b�� �\�\�_�^�_�g�b�b�� �Z�]�_�g�l�Z�� �J�:-198-2. �<�� �l�_�k�l�_�� �©�Z�p�_�l�b�e�o�h�e�b�g�h�\�u�_�� �d�h�j�q�b�ª�� �a�g�Z�q�b�f�u�o��
�h�l�e�b�q�b�c���^�e�y���^�Z�g�g�u�o���k�h�_�^�b�g�_�g�b�c���i�j�h�^�_�f�h�g�k�l�j�b�j�h�\�Z�g�h���g�_���[�u�e�h�� 
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�J�b�k�����������<�e�b�y�g�b�_���Z�]�_�g�l�h�\���J�:-198-�����b���J�:-198-�����g�Z���h�[�s�m�x���i�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�v���d�Z�l�Z�e�_�i�k�b�b���b���i�j�h�p�_�g�l���`�b�\�h�l�g�u�o��

�k���j�Z�a�\�b�\�r�_�c�k�y���d�Z�l�Z�e�_�i�k�b�_�c���i�j�b���\�\�_�^�_�g�b�b���]�Z�e�h�i�_�j�b�^�h�e�Z;  
* �± p<0,05; *** �± �S���������������^�h�k�l�h�\�_�j�g�h�k�l�v���i�h���k�j�Z�\�g�_�g�b�x���k���]�j�m�i�i�h�c���]�Z�e�h�i�_�j�b�^�h�e�Z 

 
�A�Z�d�e�x�q�_�g�b�_ 
�<�� �j�_�a�m�e�v�l�Z�l�_�� �i�j�h�\�_�^�_�g�g�u�o�� �b�k�k�e�_�^�h�\�Z�g�b�c �[�u�e�b�� �\�u�^�_�e�_�g�u�� �i�_�j�k�i�_�d�l�b�\�g�u�_�� 

�^�e�y�� �^�Z�e�v�g�_�c�r�_�]�h�� �b�a�m�q�_�g�b�y�� �Z�]�_�g�l�u�� �J�:-198-���� �b�� �J�:-198-2, �d�h�l�h�j�u�_�� �y�\�e�y�x�l�k�y�� �b�a�h�f�_�j�Z�f�b���� �q�l�h��
�i�j�_�^�k�l�Z�\�e�y�_�l�� �^�h�i�h�e�g�b�l�_�e�v�g�u�c�� �b�g�l�_�j�_�k�� �^�e�y�� �b�a�m�q�_�g�b�y�� �\�a�Z�b�f�h�h�l�g�h�r�_�g�b�c�� �k�l�j�m�d�l�m�j�u�� �b��
�Z�d�l�b�\�g�h�k�l�b�� �^�Z�g�g�u�o�� �k�h�_�^�b�g�_�g�b�c�����>�Z�g�g�u�_�� �Z�]�_�g�l�u���i�h�d�Z�a�Z�e�b �\�u�j�Z�`�_�g�g�m�x �Z�d�l�b�\�g�h�k�l�v�� 
�d�Z�d�� �\�� �f�h�^�_�e�b�� �F�N�L�I-�b�g�^�m�p�b�j�h�\�Z�g�g�h�]�h�� �i�Z�j�d�b�g�k�h�g�b�a�f�Z���� �l�Z�d�� �b�� �\�� �f�h�^�_�e�b�� �d�Z�l�Z�e�_�i�k�b�b����
�b�g�^�m�p�b�j�h�\�Z�g�g�h�c�� �]�Z�e�h�i�_�j�b�^�h�e�h�f�����J�_�a�m�e�v�l�Z�l�u�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �\�e�b�y�g�b�y�� �Z�]�_�g�l�h�\�� �m�� �f�u�r�_�c�� 
�[�_�a�� �b�g�^�m�p�b�j�h�\�Z�g�g�h�]�h�� �i�Z�j�d�b�g�k�h�g�b�a�f�Z�� �i�h�d�Z�a�u�\�Z�x�l�� �h�l�k�m�l�k�l�\�b�_�� �k�l�b�f�m�e�b�j�m�x�s�_�]�h�� �^�_�c�k�l�\�b�y��
�Z�]�_�g�l�h�\���� �l�_�f�� �k�Z�f�u�f�� �i�h�^�l�\�_�j�`�^�Z�y�� �g�Z�e�b�q�b�_�� �m�� �g�b�o�� �i�j�h�l�b�\�h�i�Z�j�d�b�g�k�h�g�b�q�_�k�d�h�c�� �Z�d�l�b�\�g�h�k�l�b���� 
�I�j�b���b�a�m�q�_�g�b�b �\�e�b�y�g�b�y���Z�]�_�g�l�h�\���g�Z���o�h�e�b�g�_�j�]�b�q�_�k�d�b�_���j�_�p�_�i�l�h�j�u���p�_�g�l�j�Z�e�v�g�h�c���g�_�j�\�g�h�c���k�b�k�l�_�f�u��
�[�u�e�h�� �i�h�d�Z�a�Z�g�h���� �q�l�h�� �J�:-198-���� �\�a�Z�b�f�h�^�_�c�k�l�\�m�_�l �k�� �g�b�d�h�l�b�g�h�\�u�f�b�� �Z�p�_�l�b�e�o�h�e�b�g�h�\�u�f�b��
�j�_�p�_�i�l�h�j�Z�f�b�� �>�e�y���J�:-198-�����g�_���[�u�e�h���\�u�y�\�e�_�g�h���\�e�b�y�g�b�y���g�Z���Z�p�_�l�b�e�o�h�e�b�g�h�\�u�_���j�_�p�_�i�l�h�j�u�� 

�I�h�e�m�q�_�g�g�u�_���^�Z�g�g�u�_ �i�h�^�l�\�_�j�`�^�Z�x�l���i�_�j�k�i�_�d�l�b�\�g�h�k�l�v���^�Z�e�v�g�_�c�r�_�]�h���b�a�m�q�_�g�b�y���k�h�_�^�b�g�_�g�b�c����
�k�b�g�l�_�a�b�j�h�\�Z�g�g�u�o�� �g�Z�� �h�k�g�h�\�_�� �^�b�h�e�Z���� �^�e�y�� �h�l�[�h�j�Z�� �k�h�_�^�b�g�_�g�b�c-�d�Z�g�^�b�^�Z�l�h�\���^�e�y�� �^�Z�e�v�g�_�c�r�_�c��
�j�Z�a�j�Z�[�h�l�d�b���\���d�Z�q�_�k�l�\�_���i�j�_�i�Z�j�Z�l�h�\���^�e�y���e�_�q�_�g�b�y���[�h�e�_�a�g�b���I�Z�j�d�b�g�k�h�g�Z�� 
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�I�j�h�]�g�h�k�l�b�q�_�k�d�Z�y���a�g�Z�q�b�f�h�k�l�v���d�h�i�b�c�g�h�k�l�b���]�_�g�h�\���:�1�7 ���k�b�]�g�Z�e�b�g�]�Z���i�j�b���j�Z�d�_���]�h�j�l�Z�g�b 
�B���:�����P�u�^�_�g�h�\�Z�����������>���K�����>�h�e�]�Z�r�_�\�Z�����������D���:�����=�Z�i�l�m�e�[�Z�j�h�\�Z������ 

�G�Z�m�q�g�u�c���j�m�d�h�\�h�^�b�l�_�e�v�����i�j�h�n�_�k�k�h�j�����^���[���g�������G���<�����E�b�l�\�y�d�h�\�� 
�L�h�f�k�d�b�c���g�Z�p�b�h�g�Z�e�v�g�u�c���b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�b�c���f�_�^�b�p�b�g�k�d�b�c���p�_�g�l�j�����G�B�B���h�g�d�h�e�h�]�b�b���� 

�J�h�k�k�b�y�����]�� �L�h�f�k�d�����i�_�j�����D�h�h�i�_�j�Z�l�b�\�g�u�c���������������������� 
�G�Z�p�b�h�g�Z�e�v�g�u�c���b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�b�c���L�h�f�k�d�b�c���]�h�k�m�^�Z�j�k�l�\�_�g�g�u�c���m�g�b�\�_�j�k�b�l�_�l 

�J�h�k�k�b�y�����]�� �L�h�f�k�d�����i�j�����E�_�g�b�g�Z������������������������ 
�(���P�D�L�O�����W�V�\�G�H�Q�R�Y�D�������# �J�P�D�L�O���F�R�P 

 
�3�U�R�J�Q�R�V�W�L�F���V�L�J�Q�L�I�L�F�D�Q�F�H���R�I���:�1�7���V�L�J�Q�D�O�L�Q�J���J�H�Q�H���F�R�S�\���Q�X�P�E�H�U���L�Q���O�D�U�\�Q�J�H�D�O���F�D�Q�F�H�U 

�,���$�����7�V�\�G�H�Q�R�Y�D�����������'���6�����'�R�O�J�D�V�K�H�Y�D�����������.���$�����*�D�S�W�X�O�E�D�U�R�Y�D������ 

�6�F�L�H�Q�W�L�I�L�F���6�X�S�H�U�Y�L�V�R�U�����3�U�R�I�������'�U�����1���9�����/�L�W�Y�L�D�N�R�Y 
���7�R�P�V�N���1�D�W�L�R�Q�D�O���5�H�V�H�D�U�F�K���0�H�G�L�F�D�O���&�H�Q�W�H�U�����5�,���&�D�Q�F�H�U�����5�X�V�V�L�D�����7�R�P�V�N�����.�R�R�S�H�U�D�W�L�Y�Q�\���V�W�U������������������������ 

���7�R�P�V�N���6�W�D�W�H���8�Q�L�Y�H�U�V�L�W�\�����5�X�V�V�L�D�����7�R�P�V�N�����������/�H�Q�L�Q���V�W�U������������������ 
�(���P�D�L�O�����W�V�\�G�H�Q�R�Y�D�������#�J�P�D�L�O���F�R�P�� 

 
�$�E�V�W�U�D�F�W�����7�K�H�� �D�V�V�R�F�L�D�W�L�R�Q�� �E�H�W�Z�H�H�Q�� �K�H�P�D�W�R�J�H�Q�R�X�V�� �P�H�W�D�V�W�D�V�L�V�� �D�Q�G�� �&�1�$�� ���&�R�S�\�� �1�X�P�E�H�U���$�E�H�U�U�D�W�L�R�Q����
�O�R�F�L���R�I���:�1�7���V�L�J�Q�D�O�L�Q�J���S�D�W�K�Z�D�\���J�H�Q�H�V���L�Q���O�D�U�\�Q�J�H�D�O���W�X�P�R�U���Z�D�V���V�W�X�G�L�H�G�����:�1�7���V�L�J�Q�D�O�L�Q�J���S�D�W�K�Z�D�\���J�H�Q�H�V��
�W�K�D�W���D�U�H���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���P�H�W�D�V�W�D�V�L�V���Z�H�U�H���L�G�H�Q�W�L�I�L�H�G���� �)�R�U�W�\���R�Q�H���S�D�W�L�H�Q�W�V���Z�L�W�K���O�D�U�\�Q�J�H�D�O���F�D�Q�F�H�U���Z�H�U�H��
�L�Q�F�O�X�G�H�G���L�Q���W�K�H���V�W�X�G�\�����7�H�Q���R�I���W�K�H���������S�D�W�L�H�Q�W�V���G�H�Y�H�O�R�S�H�G���K�H�P�D�W�R�J�H�Q�R�X�V���P�H�W�D�V�W�D�V�H�V�����7�K�L�U�W�\���J�H�Q�H�V���R�I���W�K�H��
�:�1�7���V�L�J�Q�D�O�L�Q�J�� �S�D�W�K�Z�D�\�� �Z�H�U�H�� �L�G�H�Q�W�L�I�L�H�G���� �Z�K�R�V�H�� �&�1�$�V�� �L�Q�� �W�K�H�� �U�H�V�L�G�X�D�O�� �W�X�P�R�U�� �D�U�H�� �D�V�V�R�F�L�D�W�H�G�� �Z�L�W�K��
�P�H�W�D�V�W�D�V�L�V���D�Q�G���F�D�Q���E�H���X�V�H�G���D�V���D���S�U�R�J�Q�R�V�W�L�F���I�D�F�W�R�U�� 
�.�H�\���Z�R�U�G�V�����O�D�U�\�Q�J�H�D�O���F�D�Q�F�H�U�����P�H�W�D�V�W�D�V�L�V�����&�1�$�� 
 

�<�\�_�^�_�g�b�_ 
�J�Z�d�� �]�h�e�h�\�u�� �b�� �r�_�b�� �y�\�e�y�_�l�k�y�� �k�_�^�v�f�u�f�� �i�h�� �j�Z�k�i�j�h�k�l�j�Z�g�_�g�g�h�k�l�b�� �l�b�i�h�f�� �j�Z�d�Z�� �\�� �f�b�j�_�� �b��

�\�d�e�x�q�Z�_�l�� �\�� �k�_�[�y�� �j�Z�a�g�h�h�[�j�Z�a�g�m�x�� �]�j�m�i�i�m�� �h�i�m�o�h�e�_�c���� �i�h�j�Z�`�Z�x�s�b�o�� �\�_�j�o�g�b�c�� �^�u�o�Z�l�_�e�v�g�u�c�� �b��
�i�b�s�_�\�Z�j�b�l�_�e�v�g�u�c�� �l�j�Z�d�l�����G�Z�b�[�h�e�_�_�� �j�Z�k�i�j�h�k�l�j�Z�g�_�g�g�u�f�� �g�h�\�h�h�[�j�Z�a�h�\�Z�g�b�_�f�� �\�� �w�l�h�c�� �]�j�m�i�i�_��
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�<���g�_�_���\�h�r�e�b���g�_�d�h�l�h�j�u�_���l�j�Z�g�k�d�j�b�i�p�b�h�g�g�u�_���n�Z�d�l�h�j�u���� �\�l�h�j�b�q�g�u�_���f�_�k�k�_�g�^�`�_�j�u���� �d�b�g�Z�a�u���� �H�g�b��
�f�h�]�m�l�� �h�d�Z�a�u�\�Z�l�v�� �a�Z�f�_�l�g�h�_���� �g�h�� �g�_�� �k�l�h�e�v�� �d�j�b�l�b�q�_�k�d�h�_�� �\�e�b�y�g�b�_�� �d�Z�d�� �Z�d�l�b�\�Z�l�h�j�u�� �g�Z���:�1�7 ��
�k�b�]�g�Z�e�v�g�u�c���i�m�l�v�����i�j�b���w�l�h�f���Z�d�l�b�\�g�h�k�l�v���i�j�h�^�m�d�l�h�\���w�l�b�o���]�_�g�h�\���f�h�`�_�l���e�b�[�h���i�h�^�Z�\�e�y�l�v�k�y���^�j�m�]�b�f�b��
�n�Z�d�l�h�j�Z�f�b���� �e�b�[�h�� �i�j�b�g�Z�^�e�_�`�Z�l�v�� �d�� �g�_�d�Z�g�h�g�b�q�_�k�d�h�f�m�� �i�m�l�b���� �e�b�[�h�� �j�_�]�m�e�b�j�h�\�Z�l�v�� �i�j�h�y�\�e�_�g�b�y��
�:�1�7 ���k�b�]�g�Z�e�b�a�Z�p�b�b���� �f�Z�e�h�� �k�\�y�a�Z�g�g�u�_�� �k�� �i�j�h�e�b�n�_�j�Z�p�b�_�c���� �f�b�]�j�Z�p�b�_�c�����Z�^�]�_�a�b�_�c�� �b��
�k�l�\�h�e�h�h�[�j�Z�a�h�\�Z�g�b�_�f�����l�h���_�k�l�v���l�_���f�_�o�Z�g�b�a�f�u�����d�h�l�h�j�u�_���g�_�h�[�o�h�^�b�f�u���^�e�y���f�_�l�Z�k�l�Z�a�b�j�h�\�Z�g�b�y�����&�1�$��
�j�_�]�b�h�g�u�� �e�h�d�Z�e�b�a�Z�p�b�b�� �w�l�b�o�� �]�_�g�h�\�� �[�u�e�b�� �b�k�d�e�x�q�_�g�u�� �b�a�� �^�Z�e�v�g�_�c�r�_�]�h�� �Z�g�Z�e�b�a�Z�� �b�a���a�Z�� �\�u�k�h�d�h�c��
�i�e�_�c�h�l�j�h�i�g�h�k�l�b���\�a�Z�b�f�g�u�o���\�e�b�y�g�b�c���b���g�b�a�d�h�c���a�g�Z�q�b�f�h�k�l�b���^�e�y���f�_�o�Z�g�b�a�f�h�\���f�_�l�Z�k�l�Z�a�b�j�h�\�Z�g�b�y����
�I�h�k�e�_���l�Z�d�h�]�h���i�j�_�^�\�Z�j�b�l�_�e�v�g�h�]�h���[�b�h�b�g�n�h�j�f�Z�p�b�h�g�g�h�]�h���h�l�[�h�j�Z���]�_�g�h�\���:�1�7 ���k�b�]�g�Z�e�b�a�Z�p�b�b���k�\�y�a�v��
�k���f�_�l�Z�k�l�Z�a�b�j�h�\�Z�g�b�_�f���h�p�_�g�b�\�Z�e�Z�k�v���l�h�e�v�d�h���^�e�y���i�_�j�\�h�c���b���\�l�h�j�h�c���]�j�m�i�i���]�_�g�h�\�����K�h�]�e�Z�k�g�h���j�Z�[�h�q�_�c��
�]�b�i�h�l�_�a�_�����f�_�l�Z�k�l�Z�a�b�j�h�\�Z�g�b�x���^�h�e�`�g�h���k�i�h�k�h�[�k�l�\�h�\�Z�l�v���m�k�b�e�_�g�b�_���e�h�d�m�k�h�\���]�_�g�h�\���i�_�j�\�h�c���]�j�m�i�i�u���b��
�m�^�Z�e�_�g�b�_�� �e�h�d�m�k�h�\�� �]�_�g�h�\�� �\�l�h�j�h�c�� �]�j�m�i�i�u���� �Z�� �b�g�]�b�[�b�j�h�\�Z�g�b�_�� �f�_�l�Z�k�l�Z�a�b�j�h�\�Z�g�b�y�� �^�h�e�`�g�h��
�h�k�m�s�_�k�l�\�e�y�l�v�k�y�� �i�m�l�_�f�� �m�^�Z�e�_�g�b�y�� �e�h�d�m�k�h�\�� �]�_�g�h�\�� �i�_�j�\�h�c�� �]�j�m�i�i�u�� �b�� �m�k�b�e�_�g�b�y�� �e�h�d�m�k�h�\�� �]�_�g�h�\��
�\�l�h�j�h�c���]�j�m�i�i�u�����J�Z�a�e�b�q�b�y���f�_�`�^�m���]�j�m�i�i�Z�f�b���k�l�Z�l�b�k�l�b�q�_�k�d�b���a�g�Z�q�b�f�u���i�h���^�Z�g�g�u�f���^�\�m�k�l�h�j�h�g�g�_�]�h��
�l�_�k�l�Z�� �N�b�r�_�j�Z�� �k�� �\�u�k�h�d�b�f�� �m�j�h�\�g�_�f�� �^�h�\�_�j�b�l�_�e�v�g�h�c�� �\�_�j�h�y�l�g�h�k�l�b�� �b���O�R�J���U�D�Q�N���l�_�k�l�Z�� �i�j�b�� �h�p�_�g�d�_��
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Abstract. This study presents the results of assessing changes in inflammatory response biomarkers in 
perivascular adipose tissue (PVAT) in relation to serum leptin levels in rats with diet-induced metabolic 
syndrome (MS). The results of the study revealed an increase in the secretion of proinflammatory 
cytokines by PVAT cellular elements, correlating with an increase in serum leptin levels. 
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�<���g�Z�k�l�h�y�s�_�_���\�j�_�f�y���a�Z�[�h�e�_�\�Z�g�b�y���k�_�j�^�_�q�g�h-�k�h�k�m�^�b�k�l�h�c���k�b�k�l�_�f�u���a�Z�g�b�f�Z�x�l���e�b�^�b�j�m�x�s�m�x��

�i�h�a�b�p�b�x�� �d�Z�d�� �h�k�g�h�\�g�Z�y�� �i�j�b�q�b�g�Z�� �k�f�_�j�l�g�h�k�l�b�� �b�� �j�Z�g�g�_�c�� �b�g�\�Z�e�b�^�b�a�Z�p�b�b�� �l�j�m�^�h�k�i�h�k�h�[�g�h�]�h��
�g�Z�k�_�e�_�g�b�y [1]. �I�h�� �f�_�j�_�� �j�Z�a�\�b�l�b�y�� �i�j�_�^�k�l�Z�\�e�_�g�b�c�� �h�� �f�_�o�Z�g�b�a�f�Z�o, �e�_�`�Z�s�b�o�� �\�� �h�k�g�h�\�_�� �j�Z�a�\�b�l�b�y��
�k�_�j�^�_�q�g�h-�k�h�k�m�^�b�k�l�u�o���a�Z�[�h�e�_�\�Z�g�b�c�����\�k�_���[�h�e�v�r�_���\�g�b�f�Z�g�b�y���m�^�_�e�y�_�l�k�y���i�_�j�b�\�Z�k�d�m�e�y�j�g�h�c���`�b�j�h�\�h�c��
�l�d�Z�g�b�� ���I�<�@�L������ �d�h�l�h�j�Z�y�� �h�d�j�m�`�Z�_�l�� �[�h�e�v�r�b�g�k�l�\�h�� �d�j�h�\�_�g�h�k�g�u�o�� �k�h�k�m�^�h�\�� �f�e�_�d�h�i�b�l�Z�x�s�b�o, 
�y�\�e�y�_�l�k�y�� �f�_�l�Z�[�h�e�b�q�_�k�d�b�� �Z�d�l�b�\�g�u�f�� �h�j�]�Z�g�h�f�� �b�� �h�[�e�Z�^�Z�_�l�� �k�i�h�k�h�[�g�h�k�l�v�x �j�_�]�m�e�b�j�h�\�Z�l�v�� �l�h�g�m�k��
�d�j�h�\�_�g�h�k�g�u�o�� �k�h�k�m�^�h�\���� �j�h�k�l�� �b�� �i�j�h�e�b�n�_�j�Z�p�b�x�� �]�e�Z�^�d�h�f�u�r�_�q�g�u�o�� �d�e�_�l�h�d�� �k�h�k�m�^�b�k�l�h�c�� �k�l�_�g�d�b���� �Z��
�l�Z�d�`�_�� �n�m�g�d�p�b�x�� �w�g�^�h�l�_�e�b�y��[2]. �F�_�l�Z�[�h�e�b�q�_�k�d�b�c�� �k�b�g�^�j�h�f�� ���F�K���� �b�� �Z�k�k�h�p�b�b�j�h�\�Z�g�g�h�_�� �k�� �g�b�f��
�Z�[�^�h�f�b�g�Z�e�v�g�h�_�� �h�`�b�j�_�g�b�_�� �k�h�i�j�h�\�h�`�^�Z�_�l�k�y�� �j�Z�a�\�b�l�b�_�f�� �\�h�k�i�Z�e�_�g�b�y�� �\�� �\�b�k�p�_�j�Z�e�v�g�h�c�� �`�b�j�h�\�h�c��
�l�d�Z�g�b���� �=�b�i�_�j�l�j�h�n�b�j�h�\�Z�g�g�u�_�� �Z�^�b�i�h�p�b�l�u�� �b�� �j�_�a�b�^�_�g�l�g�u�_�� �f�Z�d�j�h�n�Z�]�b���i�j�h�^�m�p�b�j�m�x�l�� �[�h�e�v�r�h�_��
�d�h�e�b�q�_�k�l�\�h�� �i�j�h�\�h�k�i�Z�e�b�l�_�e�v�g�u�o�� �p�b�l�h�d�b�g�h�\���� �o�_�f�h�d�b�g�h�\ �b�� �Z�^�b�i�h�p�b�l�Z�j�g�u�o�� �]�h�j�f�h�g�h�\�� ���e�_�i�l�b�g����
�Z�^�b�i�h�g�_�d�l�b�g���� �j�_�a�k�b�l�b�g�� �b�� �^�j���� �i�j�b�\�h�^�y�� �d�� �n�h�j�f�b�j�h�\�Z�g�b�x�� �\�� �h�j�]�Z�g�b�a�f�_�� �k�b�k�l�_�f�g�h�]�h��
�\�h�k�i�Z�e�b�l�_�e�v�g�h�]�h�� �h�l�\�_�l�Z [3]. �G�Z�� �n�h�g�_�� �F�K�� �b�� �k�b�k�l�_�f�g�h�]�h�� �\�h�k�i�Z�e�_�g�b�y�� �i�j�h�b�k�o�h�^�b�l���g�Z�j�m�r�_�g�b�_ 
�k�_�d�j�_�l�h�j�g�h�c�� �Z�d�l�b�\�g�h�k�l�b�� �d�e�_�l�h�q�g�u�o�� �w�e�_�f�_�g�l�h�\�� �I�<�@�L�����Z�� �\�� �k�i�_�d�l�j�_�� �\�u�j�Z�[�Z�l�u�\�Z�_�f�u�o�� �b�f�b��
�\�_�s�_�k�l�\���g�Z�q�b�g�Z�x�l���i�j�_�h�[�e�Z�^�Z�l�v���i�j�h�\�h�k�i�Z�e�b�l�_�e�v�g�u�_���f�_�^�b�Z�l�h�j�u���b���\�Z�a�h�d�h�g�k�l�j�b�d�l�h�j�u�����J�Z�a�\�b�l�b�_��
�\�h�k�i�Z�e�_�g�b�y���\���I�<�@�L���b���i�j�_�h�[�e�Z�^�Z�g�b�_���\�Z�a�h�d�h�g�k�l�j�b�d�l�h�j�g�u�o���w�n�n�_�d�l�h�\���g�Z���k�h�k�m�^�b�k�l�m�x���k�l�_�g�d�m �k�h��
�k�l�h�j�h�g�u�� �d�e�_�l�h�q�g�u�o�� �w�e�_�f�_�g�l�h�\�� �I�<�@�L �f�h�]�m�l�� �k�i�h�k�h�[�k�l�\�h�\�Z�l�v���j�Z�a�\�b�l�b�x�� �b�� �i�j�h�]�j�_�k�k�b�j�h�\�Z�g�b�x��
�k�_�j�^�_�q�g�h-�k�h�k�m�^�b�k�l�u�o�� �a�Z�[�h�e�_�\�Z�g�b�c���� �d�h�l�h�j�u�_�� �l�Z�d�� �q�Z�k�l�h�� �\�k�l�j�_�q�Z�x�l�k�y�� �i�j�b�� �h�`�b�j�_�g�b�b�� �b�� �F�K [4]. 
�< �k�\�y�a�b�� �k�� �w�l�b�f���[�u�e�Z���h�i�j�_�^�_�e�_�g�Z �p�_�e�v�� �b�k�k�e�_�^�h�\�Z�g�b�y���� �h�p�_�g�b�l�v���b�a�f�_�g�_�g�b�y���[�b�h�f�Z�j�d�_�j�h�\ 
�\�h�k�i�Z�e�b�l�_�e�v�g�h�c �j�_�Z�d�p�b�b�� �\�� �I�<�@�L�� �b�� �h�o�Z�j�Z�d�l�_�j�b�a�h�\�Z�l�v���b�o �\�a�Z�b�f�h�k�\�y�a�v���k���m�j�h�\�g�_�f�� �e�_�i�l�b�g�Z�� �\��
�k�u�\�h�j�h�l�d�_���d�j�h�\�b �m���d�j�u�k���g�Z���n�h�g�_���^�b�_�l-�b�g�^�m�p�b�j�h�\�Z�g�g�h�]�h���F�K�� 

 
�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y���q�Z�k�l�v 
�B�k�k�e�_�^�h�\�Z�g�b�_���[�u�e�h���\�u�i�h�e�g�_�g�h���g�Z���������d�j�u�k�Z�o-�k�Z�f�p�Z�o���e�b�g�b�b��Wistar���� �I�j�h�l�h�d�h�e���b�k�k�e�_�^�h�\�Z�g�b�y��

�[�u�e�� �h�^�h�[�j�_�g�� �d�h�f�b�k�k�b�_�c�� �i�h�� �d�h�g�l�j�h�e�x �k�h�^�_�j�`�Z�g�b�y�� �b�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �e�Z�[�h�j�Z�l�h�j�g�u�o�� �`�b�\�h�l�g�u�o��
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(IACUC�������i�j�h�l�h�d�h�e���‹�������h�l�������������������������]���������F�K���m���w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o���`�b�\�h�l�g�u�o���n�h�j�f�b�j�h�\�Z�e�b���i�m�l�_�f��
�k�h�^�_�j�`�Z�g�b�y�� �`�b�\�h�l�g�u�o�� �h�i�u�l�g�h�c�� �]�j�m�i�i�u�� ��n = �������� �g�Z�� �\�u�k�h�d�h�`�b�j�h�\�h�c�� �b�� �\�u�k�h�d�h�m�]�e�_�\�h�^�g�h�c�� �^�b�_�l�_��
���<�@�<�M�>�����\���l�_�q�_�g�b�_���������g�_�^�_�e�v (�[�_�e�d�b : �`�b�j�u : �m�]�e�_�\�h�^�u������ % : 21 % : 54 ���������@�b�\�h�l�g�u�_���d�h�g�l�j�h�e�v�g�h�c��
�]�j�m�i�i�u����n = ���������i�h�e�m�q�Z�e�b���k�l�Z�g�^�Z�j�l�g�u�c���d�h�j�f�����[�_�e�d�b : �`�b�j�u : �m�]�e�_�\�h�^�u������ % : 6 % : 44 %)�����I�h�k�e�_��
�\�u�\�_�^�_�g�b�y�� �`�b�\�h�l�g�u�o�� �b�a�� �w�d�k�i�_�j�b�f�_�g�l�Z�� ���f�_�l�h�^�h�f�� �K�H2-�Z�k�n�b�d�k�b�b���� �b�a�� �k�_�j�^�p�Z�� �h�l�[�b�j�Z�e�b�� �d�j�h�\�v�� �^�e�y��
�i�h�e�m�q�_�g�b�y�� �k�u�\�h�j�h�l�d�b���� �b�a�\�e�_�d�Z�e�b�� �]�j�m�^�g�h�c�� �h�l�^�_�e�� �Z�h�j�l�u�� ���^�e�y�� �i�h�e�m�q�_�g�b�y�� �n�j�Z�]�f�_�g�l�h�\�� �I�<�@�L������
�N�j�Z�]�f�_�g�l�u�� �I�<�@�L�� �g�_�f�_�^�e�_�g�g�h�� �h�l�^�_�e�y�e�b�� �h�l�� �Z�h�j�l�u�� �b�� �i�h�f�_�s�Z�e�b�� �\�� �j�Z�k�l�\�h�j�� �o�h�e�h�^�g�h�]�h�� 
�n�h�k�n�Z�l�g�h-�k�h�e�_�\�h�]�h���[�m�n�_�j�Z����PBS)�����A�Z�l�_�f���g�Z�\�_�k�d�b���`�b�j�h�\�h�c���l�d�Z�g�b�����i�h���������� �f�]�����i�_�j�_�g�h�k�b�e�b���\�� �e�m�g�d�b��
�d�m�e�v�l�m�j�Z�e�v�g�h�]�h���i�e�Z�g�r�_�l�Z�����k�h�^�_�j�`�Z�s�b�_���i�b�l�Z�l�_�e�v�g�m�x���k�j�_�^�m�����Q�_�j�_�a���������q���b�a���e�m�g�h�d���h�l�[�b�j�Z�e�b���Z�e�b�d�\�h�l�u��
�k�j�_�^�u�����\���d�h�l�h�j�h�c���h�i�j�_�^�_�e�y�e�b���d�h�g�p�_�g�l�j�Z�p�b�x���p�b�l�h�d�b�g�h�\�����,�/-6, IL-���������7�1�)�.�����0�&�3-�������f�_�l�h�^�h�f���B�N�: �k��
�b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o�� �g�Z�[�h�j�h�\�� �j�_�Z�]�_�g�l�h�\�� ���5�D�W�� �(�/�,�6�$�� �.�L�W���� �(�/�.�� �%�L�R�W�H�F�K�Q�R�O�R�J�\���� �D�G�J���� 
�< �k�u�\�h�j�h�l�d�_�� �d�j�h�\�b�� �h�i�j�_�^�_�e�y�e�b�� �k�h�^�_�j�`�Z�g�b�_�� �]�e�x�d�h�a�u���� �l�j�b�Z�p�b�e�]�e�b�p�_�j�h�e�h�\���� �o�h�e�_�k�l�_�j�h�e�Z��
���d�h�e�h�j�b�f�_�l�j�b�q�_�k�d�b�_�� �g�Z�[�h�j�u���� �&�K�U�R�Q�R�O�D�E���� �B�k�i�Z�g�b�y������ �b�g�k�m�e�b�g�Z�� ���5�D�W�� �,�1�6���,�Q�V�X�O�L�Q���� �(�/�,�6�$�� �.�L�W����
E�O�D�E�V�F�L�H�Q�F�H�����D�G�J�������e�_�i�l�b�g�Z�����5�D�W���/�H�S�W�L�Q���(�/�,�6�$���.�L�W�����(�/�.���%�L�R�W�H�F�K�Q�R�O�R�J�\�����D�G�J�������J�Z�k�k�q�b�l�u�\�Z�e�b���b�g�^�_�d�k��
HOMA-IR. �K�l�Z�l�b�k�l�b�q�_�k�d�m�x���h�[�j�Z�[�h�l�d�m���^�Z�g�g�u�o���i�j�h�\�h�^�b�e�b���\���i�j�h�]�j�Z�f�f�_���6�3�6�6���6�W�D�W�L�V�W�L�F�V�����������>�Z�g�g�u�_ 
�i�j�_�^�k�l�Z�\�e�y�e�b�� �\�� �\�b�^�_�� ��M�“SD) �b��(Me (Q25;Q75)). �: �g�Z�e�b�a�� �j�Z�a�e�b�q�b�c�� �f�_�`�^�m�� �^�Z�g�g�u�f�b�� �i�j�h�\�h�^�b�e�b�� �i�j�b��
�i�h�f�h�s�b��t-�d�j�b�l�_�j�b�y�� �K�l�v�x�^�_�g�l�Z�� �b�e�b��U-�d�j�b�l�_�j�b�y�� �F�Z�g�g�Z-�M�b�l�g�b���� �J�Z�a�e�b�q�b�y�� �k�q�b�l�Z�e�b�� �k�l�Z�l�b�k�l�b�q�_�k�d�b��
�a�g�Z�q�b�f�u�f�b���i�j�b���j < 0,�������� �>�e�y���h�p�_�g�d�b���\�a�Z�b�f�h�k�\�y�a�b���f�_�`�^�m���i�Z�j�Z�f�_�l�j�Z�f�b���h�i�j�_�^�_�e�y�e�b���d�h�w�n�n�b�p�b�_�g�l��
�j�Z�g�]�h�\�h�c���d�h�j�j�_�e�y�p�b�b����r�����K�i�b�j�f�_�g�Z. 

 
�J�_�a�m�e�v�l�Z�l�u 
�K�h�^�_�j�`�Z�g�b�_�� �d�j�u�k�� �g�Z�� �<�@�<�M�>�� �\�� �l�_�q�_�g�b�_�� ������ �g�_�^�_�e�v���k�h�i�j�h�\�h�`�^�Z�e�h�k�v�� �j�Z�a�\�b�l�b�_�f 

�]�b�i�_�j�]�e�b�d�_�f�b�b���� �b�g�k�m�e�b�g�h�j�_�a�b�k�l�_�g�l�g�h�k�l�b���� �Z�� �l�Z�d�`�_ �i�h�\�u�r�_�g�b�_�f �d�h�g�p�_�g�l�j�Z�p�b�b��
�l�j�b�Z�p�b�e�]�e�b�p�_�j�h�e�h�\�����o�h�e�_�k�l�_�j�h�e�Z �b���e�_�i�l�b�g�Z���\���k�u�\�h�j�h�l�d�_���d�j�h�\�b�����M���`�b�\�h�l�g�u�o���h�i�u�l�g�h�c���]�j�m�i�i�u��
�g�Z�[�e�x�^�Z�e�h�k�v�� �m�\�_�e�b�q�_�g�b�_�� �f�Z�k�k�u�� �l�_�e�Z���b�� �h�`�b�j�_�g�b�_���� �h�p�_�g�b�\�Z�_�f�h�_�� �i�h�� �m�^�_�e�v�g�h�c�� �f�Z�k�k�_��
�Z�[�^�h�f�b�g�Z�e�v�g�h�]�h���`�b�j�Z�����l�Z�[�e. 1).  

 
�L�Z�[�e�b�p�Z���� 

�F�h�j�n�h�f�_�l�j�b�q�_�k�d�b�_���b���[�b�h�o�b�f�b�q�_�k�d�b�_���i�h�d�Z�a�Z�l�_�e�b���d�j�u�k���0�“�6�' 

�I�Z�j�Z�f�_�l�j �D�h�g�l�j�h�e�v�g�Z�y���]�j�m�i�i�Z����n = 12) �H�i�u�l�g�Z�y���]�j�m�i�i�Z����n = 12) 
�=�e�x�d�h�a�Z�����f�f�h�e�v���e 5,3 �“ 0,5 7,6 �“ 0,2* 
�B�g�k�m�e�b�g�����i�f�h�e�v���e 11,9 �“ 0,7 22,3 �“ 5,9* 

HOMA-IR 2,2 �“ 0,2 6,9 �“ 1,3* 
�L�:�=�����f�f�h�e�v���e 0,8 �“ 0,2 1,8 �“ 0,4* 
�O�K�����f�f�h�e�v���e 1,8 �“ 0,3 2,6 �“  0,4* 

�E�_�i�l�b�g�����g�]���f�e 2,9 �“ 0,3 4,8 �“ 0,4* 
�F�Z�k�k�Z���l�_�e�Z�����] 430,3 �“ 25,4 485,1 �“ 33,8* 

�M�^�_�e�v�g�Z�y���f�Z�k�k�Z���Z�[�^�h�f�b�g�Z�e�v�g�h�]�h���`�b�j�Z�����] 2,1 �“ 0,3 4,6 �“ 0,5* 
�I�j�b�f�_�q�Z�g�b�_�� *�± �k�l�Z�l�b�k�l�b�q�_�k�d�b���a�g�Z�q�b�f�u�_���j�Z�a�e�b�q�b�y���i�h���k�j�Z�\�g�_�g�b�x���k���d�h�g�l�j�h�e�v�g�h�c���]�j�m�i�i�h�c���i�j�b���j < 0,05. 

 
�H�^�g�b�f�� �b�a�� �h�k�g�h�\�g�u�o�� �a�\�_�g�v�_�\�� �i�Z�l�h�]�_�g�_�a�Z�� �F�K�����Z�k�k�h�p�b�b�j�h�\�Z�g�g�h�]�h�� �k�� �h�`�b�j�_�g�b�_�f���� �y�\�e�y�_�l�k�y��

�o�j�h�g�b�q�_�k�d�h�_�� �k�b�k�l�_�f�g�h�_�� �\�h�k�i�Z�e�_�g�b�_, �\�� �n�h�j�f�b�j�h�\�Z�g�b�_�� �d�h�l�h�j�h�]�h�� �a�g�Z�q�b�l�_�e�v�g�u�c�� �\�d�e�Z�^���f�h�`�_�l��
�\�g�h�k�b�l�v �m�k�b�e�_�g�b�_�� �i�j�h�\�h�k�i�Z�e�b�l�_�e�v�g�h�c�� �b�� �o�_�f�h�l�Z�d�k�b�q�_�k�d�h�c�� �Z�d�l�b�\�g�h�k�l�b�� �I�<�@�L [5]. 
�I�h �j�_�a�m�e�v�l�Z�l�Z�f�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �p�b�l�h�d�b�g-�i�j�h�^�m�p�b�j�m�x�s�_�c�� �n�m�g�d�p�b�b�� �I�<�@�L���f�u��
�a�Z�j�_�]�b�k�l�j�b�j�h�\�Z�e�b�� �m�k�b�e�_�g�b�_�� �k�_�d�j�_�p�b�b�� �i�j�h�\�h�k�i�Z�e�b�l�_�e�v�g�u�o�� �p�b�l�h�d�b�g�h�\�� ���,�/-������ �7�1�)�.���� �0�&�3-������ �b��
�k�g�b�`�_�g�b�_ �g�Z�j�Z�[�h�l�d�b���i�j�h�l�b�\�h�\�h�k�i�Z�e�b�l�_�e�v�g�h�]�h��IL-10 ���l�Z�[�e. 2). 
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�L�Z�[�e�b�p�Z���� 
�D�h�g�p�_�g�l�j�Z�p�b�y���p�b�l�h�d�b�g�h�\���\���d�h�g�^�b�p�b�h�g�g�h�c���k�j�_�^�_���I�<�@�L���d�j�u�k�����0�H���425;Q75) 

�D�h�g�p�_�g�l�j�Z�p�b�y���p�b�l�h�d�b�g�h�\�����i�]���f�e �D�h�g�l�j�h�e�v�g�Z�y���]�j�m�i�i�Z�� 
(n = 12) 

�H�i�u�l�g�Z�y���]�j�m�i�i�Z�� 
(n = 12) 

IL-6 63,5 (57,8;76,7) 107,5 (103,5;170,9)* 
IL-10 26,5 (24,8;29,7) 20,5 (12,3;29,1)* 
�7�1�)�. 18,1 (15,5;21,6) 28,9 (20,5;38,6)* 
MCP-1 135,9 (110,6;176,6) 272,7 (161,6;309,1)* 

�I�j�b�f�_�q�Z�g�b�_: *�± �k�l�Z�l�b�k�l�b�q�_�k�d�b���a�g�Z�q�b�f�u�_���j�Z�a�e�b�q�b�y���i�h���k�j�Z�\�g�_�g�b�x���k���d�h�g�l�j�h�e�v�g�h�c���]�j�m�i�i�h�c���i�j�b���j < 0,05. 
 
�I�h�� �j�_�a�m�e�v�l�Z�l�Z�f�� �d�h�j�j�_�e�y�p�b�h�g�g�h�]�h�� �Z�g�Z�e�b�a�Z�� �[�u�e�b�� �\�u�y�\�e�_�g�u�� �i�j�y�f�u�_�� �i�h�e�h�`�b�l�_�e�v�g�u�_ �k�\�y�a�b��

�f�_�`�^�m���d�h�g�p�_�g�l�j�Z�p�b�_�c��IL-6 (r = 0,57, p < 0,05), �7�1�)�. (r = 0,61, p < �������������b MCP-1 (r = 0,55, p < 0,05) 
�b�� �m�j�h�\�g�_�f�� �e�_�i�l�b�g�Z�� �\�� �k�u�\�h�j�h�l�d�_�� �d�j�h�\�b���� �F�_�`�^�m�� �d�h�g�p�_�g�l�j�Z�p�b�_�c��IL-������ �b�� �m�j�h�\�g�_�f�� �e�_�i�l�b�g�Z�� �[�u�e�Z��
�\�u�y�\�e�_�g�Z���h�l�j�b�p�Z�l�_�e�v�g�Z�y���d�h�j�j�_�e�y�p�b�h�g�g�Z�y���k�\�y�a�v (r = -0,32, p < 0,05). 

�E�_�i�l�b�g���y�\�e�y�_�l�k�y�� �i�_�i�l�b�^�g�u�f�� �]�h�j�f�h�g�h�f ���� �j�_�]�m�e�b�j�m�x�s�b�f�� �\�� �g�h�j�f�_���i�b�s�_�\�h�_�� �i�h�\�_�^�_�g�b�_����
�<�a�Z�b�f�h�^�_�c�k�l�\�b�_�� �e�_�i�l�b�g�Z �k�� �j�_�p�_�i�l�h�j�Z�f�b���]�b�i�h�l�Z�e�Z�f�m�k�Z���i�h�^�Z�\�e�y�_�l�� �q�m�\�k�l�\�h�� �]�h�e�h�^�Z. �I�h�f�b�f�h��
�w�l�h�]�h�� �e�_�i�l�b�g�� �y�\�e�y�_�l�k�y�� �Z�^�b�i�h�p�b�l�Z�j�g�u�f�� �]�h�j�f�h�g�h�f�� �k�� �i�j�h�\�h�k�i�Z�e�b�l�_�e�v�g�u�f�b�� �k�\�h�c�k�l�\�Z�����I�j�b��
�h�`�b�j�_�g�b�b�� �g�Z�[�e�x�^�Z�_�l�k�y�� �i�h�\�u�r�_�g�b�_�� �m�j�h�\�g�y�� �e�_�i�l�b�g�Z�� �\�� �d�j�h�\�b�� �q�l�h�� �k�\�y�a�Z�g�h�� �k�� �i�h�\�u�r�_�g�g�h�c��
�\�u�j�Z�[�h�l�d�h�c���^�Z�g�g�h�]�h���]�h�j�f�h�g�Z���Z�^�b�i�h�p�b�l�Z�f�b���\�b�k�p�_�j�Z�e�v�g�h�c���`�b�j�h�\�h�c���l�d�Z�g�b�����Z���l�Z�d�`�_���k���j�Z�a�\�b�l�b�_�f��
�e�_�i�l�b�g�h�j�_�a�b�k�l�_�g�l�g�h�k�l�b�����;�u�e�h���i�h�d�Z�a�Z�g�h�����q�l�h���i�j�b���F�K�����Z�k�k�h�p�b�b�j�h�\�Z�g�g�h�f���k���h�`�b�j�_�g�b�_�f, �m�j�h�\�_�g�v��
�]�b�i�_�j�e�_�i�l�b�g�_�f�b�b �d�h�j�j�_�e�b�j�m�_�l�� �k�� �q�Z�k�l�h�l�h�c�� �j�Z�a�\�b�l�b�y�� �k�_�j�^�_�q�g�h-�k�h�k�m�^�b�k�l�u�o�� �h�k�e�h�`�g�_�g�b�c [5]. 
�K�h�]�e�Z�k�g�h�� �^�Z�g�g�u�f�� �e�b�l�_�j�Z�l�m�j�u�����\�u�k�h�d�Z�y �d�h�g�p�_�g�l�j�Z�p�b�y �e�_�i�l�b�g�Z�� �i�j�b�� �h�`�b�j�_�g�b�b���k�i�h�k�h�[�k�l�\�m�_�l��
�m�k�b�e�_�g�b�x �w�d�k�i�j�_�k�k�b�b �d�e�_�l�h�q�g�u�o�� �Z�^�]�_�a�b�\�g�u�o�� �f�h�e�_�d�m�e, �k�l�b�f�m�e�b�j�m�_�l �j�_�d�j�m�l�b�j�h�\�Z�g�b�_�� 
�L-�e�b�f�n�h�p�b�l�h�\�� �b�� �f�h�g�h�p�b�l�h�\���b�a�� �i�_�j�b�n�_�j�b�q�_�k�d�h�c�� �d�j�h�\�b�� �\�� �I�<�@�L���� �<�� �^�Z�e�v�g�_�c�r�_�f�� �i�j�h�b�k�o�h�^�b�l��
�l�j�Z�g�k�n�h�j�f�Z�p�b�y�� �j�_�d�j�m�l�b�j�h�\�Z�g�g�u�o�� �f�h�g�h�p�b�l�h�\�� �\�� �f�Z�d�j�h�n�Z�]�b�� �F��-�n�_�g�h�l�b�i�Z���� �q�l�h�� �k�i�h�k�h�[�k�l�\�m�_�l��
�i�j�h�]�j�_�k�k�b�j�h�\�Z�g�b�x���\�h�k�i�Z�e�b�l�_�e�v�g�h�c���j�_�Z�d�p�b�b���>2]. 

 
�A�Z�d�e�x�q�_�g�b�_ 
�<�� �j�_�a�m�e�v�l�Z�l�_�� �i�j�h�\�_�^�_�g�g�u�o�� �b�k�k�e�_�^�h�\�Z�g�b�c �[�u�e�h�� �i�h�d�Z�a�Z�g�h���� �q�l�h�� �k�h�^�_�j�`�Z�g�b�_�� �d�j�u�k�� �g�Z��

�<�@�<�M�>�� �\�� �l�_�q�_�g�b�_�� ������ �g�_�^�_�e�v�� �i�j�b�\�h�^�b�l�� �d�� �j�Z�a�\�b�l�b�x�� �Z�[�^�h�f�b�g�Z�e�v�g�h�]�h�� �h�`�b�j�_�g�b�y�� �b�� �^�j�m�]�b�o��
�d�h�f�i�h�g�_�g�l�h�\�� �F�K�����]�b�i�_�j�]�e�b�d�_�f�b�y���� �b�g�k�m�e�b�g�h�j�_�a�b�k�l�_�g�l�g�h�k�l�v���� �g�Z�j�m�r�_�g�b�y���e�b�i�b�^�g�h�]�h���k�i�_�d�l�j�Z������
�M�k�b�e�_�g�b�_���k�_�d�j�_�p�b�b���i�j�h�\�h�k�i�Z�e�b�l�_�e�v�g�u�o���p�b�l�h�d�b�g�h�\���d�e�_�l�h�q�g�u�f�b���w�e�_�f�_�g�l�Z�f�b���I�<�@�L���b���g�Z�e�b�q�b�_��
�i�h�e�h�`�b�l�_�e�v�g�u�o���d�h�j�j�_�e�y�p�b�h�g�g�u�o���k�\�y�a�_�c���k���i�h�\�u�r�_�g�g�u�f �m�j�h�\�g�_�f �e�_�i�l�b�g�Z���\���k�u�\�h�j�h�l�d�_���d�j�h�\�b �m��
�d�j�u�k �k�\�b�^�_�l�_�e�v�k�l�\�m�_�l �h�[�� �b�a�f�_�g�_�g�b�b���n�m�g�d�p�b�h�g�Z�e�v�g�h�]�h���k�h�k�l�h�y�g�b�y�� �I�<�@�L�� �g�Z�� �n�h�g�_�� �F�K�� �b��
�h�`�b�j�_�g�b�y���� �q�l�h�� �f�h�`�_�l�� �\�g�h�k�b�l�v�� �a�g�Z�q�b�l�_�e�v�g�u�c�� �\�d�e�Z�^�� �\�� �n�h�j�f�b�j�h�\�Z�g�b�_���w�g�^�h�l�_�e�b�Z�e�v�g�h�c��
�^�b�k�n�m�g�d�p�b�b���b���j�Z�a�\�b�l�b�_���k�_�j�^�_�q�g�h-�k�h�k�m�^�b�k�l�u�o���h�k�e�h�`�g�_�g�b�c���i�j�b���F�K�� 
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Abstract. The aim of this study was to evaluate the cytotoxic effect of single metal oxide nanoparticles 
(Mn and Co) and bimetallic nanoparticles (BNP Mn/Co) on various tumor cells (U87, SK-Mel-28, 
HepG2, HEK293T) at different concentrations and time intervals. The effect of combined and 
sequential addition of nanoparticles on cell viability was analyzed using MTT analysis. The results 
of assessing the cytotoxicity of nanomaterials in vitro on tumor cell lines revealed efficacy in the 
�I�R�O�O�R�Z�L�Q�J�� �R�U�G�H�U���� �1�3�� �0�Q���&�R�����K���!�� �1�3�� �0�Q���&�R�� �������K���!�� �1�3�� �0�Q�•�� �1�3�� �&�R�!�� �1�3�� �0�Q���&�R�� ���P�L�[�W�X�U�H���!��
BNP Mn/Co. 
Key words: Nanoparticles, Cytotoxicity, Bimetallic Nanoparticles, Antitumor Activity, MTT Assay. 
 

�<�\�_�^�_�g�b�_ 
�H�k�h�[�h�_ �\�g�b�f�Z�g�b�_ �m�^�_�e�y�_�l�k�y �k�h�\�j�_�f�_�g�g�u�f �b�k�k�e�_�^�h�\�Z�g�b�y�f �\ �h�[�e�Z�k�l�b �j�Z�a�j�Z�[�h�l�h�d �g�h�\�h�]�h 

�i�h�d�h�e�_�g�b�y �g�Z�g�h�Z�]�_�g�l�h�\�� �h�[�e�Z�^�Z�x�s�b�o �m�k�b�e�_�g�g�u�f �b �i�j�h�e�h�g�]�b�j�h�\�Z�g�g�u�f �^�_�c�k�l�\�b�_�f �g�Z �i�Z�l�h�]�_�g�u 
�b �h�i�m�o�h�e�_�\�u�_ �d�e�_�l�d�b�� �b���g�b�a�d�h�c �l�h�d�k�b�q�g�h�k�l�v�x �i�j�h�l�b�\ �g�h�j�f�Z�e�v�g�u�o �d�e�_�l�h�d�� �J�_�a�m�e�v�l�Z�l�u 
�b�k�k�e�_�^�h�\�Z�g�b�c �f�g�h�]�h�d�h�f�i�h�g�_�g�l�g�u�o �k�b�k�l�_�f �^�_�f�h�g�k�l�j�b�j�m�x�l �g�Z�e�b�q�b�_ �m �g�Z�g�h�d�h�f�i�h�a�b�l�h�\ �g�Z 
�h�k�g�h�\�_ �h�d�k�b�^�h�\ �f�_�l�Z�e�e�h�\ �[�h�e�_�_ �\�u�j�Z�`�_�g�g�h�c �Z�d�l�b�\�g�h�k�l�b �b �k�b�g�_�j�]�_�l�b�q�_�k�d�h�]�h �w�n�n�_�d�l�Z �i�h 
�k�j�Z�\�g�_�g�b�x �k �Z�d�l�b�\�g�h�k�l�v�x �b�g�^�b�\�b�^�m�Z�e�v�g�u�o �h�d�k�b�^�h�\ [1�±3]. �F�g�h�]�h�d�h�f�i�h�g�_�g�l�g�u�_ �k�b�k�l�_�f�u 
�g�Z�g�h�q�Z�k�l�b�p �^�_�f�h�g�k�l�j�b�j�m�x�l �r�b�j�h�d�b�c �k�i�_�d�l�j �i�j�_�\�h�k�o�h�^�g�u�o �o�b�f�b�q�_�k�d�b�o�� 
�f�_�^�b�d�h�[�b�h�e�h�]�b�q�_�k�d�b�o�� �f�_�o�Z�g�b�q�_�k�d�b�o �b �l�_�j�f�b�q�_�k�d�b�o �k�\�h�c�k�l�\ �[�e�Z�]�h�^�Z�j�y �k�b�g�_�j�]�_�l�b�q�_�k�d�b�f 
�w�n�n�_�d�l�Z�f. �H�^�g�Z�d�h, �d�j�b�l�b�q�_�k�d�b�_ �\�h�i�j�h�k�u�� �d�Z�k�Z�x�s�b�_�k�y �k�l�Z�[�b�e�v�g�h�k�l�b�� �[�b�h�k�h�\�f�_�k�l�b�f�h�k�l�b �b �b�o 
�p�b�l�h�l�h�d�k�b�q�_�k�d�b�o �w�n�n�_�d�l�h�\�� �_�s�_ �i�j�_�^�k�l�h�b�l �j�_�r�b�l�v��  

�P�_�e�v �j�Z�[�h�l�u �± �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h �h�p�_�g�b�l �d�h�f�[�b�g�b�j�h�\�Z�g�g�h�_ �p�b�l�h�l�h�d�k�b�q�_�k�d�h�_ �\�h�a�^�_�c�k�l�\�b�_ 
�g�Z �d�e�_�l�h�q�g�u�_ �d�m�e�v�l�m�j�u �i�j�h�l�b�\�h�h�i�m�o�h�e�_�\�u�o �h�^�g�h�w�e�_�f�_�g�l�g�u�o �G�Q �h�d�k�b�^�h�\ Mn [4, 5] �b Co �b 
�[�b�f�_�l�Z�e�e�b�q�_�k�d�b�o �g�Z�g�h�q�Z�k�l�b�p (BNP) Mn/Co �\ �j�Z�a�e�b�q�g�u�o �d�h�g�p�_�g�l�j�Z�p�b�y�o �b �i�j�b �j�Z�a�e�b�q�g�u�o 
�\�j�_�f�_�g�g�u�o �b�g�l�_�j�\�Z�e�Z�o �\�\�_�^�_�g�b�y �\ �j�h�k�l�h�\�m�x �k�j�_�^�m �d�e�_�l�h�d�� 

 
�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y �q�Z�k�l�v 
�< �d�Z�q�_�k�l�\�_ �h�[�t�_�d�l�h�\ �b�k�k�e�_�^�h�\�Z�g�b�y �\�u�k�l�m�i�Z�e�b �g�Z�g�h�q�Z�k�l�b�p�u �h�d�k�b�^�h�\ Mn �b Co, �Z �l�Z�d�`�_ 

�[�b�g�Z�j�g�u�c �g�Z�g�h�d�h�f�i�h�a�b�l Mn/Co. C �i�h�f�h�s�v�x �F�L�L-�l�_�k�l�Z �b �Z�g�Z�e�b�a�Z �i�h�e�m�q�_�g�g�u�o �j�_�a�m�e�v�l�Z�l�h�\ 
���h�i�j�_�^�_�e�_�g�b�_ CC50) �i�j�h�\�_�^�_�g�Z �h�p�_�g�d�Z �d�h�f�[�b�g�b�j�h�\�Z�g�g�h�]�h �^�_�c�k�l�\�b�y �G�Q �b BNP Mn/Co �\ 
�j�Z�a�e�b�q�g�u�o �d�h�g�p�_�g�l�j�Z�p�b�y�o �g�Z �`�b�a�g�_�k�i�h�k�h�[�g�h�k�l�v �h�i�m�o�h�e�_�\�u�o U87, SK-Mel-28, HepG2, 786-O, 



XXII 

HEK293T. �H�i�j�_�^�_�e�_�g�b�_ �d�h�g�p�_�g�l�j�Z�p�b�b �f�_�l�Z�e�e�h�\ �\ �g�Z�g�h�i�j�_�i�Z�j�Z�l�Z�o�� �b�k�i�h�e�v�a�m�_�f�u�o �\ �F�L�L �[�u�e�b 
�i�j�h�\�_�^�_�g�u �f�_�l�h�^�h�f �f�Z�k�k-�k�i�_�d�l�j�h�f�_�l�j�b�b �k �b�g�^�m�d�l�b�\�g�h-�k�\�y�a�Z�g�g�h�c �i�e�Z�a�f�h�c �g�Z ICAP 6500 
DUO4 �\ �B�G�O �K�H �J�:�G.  

 
�J�_�a�m�e�v�l�Z�l�u 
�D�h�f�[�b�g�Z�p�b�y �g�_�k�d�h�e�v�d�b�o �j�Z�a�e�b�q�g�u�o �f�_�l�Z�e�e�b�q�_�k�d�b�o �g�Z�g�h�q�Z�k�l�b�p �[�u�e�Z �b�k�i�h�e�v�a�h�\�Z�g�Z �\ 

�w�l�h�f �b�k�k�e�_�^�h�\�Z�g�b�b �^�e�y �k�j�Z�\�g�_�g�b�y �w�n�n�_�d�l�h�\ �g�_�k�d�h�e�v�d�b�o �f�_�l�Z�e�e�b�q�_�k�d�b�o �g�Z�g�h�q�Z�k�l�b�p �i�j�b 
�d�h�f�[�b�g�b�j�h�\�Z�g�g�h�f �b�k�i�h�e�v�a�h�\�Z�g�b�b �b �i�j�b �b�k�i�h�e�v�a�h�\�Z�g�b�b �i�h �h�l�^�_�e�v�g�h�k�l�b �\ �d�Z�q�_�k�l�\�_ 
�h�^�g�h�w�e�_�f�_�g�l�g�u�o �g�Z�g�h�q�Z�k�l�b�p �i�j�h�l�b�\ �h�i�m�o�h�e�_�\�u�o �d�e�_�l�h�d �q�_�e�h�\�_�d�Z�� �D�e�_�l�h�q�g�u�_ �e�b�g�b�b 
�i�h��̂\�_�j�]�Z�e�b�k�v �\�h�a�^�_�c�k�l�\�b�x �e�b�[�h �k�f�_�k�b �g�Z�g�h�q�Z�k�l�b�p �h�d�k�b�^�h�\ Mn �b Co ���k�f�_�r�b�\�Z�e�b�� �\�� �l�_�q�_�g�b�b��
5 �f�b�g��, �e�b�[�h �[�b�g�Z�j�g�h�]�h �g�Z�g�h�d�h�f�i�h�a�b�l�Z Mn/Co, �Z �l�Z�d�`�_ �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�f�m �\�\�_�^�_�g�b�x �\ 
�d�m�e�v�l�m�j�u �d�e�_�l�h�d �k �g�Z�q�Z�e�Z �G�Q �0�Q�H�� �Z �a�Z�l�_�f �k �b�g�l�_�j�\�Z�e�h�f 1 �b 24 �q�Z�k�Z �G�Q �h�d�k�b�^�Z �d�h�[�Z�e�v�l�Z�� 
�W�d�k�i�_�j�b�f�_�g�l�u �[�u�e�b �i�h�\�l�h�j�_�g�u �l�j�b �j�Z�a�Z �^�e�y �^�h�k�l�h�\�_�j�g�h�k�l�b �b���j�_�a�m�e�v�l�Z�l�u���l�b�i�b�q�g�h�]�h���]�j�Z�n�b�d�Z��
�i�j�_�^�k�l�Z�\�e�_�g�u���g�Z���j�b�k 1.  

 

 
�J�b�k�� 1. �H�i�j�_�^�_�e�_�g�b�_���l�h�d�k�b�q�g�h�k�l�b���g�Z�g�h�q�Z�k�l�b�p���f�_�l�Z�e�e�h�\���\���F�L�L-�l�_�k�l�_���g�Z���d�m�e�v�l�m�j�_���d�e�_�l�h�d���8������ 

�>�Z�g�g�u�_���i�j�_�^�k�l�Z�\�e�_�g�u���d�Z�d���k�j�_�^�g�_�_���“���k�l�Z�g�^�Z�j�l�g�h�_���h�l�d�e�h�g�_�g�b�_�����Q = 3 
 
�:�g�Z�e�b�a���j�_�a�m�e�v�l�Z�l�h�\���F�L�L-�l�_�k�l�h�\ in vitro, �h�i�j�_�^�_�e�_�g�b�_���K�K���������d�h�g�p�_�g�l�j�Z�p�b�b �\�u�a�u�\�Z�x�s�_�c��

�]�b�[�_�e�v�� ���� ���� �d�e�_�l�h�d���� �d�Z�d�� �i�j�_�^�k�l�Z�\�e�_�g�h�� �\���l�Z�[�e�b�p�_�� �������i�h�a�\�h�e�b�e�b �\�u�y�\�b�l�v�� �± �k�l�Z�l�b�k�l�b�q�_�k�d�b 
�a�g�Z�q�b�f�m�x �a�Z�\�b�k�b�f�h�k�l�v �i�h�\�j�_�`�^�_�g�b�y �d�e�_�l�h�d �j�Z�a�e�b�q�g�u�o �e�b�g�b�c �h�l �d�h�g�p�_�g�l�j�Z�p�b�b �g�Z�g�h�q�Z�k�l�b�p 
�h�d�k�b�^�h�\ �f�_�l�Z�e�e�h�\�� �d�Z�d �i�j�b �k�h�\�f�_�k�l�g�h�f�� �l�Z�d �b �i�j�b �j�Z�a�^�_�e�v�g�h�f �b�o �i�j�b�f�_�g�_�g�b�b��  

�<�k�_�� �k�b�g�l�_�a�b�j�h�\�Z�g�g�u�_�� �g�Z�g�h�q�Z�k�l�b�p�u�� �i�j�h�y�\�b�e�b�� �p�b�l�h�l�h�d�k�b�q�_�k�d�m�x�� �Z�d�l�b�\�g�h�k�l�v�� �i�j�h�l�b�\��
�b�k�i�h�e�v�a�m�_�f�u�o�� �d�m�e�v�l�m�j�� �h�i�m�o�h�e�_�\�u�o�� �d�e�_�l�h�d���� �I�j�b�� �w�l�h�f�� �%�1�3�� �0�Q���&�R�� �g�_�� �[�u�e�� �[�h�e�_�_�� �l�h�d�k�b�q�g�u�f����
�q�_�f�� �G�Q�� �h�l�^�_�e�v�g�u�o�� �h�d�k�b�^�h�\�� �f�_�l�Z�e�e�h�\�� �0�Q�� �b��Co �\�� �b�k�i�h�e�v�a�m�_�f�u�o�� �d�h�g�p�_�g�l�j�Z�p�b�y�o���� �G�Q�� �0�Q�H�� �b��
�h�d�k�b�^�Z���d�h�[�Z�e�v�l�Z���i�j�h�y�\�b�e�b���i�h�^�h�[�g�m�x���b�e�b���k�j�Z�\�g�b�f�m�x���\�u�k�h�d�m�x���p�b�l�h�l�h�d�k�b�q�_�k�d�m�x���Z�d�l�b�\�g�h�k�l�v��
�i�j�h�l�b�\�� �h�i�m�o�h�e�_�\�u�o�� �d�e�_�l�h�d���� �I�j�b�� �h�^�g�h�\�j�_�f�_�g�g�h�f�� �\�h�a�^�_�c�k�l�\�b�b�� �k�f�_�k�b�� �g�Z�g�h�q�Z�k�l�b�p�� �h�d�k�b�^�Z��
�f�Z�j�]�Z�g�p�Z���b���d�h�[�Z�e�v�l�Z���g�_���g�Z�[�e�x�^�Z�e�h�k�v���i�h�\�u�r�_�g�b�y���l�h�d�k�b�q�g�h�k�l�b���i�h���k�j�Z�\�g�_�g�b�x���k���\�h�a�^�_�c�k�l�\�b�_�f��
�l�h�e�v�d�h���h�^�g�h�]�h���l�b�i�Z���g�Z�g�h�q�Z�k�l�b�p�����K�j�Z�\�g�b�l�_�e�v�g�u�_���b���d�h�f�[�b�g�b�j�h�\�Z�g�g�u�_���i�h�\�j�_�`�^�Z�x�s�b�_���w�n�n�_�d�l�u��
�g�Z�g�h�q�Z�k�l�b�p���i�j�b���k�h�\�f�_�k�l�g�h�f���\�\�_�^�_�g�b�b���b���i�h���h�l�^�_�e�v�g�h�k�l�b�����i�j�b���i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�f���^�h�[�Z�\�e�_�g�b�b�����k��
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�b�g�l�_�j�\�Z�e�h�f�� ���� �b�� ������ �q�Z�k�Z���^�h�k�l�h�\�_�j�g�h�� �j�Z�a�e�b�q�Z�e�b�k�v�� �b�� �f�Z�d�k�b�f�Z�e�v�g�Z�y�� �p�b�l�h�l�h�d�k�b�q�g�h�k�l�v�� �[�u�e�Z��
�\�u�y�\�e�_�g�Z���i�j�b���^�h�[�Z�\�e�_�g�b�b���g�Z�g�h�q�Z�k�l�b�p���k���b�g�l�_�j�\�Z�e�h�f�������q�Z�k�� 

 
�L�Z�[�e�b�p�Z���� 

�P�b�l�h�l�h�d�k�b�q�g�h�k�l�v�����K�&�������f�d�]/�f�e�����G�Q���\���h�l�g�h�r�_�g�b�b���d�e�_�l�h�d���8-87, SK-Mel-28, HepG2, HEK293T  
�i�h���j�_�a�m�e�v�l�Z�l�Z�f���F�L�L-�l�_�k�l�Z�����0�“�6�(�� 

NP 
U87 SK-Mel-28 Hep-G2 HEK293T 

Glioblastoma Melanoma �/�L�Y�H�U���F�D�U�F�L�Q�R�P�D�i�_�q�_�g�b Kidney 
Mn 11,5 �“ 0,8 22,8 �“ 2,7 7,1 �“ 0,9 16,0 �“ 1,9 
Co 15,7 �“ 1,2 13,2 �“ 0,6 5,7 �“ 0,9 10,4 �“ 0,5 

MnCo 25,2 �“ 2,5 98,5 �“ 12,3 30,2 �“ 4,8 46,3 �“ 4,7 
Mn+Co 

���q�_�j�_�a�����q�� 5,9 �“ 0,9 11,8 �“ 2,9 4,2 �“ 0,7 6,3 �“ 1,3 

Mn+Co 
���q�_�j�_�a�������q�� 11,0 �“ 0,9 21,5 �“ 8,1 9,0 �“ 1,7 - 

Mn+Co 
���k�f�_�k�v�� 17,9 �“ 1,9 39,5 �“ 0,7 19,3 �“ 2,1 44,1 �“ 5,3 

�I�j�b�f�_�q�Z�g�b�_���³-�´- �W�d�k�i�_�j�b�f�_�g�l �i�j�h�^�h�e�`�Z�_�l�k�y�� �^�Z�g�g�u�o �i�h�d�Z �g�_ �i�h�e�m�q�_�g�h�� �>�Z�g�g�u�_�� �i�j�_�^�k�l�Z�\�e�_�g�u�� �d�Z�d���k�j�_�^�g�_�_�� �“��
�k�l�Z�g�^�Z�j�l�g�h�_���h�l�d�e�h�g�_�g�b�_�����
���S���� �����������i�h���k�j�Z�\�g�_�g�b�x���k���d�h�g�l�j�h�e�v�g�h�c���]�j�m�i�i�h�c 

 
�B�k�i�u�l�Z�g�b�y �p�b�l�h�l�h�d�k�b�q�g�h�k�l�b �g�Z�g�h�f�Z�l�_�j�b�Z�e�h�\ in vitro �g�Z �e�b�g�b�y�o �h�i�m�o�h�e�_�\�u�o���d�e�_�l�h�d 

�i�h�d�Z�a�Z�e�b �w�n�n�_�d�l�b�\�g�h�k�l�v �\ �k�e�_�^�m�x�s�_�f �i�h�j�y�^�d�_�� �G�Q Mn+Co(1h)> �G�Q Mn+Co (24h)> �G�Q �K�h�! 
�G�Q Mn�• �G�Q Mn+Co (�k�f�_�k�v)> BNP Mn/Co. 

 
�A�Z�d�e�x�q�_�g�b�_ 
�B�l�Z�d�� �j�_�a�m�e�v�l�Z�l�u �w�d�k�i�_�j�b�f�_�g�l�h�\�� �i�h �g�Z�r�_�f�m �f�g�_�g�b�x�� �^�_�f�h�g�k�l�j�b�j�m�x�l�� �q�l�h �b�k�k�e�_�^�m�_�f�u�_ 

�f�_�l�Z�e�e�b�q�_�k�d�b�_ �g�Z�g�h�q�Z�k�l�b�p�u �f�h�]�m�l �[�u�l�v �b�k�i�h�e�v�a�h�\�Z�g�u �\ �d�h�f�[�b�g�Z�p�b�b �^�e�y �i�h�\�u�r�_�g�b�y 
�i�j�h�l�b�\�h�h�i�m�o�h�e�_�\�h�c �w�n�n�_�d�l�b�\�g�h�k�l�b �\ �m�g�b�q�l�h�`�_�g�b�b �h�i�m�o�h�e�_�\�u�o �d�e�_�l�h�d �j�Z�a�e�b�q�g�h�]�h �l�d�Z�g�_�\�h�]�h 
�i�j�h�b�k�o�h�`�^�_�g�b�y��  
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Abstract. The treatment of breast cancer (BC) often includes systemic neoadjuvant chemotherapy 
(NAC), where anthracycline- and taxane-containing drugs are the most effective. The primary goal 
of NAC is to achieve a complete pathological response (pCR); however, its frequency varies 
depending on the molecular subtype of BC and ranges from only 1�±45 %. For HER2-negative 
(HER2-) BC, the likelihood of pCR remains low, and the presence of residual disease complicates 
the prognosis. At the same time, the survival rate of patients with complete or partial tumor 
regression is significantly higher than that of patients with disease progression. Therefore, for 
HER2-negative BC, identifying predictive markers, such as CNA (copy number aberrations), is 
crucial, as they can help optimize neoadjuvant treatment and improve clinical outcomes. 
Key words: breast cancer, neoadjuvant chemotherapy, pCR, CNA, excision repair genes. 

 
�<�\�_�^�_�g�b�_ 
�E�_�q�_�g�b�_���j�Z�d�Z���f�h�e�h�q�g�h�c���`�_�e�_�a�u�����J�F�@�����y�\�e�y�_�l�k�y �d�h�f�[�b�g�b�j�h�\�Z�g�g�u�f���b���\�h���f�g�h�]�b�o���k�e�m�q�Z�y�o��

�\�d�e�x�q�Z�_�l �k�b�k�l�_�f�g�m�x�� �g�_�h�Z�^�t�x�\�Z�g�l�g�m�x�� �o�b�f�b�h�l�_�j�Z�i�b�x�� ���G�O�L�� [1]. �<�� �g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y�� �h�^�g�b�f�b��
�b�a���g�Z�b�[�h�e�_�_���w�n�n�_�d�l�b�\�g�u�o���b���Z�d�l�b�\�g�h���i�j�b�f�_�g�y�_�f�u�o���p�b�l�h�k�l�Z�l�b�q�_�k�d�b�o���k�j�_�^�k�l�\���^�e�y���e�_�q�_�g�b�y���J�F�@��
�\�� �G�O�L, �y�\�e�y�x�l�k�y�� �Z�g�l�j�Z�p�b�d�e�b�g-�k�h�^�_�j�`�Z�s�b�_�� �b�� �l�Z�d�k�Z�g-�k�h�^�_�j�`�Z�s�b�_�� �i�j�_�i�Z�j�Z�l�u�� �H�^�g�h�c�� �b�a��
�d�e�x�q�_�\�u�o�� �p�_�e�_�c���i�j�b�f�_�g�_�g�b�y�� �G�O�L�� �y�\�e�y�_�l�k�y�� �^�h�k�l�b�`�_�g�b�_�� �i�h�e�g�h�]�h�� �i�Z�l�h�f�h�j�n�h�e�h�]�b�q�_�k�d�h�]�h��
�h�l�\�_�l�Z�� ���S�&�5���� �h�i�m�o�h�e�b���� �h�^�g�Z�d�h�� �\�� �d�e�b�g�b�q�_�k�d�h�c�� �i�j�Z�d�l�b�d�_�� �l�Z�d�h�c�� �j�_�a�m�e�v�l�Z�l�� �a�Z�\�b�k�b�l�� �h�l��
�f�h�e�_�d�m�e�y�j�g�h�]�h�� �i�h�^�l�b�i�Z�� �J�F�@���b�� �g�Z�[�e�x�^�Z�_�l�k�y�� �e�b�r�v�� �\�� ���±45 ���� �k�e�m�q�Z�_�\. �I�j�b�� �w�l�h�f�� �g�Z�[�e�x�^�Z�_�l�k�y��
�a�g�Z�q�b�l�_�e�v�g�Z�y�� �j�Z�a�g�b�p�Z�� �\�� �\�u�`�b�\�Z�_�f�h�k�l�b�� �i�Z�p�b�_�g�l�h�\���� �m�� �d�h�l�h�j�u�o�� �\�� �o�h�^�_�� �G�O�L�� �^�h�k�l�b�]�g�m�l�Z�� �i�h�e�g�Z�y��
�b�e�b�� �q�Z�k�l�b�q�g�Z�y�� �j�_�]�j�_�k�k�b�y�� �h�i�m�o�h�e�b���� �i�h�� �k�j�Z�\�g�_�g�b�x�� �k�� �i�Z�p�b�_�g�l�Z�f�b���� �m�� �d�h�l�h�j�u�o�� �h�l�f�_�q�Z�_�l�k�y��
�k�l�Z�[�b�e�b�a�Z�p�b�y�� �b�e�b�� �i�j�h�]�j�_�k�k�b�j�h�\�Z�g�b�_�� �h�i�m�o�h�e�_�\�h�]�h�� �i�j�h�p�_�k�k�Z�����>�e�y�� �+�(�5��-�g�_�]�Z�l�b�\�g�h�]�h�� ���+�(�5��-) 
�J�F�@ �\�_�j�h�y�l�g�h�k�l�v�� �S�&�5�� �h�k�l�Z�_�l�k�y�� �h�l�g�h�k�b�l�_�e�v�g�h�� �g�b�a�d�h�c���� �Z�� �g�Z�e�b�q�b�_�� �h�k�l�Z�l�h�q�g�h�]�h�� �a�Z�[�h�e�_�\�Z�g�b�y��
�a�Z�l�j�m�^�g�y�_�l���l�h�q�g�u�c���i�j�h�]�g�h�a�����\���h�l�e�b�q�b�_���h�l���^�j�m�]�b�o���i�h�^�l�b�i�h�\���J�F�@ [2].  

�F�g�h�]�b�_�� �o�b�f�b�h�l�_�j�Z�i�_�\�l�b�q�_�k�d�b�_�� �i�j�_�i�Z�j�Z�l�u ���\�� �l�h�f�� �q�b�k�e�_�� �Z�g�l�j�Z�p�b�d�e�b�g�u�� �b�� �l�Z�d�k�Z�g�u�� 
�\�u�a�u�\�Z�x�l�� �i�h�\�j�_�`�^�_�g�b�y�� �>�G�D�� �\�� �h�i�m�o�h�e�_�\�u�o�� �d�e�_�l�d�Z�o�� �<�� �k�\�h�x�� �h�q�_�j�_�^�v �]�_�g�u�� �k�b�k�l�_�f�u��
�w�d�k�p�b�a�b�h�g�g�h�c �j�_�i�Z�j�Z�p�b�b�� �h�l�\�_�q�Z�x�l�� �a�Z�� �m�k�l�j�Z�g�_�g�b�_�� �w�l�b�o�� �i�h�\�j�_�`�^�_�g�b�c���� �?�k�e�b�� �j�_�i�Z�j�Z�p�b�h�g�g�u�_��
�f�_�o�Z�g�b�a�f�u�� �j�Z�[�h�l�Z�x�l�� �w�n�n�_�d�l�b�\�g�h���� �h�i�m�o�h�e�_�\�u�_�� �d�e�_�l�d�b�� �f�h�]�m�l�� �\�u�`�b�\�Z�l�v���� �q�l�h�� �k�g�b�`�Z�_�l��
�w�n�n�_�d�l�b�\�g�h�k�l�v���o�b�f�b�h�l�_�j�Z�i�b�b���� �G�Z�i�j�h�l�b�\���� �k�g�b�`�_�g�b�_���Z�d�l�b�\�g�h�k�l�b���w�l�b�o���]�_�g�h�\���f�h�`�_�l�� �i�h�\�u�r�Z�l�v��
�q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�v�� �h�i�m�o�h�e�b �d�� �e�_�q�_�g�b�x�� �<�� �k�\�y�a�b�� �k�� �w�l�b�f���� �^�e�y�� �+�(�5��- �J�F�@ �h�k�h�[�_�g�g�h�� �\�Z�`�g�h��
�\�u�y�\�e�_�g�b�_�� �i�j�h�]�g�h�k�l�b�q�_�k�d�b�o�� �f�Z�j�d�_�j�h�\�� �i�h�e�g�h�c�� �b�� �q�Z�k�l�b�q�g�h�c�� �j�_�]�j�_�k�k�b�b���� �q�l�h�� �i�h�a�\�h�e�b�l��
�g�Z�a�g�Z�q�b�l�v�� �h�i�l�b�f�Z�e�v�g�h�_�� �g�_�h�Z�^�t�x�\�Z�g�l�g�h�_�� �e�_�q�_�g�b�_���� �<�� �d�Z�q�_�k�l�\�_�� �l�Z�d�b�o�� �f�Z�j�d�_�j�h�\�� �f�h�]�m�l��
�j�Z�k�k�f�Z�l�j�b�\�Z�l�v�k�y�� �&�1�$�� ���F�R�S�\�� �Q�X�P�E�H�U�� �D�E�H�U�U�D�W�L�R�Q �± �Z�[�_�j�j�Z�p�b�b�� �q�b�k�e�Z�� �d�h�i�b�c�� �>�G�D������ �d�h�l�h�j�u�_��
�n�h�j�f�b�j�m�x�l�� �]�_�g�_�l�b�q�_�k�d�b�c�� �e�Z�g�^�r�Z�n�l�� �h�i�m�o�h�e�_�c�� �L�Z�d�b�f�� �h�[�j�Z�a�h�f�����p�_�e�v�x�� �i�j�h�\�_�^�_�g�g�h�]�h 
�b�k�k�e�_�^�h�\�Z�g�b�y���y�\�e�y�_�l�k�y �h�p�_�g�d�Z�� �b�a�f�_�g�_�g�b�c�� �q�Z�k�l�h�l�u��CNA �]�_�g�h�\�� �k�b�k�l�_�f�u�� �w�d�k�p�b�a�b�h�g�g�h�c��
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�j�_�i�Z�j�Z�p�b�b�� ���=�W�J���� �\�� �h�i�m�o�h�e�b�� �f�h�e�h�q�g�h�c�� �`�_�e�_�a�u�� �\�� �i�j�h�p�_�k�k�_�� �e�_�q�_�g�b�y�� �i�j�b�� �i�j�b�f�_�g�_�g�b�b��
�k�l�Z�g�^�Z�j�l�g�u�o���k�o�_�f���G�O�L. 

 
�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y���q�Z�k�l�v 
�<�� �b�k�k�e�_�^�h�\�Z�g�b�_�� �\�d�e�x�q�_�g�u�� ������ �[�h�e�v�g�u�o�� �k�� �f�h�j�n�h�e�h�]�b�q�_�k�d�b�� �\�_�j�b�n�b�p�b�j�h�\�Z�g�g�u�f��

�^�b�Z�]�g�h�a�h�f���J�F�@��T1-4N0-3M0 (IIA �±III B �k�l�Z�^�b�b�����e�x�f�b�g�Z�e�v�g�h�]�h���<��HER2-�g�_�]�Z�l�b�\�g�h�]�h���i�h�^�l�b�i�Z�����\��
�\�h�a�j�Z�k�l�_�� �����±������ �e�_�l�� ���k�j�_�^�g�b�c�� �\�h�a�j�Z�k�l�� �������� �“ �������� �e�_�l�� ��Mean �“ SE)). �<�� �d�Z�q�_�k�l�\�_�� �b�k�k�e�_�^�m�_�f�h�]�h��
�f�Z�l�_�j�b�Z�e�Z�� �[�u�e�b�� �b�k�i�h�e�v�a�h�\�Z�g�u �[�b�h�i�k�b�c�g�u�_�� �h�i�m�o�h�e�_�\�u�_�� �h�[�j�Z�a�p�u�� �b �h�i�_�j�Z�p�b�h�g�g�u�c�� �f�Z�l�_�j�b�Z�e��
�i�h�k�e�_���G�O�L�� �>�G�D���b�a���h�i�m�o�h�e�_�\�h�c���l�d�Z�g�b���\�u�^�_�e�y�e�b���b�a���������i�Z�j�g�u�o���h�[�j�Z�a�p�h�\���h�i�m�o�h�e�b���^�h���e�_�q�_�g�b�y��
�b�� �i�h�k�e�_�� �G�O�L�� �i�j�b�� �i�h�f�h�s�b�� �g�Z�[�h�j�Z�� �4�,�$�D�P�S�� �'�1�$���P�L�Q�L�� �.�L�W�� ���4�L�D�J�H�Q���� �*�H�U�P�D�Q�\�� ���� �������������� �\��
�k�h�h�l�\�_�l�k�l�\�b�b�� �k�� �b�g�k�l�j�m�d�p�b�_�c�� �i�j�h�b�a�\�h�^�b�l�_�e�y�����>�e�y�� �Z�g�Z�e�b�a�Z�� �Z�[�_�j�j�Z�p�b�c�� �q�b�k�e�Z�� �d�h�i�b�c�� ���&�1�$����
�i�j�h�\�h�^�b�e�b�� �f�b�d�j�h�f�Z�l�j�b�q�g�u�c�� �Z�g�Z�e�b�a�� �g�Z�� �>�G�D-�q�b�i�Z�o�� �\�u�k�h�d�h�c�� �i�e�h�l�g�h�k�l�b�� �&�\�W�R�6�F�D�Q�7�0�� �+�'��
�$�U�U�D�\�� ���$�I�I�\�P�H�W�U�L�[�� ���8�6�$�������� �K�l�Z�l�b�k�l�b�q�_�k�d�Z�y�� �h�[�j�Z�[�h�l�d�Z�� �^�Z�g�g�u�o�� �i�j�h�\�h�^�b�e�Z�k�v�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f��
�i�Z�d�_�l�Z���i�j�b�d�e�Z�^�g�u�o���i�j�h�]�j�Z�f�f���©�6�W�D�W�L�V�W�L�F�D���������ª. 

 
�J�_�a�m�e�v�l�Z�l�u 
�<�� �j�_�a�m�e�v�l�Z�l�_�� �h�p�_�g�d�b�� �b�a�f�_�g�_�g�b�y�� �&�1�$�� �j�_�]�b�h�g�h�\�� �e�h�d�Z�e�b�a�Z�p�b�b�� �=�W�J�� �\�� �h�i�m�o�h�e�b�� �f�h�e�h�q�g�h�c��

�`�_�e�_�a�u�� �[�u�e�h�� �i�j�h�\�_�^�_�g�h�� �h�i�b�k�Z�g�b�_�� �&�1�$-�e�Z�g�^�r�Z�n�l�Z�� �h�i�m�o�h�e�b�� �^�h�� �b�� �i�h�k�e�_�� �e�_�q�_�g�b�y�� �b�� �h�p�_�g�_�g�u��
�b�a�f�_�g�_�g�b�y�� �\���q�Z�k�l�h�l�_�� �&�1�$�� �M�k�l�Z�g�h�\�e�_�g�h���� �q�l�h�� �\�� �h�i�m�o�h�e�b�� �i�Z�p�b�_�g�l�h�d�� �^�h�� �e�_�q�_�g�b�y�� �g�Z�b�[�h�e�v�r�_�_��
�d�h�e�b�q�_�k�l�\�h���Z�f�i�e�b�n�b�d�Z�p�b�c���j�_�]�b�h�g�h�\���e�h�d�Z�e�b�a�Z�p�b�b���=�W�J�������������� �������h�[�g�Z�j�m�`�_�g�h���\���e�h�d�m�k�_�����T����������
���j�Z�k�i�h�e�h�`�_�g���]�_�g��CHD1L�������Z���g�Z�b�[�h�e�v�r�Z�y���q�Z�k�l�h�l�Z���^�_�e�_�p�b�c���j�_�]�b�h�g�h�\���e�h�d�Z�e�b�a�Z�p�b�b���=�W�J������������ %) 
�h�[�g�Z�j�m�`�_�g�Z���\�� �e�h�d�m�k�_�� ���S������ ���j�Z�k�i�h�e�h�`�_�g�� �]�_�g��WRN������ �L�Z�d�`�_�� �i�h�d�Z�a�Z�g�h���� �q�l�h�� �\�� �e�h�d�m�k�Z�o�� �����T���������� �b��
�����T���������������j�Z�k�i�h�e�h�`�_�g�u���]�_�g�u��MMS19 �b��POLL�����k�h�h�l�\�_�l�k�l�\�_�g�g�h�����i�j�b�k�m�l�k�l�\�m�_�l������������ �����^�_�e�_�p�b�c��
�i�j�b���i�h�e�g�h�f���h�l�k�m�l�k�l�\�b�b���Z�f�i�e�b�n�b�p�b�j�h�\�Z�g�g�u�o���m�q�Z�k�l�d�h�\�� 

�<�� �h�i�m�o�h�e�b�� �i�Z�p�b�_�g�l�h�d�� �i�h�k�e�_�� �e�_�q�_�g�b�y�� �g�Z�b�[�h�e�v�r�_�_ �d�h�e�b�q�_�k�l�\�h�� �Z�f�i�e�b�n�b�d�Z�p�b�c�� ������������ %) 
�j�_�]�b�h�g�h�\�� �e�h�d�Z�e�b�a�Z�p�b�b�� �=�W�J�� �h�[�g�Z�j�m�`�_�g�h�� �\�� �e�h�d�m�k�_�� �����T���������� ���j�Z�k�i�h�e�h�`�_�g�� �]�_�g��POLD3������ �Z��
�g�Z�b�[�h�e�v�r�Z�y�� �q�Z�k�l�h�l�Z�� �^�_�e�_�p�b�c�� �j�_�]�b�h�g�h�\�� �e�h�d�Z�e�b�a�Z�p�b�b�� �=�W�J�� ������������ ������ �h�[�g�Z�j�m�`�_�g�Z�� �\�� �e�h�d�m�k�_��
�����T�������������j�Z�k�i�h�e�h�`�_�g���]�_�g���:�L�F�������L�Z�d�`�_���i�h�d�Z�a�Z�g�h�����q�l�h���\���h�i�m�o�h�e�b���i�h�k�e�_���G�O�L���\���e�h�d�m�k�_�������S����������
���j�Z�k�i�h�e�h�`�_�g�u�� �]�_�g�u��SIRT6 �b��GADD45B���� �i�j�b�k�m�l�k�l�\�m�_�l�� ���������� ���� �^�_�e�_�p�b�c�� �i�j�b�� �i�h�e�g�h�f��
�h�l�k�m�l�k�l�\�b�b���Z�f�i�e�b�n�b�p�b�j�h�\�Z�g�g�u�o���m�q�Z�k�l�d�h�\ (�j�b�k�� 1).  

 

 
�J�b�k�����������Q�Z�k�l�h�l�Z���Z�f�i�e�b�n�b�d�Z�p�b�c���b���^�_�e�_�p�b�c���\���d�Z�`�^�h�f���b�a���j�_�]�b�h�g�h�\���e�h�d�Z�e�b�a�Z�p�b�b���b�k�k�e�_�^�m�_�f�u�o���=�W�J  

�\���h�i�m�o�h�e�b �[�h�e�v�g�u�o���J�F�@���^�h���b���i�h�k�e�_���e�_�q�_�g�b�y 
 
�>�Z�e�_�_���^�e�y���h�p�_�g�d�b���b�a�f�_�g�_�g�b�y���&�1�$���j�_�]�b�h�g�h�\���e�h�d�Z�e�b�a�Z�p�b�b���=�W�J���\���h�i�m�o�h�e�b���f�h�e�h�q�g�h�c���`�_�e�_�a�u��

�\���a�Z�\�b�k�b�f�h�k�l�b���h�l���i�j�b�f�_�g�_�g�b�y���j�Z�a�e�b�q�g�u�o���k�l�Z�g�^�Z�j�l�g�u�o���k�o�_�f���G�O�L�����\�k�_���i�Z�p�b�_�g�l�u���[�u�e�b���j�Z�a�^�_�e�_�g�u��
�g�Z�� ���� �]�j�m�i�i�u���� ���� �]�j�m�i�i�m�� �k�h�k�l�Z�\�b�e�b�� �i�Z�p�b�_�g�l�u���� �i�h�e�m�q�b�\�r�b�_���\�� �j�_�`�b�f�_�� �G�O�L�� �Z�g�l�j�Z�p�b�d�e�b�g-
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�k�h�^�_�j�`�Z�s�b�_�� �k�o�_�f�u�� ���&�$�;�� ���p�b�d�e�h�n�h�k�n�Z�g���� �^�h�d�k�h�j�m�[�b�p�b�g���� �d�Z�i�_�p�b�l�Z�[�b�g������ �$�&�7�� ���^�h�d�k�h�j�m�[�b�p�b�g����
�p�b�d�e�h�n�h�k�n�Z�g���� �l�Z�d�k�h�l�_�j������ �)�$�&�� ���n�l�h�j�m�j�Z�p�b�e���� �^�h�d�k�h�j�m�[�b�p�b�g���� �p�b�d�e�h�n�h�k�n�Z�f�b�^�������� �<�h�� ���� �]�j�m�i�i�m��
�\�d�e�x�q�_�g�u�� �i�Z�p�b�_�g�l�u���� �i�h�e�m�q�b�\�r�b�_�� �\�� �j�_�`�b�f�_�� �G�O�L�� �l�Z�d�k�Z�g-�k�h�^�_�j�`�Z�s�b�_�� �k�o�_�f�u�� �e�_�q�_�g�b�y�� 
���:�L�����^�h�d�k�h�j�m�[�b�p�b�g�����l�Z�d�k�h�l�_�j�������l�Z�d�k�h�l�_�j���\���f�h�g�h-�j�_�`�b�f�_���� 

�<�� �j�_�a�m�e�v�l�Z�l�_�� �k�j�Z�\�g�_�g�b�y�� �q�Z�k�l�h�l�� �&�1�$�� �j�_�]�b�h�g�h�\�� �e�h�d�Z�e�b�a�Z�p�b�b���=�W�J �\�� �h�i�m�o�h�e�b�� �^�h�� �b�� �i�h�k�e�_��
�e�_�q�_�g�b�y�� �^�e�y�� �i�Z�p�b�_�g�l�h�\�� ���� �]�j�m�i�i�u�� �h�[�g�Z�j�m�`�_�g�h�� �k�l�Z�l�b�k�l�b�q�_�k�d�b�� �a�g�Z�q�b�f�h�_�� �k�g�b�`�_�g�b�_�� �q�Z�k�l�h�l�u��
�^�_�e�_�p�b�c�� �\�� ������ �e�h�d�m�k�Z�o�� �����S������3, 5q13.3, 8p12, 8p23.1, 10q24.1, 10q24.32, 10q25.3, 10q26.3, 
�����T������������ �����T������������ �����T������������ �����T������������ �����T�������� �����T�������� �����T�������������� �����S������������ �����T�������������� ���j < �������������� �Z��
�l�Z�d�`�_�� �k�l�Z�l�b�k�l�b�q�_�k�d�b�� �a�g�Z�q�b�f�h�_�� �k�g�b�`�_�g�b�_�� �q�Z�k�l�h�l�u�� �Z�f�i�e�b�n�b�d�Z�p�b�c�� �\�� ���� �e�h�d�m�k�_���� �����S����������
���j�Z�k�i�h�e�h�`�_�g���]�_�g��FBH1) �k������������ �����^�h���������� �������j = 0,028). 

�K�j�Z�\�g�_�g�b�_�� �b�a�f�_�g�_�g�b�c�� �q�Z�k�l�h�l�� �&�1�$�� �j�_�]�b�h�g�h�\�� �e�h�d�Z�e�b�a�Z�p�b�b�� �=�W�J�� �\�� �i�j�h�p�_�k�k�_�� �G�O�L�� �\�h��
2 �]�j�m�i�i�_���i�Z�p�b�_�g�l�h�\���i�h�d�Z�a�Z�e�h���k�l�Z�l�b�k�l�b�q�_�k�d�b���a�g�Z�q�b�f�h�_���k�g�b�`�_�g�b�_���q�Z�k�l�h�l�u���^�_�e�_�p�b�c���\�������e�h�d�m�k�Z�o��
�����T������������ �����T�������������� �����T������������ �����T�������� �����T������������ ���j���������������� �i�j�b�� �w�l�h�f���� �k�l�Z�l�b�k�l�b�q�_�k�d�b�� �a�g�Z�q�b�f�h�]�h��
�b�a�f�_�g�_�g�b�y���q�Z�k�l�h�l�u���Z�f�i�e�b�n�b�d�Z�p�b�c���h�[�g�Z�j�m�`�_�g�h���g�_���[�u�e�h (�j�b�k�� 2). 
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(1 �]�j�m�i�i�Z���± �Z�g�l�j�Z�p�b�d�e�b�g-�k�h�^�_�j�`�Z�s�b�_���k�o�_�f�u���G�O�L�� 2 �]�j�m�i�i�Z���± �l�Z�d�k�Z�g-�k�h�^�_�j�`�Z�s�b�_���k�o�_�f�u�� 
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Abstract. Myelination is essential for efficient neural signaling and CNS function. Contactin-6 
(CNTN6) is involved in neurite growth, neural networks maintence, and oligodendrocyte maturation, 
but its role in myelination remains unclear. This study examined the effects of CNTN6 deletion on 
myelin content in various brain structures (cerebral cortex, corpus callosum, internal capsule, 
hippocampus, caudoputamen, cerebellar white matter) using quantitative histology. It was found that 
the CNTN6-\- mice showed significantly reduced myelin content compared to C57Bl mice in both 
males and females. The significant differences between mice with the CNTN6-\- and C57Bl genotypes 
were observed in the corpus callosum, cortex, internal capsule, and caudoputamen. Males affected 
more than females. In males, significant reductions were observed in all investigated brain structures 
while in females the cortex and hippocampus remained unaffected. 
In males, significant reductions were observed in all investigated brain structures while in females 
the cortex and hippocampus remained unaffected. Our findings confirm the important role of CNTN6 
role in brain myelination. 
Key words: Myelination, CNTN6, oligodendrocytes, white matter, sex differences. 

 
Introduction  
Contactin 6 (CNTN6) is a protein from the contactin family that plays crucial roles in 

neurodevelopment, including neural network formation, dendritic and axonal growth, and 
oligodendrocytogenesis. As a neural cell adhesion molecule, it mediates interactions between neurons 
and glial cells, guiding axonal pathfinding and synaptic organization. CNTN6 is highly expressed in 
brain regions responsible for cognition and motor functions, such as the cerebral cortex, 
hippocampus, and cerebellum. 

Genetic studies have linked CNTN6 mutations and deletions to neurological and psychiatric 
disorders, including mental retardation, autism spectrum disorders (ASD), ADHD, Tourette 
syndrome, and schizophrenia. These findings suggest CNTN6 is essential for neural circuit 
development and maintenance. Disruptions in CNTN6 expression are associated with cortical 
connectivity deficits and sensorimotor impairments. 

A key but poorly understood function of CNTN6 is its role in myelination, a process crucial for 
efficient neural signal transmission. Myelin sheaths, formed by oligodendrocytes, are vital for brain 
function, and myelination defects are linked to cognitive and motor impairments. Although CNTN6 
interacts with myelin-associated glycoprotein (MAG), its precise role in oligodendrocyte function 
and myelin formation remains unclear. 

To examine the effects of CNTN6 deletion on white and gray matter myelination, we used 
Luxol Fast Blue (LFB) histological staining. This method visualizes and quantifies myelin density in 
key brain regions, including the corpus callosum, internal capsule, caudate-putamen, motor cortex, 
hippocampus, and cerebellum. Comparing myelination patterns in CNTN6-deficient and wild-type 
mice, we aim to clarify how the absence of this protein affects neural pathways and contributes to 
neurodevelopmental disorders. 
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Research methods 
The study involved transgenic mice with a deletion of the CNTN6 gene (CNTN6-/-) obtained 

on the basis of the C57Bl/6 line of both sexes (n = �������ƒ���D�Q�G���������‚�������D�V���Z�H�O�O���D�V���F�R�Q�W�U�R�O���P�L�F�H���R�I���W�K�H��
C57Bl/6 line (n = �����ƒ���D�Q�G�������‚�����D�J�H�G���������Z�H�H�N�V�����Z�K�L�F�K���Z�H�U�H���R�E�W�D�L�Q�H�G���I�U�R�P���W�K�H���,�Q�V�W�L�W�X�W�H���R�I���&�\�W�R�O�R�J�\��
and Genetics (Novosibirsk, Russia). All procedures were carried out in accordance with ethical 
guidelines, and the study was approved by the Bioethics Committee of TSU (dated 04.04.2022, 
registration number 10). Experimental animals were kept under standard conditions with controlled 
temperature and humidity, a 12-hour light/dark cycle and free access to food and water. 

To analyze brain myelination, histological staining of frozen coronal brain sections was 
performed with Luxol Fast Blue (LFB) to visualize and quantify myelin density. Sections were 
collected at three stereotaxic coordinates: + 0.86 mm, -1.58 mm, and -6.12 mm from bregma, covering 
the main brain regions involved in motor and cognitive functions. 

Photomicrographs of stained sections were acquired using a Zeiss AxioImager Z2 microscope 
at 10x magnification, providing high-resolution images for subsequent analysis. Myelination levels 
were quantified by measuring the optical density (OD) of LFB staining in predefined regions of 
interest, including the cerebral cortex, corpus callosum, internal capsule, hippocampus, 
caudoputamen, and cerebellar white matter. The analysis was performed using ImageJ software, 
which allows for accurate measurement of myelin content in different brain structures. 

For statistical analysis, data were processed using Statistica 10.0 software, using the general 
linear model (GLM) to compare differences between groups. Fisher's LSD post hoc tests were 
�S�H�U�I�R�U�P�H�G���W�R���G�H�W�H�U�P�L�Q�H���V�S�H�F�L�I�L�F���J�U�R�X�S���G�L�I�I�H�U�H�Q�F�H�V�����Z�L�W�K���V�W�D�W�L�V�W�L�F�D�O���V�L�J�Q�L�I�L�F�D�Q�F�H���V�H�W���D�W���S���”���������������$�O�O data 
were tested for normality and homogeneity of variance to ensure the validity of parametric statistical 
approaches. 

 
Results 

Mice with the CNTN6-/- genotype exhibited significantly lower mean Luxol Fast Blue 
(LFB) optical density (OD) in both males and females, indicating a general reduction in 
myelination across the brain. However, these differences were notably more pronounced in males 
(11 % reduction) compared to females (5 % reduction) (Fig. 1 A), suggesting potential sex-related 
differences in compensatory mechanisms. This observation raises interesting questions about the 
role of sex hormones and genetic factors in the modulation of myelination processes. 

Statistical analysis revealed significant reductions in LFB OD in several key brain structures 
when comparing CNTN6-/- mice to control C57Bl/6 mice. The most pronounced differences were 
observed in the corpus callosum (11.22 %, p < 0.001), cerebral cortex (12.81 %, p < 0.001), internal 
capsule (9.74 %, p < 0.001), and caudoputamen (9.15 %, p < 0.001) (Fig. 1 B). These findings 
suggest that white matter tracts and myelinated gray matter regions are particularly affected by 
CNTN6 deletion, with extensive disruptions in both the pathways linking different brain regions 
and the areas responsible for motor control and cognitive functions. 

In males, the reduction in LFB OD was significant across all analyzed brain structures, 
indicating a widespread deficiency in myelination. This suggests that the absence of CNTN6 
disrupts myelin integrity in a broad range of brain regions, which may have implications for neural 
communication and function. In contrast, in females, the differences were less pronounced, and in 
the least myelinated gray matter structures, such as the cerebral cortex and hippocampus, the 
observed reductions did not reach statistical significance. These results may reflect a degree of 
sex-dependent neuroprotection, potentially linked to hormonal influences, such as estrogen, or 
compensatory mechanisms that mitigate the impact of CNTN6 deletion in females. These findings 
highlight the need for further investigation into the role of sex differences in myelination and the 
potential for sex-specific therapeutic approaches. 
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Fig. 1. The LFB OD measurements in CNTN6 -/- and C57Bl mice: A) averaged LFB OD; B) LFB OD in separate brain 
structures including CC �± corpus callosum, CPu �± caudate putamen, Cor �± cortex, Hip �± hippocampus, Capl �± internal 

capsule, Arv �± white matter of the cerebellum. The significant differences between CNTN6 -/- and C57Bl6 lines:  
* - p < 0,05, ** - p < 0,01, *** p < 0,001 

 
Conclusion 
Our study found a significant reduction in myelination of the corpus callosum, caudate 

putamen, cortex, hippocampus, and cerebellum in CNTN6-/- mice, potentially explaining their 
impaired learning and motor coordination [1]. In females, the changes were less pronounced, 
suggesting compensatory mechanisms linked to sex hormones [2]. 

Despite the absence of structural abnormalities on MRI, reduced myelin may still contribute to 
cognitive and behavioral impairments observed in patients with CNTN6 mutations, as white matter 
integrity is essential for efficient neural communication [3�±7]. Our findings confirm CNTN6's 
essential function in myelination and its potential involvement in neuropsychiatric diseases, including 
autism spectrum disorders, intellectual disability, and schizophrenia. Further research is needed to 
explore CNTN6-related myelination deficits and potential therapeutic strategies. 

 
References 
1. Takeda Y. et al. Impaired motor coordination in mice lacking neural recognition molecule 

NB-3 of the contactin/F3 subgroup // J Neurobiol. J Neurobiol. �± 2003. �± �9�R�O�������������‹���������± P. 252�±265. 
2. Breton J.M. et al. Hormonal Regulation of Oligodendrogenesis II: Implications for Myelin 

Repair // Biomolecules. MDPI AG. �± 2021. �± �9�R�O�������������‹���������± P. 290. 
3. Mu D. et al. Cntn6 deficiency impairs allocentric navigation in mice // Brain Behav. John 

Wiley and Sons Ltd. �± 2018. �± �9�R�O�����������‹������ 
4. Lopatkina M.E., Kashevarova A.A., Lebedev I.N. Estimation of association of CNTN6 copy 

number variation with idiopathic intellectual disability // Russ J Genet. Maik Nauka Publishing. �± 
2016. �± �9�R�O�������������‹���������± P. 1004�±1006. 

5. Repnikova E.A. et al. CNTN6 copy number variations: Uncertain clinical significance in 
individuals with neurodevelopmental disorders // Eur J Med Genet. Elsevier Masson SAS. �± 2020. 
�9�R�O�������������‹����. 

6. Huang A.Y. et al. Rare Copy Number Variants in NRXN1 and CNTN6 Increase Risk for 
Tourette Syndrome // Neuron. Neuron. �± 2017. �± �9�R�O�������������‹���������± P. 1101-1111.e7. 

7. Mercati O. et al. CNTN6 mutations are risk factors for abnormal auditory sensory perception 
in autism spectrum disorders // Molecular Psychiatry 2016 22:4. Nature Publishing Group. �± 2016. �± 
�9�R�O�������������‹���������± P. 625�±633. 



XXII �F�?�@�>�M�G�:�J�H�>�G�:�Y���D�H�G�N�?�J�?�G�P�B�Y���K�L�M�>�?�G�L�H�<�����:�K�I�B�J�:�G�L�H�<���B���F�H�E�H�>�U�O�� 
�M�Q�?�G�U�O �©�I�?�J�K�I�?�D�L�B�<�U���J�:�A�<�B�L�B�Y���N�M�G�>�:�F�?�G�L�:�E�V�G�U�O���G�:�M�D�ª 129 

 

�J�h�k�k�b�y�����L�h�f�k�d����22�±25 �Z�i�j�_�e�y������25 �]�� �L�h�f��4. �;�b�h�e�h�]�b�y���b���n�m�g�^�Z�f�_�g�l�Z�e�v�g�Z�y���f�_�^�b�p�b�g�Z 
 

  
�M�>�D��577.29 

�:�e�]�h�j�b�l�f���b�^�_�g�l�b�n�b�d�Z�p�b�b���i�_�g�b�k�l�u�o���f�Z�d�j�h�n�Z�]�h�\���\���f�b�d�j�h�h�d�j�m�`�_�g�b�b���h�i�m�o�h�e�b 
�D���>�����R�Z�e�u�]�b�g�Z1�����?���H�����R�f�Z�d�h�\�Z1, 2, T���K. �K�m�^�Z�j�k�d�b�o��1 

�G�Z�m�q�g�u�c���j�m�d�h�\�h�^�b�l�_�e�v�����d���f���g. �B���<�����E�Z�j�b�h�g�h�\�Z1, 2 
1�G�Z�p�b�h�g�Z�e�v�g�u�c���b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�b�c���L�h�f�k�d�b�c���]�h�k�m�^�Z�j�k�l�\�_�g�g�u�c���m�g�b�\�_�j�k�b�l�_�l�� 

�J�h�k�k�b�y�����]�����L�h�f�k�d�����i�j�����E�_�g�b�g�Z���������������������� 
2�L�h�f�k�d�b�c���g�Z�p�b�h�g�Z�e�v�g�u�c���b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�b�c���f�_�^�b�p�b�g�k�d�b�c���p�_�g�l�j, �G�B�B���h�g�d�h�e�h�]�b�b����

�J�h�k�k�b�y�����]�����L�h�f�k�d�����i�_�j�����D�h�h�i�_�j�Z�l�b�\�g�u�c 5, 634009 
E-mail: kseniia_kolmogorova@mail.ru 

 
Algorithm for the identification of foam macrophages in the tumor microenvironment 

K.D. Shalygina1, E.O. Shmakova1,2, T.S. Sudarskikh1 
Scientific Supervisor: PhD., I.V. Larionova1,2 

1Tomsk State University, Russia, Tomsk, Lenin str., 36, 634050 
2Tomsk National Research Medical Center, Russia, Tomsk, Kooperativniy lane, 5, 634009 

E-mail: kseniia_kolmogorova@mail.ru 
 

Abstract. A bioimage analysis algorithm was developed to identify foam macrophages in the tumor 
microenvironment. The relative number and expression level of the general-macrophage marker 
CD68 in foam macrophages in colorectal, breast and ovarian cancer was analysed. 
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�<�\�_�^�_�g�b�_ 
�H�g�d�h�e�h�]�b�q�_�k�d�b�_�� �a�Z�[�h�e�_�\�Z�g�b�y�� �h�k�l�Z�x�l�k�y�� �h�k�l�j�h�c�� �f�_�^�b�d�h-�k�h�p�b�Z�e�v�g�h�c�� �i�j�h�[�e�_�f�h�c�� �d�Z�d�� �\��

�J�h�k�k�b�b���� �l�Z�d�� �b�� �\�h�� �\�k�_�f�� �f�b�j�_��[1]. �I�j�h�[�e�_�f�Z�� �h�[�g�Z�j�m�`�_�g�b�y�� �g�h�\�u�o�� �w�n�n�_�d�l�b�\�g�u�o�� �f�Z�j�d�_�j�h�\�� �b��
�f�b�r�_�g�_�c�� �^�e�y�� �m�e�m�q�r�_�g�b�y�� �l�_�j�Z�i�_�\�l�b�q�_�k�d�b�o�� �i�h�^�o�h�^�h�\�� �\�� �e�_�q�_�g�b�b���h�g�d�h�e�h�]�b�q�_�k�d�b�o�� �a�Z�[�h�e�_�\�Z�g�b�c��
�g�_�� �l�_�j�y�_�l�� �k�\�h�_�c�� �Z�d�l�m�Z�e�v�g�h�k�l�b�� �H�i�m�o�h�e�_�Z�k�k�h�p�b�b�j�h�\�Z�g�g�u�_�� �f�Z�d�j�h�n�Z�]�b�� ���H�:�F���� �y�\�e�y�x�l�k�y��
�d�e�x�q�_�\�u�f�b�� �d�e�_�l�d�Z�f�b�� �\�j�h�`�^�_�g�g�h�]�h�� �b�f�f�m�g�b�l�_�l�Z�� �\���h�i�m�o�h�e�_�\�h�f�� �f�b�d�j�h�h�d�j�m�`�_�g�b�b���� �d�h�l�h�j�u�_��
�k�i�h�k�h�[�k�l�\�m�x�l�� �h�i�m�o�h�e�_�\�h�c�� �i�j�h�]�j�_�k�k�b�b��[2]���� �J�Z�g�_�_�� �[�u�e�h�� �h�[�g�Z�j�m�`�_�g�h���� �q�l�h�� �H�:�F���� �g�Z�]�j�m�`�_�g�g�u�_��
�e�b�i�b�^�Z�f�b ���i�_�g�b�k�l�u�_�� �f�Z�d�j�h�n�Z�]�b��, �i�j�_�^�k�l�Z�\�e�y�x�l�� �k�h�[�h�c�� �k�m�[�i�h�i�m�e�y�p�b�x�� �H�:�F���� �d�h�l�h�j�Z�y 
�m�q�Z�k�l�\�m�_�l�� �\���i�h�]�e�h�s�_�g�b�b���e�b�i�b�^�h�\�� �b �k�i�h�k�h�[�k�l�\�m�_�l�� �i�j�h�p�_�k�k�Z�f�� �h�d�b�k�e�_�g�b�y�� �`�b�j�g�u�o�� �d�b�k�e�h�l�� �b��
�h�d�b�k�e�b�l�_�e�v�g�h�]�h�� �n�h�k�n�h�j�b�e�b�j�h�\�Z�g�b�y, �d�h�l�h�j�u�_�� �y�\�e�y�x�l�k�y�� �f�_�l�Z�[�h�e�b�q�_�k�d�b�f�b�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�b��
�i�j�h�h�i�m�o�h�e�_�\�h�]�h �n�_�g�h�l�b�i�Z [3]. �H�^�g�Z�d�h�� �g�Z�� �k�_�]�h�^�g�y�r�g�b�c�� �^�_�g�v�� �j�h�e�v�� �i�_�g�b�k�l�u�o�� �f�Z�d�j�h�n�Z�]�h�\�� �\��
�i�Z�l�h�]�_�g�_�a�_ �h�g�d�h�e�h�]�b�q�_�k�d�b�o���a�Z�[�h�e�_�\�Z�g�b�c �h�k�l�Z�_�l�k�y���g�_���b�a�m�q�_�g�g�h�c���� 

�P�_�e�v���b�k�k�e�_�^�h�\�Z�g�b�y���� �j�Z�a�j�Z�[�h�l�Z�l�v�� �Z�e�]�h�j�b�l�f �^�e�y�� �\�u�y�\�e�_�g�b�y�� �i�_�g�b�k�l�u�o�� �f�Z�d�j�h�n�Z�]�h�\�� �b��
�h�p�_�g�d�b���m�j�h�\�g�y���w�d�k�i�j�_�k�k�b�b���h�[�s�_�]�h���f�Z�j�d�_�j�Z���f�Z�d�j�h�n�Z�]�h�\���&�'������ 

 
�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y���q�Z�k�l�v 
�<�� �^�Z�g�g�h�f�� �b�k�k�e�_�^�h�\�Z�g�b�b���b�k�i�h�e�v�a�h�\�Z�e�k�y�� �d�e�b�g�b�q�_�k�d�b�c�� �f�Z�l�_�j�b�Z�e�� �[�b�h�[�Z�g�d�Z��

�G�B�B �h�g�d�h�e�h�]�b�b�� �L�h�f�k�d�h�]�h�� �G�B�F�P���� �i�h�e�m�q�_�g�g�u�c�� �i�j�b�� �i�j�h�\�_�^�_�g�b�b�� �h�i�_�j�Z�l�b�\�g�h�]�h�� �e�_�q�_�g�b�y��
�i�Z�p�b�_�g�l�h�\�� �k��3 �l�b�i�Z�f�b�� �g�h�a�h�e�h�]�b�c�����d�h�e�h�j�_�d�l�Z�e�v�g�h�]�h�� �j�Z�d�Z�� ���D�J�J) (N = 100), �j�Z�d�Z�� �f�h�e�h�q�g�h�c��
�`�_�e�_�a�u�����J�F�@) (N = 80�����b���j�Z�d�Z���y�b�q�g�b�d�Z (�J�Y) (N = 150�����\�k�_�o���k�l�Z�^�b�c. �B�f�f�m�g�h�]�b�k�l�h�o�b�f�b�q�_�k�d�h�_��
�h�d�j�Z�r�b�\�Z�g�b�_�� �i�Z�j�Z�n�b�g�h�\�u�o�� �k�j�_�a�h�\ �h�i�m�o�h�e�_�c �h�k�m�s�_�k�l�\�e�y�e�h�k�v�� �i�h�� �k�l�Z�g�^�Z�j�l�g�h�c�� �f�_�l�h�^�b�d�_ �k��
�i�h�k�e�_�^�m�x�s�_�c���h�p�b�n�j�h�\�d�h�c���g�Z���]�b�k�l�h�k�d�Z�g�_���/�H�L�F�D���$�S�H�U�L�R���$�7��. �G�Z�e�b�q�b�_���i�_�g�b�k�l�u�o���f�Z�d�j�h�n�Z�]�h�\ �\��
�h�i�m�o�h�e�_�\�h�f�� �f�b�d�j�h�h�d�j�m�`�_�g�b�b �h�i�j�_�^�_�e�y�e�h�k�v���k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �I�H��Qupath. �L�Z�d�`�_��
�h�i�j�_�^�_�e�y�e�Z�k�v���p�b�l�h�i�e�Z�a�f�Z�l�b�q�_�k�d�Z�y���w�d�k�i�j�_�k�k�b�y��CD�������\���i�_�g�b�k�l�u�o���f�Z�d�j�h�n�Z�]�Z�o�� 

�H�[�j�Z�[�h�l�d�Z�� �i�h�e�m�q�_�g�g�u�o�� �^�Z�g�g�u�o�� �\�u�i�h�e�g�y�e�Z�k�v�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f���i�j�h�]�j�Z�f�f�g�h�]�h�� �i�Z�d�_�l�Z��
�©GraphPad Prism 8.0�ª�����I�j�b�f�_�g�y�e�b�k�v�� �l�_�k�l�� �F�Z�g�g�Z-�M�b�l�g�b�� �^�e�y�� �g�_�a�Z�\�b�k�b�f�u�o�� �\�u�[�h�j�h�d���� �Z�� �l�Z�d�`�_�� 
�$2-�d�j�b�l�_�j�b�c���I�b�j�k�h�g�Z�� �J�Z�a�e�b�q�b�y���k�q�b�l�Z�e�b���a�g�Z�q�b�f�u�f�b �i�j�b���m�j�h�\�g�_���a�g�Z�q�b�f�h�k�l�b���S-�Y�D�O�X�H���f�_�g�_�_������������ 
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�J�_�a�m�e�v�l�Z�l�u 
�<�� �j�_�a�m�e�v�l�Z�l�_�� �Z�g�Z�e�b�a�Z�� �]�b�k�l�h�e�h�]�b�q�_�k�d�h�]�h�� �f�Z�l�_�j�b�Z�e�Z���� �i�h�e�m�q�_�g�g�h�]�h�� �h�l�� �i�Z�p�b�_�g�l�h�\�� �k�� 

�D�J�J���J�F�@�����J�Y�����[�u�e�h���\�u�y�\�e�_�g�h�����q�l�h���i�_�g�b�k�l�u�_���f�Z�d�j�h�n�Z�]�b���q�Z�s�_���\�k�_�]�h���\�k�l�j�_�q�Z�e�b�k�v �m���i�Z�p�b�_�g�l�h�\��
�k���J�Y�� ���\�� ���� ���� �k�e�m�q�Z�_�\�������i�j�b���D�J�J�� �b�� �J�F�@�� �i�_�g�b�k�l�u�_�� �f�Z�d�j�h�n�Z�]�b�� �\�k�l�j�_�q�Z�e�b�k�v�� �\�� ���� ���� �k�e�m�q�Z�_�\�� 
�K �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �I�H Qupath �[�u�e �j�Z�a�j�Z�[�h�l�Z�g�� �Z�e�]�h�j�b�l�f �k�� �i�j�b�f�_�g�_�g�b�_�f�� �l�_�o�g�h�e�h�]�b�b��
�b�k�d�m�k�k�l�\�_�g�g�h�]�h�� �b�g�l�_�e�e�_�d�l�Z�� ���B�B�� (�j�b�k�� 1)���� �i�h�a�\�h�e�y�x�s�b�c�� �\�u�y�\�e�y�l�v�� �i�_�g�b�k�l�u�_�� �f�Z�d�j�h�n�Z�]�b, 
�\�d�e�x�q�Z�x�s�b�c���k�e�_�^�m�x�s�b�_���w�l�Z�i�u: 

1) �h�i�l�b�f�b�a�Z�p�b�y���i�Z�j�Z�f�_�l�j�h�\���^�_�l�_�d�l�b�j�h�\�Z�g�b�y���d�e�_�l�h�d�� 
2) �d�e�Z�k�k�b�n�b�d�Z�p�b�y���^�_�l�_�d�l�b�j�h�\�Z�g�g�u�o���d�e�_�l�h�d��(Random Trees); 
3) �Z�g�Z�e�b�a���w�d�k�i�j�_�k�k�b�b���&�'������ 

 

 
�J�b�k�����������F�_�o�Z�g�b�a�f���h�[�g�Z�j�m�`�_�g�b�y���i�_�g�b�k�l�u�o���f�Z�d�j�h�n�Z�]�h�\ �k���i�h�f�h�s�v�x���I�H��Qupath 

 
�<�� �j�_�a�m�e�v�l�Z�l�_�� �i�j�h�\�_�^�z�g�g�h�]�h�� �k�l�Z�l�b�k�l�b�q�_�k�d�h�]�h�� �Z�g�Z�e�b�a�Z�� �[�u�e�b�� �\�u�y�\�e�_�g�u�� �a�g�Z�q�b�f�u�_��

�j�Z�a�e�b�q�b�y�� �h�l�g�h�k�b�l�_�e�v�g�h�]�h�� �d�h�e�b�q�_�k�l�\�Z�� �i�_�g�b�k�l�u�o�� �f�Z�d�j�h�n�Z�]�h�\�� ���j�b�k�� 2) �i�j�b�� �J�Y���i�h�� �k�j�Z�\�g�_�g�b�x�� �k 
�J�F�@ (2,42 [0,02;52,83] vs 0,84 [0,13;5,63], p=0,0352).  

 

 
�J�b�k����2. �J�_�a�m�e�v�l�Z�l�u���Z�g�Z�e�b�a�Z���i�j�h�p�_�g�l�g�h�]�h���k�h�h�l�g�h�r�_�g�b�y���i�_�g�b�k�l�u�o���f�Z�d�j�h�n�Z�]�h�\  

�d���h�[�s�_�f�m���d�h�e�b�q�_�k�l�\�m���d�e�_�l�h�d �\���h�i�m�o�h�e�_�\�h�f���f�Z�l�_�j�b�Z�e�_���[�h�e�v�g�u�o���D�J�J�����J�F�@���b���J�Y.  
ns �± �j�Z�a�e�b�q�b�y���k�l�Z�l�b�k�l�b�q�_�k�d�b���g�_�a�g�Z�q�b�f�u�� p>0,05; * �± �k�l�Z�l�b�k�l�b�q�_�k�d�b���a�g�Z�q�b�f�u�_���j�Z�a�e�b�q�b�y���i�j�b���S < 0,05 

 
�L�Z�d�� �`�_�� �g�Z�� �m�j�h�\�g�_�� �l�_�g�^�_�g�p�b�b�����j�b�k���� �������g�Z�[�e�x�^�Z�e�h�k�v�� �i�h�\�u�r�_�g�b�_�� �k�h�^�_�j�`�Z�g�b�y�� �i�_�g�b�k�l�u�o��

�d�e�_�l�h�d���i�j�b���D�J�J���i�h���k�j�Z�\�g�_�g�b�x���k���J�F�@���������������>���������������������@��vs 0,84 [0,13; 5,63], p = 0,0779). 
�I�j�b���d�h�e�b�q�_�k�l�\�_�g�g�h�f���Z�g�Z�e�b�a�_���w�d�k�i�j�_�k�k�b�b���h�[�s�_�]�h���f�Z�j�d�_�j�Z���f�Z�d�j�h�n�Z�]�h�\���&�'�������\���i�_�g�b�k�l�u�o��

�f�Z�d�j�h�n�Z�]�Z�o�� �h�i�m�o�h�e�b���D�J�J, �J�F�@ �b���J�Y�� ���j�b�k�� ������ �[�u�e�h �h�[�g�Z�j�m�`�_�g�h���� �q�l�h�� �w�d�k�i�j�_�k�k�b�y�� �&�'������
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�J�h�k�k�b�y�����L�h�f�k�d����22�±25 �Z�i�j�_�e�y������25 �]�� �L�h�f��4. �;�b�h�e�h�]�b�y���b���n�m�g�^�Z�f�_�g�l�Z�e�v�g�Z�y���f�_�^�b�p�b�g�Z 
 

  
�k�l�Z�l�b�k�l�b�q�_�k�d�b�� �a�g�Z�q�b�f�h���g�b�`�_ �i�j�b�� �J�Y�� �\�� �k�j�Z�\�g�_�g�b�b�� �k�� �J�F�@�� ��������,30 [22,93;261,10] vs 295,80 
[281,6;299,3], p < 0,0001�����b���D�J�J����127,30 [22,93;261,10] vs 283,60 [131,30;295,70], p < 0,0001). 

 

 
�J�b�k�������� �J�_�a�m�e�v�l�Z�l�u���Z�g�Z�e�b�a�Z���h�[�s�_�c���[�_�e�d�h�\�h�c���w�d�k�i�j�_�k�k�b�b���&�'�������\���h�i�m�o�h�e�_�\�h�f���f�Z�l�_�j�b�Z�e�_�� 

�[�h�e�v�g�u�o���D�J�J�����J�F�@ �b���J�Y. **** �± �k�l�Z�l�b�k�l�b�q�_�k�d�b���a�g�Z�q�b�f�u�_���j�Z�a�e�b�q�b�y���i�j�b���S < 0,0001 
 

�:�g�Z�e�b�a�� �^�Z�g�g�u�o�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �$�ð-�d�j�b�l�_�j�b�y�� �I�b�j�k�h�g�Z�� �i�h�d�Z�a�Z�e���� �q�l�h�� �m�� �i�Z�p�b�_�g�l�h�\�� �k��
�J�Y �k�m�s�_�k�l�\�m�_�l�� �k�l�Z�l�b�k�l�b�q�_�k�d�b�� �a�g�Z�q�b�f�Z�y���k�\�y�a�v���f�_�`�^�m�� �g�Z�e�b�q�b�_�f�� �i�_�g�b�k�l�u�o�� �f�Z�d�j�h�n�Z�]�h�\�� �b��
�j�Z�a�\�b�l�b�_�f���h�l�^�Z�e�_�g�g�u�o���f�_�l�Z�k�l�Z�a�h�\��(p < 0,0001).  

 
�A�Z�d�e�x�q�_�g�b�_  
�<�� �j�_�a�m�e�v�l�Z�l�_�� �b�k�k�e�_�^�h�\�Z�g�b�y���[�u�e�� �j�Z�a�j�Z�[�h�l�Z�g�� �Z�e�]�h�j�b�l�f �\�u�y�\�e�_�g�b�y�� �b �i�h�^�k�q�_�l�Z�� �i�_�g�b�k�l�u�o��

�f�Z�d�j�h�n�Z�]�h�\���� �Z�� �l�Z�d�`�_ �h�i�j�_�^�_�e�_�g�b�y�� �w�d�k�i�j�_�k�k�b�b��CD68 �\�� �f�b�d�j�h�h�d�j�m�`�_�g�b�b�� �D�J�J �J�F�@���� �J�Y. 
�M �i�Z�p�b�_�g�l�h�\���k���J�Y���g�Z�[�e�x�^�Z�e�Z�k�v���[�h�e�_�_���h�[�b�e�v�g�Z�y���b�g�n�b�e�v�l�j�Z�p�b�y �i�_�g�b�k�l�u�f�b �f�Z�d�j�h�n�Z�]�Z�f�b�����g�h �k���[�h�e�_�_��
�g�b�a�d�h�c�� �w�d�k�i�j�_�k�k�b�_�c��CD68 �i�h�� �k�j�Z�\�g�_�g�b�x�� �k�� �^�j�m�]�b�f�b�� �i�j�h�Z�g�Z�e�b�a�b�j�h�\�Z�g�g�u�f�b�� �j�Z�d�Z�f�b. �G�Z�e�b�q�b�_��
�i�_�g�b�k�l�u�o���f�Z�d�j�h�n�Z�]�h�\���m���i�Z�p�b�_�g�l�h�\���k���J�Y���d�h�j�j�_�e�b�j�h�\�Z�e�h���k���j�Z�a�\�b�l�b�_�f���h�l�^�Z�e�_�g�g�u�o���f�_�l�Z�k�l�Z�a�h�\. 

�>�Z�e�v�g�_�c�r�b�c���Z�g�Z�e�b�a�� �f�h�j�n�h�e�h�]�b�b�� �b�� �h�p�_�g�d�Z�� �j�Z�k�i�j�h�k�l�j�Z�g�_�g�g�h�k�l�b�� �i�_�g�b�k�l�u�o�� �f�Z�d�j�h�n�Z�]�h�\��
�i�h�a�\�h�e�y�l�� �i�h�e�m�q�b�l�v���\�Z�`�g�u�_�� �^�Z�g�g�u�_�� �h�[�� �b�o �j�h�e�b�� �\�� �i�j�h�]�j�_�k�k�b�b�� �d�h�e�h�j�_�d�l�Z�e�v�g�h�]�h�� �j�Z�d�Z���� �j�Z�d�Z��
�f�h�e�h�q�g�h�c���`�_�e�_�a�u���b���j�Z�d�Z���y�b�q�g�b�d�Z�� 

 
�J�Z�[�h�l�Z���i�h�^�^�_�j�`�Z�g�Z���]�j�Z�g�l�h�f���J�G�N���‹24-25-00455 �©�I�_�g�b�k�l�u�_���f�Z�d�j�h�n�Z�]�b���\���h�i�m�o�h�e�_�\�h�f��

�f�b�d�j�h�h�d�j�m�`�_�g�b�b�����\�d�e�Z�^���\���d�Z�g�p�_�j�h�]�_�g�_�a���b���f�_�o�Z�g�b�a�f���n�h�j�f�b�j�h�\�Z�g�b�y�ª. 
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Abstract. The compensatory mechanism for homologous recombination (HR) deficiency may be based 
on the reversal of HR gene abnormalities to a normal state, which may be associated with the 
development of chemotherapy resistance in tumor cells. A drug resistance model was established 
using two drugs �± cisplatin and docetaxel �± on breast cancer cell cultures: MCF-7, MDA-MB-231, 
and MDA-MB-468. The expression level of HR genes was assessed using RT-PCR. Chromosomal 
aberrations were evaluated using microarray analysis. In MCF-7 under the influence of cisplatin, 
restoration of normal copy number of BRCA1, CDK12, CHEK1, RAD51D was shown, as well as 
appearance of amplifications in BRCA2 and PALB2. In MDA-MB-231, amplifications appeared in 
BRCA1, BRIP1, FANCL, RAD51B, PARP1 genes. MDA-MB-468 does not change under the influence 
of cisplatin. The level of gene expression varies according to changes in chromosomal aberrations. 
Docetaxel has no effect on cell cultures. 
Key words: breast cancer, cell cultures, BRCAness, homologous recombination deficiency, 
expression, deletion, amplification, reversion. 
 

�<�\�_�^�_�g�b�_ 
�N�h�j�f�b�j�h�\�Z�g�b�_��BRCA-�i�h�^�h�[�g�u�o�� �h�i�m�o�h�e�_�c�� �\�h�a�f�h�`�g�h�� �a�Z�� �k�q�_�l�� �g�Z�e�b�q�b�y�� �^�_�n�b�p�b�l�Z��

�]�h�f�h�e�h�]�b�q�g�h�c�� �j�_�d�h�f�[�b�g�Z�p�b�b�� ���>�=�J������ �d�h�l�h�j�u�c�� �h�[�m�k�e�h�\�e�_�g�� �f�m�l�Z�p�b�y�f�b���� �^�_�e�_�p�b�y�f�b�� �\�� �]�_�g�Z�o��
�]�h�f�h�e�h�]�b�q�g�h�c�� �j�_�d�h�f�[�b�g�Z�p�b�b ���=�J������ �f�_�l�b�e�b�j�h�\�Z�g�b�_�f�� �i�j�h�f�h�l�h�j�h�\�� �b�� �^�j�m�]�b�f�b�� �f�_�o�Z�g�b�a�f�Z�f�b��
down-�j�_�]�m�e�y�p�b�b�� �w�d�k�i�j�_�k�k�b�b�� �b�� �w�l�h�� �f�h�`�_�l�� �b�f�_�l�v�� �h�l�j�Z�`�_�g�b�_�� �\�� �w�n�n�_�d�l�b�\�g�h�k�l�b�� �o�b�f�b�h�l�_�j�Z�i�b�b��
�>�G�D-�i�h�\�j�_�`�^�Z�x�s�b�f�b�� �Z�]�_�g�l�Z�f�b [1]���� �G�h�� �g�_�� �\�k�_�]�^�Z�� �g�Z�[�e�x�^�Z�_�l�k�y�� �i�j�y�f�Z�y�� �k�\�y�a�v�� �g�Z�e�b�q�b�y�� �>�=�J�� �k��
�w�n�n�_�d�l�b�\�g�h�k�l�v�x���e�_�q�_�g�b�y�����G�Z���g�Z�r���\�a�]�e�y�^�����i�j�b���i�j�h�\�_�^�_�g�b�b���o�b�f�b�h�l�_�j�Z�i�b�b���f�h�`�_�l���i�j�h�b�k�o�h�^�b�l�v��
�j�_�\�_�j�k�b�y���b���\�h�k�k�l�Z�g�h�\�e�_�g�b�_���n�m�g�d�p�b�h�g�Z�e�v�g�h�c���Z�d�l�b�\�g�h�k�l�b���d�Z�d���]�_�g�Z��BRCA1�����l�Z�d���b���^�j�m�]�b�o���]�_�g�h�\��
�k�b�k�l�_�f�u�� �=�J���� �q�l�h�� �b�� �i�j�b�\�h�^�b�l�� �d�� �n�h�j�f�b�j�h�\�Z�g�b�x�� �o�b�f�b�h�j�_�a�b�k�l�_�g�l�g�h�k�l�b�� �h�i�m�o�h�e�b [2]. �>�Z�g�g�u�c��
�n�_�g�h�f�_�g�� �[�u�e�� �i�h�d�Z�a�Z�g�� �g�Z�� �d�e�b�g�b�q�_�k�d�h�f�� �f�Z�l�_�j�b�Z�e�_���� �g�h���^�e�y�� �^�h�d�Z�a�Z�l�_�e�v�k�l�\�Z�� �\�h�k�k�l�Z�g�h�\�e�_�g�b�y��
�n�m�g�d�p�b�h�g�Z�e�v�g�h�k�l�b�� �i�j�h�p�_�k�k�Z���=�J �i�h�^�� �^�_�c�k�l�\�b�_�f�� �o�b�f�b�h�i�j�_�i�Z�j�Z�l�h�\�� �g�Z���d�e�_�l�h�q�g�u�o�� �e�b�g�b�y�o�� �j�Z�d�Z��
�f�h�e�h�q�g�h�c�� �`�_�e�_�a�u�� �q�_�e�h�\�_�d�Z �g�_�h�[�o�h�^�b�f�h�� �i�j�h�\�_�^�_�g�b�_�� �w�d�k�i�_�j�b�f�_�g�l�h�\��in vitro. �L�Z�d�b�f�� �h�[�j�Z�a�h�f����
�p�_�e�v�� �j�Z�[�h�l�u �y�\�b�e�Z�k�v �h�p�_�g�d�Z �b�a�f�_�g�_�g�b�_�� �g�Z�e�b�q�b�y���Z�[�_�j�j�Z�p�b�c �q�b�k�e�Z�� �d�h�i�b�c�� �>�G�D �b��
�w�d�k�i�j�_�k�k�b�h�g�g�h�]�h�� �i�j�h�n�b�e�y�� �h�k�g�h�\�g�u�o�� �]�_�g�h�\�� �]�h�f�h�e�h�]�b�q�g�h�c�� �j�_�d�h�f�[�b�g�Z�p�b�b�� �\�� �d�e�_�l�h�q�g�u�o��
�f�h�^�_�e�y�o���j�Z�d�Z���f�h�e�h�q�g�h�c���`�_�e�_�a�u���i�h�^���^�_�c�k�l�\�b�_�f���p�b�k�i�e�Z�l�b�g�Z���b���^�h�p�_�l�Z�d�k�_�e�Z�� 

 
 
 



XXII �F�?�@�>�M�G�:�J�H�>�G�:�Y���D�H�G�N�?�J�?�G�P�B�Y���K�L�M�>�?�G�L�H�<�����:�K�I�B�J�:�G�L�H�<���B���F�H�E�H�>�U�O�� 
�M�Q�?�G�U�O �©�I�?�J�K�I�?�D�L�B�<�U���J�:�A�<�B�L�B�Y���N�M�G�>�:�F�?�G�L�:�E�V�G�U�O���G�:�M�D�ª 133 

 

�J�h�k�k�b�y�����L�h�f�k�d����22�±25 �Z�i�j�_�e�y������25 �]�� �L�h�f��4. �;�b�h�e�h�]�b�y���b���n�m�g�^�Z�f�_�g�l�Z�e�v�g�Z�y���f�_�^�b�p�b�g�Z 
 

  

 

�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y���q�Z�k�l�v 
�B�k�k�e�_�^�h�\�Z�g�b�_���[�u�e�h���i�j�h�\�_�^�_�g�h���g�Z���d�m�e�v�l�m�j�Z�o���h�i�m�o�h�e�_�\�u�o���d�e�_�l�h�d���j�Z�d�Z���f�h�e�h�q�g�h�c���`�_�e�_�a�u����

MCF-7, MDA-MB-���������b���0�'�$-MB-�����������F�h�^�_�e�v���e�_�d�Z�j�k�l�\�_�g�g�h�c���m�k�l�h�c�q�b�\�h�k�l�b���g�Z���d�e�_�l�d�Z�o���[�u�e�Z��
�i�h�e�m�q�_�g�Z�� �^�e�y�� �^�\�m�o�� �i�j�_�i�Z�j�Z�l�h�\���± �p�b�k�i�e�Z�l�b�g�� �b�� �^�h�p�_�l�Z�d�k�_�e�����D�Z�`�^�m�x�� �d�e�_�l�h�q�g�m�x�� �d�m�e�v�l�m�j�m��
�b�g�d�m�[�b�j�h�\�Z�e�b�� �k�� �o�b�f�b�h�i�j�_�i�Z�j�Z�l�h�f �^�h�� ���� �j�Z�a�� �\�d�e�x�q�b�l�_�e�v�g�h. �G�Z�� �d�Z�`�^�h�c�� �l�h�q�d�_�� �b�g�d�m�[�Z�p�b�b���b�a��
�d�e�_�l�h�q�g�h�c�� �k�m�k�i�_�g�a�b�b�� �\�u�^�_�e�y�e�b�� �J�G�D�� �b�� �>�G�D�� �k�� �i�h�f�h�s�v�x�� �g�Z�[�h�j�Z�� �5�1�H�D�V�\�� �3�O�X�V�� �P�L�Q�L�� �.�L�W�� �b��
QIAamp DNA mini Kit (Q�L�D�J�H�Q���� �*�H�U�P�D�Q�\������ �k�h�h�l�\�_�l�k�l�\�_�g�g�h�� �M�j�h�\�_�g�v�� �w�d�k�i�j�_�k�k�b�b�� �]�_�g�h�\��
�]�h�f�h�e�h�]�b�q�g�h�c�� �j�_�d�h�f�[�b�g�Z�p�b�b�� �h�p�_�g�b�\�Z�e�b�� �i�j�b�� �i�h�f�h�s�b�� �H�L-�I�P�J���� �>�e�y�� �h�p�_�g�d�b�� �g�Z�e�b�q�b�y��
�o�j�h�f�h�k�h�f�g�u�o���Z�[�_�j�j�Z�p�b�c (Loss - �^�_�e�_�p�b�y����Gain - �Z�f�i�e�b�n�b�d�Z�p�b�y) �i�j�h�\�h�^�b�e�b���f�b�d�j�h�f�Z�l�j�b�q�g�u�c��
�Z�g�Z�e�b�a���g�Z���>�G�D-�q�b�i�Z�o��  

 
�J�_�a�m�e�v�l�Z�l�u 
�>�e�y���h�i�j�_�^�_�e�_�g�b�y���b�a�f�_�g�_�g�b�c���k�i�_�d�l�j�Z���g�Z�j�m�r�_�g�b�c���]�_�g�h�\���]�h�f�h�e�h�]�b�q�g�h�c���j�_�d�h�f�[�b�g�Z�p�b�b���i�j�b��

�b�g�^�m�d�p�b�b�� �j�_�a�b�k�l�_�g�l�g�h�k�l�b�� �d�� �i�j�_�i�Z�j�Z�l�Z�f�� �i�e�Z�l�b�g�u�� �b�� �l�Z�d�k�Z�g�Z�f�� �m�k�e�h�\�g�h�� �[�u�e�b�� �h�l�h�[�j�Z�g�u��
�d�e�_�l�h�q�g�u�_���e�b�g�b�b���k���g�Z�e�b�q�b�_�f���^�_�n�b�p�b�l�Z���]�h�f�h�e�h�]�b�q�g�h�c���j�_�d�h�f�[�b�g�Z�p�b�b�����0�&�)-�����b���0�'�$-MB-231) 
�b���[�_�a���l�Z�d�h�\�h�]�h�����0�'�$-MB-�������������l�Z�[�e. �������� �I�j�b���h�l�[�h�j�_���d�e�_�l�h�q�g�u�o���d�m�e�v�l�m�j���f�u���h�p�_�g�b�e�b���g�Z�e�b�q�b�_��
�o�j�h�f�h�k�h�f�g�u�o���Z�[�_�j�j�Z�p�b�c���\���b�k�k�e�_�^�m�_�f�u�o���]�_�g�Z�o�����l�Z�[�e�b�p�Z �������b���b�o���w�d�k�i�j�_�k�k�b�b�����j�b�k���������� 

 
�L�Z�[�e�b�p�Z���� 

�G�Z�e�b�q�b�_���o�j�h�f�h�k�h�f�g�u�o���Z�[�_�j�j�Z�p�b�c���\���]�_�g�Z�o���k�b�k�l�_�f�u���]�h�f�h�e�h�]�b�q�g�h�c���j�_�d�h�f�[�b�g�Z�p�b�b�� 
�\���b�k�k�e�_�^�m�_�f�u�o���d�e�_�l�h�q�g�u�o���d�m�e�v�l�m�j�Z�o���0�&�)-7, MDA-MB-���������b���0�'�$-MB-468 

�=�_�g�u���d�e�����d�m�e�v�l�m�j�Z MCF-7 MDA-MB-231 MDA-MB-468 

BRCA1 Loss n n 
BRCA2 n Loss n 
ATM Loss n Gain 

BARD1 n Loss n 
BRIP1 Gain n n 
CDK12 Loss n n 
CHEK1 Loss n Gain 
CHEK2 n Loss n 
FANCL n n n 
PALB2 n Loss n 

PPP2R2A n n n 
RAD51B Gain n n 
RAD51C Gain n n 
RAD51D Loss n n 
RAD54L n Loss Gain 
PARP1 n n Gain 

�Q�Z�k�l�h�l�Z���/�R�V�V 5 (31,2%) 5 (31,2%) 0 (0,0%) 
�Q�Z�k�l�h�l�Z���Q 8 (50,0%) 11 (68,8%) 12 (75,0%) 

�Q�Z�k�l�h�l�Z���*�D�L�Q 3 (18,8%) 0 (0,0%) 4 (25,0%) 
�G�Z�e�b�q�b�_���>�=�J �?�k�l�v �?�k�l�v �G�_�l 

 
�B�a���l�Z�[�e. �����o�h�j�h�r�h���\�b�^�g�h�����q�l�h���\���d�e�_�l�h�q�g�u�o���d�m�e�v�l�m�j�Z�o���0�&�)-�����b���0�'�$-MB-���������g�Z�[�e�x�^�Z�_�l�k�y��

�g�Z�e�b�q�b�_�� �^�_�e�_�p�b�c�� �\�� �������� ���� �k�e�m�q�Z�_�\�� ���\�� �l�h�f�� �q�b�k�e�_�� �b�� �\��BRCA1������ �q�l�h�� �l�Z�d�`�_ �k�h�h�l�g�h�k�b�l�k�y�� �k��
�w�d�k�i�j�_�k�k�b�h�g�g�u�f�� �i�h�j�l�j�_�l�h�f�� ���j�b�k���� �������� �L�h�]�^�Z�� �d�Z�d�� �^�e�y�� �0�'�$-MB-�������� �i�h�d�Z�a�Z�g�h�� �i�h�e�g�h�_�� �h�l�k�m�l�k�l�\�b�_��
�^�_�e�_�p�b�c���b���g�Z�e�b�q�b�_���\������ �����k�e�m�q�Z�_�\�� �Z�f�i�e�b�n�b�d�Z�p�b�c���]�_�g�h�\�� �$�7�0�����&�+�(�.�������5�$�'�����/���b���3�$�5�3������ �q�l�h��
�l�Z�d�`�_�� �d�h�j�j�_�e�b�j�m�_�l�� �k�� �\�u�k�h�d�h�c�� �w�d�k�i�j�_�k�k�b�_�c�� �^�Z�g�g�u�o�� �]�_�g�h�\�� ���j�b�k���� �������� �L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �k�h�]�e�Z�k�g�h��
�j�Z�[�h�q�_�c�� �]�b�i�h�l�_�a�_���� �i�j�_�^�i�h�e�Z�]�Z�_�l�k�y���� �q�l�h�� �\�� �d�e�_�l�h�q�g�h�c�� �d�m�e�v�l�m�j�_�� �k�� �g�Z�e�b�q�b�_�f�� �>�=�J�� �i�h�^�� �^�_�c�k�l�\�b�_�f��
�i�j�_�i�Z�j�Z�l�h�\���[�m�^�_�l���i�j�h�b�k�o�h�^�b�l�v���k�m�`�_�g�b�b���k�i�_�d�l�j�Z���g�Z�j�m�r�_�g�b�c���]�_�g�h�\���]�h�f�h�e�h�]�b�q�g�h�c���j�_�d�h�f�[�b�g�Z�p�b�b��
�b���\�h�a�f�h�`�g�h�_���j�Z�a�\�b�l�b�_���k�l�j�m�d�l�m�j�g�h�c���b���n�m�g�d�p�b�h�g�Z�e�v�g�h�c���d�h�f�i�_�g�k�Z�l�h�j�g�h�k�l�b���>�=�J�����q�l�h���b���i�j�b�\�h�^�b�l���d��
�j�Z�a�\�b�l�b�x���j�_�a�b�k�l�_�g�l�g�h�k�l�b���d���>�G�D-�i�h�\�j�_�`�^�Z�x�s�b�f���Z�]�_�g�l�Z�f�� 
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�J�b�k. �������G�Z�q�Z�e�v�g�u�c���m�j�h�\�_�g�v���w�d�k�i�j�_�k�k�b�b���]�_�g�h�\���k�b�k�l�_�f�u���]�h�f�h�e�h�]�b�q�g�h�c���j�_�d�h�f�[�b�g�Z�p�b�b 

�\���b�k�k�e�_�^�m�_�f�u�o���d�e�_�l�h�q�g�u�o���d�m�e�v�l�m�j�Z�o 
 
�>�e�y�� �0�&�)-���� �i�h�d�Z�a�Z�g�h�� �k�m�`�_�g�b�b�� �k�i�_�d�l�j�Z�� �g�Z�j�m�r�_�g�b�c��BRCA1, CDK12, CHEK1 �b��RAD51D 

���\�h�k�k�l�Z�g�h�\�e�_�g�b�_�� �g�h�j�f�Z�e�v�g�h�c�� �d�h�i�b�c�g�h�k�l�b������ �>�e�y��BRCA2 �b��PALB2 �\�u�y�\�e�_�g�h�� �i�h�y�\�e�_�g�b�_��
�Z�f�i�e�b�n�b�d�Z�p�b�c���� �L�Z�d�� �`�_�� �i�h�d�Z�a�Z�g�h���� �q�l�h�� �i�j�h�b�k�o�h�^�b�l�� �m�\�_�e�b�q�_�g�b�_�� �w�d�k�i�j�_�k�k�b�b�� �]�_�g�h�\��BRCA1, 
BRCA2, PALB2 �b��RAD51D �h�l�� �g�Z�l�b�\�g�h�]�h�� �\�Z�j�b�Z�g�l�Z�� �d�� ���� �i�Z�k�k�Z�`�m�� �d�e�_�l�h�q�g�h�c�� �d�m�e�v�l�m�j�u�� �k��
�p�b�k�i�e�Z�l�b�g�h�f�� �Q�l�h�� �b�g�l�_�j�_�k�g�h���� �^�h�p�_�l�Z�d�k�_�e�� �g�_�� �b�f�_�_�l�� �l�Z�d�h�]�h�� �^�_�c�k�l�\�b�y�� �b�� �q�Z�k�l�h�l�Z���Z�[�_�j�j�Z�p�b�c��
�q�b�k�e�Z�� �d�h�i�b�c�� �>�G�D �g�_�� �b�a�f�_�g�y�_�l�k�y���� �:�g�Z�e�h�]�b�q�g�u�c�� �j�_�a�m�e�v�l�Z�l�� �i�h�d�Z�a�Z�� �^�e�y�� �0�'�$-MB-231. 
�M�k�l�Z�g�h�\�e�_�g�h���� �q�l�h�� �\�k�_�� �\�u�y�\�e�_�g�g�u�_�� �e�h�d�m�k�u�� �k�� �^�_�e�_�p�b�y�f�b���� �]�^�_�� �e�h�d�Z�e�b�a�h�\�Z�g�u�� �]�_�g�u��BRCA2, 
BARD1, CHEK2, PALB2 �b��RAD54L �k�� �l�_�q�_�g�b�_�� �\�j�_�f�_�g�b�� �i�h�^�� �^�_�c�k�l�\�b�_�f�� �p�b�k�i�e�Z�l�b�g�Z��
�\�h�k�k�l�Z�g�Z�\�e�b�\�Z�x�l�k�y�� �^�h�� �g�h�j�f�Z�e�v�g�h�c�� �d�h�i�b�c�g�h�k�l�b���� �I�j�b�� �w�l�h�� �^�e�y�� �h�k�l�Z�e�v�g�u�o�� �]�_�g�h�\�� �g�Z�[�e�x�^�Z�_�l�k�y��
�m�\�_�e�b�q�_�g�b�_�� �d�h�i�b�c�g�h�k�l�b�����I �h�y�\�e�_�g�b�_�� �Z�f�i�e�b�n�b�d�Z�p�b�c�� �\�� �b�k�k�e�_�^�m�_�f�u�o�� �]�_�g�Z�o�� �g�Z�[�e�x�^�Z�_�l�k�y�� �k�j�Z�a�m��
�i�h�k�e�_�������i�Z�k�k�Z�`�Z���b���k�h�o�j�Z�g�y�_�l�k�y���g�Z���i�j�h�l�y�`�_�g�b�b �\�k�_�]�h���^�_�c�k�l�\�b�y���i�j�_�i�Z�j�Z�l�Z�����G�Z���i�h�k�e�_�^�g�_�f���w�l�Z�i�_��
�[�u�e�Z�� �i�j�h�Z�g�Z�e�b�a�b�j�h�\�Z�g�Z�� �d�e�_�l�h�q�g�Z�y�� �d�m�e�v�l�m�j�Z�� �0�'�$-MB-���������� �I�h�^�� �^�_�c�k�l�\�b�_�f�� �p�b�k�i�e�Z�l�b�g�Z��
�i�j�h�b�k�o�h�^�b�l�� �m�\�_�e�b�q�_�g�b�_�� �d�h�i�b�c�g�h�k�l�b�� �l�h�e�v�d�h�� �]�_�g�Z��BRCA1���� �Q�_�j�_�a�� ������ �q�Z�k�Z�� �b�� �i�h�k�e�_�� ���� �i�Z�k�k�Z�`�Z��
�^�_�l�_�d�l�b�j�m�x�l�k�y���^�_�e�_�p�b�b���\���]�_�g�Z�o��PALB2 �b��PPP2R2A�����g�h���g�Z�������b�������i�Z�k�k�Z�`�_���h�g�b���w�e�b�f�b�g�b�j�m�x�l�k�y����
�>�_�c�k�l�\�b�_���^�h�p�_�l�Z�d�k�_�e�Z �i�h�e�g�h�k�l�v�x���g�_���h�d�Z�a�u�\�Z�_�l���\�e�b�y�g�b�y���g�Z���^�Z�g�g�m�x���d�e�_�l�h�q�g�m�x���d�m�e�v�l�m�j�m�� 

 
�A�Z�d�e�x�q�_�g�b�_ 
�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �\�� �j�_�a�m�e�v�l�Z�l�_�� �i�j�h�\�_�^�_�g�g�h�]�h�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �g�Z�� �d�e�_�l�h�q�g�u�o�� �f�h�^�_�e�y�o�� �[�u�e�h��

�i�h�d�Z�a�Z�g�h���� �q�l�h�� �g�Z�e�b�q�b�_�� �Z�[�_�j�j�Z�g�l�g�h�]�h�� �k�h�k�l�h�y�g�b�y �]�_�g�h�\�� �k�b�k�l�_�f�u�� �]�h�f�h�e�h�]�b�q�g�h�c�� �j�_�d�h�f�[�b�g�Z�p�b�b��
�h�d�Z�a�u�\�Z�_�l�� �k�m�s�_�k�l�\�_�g�g�h�c�� �\�e�b�y�g�b�_�� �g�Z�� �q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�v�� �b�� �w�n�n�_�d�l�b�\�g�h�k�l�v�� �i�j�b�f�_�g�y�_�f�h�]�h��
�o�b�f�b�h�i�j�_�i�Z�j�Z�l�Z���� �Z�� �l�Z�d�`�_�� �m�q�Z�k�l�\�m�_�l�� �\�� �j�Z�a�\�b�l�b�b�� �k�l�j�m�d�l�m�j�g�h�c�� �b�� �n�m�g�d�p�b�h�g�Z�e�v�g�h�c��
�d�h�f�i�_�g�k�Z�l�h�j�g�h�k�l�b�� �>�=�J���� �q�l�h�� �k�d�h�j�_�_�� �\�k�_�]�h�� �i�j�b�\�h�^�b�l�� �d�� �j�Z�a�\�b�l�b�x�� �j�_�a�b�k�l�_�g�l�g�h�k�l�b�� �d�� �>�G�D-
�i�h�\�j�_�`�^�Z�x�s�b�f���Z�]�_�g�l�Z�f�� 

 
�J�Z�[�h�l�Z���i�h�^�^�_�j�`�Z�g�Z���]�j�Z�g�l�h�f���J�G�N���‹��22-15-00169. 
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�S�U�R�F�H�V�V�H�V�����L�Q�F�O�X�G�L�Q�J���W�K�H���S�K�\�V�L�R�O�R�J�L�F�D�O���F�R�X�U�V�H���R�I���S�U�H�J�Q�D�Q�F�\�����7�K�H���D�L�P���R�I���W�K�H�� �V�W�X�G�\���Z�D�V���W�R���I�L�Q�G���R�X�W��
�Z�K�H�W�K�H�U���W�K�H�U�H���D�U�H���F�R�P�P�R�Q���S�D�W�W�H�U�Q�V���R�I���F�K�D�Q�J�H�V���L�Q�� �W�K�H���O�H�Y�H�O���R�I���P�H�W�K�\�O�D�W�L�R�Q���I�R�U���V�H�Y�H�U�D�O���S�U�H�J�Q�D�Q�F�\��
�S�D�W�K�R�O�R�J�L�H�V�����7�K�H���G�D�W�D���R�E�W�D�L�Q�H�G���I�U�R�P���W�K�H���D�Q�D�O�\�V�L�V���R�I���F�K�R�U�L�R�Q�L�F���W�U�R�S�K�R�E�O�D�V�W���V�D�P�S�O�H�V���I�U�R�P���V�S�R�Q�W�D�Q�H�R�X�V��
�D�Q�G���P�H�G�L�F�D�O���D�E�R�U�W�L�R�Q�V���Z�H�U�H���X�V�H�G���D�V���U�H�V�H�D�U�F�K���P�D�W�H�U�L�D�O���� �D�V���Z�H�O�O���D�V���S�X�E�O�L�F�O�\���D�Y�D�L�O�D�E�O�H���G�D�W�D�V�H�W�V���Z�L�W�K��
�S�D�W�K�R�O�R�J�L�H�V���V�X�F�K���D�V���K�D�E�L�W�X�D�O���P�L�V�F�D�U�U�L�D�J�H�����S�O�D�F�H�Q�W�D�O���L�Q�V�X�I�I�L�F�L�H�Q�F�\�����S�U�H�P�D�W�X�U�H���E�L�U�W�K�����D�Q�G���S�U�H�H�F�O�D�P�S�V�L�D����
�'�D�W�D���I�U�R�P���5�5�%�6���V�H�T�X�H�Q�F�L�Q�J���R�I���V�S�H�U�P�D�W�R�]�R�D�����R�R�F�\�W�H�V�����D�Q�G���W�U�R�S�K�H�F�W�R�G�H�U�P���Z�H�U�H���D�O�V�R���W�D�N�H�Q���I�R�U��
�D�Q�D�O�\�V�L�V�����'�X�U�L�Q�J���W�K�H���J�O�R�E�D�O���P�H�W�K�\�O�D�W�L�R�Q���Z�D�Y�H�����D���V�L�J�Q�L�I�L�F�D�Q�W���S�U�R�S�R�U�W�L�R�Q���R�I���E�R�W�K���K�\�S�R�P�H�W�K�\�O�D�W�H�G�������������� ��
�D�Q�G���K�\�S�H�U�P�H�W�K�\�O�D�W�H�G�������������� ���'�0�5���S�D�W�K�R�O�R�J�L�H�V���F�R�L�Q�F�L�G�H���Z�L�W�K���U�H�J�L�R�Q�V���X�Q�L�T�X�H���W�R���W�K�L�V���Z�D�Y�H�����L�Q�G�L�F�D�W�L�Q�J��
�W�K�H���L�P�S�R�U�W�D�Q�F�H���R�I���W�K�L�V���S�H�U�L�R�G���L�Q���H�V�W�D�E�O�L�V�K�L�Q�J���P�H�W�K�\�O�D�W�L�R�Q���S�D�W�W�H�U�Q�V�� 
�.�H�\���Z�R�U�G�V�����H�S�L�J�H�Q�H�W�L�F�����P�H�W�K�\�O�D�W�L�R�Q�����S�O�D�F�H�Q�W�D�� 

 
�<�\�_�^�_�g�b�_ 
�J�_�i�j�h�^�m�d�l�b�\�g�u�_�� �i�h�l�_�j�b�� �m�� �q�_�e�h�\�_�d�Z�� �y�\�e�y�x�l�k�y�� �d�j�Z�c�g�_�� �q�Z�k�l�u�f�� �k�h�[�u�l�b�_�f����

�>�_�f�h�]�j�Z�n�b�q�_�k�d�b�_���b�k�k�e�_�^�h�\�Z�g�b�y���i�h�d�Z�a�Z�e�b�����q�l�h���r�Z�g�k�u���i�j�h�b�a�\�_�k�l�b���`�b�a�g�_�k�i�h�k�h�[�g�h�_���i�h�l�h�f�k�l�\�h��
�m���`�_�g�s�b�g�u���k�j�_�^�g�_�]�h���j�_�i�j�h�^�m�d�l�b�\�g�h�]�h���\�h�a�j�Z�k�l�Z���\���i�j�_�^�_�e�Z�o���h�^�g�h�]�h���f�_�g�k�l�j�m�Z�e�v�g�h�]�h���p�b�d�e�Z���g�_��
�i�j�_�\�u�r�Z�x�l�� ������ ���� �>1�@���� �Q�Z�k�l�v�� �n�Z�d�l�h�j�h�\���� �\�_�^�m�s�b�o�� �d�� �e�_�l�Z�e�v�g�h�f�m�� �b�k�o�h�^�m�� �\�� �w�f�[�j�b�h�g�Z�e�v�g�h�f��
�j�Z�a�\�b�l�b�b���� �h�k�l�Z�x�l�k�y�� �g�_�\�u�y�k�g�_�g�g�u�f�b���� �F�_�l�b�e�b�j�h�\�Z�g�b�_�� �>�G�D�� ����-�f�_�l�b�e�p�b�l�h�a�b�g���� �y�\�e�y�_�l�k�y��
�h�k�g�h�\�g�h�c���n�h�j�f�h�c���f�h�^�b�n�b�d�Z�p�b�b���>�G�D���\���]�_�g�h�f�_���f�e�_�d�h�i�b�l�Z�x�s�b�o �b���k�l�Z�[�b�e�v�g�h���i�h�^�^�_�j�`�b�\�Z�_�l�k�y��
�\���k�h�f�Z�l�b�q�_�k�d�b�o���l�d�Z�g�y�o�����>���@�����F�_�l�b�e�b�j�h�\�Z�g�b�_���f�h�`�_�l���\�g�h�k�b�l�v���k�m�s�_�k�l�\�_�g�g�u�c���\�d�e�Z�^���\���j�_�]�m�e�y�p�b�x��
�w�d�k�i�j�_�k�k�b�b���]�_�g�h�\�����i�h�^�Z�\�e�_�g�b�_���f�h�[�b�e�v�g�u�o���w�e�_�f�_�g�l�h�\���]�_�g�h�f�Z���>3�@�����:�g�h�f�Z�e�v�g�h�_���f�_�l�b�e�b�j�h�\�Z�g�b�_��
�>�G�D �]�_�g�h�\�����k�i�_�p�b�n�b�q�g�u�o���^�e�y���i�e�Z�p�_�g�l�u�����f�h�`�_�l���i�j�y�f�h���b�e�b���d�h�k�\�_�g�g�h���\�e�b�y�l�v���g�Z���b�f�i�e�Z�g�l�Z�p�b�x����
�j�h�k�l�� �b�� �j�Z�a�\�b�l�b�_�� �w�f�[�j�b�h�g�Z���� �i�j�b�\�h�^�y�� �d�� �f�g�h�`�_�k�l�\�_�g�g�u�f�� �Z�g�h�f�Z�e�b�y�f�� �[�_�j�_�f�_�g�g�h�k�l�b�� �>��]. 
�P�_�e�v �^�Z�g�g�h�c�� �j�Z�[�h�l�u���± �i�j�h�\�_�k�l�b���Z�g�Z�e�b�a���b�a�f�_�g�_�g�b�y�� �i�Z�l�l�_�j�g�h�\���f�_�l�b�e�b�j�h�\�Z�g�b�y���\�� �]�_�g�h�f�_��
�h�[�j�Z�a�p�h�\ �a�Z�j�h�^�u�r�_�\�h�c���q�Z�k�l�b���i�e�Z�p�_�g�l�u �i�j�b �j�Z�a�e�b�q�g�u�o �i�Z�l�h�e�h�]�b�y�o �[�_�j�_�f�_�g�g�h�k�l�b. 

 
�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y���q�Z�k�l�v 
�<�� �d�Z�q�_�k�l�\�_�� �f�Z�l�_�j�b�Z�e�Z�� �^�e�y�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �b�k�i�h�e�v�a�h�\�Z�e�b�� �^�Z�g�g�u�_ RRBS �k�_�d�\�_�g�b�j�h�\�Z�g�b�y, 

�i�h�e�m�q�_�g�g�u�_�� �\�� �j�_�a�m�e�v�l�Z�l�_�� �Z�g�Z�e�b�a�Z�� �h�[�j�Z�a�p�h�\���\�h�j�k�b�g���o�h�j�b�h�g�Z�� �k�i�h�g�l�Z�g�g�u�o�� �b�� �f�_�^�b�p�b�g�k�d�b�o��
�Z�[�h�j�l�m�k�h�\ �b�a�� �[�b�h�[�Z�g�d�Z�� �G�B�B�� �f�_�^�b�p�b�g�k�d�h�c�� �]�_�g�_�l�b�d�b�� �L�h�f�k�d�h�]�h�� �G�B�F�P�� �©�;�b�h�[�Z�g�d�� �g�Z�k�_�e�_�g�b�y��
�K�_�\�_�j�g�h�c���?�\�j�Z�a�b�b�ª���� �I�h�k�e�_���i�_�j�\�b�q�g�h�]�h���Z�g�Z�e�b�a�Z �Z�[�h�j�l�m�k�h�\ �h�l�h�[�j�Z�e�b���h�[�j�Z�a�p�u���k���i�h�\�u�r�_�g�g�u�f 
(highLINE, n = 3) �b�� �k�� �i�h�g�b�`�_�g�g�u�f (lowLINE, n = 4) �m�j�h�\�g�_�f�� �f�_�l�b�e�b�j�h�\�Z�g�b�y�� �h�l�g�h�k�b�l�_�e�v�g�h��
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�J�h�k�k�b�y�����L�h�f�k�d����22�±25 �Z�i�j�_�e�y������25 �]�� �L�h�f���������;�b�h�e�h�]�b�y���b���n�m�g�^�Z�f�_�g�l�Z�e�v�g�Z�y���f�_�^�b�p�b�g�Z 
 

  
�f�_�^�b�p�b�g�k�d�b�o���Z�[�h�j�l�m�k�h�\�����]�j�m�i�i�Z���d�h�g�l�j�h�e�y�������>�e�y���i�j�h�\�_�^�_�g�b�y���b�k�k�e�_�^�h�\�Z�g�b�y���l�Z�d�`�_���b�k�i�h�e�v�a�h�\�Z�e�b��
�^�h�k�l�m�i�g�u�_�� �\�� �h�l�d�j�u�l�h�f�� �^�h�k�l�m�i�_�� �g�Z�[�h�j�u�� �^�Z�g�g�u�o�� �b�a�� �g�_�k�d�h�e�v�d�b�o�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �>5�±8]. 
�< �h�l�f�_�q�_�g�g�u�o���b�k�k�e�_�^�h�\�Z�g�b�y�o���j�Z�k�k�f�h�l�j�_�g�h���b�a�f�_�g�_�g�b�_���m�j�h�\�g�y���f�_�l�b�e�b�j�h�\�Z�g�b�y���i�j�b���k�e�_�^�m�x�s�b�o��
�i�Z�l�h�e�h�]�b�y�o���� �i�j�b�\�u�q�g�h�f�� �g�_�\�u�g�Z�r�b�\�Z�g�b�b�� �[�_�j�_�f�_�g�g�h�k�l�b [6]���� �i�j�_�`�^�_�\�j�_�f�_�g�g�u�o�� �j�h�^�Z�o [5], 
�i�j�_�w�d�e�Z�f�i�k�b�b�� ���I�W�� [7, 8]���� �a�Z�^�_�j�`�d�_�� �\�g�m�l�j�b�m�l�j�h�[�g�h�]�h�� �j�h�k�l�Z [8]���� �k�i�h�g�l�Z�g�g�h�f�� �Z�[�h�j�l�_�� 
�>�e�y �Z�g�Z�e�b�a�Z�� �l�Z�d�� �`�_�� �[�u�e�b�� �\�a�y�l�u�� �^�Z�g�g�u�_��RRBS �k�_�d�\�_�g�b�j�h�\�Z�g�b�y�� �k�i�_�j�f�Z�l�h�a�h�b�^�h�\���� �h�h�p�b�l�h�\�� �b��
�l�j�h�n�w�d�l�h�^�_�j�f�u [9]. 

 
�J�_�a�m�e�v�l�Z�l�u 
�>�Z�g�g�u�_, �i�h�e�m�q�_�g�g�u�_���b�a���h�l�d�j�u�l�u�o���b�k�l�h�q�g�b�d�h�\ �b���y�\�e�y�x�s�b�_�k�y���j�_�a�m�e�v�l�Z�l�Z�f�b���b�k�k�e�_�^�h�\�Z�g�b�c��

�k���b�k�i�h�e�v�a�h�\�Z�g�b�_�f �f�_�l�b�e�h�q�b�i�h�\����Infinium HumanMethylation450 BeadChip; Illumina Methylation 
EPIC Bead Chip)���� �[�u�e�b�� �i�j�_�^�k�l�Z�\�e�_�g�u �\�� �\�b�^�_�� �^�b�n�n�_�j�_�g�p�b�Z�e�v�g�h-�f�_�l�b�e�b�j�h�\�Z�g�g�u�o�� �k�Z�c�l�h�\����
�>�e�y �^�Z�e�v�g�_�c�r�_�]�h�� �Z�g�Z�e�b�a�Z �^�e�y�� �d�Z�`�^�h�c�� �b�a�� �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o�� �i�Z�l�h�e�h�]�b�c �\�k�_�� �^�Z�g�g�u�_�� �[�u�e�b��
�i�j�b�\�_�^�_�g�u�� �d�� �\�b�^�m�� �^�b�n�n�_�j�_�g�p�b�Z�e�v�g�h�� �f�_�l�b�e�b�j�h�\�Z�g�g�u�o�� �j�_�]�b�h�g�h�\�� ���>�F�J�����m�q�Z�k�l�d�b�� �]�_�g�h�f�Z�� �i�h��
���������������i���g���������k�j�_�^�b���d�h�l�h�j�u�o���[�u�e�b���\�u�^�_�e�_�g�u���]�b�i�h- �b���]�b�i�_�j�f�_�l�b�e�b�j�h�\�Z�g�g�u�_ �>�F�J �k �h�l�e�b�q�b�y�f�b��
�b�g�^�_�d�k�Z�� �f�_�l�b�e�b�j�h�\�Z�g�b�y�� �f�_�`�^�m�� �h�i�u�l�g�h�c�� �b�� �d�h�g�l�j�h�e�v�g�h�c�� �]�j�m�i�i�Z�f�b���[�h�e�v�r�_�� ������ (FDR < 0,05) 
(�l�Z�[�e. 1). 

 
�L�Z�[�e�b�p�Z���� 

�D�h�e�b�q�_�k�l�\�h���^�_�l�_�d�l�b�j�h�\�Z�g�g�u�o���]�b�i�h�f�_�l�b�e�b�j�h�\�Z�g�g�u�o �b���]�b�i�_�j�f�_�l�b�e�b�j�h�\�Z�g�g�u�o���j�_�]�b�h�g�h�\ 
�]�_�g�h�f�Z �\���]�j�m�i�i�Z�o���j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o���i�Z�l�h�e�h�]�b�c���[�_�j�_�f�_�g�g�h�k�l�b 

�J�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�_���i�Z�l�h�e�h�]�b�b 
�D�h�e�b�q�_�k�l�\�h��

�]�b�i�_�j�f�_�l�b�e�b�j�h�\�Z�g�g�u�o 
�j�_�]�b�h�g�h�\ 

�D�h�e�b�q�_�k�l�\�h��
�]�b�i�h�f�_�l�b�e�b�j�h�\�Z�g�g�u�o��

�j�_�]�b�h�g�h�\ 
EOPE (�i�j�_�w�d�e�Z�f�i�k�b�y���k���j�Z�g�g�b�f���g�Z�q�Z�e�h�f) 6 2 
IUGR (�a�Z�^�_�j�`�d�Z���\�g�m�l�j�b�m�l�j�h�[�g�h�]�h���j�h�k�l�Z) 1 3 
LOPE (�i�h�a�^�g�y�y���i�j�_�w�d�e�Z�f�i�k�b�y) 2 0 
PE (�i�j�_�w�d�e�Z�f�i�k�b�y) 2 2 
PTB (�i�j�_�`�^�_�\�j�_�f�_�g�g�u�_���j�h�^�u) 29 59 
RM (�i�j�b�\�u�q�g�h�_���g�_�\�u�g�Z�r�b�\�Z�g�b�_���[�_�j�_�f�_�g�g�h�k�l�b) 380 127 
hL (�]�j�m�i�i�u�� �k�� �i�h�\�u�r�_�g�g�u�f�� �m�j�h�\�g�_�f��
�f�_�l�b�e�b�j�h�\�Z�g�b�y��LINE �\���k�i�h�g�l�Z�g�g�u�o���Z�[�h�j�l�m�k�Z�o) 3618 2307 
lL (�]�j�m�i�i�u�� �k�� �i�h�g�b�`�_�g�g�u�f�� �m�j�h�\�g�_�f��
�f�_�l�b�e�b�j�h�\�Z�g�b�y��LINE �\���k�i�h�g�l�Z�g�g�u�o���Z�[�h�j�l�m�k�Z�o) 4463 3977 

 
�<�� �^�Z�e�v�g�_�c�r�_�f�� �h�i�j�_�^�_�e�b�e�b�� �m�q�Z�k�l�d�b�� �]�_�g�h�f�Z���� �d�h�l�h�j�u�_�� �\�h�� �\�j�_�f�y�� �\�h�e�g�u�� �]�e�h�[�Z�e�v�g�h�]�h��

�^�_�f�_�l�b�e�b�j�h�\�Z�g�b�y���g�Z�� �k�l�Z�^�b�b�� �^�j�h�[�e�_�g�b�y�� �k�g�b�`�Z�x�l���k�\�h�c�� �m�j�h�\�_�g�v�� �f�_�l�b�e�b�j�h�\�Z�g�b�y���� �^�e�y�� �w�l�h�]�h��
�k�j�Z�\�g�b�e�b���^�Z�g�g�u�_�� �i�h�e�m�q�_�g�g�u�_�� �b�a���k�i�_�j�f�Z�l�h�a�h�b�^�h�\�� �b�� �h�h�p�b�l�h�\, �k���i�j�h�n�b�e�_�f�� �f�_�l�b�e�b�j�h�\�Z�g�b�y��
�l�j�h�n�w�d�l�h�^�_�j�f�u �w�f�[�j�b�h�g�h�\�� �g�Z�� �k�l�Z�^�b�b�� �[�e�Z�k�l�h�p�b�k�l�u. �>�e�y�� �h�i�j�_�^�_�e�_�g�b�y�� �j�_�]�b�h�g�h�\�� �]�_�g�h�f�Z���� �^�e�y��
�d�h�l�h�j�u�o�� �\�� �i�h�k�e�_�^�m�x�s�_�f�� �i�h�\�u�r�Z�_�l�k�y�� �m�j�h�\�_�g�v�� �f�_�l�b�e�b�j�h�\�Z�g�b�y�� �i�j�b�� �m�k�l�Z�g�h�\�e�_�g�b�b��
�l�d�Z�g�_�k�i�_�p�b�n�b�q�g�h�]�h�� �m�j�h�\�g�y�� �f�_�l�b�e�b�j�h�\�Z�g�b�y�� �\�� �\�h�j�k�b�g�Z�o�� �o�h�j�b�h�g�Z���� �[�u�e�b�� �k�j�Z�\�g�_�g�u�� �i�j�h�n�b�e�b��
�f�_�l�b�e�b�j�h�\�Z�g�b�y�� �]�_�g�h�f�h�\�� �\���l�j�h�n�w�d�l�h�^�_�j�f�_ �w�f�[�j�b�h�g�h�\�� �g�Z�� �k�l�Z�^�b�b�� �[�e�Z�k�l�h�p�b�k�l�u [9] �b��
�f�_�^�b�p�b�g�k�d�b�o���Z�[�h�j�l�m�k�h�\ �\���i�_�j�\�h�f���l�j�b�f�_�k�l�j�_���[�_�j�_�f�_�g�g�h�k�l�b�����I�h�e�m�q�_�g�g�u�_���m�q�Z�k�l�d�b���]�_�g�h�f�Z �^�e�y��
�\�h�e�g�� �w�i�b�]�_�g�_�l�b�q�_�k�d�h�]�h�� �j�_�i�j�h�]�j�Z�f�f�b�j�h�\�Z�g�b�y �k�j�Z�\�g�b�e�b�� �k�� �>�F�J���� �j�Z�a�e�b�q�g�u�o���i�Z�l�h�e�h�]�b�c. 
�< �^�Z�e�v�g�_�c�r�_�f�� �j�Z�k�k�q�b�l�Z�e�b�� �^�h�e�x�� �m�g�b�d�Z�e�v�g�u�o���>�F�J���� �d�h�l�h�j�u�_�� �i�_�j�_�k�_�d�Z�x�l�k�y�� �k�� �j�_�]�b�h�g�Z�f�b�� �\�h�e�g��
�]�e�h�[�Z�e�v�g�h���f�_�l�b�e�b�j�h�\�Z�g�b�y���b���^�_�f�_�l�b�e�b�j�h�\�Z�g�b�y�����l�Z�[�e. 2). 
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�L�Z�[�e�b�p�Z��2 

�>�h�e�y���^�_�l�_�d�l�b�j�h�\�Z�g�g�u�o���]�b�i�h�f�_�l�b�e�b�j�h�\�Z�g�g�u�o �b���]�b�i�_�j�f�_�l�b�e�b�j�h�\�Z�g�g�u�o���j�_�]�b�h�g�h�\���]�_�g�h�f�Z �\���]�j�m�i�i�Z�o��
�j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o���i�Z�l�h�e�h�]�b�c���[�_�j�_�f�_�g�g�h�k�l�b�����d�h�l�h�j�u�_���i�_�j�_�k�_�d�Z�x�l�k�y���k �m�g�b�d�Z�e�v�g�u�f�b���j�_�]�b�h�g�Z�f�b���� 

�d�h�l�h�j�u�_���b�a�f�_�g�y�x�l���m�j�h�\�_�g�v���f�_�l�b�e�b�j�h�\�Z�g�b�y���\�h���\�j�_�f�y���\�h�e�g���w�i�b�]�_�g�_�l�b�q�_�k�d�h�]�h���j�_�i�j�h�]�j�Z�f�f�b�j�h�\�Z�g�b�y 

�J�Z�k�k�f�Z�l�j�b�\
�Z�_�f�u�_��

�i�Z�l�h�e�h�]�b�b 

�<�h�e�g�Z���]�e�h�[�Z�e�v�g�h�]�h���^�_�f�_�l�b�e�b�j�h�\�Z�g�b�y 
�<�h�e�g�Z���]�e�h�[�Z�e�v�g�h�]�h��

�f�_�l�b�e�b�j�h�\�Z�g�b�y �M�g�b�d�Z�e�v�g�u�_���j�_�]�b�h�g�u��
�h�h�p�b�l�h�\ 

�M�g�b�d�Z�e�v�g�u�_���j�_�]�b�h�g�u��
�k�i�_�j�f�Z�l�h�a�h�b�^�h�\ 

�=�b�i�_�j�f�_�l�b-
�e�b�j�h�\�Z�g�g�u

�_�����^�h�e�y 

�=�b�i�h�f�_�l�b�e�b�j�h
�\�Z�g�g�u�_�����^�h�e�y 

�=�b�i�_�j�f�_�l�b�e�b�j�h
�\�Z�g�g�u�_�����^�h�e�y 

�=�b�i�h�f�_�l�b�e�b�j�h
�\�Z�g�g�u�_�����^�h�e�y 

�=�b�i�_�j�f�_�l�b�e�b�j�h
�\�Z�g�g�u�_�����^�h�e�y 

�=�b�i�h�f�_�l�b�e�b�j�h
�\�Z�g�g�u�_�����^�h�e�y 

PTB 0 0 0,276 0,203 0,207 0,271 
RM 0,008 0 0,147 0,118 0,300 0,370 
hL 0,001 0,001 0,124 0,109 0,384 0,450 
lL  0,002 0,002 0,109 0,113 0,412 0,410 

 
�A�g�Z�q�b�l�_�e�v�g�Z�y�� �^�h�e�y�� �^�Z�g�g�u�o�� �j�_�]�b�h�g�h�\�� �^�e�y�� �k�i�_�j�f�Z�l�h�a�h�b�^�h�\�� �k�h�\�i�Z�^�Z�e�Z�� �k�� �>�F�J�� �i�Z�l�h�e�h�]�b�c��

�[�_�j�_�f�_�g�g�h�k�l�b�����i�j�b���w�l�h�f���^�Z�g�g�u�_���>�F�J���[�u�e�b���]�b�i�_�j�f�_�l�b�e�b�j�h�\�Z�g�u�����q�l�h���f�h�`�_�l���m�d�Z�a�u�\�Z�l�v���g�Z���h�r�b�[�d�b�����\�h��
�\�j�_�f�y���i�j�h�p�_�k�k�Z���k�g�y�l�b�y���f�_�l�h�d���f�_�l�b�e�b�j�h�\�Z�g�b�y�����d�h�l�h�j�u�_���f�h�]�m�l���i�j�b�\�h� �̂b�l�v���d���\�h�a�g�b�d�g�h�\�_�g�b�x���Z�g�h�f�Z�e�b�c��
�f�_�l�b�e�b�j�h�\�Z�g�b�y�� �b�� �j�Z�a�e�b�q�g�u�o�� �i�Z�l�h�e�h�]�b�c���� �<�� �>�F�J�� �i�Z�l�h�e�h�]�b�c�� �[�_�j�_�f�_�g�g�h�k�l�b���� �d�h�l�h�j�u�_�� �k�h�\�i�Z�^�Z�e�b�� �k��
�m�g�b�d�Z�e�v�g�u�f�b�� � �̂e�y�� �\�h�e�g�u�� �]�e�h�[�Z�e�v�g�h�]�h�� �f�_�l�b�e�b�j�h�\�Z�g�b�y�� �j�_�]�b�h�g�Z�f�b���� �g�Z�[�e�x� �̂Z�e�h�k�v�� �a�g�Z�q�b�l�_�e�v�g�Z�y�� � �̂h�e�y��
�]�b�i�_�j- ���f�Z�d�k�b�f�m�f�� ���� %) �b�� �]�b�i�h�f�_�l�b�e�b�j�h�\�Z�g�g�u�o�� �j�_�]�b�h�g�h�\�� ���f�Z�d�k�b�f�m�f�� ���� �������� �G�Z�e�b�q�b�_�� �l�Z�d�h�]�h��
�d�h�e�b�q�_�k�l�\�Z���>�F�J���f�h�`�_�l���m�d�Z�a�u�\�Z�l�v���g�Z���g�Z�j�m�r�_�g�b�_���i�Z�l�l�_�j�g�h�\���^�h�[�Z�\�e�_�g�b�y���f�_�l�h�d���f�_�l�b�e�b�j�h�\�Z�g�b�y���� �q�l�h��
�f�h�`�_�l�� �i�j�b�\�h� �̂b�l�v�� �d���d�Z�d�� �d���]�b�i�_�j�f�_�l�b�e�b�j�h�\�Z�g�b�x�����l�Z�d�� �b�� �d�� �]�b�i�h�f�_�l�b�e�b�j�h�\�Z�g�b�x�� �j�_�]�b�h�g�h�\�� �]�_�g�h�f�Z��
�n�b�a�b�h�e�h�]�b�q�g�h�_���n�m�g�d�p�b�h�g�b�j�h�\�Z�g�b�_�� �d�h�l�h�j�u�o���g�_�h�[�o�h� �̂b�f�h��� �̂e�y���j�h�k�l�Z���b���j�Z�a�\�b�l�b�y���w�f�[�j�b�h�g�Z�� 

 
�A�Z�d�e�x�q�_�g�b�_ 
�I�h�e�m�q�_�g�g�u�_���\���o�h�^�_���Z�g�Z�e�b�a�Z���^�Z�g�g�u�_���m�d�Z�a�u�\�Z�x�l���g�Z���l�h�����q�l�h���h�^�g�b�f���b�a���m�a�d�b�o���f�_�k�l���i�h�y�\�e�_�g�b�y��

�Z�g�h�f�Z�e�b�c���f�_�l�b�e�b�j�h�\�Z�g�b�y �f�h�]�m�l�� �y�\�e�y�l�v�k�y�� �\�h�e�g�u���w�i�b�]�_�g�_�l�b�q�_�k�d�h�]�h�� �j�_�i�j�h�]�j�Z�f�f�b�j�h�\�Z�g�b�y��
�]�_�g�h�f�Z�����g�Z�j�m�r�_�g�b�_���i�Z�l�l�_�j�g�h�\���m�k�l�Z�g�h�\�e�_�g�b�y���m�j�h�\�g�y���f�_�l�b�e�b�j�h�\�Z�g�b�y���\���d�h�l�h�j�u�o�����f�h�`�_�l���\�e�b�y�l�v��
�g�Z�� �j�Z�a�\�b�l�b�_�� �w�f�[�j�b�h�g�Z���� �i�j�b�\�h�^�y�� �d�� �\�h�a�g�b�d�g�h�\�_�g�b�x�� �f�g�h�`�_�k�l�\�_�g�g�u�o�� �i�Z�l�h�e�h�]�b�c�� �[�_�j�_�f�_�g�g�h�k�l�b����
�A�g�Z�q�b�l�_�e�v�g�Z�y�� �^�h�e�y�� �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o�� �>�F�J�� �i�Z�l�h�e�h�]�b�c�� �k�h�k�j�_�^�h�l�h�q�_�g�Z�� �\�� �m�q�Z�k�l�d�Z�o�� �]�_�g�h�f�Z����
�m�j�h�\�_�g�v�� �f�_�l�b�e�b�j�h�\�Z�g�b�y�� �d�h�l�h�j�u�o�� �b�a�f�_�g�y�_�l�k�y�� �\�h�� �\�j�_�f�y�� �\�h�e�g�� �w�i�b�]�_�g�_�l�b�q�_�k�d�h�]�h��
�j�_�i�j�h�]�j�Z�f�f�b�j�h�\�Z�g�b�y���� �q�l�h�� �m�d�Z�a�u�\�Z�_�l�� �g�Z�� �l�h���� �q�l�h�� �f�g�h�]�b�_�� �Z�g�h�f�Z�e�v�g�u�_�� �b�a�f�_�g�_�g�b�y�� �\�� �m�j�h�\�g�_��
�f�_�l�b�e�b�j�h�\�Z�g�b�y�� �f�h�]�m�l�� �i�h�y�\�e�y�l�v�k�y�� �_�s�z�� �g�Z�� �k�Z�f�u�o �j�Z�g�g�b�o�� �k�l�Z�^�b�y�o�� �j�Z�a�\�b�l�b�y. �>�e�y�� �\�h�e�g�u��
�]�e�h�[�Z�e�v�g�h�]�h���^�_�f�_�l�b�e�b�j�h�\�Z�g�b�y���o�Z�j�Z�d�l�_�j�g�h�����q�l�h���^�h�k�l�Z�l�h�q�g�Z�y���^�h�e�y���>�F�J�����^�h�����������������d�Z�d���]�b�i�h-�����l�Z�d��
�b�� �]�b�i�_�j�f�Z�l�b�e�b�j�h�\�Z�g�g�u�o���� �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o�� �i�Z�l�h�e�h�]�b�c�� �k�d�h�g�p�_�g�l�j�b�j�h�\�Z�g�Z�� �\�� �j�_�]�b�h�g�Z�o��
�h�l�p�h�\�k�d�h�]�h�� �]�_�g�h�f�Z���� �<�� �j�_�]�b�h�g�Z�o�� �m�g�b�d�Z�e�v�g�u�o�� �^�e�y�� �\�h�e�g�u�� �]�e�h�[�Z�e�v�g�h�]�h�� �f�_�l�b�e�b�j�h�\�Z�g�b�y��
�g�Z�[�e�x�^�Z�_�l�k�y���\�i�e�h�l�v���^�h�������������h�l���\�k�_�o���Z�g�Z�e�b�a�b�j�m�_�f�u�o���>�F�J���j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o���i�Z�l�h�e�h�]�b�c�� 

 
�B�k�k�e�_�^�h�\�Z�g�b�_���\�u�i�h�e�g�_�g�h���i�j�b���i�h�^�^�_�j�`�d�_���]�j�Z�g�l�Z���J�G�N���‹������-15-00341. 
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�M�>�D 612.59 

�<�e�b�y�g�b�_���j�_�]�m�e�y�j�g�u�o���o�h�e�h�^�h�\�u�o���w�d�k�i�h�a�b�p�b�c���g�Z���\�h�a�j�Z�k�l�g�m�x���^�b�g�Z�f�b�d�m���w�d�k�i�j�_�k�k�b�b 
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Abstract. The work presents a comparative analysis of the dynamics of thermogenic potential of 
interscapular brown adipose tissue, beige adipogenesis in the subcutaneous inguinal and 
perigonadal abdominal fat depots in laboratory mice under conditions of a 16-week course of regular 
cold exposures (6 h/day at 6 �ƒ�&�����D�Q�G���X�Q�G�H�U���V�W�D�Q�G�D�U�G���W�H�P�S�H�U�D�W�X�U�H���F�R�Q�G�L�W�L�R�Q�V�������� �ƒ�&�������(�[�S�U�H�V�V�L�R�Q���R�I��
the main thermogenic marker of brown and beige adipocytes, the uncoupling protein UCP1, was 
estimated using Western blotting. In the experimental group of mice, UCP1 protein was present on 
all blots of inguinal adipose tissue throughout the experiment, a weak band of UCP1 was determined 
on 20�±40 % of blots of gonadal adipose tissue. In the control group, UCP1 protein was almost 
undetectable in fat depots. Total tissue protein in experimental samples of interscapular brown fat 
and inguinal fat increased by the end of the experiment when calculated both per mg of tissue and 
for the entire tissue, and did not change in gonadal adipose tissue. Thus, regular cold exposures 
inhibit age-dependent inhibition of beige adipogenesis, stimulate growth of thermogenic potential in 
both classical brown and white adipose tissues. 
Key words: intermittent cold exposure, protein UCP1, brown and white adipose tissues, thermogenic 
potential. 

 
�<�\�_�^�_�g�b�_ 
�;�m�j�Z�y�� �`�b�j�h�\�Z�y�� �l�d�Z�g�v ���;�@�L�� �b�� �i�h�i�m�e�y�p�b�b�� �b�g�^�m�p�b�[�_�e�v�g�u�o�� �[�_�`�_�\�u�o�� �Z�^�b�i�h�p�b�l�h�\ �\��

�i�h�^�d�h�`�g�h�f�� �`�b�j�h�\�h�f�� �^�_�i�h �y�\�e�y�x�l�k�y �k�i�_�p�b�Z�e�b�a�b�j�h�\�Z�g�g�u�f�b�� �w�n�n�_�d�l�h�j�Z�f�b�� �l�_�j�f�h�]�_�g�_�a�Z����
�h�k�g�h�\�Z�g�g�h�]�h�� �g�Z�� �j�Z�a�h�[�s�_�g�b�b�� �h�d�b�k�e�b�l�_�e�v�g�h�]�h�� �n�h�k�n�h�j�b�e�b�j�h�\�Z�g�b�y�� �b�� �^�u�o�Z�g�b�y�� �i�h�k�j�_�^�k�l�\�h�f��
�j�Z�a�h�[�s�Z�x�s�_�]�h���[�_�e�d�Z��UCP1 (uncoupling protein 1) [1]. �;�m�j�u�c���b���[�_�`�_�\�u�c���Z�^�b�i�h�]�_�g�_�a�����l�_�j�f�h�]�_�g�_�a��
�\�� �w�l�b�o�� �l�d�Z�g�y�o���f�Z�d�k�b�f�Z�e�v�g�u�� �\�� �j�Z�g�g�_�f�� �h�g�l�h�]�_�g�_�a�_���� �k�g�b�`�Z�y�k�v �\�� �^�Z�e�v�g�_�c�r�_�f �i�h�� �f�_�j�_�� �j�h�k�l�Z �b��
�j�Z�a�\�b�l�b�y���h�j�]�Z�g�b�a�f�Z�� �< �i�h�^�d�h�`�g�h�f  �`�b�j�h�\�h�f  �^�_�i�h �l�_�f�i�u���k�g�b�`�_�g�b�y���w�d�k�i�j�_�k�k�b�b��UCP1 �\�i�e�h�l�v���^�h��
�i�h�e�g�h�]�h���i�j�_�d�j�Z�s�_�g�b�y�� �a�g�Z�q�b�l�_�e�v�g�h�� �m�k�d�h�j�y�x�l�k�y �i�h�k�e�_�� �i�h�e�h�\�h�]�h�� �k�h�a�j�_�\�Z�g�b�y��[2]���� �O�j�h�g�b�q�_�k�d�Z�y 
�Z�^�Z�i�l�Z�p�b�y �d �g�b�a�d�b�f���l�_�f�i�_�j�Z�l�m�j�Z�f���k�j�_�^�u���k�^�_�j�`�b�\�Z�_�l���w�l�m �\�h�a�j�Z�k�l�g�m�x �j�_�^�m�d�p�b�x �l�_�j�f�h�]�_�g�g�h�]�h 
�i�h�l�_�g�p�b�Z�e�Z�� �[�_�`�_�\�h�c�� �`�b�j�h�\�h�c�� �l�d�Z�g�b [3]. �F�_�g�_�_ �b�a�m�q�_�g�h�� �\�e�b�y�g�b�_�� �g�Z���l�_�j�f�h�]�_�g�g�u�c�� �j�_�a�_�j�\��
�`�b�j�h�\�u�o �l�d�Z�g�_�c �j�_�]�m�e�y�j�g�h���i�h�\�l�h�j�y�x�s�b�o�k�y�� �d�j�Z�l�d�h�k�j�h�q�g�u�o�� �o�h�e�h�^�h�\�u�o�� �w�d�k�i�h�a�b�p�b�c, �o�h�l�y��
�k�m�l�h�q�g�u�_���]�j�Z�^�b�_�g�l�u���l�_�f�i�_�j�Z�l�m�j��- �g�h�j�f�Z�e�v�g�h�_���y�\�e�_�g�b�_���^�Z�`�_���\���j�_�]�b�h�g�Z�o���k���f�y�]�d�b�f���d�e�b�f�Z�l�h�f�����b 
�[�u�k�l�j�h�� �j�_�Z�]�b�j�m�x�s�b�c�� �f�Z�e�h�b�g�_�j�p�b�h�g�g�u�c�� �f�_�o�Z�g�b�a�f��UCP1-�a�Z�\�b�k�b�f�h�]�h�� �l�_�j�f�h�]�_�g�_�a�Z 
�i�j�_�^�k�l�Z�\�e�y�_�l�k�y���[�h�e�_�_ �h�i�l�b�f�Z�e�v�g�u�f���^�e�y���Z�^�Z�i�l�Z�p�b�b���d �l�_�f�i�_�j�Z�l�m�j�g�u�f���]�j�Z�^�b�_�g�l�Z�f����  

�P�_�e�v�x�� �j�Z�[�h�l�u�� �[�u�e �Z�g�Z�e�b�a �^�b�g�Z�f�b�d�b���l�_�j�f�h�]�_�g�g�h�]�h�� �i�h�l�_�g�p�b�Z�e�Z �[�m�j�h�c�� �`�b�j�h�\�h�c�� �l�d�Z�g�b����
�[�_�`�_�\�h�]�h�� �Z�^�b�i�h�]�_�g�_�a�Z���i�h�^�d�h�`�g�h�]�h�� �b�� �Z�[�^�h�f�b�g�Z�e�v�g�h�]�h�� �`�b�j�h�\�u�o�� �^�_�i�h �\�� �m�k�e�h�\�b�y�o�� �j�_�]�m�e�y�j�g�u�o��
�o�h�e�h�^�h�\�u�o���w�d�k�i�h�a�b�p�b�c���b���\���k�l�Z�g�^�Z�j�l�g�u�o���l�_�f�i�_�j�Z�l�m�j�g�u�o���m�k�e�h�\�b�y�o�� 
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�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y���q�Z�k�l�v 
�W�d�k�i�_�j�b�f�_�g�l�u���\�u�i�h�e�g�_�g�u���g�Z���k�Z�f�p�Z�o���Z�m�l�[�j�_�^�g�u�o���f�u�r�_�c���e�b�g�b�b��ICR �b�a���i�b�l�h�f�g�b�d�Z���=�G�P��

�<�;���<�_�d�l�h�j ���G�h�\�h�k�b�[�b�j�k�d��. �@�b�\�h�l�g�u�_���k�h�^�_�j�`�Z�e�b�k�v�� �i�j�b�� �i�h�k�l�h�y�g�g�h�c�� �l�_�f�i�_�j�Z�l�m�j�_�� ���� �“ 2 �ƒC �k�h��
�k�\�h�[�h�^�g�u�f�� �^�h�k�l�m�i�h�f�� �d�� �d�h�j�f�m���;�b�h�I�j�h�� ���G�h�\�h�k�b�[�b�j�k�d���� �W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y�� �]�j�m�i�i�Z�� �k��1,5-�f�_�k 
�\�h�a�j�Z�k�l�Z ���i�_�j�b�h�^�� �i�h�e�h�\�h�]�h�� �k�h�a�j�_�\�Z�g�b�y�� �\�u�k�Z�`�b�\�Z�e�Z�k�v�� ���� �^�g�_�c�� �\�� �g�_�^�� �g�Z�� ���� �q�� �\�� �d�Z�f�_�j�m�� �k�� �� �ƒC. 
�>�e�y �i�j�_�^�h�l�\�j�Z�s�_�g�b�y�� �o�h�e�h�^-�b�g�^�m�p�b�j�h�\�Z�g�g�h�c�� �]�b�i�_�j�n�Z�]�b�b�� �d�h�j�f �i�j�_�^�h�k�l�Z�\�e�y�e�k�y�� �\�� �d�h�e�b�q�_�k�l�\�_����
�i�h�l�j�_�[�e�y�_�f�h�f�� �d�h�g�l�j�h�e�v�g�h�c�� �]�j�m�i�i�h�c�����<�u�\�h�^ �`�b�\�h�l�g�u�o���b�a�� �w�d�k�i�_�j�b�f�_�g�l�Z �h�k�m�s�_�k�l�\�e�y�e�k�y�� �q�_�j�_�a 
3 �g�_�^ ���\�h�a�j�Z�k�l�������f�_�k�� �b���q�_�j�_�a���������g�_�^ ���\�h�a�j�Z�k�l�������f�_�k��. �L�d�Z�g�_�\�u�_���]�h�f�h�]�_�g�Z�l�u �f�_�`�e�h�i�Z�l�h�q�g�h�c���[�m�j�h�c 
�`�b�j�h�\�h�c �l�d�Z�g�b ���F�;�@�L�������i�h�^�d�h�`�g�h�c �i�Z�o�h�\�h�c ���I�;�_�e�@�L�����b���h�d�h�e�h�]�h�g�Z�^�g�h�c �[�_�e�h�c �`�b�j�h�\�h�c �l�d�Z�g�b 
���=�;�_�e�@�L�� �]�h�l�h�\�b�e�b�� �\�� �[�m�n�_�j�_�� ���������� �F�� �l�j�b�k-�+�&�O�� �k�� ���� �f�F�� �W�>�L�:�� �b�� �^�h�[�Z�\�e�_�g�b�_�f�� ���� �f�F��PMSF �\��
�d�Z�q�_�k�l�\�_�� �b�g�]�b�[�b�l�h�j�Z�� �i�j�h�l�_�Z�a���� �j�G = 7,������ �H�[�s�b�c�� �[�_�e�h�d�� �\���]�h�f�h�]�_�g�Z�l�Z�o�� �l�d�Z�g�_�c �h�i�j�_�^�_�e�y�e�b��
�f�h�^�b�n�b�p�b�j�h�\�Z�g�g�u�f �f�_�l�h�^�h�f �E�h�m�j�b�� �>2]. �J�Z�a�h�[�s�Z�x�s�b�c�� �[�_�e�h�d��UCP���� �h�i�j�_�^�_�e�y�e�b�� �k�� �i�h�f�h�s�v�x 
�\�_�k�l�_�j�g-�[�e�h�l�l�b�g�]�Z [2]. �B�k�i�h�e�v�a�h�\�Z�e�b�� �i�j�_�i�Z�j�Z�l�u���i�_�j�\�b�q�g�u�o���Z�g�l�b�l�_�e �d��UCP1 �d�h�f�i�Z�g�b�b�� 
Cloud-Clone Corp���� ���D�b�l�Z�c���� �b�� �\�l�h�j�b�q�g�u�_�� �Z�g�l�b�l�_�e�Z anti-rabbit IgG Abcam ���K�R�:�������;�e�h�l�u��
�h�[�j�Z�[�Z�l�u�\�Z�e�b�k�v���k���i�h�f�h�s�v�x���I�H��ImageJ. �>�Z�g�g�u�_���i�j�_�^�k�l�Z�\�e�_�g�u���d�Z�d���k�j�_�^�g�_�_�“sd�����K�j�Z�\�g�_�g�b�_���^�\�m�o��
�k�j�_�^�g�b�o���i�j�h�\�h�^�b�e�h�k�v���k���i�h�f�h�s�v�x��U-�d�j�b�l�_�j�b�y���F�Z�g�g�Z-�M�b�l�g�b���\��GraphPadPrism 8.2.1.  

 
�J�_�a�m�e�v�l�Z�l�u  
�I�h�d�Z�a�Z�l�_�e�b�� �f�Z�k�k�u�� �b�� �h�[�s�_�]�h�� �[�_�e�d�Z�� �`�b�j�h�\�u�o�� �l�d�Z�g�_�c�� �g�_�� �j�Z�a�e�b�q�Z�e�b�k�v���k�l�Z�l�b�k�l�b�q�_�k�d�b��

�a�g�Z�q�b�f�h�� �f�_�`�^�m�� �d�h�g�l�j�h�e�v�g�h�c���b�� �h�i�u�l�g�h�c�� �]�j�m�i�i�Z�f�b �i�h�k�e�_�� ���� �g�_�^�� �Z�^�Z�i�l�Z�p�b�b�����l�Z�[�e. 1). �D���d�h�g�p�m��
�w�d�k�i�_�j�b�f�_�g�l�Z �f �Z�k�k�Z���F�;�@�L���m���f�u�r�_�c���h�i�u�l�g�h�c���]�j�m�i�i�u���[�u�e�Z���\�u�r�_�����k�h�^�_�j�`�Z�g�b�_���h�[�s�_�]�h���[�_�e�d�Z��
���f�d�]/�f�]�����\���F�;�@�L���g�_���j�Z�a�e�b�q�Z�e�h�k�v���f�_�`�^�m���]�j�m�i�i�Z�f�b��  

�L�Z�[�e�b�p�Z���� 
�I�h�d�Z�a�Z�l�_�e�b���f�Z�k�k�u���b���h�[�s�_�]�h���l�d�Z�g�_�\�h�]�h���[�_�e�d�Z 

 2-�f�_�k���d�h�g�l�j�h�e�v 
n = 5 

2-�f�_�k���h�i�u�l, 
n = 5 

6-�f�_�k���d�h�g�l�j�h�e�v��  
n = 10 

6-�f�_�k���h�i�u�l, 
n = 9 

�F�Z�k�k�Z�����] 34,1 �“ 1,14 32,3 �“ 3,93 42,84 �“ 2,34a 41,52 �“ 2,73c 

�F�;�@�L�����h�l�g�����f �Z�k�k�Z������ 0,35 �“ 0,09 0,4 �“ 0,07 0,28 �“ 0,05 0,4 �“ 0,08b 
�I�;�_�e�@�L�����h�l�g�����f �Z�k�k�Z������ 0,78 �“ 0,26 1,02 �“ 0,21 0,51 �“ 0,14 0,61 �“ 0,19c 
�=�;�_�e�@�L�����h�l�g�����f �Z�k�k�Z������ 1,09 �“ 0,18 1,48 �“ 0,4 1,17 �“ 0,73 0,77 �“ 0,5c 
�H�[�s�b�c���[�_�e�h�d���F�;�@�L�����f�d�]���f�] 183 �“ 44,03 212,5 �“ 26,57 143,4 �“ 40,8 158,4 �“ 50,82 
�H�[�s�b�c���[�_�e�h�d���I�;�_�e�@�L�����f�d�]���f�] 67,65 �“ 2,84 90,65 �“ 45,24 26,7 �“ 12,54a 55,36 �“ 25,2b 
�H�[�s�b�c���[�_�e�h�d���=�;�_�e�@�L�����f�d�]���f�] 24,42 �“ 10,15 22,58 �“ 4,29 14,12 �“ 7,71 37,71 �“ 34,74 
�H�[�s�b�c���[�_�e�h�d���F�;�@�L�����f�d�]���l�d�Z�g�v 21440 �“ 4940 28388 �“ 1907 16852 �“ 3521 25416 �“ 6087b 
�H�[�s�b�c���[�_�e�h�d���I�;�_�e�@�L�����f�d�]���l�d�Z�g�v 17953 �“ 5385 27856 �“ 12475 5287 �“ 1906a 13124 �“ 3967cb 
�H�[�s�b�c���[�_�e�h�d���=�;�_�e�@�L�����f�d�]���l�d�Z�g�v 9068 �“ 3913 10500 �“ 2503 6216 �“ 3693 7109 �“ 3324 

�I�j�b�f�_�q�Z�g�b�_����p < 0,05 �± �g�Z�^�k�l�j�h�q�g�u�_���[�m�d�\�_�g�g�u�_���k�b�f�\�h�e�u����a �± �\���k�j�Z�\�g�_�g�b�b���k����-�f�_�k���d�h�g�l�j�h�e�_�f����b �± �\���k�j�Z�\�g�_�g�b�b���k 
6-�f�_�k���d�h�g�l�j�h�e�_�f����c �± �\���k�j�Z�\�g�_�g�b�b���k����-�f�_�k���h�i�u�l�g�h�c���]�j�m�i�i�h�c�� 
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�b�a-�a�Z���d�j�Z�c�g�_���k�e�Z�[�h�c���w�d�k�i�j�_�k�k�b�b���g�Z�]�j�m�a�h�q�g�h�]�h���f�Z�j�d�_�j�Z����-�l�m�[�m�e�b�g�Z���\���i�j�h�[�Z�o���`�b�j�h�\�u�o���l�d�Z�g�_�c���b��
�F�;�@�L�� ��-�f�_�k�� �f�u�r�_�c���� �H�^�g�Z�d�h�� �i�h�e�h�k�u�� �[�_�e�d�Z��UCP���� �g�Z�� �[�e�h�l�Z�o�� �h�i�u�l�g�u�o�� �f�u�r�_�c�� �b�f�_�e�b��
�b�g�l�_�g�k�b�\�g�h�k�l�v�� �\�b�a�m�Z�e�v�g�h�� �g�_�� �k�e�Z�[�_�_�� �i�h�� �k�j�Z�\�g�_�g�b�x�� �k�� �d�h�g�l�j�h�e�v�g�u�f�b�� �[�e�h�l�Z�f�b�� ���j�b�k. 1)���� �L�Z�d�b�f��
�h�[�j�Z�a�h�f���� �l�_�j�f�h�]�_�g�g�u�c���i�h�l�_�g�p�b�Z�e�� �F�;�@�L�� �m�� �h�i�u�l�g�u�o�� �f�u�r�_�c�� �[�u�e�� �\�u�r�_���� �i�h�� �d�j�Z�c�g�_�c�� �f�_�j�_���� �a�Z��
�k�q�_�l���j�h�k�l�Z���l�d�Z�g�b�� 

�I�h�d�Z�a�Z�l�_�e�b���f�Z�k�k�u���I�;�_�e�@�L���b���=�;�_�e�@�L���\���g�Z�q�Z�e�_���w�d�k�i�_�j�b�f�_�g�l�Z���[�u�e�b���g�_�a�g�Z�q�b�l�_�e�v�g�h���\�u�r�_��
�\�� �h�i�u�l�g�h�c�� �]�j�m�i�i�_���� �D�� ��-�f�_�k�� �\�h�a�j�Z�k�l�m���� �g�Z�h�[�h�j�h�l���� �g�Z�[�e�x�^�Z�e�h�k�v�� �b�o�� �k�l�Z�l�b�k�l�b�q�_�k�d�b�� �a�g�Z�q�b�f�h�_��
�k�g�b�`�_�g�b�_���^�h���a�g�Z�q�_�g�b�c�����[�e�b�a�d�b�o���d���a�g�Z�q�_�g�b�y�f���d�h�g�l�j�h�e�v�g�u�o���`�b�\�h�l�g�u�o�����G�b���m����-�f�_�k�����g�b���m����-�f�_�k��
�d�h�g�l�j�h�e�v�g�u�o���f�u�r�_�c���[�_�e�h�d��UCP1 �i�j�Z�d�l�b�q�_�k�d�b���g�_���i�j�h�y�\�e�y�e�k�y���g�Z���[�e�h�l�Z�o���I�;�_�e�@�L���b���=�;�_�e�@�L�� 
�G�Z�h�[�h�j�h�l�� �\�h�� �\�k�_�o�� �h�i�u�l�g�u�o�� �i�j�h�[�Z�o�� �I�;�_�e�@�L�� �^�_�l�_�d�l�b�j�h�\�Z�e�Z�k�v�� �i�h�e�h�k�Z�� �[�_�e�d�Z��UCP1���� �K�e�Z�[�u�_��
�i�h�e�h�k�u���[�_�e�d�Z��UCP1 �b�^�_�g�l�b�n�b�p�b�j�h�\�Z�g�u���^�Z�`�_���\���������b���\�����������i�j�h�[���=�;�_�e�@�L����-�o���b����-�l�b���f�_�k���f�u�r�_�c�� 
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�A�Z�d�e�x�q�_�g�b�_ 
�L�Z�d�b�f���h�[�j�Z�a�h�f�����g�Z�q�b�g�Z�x�s�b�_�k�y���\���j�Z�g�g�_�f���h�g�l�h�]�_�g�_�a�_ �^�h���a�Z�\�_�j�r�_�g�b�y���i�h�e�h�\�h�]�h���k�h�a�j�_�\�Z�g�b�y��

�j�_�]�m�e�y�j�g�u�_���d�j�Z�l�d�h�k�j�h�q�g�u�_���o�h�e�h�^�h�\�u�_���w�d�k�i�h�a�b�p�b�b���k�l�b�f�m�e�b�j�m�x�l�� �j�h�k�l�� �[�m�j�h�c���`�b�j�h�\�h�c���l�d�Z�g�b����
�k�^�_�j�`�b�\�Z�x�l�� �\�h�a�j�Z�k�l-�a�Z�\�b�k�b�f�h�_�� �m�]�g�_�l�_�g�b�_�� �[�_�`�_�\�h�]�h�� �Z�^�b�i�h�]�_�g�_�a�Z�� �\�� �i�h�^�d�h�`�g�h�f�� �b��
�Z�[�^�h�f�b�g�Z�e�v�g�h�f���^�_�i�h�� �I�h�k�d�h�e�v�d�m���k�g�b�`�_�g�b�_���w�d�k�i�j�_�k�k�b�b���[�_�e�d�Z���8�&�3�����j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y���d�Z�d���h�^�g�h��
�b�a���j�Z�g�g�b�o���k�h�[�u�l�b�c���\���j�Z�a�\�b�l�b�b���\�h�a�j�Z�k�l�g�u�o �f�_�l�Z�[�h�e�b�q�_�k�d�b�o �g�Z�j�m�r�_�g�b�c���\���`�b�j�h�\�u�o���l�d�Z�g�y�o�����@�L����
�b�� �h�j�]�Z�g�b�a�f�_�� �\���p�_�e�h�f [4], �\ �^�Z�e�v�g�_�c�r�_�f���i�j�_�^�k�l�Z�\�e�y�_�l�� �b�g�l�_�j�_�k �\�u�y�k�g�_�g�b�_ �k�\�y�a�_�c�� �f�_�`�^�m��
�^�b�g�Z�f�b�d�h�c�� �l�_�j�f�h�]�_�g�g�h�]�h�� �i�h�l�_�g�p�b�Z�e�Z�� �`�b�j�h�\�u�o�� �l�d�Z�g�_�c�� �b�� �k�b�k�l�_�f�g�h�]�h�� �f�_�l�Z�[�h�e�b�a�f�Z�� �i�j�b��
�i�j�_�j�u�\�b�k�l�h�c���o�h�e�h�^�h�\�h�c���Z�^�Z�i�l�Z�p�b�b���� 
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