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Abstract
Introduction. ���7�T�M�R�S�G�I�V�I�F�I�P�P�E�V���E�X�E�\�M�E�W���P�I�E�H���X�S���W�I�Z�I�V�I���H�M�W�E�F�M�P�M�X�]���E�R�H���M�Q�T�S�W�I���E���W�M�K�R�M�•�G�E�R�X���F�Y�V�H�I�R���S�R���L�I�E�P�X�L�G�E�V�I���W�]�W�X�I�Q�W�����)�\�T�I�V�M�Q�I�R�X�E�P���Q�S�H�I�P�W���E�V�I��
indispensable for reproducing the behavioral manifestations of ataxia and investigating novel therapeutic approaches; however, they do not 
�J�Y�P�P�]�� �V�I�T�P�M�G�E�X�I�� �X�L�I�� �I�R�X�M�V�I�� �W�T�I�G�X�V�Y�Q���S�J�� �H�M�W�I�E�W�I�� �W�]�Q�T�X�S�Q�W���� �'�S�Q�F�M�R�I�H���Q�S�H�I�P�W���E�V�I�� �X�L�I�� �Q�S�W�X���T�V�S�Q�M�W�M�R�K���� �E�W���X�L�I�]�� �Q�S�V�I�� �E�G�G�Y�V�E�X�I�P�]�� �V�I�ž�I�G�X���X�L�I�� �G�S�Q�T�P�I�\��
pathogenetic mechanisms of neurodegeneration.
Study aim ���� �8�S�� �E�W�W�I�W�W���X�L�I�� �V�I�T�V�I�W�I�R�X�E�X�M�Z�I�R�I�W�W���S�J�� �X�L�I�� �W�T�M�R�S�G�I�V�I�F�I�P�P�E�V�� �E�X�E�\�M�E�� �T�L�I�R�S�X�]�T�I�� �Q�S�H�I�P�� �J�S�P�P�S�[�M�R�K�� �G�S�Q�F�M�R�I�H�� �I�\�T�S�W�Y�V�I�� �X�S�� �P�M�T�S�T�S�P�]�W�E�G�G�L�E�V�M�H�I��
���0�4�7�
���E�R�H�������E�G�I�X�]�P�T�]�V�M�H�M�R�I���������%�4�
���Y�W�M�R�K���F�I�L�E�Z�M�S�V�E�P���X�I�W�X�W��
Materials and methods. ���8�L�I���W�X�Y�H�]���[�E�W���G�S�R�H�Y�G�X�I�H���S�R���Q�E�P�I���;�M�W�X�E�V���V�E�X�W�����R���!�������
�����V�E�R�H�S�Q�P�]���E�W�W�M�K�R�I�H���X�S�������K�V�S�Y�T�W�����%�R�M�Q�E�P�W���M�R���X�L�I���'�S�R�X�V�S�P���0�4�7��
�E�R�H���0�4�7�������%�4���K�V�S�Y�T�W���V�I�G�I�M�Z�I�H���0�4�7���������c�h�K���M�R�������� �h�0�
�� �Z�M�E���F�M�P�E�X�I�V�E�P���M�R�X�V�E�G�I�V�I�F�V�S�Z�I�R�X�V�M�G�Y�P�E�V�����-�'�:�
�� �M�R�N�I�G�X�M�S�R���� �V�E�X�W���M�R���X�L�I�� �'�S�R�X�V�S�P���E�R�H���4�7�������%�4��
�K�V�S�Y�T�W�� �V�I�G�I�M�Z�I�H�� �E�R�� �I�U�Y�M�Z�E�P�I�R�X�� �Z�S�P�Y�Q�I�� �S�J�� �T�L�]�W�M�S�P�S�K�M�G�E�P�� �W�E�P�M�R�I���� �8�L�V�I�I�� �H�E�]�W�� �P�E�X�I�V���� �E�R�M�Q�E�P�W�� �M�R�� �X�L�I�� �4�7�������%�4�� �E�R�H�� �0�4�7�������%�4�� �K�V�S�Y�T�W�� �V�I�G�I�M�Z�I�H��
�M�R�X�V�E�T�I�V�M�X�S�R�I�E�P�� �M�R�N�I�G�X�M�S�R�W�� �S�J�� �����%�4�� �������� �Q�K���O�K�
���� �X�L�I�� �'�S�R�X�V�S�P�� �E�R�H�� �0�4�7���4�7�� �K�V�S�Y�T�W�� �V�I�G�I�M�Z�I�H�� �T�L�]�W�M�S�P�S�K�M�G�E�P�� �W�E�P�M�R�I���� �8�L�I�� �H�I�Z�I�P�S�T�Q�I�R�X�� �S�J�� �Q�S�X�S�V��
impairments was assessed using behavioral tests. Immunohistochemical methods were used to identify Purkinje cell (aldolase C) and microglial 
(IBA1) markers on cerebellar sections.
Results.�� �&�S�H�]�� �[�I�M�K�L�X�� �W�M�K�R�M�•�G�E�R�X�P�]�� �H�I�G�V�I�E�W�I�H�� �J�S�P�P�S�[�M�R�K�� �G�S�Q�F�M�R�I�H�� �I�\�T�S�W�Y�V�I�� ���T�� � �� ���������
�� �E�R�H�� �����%�4�� �E�P�S�R�I�� ���T�� � �� ���������
���� �F�Y�X�� �R�S�X�� �J�S�P�P�S�[�M�R�K�� �0�4�7�� �E�P�S�R�I�� 
���T�� �"�� ���������
���� �1�S�X�S�V�� �J�Y�R�G�X�M�S�R�� �M�Q�T�E�M�V�Q�I�R�X�W�� �[�I�V�I�� �W�M�K�R�M�•�G�E�R�X�� �M�R�� �X�L�I�� �0�4�7�������%�4�� �E�R�H�� �'�S�R�X�V�S�P�������%�4�� �K�V�S�Y�T�W�� ���T�� � �� ���������
���� �-�R�� �X�L�I�� �'�S�R�X�V�S�P���0�4�7�� �K�V�S�Y�T���� �S�R�P�]��
�M�W�S�P�E�X�I�H���T�E�V�E�Q�I�X�I�V�W���W�L�S�[�I�H���W�M�K�R�M�•�G�E�R�X���G�L�E�R�K�I�W���G�S�Q�T�E�V�I�H���X�S���G�S�R�X�V�S�P�W�����5�Y�E�P�M�X�E�X�M�Z�I���Q�S�V�T�L�S�P�S�K�M�G�E�P���E�R�E�P�]�W�M�W���V�I�Z�I�E�P�I�H���Q�S�V�I���T�V�S�R�S�Y�R�G�I�H���4�Y�V�O�M�R�N�I���G�I�P�P��
dystrophy and microglial activation following combined exposure.
Conclusion. �'�S�Q�F�M�R�I�H�� �I�\�T�S�W�Y�V�I�� �X�S�� �0�4�7�� �E�R�H�� �����%�4�� �V�I�T�V�S�H�Y�G�I�W�� �E�� �Q�S�V�I�� �T�V�S�R�S�Y�R�G�I�H�� �E�X�E�\�M�G�� �T�L�I�R�S�X�]�T�I���� �M�R�H�M�G�E�X�M�R�K�� �E�� �T�S�W�W�M�F�P�I�� �W�I�R�W�M�X�M�^�M�R�K�� �I�J�J�I�G�X�� 
�S�J���R�I�Y�V�S�M�R�ž�E�Q�Q�E�X�M�S�R���E�R�H���W�Y�T�T�S�V�X�M�R�K���X�L�I���Y�X�M�P�M�X�]���S�J���X�L�M�W���Q�S�H�I�P���J�S�V���J�Y�V�X�L�I�V���M�R�Z�I�W�X�M�K�E�X�M�S�R���S�J���X�L�M�W���T�V�S�G�I�W�W��
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Introduction

�7�T�M�R�S�G�I�V�I�F�I�P�P�E�V���E�X�E�\�M�E�W�����7�'�%�
���E�V�I���R�I�Y�V�S�H�I�K�I�R�I�V�E�X�M�Z�I���H�M�W�S�V�H�I�V�W��
�[�M�X�L���E�Y�X�S�W�S�Q�E�P���H�S�Q�M�R�E�R�X�����E�Y�X�S�W�S�Q�E�P���V�I�G�I�W�W�M�Z�I�����S�V���<���P�M�R�O�I�H���M�R��
�L�I�V�M�X�E�R�G�I���T�E�X�X�I�V�R�W�����8�L�I�]���S�J�X�I�R���W�L�S�[���T�S�T�Y�P�E�X�M�S�R���W�T�I�G�M�¥�G���G�L�E�V��
acteristics and involve damage to the cerebellum and other re��
�K�M�S�R�W���S�J���X�L�I���R�I�V�Z�S�Y�W���W�]�W�X�I�Q���?�������A�����8�L�I���G�P�M�R�M�G�E�P���Q�E�R�M�J�I�W�X�E�X�M�S�R�W��

�S�J���7�'�%���V�E�R�K�I���J�V�S�Q���M�W�S�P�E�X�I�H���G�I�V�I�F�I�P�P�E�V���W�]�R�H�V�S�Q�I�W�����W�Y�G�L���E�W���H�]�W��
�Q�I�X�V�M�E�����E�W�]�R�I�V�K�M�E�����E�R�H���H�]�W�H�M�E�H�S�G�L�S�O�M�R�I�W�M�E�����X�S���G�S�Q�F�M�R�I�H���J�S�V�Q�W��
�[�M�X�L���I�\�X�V�E�G�I�V�I�F�I�P�P�E�V���M�R�Z�S�P�Z�I�Q�I�R�X�����M�R�G�P�Y�H�M�R�K���T�I�V�M�T�L�I�V�E�P���R�I�Y�V�S�T��
�E�X�L�]�����T�M�K�Q�I�R�X�E�V�]���V�I�X�M�R�S�T�E�X�L�]�����E�R�H���G�S�K�R�M�X�M�Z�I���M�Q�T�E�M�V�Q�I�R�X���?�������A��

�(�Y�I���X�S���E�H�Z�E�R�G�I�W���M�R���H�M�E�K�R�S�W�X�M�G���X�I�G�L�R�S�P�S�K�M�I�W�����Q�Y�P�X�M�T�P�I���G�P�M�R�M�G�E�P��
�J�S�V�Q�W�� �S�J�� �X�L�I�� �H�M�W�I�E�W�I�� �L�E�Z�I�� �F�I�I�R�� �M�H�I�R�X�M�¥�I�H���� �[�M�X�L�� �E�� �G�Y�V�V�I�R�X��
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��
�%�R�M�Q�E�P�W�� �M�R�� �4�V�I�G�P�M�R�M�G�E�P�� ���2�S�R���'�P�M�R�M�G�E�P�
�� �7�X�Y�H�M�I�W������ �E�W�� �[�I�P�P�� �E�W��
�X�L�I�� �6�Y�P�I�W�� �J�S�V�� �,�E�R�H�P�M�R�K�� �0�E�F�S�V�E�X�S�V�]�� �6�S�H�I�R�X�W�� �E�R�H�� �6�E�F�F�M�X�W��
���+�3�7�8�� ���������������������
���� �8�L�I�� �W�X�Y�H�]�� �T�V�S�X�S�G�S�P�� �[�E�W�� �E�T�T�V�S�Z�I�H�� �F�]��
the Ethics Committee of the Russian Center of Neurology 
�E�R�H���2�I�Y�V�S�W�G�M�I�R�G�I�W�����4�V�S�X�S�G�S�P���2�S�������������������H�E�X�I�H���*�I�F�V�Y�E�V�]����������
���������
�����-�R���E�G�G�S�V�H�E�R�G�I���[�M�X�L���X�L�I���3�)�'�(�����+�Y�M�H�E�R�G�I���(�S�G�Y�Q�I�R�X��
�S�R���X�L�I���6�I�G�S�K�R�M�X�M�S�R�����%�W�W�I�W�W�Q�I�R�X�����E�R�H���9�W�I���S�J���'�P�M�R�M�G�E�P���7�M�K�R�W��
�E�W�� �,�Y�Q�E�R�I�� �)�R�H�T�S�M�R�X�W�� �J�S�V�� �)�\�T�I�V�M�Q�I�R�X�E�P�� �%�R�M�Q�E�P�W�� �9�W�I�H��
�M�R�� �7�E�J�I�X�]�� �)�Z�E�P�Y�E�X�M�S�R�� �����������
������ �X�L�I�� �J�S�P�P�S�[�M�R�K�� �G�V�M�X�I�V�M�E�� �[�I�V�I��
selected as humane endpoints for the most probable 
�G�S�R�H�M�X�M�S�R�W���� �V�E�T�M�H�� �F�S�H�]�� �[�I�M�K�L�X�� �P�S�W�W�� ���K�V�I�E�X�I�V�� �X�L�E�R�� �����	�� �S�J��
�F�E�W�I�P�M�R�I�
���� �E�� �H�V�S�T�� �M�R�� �F�S�H�]�� �X�I�Q�T�I�V�E�X�Y�V�I�� �S�J�� �Q�S�V�I�� �X�L�E�R�� �����	��
�V�I�P�E�X�M�Z�I�� �X�S�� �R�S�V�Q�E�P���� �I�Z�M�H�I�R�G�I�� �S�J�� �S�V�K�E�R�� �J�E�M�P�Y�V�I���� �T�V�S�P�S�R�K�I�H��
�E�F�W�I�R�G�I�� �S�J�� �V�I�W�T�S�R�W�I�� �X�S�� �I�\�X�I�V�R�E�P�� �W�X�M�Q�Y�P�M���� �V�I�W�T�M�V�E�X�S�V�]��
�H�M�W�X�V�I�W�W�����E�R�H���W�I�Z�I�V�I���H�I�L�]�H�V�E�X�M�S�R��

The study was performed on male Wistar rats (n�� �!�� �����
��
obtained from the Stolbovaya branch of the Center for 
Biomedical Technologies of the Federal Medical Biological 
�%�K�I�R�G�]�� �S�J�� �6�Y�W�W�M�E���� �8�L�I�� �E�R�M�Q�E�P�W�� �[�I�V�I�� �������� �Q�S�R�X�L�W�� �S�P�H�� �E�X��
�X�L�I�� �W�X�E�V�X�� �S�J�� �X�L�I�� �I�\�T�I�V�M�Q�I�R�X�� �E�R�H�� �[�I�M�K�L�I�H�� ���������������� �K���� �8�L�I�]��
�L�E�H�� �Y�R�H�I�V�K�S�R�I�� �E�� �X�[�S���[�I�I�O�� �U�Y�E�V�E�R�X�M�R�I���� �8�L�I�� �E�R�M�Q�E�P�W�� �[�I�V�I��
�O�I�T�X�� �Y�R�H�I�V�� �W�X�E�R�H�E�V�H�� �Z�M�Z�E�V�M�Y�Q�� �G�S�R�H�M�X�M�S�R�W�� �E�X�� �����������s�'�� �[�M�X�L�� 
�E���������L�S�Y�V���P�M�K�L�X���G�]�G�P�I���E�R�H���E�G�G�I�W�W���X�S���[�E�X�I�V���E�R�H���J�S�S�H���E�H���P�M�F�M�X�Y�Q��

Animals were allocated to groups using the block 
�V�E�R�H�S�Q�M�^�E�X�M�S�R���Q�I�X�L�S�H�����%���P�E�V�K�I�V���R�Y�Q�F�I�V���S�J���V�E�X�W���[�I�V�I���E�W�W�M�K�R�I�H��
to the combined toxin administration group due to expected 
�M�R�G�V�I�E�W�I�H�� �Q�S�V�X�E�P�M�X�]�� �V�I�W�Y�P�X�M�R�K�� �J�V�S�Q�� �X�S�\�M�R�� �I�\�T�S�W�Y�V�I���� �L�S�[�I�Z�I�V����
no animal deaths occurred during this study.

Surgical procedures have been described in detail previously 
�?�����A���� �&�V�M�I�¦�]���� �H�Y�V�M�R�K�� �W�X�I�V�I�S�X�E�\�M�G�� �W�Y�V�K�I�V�]���� �F�M�P�E�X�I�V�E�P�� �-�'�:��
�M�R�N�I�G�X�M�S�R�W���S�J���0�4�7����Escherichia coli���3�������&�����I�R�H�S�X�S�\�M�R�����7�M�K�Q�E�
��
�E�X���E���G�S�R�G�I�R�X�V�E�X�M�S�R���S�J�����c�h�K���h�0�����M�R�N�I�G�X�M�S�R���Z�S�P�Y�Q�I�� ���c�h�0�
�� �[�I�V�I��
performed according to the coordinates of a rat brain atlas 
�?�����A���� �7�L�E�Q���S�T�I�V�E�X�I�H���E�R�M�Q�E�P�W���V�I�G�I�M�Z�I�H���E�R���I�U�Y�M�Z�E�P�I�R�X���Z�S�P�Y�Q�I��
�S�J���T�L�]�W�M�S�P�S�K�M�G�E�P���W�E�P�M�R�I�����4�7�
��
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�(�Y�V�M�R�K�� �X�L�I�� �I�\�T�I�V�M�Q�I�R�X���� �E�R�M�Q�E�P�� �F�S�H�]�� �[�I�M�K�L�X�� �[�E�W�� �V�I�K�Y�P�E�V�P�]��
measured to monitor physical condition and recovery after 
the interventions.

�%�X���������������������E�R�H�������H�E�]�W���E�J�X�I�V�������%�4���E�H�Q�M�R�M�W�X�V�E�X�M�S�R�����X�L�I���E�R�M�Q�E�P�W��
�[�I�V�I�� �X�I�W�X�I�H�� �M�R�� �X�L�I�� �3�T�I�R�� �*�M�I�P�H�� ���3�*�
�� �X�I�W�X�� �X�S�� �E�W�W�I�W�W�� �K�I�R�I�V�E�P��
�P�S�G�S�Q�S�X�S�V�� �E�G�X�M�Z�M�X�]�� �S�Z�I�V�� �E�� �����Q�M�R�Y�X�I�� �T�I�V�M�S�H���� �'�S�R�G�Y�V�V�I�R�X�P�]����
�X�L�I�� �W�I�Z�I�V�M�X�]�� �S�J�� �R�I�Y�V�S�P�S�K�M�G�E�P�� �H�I�¥�G�M�X�W�� �[�E�W�� �E�W�W�I�W�W�I�H�� �Y�W�M�R�K��
an adapted scale originally developed for a model of 
�G�I�V�I�F�I�P�P�E�V�� �W�X�V�S�O�I�� �?�����A���� �8�L�I�� �S�V�M�K�M�R�E�P�� �W�G�E�P�I�� �M�R�G�P�Y�H�I�W�� �E�� �W�I�V�M�I�W��

�K�P�S�F�E�P���T�V�I�Z�E�P�I�R�G�I���S�J���Y�T���X�S�������G�E�W�I�W���T�I�V�������������������T�I�S�T�P�I�����(�I�W�T�M�X�I��
their relative rarity compared to other neurodegenerative 
�H�M�W�I�E�W�I�W���� �7�'�%�W�� �E�V�I�� �E�W�W�S�G�M�E�X�I�H�� �[�M�X�L�� �W�I�Z�I�V�I�� �E�R�H�� �T�V�S�P�S�R�K�I�H��
�H�M�W�E�F�M�P�M�X�]�����M�Q�T�S�W�M�R�K���E���W�M�K�R�M�¥�G�E�R�X���F�Y�V�H�I�R���S�R���T�E�X�M�I�R�X�W�����J�E�Q�M�P�M�I�W��
�E�W���[�I�P�P���E�W���S�R���L�I�E�P�X�L�G�E�V�I���W�]�W�X�I�Q�W���?���������A��

�8�S�� �H�E�X�I���� �X�L�I�� �T�E�X�L�S�K�I�R�I�W�M�W�� �S�J�� �Q�S�W�X�� �7�'�%�� �X�]�T�I�W�� �V�I�Q�E�M�R�W��
�M�R�W�Y�§�G�M�I�R�X�P�]�� �Y�R�H�I�V�W�X�S�S�H���� �%�P�X�L�S�Y�K�L�� �W�S�Q�I�� �G�S�Q�Q�S�R�� �J�I�E�X�Y�V�I�W��
�G�E�R�� �F�I�� �S�F�W�I�V�Z�I�H���� �T�E�V�X�M�G�Y�P�E�V�P�]�� �E�X�� �P�E�X�I�� �W�X�E�K�I�W�� �S�J�� �X�L�I�� �H�M�W�I�E�W�I����
�H�M�J�J�I�V�I�R�X���J�S�V�Q�W���S�J���7�'�%���M�R�Z�S�P�Z�I���H�M�W�X�M�R�G�X���W�T�I�G�M�¥�G���Q�I�G�L�E�R�M�W�Q�W���?���A��

�&�E�W�I�H�� �S�R�� �X�L�I�� �R�E�X�Y�V�I�� �S�J�� �X�L�I�� �Q�S�P�I�G�Y�P�E�V�� �H�I�J�I�G�X���� �7�'�%�W�� �G�E�R��
�F�I�� �H�M�Z�M�H�I�H�� �M�R�X�S�� �X�[�S�� �K�V�S�Y�T�W���� �X�L�S�W�I�� �G�E�Y�W�I�H�� �F�]�� �G�S�R�Z�I�R�X�M�S�R�E�P��
structural variations and those attributed to microsatellite 
�V�I�T�I�E�X�� �I�\�T�E�R�W�M�S�R�W���� �%�Q�S�R�K�� �X�L�I�� �P�E�X�X�I�V���� �X�L�I�� �Q�S�W�X�� �G�S�Q�Q�S�R��
�Z�E�V�M�E�R�X�W���E�V�I���E�W�W�S�G�M�E�X�I�H���[�M�X�L���'�%�+���V�I�T�I�E�X���I�\�T�E�R�W�M�S�R�W�����P�I�E�H�M�R�K���X�S��
the formation of toxic proteins with elongated polyglutamine 
�X�V�E�G�X�W���� �-�R�� �G�S�R�X�V�E�W�X���� �J�S�V�� �R�S�R���G�S�H�M�R�K�� �I�\�T�E�R�W�M�S�R�W���� �6�2�%�� �X�S�\�M�G�M�X�]��
�E�R�H���E�W�W�S�G�M�E�X�I�H���Q�I�G�L�E�R�M�W�Q�W�����M�R�G�P�Y�H�M�R�K���6�%�2���X�V�E�R�W�P�E�X�M�S�R�����T�P�E�]��
a predominant role. In the case of conventional structural 
�Q�Y�X�E�X�M�S�R�W���� �T�E�X�L�S�K�I�R�I�W�M�W�� �M�W�� �Q�S�V�I�� �S�J�X�I�R�� �H�V�M�Z�I�R�� �F�]�� �P�S�W�W�� �S�J��
�T�V�S�X�I�M�R�� �J�Y�R�G�X�M�S�R���� �M�R�G�P�Y�H�M�R�K�� �T�V�S�X�I�M�R�W���M�R�Z�S�P�Z�I�H�� �M�R�� �M�S�R�� �G�L�E�R�R�I�P��
�V�I�K�Y�P�E�X�M�S�R���E�R�H���M�R�X�V�E�G�I�P�P�Y�P�E�V���W�M�K�R�E�P�M�R�K���T�E�X�L�[�E�]�W�����9�P�X�M�Q�E�X�I�P�]�����E�P�P��
these mechanisms trigger disruption of calcium homeostasis 
�E�R�H�� �W�]�R�E�T�X�M�G�� �X�V�E�R�W�Q�M�W�W�M�S�R���� �[�L�M�G�L�� �M�R�� �X�Y�V�R�� �M�W�� �E�W�W�S�G�M�E�X�I�H�� �[�M�X�L��
�M�Q�T�E�M�V�I�H���E�J�J�I�V�I�R�X���M�R�T�Y�X���X�S���4�Y�V�O�M�R�N�I���G�I�P�P�W���E�R�H���S�V���E�P�X�I�V�E�X�M�S�R�W���M�R��
�X�L�I�M�V���M�R�X�V�M�R�W�M�G���W�T�S�R�X�E�R�I�S�Y�W���E�G�X�M�Z�M�X�]���?�����������A��

�'�Y�V�V�I�R�X�P�]���� �X�L�I�V�I�� �E�V�I�� �R�Y�Q�I�V�S�Y�W�� �I�\�T�I�V�M�Q�I�R�X�E�P�� �Q�S�H�I�P�W�� �S�J�� �7�'�%��
�X�L�E�X�� �W�Y�G�G�I�W�W�J�Y�P�P�]�� �V�I�T�V�S�H�Y�G�I�� �Q�S�X�S�V�� �M�Q�T�E�M�V�Q�I�R�X�W���� �,�S�[�I�Z�I�V����
none of them fully captures the entire clinical picture of 
the disease. The need to simulate as many pathogenetic 
characteristics of SCA as possible has driven the development 
of combined in vivo�� �Q�S�H�I�P�W���� �[�L�M�G�L�� �E�P�P�S�[�� �Q�S�V�I�� �E�G�G�Y�V�E�X�I��
reproduction of the nonlinear interactions characteristic of 
�L�Y�Q�E�R���R�I�Y�V�S�H�I�K�I�R�I�V�E�X�M�Z�I���H�M�W�I�E�W�I�W���?�������������A��

�6�I�G�I�R�X�P�]���� �T�E�V�X�M�G�Y�P�E�V�� �E�X�X�I�R�X�M�S�R�� �L�E�W�� �F�I�I�R�� �H�V�E�[�R�� �X�S��
�M�R�¦�E�Q�Q�E�X�M�S�R�� �M�R�� �X�L�I�� �G�I�V�I�F�I�P�P�Y�Q�� �E�W�W�S�G�M�E�X�I�H�� �[�M�X�L�� �K�P�M�E�P��
�E�G�X�M�Z�E�X�M�S�R���� �%�G�G�Y�Q�Y�P�E�X�M�R�K�� �I�Z�M�H�I�R�G�I�� �J�V�S�Q�� �F�S�X�L�� �X�S�\�M�R���M�R�H�Y�G�I�H��
�E�R�H���K�I�R�I�X�M�G���Q�S�H�I�P�W���M�R�H�M�G�E�X�I�W���X�L�E�X���R�I�Y�V�S�M�R�¦�E�Q�Q�E�X�M�S�R���M�W���E���O�I�]��
process involved in both disease initiation and progression. 
�2�I�Z�I�V�X�L�I�P�I�W�W�����X�L�I���Y�W�I���S�J���G�S�Q�F�M�R�I�H���E�T�T�V�S�E�G�L�I�W���F�E�W�I�H���S�R���X�L�I��
combination of multiple pathogenic factors currently remains 
�P�M�Q�M�X�I�H���?�������������A��
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the SCA phenotype that integrates the induction of a 
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Study aim: to assess the representativeness of the SCA model 
using a battery of behavioral tests.

Materials and methods

All experiments were conducted in compliance with 
�F�M�S�I�X�L�M�G�E�P�� �W�X�E�R�H�E�V�H�W���J�S�V�� �X�L�I�� �Y�W�I�� �S�J�� �P�E�F�S�V�E�X�S�V�]�� �E�R�M�Q�E�P�W���� �M�R��
�E�G�G�S�V�H�E�R�G�I���[�M�X�L���X�L�I���6�I�G�S�Q�Q�I�R�H�E�X�M�S�R���2�S�����������S�J���X�L�I���'�S�Y�R�G�M�P��
�S�J���X�L�I���)�Y�V�E�W�M�E�R���)�G�S�R�S�Q�M�G���'�S�Q�Q�M�W�W�M�S�R���H�E�X�I�H���2�S�Z�I�Q�F�I�V����������



�¡
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�F�]���E�W�W�M�K�R�M�R�K���V�E�R�H�S�Q���M�H�I�R�X�M�¥�G�E�X�M�S�R���R�Y�Q�F�I�V�W�����&�P�M�R�H�M�R�K���H�M�H���R�S�X��
�E�T�T�P�]���X�S���W�X�Y�H�]���T�P�E�R�R�M�R�K�����W�Y�V�K�M�G�E�P���M�R�X�I�V�Z�I�R�X�M�S�R�W�����H�V�Y�K���E�H�Q�M�R��
�M�W�X�V�E�X�M�S�R�����S�V���W�X�E�X�M�W�X�M�G�E�P���H�E�X�E���T�V�S�G�I�W�W�M�R�K�����8�L�I���E�F�W�I�R�G�I���S�J���E�R���E��
priori preferential hypothesis reduced the risk of systematic 
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�W�S�J�X�[�E�V�I���T�E�G�O�E�K�I�����+�V�E�T�L�4�E�H���7�S�J�X�[�E�V�I�����-�R�G���
�����2�S�V�Q�E�P�M�X�]���S�J���X�L�I��
distribution was assessed using the Shapiro–Wilk test. For 
�H�E�X�E���[�M�X�L���E���R�S�V�Q�E�P���H�M�W�X�V�M�F�Y�X�M�S�R�����S�R�I���[�E�]���E�R�E�P�]�W�M�W���S�J���Z�E�V�M�E�R�G�I��
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�/�V�Y�W�O�E�P���;�E�P�P�M�W���X�I�W�X���[�E�W���Y�W�I�H�����(�Y�I���X�S���X�L�I���P�E�G�O���S�J���E�R���E�H�I�U�Y�E�X�I��
�R�S�R���T�E�V�E�Q�I�X�V�M�G�� �E�P�X�I�V�R�E�X�M�Z�I�� �J�S�V�� �V�I�T�I�E�X�I�H‑�Q�I�E�W�Y�V�I�W�� �H�E�X�E����
�X�[�S‑�[�E�]�� �V�I�T�I�E�X�I�H‑�Q�I�E�W�Y�V�I�W�� �%�2�3�:�%�� �[�E�W�� �I�Q�T�P�S�]�I�H���� �6�I�W�M�H�Y��
�E�P�W�� �[�I�V�I�� �E�H�H�M�X�M�S�R�E�P�P�]�� �G�L�I�G�O�I�H�� �J�S�V�� �R�S�V�Q�E�P�M�X�]�� �Y�W�M�R�K�� �X�L�I�� �7�L�E
piro–Wilk test. To mitigate the risk of violating the sphericity 
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Multiple comparisons were performed using Dunnett’s cor��
�V�I�G�X�M�S�R���� �(�M�J�J�I�V�I�R�G�I�W�� �[�I�V�I�� �G�S�R�W�M�H�I�V�I�H�� �W�X�E�X�M�W�X�M�G�E�P�P�]�� �W�M�K�R�M�¥�G�E�R�X��
at p��� ������������

Results

Analysis of body weight changes showed that on postoper��
�E�X�M�Z�I�� �H�E�]�W�� ������ ������ �������� �E�R�H�� �������� �E�R�M�Q�E�P�W�� �M�R�� �X�L�I�� �0�4�7�������%�4�� �K�V�S�Y�T��
�I�\�L�M�F�M�X�I�H�� �E�� �W�M�K�R�M�¥�G�E�R�X�� �V�I�H�Y�G�X�M�S�R�� �M�R�� �F�S�H�]�� �[�I�M�K�L�X�� �G�S�Q�T�E�V�I�H��
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No differences in body weight were found between the con��
trol group and animals receiving LPS alone at any time point 
���*�M�K���c���
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�V�I�H�Y�G�X�M�S�R�� �M�R�� �X�S�X�E�P�� �H�M�W�X�E�R�G�I�� �X�V�E�Z�I�P�I�H�� �������	�� �'�-�� ����������������������������

�S�J�� �Q�I�E�W�Y�V�I�W�� �E�W�W�I�W�W�M�R�K�� �Q�S�X�S�V�� �J�Y�R�G�X�M�S�R���� �G�S�S�V�H�M�R�E�X�M�S�R���� �E�R�H��
postural responses. Each measure was scored according 
�X�S�� �I�W�X�E�F�P�M�W�L�I�H�� �G�V�M�X�I�V�M�E���� �E�J�X�I�V�� �[�L�M�G�L�� �E�� �X�S�X�E�P�� �R�I�Y�V�S�P�S�K�M�G�E�P��
�W�G�S�V�I�� �V�I�¦�I�G�X�M�R�K�� �X�L�I�� �H�I�K�V�I�I�� �S�J�� �J�Y�R�G�X�M�S�R�E�P�� �M�Q�T�E�M�V�Q�I�R�X�� �[�E�W��
�G�E�P�G�Y�P�E�X�I�H�����8�E�F�P�I�c���
��

�7�Y�F�W�I�U�Y�I�R�X�� �F�I�L�E�Z�M�S�V�E�P�� �X�I�W�X�M�R�K�� �[�E�W�� �E�M�Q�I�H�� �E�X�� �E�W�W�I�W�W�M�R�K��
impairments in motor coordination and balance and included 
�X�L�I���6�Y�R�K���P�E�H�H�I�V���X�I�W�X�����6�0�8���������Q�M�R�
���E�R�H���X�L�I���&�I�E�Q���;�E�P�O�M�R�K���8�I�W�X��
���&�;�8�������������W�
���?�����A�����8�L�I���J�S�P�P�S�[�M�R�K���T�E�V�E�Q�I�X�I�V�W���[�I�V�I���I�Z�E�P�Y�E�X�I�H����
�R�Y�Q�F�I�V�� �S�J�� �J�S�S�X�� �W�P�M�T�W�� �E�R�H�� �X�V�E�Z�I�V�W�E�P�� �X�M�Q�I�� ���&�;�8�
���� �R�Y�Q�F�I�V�� �S�J��
�G�S�V�V�I�G�X�� �T�E�[�� �T�P�E�G�I�Q�I�R�X�W�� �S�R�� �V�Y�R�K�W���� �R�Y�Q�F�I�V�� �S�J�� �W�P�M�T�W���� �7�O�M�P�P�I�H��
�[�E�P�O�M�R�K���T�I�V�J�S�V�Q�E�R�G�I���W�G�S�V�I�����7�;�4�7�
���?�����A�����E�R�H���X�I�W�X���G�S�Q�T�P�I�X�M�S�R��
�X�M�Q�I�����6�0�8�
��

�9�T�S�R���G�S�Q�T�P�I�X�M�S�R���S�J���X�L�I���T�L�]�W�M�S�P�S�K�M�G�E�P���W�X�Y�H�]�����X�L�I���E�R�M�Q�E�P�W���[�I�V�I��
�H�I�G�E�T�M�X�E�X�I�H���� �E�R�H�� �X�L�I�M�V�� �F�V�E�M�R�W�� �[�I�V�I�� �¥�\�I�H�� �M�R�� ���	�� �J�S�V�Q�E�P�M�R���� ������
�h�Q�� �W�I�G�X�M�S�R�W�� �[�I�V�I�� �T�V�I�T�E�V�I�H�� �Y�W�M�R�K�� �E�� �8�M�W�W�Y�I���8�I�O�� �'�V�]�S���� �*�P�I�\��
�G�V�]�S�W�X�E�X�� ���7�E�O�Y�V�E�� �*�M�R�I�8�I�O�
���� �E�R�H�� �X�E�V�K�I�X�� �T�V�S�X�I�M�R�� �W�X�E�M�R�M�R�K�� �[�E�W��
performed according to standard protocols. To identify Pur��
�O�M�R�N�I���G�I�P�P�W�����E�R�X�M���E�P�H�S�P�E�W�I���'���E�R�X�M�F�S�H�M�I�W�����%�P�H�'�
�������������������4�%����������������
�8�L�I�V�Q�S�*�M�W�L�I�V�
�� �[�I�V�I�� �Y�W�I�H���� �X�S�� �M�H�I�R�X�M�J�]�� �Q�M�G�V�S�K�P�M�E���� �E�R�X�M���-�&�%����
�E�R�X�M�F�S�H�M�I�W�� ���������������� �E�F���������������� �%�F�G�E�Q�
�� �[�I�V�I�� �Y�W�I�H���� �*�S�V�� �M�Q�Q�Y��
�R�S�¦�Y�S�V�I�W�G�I�R�G�I�� �H�I�X�I�G�X�M�S�R���� �E�T�T�V�S�T�V�M�E�X�I�� �W�I�G�S�R�H�E�V�]�� �E�R�X�M���V�E�F�F�M�X��
�-�K�+���E�R�X�M�F�S�H�M�I�W���P�E�F�I�P�I�H���[�M�X�L���X�L�I���¦�Y�S�V�S�G�L�V�S�Q�I���%�P�I�\�E���*�P�Y�S�V����������
���������������� �E�������������� �8�L�I�V�Q�S�*�M�W�L�I�V�
�� �[�I�V�I�� �I�Q�T�P�S�]�I�H���� �J�S�P�P�S�[�M�R�K�� �X�L�I��
manufacturers’ recommended protocols. The sections were 
�X�L�I�R�� �Q�S�Y�R�X�I�H�� �M�R�� �*�P�Y�S�V�S�7�L�M�I�P�H�� �Q�I�H�M�Y�Q�� �G�S�R�X�E�M�R�M�R�K�� �X�L�I�� �¦�Y�S��
�V�S�G�L�V�S�Q�I�� �(�%�4�-�� �J�S�V���R�Y�G�P�I�E�V���W�X�E�M�R�M�R�K���� �5�Y�E�P�M�X�E�X�M�Z�I�� �E�W�W�I�W�W�Q�I�R�X��
of the developing cerebellar alterations was performed on 
�M�Q�E�K�I�W�� �S�F�X�E�M�R�I�H�� �Y�W�M�R�K�� �Q�M�G�V�S�W�G�S�T�I�W�� ���2�M�O�S�R�� �7�1�>���������� �2�M�O�S�R��
�)�G�P�M�T�W�I���2�M���I�
��

�-�R�Z�I�W�X�M�K�E�X�S�V�W���[�I�V�I���F�P�M�R�H�I�H���H�Y�V�M�R�K���V�E�R�H�S�Q�M�^�E�X�M�S�R�����E�R�M�Q�E�P���G�E�V�I��
�E�R�H�� �Z�I�X�I�V�M�R�E�V�]�� �Q�S�R�M�X�S�V�M�R�K���� �F�I�L�E�Z�M�S�V�E�P�� �H�E�X�E�� �V�I�G�S�V�H�M�R�K���� �E�R�H��
immunohistochemical analysis (researchers and technicians 
�[�I�V�I���R�S�X���M�R�J�S�V�Q�I�H���S�J���X�L�I���E�R�M�Q�E�P�W�����K�V�S�Y�T���E�P�P�S�G�E�X�M�S�R�
�����8�S���X�L�M�W��

Fig. 1. Changes in animal body weight following ICV administration of LPS and subsequent IP administration of 3-AP. 
�(�E�X�E���E�V�I���T�V�I�W�I�R�X�I�H���E�W���Q�I�E�R���t���W�X�E�R�H�E�V�H���I�V�V�S�V���S�J���X�L�I���Q�I�E�R������p��� �������������G�S�Q�T�E�V�I�H���X�S���X�L�I���G�S�R�X�V�S�P���K�V�S�Y�T����
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Fig. 2. Effect of ICV administration of LPS and subsequent IP administration of 3-AP on rat behavior in the OF. 
��p��� ��������������§p��� �����������G�S�Q�T�E�V�I�H���X�S���X�L�I���G�S�R�X�V�S�P���K�V�S�Y�T��
�(�E�X�E���E�V�I���T�V�I�W�I�R�X�I�H���E�W���Q�I�E�R���t���W�X�E�R�H�E�V�H���I�V�V�S�V���S�J���X�L�I���Q�I�E�R��
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�*�M�K���c������A�
���E�R�H���M�R���X�S�X�E�P���X�Y�V�R���E�R�K�P�I���������	���'�-�������������������������������*�M�K����
������B�
���G�S�Q�T�E�V�I�H���X�S���X�L�I���G�S�R�X�V�S�P���K�V�S�Y�T�����&�]���H�E�]���������E���X�V�I�R�H���X�S��
�[�E�V�H���E���V�I�H�Y�G�X�M�S�R���M�R���X�L�I�W�I���T�E�V�E�Q�I�X�I�V�W���T�I�V�W�M�W�X�I�H�����-�R���X�L�I�������%�4��
�K�V�S�Y�T�����E���W�M�K�R�M�¥�G�E�R�X���V�I�H�Y�G�X�M�S�R���M�R���X�S�X�E�P���H�M�W�X�E�R�G�I���X�V�E�Z�I�P�I�H���������	��
�'�-�����������������������������*�M�K����������A�
���E�R�H���E���X�V�I�R�H���X�S�[�E�V�H���E���H�I�G�V�I�E�W�I���M�R��
�X�S�X�E�P���X�Y�V�R���E�R�K�P�I�����*�M�K����������B�
���[�I�V�I���S�F�W�I�V�Z�I�H���S�R���H�E�]�������G�S�Q�T�E�V�I�H��
�X�S���G�S�R�X�V�S�P�W�����8�L�I���E�H�E�T�X�I�H���R�I�Y�V�S�P�S�K�M�G�E�P���H�I�¥�G�M�X���W�G�E�P�I���V�I�Z�I�E�P�I�H��
�X�L�I���Q�S�W�X���T�V�S�R�S�Y�R�G�I�H���G�L�E�R�K�I�W���M�R���X�L�I���0�4�7�������%�4���K�V�S�Y�T���E�X���E�P�P��
�X�M�Q�I���T�S�M�R�X�W�����[�M�X�L���E���W�M�K�R�M�¥�G�E�R�X���[�S�V�W�I�R�M�R�K���G�S�Q�T�E�V�I�H���X�S���G�S�R��
�X�V�S�P�W�����S�R���H�E�]�������S�J���X�I�W�X�M�R�K���������	���'�-�����������������X�S�������������������*�M�K����������C�
����
�-�R���X�L�I���4�7�������%�4���K�V�S�Y�T�����E���W�M�K�R�M�¥�G�E�R�X���[�S�V�W�I�R�M�R�K���[�E�W���S�F�W�I�V�Z�I�H��
�S�R���H�E�]�������������	���'�-�����������������X�S�����������������
�����[�M�X�L���E���X�V�I�R�H���X�S�[�E�V�H���M�Q��
�T�V�S�Z�I�Q�I�R�X���S�R���W�Y�F�W�I�U�Y�I�R�X���H�E�]�W�����-�R���X�L�I���0�4�7���4�7���K�V�S�Y�T�����S�R�P�]��
�X�V�I�R�H���P�I�Z�I�P���G�L�E�R�K�I�W���[�I�V�I���S�F�W�I�V�Z�I�H�����*�M�K����������D�
��

�-�R�� �X�L�I�� �6�0�8���� �E�� �W�M�K�R�M�¥�G�E�R�X�� �H�I�G�V�I�E�W�I�� �M�R�� �J�S�V�I�P�M�Q�F�� �7�;�4�7�� �[�E�W��
observed in animals with the combined ataxia model compared 
�X�S�� �G�S�R�X�V�S�P�W�� �������	�� �'�-�� ������������������������������ �*�M�K���� ������A�
���� �%�� �H�I�G�V�I�E�W�I�� �M�R��
�L�M�R�H�P�M�Q�F�� �7�;�4�7�� �[�E�W�� �S�F�W�I�V�Z�I�H�� �F�S�X�L�� �M�R�� �E�R�M�Q�E�P�W�� �S�J�� �X�L�I�� �����%�4��
�K�V�S�Y�T�� �E�R�H�� �Y�R�H�I�V�� �G�S�Q�F�M�R�I�H�� �I�\�T�S�W�Y�V�I�� ���0�4�7�������%�4�
�� �������	�� �'�-��
�����������������������������E�R�H�������	���'�-���������������������������������V�I�W�T�I�G�X�M�Z�I�P�]�����*�M�K����������B�
���� 

�-�R�� �V�E�X�W�� �M�R�� �X�L�I�� �0�4�7�� �K�V�S�Y�T���� �E�� �X�I�R�H�I�R�G�]�� �X�S�[�E�V�H�� �E�R�� �M�R�G�V�I�E�W�I�H��
latency to begin moving along the ladder was noted relative 
�X�S���G�S�R�X�V�S�P�W�����*�M�K����������C�
�����%�R�M�Q�E�P�W���V�I�G�I�M�Z�M�R�K�������%�4���E�P�S�R�I���W�L�S�[�I�H��
�E�� �X�I�R�H�I�R�G�]�� �X�S�[�E�V�H�� �M�R�G�V�I�E�W�I�H�� �X�I�W�X�� �G�S�Q�T�P�I�X�M�S�R�� �X�M�Q�I���� �[�L�M�P�I��
�Y�R�H�I�V�� �G�S�Q�F�M�R�I�H�� �I�\�T�S�W�Y�V�I�� ���0�4�7�������%�4�
���� �X�L�M�W�� �T�E�V�E�Q�I�X�I�V�� �[�E�W��
�W�M�K�R�M�¥�G�E�R�X�P�]�� �M�R�G�V�I�E�W�I�H�� �G�S�Q�T�E�V�I�H�� �X�S�� �X�L�I�� �G�S�R�X�V�S�P�� �K�V�S�Y�T�� �������	��
�'�-���������������X�S�����������������*�M�K����������D�
��
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Fig. 3. Effect of ICV administration of LPS and subsequent IP administration of 3-AP on rat behavior in the RLT.
�(�E�X�E���E�V�I���T�V�I�W�I�R�X�I�H���E�W���Q�I�E�R���t���W�X�E�R�H�E�V�H���I�V�V�S�V���S�J���X�L�I���Q�I�E�R��
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of the ganglionic layer in the groups of animals receiving 
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observed. These changes were seen in both the cerebel��
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processes predominating. In the group receiving combined 
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the fourth ventricle.
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consistent with the observed behavioral impairments.

Discussion
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induced models. It should be noted that the development 
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