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�E�f�f�e�c�t�s �o�f �t�h�e �C�h�u�n�g�s�i�m�y�o�n�j�a�t�a�n�g �W�a�t�e�r �E�x�t�r�a�c�t �o�n �t�h�e
�R�a�t �M�y�o�c�a�r�d�i�a�l �C�e�l�l�s �i�n �C�u�l�t�u�r�e�s

�H�a�n 버�u�n�g�- 앓�m�* �. 깨�u �O�o�-�g�o�n�*�* �. �L�e�e �S�i�-�w�o�o�* �. �K�i�m �K�y�u�n�g�-�y�o�*

�I
�A�b�s�t�r�a�c�t �I

淸心運子揚 前‘場減이培養 心觸細뼈에 미치는 影響

한병삼 �. 류도곤�*�*�. 이시우�. 김경요�

� 원광대학교 대학원 사상의학교실
�.�. 원광대학교 한의과대학 생리학교실

�A�D�R유발성 십근독성에 대한 심근세포의 손상기전을 규명하기 위해 �A�D�R의 독성올 �Mπ정량 �, �N�R 정량�,

�L�D�H 활성도 및 심박동을 측정하였다 �. 배양된 십근세포에서 청심연자탕 전탕액의 심근세포 보호효과는 �L�D�H

활성도 측정과 심박동 측정을 통해 관찰할 수 있었다�. 이 실험을 통해 다음과 같은 결과를 얻올 수 있었다 �.

�1�. �A�D�R 은 배양심근세포에서 세포의 생존능력을 떨어뜨렸고 �, �L�D�H 의 활성도를 높였으며 �, 심박동수를 감소

시켰다 �.
�2�. 청심연자탕 전탕액은 배양심근세포에서 때 �R에 의해 증가된 �L�D�H 활성도를 유의하게 감소시켰다 �.

�3 청심연자탕 전탕액은 배양심근세포에서 때�R에 의해 감소된 심박동올 유의하게 증가시켰다 �.
이상의 결과를 통해 �A�D�R은 신생 마우스에서 적출해낸 배양 심근세포에서 독성효과를 나타냈음올 알 수

있었으며 �, 청심연자탕 전탕액은 �A�D�R에 의해 유발된 심근세포독성에 매우 효과적으로 방어효과를 나타냉을

알 수 있었다

�k�e�y �w�o�r�d �C�h�u�n�g�s�i�m�y�o�n�j�a�t�a�n�g�, �M�T�I �a�s�s�a�y�, �N�R �a�s�s�a�y�, �L�D�H �a�C�t�i�v�i�t�y �a�s�s�a�y�, �H�e�a�r�t �b�e�a�t�i�n�g �r�a�t�e�, �A�d�r�i�a�m�y�c�i�n�(�A�D�R�)�,

�M�y�o�c�a�r�d�i�a�l �c�e�l�l

�I�. �I�N�T�R�O�D�U�C�T�I�O�N �p�i�t�a�t�i�o�n�, �n�O�C�t�u�r�n�a�l �e�m�i�s�s�i�o�n�, �a�c�c�o�r�d�i�n�g �t�o �m�o�d�e�r�n �m�e�-

�d�i�c�a�l �r�e�s�e�a�r�c�h

�A�c�c�o�r�d�i�n�g �t�o �[�D�o�n�g�y�i�-�s�o�o�s�e�-�b�o�w�o�n�]
�I�)

�C�h�u�n�g�s�i�m�-�y�o�n�j�-

�a�t�a�n�g�(�C�Y η �i�s �k�n�o�w�n �a�s �a �r�e�m�e�d�y �f�o�r �i�n�t�e�r�i�o�t�-�o�v�e�r�h�-

�e�a�t�e�d�-�d�i�s 짧�e �o�f �t�a�e�u�m�i�n�. �A�l�s�o�, �i�t �i�s �a �m�e�d�i�c�a�t�i�o�n �f�o�r �h�e�-

�a�r�t �r�e�l�a�t�e�d �d�i�s 얹�s�e�s �s�u�c�h �a�s �f�r�i�g�h�t�, �c�o�n�t�i�n�u�o�u�s �v�i�o�l�e�n�t �p�a�l�-

�R�e�s�e�a�r�c�h �f�o�r �C�Y�T �w�e�r�e �f�o�l�l�o�w�e�d�; �K�i�m�, �t�h�e �e�f�f�e�C�t �o�f

�t�h�e �C�Y�T �o�n �t�h�e �m�y�o�c�a�r�d�i�a�l �i�s�c�h�e�m�i�a�2�) ’ �K�i�m�, �t�h�e �i�n�f�l�u�e�n�-
�3�)

�c�e �o�f �i�m�m�u�n�e �a�n�d �h�y�p�e ← �a�l�l�e�r�g�e�n�i�c �r�e�a�C�t�i�o�n�"�; �H�o�n�g �a�n�d
�4�)

�o�t�h�e�r�s�, �t�h�e �e�f�f�e�C�t �o�f �a�n�t�i�- �s 【 �r�e�s�s�"�; �O�k �a�n�d �o�t�h�e�r�s�, �t�h�e

�. �D�e�p�a�r�t�m�e�n�r �o�f �O�r�i�e�n�r�a�l �M�e�d�i�c�i�n�e �G�r�a�d�u�a�t�e �S�c�h ∞ �1 �o�f �W�o�n�k�w�a�n�g �U�n�i�v�m�i�r�y
�.�. �D�e�p�a�r�r�m�e�n�r �o�f �O�r�i�e�n�r�a�l �M�e�d�i�c�i�n�e �o�f �W 。버�<�w�a�n�g �U�n�i�v�e�r�s�i�r�y

교신저자 한병상 주소�)경기도 부천시 오정구 고강 �l 동 �4�7�3�-�1�(�2 충�)
수생현의원 전화�)�0�3�1�-�( 얘 �3�-�3�3�3�0 �E�-�m�a�i�J�)�h�h�b�b�s�s�@ 매 �t�e�l ‘ �n�e�t

�- �7�0�-



�- 효뺑상 외 �3 �: 찌心훌子 �;�U�!�t ‘회 �;�a�o�l 냉톨 心없훌�m에 미치는 �� 톨 �-

�e�f�f�e�C�t �o�f �c�e�r�e�b�r�a�l �n�e�u�r�o�n���)�; �P�a�r�k �a�n�d �o�t�h�e�r�s�, �e�f�f�e�C�t �o�n �b�l�-

∞�d �p�r�-야�s�u�r�e �a�n�d �l�o�c�a�l �b�l�o 여 �m�a�s�s �o�f �c�e�r�e�b�r�u�m �o�f �r�a냥 �,

�P�a�r�k �a�n�d �o�t�h�e�r�s�, �c�l�i�n�i�c�a�l �e�x�p�e�r 띠�1�e�n�t �i�n �t�h�e �u�s�e �o�f �C�Y�T�7�)�.

�H�o�w�e�v�e�r�, �t�h�i�s �p�a�p�e�r �e�m�p�h�a�s�i�z�e�s �t�h�e �a�p�p�l�i�c�a�t�i�o�n

�b�e�r�w�e�e�n �t�h�e �C�Y�T �a�n�d �t�h�e �h�e�a�r�t �d�i�s�e�a�s�e �s�y�m�p�t�o�m�, �w�h�i�c�h

�c�o�n�d�u�C�t�e�d �i�n �t�h�e �a�r�t�i�f�i�c�i�a�l�l�y �d입�n�a�g�e�d �m�y�o 뎌�r�d�i�a�l �c�e�l�l�s�.

�A�n �a�n�t�i�-�c�a�n�c�e�r �m�e�d�i�c�a�t�i�o�n �s�u�c�h �a�s �a�d�r�i�a�n�1�y�c�i�n �(�A�D�R�)

�i�n�t�e�r�f�e�r�e�s �t�h�e �g�r�o�w�i�n�g �a�n�d �t�h�e �s�e�p�a�r�a�t�i�o�n �o�f �t�h�e �c�a�n�c�e�r

�c�e�l�l �b�y �c�o�n�t�r�o�l �o�f �c�o�m�p�o�s�i�t�i�o�n �o�f �D�N�A�, �R�N�A �a�n�d
�8�-�1�0�)�p�r�o�t�e�i�n�"�-�O�V�'�. �h�o�w�e�v�e�r�, �t�h�e�s�e �a�n�t�i�-�c�a�n�c�e�r �m�e�d�i�c�i�n�e �g�i�v�e�s

�s�e�r�i�o�u�s �d�a�n�1�a�g�e �t�o �t�h�e �h�e�a�r�t �a�n�d �t�h�e �r�e�s 띠 �t�s �a�r�e �s�u�p�p�o�-

�r�t�e�d �b�y �m�y�o�c�a�r�d�i�a�l �c�e�l�l �s�y�s�t�e�m �t�e�s�t�.
�1�\�0�1�2�)

�T�o �e�x�a�m�i�n�e �t�h�e �m�e�c�h�a�n�i�s�m �o�f �m�y�o�c�a�r�d�i�a�l �d�a�m�a�g�e 쟁없 �t

때�r�i�a�m�y�c�i�n�(�A�D�R�)�-�i�n�d�u�c�e�d �m�y�o�c�a�r�. φ�o�t�o�x�i�c�i�t�y�, �c�y�t�O�t�O 잉 �c�i�t�y �o�f

�A�D�R �w�a�s �o�b�s�e�r�v�e�d �b�y �M�T�T �a�s�s�a�y�, �N�R �a�s�s�a�y�, �L�D�H

�a�c�t�i�v�i�t�y �a�n�d �h�e�a�r�t �b�e�a�t�i�n�g �r�a�t�e�. 까�1�e �c�a�r�d�i�o�p�r�o�t�e�C�t�i�v�e

�e�f�f�e�C�t �o�f �C�Y�T �w�a�t�e�r �e�x�t�r�a�e�t �i�n �c�u�l�t�u�r�e�d �m�y�o�c�a�r�d�i�a�l �c�e�l�l�s

�a�r�e �i�n�v�e�s�t�i�g�a�t�e�d �i�n �L�D�H �a�c�t�i�v�i�t�y �a�s�s�a�y �a�n�d �h�e�a�r�t �b�e�a�t�i�n�g

�r�a�t�e�.

�I�I�. �M�a�t�e�r�i�a�l�s �a�n�d �M�e�t�h�o�d�s

�1�. �M�a�t�e�r�i�a�l�s
�1�) �E�x�p�e�r�i�m�e�n�t�a�l �A�n�i�m�a�l

�I�C�R �t�y�p�e�s �o�f �h�e�a�l�t�h�y �r�a�t�s �w�e�r�e �u�s�e�d�.

�2�) �P�r�e�s�c�r�i�p�t�i�o�n �o�f �E�x�p�e�r�i�m�e�n�t

�P�r�e�s�c�r�i�p�t�i�o�n �o�f �C�Y�T �w�a�s �b�a�s�e�d �o�n �{�D�o�n�g�y�i�-�s�o�o�s�e�-

�b�o�w�o�n�] �T�h�e �d�e�s�c�r�i�p�t�i�o�n �a�n�d �a�n�1�0�u�n�r�s �w�e�r�e �f�o�l�l�o�w�e�d�:

�B�o�t�a�n�i�c�a�l �N�a�m�e

�&이�x �O�p�h�i�o�p�o�J�:�o�n�i�s

�R�h�i�z�o�m�a �D�i�o�s�c�o�r�e�a�e

�R�h�i�z�o�m�a �A�e�o�r�i �G�r�a�m�i�n�e�i

�R�aφ�x �Sα�l�t�e�l�l�a�r�i�a�e

�W�e�W�1�t�{�J�:�)

�4

�8

�4

�4

�4
�4
�4
�4
�4
�4
�8

�1�.�3

’ �3�.�3

�S�e�m�e�n �Z�i�z�y�p�h�i �S�p�i�n�o�s�a�e

�S�e�m�e�n �B�i�o�t�a�e

�A�r 피 �u�s �L�o�n�J�:�a�n

�R때α �A�s�p�a�r�a�j�!�i

�S�e�m�e�n �R�a�p�h�a�n�i

�R�a�d�i�x �P�o�l�Y�J�:�a�l�a�e

�S�e�m�e�n �N�e�l�u�m�b�i�n�i�s

�F�l�o�s �C�h�r�y�s�a�n�t�h�e�m�i

�T�o�t�a�l �a�m�o�u�n�t

�P�r�e�s�c�r�i�p�t�i�o�n �o�f �C�Y�T

�2�. �M�e�t�h�o�d�s
�1�) �C�e�l�l �C�u�l�t�i�v�a�t�i�o�n

까�1�e �m�y�o�c�a�r�d�i�a�l �c�e�l�l �o�f �t�h�e �h�e�a�r�t �t�i�s�s�u�e �w�a�s �t�r�e�a�t�e�d

�f�o�r �2�0 �m�i�n�u�t�e�s�, �a�f�t�e�r �i�t �w�a�s�h�e�d �C�a�, �M�g �f�r�e�e �H�a�n�k
’

�s

�b�a�l�a�n�c�e�d �s�a�l�t �s�o�l�u�t�i�o�n �(�H�B�S�S�, �G�i�b�c�o�)�. �P�u�t �a�b�o�v�e �p�r�o�d�u�C�t

�i�n �t�h�e �m�i�x�t�u�r�e �o�f �E�a�g�l�e
’

�s �m�i�n�i�m�w�n �e�s�s�e�n�t�i�a�l �m�e�d�i�w�n

�(�M�E�M�, �G�i�b�c�o�)�, �1�0�% �f�e 때 �b�o�v�i�n�e �s�e�r�u�m �(�F�B�S�, �G�i�b�c�o�)�,

�a�n�d �p�e�n�i�c�i�l�l�i�n �G �(�2�5 �u�n�i�t�/�m�l�)�. �T�h�e�n �s�e�t �9�6�-�m�u�l�t�i�w�e�l�l

�p�l�a�t�e �(�G�i�b�c�o�) �i�n �I�x �1�0 �c�e�l�V�w�e�l�l�. 까�1�e �c�e�l�l�s �w�e�r�e

�e�x�c�h�a�n�g�e�d �w�i�t�h �n�e�w �c�u�l�r�u�r�e�d �f�l�u�i�d �w�i�t�h�i�n �t�h�r�e�e �d�a�y�s

�a�n�d �c�o�m�p�a�t�e�d �w�i�t�h �n�o�n�e �a�d�r�i�a�n�1�y�c�i�n �c�u�l�r�u�r�e�d �f�l�u�i�d�.

�2�) �M�a�k�i�n�g �o�f �W�a�t�e�r �E�x�t�r�a�c�t

�F�iπ �t�, �p�r�e�p�a�r�e �1�9�7�.�2�g �o�f �C�Y�T �a�n�d �1�.�8 �L �o�f �t�h�i�r�d

�d�i�s�t�i�l�l�e�d �W�a�t�e�r �i�n �r�o�u�n�d�-�b�a�s�e�d �f�l�a�s�k�. �S�e�c�o�n�d�, �a�f�t�e�r �c∞피�1�9

�d�o�w�n 야�l�O�v�e 빠�d�s �f�o�r �3 �h�o�u�r�s�, �c�e�n�t�r�i�f�u�g�e �a�t �3�,α�m φ�m �f�o�r

�2�0 �m�i�n 따 �e�s�. 까�l�i�r�d�, �d�e�c�o�m�p�r�e�s�s�i�o�n�a�l �c�o�n�c�e�n�t�r�a�t�i�o�n �w�i�t�h

�v�a�c�c�w�n �c�o�n�c�e�n�t�r�a�t�i�o�n�. �F�o�u�r�t�h�, �l�y�o�p�h�i�l�i�z�a�t�i�o�n �f�o�r �2�4 �hα�I�r�S�.

�F�i�n�a�l �P�r�o�d�u�C�t�: �p�o�w�d�e�r �s�a�n�1�p�l�e �o�f �4�5�.�2�9�g

�3�) �T�h�e �U�s�e �o�f �A�D�R

�P�r�e�p�a�r�e �t�h�e �1 �m�g�/�m�l�, �1�0�0 �g�/�m�l�, �1�0 밍�m�l �a�n�d �1 �g�/�m�l

�o�f �a�d�r�i�a�n�1�y�c�i�n �(�A�D�R�, �S�i�g�m�a�) �i�n �t�h�e �r�e�f�r�i�g�e�r�a�t�e�d �s�t�o�r�a�g�e

�a�n�d �u�s�e �t�h�e�m �w�h�n�e�v�e�r �t�h�e�y �n�e�e�d�. �T�o �s�t�u�d�y �t�h�e �e�f�f�e�c�t

�o�f �A�D�R �i�n �c�u�l�t�u�r�e�d �m�y�o�c�a�r�d�i�a�l �c�e�l�l�s�, �r�i�n�s�e �t�h�e

�m�y�o�c�a�r�d�i�a�l �c�e�l�l �3 �t띠�1�e�s �w�i�t�h �p�h�o�s�p�h�a�t�e �b�u�f�f�e�r�e�d �s�a�l�i�n�e

�(�P�B�S�) �a�n�d �c�u�l�t�u�r�e �f�o�r �9 �- �7�2 �h�o�u�r�s �i�n �t�h�e �c�u�l�t�u�r�e�d �s�o�l�u�-

�t�i�o�n �o�f �1 �t�o �1�0�0 �g�/�m�l �o�f �A�D�R�.

�4�) �T�h�e �U�s�e �o�f �C�Y�T �W�a�t�e�r �E�x�t�r�a�c�t

�S�e�t �u�p �v�a�r�i�o�u�s �c�o�n�c�e�n�t�r�a�t�i�o�n�s �o�f �C�Y�T �W�a�t�e�r �E�x�t�r�a�c�t�.

�B�e�f�o�r�e �e�x�p�o�s�u�r�e �t�o �c�u�l�t�u�r�e�d �m�y�o�c�a�r�d�i�a�l �c�e�l�l�s �i�n �A�D�R�, �b�e

�t�r�e�a�t�e�d �C�Y�T �W�a�t�e�r �E�x�t�r�a�C�t �f�o�r �3 �h�o�u�r�s�. �A�f�t�e�r �t�h�e �e�x�p�o�-

�s�u�r�e �t�o �A�D�R �s�o�l�u�t�i�o�n �f�o�r �3�6 �h�o�u�r�s �a�n�d �i�n�v�e�s�t�i�g�a�t�e �t�h�e

�e�f�f�e�C�t �o�f �C�Y�T �W�a�r�e�r �E�x�t�r�a�e�t �i�n �c�u�l�t�u�r�e�d �m�y�o�c�a�r�d�i�a�l �c�e�l�l�s�.

�5�) �C�a�r�d�i�o�t�o�x�i�c�i�t�y �a�n�d �P�r�o�t�e�c�t�i�o�n �E�f�f�e�c�t

�(�1�) �M�T�T �A�s�s�a�y

�R�i�n�s�e �t�h�e �M�T�T �<�3�-�(�4�,�5 깅띠�1�e�t�h�y�l�t�h�i�a�z�o�l�-�2�-�y�l�) �-�2�,�5�- �d�i�-

�p�h�e�n�y�l�r�e�t�r�a�z�o�l�i�w�n �b�r�o�m�i�d�e �(�S�i�g�m�a�» �a�n�d �c�u�l�t�u�r�e�d �m�y�-

�cκ �a�r�d�i�a�l �c�e�l�l �o�f �A�D�R �o�r �C�Y�T �W�a�t�e�r �E�x�t�r�a�C�t �w�i�t�h �P�B�S �3

�-「�l
’



�- 사상채짙의학회지 제 �1�3권 제 �1 효때 �1 �-

�t�i�m�e�s�. �P�o�u�r �5�0 �m�g�l�m�! �M�T�I �i�n �a�b�o�v�e �s�o�l�u�t�i�o�n �a�n�d �H�e�a�r

�t�h�e�m �a�t �3�7�C�, �5�% �C�O�. �A�f�t�e�r �t�h�e �c�o�m�p�l�e�t�i�o�n �o�f �c�u�l�t�i�-

�v�a�r�i�o�n�, �p�r�o�c�e�s�s �d�i�m�e 다�1�Y�l�s 띠�f�o�x�i�d�e�(�D�M�S�O�, �M�e�r�k�) �a�n�d �m�e�-

�a�s�u�r�e �f�l�u�o�r�o�m�e�t�e�r �w�i�t�h �s�p�e�a�r�o�-�p�h�o�t�O�m�e�t�e�r �a�r �5�9�0 �n�m

�(�2�) �N�R �A�s�s�a�y

�R�i�n�s�e �3 �t�i�m�e�s �m�y’。�c�a�r�d�i�a�! �c�e�l�l�s �w�i�t�h �v�a�r�i�o�u�s �c�o�n�c�e�n�-

�t�r�a�t�i�o�n�s �o�f �C�Y�T �W�a�t�e�r �E�x�t�r�a�a �i�n �P�B�S�. �A�f�t�e�r �t�h�e �c�o�m�-

�p�l�e�t�e �r�e�a�a�i�o�n�, �p�o�u�r �5 �m�g�l�m�! �N�R �i�n �p�r�e�v�i�o�u�s�s�o�l�u�t�i�o�n

�a�n�d �c�u�l�t�u�r�e �f�o�r �3 �h�o�u�r�s �a�t �3�7�C�, �5�% �C�O�. �R�i�n�s�e �t�h�e

�c�u�l�t�u�r�e�d�c�e�l�l�w�i�t�h �P�B�S�, �a�n�d �p�r�o�c�e�s�s�i�n �I�% �f�o�r�m�a�l�i�n�a�n�d

�I�% �g�l�a�c�i�a�l�a�c�e�t�i�c�a�c�i�d�. �F�i�n�a�l�l�y�,�m�e�a�s�u�r�e �a�n�d �e�v�a�l�u�a�t�e

�f�l�u�o�r�o�m�e�t�e�r�w�i�t�h �m�i�c�r�o�e�l�i�s�a�r�e�a�r�l�e�r�a�t �5�4�0�n�m�.

�(�3�) �L�a�c�t�a�t�e �D�e�h�y�d�r�o�g�e�n�a�s�e�(�L�D�H�) �A�c�t�i�v�i�t�y

�P�l�a�c�e �t�h�e �e�n�z�y�m�e �s�u�b�s�t�a�n�c�e �o�f �k�i�t �O�a�p�a�n�) �i�n �1�.�0 �m�!

�t�u�b�e �(�P�a�l�c�o�n�) �a�n�d �c�o�m�b�i�n�e �t�h�e�m �w�i�t�h �c�u�l�t�u�r�e�d �s�o�l�u�t�i�o�n�.

�S�t�u�d�y �t�h�e �r�e�a�a�i�o�n �o�f �t�h�e �c�o�m�b�i�n�a�t�i�o�n �a�t �3�7 �C�. �A�f�t�e�r

�c�o�m�p�l�e�t�e �r�e�a�a�i�o�n�, �c�o�m�p�o�u�n�d �t�h�e�m �w�i�t�h �3�.�0 �m�l

�i�n�h�i�b�i�t�O�r �s�o�l�u�t�i�o�n �o�f �d�i�l�u�t�i�o�n�. �M�e�a�s�u�r�e �f�l�u�o�r�o�m�e�t�e�r �w�i�t�h

�s�p�e�a�r�o�p�h�o�t�O�m�e�t�e�r �a�t �5�4�0�n�m�.

�(�4�) �H�e�a�r�t �B�e�a�t�i�n�g �R�a�t�e �(�S�R�)

�F�o�r �h�e�a�r�t �b�e�a�t�i�n�g �r�a�t�e �c�o�m�p�a�r�e �t�h�e �c�u�l�t�u�r�e�d �m�y�o�-

�c�a�r�d�i 외 �c�e�l�l �a�n�d �3�6 �h�o�u�r�s �o�f �c�u�l�t�u�r�e�d �A�D�R �s�o�l�u�t�i�o�n�. �T�o

�a�n�a�l�y�z�e �t�h�e �e�f�f�e�c�t �o�f �C�Y�T �W�a�r�e�r �E�x�t�r�a�a�, �p�r�o�c�e�s�s �t�h�e

�c�u�l�t�u�r�e�d �m�y�o�c�a�r�d�i�a�l �c�e�l�l�s �i�n �v�a�r�i�o�u�s �c�o�n�c�e�n�t�r�a�t�i�o�n�s �o�f

α�'�T �W�a�t�e�r �E�x�t�r�a α �f�o�r �3 �h�o�u�r�s �a�n�d �e�x�p�o�s�e �t�h�e�m �i�n �t�h�e

�A�D�R �s�o�l�u�t�i�o�n�.

�(�5�) �S�t�a�t�i�s�t�i�c�s

�T�h�e �s�t�a�t�i�s�t�i�c �r�e�s�u�l�t�s �a�r�e �b�a�s�e�d �o�n �A�N�O�V �A �a�n�d

�T�u�k�e�y�-�K�r�a�r�n�e�r �M�u�l�t�i�p�l�e �C�o�m�p�a�r�i�s�o�n �T�e�s�t�.

�I�I�I�. �R�a�u�l 야

�1�. �T�o�x�i�c �C�o�n�s�e�q�u�e�n�c�e �o�f �A�d�r�i�a�m�y�c�i�n
�(�A�D�R�)

�1�) �C�e�l�l �V�i�a�b�i�l�i�t�y �A�n�a�l�y�s�i�s
�(�1�) �M�T�T �A�s�s�a�y

�F�o�r �t�h�e �e�f�f�e�a �o�f �A�D�R�, �c�u�l�t�u�r�e�d �m�y�o�c�a�r�d�i�a�l �c�e�l�l�s �a�r�e

�t�r�e�a�t�e�d �w�i�t�h �v�a�r�i�o�u�s �c�o�n�c�e�n�t�r�a�r�i�o�n�s �(�1 �g�l�m�! �t�o �4�5 �g�l�m�l�)

�o�f �A�D�R �f�o�r �3�6 �h�o�u�r�s�. �A�D�R�-�i�n�d�u�c�e�d �c�a�r�d�i�o�t�o�x�i�c�i�t�y �i�s

�m얹�S따�e�d �b�y �M�T�T �a�s�s�a�y �i�n �c�u�l�t�u�r�e�d �m�y�o�c�a�r�d�i�a�l �c�e�l�l�s

�C�e�l�l �v�i�a�b�i�l�i�t�y 잉 �d�e�c�r�e�a�s�i�n�g�, �a�s �t�h�e �A�D�R �c�o�n�c�e�n�t�r�a�r�i�o�n �i�s

�g�e�t�t�i�n�g �b�i�g�g�e�r�. �E�s 야�c�i�a�l�l�y�, �w�h�e�n �c�u�l�t�u�r�e�d �m�y�o�c�a�r�d�i�a�l

�c�e�l�l�s �a�r�e �e�x�p�o�s�e�d �t�o �3�0 �g�l�m�! �(�p�<�0�.�0�5�) �a�n�d �4�5 �g�l�m�!

�(�p�<�O�.�O�I�) �A�D�R�, �t�h�e �d�e�c�r�e�a�s�i�n�g �r�a�t�e�s �a�r�e �s�i�m�i�l�a�r �c�o�m�p�a�r�e

�t�o �o�t�h�e�r �r�e�s�u�l�t�s �(�T�a�b�l�e �I�, �F�i�g�. �I�)�.

�F�o�r �t�h�e �t�i�m�e�-�r�e�s�p�o�n�s�e �r�e�l�a�t�i�o�n�s�h�i�p �o�f �A�D�R�, �c�u�l�t 따�e�d

�m�y�o�c�a�r�d�i 꾀 �c�e�l�l�s �a�.�!�e �t�r�e�a�t�e�d �w�i�t�h �3�0 �g�/�m�! �A�D�R�, �t�h�e

�v�a�l�u�e �o�f �M�C�V�, �f�o�r �9 �t�o �7�2 �h�o�u�r�s�. �A�D�R�-�i�n�d�u�c�e�d

�c�a�r�d�i�o�t�o�x�i�c�i�t�y �i�s �m�e�a�s�u�r�e�d �b�y �M�T�T �a�s�s�a�y �i�n �c�u�l�t�u�r�e�d

�m�y�o�c�a�r�d�i�a�l �c�e�l�l�s�. �A�s �t�i�m�e �g�o�e�s �c�e�l�l �v�i�a�b�i�l�i�t�y �a�r�e �d�e�e�r�-

�e�a�s�i�n�g�; �i�n �p�a�r�t�i�c�u�l�a�r�, �w�h�e�n �t�h�e �c�u�l�t�u�r�e�d �c�e�l�l�s �a�r�e �e�x�p�o�s�e�d

�f�o�r �3�6 �h�o�u�r�s �(�p�<�0�.�0�5�) �a�n�d �7�2 �h�o�u�r�s �(�p�<�O�.�O�I�)�, �t�h�e

�d�e�c�r�e�a�s�i�n�g �r�a�t�e�s �a�r�e �s�i�n피 �a�r �c�o�m�p�a�r�e �t�o �o�t�h�e�r �t�i�m�e

�i�n�t�e π따�s �(�T�a�b�l�e �2�, �F�i�g�. �2�)�.

�T�a�b�l�e �1�. �A�b�s�o�r�b�a�n�c�e �(�% �o�f ∞ �n�t�r�o�l�! �a�t 또�K�J�n�m �W�a�v�e�l�e�n�g�t�h
�f�o�r �t�h�e �Mπ �a�s�s�a�y �o�n �A�D�R �i�n �C�u�i�j�u�r�e�d 빼∞�a�-
�r�d�i�a�l �C�e�l�l�s

�A�D�R�( μ �r�I 뼈�) �D�e�c�r�e�a�s�e �r�a�c�e �o�f

�c�e�U �v�i�a�b 파 �r�y�(�%�)
�M�1�T �a�b�s�o�r�b�a�n�c 이 �5�9 α�u�o�)

�0 �1�.�7 ’ �:�t�o�.�I�S

�1�.�4�4�:�t�0�.�1�6 �1�7�.�3

η �1�.�2�9 �:�t�o�.�0�9 �2�6�.�3

�3�0 �0�.�9�2 �:�t�o�.�O�S�. �4�7�.�3

�4�5 �0�.�5�7�:�t�0�.�0�4�" �6�7�.�4

�C�u�l�c�u�r�e�d �m�y�o�c�a�r�d�i�a�l �c�e�U�s �w�e π �r�r�e�a�t�e�d �w�i�t�h �v�a�r�i α�1�5 �c�o�n�c�e�n�t�r�a�t�i�o�n�s �o�f

�A�D�R �f�o�r �3�6 �h�o�u�r�s�.�T�h�e �v�a�l�u�e�s�a�r�e �t�h�e �m�e�a�n�:�t �S�E �f�o�r �6 �e�x�p�e�r�i�m�e�n�r�s
�S�i�g�n�i�f�i�c�a�n�t�d�i�l�f�eπ �o�r�e�s �f�r�o�m �t�h�e �c�o�m�r�o�l �a�r�e �m�a�r�k�e�d �w�i�r�h �a�s�r�e�r�i�s�k�s

�.�p�<�0�.�0�5�; �.�.�p�<�O�.�O�I

�1�2�0

훌
�1�0�0

�S �8�0�-。
효 �8�0
드
�g

‘。�@

흐
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�2�0
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�c�o�n ν。 �l �1 �1�1 �3�0

�C�o�n�c�e�n�t�r�a�t�i�o�n �o�f �A�D�R �(
μ �g�l�m�l ’

‘�

�F�i�g�.�!�. �D∞�e검�e�p�e�n�d�e�n�c�y �o�f �A�D�A�.

�A�D�R�-�i�n�d�u�c�e�d �c�a�r�d�i�o�t�o�x�i�c�i�c�y �w�a�s �m�e�a�s 띠 �e�d �b�y �M�1�T �a�s�s�a�y �i�n �c�u�l�t�u�r�e�d
�m�y�o�c�a�r�d�i�a�l α �U�s�. �C�u�l�c�u�r�e�s �w�e�r�e �e휴�:�>�o�s�e�d �t�o �I�. �1�5�. �3�0 삐 �d �4 ’ μ �r�i�m�e
�A�D�R �f�o�r �3�6 �h�o�u�r�s�.�r�e�s야�a�i�v�e�l�y�. �O�t�h�e�r �l�e�g�e�n�d�s �a�r�e �t�h�e �s�a�m�e �a�s �t�a�b�l�e
�1�. �.�p�<�O�.�0�5�; �.�.�p�<�O�.�O�I

�- �7�2�-



�A�D�R �M�1�T �a�b�s�o�r�b�a�n�c�e�(�S�9�0�r�u�n�)

�(�¼���m�t�) �O�h�r �9�h�r �1�8 �h�r �3�6 �h�r �1�2�h�r

�0
�1�.�4�7�:�t �1�.�4�6�:�t �1�.�4�3�:�t �!�.�3�6�:�t �!�.�3�2�:�!�:

�0�.�1�9 �0�.�1�6 �0�.�1�8 �0�.�1�7 �O�.�I�S

�D�e�c�r�e�a�s�e �r�a�t�e �o�f
�A�D���¼��¿��) �N�R �a�b�s�o�r¼¼�n�c�c�(�S�4�0�r�u�n�)

�c�e�l�l �v�i�a�bÕ<����

�0 �I�.�S�3�I�0�.�1�6

�1�.�2�1�:�t�0�.�I�S �2�0�.�9

�I�S �1�.�l�5�:�!�:�0�.�1�2 ���B

�3�0 �0�.�7�7 �:�t�o�.�0�7�. �G�.�7

�4�S �O�A�3�:�t�QÅì�.�. �7�1�.�9

�- 효뺑심 외 �3 �: 째心흩子갱 ���� 몽 �;�a 이 �I�S 톨 心 �i�n�l�l�l�l�! 생에 미치는 �I�i 톨 �-

�T�a�b�l�e �2�. �T�i�m�e�-�r�e�s�p�o�n�s�e �R�e�l�a�t�i�o�n�s�h�i�p �o�f �A�D�R �b�y �M�T�T
�a�s�s�a�y �i�n �C�u�l�t�u�r�e�d �M�y ∞�a�r�d�i�a�l �C�e�l�l�s

�I�A�2�:�t �1�.�1�4�:�t �I�.여 �:�t �0�.�7�0�:�t �0�.�3�1�:�t
�3�0

�O�.�I�S �0�.�1�2 �0�.�0�8 �O�.�O�S�. �0�.�0�2�"

�c ‘ �u�r�u�r�e�d �m�y�o�c�a�r�d�i 매 �c�e�l�l�s �w�e�r�e �c�r�e�a�r�e�d
�"
따 �h �3�0 μ���m�t �A�D�R �f�o�r

�v�a�r�i�o�u�s �c�i�m�e �i�n�r�e�r�v�a�l�s�. �T�h�e �v�a�l�u�e�s �a�r�e �t�h�e �m�e�a�n �:�t �S�E �f�o�r �6
�e�x�p�e�r�i�m�e�n�c�s�. �S밍띠 �£�i�c�a�n�c �d�i�f�f�e�r�e�n�c�e�s �b�e�r�w�e�e�n �g�r�o�u�p�s �a�r�e �m�a�r�k�e�d �w�i�c�h
�a�s�t�e�r�i�s�k�s�. ‘�p�<�O�.�O�S�; �"�p�<�O�.�O�I
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�c�o�n�t�r�o�l �9 �n���1�8

�A�D�R �i�n�c�u�b�a�t�i�o�n 히 �m�e �(�h�o�u�r ’

�F�i�g�. �2�. �T�i�m�e�-�d�e�p�e�n�d�a�n�c�y �o�f �A�D�R �i�n α�J�l�t�u�r�e�d �m�y�, α�;�a�r�d�i�a�l
∞ ��

�C�u�l�t�u�r�e�s �w�e�r�e �e�x�p�o�s�e�d �c�o �3�0 �J�1���m�t �A�D�R �f�o�r �9�, �1�8�, �3�6 �a�n�d �7�2
�h�o�uπ �, �r�e�s 야�c�t�i�v�e�l�y�. �O�c�h�e�r �l�e�g�e�n�d�s �a�r�e �t�h�e �s�a�m�e �a�s �c�a�b�l�e �2�. �.�<�O�.�O�S�;
�.�.�p�<�Q�O�l

�(�2�) �N�R �A�s�s�a�y

�W�h�i�l�e �t�h�e �m�y�o�c�a�r�d�i�a�l �c�e�l�l�s �a�r�e �c�u�l�r�u�r�e�d�, �r�i�n�s�e �t�h�e�m

�w�i�t�h �C�a�, �M�g �f�r�e�e �H�a�n�k ’

�s �B�a�l�a�n�c�e�d �S�a�l�t �S�o�l�u�t�i�o�n �(�H�B�S�S�,

�G�i�b�c�o�) �3 �t�i�m�e�s�. �C�u�l�t�u�r�e�d �m�y�o�c�a�r�d�i�a�l �c�e�l�l�s �a�r�e �g�r�o�w�n �i�n

�m�e�d�i�a �c�o�n�t�a�i�n�i�n�g �v�a�r�i�o�u�s �c�o�n�c�e�n�t�r�a�t�i�o�n�s �o�f �A�D�R �f�o�r �3�6

�h�o�u�r�s�. �D�e�c�r�e�a�s�i�n�g �c�e�l�l �v�i�a�b�i�l�i�t�y �i�s �c�a�p�t�u�r�e�d �a�s �A�D�R �c�o�n�-

�c�e�n�t�r�a�t�i�o�n �w�a�s �i�n�c�r�e�a�s�i�n�g�. �S야�d���,���r�u�����l�s�i�l�i��

���������r�o�� 밍�m�l �a�n�d �4�5 �g�/�m�I �a�r�e �s�h�o�w�e�d �5�0�.�3�%

�(�p�<�0�.�0�5�) �a�n�d �2�8�.�1 �%�m �(�p�<�O�.�O�l�) �o�f �s�i�m�i�l�a�r �d�e�c�r�e�a�s�e

�(�T�a�b�l�e �3�, �F�i�g�. �3�)�.

�T�o �s�t�u�d�y �t�h�e �t�i�m�e�-�r�e�s�p�o�n�s�e �r�e�l�a�t�i�o�n�s�h�i�p �o�f �A�D�R�,

���r�u�r�e�d �m�y�o�c�a�r�d�i�a�l �c�e�l�l�s �a�r�e �i�n�c�u�b�a 뼈 �w�i�t�h �3�0 밍��

�A�D�R �f�o�r �9 �t�o �7�2 �h�o�u�r�s�. �I�t �s�h�o�w�s �t�h�e �d�e�c�r�e앓���=��

�c�e�l�l �v�i�a�b�i�l�i�t�y �r�e�s�p�o�n�s�e �t�o �v�a�r�i�o�u�s 띠�1�e �m�t�e π �a�I�s�; �p�a�r�t�i�-

���a�r�l�y�, �A�D�R �i�n�c�u�b���i�o�n �t�i�m�e �o�f �3�6 �a�n�d �7�2 �h�o�u�r�s �d�e�m�-

�o�n�s�t�r�a�t�e�s �t�h�e �s�i�m�i�l�a�r �d�e�c�r�e�a�s�i�n�g �r�a�t�e�s �(�T�a�b�l�e �4�, �F핑 �.�4�)�.

�T�a�b�l�e �3�. �A�b�s�o�r�b�a�n�c�e �(�% �o�f ∞�nη �0�1�) �a�t �5�4�0�n�m �W�a�v�e�l�e�n�g�t�h
�f�o�r �t�h�e �N�R �a�s�s�a�y �o�n �A�D�R �i�n �M�y α�� 띠 �i�a�l �C�e�l�l�s

�C�u�l�r�u�r�e�d �m�y�o�c�a�r�d�i�a�l �c�e�l�l�s �w�e�r�e �g�r�o�w�n �i�n �m�e�d�i�a �c�o�n�c�a�i�n�i�g �v�a�r�i�o�u�s
�c�o�n�c�e�n�t�r�a�t�t 。띠 �o�f �A�D�R �f�o�r �3�6 �h�o�u�r�s�. �T�h�e �v�a�l�u�e�s �r�e�p�r�e�s�e�n�c �c�h�e �m�e�a�n
�:�t �S�E �f�o�r �6 �e�x�p�e�r�i�m�e�n�r�s�. �S�i�g�n�i�f�i�c�a�n�c 버�f�f�e�r�e�n�c�e�s �f�r�o�m �c�h�e �c�o�n�c�r�o�l �a�r�e

�m�a�r�k�e�d �w�i�t�h �a�s�t�e�r�i�s�k�s�. �.�p�<�0�.�0�5 ‘ �"�p�<�O�.�O�I
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�c�o�n�t�r�o�l ’ �5 ��

�A�D�R �c�o�n�c�e�n�t�r�a�t�i�o�n �(
μ

�g���1 ’

‘�s

�F�i�g�. �3�. �D�o�s�e�-�r�e�s�p�o�n�s�e �r�e�l�a�t�i�o�n�s�h�i�p �o�f �A�D�R �i�n �c�u�l�t�u�r�e�d
�m�y�o�c�a�r�d�i�a�l �c�e�l�l�s�.

�C�y�r�o�c�o�x�i�c�i�r�y �w�a�s �m�e�a�s�u�r�e�d �b�y �N�R 잉�s�a�y�. �C�u�l�t�U�r�e�s �w�e�r�e �e�x�p�o�s�e�d �C�O

α �c�o�n�c�r�o�l�)�, �I�, �I�S�, �3�0 �a�n�d �4�5 μ���m�t �A�D�R �f�o�r �3�6 �h�o�u�r�s�, �r�e�s�p�e�a�i�v�e�l�y
�O�c�h�e�r �l�e�g�e�n�d�s �a�r�e �t�h�e �s�a�m�e �a�s �c�a�b�l�e �3�. �.�p�<�O�.�O�S�; �"�p�<�O�.�O�I

�T�a�b�l�e �4�. �T�i�m�e�-�r�e�s�p�o�n�s�e �R�e�l�a�t�i�o�n�s�h�i�p �o�f �A�D�R �b�y �N�R �a�s�s�a�y
�i�n �C�u�l�t�u�r�l 때 �� ∞�a띠 �i�a�l �C�e�l�l�s

�A�D�� μ���m ‘”
�N�R φ�s�o�r�b�a�n�c�e�(�S�4�0�n�m�)

�%�h�r �7�2 �h�r�9�h�r �1�8 �h�r�O�h�r

�1�.�3�8�:�t �1�.�3�4�:�t �1�.�3�1�:�t �1�.�2�7�:�t �1�.�2�s�:�t
�0�.�1�4 �0�.�1�1 �0�.�1�3 �0�.�1�5 �0�.�1�2

�1�.�2�9�:�t �0�.�9�7�:�t �0�.�8�9�:�t �0�.�6�3�:�t �0�.�5�2�:�t

�O�.�I�S �0�.�0�8 �0�.�0�7 �0�.�0�6�. �0�.�0�2�"

�C�u�l�r�u�r�e�d �m�y�o�c�a 뼈외 �c�e�l�l�s �w�eπ �i�n�c�u�b�a�c�e�d �w�i�c�h �3�0 μ���m�t �A�D�R �f�o�r
�v�a�r�i�o�u�s �t�i�m�e �i�n�t�e�r�v�a�l�s�. 까�� �v피 �u�e�s �r�e�p�r�e�s�e�n�t �c�h�e �m�e�a�n �:�t�S�E �f�o�r �6

�a�p�e 띠�n�e�n�r�s�. �S�i�g�n�i�f�i�c�a�n�c 며�f�f�e�r�e�n�c�e�s �b�e�r�w�e�e�n �g�r�o�u�p�s �t�h�e �c�o�n�t�r�o�l �a�r�e

�m�a�r�k�e�d �w�i�t�h �a�s�t�e�r�i 화�<�S�. �.�p�<�O�.�O ’ �; �"�p�<�O�.�O�I
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α�� �c�o�n�t�r�o�l
�c�:�:�:�:�:�J �A�D�R �3�0 μ �g�/�m�l
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�2�0

�o
�c�o�n�t�r�o�l �9 �I�e �3�6

�A�D�R �I�n�c�u�b�a�t�i�o�n �t�i�m�e �(�h 。‘�I�r ’

�7�2

�F�i�g�. �4�. �T�i�m�e�-�d�e�p�e�n�d�a�n�c�y �o�f �A�D�R �i�n �c�u�l�t�u�r�e�d �m�y�o�c�a�r�d�i�a�l
�c�e�l�l�s�.

�C�u�l�r�u�r�e�s �w�e�r�e �e�x�p�o�s�e�d �t�o �3�0 μ �w�m�e �A�D�R �f�o�r �9�, �I�S�, �3�6 �a�n�d �7�2
�h�o�u�r�s�, �r�e�s�p�e�c�r�i�v�e�l�yα �I�I �v�i�a�b�i�l�i�r�y �w�a�s �m�e�a�s�u�r�e�d �b�y �N�R �a�s�s�a�y�. �O�t�h�e�r
�l�e�g�e�n�d�s �a�r�e �t�h�e �s�a�m�e �a�s �t�a�b�l�e �4�. �*�p�<�0�.�0�5�; �*�*�p�<�O�.�O�I

�2�. �E�f�f�e�c�t �o�f �C�Y�T �W 이 �e�r �E�x�t�r�a�c�t
�1�) �L�D�H �A�c�t�i�v�i�t�y

�(�1�) �A�D�R�-�i�n�d�u�c�e�d �C�a�r�d�i�o�t�o�x�i�c�i�t�y

�T�o �m�e�a�s�u�r�e �c�h�e �L�D�H �A�a�i�v�i η �i�n �v�a�r�i�o�u�s �c�o�n�c�e�n�-

�c�r�a�t�i�o�n �o�f �A�D�R �c�u�l�c�u�r�e�d �m�o�u�s�e �m�y�o�c�a�r�d�i�a�l �c�e�I�J�s �a�r�e

�e�x�p�o�s�e�d �c�o �v�a�r�i�o�u�s �c�o�n�c�e�n�c�r�a�t�i�o�n�s �o�f �A�D�R �f�o�r �3�6 �h�o�u���.

�A�s �a �r�e�s�u�l�t�, �t�h�e �c�o�n�c�e�n�t�r�a�t�i�o�n �o�f �A�D�R �a�n�d �L�D�H �a�c�c�i�-

�v�i�c�y �a�r�e �i�n�c�r�e�a�s�e�d �p�r�o�p�o�r�t�i�o�n�a�l�J�y �a�n�d �i�n�d�i�c�a�c�e�d �c�h�e �c�a�r�-

�d�i�o�c�o�x�i�c�i�c�y�; �s�p�e�c�i�f�i�c�a�l�l�y�, �w�h�e�n �c�h�e �c�u�l�c�u�r�e�d �c�e�l�l�s �a�r�e

�c�o�m�p�a�r�e�d �c�o �n�o�n�e �A�D�R�-�c�r�e�a�c�e�d �c�e�l�l�, �c�h�e�y �s�h�o�w�e�d �a

�s�i�m�i�l�a�r �i�n�c�r�e�a�s�i�n�g �r�a�c�e �i�n �3�5 �a�n�d �5�0 �g�l�m�l�. �T�h�e �v�a�l�u�e �o�f

�M�C�V �(�m�i�d�c�y�c�o�c�o�x�i�c�i�c�y�) �p�r�e�s�e�n�t�e�d �d�u�r�i�n�g �3�5 �g�l�m�l �A�D�R

�p�r�o�c�e�s�s �(�T�a�b�l�e �5�, �F�i�g�. �5�)�.

�T�a�b�l�e �5�. �D�o�s�e�-�r�e�s�p�o�n�s�e �R�e�l�a�t�i�o�n�s�h�i�p �o�f �A�D�R �o�n �L�D�H
�a�c�t�i�v�i�t�y �i�n �C�u�l�t�u�r�e�d �M�o�u�s�e �M�y ∞�a�r�d�i�a�l �C�e�l�l�s

�A�D�R�(�J�i�W�m�e�) �c�o�n�t�r�o�l �2�0 �3�5 �, 。
�A�m�o�u�n�t

�1�2�.�S�:�t �1�6�.�8�:�t
�L�2 �1�.�5

�I�S�.�3�:�t �2�0�.�6�:�t �2�4�.�7�:�t
�2�.�1 �2�.�S�* �3�.�6�*�*

�o�f
�L�D�H �R�e�l�e�a�s�e

�C�u�l�t�u�r�e�d �m�o�u�s�e �m�y�o�c�a�r�d�i�a�c �c�e�l�l�s �w�e�r�e �e�x�p�o�s�e�d �t�o �v�a�r�i�o 띠
�c�o�n�c�e�n�t�r�a�t�i�o�n�s �o�f �A�D�R �f�o�r �3�6 �h�o�u�r�s�. �L�D�H �r�e�l�e�a�s�e �w�a�s �m�e�a�s�u�r�e�d �a�t

�w�a�v�e�l�e�n�g�t�h �o�f �5�4�0�n�m�. �T�h�e �v�a�l�u�e�s �a�r�e �t�h�e �m�e�a�n �:�t�S�E �f�o�r �5
�e�x�p�e�r�i�m�e�n�t�s�. �S�i�g�n�i�f�i�c�a�n�t �d�i�f�f�e�r�e�n�c�e�s �f�r�o�m �t�h�e �c�o�n�t�r�o�l �a�r�e �m�a�r�k�e�d �w�i�t�h

�a�s�t�e�r�i�s�k�s�. �*�p�<�0�.�0�5�; �"�p�<�O�.�O�I
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�c�o�n�t�r�o�l �5 �2�0 �3�5

�C�o�n�c�e�n�t�r�a�t�i�o�n �o�f �A�D�R �Iμ �g�I�m�l ’

�5�0

�F�i�g�. �5�. �D�o�s�e�-�r�e�s ∞ �n�s�e �r�e�l�a�t�i�o�n�s�h�i�p 이 �A�D�R �o�n �L�D�H �a�c�t�-
�i�v�i�t�y �i�n �c�u�l�t�u�r�e�d �m�o�u�s�e �m�y∞�a�r�d�i�a�c ∞ �l�i�s�. �O�t�h�e�r
�l�e�g�e�n�d�s �a�r�e �t�h�e 잃�m�e �a�s �t�a�b�l�e �5�. �'�p�<�O�.�0�5�, �u�p 이 �0�1

�(�2�) 깨 �e �P�r�o�t�e�c�t�i�o�n 이 �C�Y�T
�T�o �r�e�p�o�r�t �c�h�e �r�e�l�a�c�i�o�n�s�h�i�p �b�e�c�w�e�e�n �c�h�e �A�D�R�-�i�n�d�u�c�e�d

�c�a�r�d�i�o�t�o�x�i�c�i�r�y �a�n�d �c�h�e �e�f�f�e�a �o�f �C�Y�T �W�a�c�e�r �E�x�c�r�a�c�c

�r�e�s�p�e�c�c �t�o �c�h�e �L�D�H �A�c�t�i�v�i�r�y�, �c�u�l�t�u�r�e�d �m�o�u�s�e �m�y�o�c�a�r�d�i�a�l

�c�e�l�l�s �w�e�r�e �p�r�e�i�n�c�u�b�a�t�e�d �w�i�c�h �v�a�r�i�o�u�s �c�o�n�c�e�n�t�r�a�c�i�o�n�s �o�f

�C�Y�T �w�a�t�e�r �e�x�c�r�a�c�t �f�o�r �3 �h�o�u���, �a�n�d �t�h�e�n �e�x�p�o�s�e�d �t�o �3�5

�g�l�m�l �A�D�R �f�o�r �3�6 �h�o�u���.

�A�s �a �r�e�s�u�l�t�, �t�h�e �c�e�l�l �t�h�a�t �o�n�l�y �c�r�e�a�t�e�d �w�i�t�h �C�Y�T

�W�a�t�e�r �E�x�r�r�a�c�c�s�h�o�w�e�d �n�o�n�t�o�x�i�c�c�o�m�p�a�r�e �c�o �c�h�e �c�e�l�l �t�h�a�t

�c�r�e�a�c�e�d �i�n �A�D�R�. �I�n �c�h�e �c�a�s�e �o�f �p�r�e�i�n�c�u�b�a�c�e�d �C�Y�T

�W�a�c�e�r �E�x�t�r�a�a�, �c�h�e �c�o�n�c�e�n�t�r�a�t�i�o�n �o�f �A�D�R �a�n�d �L�D�H

�A�c�c�i�v�i�t�y �r�a�c�e�s �w�e�r�e �d�i�m�i�n�i�s�h�i�n�g �p�r�o�p�o�r�t�i�o�n�a�l�l�y�.�S�c�a�c�i�-

�c�a�l�J�y�, �t�h�e �c�e�l�l �t�h�a�t �c�r�e�a�t�e�d �i�n �4�0 �g�l�m�l �(�p�<�0�.�0�5�)�, �6�0

�g�/�m�l �(�p�<�O�.�O�l�)�, �8�0 �g�l�m�l �(�p�<�O�.�O�l�) �C�Y�T �W�a�t�e�r �E�x�t�r�a�c�t

�r�e�v�e�a�l�e�d �s�i�m�i�l�a�r �d�i�m�i�n�i�s�h�i�n�g �e�f�f�e�a �c�o�m�p�a�r�e �c�o �c�h�e �c�e�l�l

�c�h�a�c �o�n�l�y �t�r�e�a�c�e�d �i�n �A�D�R �(�T�a�b�l�e �6�, �F�i�g�. �6�)�.

�T�a�b�l�e �6�. �D�o�s�e�-�r�e�s�p�o�n�s�e �R�e�l�a�t�i�o�n�s�h�i�p �o�f �C�Y�T �W�a�t�e�r �E�x�-
�t떠이 �f�o�r �L�D�H �a이 �v�i�t�y �i�n �C�u�l�t�u�r�e�d �M�o�u�s�e �M�y�o�-
�c�a 띠 �i�a�l �C�e�l�l�s

�A�m�o�u�n�t �o�f �L�D�H �R�e�l�e�a�s�e

�C�o�n�c�e�n�t�r�a�t�i�o�n �o�f �C�Y�T�( 뼈 �m�e�)

�o �J�i�w�m�e �2�0 μ�g�l�m ¬ �4�0 �J�l�g�l�m�e �6�0 �J�l�g�l�m�e �S�O �J�l�w�m�e

�1�O�.�6�:�t �1�O�.�4�:�t �1�0�.�1 �:�t �9�.�6�:�t �9�.�3�:�t

�I�n �Q�S �Q�6 �Q�5 �Q�7

�1�6�.�6�:�t �6�.�1�:�t �5�.�1�:�t �4�.�4�:�t �3�.�3�:�t
�O�.�S �0�.�7 �0�.�5�* �0�.�3�.�. �0�.�4�"

�C�u�l�r�u�r�e�d �m�o�u�s�e �m�y�o�c�a�r�d�i�a�l �c�e�l�l�s �w�e�r�e �p�r�e�i�n κ�u�b�a�t�e�d �w�i�t�h �v�a�r�i�o�u�s
�c�o�n�c�e�n�t�r�a�t�i�o�n�s �o�f �C�Y�T �w�a�t�e�r �e�x�t�r�a�c�t �f�o�r �3 �h�o�u�r�s�, �a�n�d �t�h�e�n �e�x�p�o�s�e�d

�1�0 �3�5 �J�l�g�l�m�e �A�D�R �f�o�r �3�6 �h�o�u�r�s�. �L�D�H π �l�e�a�s�e �w�a�s �m�e�a�s�u�r�e�d �a�t
�w�a�v�e�l�e�n�g�t�h �o�f �5�4�0�n�m�. �T�h�e �v�a�l�u�e�s �r�e�p π�s�e�n�t �t�h�e �m�e�a�n�:�t �S�E �f�o�r ’
�e�x�p�e�r�i�m�e�n�t�s�. �S�i�g�n�i�f�i�c�a�n�t �d�i�f�f�e�r�e�n�c�e�s �f�r�o�m 【 �h�e �A�D�R�-�t�r�e�a�t�e�d �g�r�o�u�p �a�r�e

�m�a�r�k�e�d �w�i�t�h �a�s�t�e�r�i�s�k�s�. �.�<�0�.�0�5�; �.�.�p�<�O�.�O�I

�A�D�R�(�j�J�g�l�m�e�)

�0

”

�M�-



�A�D�R�(�¼�w�m�e�)
�B�e�a�t�i�n�g �r�a�t�e �D�e�c�t�e�a�s�e �o�f

�(�N·`�n�b�e�r�/�m�i�n�) �B�c�a�t�i�n�� �r�a�t�e �(�% �o�f �c�o�n�t�r�o�l�)

�0 �1�1�8�:�t�1�5

�9�9 �:�t�8 �1�6�.�1

�1�0 �8�9�:�t�5 �2�4�.�6

�3�0 �5�6�:�t �3�. �5�2�.�5

�5�0 �3�1 �:�t�6�.�. �7�3�.�7

�- 효뺑심 외 �3�: 찌心훌子훌 �J�l�!�{�i�I���O�I �i훌톨 心 �� 빼�I�J 에 미 ���I 는 �� 톨 �-

�2�0�0���- �.�-�-�-�-�-

기

�o
�c�o�n ν。 �I �A�D�R �2�0 �4�0 �6�0

�C�o�n�c�e�n�t�r�a�t�i�o�n �o�f �C�Y�T�( μ�g�/�m�l�)

�6�0

�F�i�g�. �6�. �D�o�s�e�-�r�e�s�p�o�n�s�e �r�e�l�a�t�i�o�n�s�h�i�p �o�f �C�Y�T �w�a�t�e�r �e�x�t�r�a�c�t
�f�o�r �L�D�H �a�c�t�i�v�i�t�y �i�n �c�u�n�u�r�e�d �m�o�u�s�e �m�y α�:�a�r�d�i�a�l ∞ �l�i�s�.

�S�i�g�n�i�f�i�c�a�n�t �d�i�f�f�e�r�e�n�c�e �f�t�o�m �t�h�e �A�D�R�-�r�r�e�a�t�e�d �g�r�o�u�p �a�r�e �m�a�r�k�e�d �w�i�t�h
�a�s�t�e�r�i�s�k�s�. �O�t�h�e�t �l�e�g�e�n�d�s �a�r�c �t�h�e �s�a�m�e �a�s �t�a�b�l�e �6�. �.�<�0�.�0�5�; �"�p�<�O�.�O�I

�2�) �H�e�a�r�t �B�e�a�t�i�n�g �R�a�t�e

�(�1�) �A�D�R�-�i�n�d�u�c�e�d �C�a�r�d�i�o�t�o�x�i�c�i�t�y

�T�o �d�e�t�e�r�m�i�n�e �h�e�a�r�t�-�b�e�a�t�i�n�g �r�a�t�e�, �c�u�l�t�u�r�e�d �m�o�u�s�e �m�y�-

�o�c�a�r�d�i�a�l �c�e�l�l�s �w�e�r�e �c�r�e�a�t�e�d �w�i�t�h �v�a�r�i�o�u�s �c�o�n�c�e�n�t�r�a�t�i�o�n�s �o�f

�A�D�R �f�o�r �3�6 �h�o�u�r�s�. �A�s �f�o�r �t�h�e �r�e�s�u�l�t�, �t�h�e �b�e�a�t�i�n�g �r�a�t�e

�w�a�s �d�e�c�r�e�a�s�i�n�g �a�t �1 �g�l�m�! �a�n�d �1�0 �g�/�m�l�; �h�o�w�e�v�e�r�, �t�h�e�y

�d�i�d �n�o�t �s�h�o�w �t�h�e �s�t�a�t�i�s�t�i�c�a�l �s�i�m�i�l�a�r�i�r�y�. �I�n �t�h�e �p�r�o�c�e�s�s �o�f

�3�0 �g�/�m�l �a�n�d �5�0 �g�l�m�! �A�D�R �t�h�e�y �i�n�d�i�c�a�t�e�d�t�h�e �s�i�m�i�l�a�r

�d�e�c�r�e�a�s�i�n�g �r�a�t�e �o�f �4�7�.�5�% �(�p�<�0�.�0�5�) �a�n�d �2�6�.�3�%

�(�p�<�O�.�O�I�)�. �T�h�e �v�a�l�u�e �o�f �M�C�V �(�m�i�d�c�y�c�o�t�o�x�i�c�i�r�y�)�p�r�e�s�e�n�t�e�d

�d�u�r�i�n�g �3�5 �g�/�m�! �A�D�R �p�r�o�c�e�s�s�(�T�a�b�l�e �7�, �F�i�g�. �7�)�.

�T�a�b�l�e �7�. �D�o�s�e�-�r�e�s∞ �n�s�e �R�e�l�a�t�i�o�n�s�h�i�p 이 �A�D�R �o�n �S�R �i�n
�C�u�l�t�u�r�e�d �M�o�u�s�e �M�y�o�c�a�r�d�i�a�c �C�e�l�l�s

�C�u�i �r�u�t�e�d �m�o�u�s�e �m�y�o�c�a�r�d�i�a�l �c�e�l�l�s �w�e�r�e �t�r�e�a�r�e�d �w�i�t�h �v�a�r�i�o�u�s
�c�o�n�c�e�n�t�r�a�t�i�o�n�s �o�f �A�D�R �f�o�r �3�6 �h�o�u�r�s�. �B�R �w�a�s �m�e�a�s�u�r�e�d �b�y �c�o�u�n�t �o�f
�b�e�a�t�i�n�g �n�u�m�b�e�r �p�e�r �m�i�n�u�t�e�, �c�o�m�p�a�r�e�d �w�i�t�h �c�o�n�t�r�o�l�. �T�h�e �v�a�l�u�e�s �a�r�e

�t�h�e �m�e�a�n�:�t �S�E �f�o�r �5 �e�x�p�e�r�i�m�e�n�t�s�. �S�i�g�n�i�f�i�c�a�n�t �d�i�f�f�e�r�e�n�c�e�s �f�r�o�m �t�h�e

�c�o�n�t�r�o�l �a�r�c �m�a�r�k�e�d �w�i�t�h �a�s�t�e�r�i�s�k�s�. �.�p�<�0�.�0�5�; �.�.�p�<�O�.�O�I

�1�2�0

훌뼈
�s�u
�8�0�'�0
�;�!�.

�"�:�:�"
�6�0

훌
�g 빼

겉
�.�J�I �2�0

�0
�c�o�n�t�r 여 �1 �1�0 �3�0

�C�o�n�c�e�n�t�r�a�t�i�o�n �o�f �A�D�R �I�l�l�g�/�m�l�)

�6�0

�F�i�g�. �7�. �D�o�s�e�-�r�e�s�p�o�n�s�e �r�e�l�a�t�i�o�n�s�h�i�p �o�f �A�D�R �o�n �b�e�a�t�i�n�g �r�a�t�e
�i�n �c�u�n�u�r�e�d �m�o�u�s�e �m�y�, ∞�a�r�d�i�a�c �c�e�l�l�s�.

�O�t�h�e�r �l�e�g�e�n�d�s �a�r�c �t�h�e �s�a�m�e �a�s �t�a�b�l�e �7�. �.�p�<�O�.�O ’ �, �.�.�p�<�O�.�O�I�.

�(�2�) �T�h�e �P�r�o�t�e�c�t�i�o�n �o�f �C�Y�T

�T�o �r�e�p�o�r�t �t�h�e �r�e�l�a�t�i�o�n�s�h�i�p �b�e�t�w�e�e�n �h�e�a�r�t �b�e�a�t�i�n�g �r�a�t�e

�o�f �A�D�R �a�n�d �t�h�e �e�f�f�e�c�t �o�f �C�Y�T �W�a�t�e�r �E�x�t�r�a�c�t �r�e�s�p�e�c�t �c�o

�t�h�e �b�e�a�t�i�n�g �r�a�t�e�, �c�u�l�t�u�r�e�d �m�o�u�s�e �m�y�o�c�a�r�d�i�a�l �c�e�l�l�s �w�e�r�e

�p�r�e�i�n�c�u�b�a�t�e�d �w�i�t�h �t�h�e �c�o�n�c�e�n�t�r�a�t�i�o�n�s �o�f �4�0 �t�o �1�0�0 �g�/�m�l

�o�f �C�Y�T �w�a�t�e�r �e�x�t�r�a�c�t �f�o�r �3 �h�o�u�r�s�, �a�n�d �t�h�e�n �e�x�p�o�s�e�d �t�o

�3�0 �g�l�m�l �A�D�R �f�o�r �3�6 �h�o�u�r�s

�A�s �a �r�e�s�u�l�t�, �t�h�e �c�e�l�l �t�h�a�t �o�n�l�y �t�r�e�a�t�e�d �w�i�t�h �C�Y�T

�W�a�t�e�r �E�x�t�r�a�c�t �d�i�d �n�o�t �s�h�o�w�e�d �s�i�g�n�i�f�i�c�a�n�t �d�i�f�f�e�r�e�n�c�e

�c�o�m�p�a�r�e �t�o �t�h�e �c�e�l�l �t�h�a�t �c�r�e�a�t�e�d �i�n �A�D�R �I�n �c�a�s�e �o�f

�p�r�e�i�n�c�u�b�a�t�e�d �C�Y�T �W�a�t�e�r �E�x�t�r�a�c�t�, �t�h�e �c�o�n�c�e�n�t�r�a�t�i�o�n �o�f

�A�D�R �a�n�d �t�h�e �b�e�a�t�i�n�g �r�a�t�e �a�r�e �e�s�c 외 �a�t�i�n�g �p�r�o�p�o�r�t�i�o�n�a�l�l�y

�S�t�a�t�i�c�a�l�l�y�, �t�h�e �c�e�l�l �t�h�a�t �c�r�e�a�t�e�d �i�n �6�0 �g�l�m�! �(�p�<�0�.�0�5�) �a�n�d

�8�0 �g�l�m�l �(�p�<�O�.�O�I�) �C�Y�T �W�a�t�e�r �E�x�t�r�a�c�t �r�e�v�e�a�l�s �s�i�m�i�l�a�r

�e�s�c�a�l�a�t�i�n�g �e�f�f�e�c�t �c�o�m�p�a�r�e �t�o �t�h�e �c�e�l�l �t�h�a�t �o�n�l�y �t�r�e�a�t�e�d �i�n

�A�D�R �(�T�a�b�l�e �8�, �F�i�g�. �8�)�.

�T�a�b�l�e �8�. �D�o�s�e�-�r�e�s�p�o�n�s�e �R�e�l�a�t�i�o�n�s�h�i�p�o�f �C�Y�T �W�a�t�e�r �E�x�-
�t�r�a�c�t �f�o�r �S�R �i�n �C�u�l�t�u�r�e�d �M�o�u�s�e �M�y�, α�:�:�a�r�d�i�a�l �C�e�l�l�s

�A�D�R
ω�w�m�e�)

�B�c�a�t�i�n 땅 �r�a�t�e �(�N 띠�n�b�e�r�/�m�i�n�)

�C�o�n�c�e�n�t�r�a�t�i�o�n �o�f �C�Y�T�(�P�w�m�e�)

�0 μ�w�m�e �4�0 μ밍뼈 �6�0 �J�l�W�m�e �8�0 μ �w�m�e �1�0�0 μ�w�m�e

�0

�3�0

�1�2�0�:�t�l�l �1�2�2�:�t�1�4 �1�2�1�:�t�1�3 �1�2�3�:�t�1�2 �1�2�4�:�t�1 ’

�5�6�:�t�4 �7�6�:�t �6 �8�4�:�t�8 �1�0�1�:�t�1�O�. �1�1�6�:�t�1�2�"

�C�u�l�r�u�r�e�d �m�o�u�s�e �m�y�o�c�a�r�d�i�a�l �c�e�l�l�s �w�e�r�e �p�r�e�i�n α �b�a�t�e�d �w�i�t�h �v�a�r�i�o�u�s
�c�o�n�c�e�n�t�r�a�t�i�o�n�s �o�f �C�Y�T �w�a�t�e�r �e�x�t�r�a�c�t �f�o�r �3 �h�o�u�r�s�, �a�n�d �t�h�e�n �e�x�p�o�s�e�d

�t�o �3�0 μ밍 �m�e �A�D�R �f�o�r �3�6 �h�o�u�r�s�. �B�R �w�a�s �m�e�a�s�u�r�e�d �b�y �c�o�u�n�t �o�f
�b�e�a�r�i�n�g �n�u�m�b�e�r �p�e�r �m�i�n�u�t�e�. �T�h�e �v�a�l�u�e�s �r�e�p�r�e�s�e�n�t �t�h�e �m�e�a�n �:�t�S�E �f�o�r
�5 �e�x�p�e�r�i�m�e�n�t�S�. �S�i�g�n�i�f�i�c�a�n�t �d�i�f�f�e�r�e�n�c�e�s �f�r�o�m �t�h�e �A�D�R�-�t�r�e�a�t�e�d �g�r�o�u�p
�a�r�c �m�a�r�k�e�d �w�i�t�h �a�s�t�e�r�i�s�k�s�. �.�p�<�0�.�0�5 ’ �"�p�<�O�.�O�I

�7�5



�- 사상채짙의학회지 재 �1�3권 재 �1 호 �a�x�J�\ �-

�1�2�0

�g ω

�o
�c�o�n�t�r�o�l �A�D�R �6�0 �8�0 �1�0�0‘。

�C�o�n�c�e�n�t�r�a�t�i�o�n �o�f �C�Y�T �I�l�'�g�I�m�l�)

�F�i�g�. �8�. �D�o�s�e�-�r�e�s�p�o�n�s�e �r�e�l�a�t�i�o�n�s�h�i�p �o�f �C�Y�T �w�a�t�e�r �e�x�t�r�a�c�t
�f�o�r �S�R �i�n �c�u���u�r�e�d �m�o�u�s�e �m�y�o�c�a�r�d�i�a�l ∞ �l�i�s�.

�S�i�g�n�i�f�i�c�a�n�c �d�i�f�f�e�c�e�n�c�e �f�r�o�m �c�h�e �A�D�R�-�c�r�e�a�c�e�d �g�r�o�u�p �a�r�e �m�a�r�k�e�d �w�i�c�h
�a�s�r�e�r�i�s�k�s�. �O�c�h�e�r �l�e�g�e�n�d�s �a�r�e �c�h�e �s�a�m�e �a�s �t�a�b�l�e �8�. �.�p�<�O�.�0�5�.

�*
‘ �p�<�O�.�O�I

�N�. �F�u�r�t�h�e�r �R�e�s�e�a�r�c�h

�A�c�c�o�r�d�i�n�g �£�0 �[�D�o�n�g�y�i�-�s�o�o�s�e�-�b�o�w�o�n�] �C�Y�T �w�a�s �k�n�o�w�n

�a�s �a �r�e�m�e�d�y �f�o�r �i�n�t�e�r�i�o�r�-�o�v�e�r�h�e�a�t�e�d�-�d�i�s�e�a�s�e �o�f �t�a�e 띠�r�u�n�.

�H�o�w�e�v�e�r�, �t�h�e �b∞ �k �d�i�d �n�o�t �d�i�s�c�l�o�s�e �t�h�e �p�r�e�s�c�r�i�p�t�i�o�n �o�r

�s�y�m�p�£�O�m�s�. �O�n�e �o�f �t�h�e �r�e�c�i�p�e�s �f�o�r �t�h�e �C�Y�T �i�s �s�e�m�e�n

�n�e�l�u�m�b�i�n�i�s �w�h�i�c�h �i�s �n�o�t �a �r�e�g�u�l�a�r �f�o�r�m�u�l�a �f�o�r �t�a�u�m�i�n

�a�n�d �u�s�e�s �f�o�r �p�a�l�p�i�t�a�t�i�o�n�, �f�i�d�g�e�t�i�n�e�s�s �a�n�d �i�n�s�o�m�n�i�a�, �i�n�v�o�-

�l�u�n�t�a�r�y �e�j�a�c 띠 �a�t�i�o�n�, �l�e�u�c�o�r�r�h�e�a�.�1�3�) �I�n �a�d�d�i�t�i�o�n�, �e�i�g�h�t �o�t�h�e�r

�r�e�c�i�p�e�s �o�f �C�Y�T �s�u�c�h �a�s �r�a�d�i�x �o�p�h�i�o�p�o�g�o�n�i�s�, �r�h�i�z�o�m�a

�a�c�a�r�i �g�r�a�m�i�n�e�i�, �r�a�d�i�x �s�c�u�t�e�l�l�a�r�i�a�e�, �s�e�m�e�n �z�i�z�y�p�h�i �s�p�i�n�o�s�a�e�,

�s�e�m�e�n �b�i�o�t�a�e�, �a�r�i�l�l�u�s �l�o�n�g�a�n �a�n�d �r�a�d�i�x �p�o�l�y�g�a�l�a�e �a�r�e

�u�s�e�d �a�s �a �t�r�e�a�t�m�e�n�t �f�o�r �v�a�r�i�o�u�s �h�e�a�r�t �d�i�s�e�a�s�e�s

�W�h�i�l�e �m�a�n�y �o�t�h�e�r �s�t�u�d�i�e�s �a�r�e �r�e�p�o�r�t�e�d �i�n �h�e�a�r�t

�d�i�s�e�a�s�e�s �f�i�e�l�d�s�, �K�i�m �d�e�c�l�a�r�e�d �t�h�e �r�e�l�a�t�i�o�n�s�h�i�p �b�e�r�w�e�e�n

�t�h�e �m�y�o�c�a�r�d�i�a�l �b�l�o�o�d �a�n�d �C�Y�T�.�2�) �H�e �s�t�a�t�e�d �t�h�a�t �t�h�e

�b�e�n�e�f�i�t �o�f �C�Y�T �a�s �t�h�e �t�h�r�o�m�b�o�c�y�t�e �g�r�o�w�t�h�, �t�h�e �a�m�o�u�n�t

�o�f �f�i�b�r�i�n�o�g�e�n �i�n�c�r�e�a�s�e�, �a�n�d �t�h�e �r�e�d�u�c�t�i�o�n �o�f �p�r�o�t�h�r�o�m�b�i�n

�t�u�n�e�.

�T�h�e�r�e�f�o�r�e �t�h�i�s �p�a�p�e�r �c�o�n�s�i�d�e�r�e�d �d�i�f�f�e�r�e�n�t �p�o�i�n�t �o�f

�v�i�e�w �f�r�o�m �o�t�h�e�r �d�i�s�s�e�r�t�a�t�i�o�n�s�. �I�n �t�h�i�s �p�a�p�e�r �t�h�e �m�y�o�-

�c�a�r�d�i�a�l �c�e�l�l �w�a�s �t�r�e�a�t�e�d �i�n �t�h�e �C�Y�T �W�a�t�e�r �E�x�t�r�a�a�, �t�h�e�n

�e�x�a�m�i�n�e�d �t�h�e �p�r�o�t�e�c�t�i�o�n �o�f �C�Y�T �W�a�t�e�r �E�x�t�r�a�a �a�g�a�i�n�s�t

�t�h�e �d�a�m�a�g�e�d �m�y�o�c�a�r�d�i�a�l �c�e�l�l�.

�T�h�e �£�o�x�i�c �i�n�d�u�c�e�d �o�b�j�e�c�t�s �i�n �t�h�e �m�y�o�c�a�r�d�i�a�l �c�e�l�l�s �a�r�e

�a �h�e�a�v�y �m�e�t�a�l�, �A�D�R�, �d�i�c�h�l�o�r�o�m�e�t�h�a�n�e �a�n�d �a �c�h�e�-

�m�i�c�a�l�.�l�O�, �1�1�)
�A�D�R �i�s �t�h�e �o�n�e �o�f �a�n�t�h�r�a�c�y�c�l�i�n�e�a�n�d �o�b�t외 �n�d

�f�r�o�m �t�h�e �s�t�r�e�p�t�o�m�y�c�e�s �p�e�u�c�e�t�i�u�s �v�a�r�. �c�a�e�s�i�u�s�. �I�t �h�a�s �a

�s�a�m�e �t�o�x�i�c �i�n�f�l�u�e�n�c�e �i�n �t�h�e �m�y�o�c�a�r�d�i�a�l �c�e�l�l �s�u�c�h �a�s

�d�i�c�h�l�o�r�o�m�e�t�h�a�n�e �a�n�d �c�a따�e�s �t�h�e �h�e�a�r�t �f�a�i�l�u�r�e �a�n�d �t�h�e
�1�8�-�2�1�)

�m�y�o�c�a�r�d�i�a�l �i�n�f�r�a�c�t�i�o�n�.

�A�s �t�h�e �k�n�o�w�-�h�o�w �i�n �t�h�e �c�u�l�t�i�v�a�t�i�o�n �f�i�e�l�d�s �a�r�e

�e�s�t�a�b�l�i�s�h�e�d �i�n �m�a�n�y �a�r�e�a�s�, �n�u�m�e�r�o�u�s �d�e�s�t�r�u�c�t�i�v�e �o�r
�2�2�.�2���)

�n�o�n�t�o�x�i�c �o�b�j�e�c�t�s �a�r�e �d�i�s�c�o�v�e�r�e�d �a�n�d �e�x�p�l�o�r�e�d�:�.�'�'�'�' �A�l�s�o�,

�m�a�n�y �s�t�u�d�i�e�s �a�r�e �e�x�a�m�i�n�e�d �u�s�i�n�g �t�h�e �m�y�o�c�a�r�d�i�a�l �c�e�l�l �a�s

�a �m�o�d�e�l �o�f �v�a�r�i�o�u�s �d�i�s�e�a�s�e�s �t�o �s�e�a�r�c�h �f�o�r �m�e�c�h μ�u�s�m�,
�1�0�.�2�6�.�2�7�)

�p�r�o�c�e�s�s�, �m�e�t�h�o�d �o�f �t�r�e�a�t�m�e�n�t�.

�T�h�e�r�e�f�o�r�e �t�h�i�s �p�a�p�e�r �a�n�a�l�y�z�e�d �t�h�e �C�Y�T �W�a�t�e�r �E�x�t�r�a�c�t

�a�g�a�i�n�s�t �t�h�e �A�D�R �d�a�m�a�g�e�d �m�y�o�c�a�r�d�i�a�l �c�e�l�l�.

�F�i�r�s�t �o�f �a�l�l�, �i�t 앉 �p�o�s�e�d �t�h�e �c�u�l�t�u�r�e�d �m�o�u�s�e �m�y�o�c�a�r�d�i�a�l

�c�e�l�l �t�o �v�a�r�i�o�u�s �t�i�m�e �a�n�d �c�o�n�c�e�n�t�r�a�t�i�o�n �o�f �A�D�R�. �C�e�l�l

�v�i�a�b�i�l�i�r�y �w�a�s �m�e�a�s�u�r�e�d �b�y �M�T�f 양�s�a�y �a�n�d �N�R �a�s�s�a�y�.

�A�s �a �r�e�s�u�l�t�, �c�e�l�l �v�i�a�b�i�l�i�r�y �w�a�s �d�e�c�r�e�a�s�i�n�g �a�s �t�h�e

�c�o�n�c�e�n�t�r�a�t�i�o�n �o�f �A�D�R �a�n�d �A�D�R �i�n�c�u�b�a�t�i�o�n �t�i�m�e�s �w�e�r�e

�i�n�c�r�e�a�s�i�n�g �(�T�a�b�l�e �1�-�4�, �F�i�g�. �1�-�4�)�. �T�h�i�s �r�e�s�u�l�t �p�r�o�v�e�d

�t�h�a�t �A�D�R �i�n�d�u�c�e�d �t�h�e �c�a�r�d�i�o�t�o�x�i�c�i�r�y �t�h�a�t �r�e�p�o�r�t�e�d �i�n

�C�h�u�n�g �a�n�d �o�t�h�e π �.
�T�o �e�x�p�l�o�r�e �t�h�e �p�r�e�v�e�n�t�i�o�n �o�f �C�Y�T �i�n �A�D�R�-�i�n�d�u�c�e�d

�c�a�r�d�i�o�t�o�x�i�c�i�t�y�, �c�u�l�t�u�r�e�d �m�y�o�c�a�r�d�i�a�l �c�e�l�l�s �w�e�r�e �p�r�e �i�n�-

�c�u�b�a�t�e�d �w�i�t�h �t�h�e �c�o�n�c�e�n�t�r�a�t�i�o�n�s �o�f �0 �g�/�m�l�, �2�0 �g�/�m�l�, �4�0

�g�l�m�l�, �6�0 �g�l 찌 �, �a�n�d �8�0 밍찌 �o�f �C�Y�T �w�a�t�e�r �e�x�t�r�a�c�t �f�o�r �3

�h�o�u�r�s�, �a�n�d �t�h�e�n �e�x�p�o�s�e�d �t�o �A�D�R �f�o�r �3�6 �h�o�u�r�s�. �F�r�o�m

�t�h�e �r�e�s�u�l�t�, �L�D�H �a�c�t�i�v�i�t�y �a�n�d �h�e�a�r�t �b�e�a�t�i�n�g �r�a�t�e �w�e�r�e

�d�e�t�e�r�m�i�n�e�d�.

�L�D�H �a�c�t�i�v�i�t�y �e�x�p�e�r�i�m�e�n�t �i�n�d�i�c�a�t�e�d �t�h�e �p�r�o�p�o�r�t�i�o�n�a�l

�r�e�l�a�t�i�o�n�s�h�i�p �b�e�t�w�e�e�n �t�h�e �c�o�n�c�e�n�t�r�a�t�i�o�n �o�f �A�D�R �a�n�d

�c�a�r�d�i�o�t�o�x�i�c�i�t�y�. �A�m�o�n�g �t�h�e �r�e�s�u�l�t�s�, �A�D�R �c�o�n�c�e�n�t�r�a�t�i�o�n �o�f

�3�5 �g�l�m�l �a�n�d �5�0 �g�/�m�l �i�n�c�r�e�a�s�e�d �i�n �s�i�m�i�l�a�r �r�a�t�e �c�o�m�p�a�r�e

�£�0 �n�o�n�e �A�D�R �t�r�e�a�t�e�d �c�e�l�l�. �T�h�e �v�a�l�u�e �o�f �M�C�V �p�r�e�s�e�n�t�e�d

�d�u�r�i�n�g �3�5 �g�/�m�l �A�D�R �p�r�o�c�e�s�s �(�T�a�b�l�e �5�, �F�i�g�. �5�)�. �F�o�r

�h�e�a�r�t �b�e�a�t�i�n�g �r�a�t�e �w�h�e�n �t�h�e �c�o�n�c�e�n�t�r�a�t�i�o�n �o�f �A�D�R

�i�n�c�r�e�a�s�e�d�, �t�h�e �h�e�a�r�t �b�e�a�t�i�n�g �r�a�t�e �d�e�e�r�, 얹�s�e�d�. �S�t�a�t�i�s�t�i 때

�s�i�m�i�l�a�r�i�t�i�e�s �i�n �A�D�R �c�o�n�c�e�n�t�r�a�t�i�o�n �w�e�r�e �3�0 �g�/�m�l �a�n�d �5�0

�g�l�m�l�, �r�e�s�p�e�c�t�i�v�e�l�y�. η�I�e �v�a�l�u�e �o�f �M�C�V �p�r 얹 �n�t�e�d �d�u�r�i�n�g

�3�5 �g�/�m�l �A�D�R �p�r�o�c�e�s�s�(�T�a�b�l�e �7�, �F�i�g�. �7�)�. �T�h�e �c�o�n�c�l�u�s�i�o�n

�- �7�6�-



�- 효뺑심 외 �3�: �;톨心훌주 �i�I ���;�U�O�I �� 톨 心 �� 훌�� 에 미치는 ���. �-

�c�o�r�r�e�s�p�o�n�d�e�d �w�i�t�h �K�e�e�p�e�r
’

�s �s�t�u�d�y�2�8�) �t�h�a�t �s�t�a�t�e�d �A�D�R

�t�r�e�a�t�e�d �c�e�l�l �r�e�m�a�i�n�e�d �t�h�e �c�e�l�l �p�u�l�s�e �b�e�a�t �a�n�d �c�a�u�s�e�d �t�h�e

�e�x�p�o�s�u�r�e �o�f �L�D�H�.

�C�u�l�t�u�r�e�d �m�y�o�c�a�r�d�i�a�l �c�e�l�l�s �w�e�r�e �p�r�e�i�n�c�u�b�a�t�e�d �w�i�t�h

�v�a�r�i�o�u�s �c�o�n�c�e�n�t�r�a�t�i�o�n�s �o�f �C�Y�T �w�a�t�e�r �e�X�t�r�a�c�t�; �t�h�e �r�e�s�u�l�t

�w�a�s �L�D�H �a�c�t�i�v�i�t�y �d�i�m�i�n�i�s�h�i�n�g�; �s�p�e�c�i�f�i�c�a�l�l�y�, �t�h�e �c�e�l�l �t�h�a�t

�t�r�e�a�t�e�d �i�n �6�0 �g�l�m�l 삐 �d �8�0 �g�l�m�! �C�Y�T �r�e�v�e�a�l�s �s�i�m�i�l�a�r

�d�e�c�r�e�a�s�i�n�g �e�f�f�e�c�t �c�o�m�p�a�r�e �t�o �t�h�e �c�e�l�l �t�h�a�t �o�n�l�y �t�r�e�a�r�e�d

�i�n �A�D�R �(�T�a�b�l�e �6�, �F�i�g�. �6�)�. �I�n �a�d�d�i�t�i�o�n�, �h�e�a�r�t�-�b�e�a�t�i�n�g

�r�a�t�e �t�h�a�t �e�x�p�o�s�e�d �t�o �A�D�R �w�a�s �i�n�c�r�e�a�s�i�n�g �a�s �t�h�e �c�o�n�-

�c�e�n�t�r�a�t�i�o�n �w�a�s �i�n�c�r�e�a�s�i�n�g�; �s�t�a�t�i�s�t�i�c�a�l�l�y �6�0 �g�l�m�! �a�n�d �8�0

�g�l�m�! �s�h�o�w�e�d �s�i�m�i�l�a�r �i�n�c�r�e�a�s�i�n�g �e�f�f�e�c�t �(�T�a�b�l�e �8�, �F�i�g�. �8�)�.

�T�h�e �c�o�n�c�l�u�s�i�o�n �d�e�m�o�n�s�t�r�a�t�e�s �C�Y�T �W�a�t�e�r �E�x�t�r�a�c�t �h�a�s

�t�h�e �p�r�e�v�e�n�t�i�v�e �e�f�f농 �c�t �o�f �A�D�R�-�i�n�d�u�c�e�d �c�a�r 이 �O�C�O�X�l�C�l�t�y

�c�a�u�s�e�d �b�y �L�D�H �a�c�t�i�v�i η �a�n�d �h�e�a�r�t �b�e�a�t�i�n�g�. �B�a�s�e�d �o�n

�e�m�p�i�r�i�c�a�l �s�t�u�d�y �i�n �t�h�i�s �p�a�p�e�r�, �i�t �i�s �c�l�e�a�r �t�h�a�t �t�h�e �C�Y�T

�W�a�t�e�r �E�x�t�r�a�c�t �i�s �e�f�f�e�c�t�i�v�e �r�e�m�e�d�y �f�o�r �t�h�e �h�e�a�r�t �d�i�s�e�a�s�e
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