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�FFHSWHG������SULO�����

3XEOLVKHG�2QOLQH������SULO������

2EMHFWLYH��7R�GHWHUPLQH�WKH�VORZ�UHOHDVH�HIIHFW�RI�6RUDIHQLE�FDUULHG�EHDGV�

DQG�LWV�LPSDFW�RQ�WKH�QRUPDO�OLYHU�RI�GRJV��0DWHULDOV�DQG�0HWKRGV������

7R�REWDLQ�WKH�PD[LPDO�GUXJ�FDUU�LQJ�RI�EHDGV��GLIIHUHQW� VL]HV�RI�EHDGV�

(300-500�μm�and�500-700�μm)�were�tried.�Five�bottles�of�different�sizes�

RI�EHDGV�ZHUH�DGGHG�LQWR�����VROXWLRQ�RI�6RUDIHQLG�DOFRKRO�ZLWK�GLIIHUHQW�

FRQFHQWUDWLRQV��%RWWOH�D���PJ���PO��%RWWOH�E�����PJ���PO��%RWWOH�F������

PJ���PO��%RWWOH�G�����PJ���P��%RWWOH�H�����PJ���PO������,Q�YLYR�VWXG���

���GRJV�ZHUH� UDQGRPO��GLYLGHG� LQWR� IRXU�JURXSV� >JURXS����6RUDIHQLE�

carried�bead�(500-700μm);�group�B,�only�bead�(300-500μm)�;�group�C,�

/LSLRGRO�VRUDIHQLE�DQG�IRXU�GRJV�LQ�HDFK�JURXS��(DFK�JURXS�ZDV�WUHDWHG�

ZLWK�7�(�ZLWK�HPXOVLRQ�PHQWLRQHG�DERYH��6RUDIHQLE�FRQFHQWUDWLRQ�LQ�

SODVPD�DQG�OLYHU�WLVVXH�ZDV�GHWHUPLQHG�ZLWK�+3/&�UHVSHFWLYHO���5HVXOW��

����,Q�YLWUR�UHVHDUFK��6RUDIHQLE�FDQ�EH�GLVVROYHG�LQWR�����DOFRKRO�DQG�WKH�
EHVW�FRQFHQWUDWLRQ�IRU�GUXJ�FDUU�LQJ�ZDV����PJ���PO������,Q�YLYR�VWXG���

�&RPSDUHG�ZLWK�JURXS�'��WKH�&PD[�DQG��8&�LQ�SODVPD�LQ�JURXS���DQG�

B�has�a�signi�cant�statistics�difference(p<0.05).�6RUDIHQLE�FRQFHQWUD�

WLRQ�LQ�OLYHU�WLVVXH�FRXOG�EH�GHWHUPLQHG�LQ�JURXS���LQ�WKH��UG�GD��DQG�HYHQ�

DIWHU�RQH�ZHHN�ZKLOH�LW�FRXOG�QRW�EH�GHWHUPLQHG�LQ�JURXS�'���RQFOXVLRQ��

6RUDIHQLE�FDQ�EH�FDUULHG�LQ�'&�%HDG�LQ�D�FHUWDLQ�FRQGLWLRQ��&RPSDUHG�ZLWK�

emulsion�with�Sorafenib�and�lipiodol,�DC-bead�has�a�de�nite�slow-release�

IXQFWLRQ�DQG�LW�LV�VXSHULRU�WR�OLSLRGRO��

.H�ZRUG��

6RUDIHQLE

7UDQVFDWKHWHU�DUWHULDO�HPEROL]DWLRQ
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���,QWURGXFWLRQ

7
UDQVFDWKHWHU�DUWHULDO�FKHPRHPEROL]DWLRQ� �7�&(��

is�the��rst�choice�for�the�treatment�of�unresectable�

SULPDU��OLYHU�FDQFHU�DQG�D�PLQLPDOO��LQYDVLYH�LQWHU�

YHQWLRQDO�WUHDWPHQW�WHFKQRORJ��LQMHFWLQJ�WKH�FKHPRWKHUD�

SHXWLF�GUXJ�OLSLRGRO�HPXOVLRQ�DQG�HPEROL]DWLRQ�LQDFWLYDWLRQ�

WXPRU�WLVVXH�LQWR�WKH�ORFDO�WXPRU�VXSSO�LQJ�DUWHU��WKURXJK�

WKH�FDWKHWHU�JXLGHG�E��DQJLRJUDSK��DQG�RWKHU�LPDJLQJ�GH�

YLFHV��+RZHYHU�� WKHUH�DUH�PDQ��VKRUWFRPLQJV�LQ�XVLQJ�OLS�

LRGRO�DV�FDUULHU� >������XQFRQWUROODELOLW��DQG�LQVWDELOLW���7KHUH�

IRUH��D�QHZ�GUXJ�FDUULHU�LV�XUJHQWO��QHHGHG�VR�DV�WR�HQKDQFH�

WKH�VXVWDLQHG�UHOHDVH�FDSDELOLW��RI�6RUDIHQLE�DQG�LPSURYH�

WKH�FDSDELOLW��RI�WXPRU�LQKLELWLRQ�DQG�DQJLRJHQHVLV�

7KH�HPHUJHQFH�RI�QHZ�'&�EHDG�SURYLGHV�XV�ZLWK�QHZ�

KRSH��'&�EHDG�LV�D�NLQG�RI�GUXJ�HPEROLVP�EHDG�ZLWK�VXO�
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IRQDWH��QHJDWLYH�FKDUJH�LQ�VROXWLRQ��V�QWKHVL]HG�E��1�)LO�

SURFHVV�EDVHG�RQ�39��SDUWLFOHV>������7KURXJK�LRQ�H[FKDQJH�

PHFKDQLVP��WKH�QHZ�FDUULHG�'&�EHDG�FDQ�DEVRUE�DQG�UH�

OHDVH�FKHPRWKHUDSHXWLF�GUXJV�FRQWLQXRXVO��DQG�DW� D�KLJK�

FRQFHQWUDWLRQ��VR�DV�WR�NLOO� WXPRU�WLVVXHV�DQG�UHGXFH�WKH�

WR[LFLW��WR�QRUPDO�WLVVXHV�

%DVHG�RQ�WKH�DERYH�SULQFLSOHV��ZH�KDYH�FDUULHG�RXW�DQ�

H[SORUDWRU��H[SHULPHQWDO�UHVHDUFK�RI�6RUDIHQLE��GR[RUX�

ELFLQFDUULHG�'&�EHDG��WROXHQH�VXOIRQDWH��,W�ZDV�IRXQG�WKDW�

'&�EHDG�KDV�WKH�PHFKDQLVP�RI�LRQ�H[FKDQJH�RI�6RUDIHQLE�

SRZGHU��7KH�VWUXFWXUH�RI�WROXHQHVXOIRQLF�DFLG�6RUDIHQLE�LV�

FRPSRVHG�RI�WROXHQHVXOIRQLF�DFLG�DQG�6RUDIHQLE��7ROXHQH�

VXOIRQLF�DFLG��ZLWK�DFLG�JURXS��SOD�V�WKH�UROH�RI�PDWHUL�

DO� VWDELOLW���6RUDIHQLE�ZLWK�EDVLF�JURXS��,Q� WKH�VROXWLRQ��

WROXHQH�VXOIRQLF�DFLG�DQG�6RUDIHQLE�H[LVW� LQ� WKH�IRUP�RI�

VDOW�� WROXHQH�VXOIRQLF�DFLG��62�����KDV�QHJDWLYH�FKDUJH��

6RUDIHQLE� �1+����KDV�SRVLWLYH�FKDUJH��,W�KDV�WKH�EDVH�RI�

LRQ�H[FKDQJH�ZLWK�'& %HDG��62������7KH�SXUSRVH�RI�

WKLV�VWXG��LV�WR�GHPRQVWUDWH�WKH�IHDVLELOLW��RI�'& EHDG�

FDUU�LQJ�6RUDIHQLE�SRZGHU��LQYHVWLJDWH�LWV�VORZ�UHOHDVH�HI�

IHFW� LQ�YLYR��HYDOXDWH�LWV�HIIHFW�RQ�QRUPDO�OLYHU�WLVVXH�DQG�

SURYLGH�H[SHULPHQWDO�SDUDPHWHUV�IRU�FOLQLFDO�DSSOLFDWLRQ�

���0DWHULDOV�DQG�0HWKRGV

����0DWHULDOV

�������QLPDOV

���KHDOWK��PRQJUHOV����PDOHV�DQG���IHPDOHV��ZLWK�ZHLJKV�

RI������NJ�DQG�SURYLGHG�E��([SHULPHQWDO��QLPDO�&HQWHU�

RI�3/��*HQHUDO�+RVSLWDO��7KH�DQLPDO�H[SHULPHQW�ZDV�

DSSURYHG�E��WKH��QLPDO�0DQDJHPHQW�&RPPLWWHH�RI�3/��

*HQHUDO�+RVSLWDO�

������'UXJ

%LRORJLFDO�WDUJHW�SUHSDUDWLRQ���6RUDIHQLE�SRZGHU��7KH�WDE�

let�is�provided�by�Bayer�free�of�charge�and�re�ned�by�the�

ELRFKHPLFDO� URRP�RI� WKH��FDGHP��RI�0LOLWDU��0HGLFDO�

6FLHQFHV�

���0HWKRGV

����,Q��LWUR�3UH�(�SHULPHQW��WR�2EVHUYH�:KHWK�
HU� '�� �%HDG��DV� WKH� )XQFWLRQ� RI��DUU�LQJ�
6RUDIHQLE

������'LVVROYLQJ�6RUDIHQLE�3RZGHU�,Q�����(WKDQRO

�GG�UDZ�6RUDIHQLE�SRZGHU�����PJ��LQWR��PO�VROXWLRQ�RI�

����HWKDQRO� IRU�FRQWLQXRXV�XOWUDVRQLF�YLEUDWLRQ��7KHQ�

REVHUYH�WKH�IRUP�RI�6RODIHQLE�SRZGHU�LQ�HWKDQRO�VROXWLRQ�

DW�GLIIHUHQW�WLPH�SRLQWV��VXFK�DV���PLQ���K���K���DQG�MXGJH�

ZKHWKHU�LW�LV�FRPSOHWHO��GLVVROYHG�LQ�HWKDQRO�VROXWLRQ��,I�LW�

KDV�EHHQ�FRPSOHWHO��GLVVROYHG��ZH�FDQ�JUDGXDOO��LQFUHDVH�

��PJ�SHU�WLPH�RI�6RODIHQLE�SRZGHU�RQ�WKLV�EDVLV��DQG�FDU�

U��RXW�FRQWLQXRXV�XOWUDVRQLF�YLEUDWLRQ��,I�LW�FDQ�W�EH�FRP�

SOHWHO��GLVVROYHG��DGG��PO�SHU�WLPH�RI�HWKDQRO�VROXWLRQ�

ZLWK�WKH�VDPH�DPRXQW�RI�6RUDIHQLE��LQFUHDVH�JUDGXDOO���

DQG�FRQWLQXH�WR�FDUU��RXW�XOWUDVRQLF�YLEUDWLRQ�

�FFRUGLQJ� WR� WKH� SUH�H[SHULPHQW��GLVVROYH� ����PJ�

6RUDIHQLE�SRZGHU�LQ�����HWKDQRO�� DQG���PO�HWKDQRO� LV�

QHHGHG��7KH� VROXELOLW�� LV�&� �������� ��PJ�PO���1RWH��

7KLV�LV�WKH�PD[LPXP�GLVVROYHG�FRQFHQWUDWLRQ��

�������GVRUELQJ�6RUDIHQLE�ZLWK�'��EHDG������
���XP�

)LOWHU� WKH�'&�EHDG�VROXWLRQ� WKURXJK�VWHULOH� ILOWHU�SDSHU��

�lter�out�the�supernatant�of�DC-bead,�put�the�DC-bead�on�

WKH�ILOWHU�SDSHU� LQWR�WKH�SUHSDUHG�VRUDIHQLE�����HWKDQRO�

VROXWLRQ��DQG�SODFH�WKHP�LQ�D���&�UHIULJHUDWRU�IRU�IXOO�PL[�

LQJ��KRPRJHQL]DWLRQ�DQG�VWDQGLQJ�IRU���K�

������'HWHUPLQLQJ�6RUDIHQLE��RQFHQWUDWLRQ�E��
�3����QDO�VLV

+3/&�DQDO�VLV�FRQGLWLRQV��SKHQRPHQH[�&�� FROXPQ�

(5μ,�261mmx4.6mmx5um);�mobile�phase:�triethylamine�

SKRVSKDWH�EXIIHU�����PO�RI�XOWUD�SXUH�ZDWHU�SOXV���PO�RI�

WULHWK�ODPLQH��DGMXVW�S+�WR�����ZLWK�SKRVSKRULF�DFLG���DFH�

WRQLWULOH� ��������IORZ�UDWH�����P��PLQ��GHWHFWLRQ�ZDYH�

OHQJWK�����QP��FROXPQ�WHPSHUDWXUH�����&�

������'HWHUPLQLQJ�WKH�UHVLGXDO�'UXJ��RQFHQWUD�
WLRQ�RI�'��%HDG

)LUVWO���SUHSDUH�VWDQGDUG�VROXWLRQ��DQG�REWDLQ�&;� �&5[�;�

��5��LQ�ZKLFK�VWDQGDUG�&5� �����PJ�PO���U� �����������

ZKLFK�LV�WKH�SHDN�DUHD�RI�VWDQGDUG���FFRUGLQJ�WR�WKH�SHDN�

DUHD�RI�WKH�VDPSOH�DQG� WKH�IRUPXOD��REWDLQ� WKH�FRQFHQ�

WUDWLRQ�RI�WKH� VDPSOH� LV������PJ�PO��'HWHUPLQH�WKH�FRQ�

WHQW�RI�6RUDIHQLE� LQ�WKH�UHVLGXDO�VROXWLRQ�DV�0�UHVLGXH� �

����PJ���IWHU����KRXUV�RI�VWDQGLQJ��WKH�SHUFHQWDJH�RI�'&�

EHDU�ZLWK�D�GLDPHWHU�RI��������XP�ZLOO�EH�'&�� ��0�

WRWDO�±0�UHVLGXH�� ��0�VDPSOH�WRWDO� � ����������������� �

������

����,Q��LWUR�(�SHULPHQW

������3XUSRVH

7R�LQYHVWLJDWH�WKH�FKDUDFWHULVWLFV�RI�6RUDIHQLE�DGVRUEHG�

E��'&�EHDG�ZLWK�GLIIHUHQW�SDUWLFOH�VL]HV��REWDLQ�WKH�PD[�

LPXP�FDUU�LQJ�TXDQWLW�� DQG�WKH�EHVW�FDUU�LQJ�FRQFHQWUD�

WLRQ��DQG�LPSURYH�WKH�H[SHULPHQWDO�SDUDPHWHUV�IRU�LQ�YLYR�

H[SHULPHQWV�



��

�������������������������������������������������������VV������������������

��V������������������D�����������V������V�����

������(�SHULPHQWDO�'HVLJQ

6HOHFW���ERWWOHV�RI�'&�EHDG�SDUWLFOHV�RI�GLIIHUHQW�VL]HV������

���XP�DQG��������XP��DQG�SXW�WKHP�LQWR�WKH�6RODIHQL�HWK�

DQRO�VROXWLRQ�ZLWK�GLIIHUHQW�FRQFHQWUDWLRQV��D����PJ���PO��

E�� ���PJ���PO�� F�� ���PJ���PO�� G�� ���PJ���PO�� H��

���PJ���PO��&RPSDUH�WKH�6RUDIHQLE�FRQWHQW�LQ�GLIIHUHQW�

FRQFHQWUDWLRQV��H�J��D�DQG�E��DQG�WKH�VDPH�FRQFHQWUDWLRQ��D�

DQG�F���DQ�REWDLQ�WKH�PD[LPXP�FDUU�LQJ�TXDQWLW��RI�'&�

EHDG�RI�GLIIHUHQW�SDUWLFOH�VL]HV��VR�DV�WR�SURYLGH�H[SHULPHQ�

WDO�EDVLV� IRU�FOLQLFDO�DSSOLFDWLRQ��,Q� WKLV�H[SHULPHQW�� WKH�

PD[LPXP�GLVVROYHG�FRQFHQWUDWLRQ�����PJ���PO��RI�����

���XP�'&�EHDG�LV�WDNHQ�DV�WKH�UHIHUHQFH�REMHFW�

������7KH��DUU�LQJ�3URFHGXUHV�RI�'LIIHUHQW�6L�HV�
RI�'��%HDG�DQG�6RUDIHQLE�3RZGHU��UH�6KRZQ�LQ�
WKH��LWUR�3UH�(�SHULPHQW�6WHSV

����,Q��LYR�(�SHULPHQW

������(�SHULPHQWDO�'HVLJQ�

6HOHFW����PRQJUHOV�ZLWK�D�ZHLJKW�RI������NJ�LQFOXGLQJ���

IHPDOHV�DQG���PDOHV��DQG�UDQGRPO��GLYLGH�WKHP�LQWR�WKUHH�

JURXSV�DFFRUGLQJ�WR�WKH�UDQGRP�QXPEHU�PHWKRG�ZLWK�IRXU�

HDFK�JURXS��UHVSHFWLYHO���JURXS����'&�EHDG���������XP��

��6RUDIHQLE�JURXS��JURXS�%��'&�EHDG���������XP��JURXS��

DQG�JURXS�&��OLSLRGRO�6RUDIHQLE�JURXS��&RQGXFW�WUDQVFDWKHWHU�

HPEROL]DWLRQ�RI�WKH�ULJKW�EUDQFK�RI�WKH�KHSDWLF�DUWHU���RE�

VHUYH�WKH�FKDQJHV�RI�OLYHU�IXQFWLRQ�EHWZHHQ�SUH�HPEROL]DWLRQ�

DQG�SRVW��HPEROL]DWLRQ���GD�V����ZHHN����ZHHNV�DQG���ZHHNV�

DIWHU�HPEROL]DWLRQ��2EVHUYH�WKH�GUXJ�FRQFHQWUDWLRQ�LQ�SHULSK�

HUDO�EORRG�DW���PLQ����PLQ���K���K����K���GD����GD�V���GD�V��

�GD�V����GD�V�DQG���GD�V�DIWHU�RSHUDWLRQ��.LOO� WKH�DQLPDOV�

LQ�WKH�WKUHH�JURXSV�DW���GD�V����ZHHN����ZHHNV�DQG���ZHHNV�

DIWHU�RSHUDWLRQ�UHVSHFWLYHO���DQG�PHDVXUH�WKH�ORFDO�6RUDIHQLE�

FRQFHQWUDWLRQ�RI�OLYHU�WLVVXH�DIWHU�WUHDWPHQW�

�������HSDWLF��UWHU��,QWXEDWLRQ�7HFKQRORJ���)LJ�
XUH������������

After�intravenous�anesthesia,��x�an�experimental�dog�in�

WKH�FHQWHU�RI�WKH�ODUJH�DQLPDO�SODWH�DJDLQVW�LWV�EDFN��SUH�

SDUH� VNLQ�IRU� WKH� ULJKW�JURLQ��GLVLQIHFW�DQG�FRYHU�ZLWK�D�

WRZHO��H[SRVH�WKH�ULJKW�IHPRUDO�DUWHU���SXQFWXUH�WKH�IHP�

RUDO�DUWHU��ZLWK�D���J�PLFUR�SXQFWXUH�QHHGOH�XQGHU�WKH�

GLUHFW�YLVLRQ��LQWURGXFH�D�VXSSRUWLQJ��I�VRIW�VKHDWK��PLFUR�

SXQFWXUH�V�VWHP��D�SURGXFW�RI��PHULFDQ�&22.���DQG�LQ�

VHUW�D��I�DUWHULDO�VKHDWK����FP��7HUXPR�&RUS���-DSDQ���8Q�

der��uoroscopy,�insert�a�4F�RH�catheter� (Terumo�Corp.,�

-DSDQ��RU�D�FREUD�FDWKHWHU��FRUGLV�&RUS��86���LQWR�WKH�FH�

OLDF�DUWHU��IRU�URXWLQH�&HOLDF��UWHULRJUDSK���7KH�FRQWUDVW�

PHGLXP�XVHG�IRU�FRQWUDVW� LV�(XYLVP�����PJL���PO��ZLWK�

WKH�SDUDPHWHUV�RI��PO�V��WKH�WRWDO�YROXPH�RI���PO��DQG�WKH�

SUHVVXUH�RI����36,���IWHU�DQJLRJUDSK�� �,1129��������

*(��86���LV�SHUIRUPHG�WR�GHWHUPLQH�WKH�DQDWRPLF�GHWDLOV�

RI�WKH�KHSDWLF�DUWHU��� LQVHUW�D��)�PLFURFDWKHWHU��SURJUHVV��

7HUXPR�&RUS���-DSDQ��VHOHFWLYHO�� LQWR�WKH�ULJKW�EUDQFK�RI�

WKH�KHSDWLF�DUWHU���DQG�WKHQ�LQMHFW�OLSLRGRO�6RODIHQLE�HPXO�

VLRQ����PJ����PO�OLSLRGRO���'&�EHDG�6RODIHQLE�PLFUREDOO�

DQG�'&�EHDG�EHDGV���PRQJ�WKHP��'&�EHDG�6RUDIHQLE�LV�

FDUULHG�ZLWK�6RUDIHQLE��HWKDQRO�����PJ���PO���ZKLFK�FDQ�

PDNH�WKH�FDUU�LQJ�TXDQWLW��RI�GLIIHUHQW�VL]H�SDUWLFOHV�EDVL�

FDOO��HTXDO��H�J�����������J��DQG�UHGXFH�XQQHFHVVDU��ZDVWH�

RI�6RUDIHQLE��7KH�HQG�SRLQW�RI�LQWHUYHQWLRQDO�HPEROL]DWLRQ�

ZLOO�EH�PDUNHG�E��WKH�SUHVHQFH�RI�FRQWUDVW�UHWHQWLRQ�XQGHU�

�uoroscopy.�The�actual�dosage�of�experimental�animals�in�

JURXS���DQG�JURXS�&�LV����������“��������%��������“�������

DQG�'����“��������3� ��������!������

5HPRYH�WKH�FDWKHWHU�DQG�VKHDWK��OLJDWH� WKH�ULJKW�IHPR�

UDO�DUWHU��DQG�VXWXUH�WKH�VNLQ�DIWHU�WKH�RSHUDWLRQ��.HHS�LQ�

MHFWLQJ�WKH�JHQWDPLFLQ��������XQLWV�SHU�.J�RI�ERG��ZHLJKW�

IRU���GD�V�

)LJXUH���&DQLQH�&HOLDF��UWHULRJUDSK��6KRZ��SURSHU�
hepatic�artery�(→)�and�right�hepatic�artery�(↑)�and�left�

hepatic�artery�(←).

)LJXUH�����QJLRJUDSK��RI�WKH�FDQLQH�FHOLDF�DUWHU��VKRZ��
development�of�the�trunk�(←)�and�left�branch�(←)�and�

right�branch�(→)�in�the�portal�vein�phase.

'2,��KWWSV���GRL�RUJ����������MDPV�Y�L������
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)LJXUH����6XSHUVHOHFWLYH�ULJKW�KHSDWLF�DUWHU��HPEROL]DWLRQ�
with�DC-bead--�Sorafenib�(←).

)LJXUH����7KH�YLVLEOH�GHSRVLWLRQ�RI�HPEROLVP�LQ�WKH�ULJKW�
lobe�of�the�liver�(←)�after�embolization�of�the�right�hepat�

LF�DUWHU��

�������ROOHFWLRQ�RI�6DPSOHV

2EVHUYH� WKH�SHULSKHUDO�EORRG�GUXJ�FRQFHQWUDWLRQ�RI�H[�

SHULPHQWDO�DQLPDOV�LQ�GLIIHUHQW�SHULRGV�RI���KRXU��EHIRUH�

DGPLQLVWUDWLRQ��DQG���PLQ����PLQ���K���K����K���GD���

�GD�V���GD�V���GD�V����GD�V�����GD�V�DIWHU�RSHUDWLRQ��&RO�

OHFW�EORRG�VDPSOHV��GHWHUPLQH�WKH�SODVPD�FRQFHQWUDWLRQ�RI�

6RUDIHQLE�E��+3/&�DQG�LQYHVWLJDWH�WKH�VXVWDLQHG�UHOHDVH�

HIIHFW�RI�ORFDO�DGPLQLVWUDWLRQ

������'HWHFWLRQ�RI�6DPSOHV

'HWHUPLQH�WKH�FRQFHQWUDWLRQ�RI�6RUDIHQLE� LQ�GRJ�SODVPD�

DQG�WLVVXHV�E��+3/&�DQDO�VLV��7KLV�SDUW�ZLOO�EH�FRPSOHWHG�

ZLWK�WKH�DVVLVWDQFH�RI�3KDUPDFRORJ��5HVHDUFK�2IILFH�RI�

3/��*HQHUDO�+RVSLWDO�

�+3/&�DQDO�VLV�FROXPQ��FKURPDWRJUDSKLF�FROXPQ��

C18�column�(10μ,�250�x�4.0mm);�mobile�phase:�heavy�

distilled�water,�water:�methanol�=�30:70;��ow�rate:�0.8m1/

PLQ��GHWHFWLRQ�ZDYHOHQJWK�����QP��FROXPQ�WHPSHUDWXUH��

URRP�WHPSHUDWXUH�

�3UHSDUDWLRQ�RI�VROXWLRQ�

D��6WDQGDUG�VROXWLRQ��DFFXUDWHO��PHDVXUH��PJ�RI�FLVSOD�

WLQ��DGG�QRUPDO�VDOLQH�WR�GLOXWH�WR�����PO��DQG�SUHSDUH�D�

standard�solution�with�a�concentration�of�5μ�g/ml.

E��1D2+�VROXWLRQ��DFFXUDWHO��PHDVXUH��*�RI�VRGLXP�

K�GUR[LGH�� DGG�GLVWLOOHG�ZDWHU�WR�GLVVROYH�DQG�GLOXWH� WR�

���PO��DQG�SUHSDUH����PRO�O�1D2+�VROXWLRQ�

F��''7&�VROXWLRQ��DFFXUDWHO��PHDVXUH����J�RI�''7&��

clean�with�5ml�of�ether,�dry�with�nitrogen��ow,�add�10ml�

RI����PRO�O� VRGLXP�K�GUR[LGH�VROXWLRQ� WR�GLVVROYH��DQG�

SUHSDUH����''7&�VROXWLRQ�

G��3UHSDUDWLRQ�RI�1D�&2��VROXWLRQ��DFFXUDWHO��PHDVXUH�

�J��DGG�XOWUD�SXUH�ZDWHU� WR�GLVVROYH�DQG�GLOXWH�WR����PO��

DQG�SUHSDUH����PJ�PO�VROXWLRQ�

H��3UHSDUDWLRQ�RI�1L&O� VROXWLRQ��DFFXUDWHO��PHDVXUH�

��PJ�RI�1L&O��GLVVROYH� LW�ZLWK�KHDY��GLVWLOOHG�ZDWHU�DQG�

GLOXWH�LW�WR����PO�WR�SUHSDUH�D�VROXWLRQ�RI����PJ�PO�

0HWKRGV�

D��3URFHVVLQJ�RI�SODVPD�VDPSOH�����PO�RI�SODVPD�����PO�

of�0.5%�sodium�carbonate�solution,�100�μl�of� internal�

standard�nickel�chloride� solution,�and�400μl�of�freshly�

SUHSDUHG����''7&�VROXWLRQ��.HHS�YRUWH[�RVFLOODWLRQ�IRU�

��V�DQG����&�ZDWHU� IRU���PLQ� �FRPSOH[DWLRQ� UHDFWLRQ���

DQG�FRRO�GRZQ�WR� URRP�WHPSHUDWXUH��([WUDFW� WKH�UHDFWLRQ�

VROXWLRQ�ZLWK��PO�RI�HWKHU��NHHS�YRUWH[�RVFLOODWLRQ� IRU���

PLQ�������5���PLQ��DQG�FHQWULIXJDWLRQ�IRU���PLQ��DQG�WKHQ�

H[WUDFW� WKH�HWKHU�OD�HU��9RODWLOL]H�LQ����&�ZDWHU��GLVVROYH�

the�residue�in�200μ�l�chloroform�and�take�10μ�l�sample.

E��7LVVXH�VDPSOH�SURFHVVLQJ��ZDVK�WKH�WLVVXH�ZLWK�QRU�

PDO�VDOLQH�DQG�FXW�LW�LQWR�SLHFHV���FFXUDWHO��PHDVXUH����J�

(wet�weight�tissue).�Add�100μl�of�internal�standard�NiCl�

VROXWLRQ�DQG��PO�RI�QRUPDO�VDOLQH��FXW�WKHP�LQWR�SLHFHV��

KRPRJHQL]H�LQ�JODVV�KRPRJHQL]HU�IRU���PLQ��ZDVK�WKH�KR�

PRJHQL]HU�ZLWK�DERXW��PO�RI�ZDWHU��DQG�FROOHFW�DERXW��PO�

RI�KRPRJHQL]HU��7DNH��PO�RI�VOXUU���NHHS�����5���PLQ�DQG�

FHQWULIXJDWLRQ�IRU��PLQ�� WDNH� VXSHUQDWDQW��DQG�DGG�����

μ�l�of�5%�DDTC�solution�freshly�prepared.�Keep�vortex�

RVFLOODWLRQ�IRU���V�����&�ZDWHU� IRU���PLQ��FRPSOH[DWLRQ�

UHDFWLRQ���DQG�FRRO�GRZQ�WR�URRP�WHPSHUDWXUH��([WUDFW�WKH�

UHDFWLRQ�VROXWLRQ�ZLWK���PO�RI�HWKHU��NHHS�YRUWH[�RVFLOOD�

WLRQ�IRU���PLQ�������5���PLQ��DQG�FHQWULIXJDWLRQ�IRU���PLQ��

and�extract� the�ether�layer.�Dissolve�the�residue�in�200μl�

chloroform�and�take�10μl�sample.

�/LQHDU�UHODWLRQVKLS�WHVW�

7DNH�D�SURSHU�DPRXQW�RI�VROXWLRQ�XQGHU�� D���DGG�

QRUPDO�VDOLQH�WR�GLOXWH�LW� LQWR� VWDQGDUG�ZRUNLQJ�VROXWLRQ�

RI�GLIIHUHQW�FRQFHQWUDWLRQV��SURFHVV� LW�DFFRUGLQJ� WR� WKH�

PHWKRG�XQGHU�� E���TXDQWLWDWH�LW�ZLWK�LQWHUQDO�VWDQGDUG�

method,�inject�10μl�in�turn,�conduct�regression�analysis�on�

FRUUHVSRQGLQJ�FRQWHQW��;��ZLWK�SHDN�DUHD��<���DQG�REWDLQ�

'2,��KWWSV���GRL�RUJ����������MDPV�Y�L������
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WKH�UHJUHVVLRQ�HTXDWLRQ��<� �������;������� U �������

DQG� WKH� UHJUHVVLRQ�HTXDWLRQ�RI� WLVVXH�FRQFHQWUDWLRQ��<� �

������; ������ U �������� VKRZLQJ� WKH�ORZHVW�

concentration�of�Sorafenib�in�plasma�and�tissue��is�0.1μg/

PO��,Q�WKLV�H[SHULPHQW��LW� LV�GHWHUPLQHG�WKDW�WKH�OLQHDU�UH�

lationship�of�Sorafenib�is�good�in�the�range�of�0.1-10�μ�g�/�

PO�

������2EVHUYDWLRQ�RI�2WKHU�,QGH�HV�DIWHU�2SHUD�
WLRQ

2EVHUYH�OLYHU�IXQFWLRQ�FKDQJHV�EHWZHHQ�SUH�HPER�

OL]DWLRQ�DQG�SRVW�HPEROL]DWLRQ�DW���GD�V����ZHHN����ZHHNV��

��ZHHNV�DQG���ZHHNV�DIWHU�RSHUDWLRQ�

8VH�GHHS�DQHVWKHVLD�WR�NLOO�WKH�H[SHULPHQWDO�DQLPDOV�

DW�UHJXODU�LQWHUYDOV�������������ZHHNV�DIWHU� WKH�RSHUDWLRQ���

WDNH�RXW�WKH�OLYHU�WLVVXH��VRDN�DQG�IL[�WKH�QRUPDO� WLVVXH�

DQG�QHFURWLF�WLVVXH�ZLWK�IRUPDOLQ�VROXWLRQ��HPEHG�WKHP�LQ�

paraf�n,�make�5um�sections,�and�make�HE�staining.�Ob�

VHUYH�WKH�SDWKRORJLFDO�FKDQJHV�RI�OLYHU�WLVVXH�LQ�GLIIHUHQW�

SHULRGV��ZKLFK�ZLOO�EH�FRPSOHWHG�ZLWK�WKH�DVVLVWDQFH�RI�

WKH�SDWKRORJ��GHSDUWPHQW�RI�3/��*HQHUDO�+RVSLWDO�

6WDWLVWLFDO�SURFHVVLQJ��DGRSW�&+,66�VWDWLVWLFDO�VRIW�

ZDUH��H[SUHVV�DOO�PHDVXUHG�E��[�“�V��FRPSDUH�LQWHU�JURXQG�

GDWD�JURXS�W�LQVSHFWLRQ�RU�YDULDQFH�DQDO�VLV��)�LQVSHFWLRQ���

DQG�W��WHVW�ZLOO�EH�XVHG�ZKHQ�WKH�LQWHU�JURXS�YDULDQFH�LV�

QRW�XQLIRUP�RU�GRHV�QRW�FRQIRUP�WR�QRUPDO�GLVWULEXWLRQ�

���5HVXOWV

�����KDUDFWHULVWLFV�RI�6RUDIHQLE��DUULHG�E��'��
EHDG

,W�LV�IRXQG�WKDW�VRUDIHQLE�WROXHQH�VXOIRQDWH�LV�QRW��RU�H[�

tremely�dif�cult)�directly�soluble� in�aqueous�solution,�so�

LRQ�H[FKDQJH�FDQQRW�EH�FRPSOHWHG�XQGHU�WKLV�FRQGLWLRQ��

+RZHYHU��LW�KDV�FHUWDLQ�VROXELOLW��LQ�����HWKDQRO�VROXWLRQ��

WKXV�FUHDWLQJ�FRQGLWLRQV�IRU�LRQ�H[FKDQJH

,W�FDQ�EH�VHHQ�IURP�7DEOH���WKDW�XQGHU�WKH�VDPH�WLPH�

DQG�WKH�PD[LPXP�FDUU�LQJ�FRQFHQWUDWLRQ�� WKH�FDUU�LQJ�

RI�'&�EHDG�ZLWK�ODUJH�SDUWLFOHV���������XP�� LV������“�

����PJ�PO��DQG�WKDW�RI�VPDOO�SDUWLFOHV�LV������“�����PJ�

PO��ZLWK�VWDWLVWLFDO�GLIIHUHQFH��3� ���������������XQGHU�WKH�

VDPH�WLPH�DQG�WKH�VDPH�FDUU�LQJ�FRQGLWLRQ��WKH�KLJKHU�WKH�

6RUDIHQLE�FRQFHQWUDWLRQ�LQ�����HWKDQRO�VROXWLRQ��WKH�KLJK�

HU�WKH�FDUU�LQJ�RI�'&�EHDG��KRZHYHU��ZLWK�WKH�LQFUHDVH�RI�

FDUU�LQJ�TXDQWLW���WKH�FDUU�LQJ�UDWH�DOVR�JUDGXDOO��GHFUHDV�

HV��7KH�FRPSDULVRQ�VKRZV�WKDW�WKH�PD[LPXP�FDUU�LQJ�RI�

'&�EHDG�ZLWK�D�GLDPHWHU�RI��������XP�LV�����PJ��WKH�

PD[LPXP�FDUU�LQJ�RI�'&�EHDG�ZLWK�D�GLDPHWHU�RI�����

���XP�LV�����PJ��:LWK�WKH�SXUSRVH�WR�SUHYHQW�H[FHVVLYH�

ORVV�RI�UHVLGXDO�GUXJV��WKH�EHVW�GUXJ�FRQFHQWUDWLRQ�RI�WZR�

GLIIHUHQW�VL]H�SDUWLFOHV�OLHV�LQ�JURXS�%�����PJ���PO��

7DEOH����&RPSDULVRQ�RI�FDUU�LQJ�TXDQWLW��RI�GLIIHUHQW�VL]H�
SDUWLFOHV�LQ�GLIIHUHQW�FRQFHQWUDWLRQV�RI�6RUDIHQLE�HWKDQRO�

VROXWLRQ�LQ����KRXUV��PJ���PO�

*URXS
3DUWLFOH�
FDUU�LQJ�

TXDQWLW��PJ
XP

D
���PJ�
��PO�

E
����PJ�
��PO�

F
����PJ�
��PO�

G
����PJ�
��PO�

H
����PJ�
��PO�

���－ ���
���－ ���

����
����

����
����

����
����

����
����

����
����

����7KH��KDQJH�DQG��RPSDULVRQ�RI�3HULSKHUDO�
%ORRG��RQFHQWUDWLRQ�RI�6RUDIHQLE�

%HWZHHQ�JURXS���DQG�JURXS�&��7KH�UHVXOWV�VKRZ�WKDW�WKHUH�

DUH�VWDWLVWLFDO�GLIIHUHQFHV�LQ�GUXJ�UHOHDVH�EHWZHHQ�WKH�WZR�

JURXSV���V�VKRZQ�LQ�7DEOH����FRPSDUHG�ZLWK�JURXS����WKH�

GUXJ�ULVH�UDWH�RI�JURXS�&��6RODIHQLE�OLSLRGRO�JURXS��LV�VLJ�

ni�cantly�faster�than�that�of�the��rst� two�groups,�and�it�is�

rapidly�reduced.�There�are�signi�cant�differences�in�Cmax�

�����“�������DQG��8&���UHD�8QGHU�&XUYH�������“�������

μg/mL�min)�between�group�A�and�group�C�(1.24�±�0.109)�

and�AUC�(2.97�±�0.267μg/mL�min)�(P�=�0.002�<�0.05).�In�

JURXS�&��WKH�GUXJ�FRQFHQWUDWLRQ�FDQQRW�EH�PHDVXUHG�XQWLO�

WKH��WK�GD���LQGLFDWLQJ�WKH�LQVWDELOLW��DQG�XQFRQWUROODELOLW��

RI�WKH�UHOHDVH�RI�6RUDIHQLE�ZLWK�OLSLRGRO�DV�FDUULHU�

�URXS�����XUYH�RI�FKDQJHV�RI�SHULSKHUDO�EORRG�GUXJV�
LQ�GLIIHUHQW�FDUULHUV�ZLWK�6RUDIHQLE�

7DEOH����plasma�concentration�of�Sorafenib�in�group�A�and�C�after�administration�(μ�g�/�ml,�X�±�s)

*URXS ��PLQ ��PLQ �K �K ��K �GD� �GD�V �GD�V �GD�V ��GD�V ��GD�V

�

&

����“�����

����“�����

����“�����

���“�����

���“�����

����“�����

����“����

���“�����

����“�����

����“�����

����“�����

����“�����

����“�����

����“�����

����“�����
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����“�����
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����7KH��KDQJH�DQG��RPSDULVRQ�RI�WKH�'UXJ��RQ�
FHQWUDWLRQ�RI�6RUDIHQLE�,Q��URXS���DQG��URXS��

7KH�UHVXOWV�VKRZ�WKDW�WKH�GUXJ�FRQFHQWUDWLRQ�LQ�WKH�WLVVXHV�

RI�JURXS�&�LV�YHU��ORZ�DQG�FDQQRW�EH�PHDVXUHG�DW� WKUHH�

GD�V�DIWHU� WKH�RSHUDWLRQ��ZKLOH� WKH�GUXJ�FRQFHQWUDWLRQ�LQ�

group�A�is�signi�cantly�increased,�and�the�Sorafenib�con�

FHQWUDWLRQ�LQ�WKH�WLVVXHV�RI�JURXS���FDQ�VWLOO�EH�PHDVXUHG�

DW�RQH�ZHHN�DIWHU�WKH�RSHUDWLRQ��VKRZLQJ�WKDW�'&�EHDG�KDV�

EHWWHU�FRQWUROODELOLW��LQ�WKH�UHOHDVH�RI�6RUDIHQLE�DV�D�FDUULHU�

7DEOH����3ODVPD�FRQFHQWUDWLRQ�RI�6RUDIHQLE�LQ�OLYHU�WLVVXH�
after�administration�in�group�A�and�C�(μ�g�/�ml,�X�±�s)

*URXS �GD�V �ZHHN �ZHHNV

�
&

�����“����
����“����

�����“�����
�

�����“�����
�

���'LVFXVVLRQ

����)HDVLELOLW��DQG�0HFKDQLVP�2I�'��%HDG��DU�
U�LQJ�6RODIHQLE

7KH�FRQWUROODEOH�DQG�VXVWDLQDEO��UHOHDVLQJ�GUXJV�ZLWK�OR�

FDO�KLJK�FRQFHQWUDWLRQ�FDQ�QRW�RQO��DFW�RQ�WKH�WDUJHW�VLWH��

EXW�DOVR�DYRLG�RWKHU�QRQ�WDUJHW�VLWHV�IURP�EHLQJ�DIIHFWHG�

DQG�UHGXFH�WKH�RFFXUUHQFH�RI�VLGH�HIIHFWV�RI�V�VWHPLF�PHG�

ication,�being�one�of�the�directions�in�the��eld�of�medical�

GHYHORSPHQW��)RU� LQVWDQFH�� LQ� WKH� SHULSKHUDO�YDVFXODU�

LQWHUYHQWLRQDO�WKHUDS���WKH�WHFKQLTXH�RI�FRQWLQXRXV�GUXJ�

LQIXVLRQ�WKURXJK�LQGZHOOLQJ�FDWKHWHU�LV�RIWHQ�XVHG�WR�WUHDW�

WKURPERWLF�GLVHDVHV��FRQWLQXRXV�YDVRSUHVVLQ� LQIXVLRQ�WR�

WUHDW�EOHHGLQJ�FDVHV��FRQWLQXRXV�LQIXVLRQ�RI�FKHPRWKHUDS��

GUXJV�WR�WUHDW�PDOLJQDQW�WXPRUV��HWF��7KH�GUXJ�FRDWHG�VWHQW�

IUHTXHQWO��XVHG� LQ�FDUGLRYDVFXODU� LQWHUYHQWLRQDO� WKHUDS��

FRQVWDQWO��FDQ� UHOHDVH�GUXJV� WKURXJK� WKH�GUXJV� LQVLGH�

WKH�VWHQW��H�J��SDFOLWD[HO��UDSDP�FLQ�� >���DQG�DORQJ�ZLWK�

WKH�FRQVWDQW�GHJUDGDWLRQ�RI�GUXJ�FDUULHU�PXOWLPHUV�DQG�

SOD��WKH�SKDUPDFRORJLFDO�UROH��7KH�DQWL�WXPRU�GUXJV�ZLWK�

ELRFRPSDWLEOH�DQG�ELRGHJUDGDEOH�SRO�PHU�PDWHULDOV�DV�

FDUULHUV�FDQ�VHOHFWLYHO�� UHOHDVH�GUXJV�LQ�WKH�IRFXV��ZKLFK�

FDQ�JUHDWO��LPSURYH�WKH�ELRDYDLODELOLW��RI�GUXJV�DQG�HI�

IHFWLYHO��UHGXFH�WKH�WR[LF�DQG�VLGH�HIIHFWV�DQG�GRVDJH�RI�

GUXJV��:LWK�WKH�GHYHORSPHQW�RI�PRGHUQ�WHFKQRORJ���QHZ�

WHFKQLFDO�PHDQV�KDYH�EHHQ�SURYLGHG�IRU�WKH�SUHSDUDWLRQ�RI�

GLIIHUHQW�FDUULHUV�WKDW�PHHW�WKH�FOLQLFDO� UHTXLUHPHQWV��DQG�

PRUH�FDUULHG�'&�EHDG�KDYH�EHHQ�GHYHORSHG��VXFK�DV�JHO�

DWLQ�EHDGV��DEVRUEDEOH�SRO�PHU�EHDGV��QDQR�FDUULHG�'&�

EHDG�� VRGLXP�DOJLQDWH�EHDGV��SRO�YLQ�O�DOFRKRO�DFU�OLF�

EHDGV�WKDW�FDQ�FDUU��3LQJ�DQJP�FLQ�>�����

'&�EHDG�LV�D�K�GURJHO�SDUWLFOH�SUHSDUHG�E��%LRFRPSDW�

LEOHV��ZKLFK�LV�ELRFRPSDWLEOH��K�GURSKLOLF��QRQ�DEVRUE�

DEOH�DQG�FDSDEOH�RI�FDUU�LQJ�DGULDP�FLQ��,W�LV�D�QHZ�GUXJ�

HOXWHG�HPEROL]DWLRQ�EHDG�SUHSDUHG�E��PRGHUQ�ELRORJLFDO�

WHFKQRORJ���,W�FDQ�VLPXOWDQHRXVO��HPERODWH�WXPRU�YHVVHOV�

DQG�FRQWLQXRXVO�� UHOHDVH�FKHPRWKHUDSHXWLF�GUXJV�WR�NLOO�

WXPRU�FHOOV�>�������

'UXJ�FDUU�LQJ�PHFKDQLVP�RI�'&�EHDG��'&�EHDG� LV�

IRUPHG�E��VXVSHQVLRQ�SRO�PHUL]DWLRQ�RI�DFU�OLF�SRO�YL�

Q�O�DOFRKRO�PDFURPRQRPHU�DQG�VXOIRQDWH�PRQRPHU��7KH�

IRUPDWLRQ� RI�FRYDOHQW�ERQGV� WUDQVIRUPV� WKH�GLVSHUVHG�

GURSOHWV�LQWR�LQVROXEOH�SDUWLFOHV��7KH�SRO�PHUL]DWLRQ�VWDUWV�

DW�WKH�VXUIDFH�RI�WKH�GURSOHW�DQG�IRUPV�IUHH�UDGLFDOV��7KH�

PRQRPHU�SRO�PHUL]HV�IURP�WKH�RXWVLGH�WR�WKH�LQVLGH��DQG�

WKHQ�IRUPV�WKH�FURVV�OLQNLQJ�DUHD�RQ�WKH�SDUWLFOH�VXUIDFH��

7KH� LRQ�H[FKDQJH�PHFKDQLVP�FRUUHVSRQGLQJ� WR� VXOIRQ�

LF�DFLG�JURXS� LV�FRQVLVWHQW�ZLWK� WKH�FKDUJH�RI�SDUWLFOHV�

DQG�GUXJV��7KH�SDUWLFOHV�FRQVLVW�RI�VXOIRQDWHG�K�GURJHOV��

ZKLFK�DUH�QHJDWLYHO��FKDUJHG��7KH�FDUU�LQJ�PHFKDQLVP�RI�

'&�EHDG�LV�WKDW�WKH�DPLQH�PDWUL[�RI�GUXJ��GR[RUXELFLQ��LQ�

WKH�IRUP�RI�K�GURFKORULGH�LV�SURWRQDWHG��WKH�ZKROH�LV�SRV�

LWLYHO��FKDUJHG��DQG�WKH�HOHFWURVWDWLF�LQWHUDFWLRQ�EHWZHHQ�

GLIIHUHQW�FKDUJHV�

�FFRUGLQJ� WR� WKH�SULQFLSOH�RI� LRQ�H[FKDQJH�� IRUHLJQ�

VFKRODUV�KDYH�IRXQG�WKDW�LQ�DGGLWLRQ�WR� DGULDP�FLQ��'&�

EHDG�FDQ�DOVR�EH�FDUULHG�ZLWK�RWKHU�VXEVWDQFHV�ZLWK�SRV�

LWLYH�FKDUJH�VXFK�DV�PLWR[DQWURQH��LULQRWHFDQ�� WRSRWHFDQ�
>���������OO�RI�WKH�DERYH�GUXJV�FDQ�DFKLHYH�WKH�JRDO�RI�ORFDO�

KLJK�FRQFHQWUDWLRQ�DQG�VXVWDLQHG�UHOHDVH�WKURXJK�LQ�YLWUR�

DQG�LQ�YLYR�LRQ�H[FKDQJH�PHFKDQLVP��DQG�KDYH�DFKLHYHG�

JRRG�UHVXOWV�LQ�H[SHULPHQWDO�DQG�FOLQLFDO�DSSOLFDWLRQ��'XH�

WR�WKH�GLIIHUHQFHV�RI�PROHFXODU� VWUXFWXUH�DQG�PROHFXODU�

ZHLJKW��WKH�PD[LPXP�GUXJ�FDUU�LQJ�TXDQWLW��RI�WKH�DERYH�

VXEVWDQFHV�LV�DOVR�GLIIHUHQW��DPRQJ�ZKLFK�DGULDP�FLQ�KDV�

WKH�ODUJHVW�GUXJ�FDUU�LQJ�FDSDFLW��

�W�SUHVHQW��WKHUH�LV�QR�UHVHDUFK�DQG�UHSRUW�RQ�ZKHWKHU�

'&�EHDG�FDQ�FDUU��6RODIHQLE�DW�KRPH�DQG�DEURDG��%��

VWXG�LQJ�WKH�PROHFXODU�VWUXFWXUH�RI�6RUDIHQLE��ZH�IRXQG�

WKDW�6RUDIHQLE�KDV�WKH� VWUXFWXUDO�EDVLV�RI�H[FKDQJH�ZLWK�

'&�EHDG��7KH�PROHFXODU�VWUXFWXUH�RI�6RUDIHQLE�FRQWDLQV�

EDVLF�VRUDIHQLE�DQG�DFLG�EHQ]HQHVXOIRQLF�DFLG��,Q�WKH�VROX�

WLRQ�VWDWH��ERWK�RI�WKHP�FDQ�IRUP�VDOWV��L�H��VRUDIHQLE�ZLWK�

SRVLWLYH�FKDUJH��1+����DQG�EHQ]HQHVXOIRQLF�DFLG��62�����

LQ�D�G�QDPLF�HTXLOLEULXP�VWDWH�� ,Q�WKLV�VWDWH��EHQ]HQHVXO�

IRQLF�DFLG� �62�����FDQ�H[FKDQJH�ZLWK�'&�EHDG��62�����

WR�IRUP�LRQ�H[FKDQJH��DQG�WKHQ�PDNH�WKH�VRUDIHQLE�ZLWK�

SRVLWLYH�FKDUJH��1+����DQG�QHJDWLYH�'&�EHDG�62�����WR�

IRUP�VDOWV��DQG�PDNH�'&�EHDG�FDUU��6RUDIHQLE�VXFFHVV�

fully.�Our�in�vitro�and�in�vivo�experiments�further�con�rm�

WKLV�K�SRWKHVLV��,Q�YLWUR�H[SHULPHQW�� LW� LV�FRQILUPHG� WKDW�

'&�EHDG�FDQ�DGVRUE�6RODIHQLE��ZKLOH�LQ�YLYR�DQLPDO�H[�

periment,�it�is�con�rmed�that�Solafenib�is�controllable�and�

VORZO��UHOHDVDEOH�LQ�WKH�UHOHDVH�RI�6RODIHQLE��ZKLFK�LV�GLI�

IHUHQW�IURP�WKH�VLPSOH�DGVRUSWLRQ�DQG� UHOHDVH�RI�JHQHUDO�

'2,��KWWSV���GRL�RUJ����������MDPV�Y�L������
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VXEVWDQFHV��7KHUHIRUH��ZH�EHOLHYH� WKDW� WKH�LRQ�H[FKDQJH�

PHFKDQLVP�PD��EH�WKH�PDLQ�UROH�RI�'&�EHDG�FDUU�LQJ�6R�

ODIHQL�PHFKDQLVP�

7KH�VROXELOLW��RI�GUXJV�LV�WKH�SUHPLVH�RI�LRQ�H[FKDQJH��

6RUDIHQLE�LV�D�QRQ�ZDWHU�VROXEOH�VXEVWDQFH��ZKLFK� LV�LQ�

VXVSHQVLRQ�VWDWH�LQ�WKH�ZDWHU�IRU�LQMHFWLRQ��VR�LW� LV�XQDEOH�

WR� H[FKDQJH�LRQV�ZLWK�'&�EHDG���FFRUGLQJ�WR� WKH�FKDU�

DFWHULVWLFV�RI�LWV�RZQ�VXEVWDQFHV��ZH�IRXQG�WKDW�6RUDIHQLE�

FDQ�EH�GLVVROYHG�LQ�PHWKDQRO�DQG�����HWKDQRO��7KH�IRU�

PHU�KDV�KLJKHU�VROXELOLW���EXW�PHWKDQRO�LV�WR[LF�WR�KXPDQ�

ERG���7KHUHIRUH������HWKDQRO�ZLWK� UHODWLYHO��ORZHU�VRO�

XELOLW�� LV�VHOHFWHG�WR�GLVVROYH�6RUDIHQLE��VR�DV�WR�SUHSDUH�

FRQGLWLRQV�IRU�LRQ�H[FKDQJH�

�����KDUDFWHULVWLFV�DQG��GYDQWDJHV�RI��DUU�LQJ�
6RUDIHQLE�ZLWK�'��EHDG�DV��DUULHU

.DOD�FL�HW�DO�� >�������IRXQG�WKDW� WKHUH�LV�QR�VWDWLVWLFDO�GLIIHU�

HQFH�EHWZHHQ�&PD[�DQG��8&�RI�FKHPRWKHUDS��GUXJ�FDU�

ULHG�ZLWK�OLSLRGRO�DQG�V�VWHPLF�FKHPRWKHUDS���VR�WKH�HIIHFW�

RI� WUDGLWLRQDO�LQWHUYHQWLRQDO�WKHUDS��LV�OLPLWHG�E��V�VWHPLF�

WR[LFLW��RI�FKHPRWKHUDS��GUXJ��7KH�VSRQJH�HPEROL]DWLRQ�

FRPELQHG�RQ�WKH�EDVLV�RI�OLSLRGRO�FKHPRWKHUDSHXWLF�HPXO�

VLRQ�HPEROL]DWLRQ�FDQ� VORZ�GRZQ� WKH�EORRG�IORZ�VSHHG��

EXW�EHFDXVH�PDQ��FKHPRWKHUDSHXWLF�GUXJV�DUH�VROXEOH�LQ�

ZDWHU��D�ODUJH�QXPEHU�RI�FKHPRWKHUDSHXWLF�GUXJV�KDYH�EHHQ�

UDSLGO��UHOHDVHG�WKURXJK�WKH�EORRG�GXULQJ�WKH�LQMHFWLRQ�RI�

VSRQJH��DQG�ZH�DOVR�FRQILUPHG�WKH�GHILFLHQF��RI�OLSLRGRO�

DV�WKH�FDUULHU�LQ�WKH�H[SHULPHQW��+RZHYHU��ZH�IRXQG�WKDW�

WKH�&PD[�RI�VXVWDLQHG�UHOHDVH�6RUDIHQLE�ZLWK�OLSLRGRO�DV�

WKH�FDUULHU�LV�VPDOOHU� WKDQ�WKDW�RI�OLSLRGRO�FDUULHG�FKHPR�

WKHUDS��GUXJV�UHSRUWHG�LQ�OLWHUDWXUH��DQG�WKH�UHOHDVH�WLPH�LV�

KRXUV�DIWHU�FDUU�LQJ��UDWKHU�WKDQ�PLQXWHV�RU�WHQV�RI�PLQXWHV��

2XU�DQDO�VLV�PD��EH�UHODWHG�WR�WKH�SK�VLFDO�SURSHUWLHV�RI�

6RUDIHQLE��6RUDIHQLE�LV�LQVROXEOH�LQ�ERWK�ZDWHU�DQG�OLSLRGRO��

:LWKLQ����PLQXWHV�DIWHU�PL[LQJ�� WKH��FDQ�VWLOO�IRUP�HPXO�

sion�with�certain�stability,�and�can�form�strati�cation�with�

ZDWHU��:LWK�WKH�SDVVDJH�RI�WLPH�DQG�WKH�LPSDFW�RI�DUWHULDO�

EORRG�IORZ��WKH�FOHDUDQFH�RI�OLSLRGRO�DQG�WKH�UROH�RI�OLSLG�

VROXEOH�VXEVWDQFHV�LQ�WKH�EORRG�LQFUHDVH�UDSLGO��

7KH�UHOHDVH�RI�6RUDIHQLE�ZLWK�'&�EHDG�DV�WKH�FDUULHU�

KDV�PRUH�REYLRXV�DGYDQWDJHV��%��DQDO�]LQJ�WKH�PHWDER�

OLVP� WUHQG�RI�SHULSKHUDO�EORRG�DQG�KLVWRORJLFDO�GUXJV� LQ�

JURXS����'&�EHDG���������XP�VRUDIHQLE�JURXS���JURXS�

%��'&�EHDG���������XP����VRUDIHQLE�JURXS���DQG�JURXS�

'��OLSLRGRO�VRUDIHQLE�JURXS���ZH�IRXQG�WKDW�WKH�&PD[�DQG�

�8&� LQ�JURXS���%�DUH�VLJQLILFDQWO��ORZHU�WKDQ�WKRVH�LQ�

JURXS�'��ZLWK�VLJQLILFDQW� VWDWLVWLFDO�GLIIHUHQFH��7KH�UH�

VHDUFK�RI�KLVWRORJLFDO�FRQFHQWUDWLRQ�IXUWKHU�IRXQG�WKDW�WKH�

6RUDIHQLE�FRQFHQWUDWLRQ�LQ�JURXS���%�FRXOG�VWLOO�EH�PHD�

VXUHG���ZHHNV�DIWHU�WKH�LQWHUYHQWLRQ��ZKLOH�WKH�6RUDIHQLE�

FRQFHQWUDWLRQ� LQ�JURXS�'�FRXOG�KDUGO��EH�PHDVXUHG� LQ�

WKH�WLVVXHV�IURP���ZHHN�DIWHU�WKH�LQWHUYHQWLRQ��7KH�UHVXOWV�

VKRZ�WKDW�WKH�FDUULHU�RI�6RUDIHQLE�ZLWK�'&�EHDG�KDV�EHW�

WHU�FRQWUROODELOLW��DQG�VORZ� UHOHDVH��'&�EHDG�LV�FDSDEOH�

RI�FDUU�LQJ�DQG�FRQWUROODEOH� UHOHDVH�RI�6RUDIHQLE��7KLV�

feature�has�important�clinical� signi�cance� >������������:LWK�

'&�EHDG�DV�WKH�FDUULHU��WKH�UHOHDVH�RI�WDUJHWHG�GUXJV�KDV�

WKH�DELOLW��WR�FRQWLQXRXVO��UHOHDVH�6RUDIHQLE�LQ�ORFDO�KLJK�

FRQFHQWUDWLRQ�DQG�VORZO���DQG�FRQWLQXRXVO�� DFW�RQ�WXPRU�

FHOOV�DQG� WXPRU�EORRG�YHVVHOV��)LQDOO��� LW� FDQ�LQKLELW� WX�

PRU�FHOOV�DQG� WXPRU�DQJLRJHQHVLV�� ����:KHQ�6RUDIHQLE�

LV� UHOHDVHG�E��'&�EHDG�DV� WKH�FDUULHU�� FRPELQHG�ZLWK�

WUDGLWLRQDO�7�&(�WUHDWPHQW�� WKH�WDUJHW� LV�PRUH�FOHDU�DQG�

WKH�HIIHFW� LV� VWURQJHU� LQ� LQKLELWLQJ�WXPRU�EORRG�YHVVHOV�

DQG� WXPRU�JURZWK��&OLQLFDO� UHVHDUFKHV�KDYH�FRQILUPHG�

WKDW�7�&(�FRPELQHG�ZLWK�PROHFXODU�WDUJHWHG�GUXJV��H�J��

(1'8��FDQ�VLJQLILFDQWO��LQKLELW� WXPRU�JURZWK�� LPSURYH�

WXPRU�LQDFWLYDWLRQ�OHYHO��DQG�SURORQJ�WKH�JHQHUDWLRQ�WLPH�

RI�SDWLHQWV��+RZHYHU��FRPSDUHG�ZLWK�RWKHU�WDUJHWHG�GUXJV��

6RUDIHQLE�KDV�PRUH�DGYDQWDJHV�� ���� LW�LV� D�PXOWL�WDUJHW�

PROHFXODU�WDUJHWHG�GUXJ��ZKLFK�FDQ�LQKLELW�WXPRU�JURZWK�

DQG�DQJLRJHQHVLV������LW�KDV�D�JRRG�V�QHUJLVWLF�DQWLWXPRU�

HIIHFW�ZLWK�7�&(�FRPPRQ�FKHPRWKHUDS��GUXJV��H�J��HSL�

UXELFLQ��JHPFLWDELQH��FLVSODWLQ�������FRPSDUHG�ZLWK�RUDO�

6RUDIHQLE�� WKH�DGYDQWDJH�RI�ORFDO�PHGLFDWLRQ�LV�PRUH�RE�

YLRXV��&OLQLFDO�UHVHDUFK�IRXQG�WKDW�7�&(�FRPELQHG�ZLWK�

VRUDIHQLE�FDQ�FRQWURO�WXPRU�SURJUHVVLRQ�DQG�SURORQJ� WKH�

VXUYLYDO�WLPH�RI�SDWLHQWV��+RZHYHU��WKH�KLJK�FRVW�RI�ORQJ�

WHUP�RUDO�PHGLFDWLRQ��WKH�ORZ�ELRDYDLODELOLW��RI�GUXJV��WKH�

ODUJH�VLGH�HIIHFWV��DQG�WKH�ORZ�REMHFWLYH�HIIHFWLYH�UDWH�KDYH�

EURXJKW�VHULRXV�SK�VLRORJLFDO�DQG�SV�FKRORJLFDO�EXUGHQ�

WR�SDWLHQWV��PDNLQJ�RQO��D�IHZ�SDWLHQWV�FDQ�DIIRUG�LW��/RFDO�

FRQWLQXRXV�GUXJ�XVH�QRW�RQO��KDV�D�VXVWDLQDEOH�HIIHFW�RQ�

WKH� WDUJHW��EXW�DOVR�FDQ�LPSURYH�WKH�GUXJ�FRQFHQWUDWLRQ�

DQG�HQKDQFH�WKH�DQWL�WXPRU�HIIHFW�ZLWKLQ�D�FHUWDLQ� UDQJH�

ZLWKRXW�FDXVLQJ�PDMRU�VLGH�HIIHFWV��,Q�DGGLWLRQ��ORFDO�PHG�

LFDWLRQ� LV�H[SHFWHG�WR�JUHDWO�� UHGXFH�WKH�FOLQLFDO�FRVW�RI�

V�VWHPLF�PHGLFDWLRQ��)LQDOO���EHFDXVH�RI�WKH�VPDOO�WR[LFLW��

RI�ORFDO�GUXJV�� LW� LV�SRVVLEOH�WR� LPSURYH� WKH�HIILFDF��RI�

PXOWLSOH�LQWHUYHQWLRQDO�WKHUDS��

+RZHYHU�� WKH�UHOHDVH�RI�6RUDIHQLE�IURP�GLIIHUHQW�VL]HV�

RI�'&�EHDG�LV�GLIIHUHQW�� DQG�LV�DIIHFWHG�E�� WKH�FRQFHQ�

WUDWLRQ�RI�6RUDIHQLE�HWKDQRO�VROXWLRQ��:H�IRXQG� WKDW� WKH�

DPRXQW��UHOHDVH� UDWH�DQG�GXUDWLRQ�RI�6RUDIHQLE�FDUULHG�

E��EHDGV�ZLWK�VPDOO�SDUWLFOHV�DUH�VKRUWHU�WKDQ�WKRVH�ZLWK�

ODUJH�SDUWLFOHV��ZKLOH�&PD[� LV�KLJKHU� WKDQ� WKRVH�ZLWK�

ODUJH�SDUWLFOHV��7KLV�SKHQRPHQRQ�LV�QRW�RQO��UHODWHG�WR�WKH�

ORZHU�GRVDJH�RI�6RUDIHQLE��EXW�DOVR� UHODWHG�WR� WKH�ODUJHU�

VXUIDFH�DUHD��PRUH�QHJDWLYH�FKDUJHV�DQG�VWURQJ�DGVRUSWLRQ�

FDSDFLW��RI�WKH�EHDGV��,W�LV�VXJJHVWHG�WKDW�GLIIHUHQW�GRVHV�

RI�6RUDIHQLE�VKDOO�EH�VHOHFWHG�IRU�GLIIHUHQW� VL]HV�RI�'&�

EHDG�EHDGV��DQG�WKH�HIIHFW�RI�GUXJ�FRQFHQWUDWLRQ�LQ�HWKDQRO�

'2,��KWWSV���GRL�RUJ����������MDPV�Y�L������
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VROXWLRQ�RQ�GUXJ�FDUU�LQJ�VKDOO�EH�FRQVLGHUHG��,Q�DGGLWLRQ��

GLIIHUHQW�GUXJ�FDUU�LQJ�PHWKRGV�DOVR�KDYH�DQ�LPSDFW�RQ�

WKH�GUXJ�V�ORRN�DURXQG�SHUIRUPDQFH��7KH� UHVHDUFK�VKRZV�

WKDW�FRPSDUHG�ZLWK�WKH� WUDGLWLRQDO�LRGL]HG�RLO�GUXJ�� WKH�

QHZ�GUXJ�FDUULHG�SDUWLFOHV�KDYH�ORQJHU�VXVWDLQHG�UHOHDVH�

WLPH�LQ�SHULSKHUDO�EORRG�DQG�WLVVXH��DQG�KDYH�EHWWHU�VXV�

WDLQHG�UHOHDVH�SHUIRUPDQFH�

5.3�De�ciencies�of�the�Research

7KHUH�DUH�FHUWDLQ�GHILFLHQFLHV�LQ�WKLV�UHVHDUFK�����,Q�WKLV�

UHVHDUFK�� HWKDQRO� LV�XVHG�DV� WKH�VROYHQW� WR�GLVVROYH�6R�

ODIHQLE��DQG�WKH�PD[LPXP�GUXJ�FDUU�LQJ�TXDQWLW��LV�RQO��

�����PJ��ZKLOH�WKH� VROYHQW�XVHG� LV���PO��ZKLFK� LV�QRW�

FRQGXFLYH� WR�IXOO�FRQWDFW�ZLWK� WKH�GUXJ�FDUU�LQJ��7R�LQ�

FUHDVH� WKH�GLVVROXWLRQ�RI�6RODIHQLE�LQ�HWKDQRO�LV�RQH�RI�

WKH�GLUHFWLRQV�RI�IXWXUH�UHVHDUFK�����7KLV�UHVHDUFK�LV�EDVHG�

RQ�WKH�QRUPDO�OLYHU�WLVVXH�LQVWHDG�RI�EORRG�ULFK�OLYHU�WX�

PRU�PRGHO��VR�KRZ�WR�LQKLELW� WKH�OLYHU� WXPRU� VWLOO�QHHGV�

WR�EH�IXUWKHU� UHVHDUFKHG��:H�ZLOO�LPSURYH�WKH�GHWHFWLRQ�

RI�9(*)��09'�DQG�LPDJH�LQ�WKH�WXPRU�PRGHO�RI�WXPRU�

EHDULQJ�UDEELWV�LQ�WKH�QH[W�VWHS��VR�DV�WR�IXUWKHU�HYDOXDWH�

WKH�HIIHFW�RI�'&�EHDG�GUXJ�6RUDIHQLE�RQ�PDOLJQDQW�WXPRUV�

�H�J��9;��WXPRUV��

����RQFOXVLRQ

7KH�QHZ�6RUDIHQLEFDUULHG�'&�EHDG�LV�IHDVLEOH�LQ�SUHSDUD�

WLRQ�WHFKQRORJ���H[DFW�LQ� WKH�VXVWDLQHG�UHOHDVH�HIIHFW��DQG�

VXSHULRU�WR�WKH�FDUU�LQJ�HIIHFW�RI�OLSLRGRO�

7KH�VDIHW��DQG�HIIHFWLYHQHVV�QHHG�IXUWKHU�UHVHDUFK�

5HIHUHQFHV�

>���6RQJ�0-��3DUN�&+��.LP�-'�HWDO�'UXJ�HOXWLQJ�EHDG�

FDUULHG�ZLWK�GR[RUXELFLQ�YHUVXV�FRQYHQWLRQDO�/LS�

LRGRO�EDVHG� WUDQVDUWHULDO�FKHPRHPEROL]DWLRQ�LQ� WKH�

WUHDWPHQW�RI�KHSDWRFHOOXODU�FDUFLQRPD�D�FDVH�FRQWURO�

VWXG��RI��VLDQ�SDWLHQWV>-��(XU�-�*DVWURHQWHURO�+HSD�

WRO��������������������

>���6HNL�1�0LFKHO�:�-HDQ�00�HWDO�'UXJ�HOXWLQJ�EHDGV�

IRU� OLYHU�HPEROL]DWLRQ�FRQFHQWUDWLRQ�RI�GR[RUXELFLQ�

LQ�WLVVXH�DQG�LQ�EHDGV�LQ�D�SLJ�PRGHO>-���-�9DVF�,QWHUY�

5DGLRO�������������±����

>����QGUHZ�/��/HZLV�0�9LFWRULD�*�HWDO�'R[RUXELFLQ�

HOXWLQJ�EHDGV�±����(IIHFWV�RI�GUXJ�FDUU�LQJ�RQ�EHDG�

FKDUDFWHULVWLFV�DQG�GUXJ�GLVWULEXWLRQ>-���-�0DWHU�6FL��

0DWHU�0HG���������������±�����

>���0��9LFWRULD�*��7DQJ�<4��*DU�� -��HWDO�'R[RUXELFLQ�

HOXWLQJ�EHDGV����PHWKRGV�IRU�HYDOXDWLQJ�GUXJ�HOX�

WLRQ�DQG�LQ�YLWUR��LQ�YLYR�FRUUHODWLRQ>-���-�0DWHU�6FL��

0DWHU�0HG��������������±����

>���=KDR�6XVX��=KDQJ�'RQJVKHQJ�DQG�/X�4LQ�5HVHDUFK�

SURJUHVV�LQ� WKH�SUHSDUDWLRQ�DQG�DSSOLFDWLRQ�RI�LQWUD�

YDVFXODU�GUXJ�HOXWLQJ� VWHQWV�� -RXUQDO�RI�6RXWKHDVW�

8QLYHUVLW���0HGLFDO�(GLWLRQ������������������������

�LQ�&KLQHVH�

>���*XR�<DQOLQJ��)HQJ�<XPHL��3URJUHVV� LQ�SRO�PHU�UH�

VHDUFK�DV�DQWLFDQFHU�GUXJ�FDUULHU��-RXUQDO�RI�7LDQMLQ�

8QLYHUVLW��RI�6FLHQFH�DQG�7HFKQRORJ����������������

�������LQ�&KLQHVH�

>���;X�.DL�XDQ��=RX�<LQJKXD��4L�;LDQURQJ��HWF��(IIHFW�

RI�DGULDP�FLQ�DOJLQDWH�EHDGV�HPEROL]DWLRQ�RQ�DQJLR�

JHQHVLV�RI�9;��WUDQVSODQWHG�WXPRU� LQ� UDEELW� OLYHU��

&KLQHVH�0HGLFDO�,PDJLQJ�7HFKQRORJ����������������

����������LQ�&KLQHVH�

>���/X��QOLQ��;LQJ�<XMLH��:DQJ�/L��HW�DO��7KH�DELOLW��RI�

UDSDP�FLQ�SRO�ODFWLGH�QDQRFRPSRVLWHV� WR�DIIHFW� WKH�

SUROLIHUDWLRQ�RI�YDVFXODU�VPRRWK�PXVFOH�FHOOV��&KLQD�

7LVVXH�(QJLQHHULQJ�5HVHDUFK�DQG�&OLQLFDO�5HKDELOLWD�

WLRQ��������������������������LQ�&KLQHVH�

>���<XDQ�+XL�DQ��=KDQJ�<XDQ��)DQ�7LDQ�XDQ��3UHSDUD�

WLRQ�DQG�SURSHUWLHV�RI�LRQ�H[FKDQJH�HPEROLF�EHDGV�

DQG�3LQJ�DQJP�FLQFDUULHG�'&�EHDG�� -RXUQDO�RI�3H�

NLQJ�8QLYHUVLW���0HGLFDO�(GLWLRQ���������������������

����LQ�&KLQHVH�

>����.HOYLQ�+���IVKHHQ�.��(OHQL�/L��HW�DO�1HZ�LQWUD�DUWH�

ULDO�GUXJ�GHOLYHU��V�VWHP�IRU�WKH�WUHDWPHQW�RI�OLYHU�

FDQFHU��SUHFOLQLFDO�DVVHVVPHQW� LQ�D�UDEELW�PRGHO�RI�

OLYHU�FDQFHU�&OLQ�&DQFHU�5HV��������������������

>����+RUL�6��.RED�DVKL�.�7UDQVFDWKHWHU��UWHULDO�&KHPR�

HPEROL]DWLRQ�ZLWK�(SLUXELFLQ�&DUULHG�6XSHUDEVRU�

EHQW�3RO�PHU�%HDGV�IRU�����+HSDWRFHOOXODU�&DUFLQR�

PD�3DWLHQWV��6LQJOH�&HQWHU�([SHULHQFH>-��&DUGLRYDVF�

,QWHUYHQW�5DGLRO������6HS����>(SXE�DKHDG�RI�SULQW��

>����0DKPRRG�8�&DQ�D�FOLQLFDOO��XVHG�FKHPRHPEROL]D�

WLRQ�YHKLFOH�LPSURYH�WUDQVJHQH�GHOLYHU��>-�"�5DGLROR�

J���������������������

>����5LFKDUG�(�� -��)RUVWHU�6KDURQ���6PDOO�<LTLQJ�7DQJ�

&RPSDULVRQ�RI�'&�%HDG�LULQRWHFDQ�DQG�'&�%HDG�WR�

SRWHFDQ�GUXJ�HOXWLQJ�EHDGV� IRU�XVH�LQ�ORFRUHJLRQDO�
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