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$QQD�'LHWULFK�0XV]DOVND!0"��-XVW\QD�.RSND!���
%RJGDQ�.RQWHN1��$QQD�.ZLDWNRZVND!

Wpływ stężeń terapeutycznych zyprazydonu na poziom wolnych tioli 
i związków reagujących z kwasem tiobarbiturowym w osoczu – badania in vitro
The effects of therapeutic concentrations of ziprasidone on free thiols and thiobarbituric acid 
reactive substances levels in human plasma – in vitro studies
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>�.OLQLND�=DEXU]Hġ�$IHNW\ZQ\FK�L�3V\FKRW\F]Q\FK��8QLZHUV\WHW�0HG\F]Q\�Z�ĞRG]L
R�.DWHGUD�%LRFKHPLL�2JÐOQHM��8QLZHUV\WHW�ĞÐG]NL
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3RG]L÷NRZDQLD
$XWRU]\�VNïDGDMÈ�SRG]LÚNRZDQLH�3URI��3DZïRZL�1RZDNRZL��.LHURZQLNRZL�.DWHGU\�%LRFKHPLL�2JöOQHM�8QLZHUV\WHWX��öG]NLHJR��]D�PRĝOLZRĂÊ�
SU]HSURZDG]HQLD�EDGDñ�ODERUDWRU\MQ\FK�
$FNQRZOHGJHPHQWV
7KH�$XWKRUV�DUH�JUDWHIXO�WR�3URI��3DZHï�1RZDN��KHDG�RI�WKH�'HSDUWPHQW�RI�*HQHUDO�%LRFKHPLVWU\��8QLYHUVLW\�RI�/RG]��ZKR�DOORZHG�WKHP�WR�SHUIRUP�
ODERUDWRU\�WHVWV�
3UDFD�ğQDQVRZDQD�SU]H]�8QLZHUV\WHW�0HG\F]Q\�Zb�RG]L��QXPHU�EDGDñ��������������������������������������������������������
7KH�VWXG\�ZDV�VXSSRUWHG�E\�LQWHUQDO�JUDQW�RIbWKH�0HGLFDO�8QLYHUVLW\�RIb/RG]��3RODQG��1R�����������������������������DQG���������������������������

6WUHV]F]HQLH�
/HNL�SU]HFLZSV\FKRW\F]QH�SLHUZV]HM�L�GUXJLHM�JHQHUDFML�PRJã�Z\ZLHUDå�SU]HFLZVWDZQH�G]LDğDQLH�QD�SURFHV\�UHGRNV��
SUR��OXE�DQW\RNV\GDF\MQH��8VWDOHQLH�ZSğ\ZX�OHNÐZ�SU]HFLZSV\FKRW\F]Q\FK�QD�ELRPDUNHU\�VWUHVX�RNV\GDF\MQHJR�PD�
GXőH�]QDF]HQLH�NOLQLF]QH��SRQLHZDő�OHNL�WH�Vã�VWRVRZDQH�Z�]DEXU]HQLDFK�SV\FKLF]Q\FK��Z�NWÐU\FK�Z\VW÷SXMH�VWUHV�
RNV\GDF\MQ\��']LDğDQLH�]\SUD]\GRQX�QD�SURFHV\�UHGRNV�QLH�MHVW�GRVWDWHF]QLH�SR]QDQH��&HOHP�EDGDQLD�E\ğR�XVWDOHQLH�
ZSğ\ZX�]\SUD]\GRQX�Z�GDZNDFK�UHNRPHQGRZDQ\FK�GR�OHF]HQLD�RVWUHJR�HSL]RGX�VFKL]RIUHQLL�QD�ZROQH�WLROH�Z�OXG]@
NLP�RVRF]X�RUD]�QD�]ZLã]NL�UHDJXMãFH�]�NZDVHP�WLREDUELWXURZ\P��7%$56��Z�PRGHOX�LQbYLWUR9*0DWHULDğ�L�PHWRG\�*
.UHZ�GR�EDGDġ�SREUDQR�RG����]GURZ\FK�RFKRWQLNÐZ�SğFL�P÷VNLHM��Z�ZLHNX�������ODW��QD�UR]WZÐU�$&'��6XEVWDQFM÷�
DNW\ZQã�]\SUD]\GRQX�UR]SXV]F]RQR�Z�������GLPHW\ORVXOIRWOHQNX�GR�VW÷őHġ�NRġFRZ\FK������QJ�PO�L�����QJ�PO��L�LQ@
NXERZDQR�]�RVRF]HP�SU]H]����JRG]LQ\�Z�WHPSHUDWXU]H����&��'R�NDőGHJR�GRĳZLDGF]HQLD�Z\NRQDQR�SUÐE\�NRQWUROQH�
�EH]�OHNX���2]QDF]HQLD�SR]LRPX�ZROQ\FK�WLROL�SU]HSURZDG]RQR�PHWRGã�(OOPDQD��D�VW÷őHQLD�]ZLã]NÐZ�UHDJXMãF\FK�
]�NZDVHP�WLREDUELWXURZ\P�t�PHWRGã�VSHNWURIRWRPHWU\F]Qã��ZJ�5LFHpD�(YDQVD���������'R�DQDOL]\�Z\QLNÐZ�]DVWRVR@
ZDQR�VSDURZDQ\�WHVW�W�6WXGHQWD��6WDW6RIW�,QF���6WDWLVWLFD�Y��������:\QLNL��:�RGQLHVLHQLX�GR�SUÐE�NRQWUROQ\FK�]\SUD@
]\GRQ�Z�VW÷őHQLX�����QJ�PO�RUD]�����QJ�PO�SR����JRG]LQDFK�LQNXEDFML�]�RVRF]HP�VSRZRGRZDğ�QLHLVWRWQ\�VWDW\VW\F]@
QLH�Z]URVW�SR]LRPX�ZROQ\FK�WLROL�Z�RVRF]X��S!������RUD]�Z�VW÷őHQLX�����QJ�PO�Z]URVW�VW÷őHQLD�7%$56�R�������
�S ���´��@QO9*:QLRVHN��=\SUD]\GRQ�Z�VW÷őHQLDFK�RGSRZLDGDMãF\FK�GDZNRP�UHNRPHQGRZDQ\P�GR�OHF]HQLD�RVWUHJR�*
HSL]RGX�VFKL]RIUHQLL�QLH�SRZRGXMH�LVWRWQHJR�Z]URVWX�SR]LRPX�ZROQ\FK�WLROL�Z�RVRF]X��MHGQRF]HĳQLH�LVWRWQLH�]ZL÷N@
V]DMãF�SHURNV\GDFM÷�OLSLGÐZ�RVRF]D�

6ğRZD�NOXF]RZH��]\SUD]\GRQ��OHNL�SU]HFLZSV\FKRW\F]QH��ZROQH�WLROH��SHURNV\GDFMD�OLSLGÐZ��VFKL]RIUHQLD

6XPPDU\�
7KH� ILUVW� DQG� VHFRQG� JHQHUDWLRQ� DQWLSV\FKRWLFV� PD\� LQGXFH� RSSRVLQJ� HIIHFWV� RQ� UHGR[�� (VWDEOLVKLQJ� WKH� HIIHFWV�
RI�DQWLSV\FKRWLFV�RQ�R[LGDWLYH�VWUHVV�ELRPDUNHUV�LV�YHU\�LPSRUWDQW�LQ�FOLQLFDO�UHVSHFW��EHFDXVH�WKHVH�GUXJV�DUH�XVHG�IRU�
WKH�WUHDWPHQW�RI�PHQWDO�GLVRUGHUV�LQ�ZKLFK�R[LGDWLYH�VWUHVV�RFFXUV��(IIHFWV�RI�]LSUDVLGRQH�RQ�UHGR[�SURFHVVHV�DUH�QRW�
VXIILFLHQWO\�NQRZQ�DV�\HW��7KH�VWXG\�ZDV�DLPHG�DW�HVWDEOLVKLQJ�WKH�HIIHFWV�RI�]LSUDVLGRQH�LQ�GRVHV�UHFRPPHQGHG�IRU�
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5
�FKRU\FK�QD�VFKL]RIUHQL÷�RSLVDQR�UÐőQH�]PLD@
Q\�ELRPDUNHUÐZ�ĳZLDGF]ãFH�R�VWUHVLH�RNV\GDF\M@
Q\P�t�]DUÐZQR�]ZL÷NV]RQ\�SR]LRP�UHDNW\ZQ\FK�

IRUP�WOHQX��526���MDN�L�REQLőRQã�DNW\ZQRĳå�OXE�REQLőR@
QH�VW÷őHQLH�ELRPDUNHUÐZ�REURQ\�DQW\RNV\GDF\MQHM��:�ED@
GDQLDFK�ZğDVQ\FK�X�FKRU\FK�QD�VFKL]RIUHQL÷�Z\ND]DQR�
RJÐOQRXVWURMRZ\�VWUHV�RNV\GDF\MQ\ND8>O9*^*<"2$4*;*$2$F$'@
WDFK�PRUIRW\F]Q\FK�NUZL�L�Z�RVRF]X�VWZLHUG]RQR�RNV\@
GDF\MQH�XV]NRG]HQLD�ELDğHN�L�OLSLGÐZNR8QO8*HG"B%$#;";G'"*

WDNőH�XV]NRG]HQLD�RNV\GDF\MQH�L�QLWUDF\MQH�Z�Sğ\QLH�PÐ@
]JRZR�UG]HQLRZ\P�RUD]�Z�EDGDQLDFK�DXWRSV\MQ\FK�PÐ@
H3/N=8CO��:�QDV]\FK�SRSU]HGQLFK�EDGDQLDFK�VWZLHUG]LOLĳP\�
X�FKRU\FK�QD�VFKL]RIUHQL÷�]PQLHMV]HQLH�LORĳFL�QLVNRF]ã@
VWHF]NRZ\FK�WLROL��WDNLFK�MDN�JOXWDWLRQ��*6+���F\VWHLQD�
�&6+���F\VWHLQ\ORJOLF\QD��&*6+���FR�ĳZLDGF]\�R�LVWRW@
Q\P�]PQLHMV]HQLX�REURQ\�DQW\RNV\GDF\MQHM��Z�NWÐUHM�*6+�
L�WLROH�RGJU\ZDMã�ZDőQã�URO÷NQO��:Sğ\Z�OHNÐZ�SU]HFLZSV\@
FKRW\F]Q\FK��/33���]DUÐZQR�SLHUZV]HM��MDN�L�GUXJLHM�JHQH@
UDFML��QD�UHGRNV�QLH�MHVW�GRVWDWHF]QLH�XVWDORQ\��.LONX�DXWR@
UÐZ�Z�EDGDQLDFK�SURZDG]RQ\FK�QD�PRGHOX�]ZLHU]÷F\P�
Z\ND]DğR�]ZL÷NV]RQã�SHURNV\GDFM÷�OLSLGÐZ�EğRQ�NRPÐUNR@
Z\FK�L�LQGXNRZDQLH�VWUHVX�RNV\GDF\MQHJR�Z�F]DVLH�SRGD@
ZDQLD�OHNÐZ�SU]HFLZSV\FKRW\F]Q\FK��]ZğDV]F]D�SLHUZV]HM�
JHQHUDFMLNS@EO9*^*<"2$4*;*4''.)1*BG(G'4G)1*&#";G(H"'.)1*
;*F"($2/*LQbYLWUR�'G*24'4G)1*<"FP#<";.)1*%+;4$#(H"'"8*
őH�OHNL�SU]HFLZSV\FKRW\F]QH�GUXJLHM�JHQHUDFML��/3,,*���
NOR]DSLQD��RODQ]DSLQD��NZHWLDSLQD�F]\�ULVSHULGRQ�FKURQLã�
NRPÐUNL�SU]HG�DSRSWR]ã�VSRZRGRZDQã�VWUHVHP�RNV\GD@
F\MQ\P��Z\ZRğDQ\P�GRĳZLDGF]DOQLH�SU]H]�UÐőQH�F]\QQL@
<4ND?@D>O��:�EDGDQLDFK�ZğDVQ\FK�SURZDG]RQ\FK�Z�PRGHOX�
LQbYLWUR�'G*2/(H<4F*"%")H/*&"B#G'.F*"(*"%PB*H(#";.)1*
QLH�RGQRWRZDQR�G]LDğDQLD�SURRNV\GDF\MQHJR�RODQ]DSLQ\�
L�ULVSHULGRQX��]DREVHUZRZDQR�WDNőH�WHQGHQFM÷�GR�VSDG@
NX�SHURNV\GDFML�OLSLGÐZ�SR����JRG]LQQHM�LQNXEDFML�NOR]D@
&4'.*4*<;$+4G&4'.*;*"('4$%4$'4/*("*&#PB*<"'+#"2'.)1*[*B$H*

2$</ND8DRO��:\QLNL�SURZDG]RQ\FK�EDGDġ�ZVND]XMã�QD�]UÐő@
QLFRZDQ\�ZSğ\Z�OHNÐZ�SU]HFLZSV\FKRW\F]Q\FK�SLHUZV]HM�

#$%&'()*%#'$

-
Q�VFKL]RSKUHQLF�SDWLHQWV�YDULRXV�PRGLILFDWLRQV�ZLWKLQ�
B4"FG#<$#%*1GJ$*B$$'*($%)#4B$(8*&"4'+4'3*+"*"T4(G+4J$*

VWUHVV�t�ERWK�DQ�LQFUHDVHG�OHYHO�RI�UHDFWLYH�R[\JHQ�VSH@
FLHV��526��DQG�D�GHFUHDVHG�FRQFHQWUDWLRQ�RI�DQWLR[LGD@
WLYH�GHIHQFH�ELRPDUNHUV��2XU�RZQ�VWXGLHV�RQ�VFKL]RSKUHQ@
4)*&G+4$'+%*4'(4)G+$*G*%.%+$F4)*"T4(G+4J$*%+#$%%ND8>O��2Q�WKH�
RWKHU�KDQG��LQ�PRUSKRWLF�HOHPHQWV�RI�EORRG�DQG�SODVPD�
WKH�R[LGDWLYH�GDPDJH�WR�SURWHLQV�DQG�OLSLGV�ZHUH�IRXQGNR8QO8*
EHVLGHV�R[LGDWLYH�DQG�QLWUDWLYH�GDPDJH�ZHUH�IRXQG�LQ�FH@
UHEURVSLQDO�IOXLG�DQG�LQ�WKH�SRVWPRUWHP�EUDLQN=8CO9*-'*"/#*
SUHYLRXV�VWXGLHV�RQ�VFKL]RSKUHQLF�SDWLHQWV�ZH�IRXQG�D�GH@
FUHDVH�LQ�WKH�DPRXQW�RI�ORZ�PROHFXODU�WKLROV�VXFK�DV�JOX@
WDWKLRQH��*6+���F\VWHLQH� �&6+��DQG�F\VWHLQ\OJO\FLQH�
�&*6+���ZKLFK�SRLQWV�WR�D�VLJQLILFDQW�GHFUHDVH�LQ�DQWLR[@
LGDWLYH�GHIHQFH�ZKHUH�*6+�DQG�WKLROV�SOD\�DQ�LPSRUWDQW�
#"2$NQO��7KH�HIIHFWV�RI�WKH�ILUVW�DQG�VHFRQG�JHQHUDWLRQ�DQ@
+4&%.)1"+4)%*"'*#$("T*1GJ$*'"+*B$$'*&#$)4%$2.*$%+GB24%1$(*

.$+9*-'*+1$*%+/(4$%*)G##4$(*"/+*"'*G'4FG2%8*%$J$#G2*G/+1"#%*

LQGLFDWHG�DQ�LQFUHDVHG�SHUR[LGDWLRQ�RI�FHOOXODU�PHPEUDQH�
OLSLGV�DQG�LQGXFWLRQ�RI�R[LGDWLYH�VWUHVV�GXULQJ�WKH�DGPLQ@
LVWUDWLRQ�RI�DQWLSV\FKRWLFV��HVSHFLDOO\�WKRVH�RI�WKH�ILUVW�
3$'$#G+4"'NS@EO9

-'%+$G(8*"+1$#*%+/(4$%*)"'(/)+$(*LQbYLWUR�"'*)$22*24'$%*4'@
GLFDWH�WKDW�WKH�VHFRQG�JHQHUDWLRQ�DQWLSV\FKRWLFV��6*$V���
)2"HG&4'$8*"2G'HG&4'$8*V/$+4G&4'$*"#*#4%&$#4("'$*&#"+$)+*

FHOOV�IURP�DSRSWRVLV�FDXVHG�E\�R[LGDWLYH�VWUHVV�LQGXFHG�
H[SHULPHQWDOO\�E\�YDULRXV�IDFWRUVND?@D>O9
2XU�RZQ�VWXGLHV�FRQGXFWHG�LQbYLWUR�"'*1/FG'*&2G%FG*"B@
WDLQHG�IURP�KHDOWK\�VXEMHFWV�GLG�QRW�VKRZ�SUR�R[LGDWLYH�
HIIHFWV�RI�RODQ]DSLQH�DQG�ULVSHULGRQH��EHVLGHV�D�WHQGHQ@
F\�WR�D�GHFUHDVH�LQ�OLSLG�SHUR[LGDWLRQ�ZDV�REVHUYHG�DIWHU�
���KRXUVp�LQFXEDWLRQ�RI�FOR]DSLQH�DQG�TXHWLDSLQH�LQ�UHOD@
+4"'*+"*)"'+#"2*%GF&2$%*[*;4+1"/+*+1$*(#/3ND8DRO9*M1$*#$%/2+%*

RI�WKH�VWXGLHV�SRLQW�WR�GLIIHUHQWLDWHG�HIIHFWV�RI�WKH�ILUVW�DQG�
%$)"'(*3$'$#G+4"'*G'+4&%.)1"+4)%*"'*24&4(*&$#"T4(G+4"'*

PDUNHUV�DQG�DFWLYLW\�RI�DQWLR[LGDWLYH�HQ]\PHV�LQ�VFKL]R@
SKUHQLF�SDWLHQWV��SUREDEO\�UHVXOWLQJ�IURP�FRPSOH[�PHFKD@

WUHDWPHQW�RI�DFXWH�HSLVRGH�RI�VFKL]RSKUHQLD�RQ�KXPDQ�SODVPD�IUHH�WKLROV�DQG�WKLREDUELWXULF�DFLG�UHDFWLYH�VXEVWDQFHV�
�7%$56��LQ�LQ�YLWUR*F"($29*0DWHULDO�DQG�PHWKRGV��%ORRG�IRU�WKH�VWXG\�ZDV�FROOHFWHG�IURP����KHDOWK\�PDOH�YROXQWHHUV�
�DJHG�������\HDUV��IRU�$&'�VROXWLRQ��$FWLYH�VXEVWDQFH�RI�]LSUDVLGRQH�ZDV�GLVVROYHG�LQ�������GLPHWK\O�VXOIR[LGH�WR�WKH�
ILQDO�FRQFHQWUDWLRQV������QJ�PO�DQG�����QJ�PO��DQG�LQFXEDWHG�ZLWK�SODVPD�IRU����KRXUV�DW����&��&RQWURO�VDPSOHV�
ZHUH�SHUIRUPHG�IRU�HDFK�H[SHULPHQW��ZLWKRXW�WKH�GUXJ���7KH�IUHH�WKLROV�OHYHO�ZDV�PHDVXUHG�XVLQJ�WKH�(OOPDQ�PHWKRG��
ZKHUHDV� WKH� OHYHOV� RI� WKLREDUELWXULF� DFLG�UHDFWLYH� VXEVWDQFHV� E\� VSHFWURSKRWRPHWULF�PHWKRG� �DFF�� WR� 5LFH�(YDQV��
�������7KH�UHVXOWV�ZHUH�DQDO\VHG�XVLQJ�WKH�SDLUHG�6WXGHQW�W�WHVW��6WDW6RIW�,QF���6WDWLVWLFD�Y��������5HVXOWV�*-'*#$2G+4"'*
WR�FRQWURO�VDPSOHV��]LSUDVLGRQH�LQ�FRQFHQWUDWLRQV�����QJ�PO�DQG�����QJ�PO�DIWHU����KRXUVp�LQFXEDWLRQ�ZLWK�SODVPD�
FDXVHG� D� VWDWLVWLFDOO\� LQVLJQLILFDQW� LQFUHDVH� LQ� WKH� IUHH� WKLROV� OHYHO� LQ� SODVPD� �S!������� ZKHUHDV� LQ� FRQFHQWUDWLRQ�
����QJ�PO�t�DQ�LQFUHDVH�LQ�7%$56�FRQFHQWUDWLRQ�E\��������S ���´��@QO9*&RQFOXVLRQV�*^4&#G%4("'$*4'*)"')$'+#G@
WLRQV�FRUUHVSRQGLQJ�WR�GRVHV�XVHG�IRU�WUHDWPHQW�RI�DFXWH�HSLVRGH�RI�VFKL]RSKUHQLD�GRHV�QRW�LQGXFH�DQ\�VLJQLILFDQW�
LQFUHDVH�LQ�WKH�IUHH�WKLROV�OHYHO�LQ�SODVPD��VLPXOWDQHRXVO\�VLJQLILFDQWO\�LQFUHDVLQJ�SODVPD�OLSLG�SHUR[LGDWLRQ�

.H\�ZRUGV��]LSUDVLGRQH��DQWLSV\FKRWLFV��IUHH�WKLROV��OLSLG�SHUR[LGDWLRQ��VFKL]RSKUHQLD
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L�GUXJLHM�JHQHUDFML�QD�PDUNHU\�SHURNV\GDFML�OLSLGÐZ�L�DN@
W\ZQRĳå�HQ]\PÐZ�DQW\RNV\GDF\MQ\FK�X�FKRU\FK�QD�VFKL@
]RIUHQL÷��Z\QLNDMãF\�SUDZGRSRGREQLH�]H�]ğRőRQ\FK�PH@
FKDQL]PÐZ�LFK�NRPÐUNRZHJR�L�PROHNXODUQHJR�G]LDğDQLD��
8VWDOHQLH�ZSğ\ZX�UÐőQ\FK�/33�QD�SURFHV\�UHGRNV�PD�
LVWRWQH�]QDF]HQLH�NOLQLF]QH�L�SR]QDZF]H��SRQLHZDő�OHNL�
SU]HFLZSV\FKRW\F]QH�Vã�VWRVRZDQH�Z�OHF]HQLX�]DEXU]Hġ�
SV\FKLF]Q\FK��Z�NWÐU\FK�Z\VW÷SXMH�VWUHV�RNV\GDF\MQ\��'R@
W\FKF]DV�]DUÐZQR�Z�EDGDQLDFK�NOLQLF]Q\FK��MDN�L�SU]HGNOL@
QLF]Q\FK�QLH�XVWDORQR�G]LDğDQLD�]\SUD]\GRQX�QD�SURFHV\�
#$("<%9

^.&#GH.("'* N]LSUDVLGRQXP* [*��>�����>����EHQ]LVRWKLD!
]RO���\O@���SLSHUD]LQ\O�HW\O@���FKORUR�����GLK\GUR��+�LQ!

GRO���RQH��WR�OHN�SU]HFLZSV\FKRW\F]Q\�GUXJLHM�JHQHUDFML�
R�G]LDğDQLX�DQWDJRQLVW\F]Q\P�]DUÐZQR�Z�VWRVXQNX�GR�UH@
)$&+"#P;*%$#"+"'4'$#34)H'.)1*>\*N=UM>\���MDN�L�UHFHSWRUÐZ�
GRSDPLQHUJLF]Q\FK�W\SX����'>���']LDğD�WDNőH�QD�UHFHSWR@
#.*%$#"+"'4'$#34)H'$*=UM>!8*=UM�'*4*=UMD\8*&#H.*)H.F*

MHJR�SRZLQRZDFWZR�GR�PLHMVF�ZLãőãF\FK�W\FK�UHFHSWR@
UÐZ�MHVW�UÐZQH�OXE�ZL÷NV]H�RG�SRZLQRZDFWZD�GR�UHFHSWR@
UD�W\SX�'>��3RQDGWR�KDPXMH�QHXURQDOQ\�Z\FKZ\W�]ZURW@
Q\�QRUDGUHQDOLQ\�L�VHURWRQLQ\�RUD]�Z\ND]XMH�XPLDUNRZDQH�
&";4'";G)+;"*("*#$)$&+"#P;*14%+GF4'";.)1*+.&/*UD*4*#$@

FHSWRUÐZ�W\SX�DOIDD9*0";4'";G)+;"*("*#$)$&+"#P;*F/@
%<G#.'";.)1*+.&/*6D*;*&#H.&G(</*H.&#GH.("'/*'4$*FG*

4%+"+'$3"*H'G)H$'4GNDQO��=\SUD]\GRQ�Z\ND]XMH�ZğDĳFLZR@
ĳFL�SU]HFLZSV\FKRW\F]QH��PD�WDNőH�SRWHQFMDOQLH�NRU]\VWQ\�
ZSğ\Z�QD�REMDZ\�DIHNW\ZQH��Z�W\P�Z\VW÷SXMãFH�UÐZQLHő�
Z�SU]HELHJX�VFKL]RIUHQLL��6WRVRZDQLH�WHJR�OHNX�ZLãőH�VL÷�
]�QLVNLP�U\]\NLHP�Z\VWãSLHQLD�SÐŏQHM�G\VNLQH]\�F]\�REMD@
ZÐZ�SR]DSLUDPLGRZ\FK��D�WDNőH�GHILF\WÐZ�SR]QDZF]\FK�
F]\�QDGPLHUQHM�VHGDFML�OXE�XVSRNRMHQLDND=8DCO9*^.&#GH.("'*
%+"%";G'.*("/%+'4$*&"(2$3G*&#H$F4G'"F*F$+GB"24)H'.F*

L�MHVW�SU]HNV]WDğFDQ\�Z�WU]HFK�V]ODNDFK�PHWDEROLF]Q\FK�GR�
F]WHUHFK�JğÐZQ\FK�PHWDEROLWÐZ�Z\VW÷SXMãF\FK�ZH�NUZL��
WDNLFK�MDN�VXOIRWOHQHN�EHQ]RL]RWLD]RORSLSHUD]\Q\��%,73���
VXOIRQ�%,73��VXOIRWOHQHN�]\SUD]\GRQX�L�6�PHW\ORGLK\@
(#"H.&#GH.("'NDSO��6�PHW\ORGLK\GUR]\SUD]\GRQ�MHVW�MHG\@
Q\P�DNW\ZQ\P�PHWDEROLWHP��]�QLőV]\P�SRZLQRZDFWZHP�
GR�UHFHSWRUÐZ�'>�QLő�VXEVWDQFMD�F]\QQD�OHNXNDSO9*LG(G'4G#

LQbYLYR�ZVND]XMã��őH�NRQZHUVMD�GR�6�PHW\ORGLK\GUR]\SUD@
]\GRQX�MHVW�JğÐZQã�GURJã�SU]HPLDQ\�]\SUD]\GRQX��:�VX@
URZLF\�QLH]PLHQLRQ\�]\SUD]\GRQ�VWDQRZL�RNRğR�����FDğNR@
ZLWHM�LORĳFL�]ZLã]NÐZ�SRFKRG]ãF\FK�]�VXEVWDQFML�F]\QQHM��
ZLãőH�VL÷�]�ELDğNDPL�RVRF]D�Z�SRQDG������ĲUHGQL�RNUHV�
SÐğWUZDQLD�OHNX�SR�SRGDQLX�GRXVWQ\P�Z\QRVL�����JRG]L@
Q\��D�VWDğH�VW÷őHQLH�RVLãJDQH�MHVW�]Z\NOH�Z�FLãJX�����GQL��
%LRGRVW÷SQRĳå�]\SUD]\GRQX�PRőH�]ZL÷NV]Då�VL÷�QDZHW�
R������Z�REHFQRĳFL�SRNDUPXNDQO��8�SDFMHQWÐZ�SR�SRVLğ@
NX�]\SUD]\GRQ�Z\ND]XMH�NLQHW\N÷�OLQLRZã�Z�]DNUHVLH�GD@
ZHN�WHUDSHXW\F]Q\FK��������PJ�GRE÷NDA8DEO��:�EDGDQLDFK�
0LFHOHJR�L�ZVS��X�]GURZ\FK�RFKRWQLNÐZ�SğFL�P÷VNLHM�SR�
;4$2"<#"+'.F*("/%+'.F*&"(G'4/*H.&#GH.("'/*N&"*&"@

VLğNX��Z�GDZNDFK�WHUDSHXW\F]Q\FK��������L�����PJ�GRE÷�
VW÷őHQLH�OHNX�Z�RVRF]X�Z\QRVLğR�RGSRZLHGQLR�����±QA8D8*

QLVPV�RI�WKHLU�FHOOXODU�DQG�PROHFXODU�HIIHFWV��(VWDEOLVKLQJ�
WKH�HIIHFWV�RI�YDULRXV�DQWLSV\FKRWLFV�RQ�UHGR[�SURFHVVHV�
4%*4F&"#+G'+*4'*)24'4)G2*G'(*)"3'4+4J$*#$%&$)+8*B$)G/%$*G'@

WLSV\FKRWLFV�DUH�XVHG�IRU�WKH�WUHDWPHQW�RI�PHQWDO�GLVRUGHUV�
ZKHUH�R[LGDWLYH�VWUHVV�RFFXUV��6R�IDU�QHLWKHU�FOLQLFDO�QRU�
SUHFOLQLFDO�VWXGLHV�HVWDEOLVKHG�WKH�HIIHFWV�RI�]LSUDVLGRQH�RQ�
#$("T*&#")$%%$%9

^4&#G%4("'$*N]LSUDVLGRQXP*[*=@`>@NQ@`D8>@B$'H4%"+14GH"2@
��\O@���SLSHUD]LQ\O�HW\O@���FKORUR�����GLK\GUR��+�LQGRO�
>@"'$O*4%*+1$*%$)"'(*3$'$#G+4"'*G'+4&%.)1"+4)*$T14B4+4'3*

DQWDJRQLVWLF�HIIHFWV�ERWK�LQ�UHODWLRQ�WR�VHURWRQLQHUJLF�UH@
)$&+"#%*>\*N=UM>\��DQG�GRSDPLQH�W\SH���UHFHSWRUV��'>O9*

-+*G2%"*G)+%*"'*%$#"+"'4'$#34)*#$)$&+"#%*=UM>!8*=UM�'*

G'(*=UMD\��LWV�DIILQLW\�WR�WKRVH�UHFHSWRUV�ELQGLQJ�VLWHV�
EHLQJ�HTXDO�WR�RU�KLJKHU�WKDQ�WKH�DIILQLW\�WR�'>*#$)$&@

+"#9*L$%4($%*4+*4'14B4+%*%$2$)+4J$*'"#G(#$'G24'$*G'(*%$#"@

WRQLQ�UHXSWDNH�DQG�H[KLELWV�PRGHUDWH�DIILQLW\�WR�KLVWDPLQH�
UD*#$)$&+"#%*G'(*G2&1GD�UHFHSWRUV��$IILQLW\�WR�PXVFDULQ@
4)*6D�UHFHSWRUV�LQ�WKH�FDVH�RI�]LSUDVLGRQH�LV�QRW�WKH�DLP�
RI�RXU�VWXG\NDQO9*^4&#G%4("'$*$T14B4+%*G'+4&%.)1"+4)*&#"&@
HUWLHV�DQG�KDV�SRWHQWLDOO\�DGYDQWDJHRXV�LPSDFW�RQ�DI@
IHFWLYH�V\PSWRPV��LQFOXGLQJ�DOVR�WKRVH�RFFXUULQJ�LQ�WKH�
FRXUVH�RI�VFKL]RSKUHQLD��7KH�XVH�RI�WKLV�GUXJ�LV�DOVR�DV@
VRFLDWHG�ZLWK�D�ORZ�ULVN�RI�WKH�RFFXUUHQFH�RI�WDUGLYH�G\V@
<4'$%4G*"#*$T+#G&.#GF4(G2*%.F&+"F%*G%*;$22*G%*)"3'4+4J$*

GHILFLWV�RU�H[FHVVLYH�VHGDWLRQND=8DCO��2UDOO\�DGPLQLVWHUHG�
]LSUDVLGRQH�LV�VXEMHFW�WR�PHWDEROLF�PRGLILFDWLRQV�DQG�
LV�FRQYHUWHG�LQ�WKUHH�PHWDEROLF�SDWKZD\V�WR�IRXU�PDLQ�
F$+GB"24+$%*"))/##4'3*4'*B2""(8*49$9,*B$'H4%"+14GH"2@R@.2@

SLSHUD]LQH��%,73���%,73�VXOIRQH��]LSUDVLGRQH�VXOIR[LGH�
G'(*7@F$+1.2@(41.(#"@H4&#G%4("'$NDSO9*7@F$+1.2@(41.(#"@

]LSUDVLGRQH�LV�WKH�RQO\�DFWLYH�PHWDEROLWH��ZLWK�D�ORZHU�DI@
ILQLW\�WR�UHFHSWRUV�'>*+1G'*+1$*(#/3K%*G)+4J$*%/B%+G')$

NDSO9*

,Q�YLYR*%+/(4$%*4'(4)G+$*+1G+*)"'J$#%4"'*+"*7@F$+1.2@(4@
1.(#"@H4&#G%4("'$*4%*+1$*FG4'*&G+1;G.*+"*+1$*)"'J$#%4"'*

RI�]LSUDVLGRQH��,Q�VHUXP�WKH�XQFKDQJHG�]LSUDVLGRQH�FRQ@
VWLWXWHV�DSSUR[������RI�WKH�WRWDO�DPRXQW�RI�FRPSRXQGV�
GHULYHG�IURP�WKH�DFWLYH�VXEVWDQFH�� LW�ELQGV�ZLWK�SODV@
PD�SURWHLQV�LQ�RYHU������7KH�GUXJpV�PHDQ�KDOI�OLIH�DIWHU�
"#G2*G(F4'4%+#G+4"'*#$G)1$%*C9C*1"/#%8*;1$#$G%*+1$*)"'@

%+G'+*)"')$'+#G+4"'*4%*/%/G22.*G)14$J$(*;4+14'*D@R*(G.%9*

%LRDYDLODELOLW\�RI�]LSUDVLGRQH�PD\�EH�LQFUHDVHG�HYHQ�E\�
�����LQ�WKH�SUHVHQFH�RI�IRRGNDQO��,Q�SDWLHQWV�DIWHU�WKH�PHDO�
H4&#G%4("'$*$T14B4+%*24'$G#*<4'$+4)%*;4+14'*+1$#G&$/+4)*("%@

HV�RI��������PJ����KRXUVNDA8DEO9*-'*+1$*%+/(4$%*)G##4$(*"/+*
E\�0LFHOH�HW�DO��LQ�KHDOWK\�PDOH�YROXQWHHUV�DIWHU�PXOWLSOH�
RUDO�DGPLQLVWUDWLRQ�RI�]LSUDVLGRQH��DIWHU�D�PHDO��LQ�WKHU@
DSHXWLF�GRVHV�RI��������DQG�����PJ����KRXUV�WKH�GUXJ�
)"')$'+#G+4"'*4'*&2G%FG*#$G)1$(*#$%&$)+4J$2.*QQ9C±QA9D8*
DDA9C±A?9D*G'(*DRE9Q±�����QJ�PONDEO9*7)#$$'4'3*+$%+%*(4(*
QRW�VKRZ�DQ\�VLJQLILFDQW�GLIIHUHQFHV�LQ�WKH�GUXJpV�SKDU@
FG)"<4'$+4)%*B$+;$$'*+"BG))"*%F"<$#%*G'(*'"'@%F"<$#%9*

1R�FOLQLFDOO\�VLJQLILFDQW�GLIIHUHQFHV�ZHUH�REVHUYHG�LQ�WKH�
GUXJpV�SKDUPDFRNLQHWLFV�LQ�SDWLHQWV�RI�GLIIHUHQW�DJH�DQG�
GLIIHUHQW�JHQGHUNDQO9
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DDA8C±A?8D*4*DRE8Q±�����QJ�PONDEO9*LG(G'4G*&#H$%4$;"@
ZH�QLH�Z\ND]Dğ\�LVWRWQ\FK�UÐőQLF�Z�IDUPDNRNLQHW\FH�OHNX�
X�SDODF]\�W\WRQLX�L�X�RVÐE�QLHSDOãF\FK��1LH�]DREVHUZRZD@
QR�LVWRWQ\FK�NOLQLF]QLH�UÐőQLF�Z�IDUPDNRNLQHW\FH�OHNX�X�SD@
FMHQWÐZ�Z�UÐőQ\P�ZLHNX�L�UÐőQHM�SğFLNDQO9

&(/�%$'$1,$

&HOHP�EDGDQLD� MHVW�SRUÐZQDQLH�ZSğ\ZX�]\SUD]\GRQX�
QD�SR]LRP�ZROQ\FK�WLROL�L�SHURNV\GDFM÷�OLSLGÐZ�OXG]NLHJR�
RVRF]D�PLHU]RQã�]D�SRPRFã�R]QDF]HQLD�VW÷őHQLD�]ZLã]@
NÐZ�UHDJXMãF\FK�]�NZDVHP�WLREDUELWXURZ\P��7%$56��
;*;G#/'<G)1*LQbYLWUR9

0$7(5,$Ğ�,�0(72'<

0DWHULDğ�EDGDZF]\� VWDQRZLğR� ĳZLHőH�RVRF]H�Z\L]ROR@
ZDQH�]�NUZL�SREUDQHM�QD�DQW\NRDJXODQW�$&'��NZDV�F\@
WU\QRZ\�F\WU\QLDQ� VRGX�GHNVWUR]D�� ���� Y�Y��� .UHZ�
SREUDQR�RG����]GURZ\FK�P÷őF]\]Q��VWXGHQWÐZ�8QLZHU@
V\WHWX�0HG\F]QHJR�Z�ĞRG]L��Z�ZLHNX�������ODW��ĳUHGQLR�
�������URNX���'R�RFHQ\�VWDQX�]GURZLD�SV\FKLF]QHJR�]D@
VWRVRZDQR�0�,�1�,��t�0LQL�,QWHUQDWLRQDO�1HXURSV\FKLDWULF�
-'+$#J4$;N>?O9*0#H$&#";G(H"'"*BG(G'4G*4'+$#'4%+.)H'$8*'$/@

URORJLF]QH�L�ODERUDWRU\MQH�RUD]�NZHVWLRQDULXV]RZH�Z\ZLDG\�
GRW\F]ãFH�SU]HE\W\FK�FKRUÐE��QDZ\NÐZ�ő\ZLHQLRZ\FK��VWR@
VRZDQ\FK�OHNÐZ��DQW\RNV\GDQWÐZ�SRFKRG]HQLD�URĳOLQQHJR�
L�IDUPDFHXW\F]QHJR�RUD]�Xő\ZDQ\FK�VXEVWDQFML�SV\FKRDN@
W\ZQ\FK��'R�EDGDġ�SU]\M÷WR�RVRE\�SRFKRG]HQLD�SROVNLH@
JR��ő\MãFH�Z�SRGREQ\FK�ZDUXQNDFK�VRFMRHNRQRPLF]Q\FK��
]GURZH��EH]�]DEXU]Hġ�SV\FKLF]Q\FK�L�FKRUÐE�VRPDW\F]@
Q\FK���QLHZ\ND]XMãFH�FHFK�]HVSRğX�PHWDEROLF]QHJR��Z�W\P�
]DEXU]Hġ�JRVSRGDUNL�OLSLGRZHM�L�Z÷JORZRGDQRZHM���]�SUD@
ZLGğRZ\P�%0,��VWRVXMãFH�GLHW÷�]UÐZQRZDőRQã��NWÐUH�QLH�
VXSOHPHQWRZDğ\�DQW\RNV\GDQWÐZ�SRFKRG]HQLD�URĳOLQQHJR�
OXE�IDUPDFHXW\F]QHJR�RUD]�SUHSDUDWÐZ�]DZLHUDMãF\FK�ZLH@
ORQLHQDV\FRQH�NZDV\�WğXV]F]RZH��QLJG\�QLH�Xő\ZDğ\�QDUNR@
W\NÐZ��QLH�SDOã�SDSLHURVÐZ�RUD]�QLH�SLğ\�DONRKROX�Z�F]D@
VLH�RVWDWQLFK�NLONX�GQL�SU]HG�SREUDQLHP�NUZL��:\NOXF]RQR�
PRőOLZRĳå�Z\VW÷SRZDQLD�ZH�NUZL�EDGDQ\FK�RFKRWQLNÐZ�OH@
NÐZ�OXE�LFK�PHWDEROLWÐZ��SU]\MPXMãF�NU\WHULXP�QLHXő\ZD@
QLD�őDGQ\FK�OHNÐZ��Z�W\P�UÐZQLHő�GRUDŏQLH��Z�F]DVLH�RVWDW@
QLHM�GRE\�OXE�Z�F]DVLH�RGSRZLHGQLR�GğXőV]\P��
1D�EDGDQLD�Z\UD]LğD�]JRG÷�.RPLVMD�(W\F]QD�8QLZHUV\WH@
WX�0HG\F]QHJR�Z�ĞRG]L�t�QXPHU�511�����������2FKRW@
QLF\�X]\VNDOL�LQIRUPDFM÷�QD�WHPDW�FHOX�L�PHWRG�EDGDZF]\FK�
RUD]�Z\UD]LOL�SLVHPQã�]JRG÷�QD�XG]LDğ�Z�EDGDQLX�

,=2/2:$1,(�262&=$�,b,1.8%$&-$�)
262&=$�=b/(.,(0

3REUDQã�NUHZ���´��PO��ZLURZDQR�SU]H]����PLQXW�SU]\�
�����REU��PLQ�Z�ZLUÐZFH�6,*0$��.����Z�WHPSHUDWX@
U]H����&�Z�FHOX�RWU]\PDQLD�RVRF]D��'R�����PO�RVRF]D�
GRGDZDQR�NROHMQR�VXEVWDQFM÷�F]\QQã�EDGDQ\FK�OHNÐZ��

$,0�2)�7+(�678'<

7KH�VWXG\�LV�DLPHG�DW�D�FRPSDULVRQ�RI�WKH�HIIHFWV�RI�]LSUD@
VLGRQH�RQ�WKH�OHYHO�RI�IUHH�WKLROV�DQG�KXPDQ�SODVPD�OLSLG�
&$#"T4(G+4"'*F$G%/#$(*B.*+14"BG#B4+/#4)*G)4(@#$G)+4J$*%/B@

VWDQFHV��7%$56��OHYHOV�XQGHU�LQbYLWUR*)"'(4+4"'%9

0$7(5,$/�$1'�0(7+2'6

7KH�UHVHDUFK�PDWHULDO�FRQVLVWHG�RI�IUHVK�EORRG�SODVPD�ZDV�
REWDLQHG�IURP�EORRG�VDPSOHV�PL[HG�ZLWK�DQWLFRDJXODQW�
$&'��FLWULF�DFLG�VRGLXP�FLWUDWH�GH[WURVH������Y�Y���%ORRG�
VDPSOHV�ZHUH�REWDLQHG�IURP����KHDOWK\�PDOH�VXEMHFWV��VWX@
GHQWV�RI�WKH�0HGLFDO�8QLYHUVLW\�RI�/RG]��DJHG��������PHDQ�
G3$*>=b?9C*.$G#%O9*M1$*&G+4$'+%K*F$'+G2*1$G2+1*;G%*G%%$%%$(*

XVLQJ�WKH�0�,�1�,��t�0LQL�,QWHUQDWLRQDO�1HXURSV\FKLDWULF�
-'+$#J4$;N>?O9*M1$.*/'($#;$'+*4'+$#'G28*'$/#"2"34)G2*$TGF@

4'G+4"'%*G'(*2GB"#G+"#.*+$%+%8*G2"'3*;4+1*%+#/)+/#$(*F$(4@

)G2*4'+$#J4$;%*)"')$#'4'3*&G%+*(4%$G%$%8*(4$+G#.*1GB4+%8*/%$(*

GUXJV��DQWLR[LGDQWV�RI�YHJHWDEOH�DQG�SKDUPDFHXWLFDO�RUL@
34'8*G'(*/%$(*&%.)1"G)+4J$*%/B%+G')$%9*M1$*%+/(.*4'J"2J$(*

SHRSOH�RI�3ROLVK�RULJLQ�ZKR�OLYHG�LQ�VLPLODU�VRFLRHFRQRP@
4)*)"'(4+4"'%8*+1$.*;$#$*1$G2+1.*N;4+1"/+*F$'+G2*(4%"#($#%*

DQG�VRPDWLF�GLVHDVHV���ZLWKRXW�IHDWXUHV�RI�PHWDEROLF�V\Q@
(#"F$*N4')2/(4'3*(4%"#($#%*4'*24&4(*G'(*)G#B"1.(#G+$*F$@

+GB"24%FO8*;4+1*'"#FG2*L6-W*+1$.*/%$(*G*BG2G')$(*(4$+*G'(*

GLG�QRW�WDNH�DQ\�DQWLR[LGDQWV�RI�YHJHWDEOH�RU�SKDUPDFHXWLFDO�
RULJLQ�RU�SUHSDUDWLRQV�FRQWDLQLQJ�SRO\XQVDWXUDWHG�IDWW\�DF@
4(%9*M1$.*'$J$#*/%$(*G'.*'G#)"+4)%8*+1$.*("*'"+*%F"<$*)43G@

UHWWHV�DQG�GLG�QRW�GULQN�DOFRKRO�IRU�WKH�ODVW�IHZ�GD\V�EHIRUH�
EORRG�VDPSOLQJ��$Q\�SRVVLEOH�SUHVHQFH�RI�GUXJV�RU�WKHLU�PH@
+GB"24+$%*4'*+1$*$TGF4'$(*J"2/'+$$#%K*B2""(*;G%*$T)2/($(8*G%*

4+*;G%*G%%/F$(*+1G+*'"*(#/3%*;"/2(*B$*/%$(8*'"+*$J$'*+$F@

&"#G#42.8*(/#4'3*+1$*2G%+*>Q*1"/#%*"#*G*2"'3$#*+4F$9*

7KH�VWXG\�KDV�EHHQ�DSSURYHG�E\�WKH�(WKLFDO�&RPPLWWHH�
RI�WKH�0HGLFDO�8QLYHUVLW\�RI�/RG]�t�1R�511�����������
7KH�YROXQWHHUV�LQFOXGHG�LQ�WKH�VWXG\�KDYH�EHHQ�LQIRUPHG�
GB"/+*4+%*G4F%*G'(*4F&2$F$'+$(*F$+1"(%*G'(*+1$.*$T@

SUHVVHG�WKHLU�ZULWWHQ�FRQVHQW�IRU�SDUWLFLSDWLRQ�LQ�LW�
*

,62/$7,21�2)�%/22'�3/$60$�)
$1'�,1&8%$7,21�2)�3/$60$�)

:,7+�7+(�'58*

7KH�FROOHFWHG�EORRG���´��PO��ZDV�FHQWULIXJHG�IRU����PLQ@
XWHV�DW����&�DQG������USP��6,*0$��.���FHQWULIXJH��
WR�REWDLQ�SODVPD��$FWLYH�VXEVWDQFH�RI�WKH�WHVWHG�GUXJ��GLV@
VROYHG�LQ�������GLPHWK\O�VXOIR[LGH�t�'062��ZDV�DGGHG�
FRQVHFXWLYHO\�WR�����PO�RI�EORRG�SODVPD��7KH�ILQDO�FRQFHQ@
WUDWLRQV�RI�]LSUDVLGRQH�t�����QJ�PO�DQG�����QJ�PO�ZHUH�
XVHG�IRU�WKH�VWXG\��FRUUHVSRQGLQJ�WR�VWDEOH�FRQFHQWUDWLRQ�
RI�WKH�GUXJ�DFKLHYHG�DIWHU�PXOWLSOH�XVH�RI�WKH�GRVH�XVHG�IRU�
WKH�WUHDWPHQW�RI�DFXWH�HSLVRGH�RI�VFKL]RSKUHQLD��7KH�DF@
WLYH�VXEVWDQFH�RI�WKH�WHVWHG�GUXJ�ZDV�VXSSOLHG�IURP�3IL]@
HU��86$���7KH�WHVWHG�VDPSOHV�RI�SODVPD�ZLWK�WKH�GUXJ�GLV@
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UR]SXV]F]RQã�Z�������GLPHW\ORVXOIRWOHQNX�t�'062��
'R�EDGDġ�]DVWRVRZDQR�VW÷őHQLD�NRġFRZH�]\SUD]\GRQX�
����QJ�PO�L�����QJ�PO��RGSRZLDGDMãFH�VWDELOQHPX�VW÷őHQLX�
OHNX��RVLãJDQHPX�SR�ZLHORNURWQ\P�SU]\M÷FLX�GDZNL�VWRVR@
ZDQHM�Z�OHF]HQLX�RVWUHJR�HSL]RGX�VFKL]RIUHQLL��6XEVWDQFM÷�
F]\QQã�EDGDQHJR�OHNX�RWU]\PDQR�]�ILUP\�3IL]HU��86$���%D@
GDQH�SUÐE\�RVRF]D�]�OHNDPL�UR]SXV]F]RQ\PL�Z�'062�LQ@
NXERZDQR����JRG]LQ\�Z�WHPSHUDWXU]H�SRNRMRZHM��'R�NDő@
GHJR�GRĳZLDGF]HQLD�Z\NRQDQR�SUÐE\�NRQWUROQH��NWÐUH�
VWDQRZLğR�RVRF]H�]�'062��EH]�OHNX��:�SUÐEDFK�EDGDQHJR�
RVRF]D�L�Z�SUÐEDFK�NRQWUROQ\FK�SR�LQNXEDFML�]�EDGDQ\PL�
VW÷őHQLDPL�]\SUD]\GRQX�R]QDF]RQR�VSHNWURIRWRPHWU\F]QLH�
VW÷őHQLH�]ZLã]NÐZ�UHDJXMãF\FK�]�NZDVHP�WLREDUELWXURZ\P�
�7%$56��PHWRGã�RSLVDQã�SU]H]�5LFHpD�(YDQVDN>DO�RUD]�VW÷@
őHQLH�ZROQ\FK�WLROL�PHWRGã�(OOPDQDN>D8>>O9

2=1$&=$1,(�67}¿(1,$�)
*583�7,2/2:<&+�:b262&=8

&DğNRZLWã�]DZDUWRĳå�WLROL��JUXS�VXOIK\GU\ORZ\FK��6+��
;*"%")H/* 4'</B";G'.F*>Q*3"(H4'.* H* H.&#GH.("'$F*

L�GOD�SUÐE�NRQWUROQ\FK�EH]�OHNX�R]QDF]RQR�PHWRGã�(OO@
FG'G*H*;.<"#H.%+G'4$F*<;G%/*=8=K@(4+4"B4%@N>@'4+#"B$'@

]RHVRZHJR���'71%���]�NWÐU\P�WLROH�UHDJXMã��FR�SURZDG]L�
("*&";%+G'4G*BG#;'$3"*(4G'4"'/*<;G%/*=@+4"@>@'4+#"@

EHQ]RHVRZHJR��71%��R�PDNV\PDOQHM�DEVRUEDQFML�SU]\�
λ ����QPN>DO��6W÷őHQLH� WLROL�REOLF]RQR�� VWRVXMãF�ZDU@
WRĳå�PRORZHJR�ZVSÐğF]\QQLND�DEVRUEDQFML�GOD�GLDQLRQX�
71%��ε �������0@D´FP@DO9*5H.%<G'$*;.'4<4*&#H$(%+G@

ZLRQR�MDNR�VW÷őHQLH�WLROL�Z�SU]HOLF]HQLX�QD�PLOLJUDP�ELDğ@
ND��QPRO�PJ���6W÷őHQLH�ELDğND�Z�RVRF]X�RNUHĳORQR�PHWRGã�
%UDGIRUGD��D�MDNR�Z]RU]HF�Z\NRU]\VWDQR�UR]WZÐU�DOEXPL@
Q\�ZRğRZHMN>RO��2]QDF]HQLD�VW÷őHQLD�WLROL�Z\NRQDQR�Z�GZX@
<#"+'.)1*&";+P#H$'4G)19

2=1$&=$1,(�67}¿(1,$�=:,k=.�:�
5($*8-k&<&+�=b.:$6(0�
7,2%$5%,7852:<0��7%$56�

'R�����PO�RVRF]D�NRQWUROQHJR��EH]�OHNX��L�RVRF]D�EDGD@
QHJR��SUÐE\�]�RGSRZLHGQLPL�VW÷őHQLDPL�NRġFRZ\PL�]\@
SUD]\GRQX��GRGDQR�����PO�����NZDVX�WULFKORURRFWRZHJR�
�7&$��Z������0�+&O�L�����PO�������NZDVX�WLREDUELWXUR@
;$3"*NML\O*;*?8>=*6*U!29*0#PB.*F4$%HG'"*4*"3#H$;G'"*

ZH�ZU]ãFHM�ğDŏQL�ZRGQHM�SU]H]����PLQXW��1DVW÷SQLH�SUÐE@
NL�RVRF]D�RGZLURZ\ZDQR�SU]H]����PLQXW�������REU��PLQ��
ZLUÐZND�6,*0$��.����Z�FHOX�RWU]\PDQLD�NODURZQH@
JR�VXSHUQDWDQWX��3R�RFKğRG]HQLX�SUÐE�DEVRUEDQFM÷�VX@
SHUQDWDQWX�R]QDF]DQR�QD�VSHNWURNRORU\PHWU]H�6(0&2�
SU]\�GğXJRĳFL�IDOL�����QP�Z�NXZHFLH�R�JUXERĳFL�ZDUVWZ\�
��FP��,ORĳå�7%$56�REOLF]DQR�QD�SRGVWDZLH�ZDUWRĳFL�DE@
VRUEDQFML��]�Z\NRU]\VWDQLHP�PRORZHJR�ZVSÐğF]\QQLND�DE@
VRUEDQFML��ε ����´��=*6@D´FP@D���2]QDF]HQLD�VW÷őHQLD�
7%$56�Z\NRQDQR�Z�GZXNURWQ\FK�SRZWÐU]HQLDFK��6W÷őH@
QLH�7%$56�Z\UDőRQR�Z��PRO�O�

VROYHG�LQ�'062�ZHUH�LQFXEDWHG�IRU����KRXUV�DW�URRP�
+$F&$#G+/#$9*Z"#*$G)1*$T&$#4F$'+*+1$*)"'+#"2*%GF&2$%*

ZHUH�PDGH��FRQVLVWLQJ�RI�SODVPD�ZLWK�'062��ZLWKRXW�
WKH�GUXJ���7KH�SODVPD�VDPSOHV�DQG�FRQWURO�VDPSOHV�DI@
+$#*4')/BG+4"'*;4+1*+1$*H4&#G%4("'$*)"')$'+#G+4"'%*;$#$*

WHVWHG�VSHFWURSKRWRPHWULFDOO\�IRU�WKH�OHYHO�RI�WKLREDUELWX@
ULF�DFLG�UHDFWLYH�VXEVWDQFHV��XVLQJ�WKH�5LFH�(YDQV�PHWK@
"(N>DO��ZKHUHDV�IUHH�WKLROV�OHYHO�ZDV�GHWHUPLQHG�XVLQJ�WKH�
(OOPDQ�PHWKRGN>D8>>O9

(9$/8$7,21�2)�7+,2/�*52836�
&21&(175$7,21�,1�3/$60$

7KH�WRWDO�FRQWHQW�RI�WKLROV��VXOIK\GU\O�JURXSV��6+���LQ�SODV@
PD�VDPSOHV�LQFXEDWHG�IRU����KRXUV�ZLWK�]LSUDVLGRQH�DQG�
4'*)"'+#"2*%GF&2$%*;4+1"/+*+1$*+$%+$(*(#/38*;$#$*F$G%/#$(*

DFFRUGLQJ�WR�(OOPDQ�PHWKRG��ZKHUH�UHDFWLRQ�RI����p�GLWKLR@
ELV����QLWUREHQ]RLF�DFLG���'71%��ZLWK�WKLRO�JURXSV�OHDGV�
WR�IRUPDWLRQ�RI�FRORXUHG�GLDQLRQ�RI���WKLR���QLWUREHQ]R@
LF�DFLG��71%��ZLWK�PD[LPDO�DEVRUEDQFH�DW�λ ����QPN>DO9*

M1$*+"+G2*+14"2%*)"')$'+#G+4"'*;G%*)G2)/2G+$(*BG%$(*"'*

WKH�YDOXH�RI�PRODU�H[WLQFWLRQ�FRHIILFLHQW�IRU�71%�GLDQ@
4"'*Nε �������0@D´FP@DO9*M1$*"B+G4'$(*#$%/2+%*;$#$*$T@

SUHVVHG�DV�WKLROV�FRQFHQWUDWLRQ�SHU�PLOOLJUDP�RI�SURWHLQ�
�QPRO�PJ���7KH�SURWHLQ�FRQFHQWUDWLRQ�LQ�SODVPD�ZDV�GH@
WHUPLQHG�XVLQJ�%UDGIRUG�PHWKRG��DQG�WKH�ERYLQH�VHUXP�DO@
B/F4'*%"2/+4"'*;G%*/%$(*G%*G*%+G'(G#(N>RO9*M1$*+14"2%*)"'@

)$'+#G+4"'*F$G%/#$F$'+%*;$#$*FG($*4'*(/&24)G+$9

'(7(50,1$7,21�2)�7+(�/(9(/�)
2)�7+,2%$5%,785,&�$&,'�5($&7,9(�

68%67$1&(6

7KH�DPRXQW�RI�����PO�RI�FRQWURO�SODVPD��QR�GUXJ��DQG�WKH�
WHVWHG�SODVPD��VDPSOHV�ZLWK�DSSURSULDWH�ILQDO�FRQFHQWUD@
WLRQV�RI�]LSUDVLGRQH��ZHUH�DGGHG�WR�����PO�RI�����WULFKOR@
URDFHWLF�DFLG��7&$��LQ������0�+&O�DQG�����PO�RI�������
+14"BG#B4+/#4)*G)4(*NML\O*4'*?9>=*6*U!29*M1$*%GF&2$%*

ZHUH�PL[HG�DQG�KHDWHG�LQ�D�ERLOLQJ�ZDWHU�EDWK�IRU����PLQ@
XWHV��7KHQ�WKH�VDPSOHV�ZHUH�FHQWULIXJHG�IRU����PLQXWHV�
������USP��6,*0$��.���FHQWULIXJH��WR�REWDLQ�D�WUDQV@
SDUHQW�DQG�FOHDU�VXSHUQDWDQW��/LJKW�DEVRUSWLRQ�RI�WKH�
%/&$#'G+G'+*;G%*F$G%/#$(* /%4'3* D* )F* +14)<* )/J$++$*

G+*λ ����QP��6(0&2�VSHFWURSKRWRPHWHU���7%$56�
)"'+$'+*;G%*)G2)/2G+$(*BG%4'3*"'*GB%"#BG')$*JG2/$8*/%4'3*

WKH�PRODU�H[WLQFWLRQ�FRHIILFLHQW��ε ����´��=*6@D´FP@DO9*

7KH�PHDVXUHPHQWV�RI�7%$56�OHYHO�ZHUH�PDGH�LQ�GXSOL@
FDWH��7KH�7%$56�OHYHO�ZDV�H[SUHVVHG�LQ��PRO�O�

-0%01-01,%2)%3%2$-1-

7KH�UHVXOWV�REWDLQHG�IURP�WKH�VWXG\�ZHUH�VXEMHFWHG�WR�VWD@
+4%+4)G2*G'G2.%4%,*G#4+1F$+4)*F$G'%*G'(*%+G'(G#(*($J4G@

WLRQ�RI�WKH�PHDQ��6(0��ZHUH�FDOFXODWHG��7KH�VLJQLILFDQFH�
RI�GLIIHUHQFHV�EHWZHHQ�WKH�WHVWHG�VDPSOHV�ZLWK�LQFXEDWHG�
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%3%21#%)-0%0$-0$,#3%

:\QLNL�EDGDġ�SRGGDQR�DQDOL]LH�VWDW\VW\F]QHM��REOLF]RQR�
ĳUHGQLH�DU\WPHW\F]QH�L�EğãG�VWDQGDUGRZ\�ĳUHGQLHM��6(0���
,VWRWQRĳå�UÐőQLF�PL÷G]\�EDGDQ\PL�SUÐEDPL�]�LQNXERZDQ\P�
OHNLHP�L�SUÐEDPL�NRQWUROQ\PL�]DUÐZQR�GOD�ZDUWRĳFL�VW÷őH@
QLD�WLROL��MDN�L�VW÷őHQLD�7%$56�REOLF]RQR�]D�SRPRFã�WHVWX�W@
�6WXGHQWD�GOD�SUÐE�]DOHőQ\FK��WHVW�VSDURZDQ\���'R�EDGDġ�
]DVWRVRZDQR�SDNLHW�6WDW6RIW�,QF���6WDWLVWLFD�Y������

GUXJ�DQG�FRQWURO�VDPSOHV�ERWK�IRU�WKH�YDOXHV�RI�WKLROV�FRQ@
FHQWUDWLRQ�DQG�7%$56�FRQFHQWUDWLRQ�ZDV�GHWHUPLQHG�XV@
LQJ�WKH�SDLUHG�6WXGHQW�W�WHVW�IRU�GHSHQGHQW�YDULDEOHV��3DFN@
DJH�6WDW6RIW�,QF���6WDWLVWLFD�Y������IRU�VWDWLVWLFDO�DQDO\VLV�
;G%*/%$(9

5(68/76

=LSUDVLGRQH�DIWHU����KRXUVp�LQFXEDWLRQ�ZLWK�EORRG�SODVPD��
G%*)"F&G#$(*+"*+1$*)"'+#"2*%GF&2$%8*)G/%$(*G*%+G+4%+4)G22.*

LQVLJQLILFDQW�LQFUHDVH�LQ�WKH�OHYHO�RI�WKLROV�IRU�WKH
GUXJ�FRQFHQWUDWLRQV�RI�ERWK�����QJ�PO�DQG�����QJ�PO�
�ILJ�����WDEOH�����=LSUDVLGRQH�LQ�IRU�WKH�ILUVW�WLPH�WHVWHG�
FRQFHQWUDWLRQ�RI�����QJ�PO�DIWHU�LQFXEDWLRQ�ZLWK�SODV@
FG*N>Q*1"/#%O8*G%*)"F&G#$(*+"*)"'+#"2*3#"/&%8*)G/%$(*

D�VLJQLILFDQW�LQFUHDVH�LQ�WKH�OHYHO�RI�7%$56�t�E\�������
�S ���´��@Q���ILJ������VLPLODUO\�DV�LQ�WKH�HDUOLHU�WHVWHG�FRQ@
FHQWUDWLRQ�RI�����QJ�PO��WDEOH����LQ�SULQW���7KH�UHVXOWV�
RI�WKH�VWXG\�LQGLFDWH�WKDW�]LSUDVLGRQH�LQ�FRQFHQWUDWLRQV�
����QJ�PO�DQG�����QJ�PO��FRUUHVSRQGLQJ�WR�WKH�GUXJ�GRV@
$%*A?@DC?*F3*N/%$(*SHU�RV���GRHV�QRW�VLJQLILFDQWO\�FRQWULE@
XWH�WR�D�FKDQJH�LQ�WKH�IUHH�WKLROV�OHYHO�LQ�SODVPD��EXW�FDXVHV�
D�VLJQLILFDQW�LQFUHDVH�LQ�WKH�OHYHO�RI�7%$56��VKRZLQJ�LWV�
SURSHUWLHV�RI�LQFUHDVLQJ�OLSLG�SHUR[LGDWLRQ�

',6&866,21

&XUUHQW�UHVXOWV�RI�WKH�VWXGLHV�GR�QRW�DOORZ�WR�HVWDEOLVK�XQ@
DPELJXRXVO\�WKH�HIIHFWV�RI�DQWLSV\FKRWLFV�RQ�YDULRXV�R[L@
(G+4J$*%+#$%%*B4"FG#<$#%8*4')2/(4'3*)1G'3$%*4'*+1$*24&4(*&$#@

R[LGDWLRQ�OHYHO�DQG�IUHH�WKLROV�OHYHO�LQ�SODVPD�
2XU�RZQ�VWXG\�RQ�VFKL]RSKUHQLF�SDWLHQWV�VKRZHG�DQ�LQ@
)#$G%$*4'*+1$*"T4(G+4J$*%+#$%%*B4"FG#<$#%*)"')$'+#G+4"'*

LQ�SODVPD�DQG�D�VLJQLILFDQW�GHFUHDVH�LQ�WKH�OHYHO�RI�WKLRO�
JURXSV�LQ�SODWHOHWV��E\�DSSUR[������LQ�UHODWLRQ�WR�KHDOWK\�
VXEMHFWV�NR8>QO��$W� WKH�VDPH� WLPH�D�VLJQLILFDQW�GHFUHDVH�
ZDV�QRWHG�LQ�WKH�FRQFHQWUDWLRQ�RI�ORZ�PROHFXODU�WKLROV�

Stężenie 
zyprazydonu

Concentration 
of ziprasidone

Marker
Marker

Kontrola  (bez leku)
Control  (without drug)

Zyprazydon (lek)
Ziprasidone (drug)

p

n=10 n=10

139 ng/ml Tiole [nmol/mg białka]
Thiols [nmol/mg of protein]

Średnia
Mean value 2,802 2,821

p>0,05
SEM 0,101 0,095

250 ng/ml Tiole [nmol/mg białka]
Thiols [nmol/mg of protein]

Średnia
Mean value 2,802 2,850

p>0,05
SEM 0,101 0,086

TBARS [μmol/l]
TBARS [μmol/l]

Średnia
Mean value 1,618 2,064

p=3,9×10-4

SEM 0,056 0,110
TBARS dla stężenia zyprazydonu 139 ng/ml p<0,001 (praca w druku).
TBARS for ziprasidone concentration 139 ng/ml p<0.001 (the study in print).
7DEHOD�����:Sï\Z�]\SUD]\GRQX������QJ�PO��QDbVWÚĝHQLH�ZROQ\FK�WLROL�Lb]ZLÈ]NöZ�UHDJXMÈF\FK�]bNZDVHP�WLREDUELWXURZ\P��7%$56��ZbRVRF]X�

�Q ����GZXNURWQH�SRZWöU]HQLD���&]DV�LQNXEDFML����JRG]LQ\
7DEOH�����(IIHFWV�RIb]LSUDVLGRQH������QJ�PO��RQ�IUHH�WKLROV�OHYHO�DQG�WKLREDUELWXULF�DFLG��UHDFWLYH�VXEVWDQFHV��7%$56��LQbSODVPD��Q ����GXSOL!

FDWH���,QFXEDWLRQ�WLPH�ļb���KRXUV

5\V������:]URVW�VWÚĝHQLD�ZROQ\FK�WLROL�ZbRVRF]X�SR����JRG]LQQHM�LQ!
NXEDFML�RVRF]D�]b]\SUD]\GRQHP������QJ�PO������QJ�PO���
Z\UDĝRQ\�Zb���NRQWUROD� ������

)LJ������$Q�LQFUHDVH�LQbIUHH�WKLROV�OHYHO�LQbSODVPD�DIWHU����KRXUVĳ�
LQFXEDWLRQ� RIb SODVPD� ZLWK� ]LSUDVLGRQH� ����� QJ�PO��
���bQJ�PO���H[SUHVVHG�LQb���FRQWURO� ������

120

100

80

60

40

20

0
ZIP 139 ng/ml

101% p>0,05

ZIP 250 ng/ml

102%

%

Kontrola 100%
Control 100%
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:<1,.,

=\SUD]\GRQ�SR����JRG]LQQHM�LQNXEDFML�]�RVRF]HP�Z�SR@
UÐZQDQLX�]�SUÐEDPL�NRQWUROQ\PL�VSRZRGRZDğ�QLHLVWRW@
Q\�VWDW\VW\F]QLH�Z]URVW�VW÷őHQLD�WLROL�]DUÐZQR�GOD�VW÷őHQLD�
OHNX�����QJ�PO��MDN�L�����QJ�PO��U\V�����WDEHOD�����=\SUD@
]\GRQ�Z�EDGDQ\P�SR�UD]�SLHUZV]\�VW÷őHQLX�����QJ�PO�SR�
LQNXEDFML�]�RVRF]HP�����K��Z�RGQLHVLHQLX�GR�SUÐE�NRQ@
WUROQ\FK�VSRZRGRZDğ�]QDF]ãF\�Z]URVW�VW÷őHQLD�7%$56�
t�R��������S ����´��@Q���U\V������SRGREQLH�MDN�Z�EDGD@
Q\P�ZF]HĳQLHM�VW÷őHQLX�����QJ�PO��WDEHOD����SUDFD�Z�GUX@
NX���:\QLNL�EDGDġ�ZVND]XMã��őH�]\SUD]\GRQ�Z�VW÷őHQLDFK�
����QJ�PO�RUD]�����QJ�PO��RGSRZLDGDMãF\FK�GDZNRP�
2$</*A?@DC?*F3*N%+"%";G'.F*SHU�RV���QLH�ZSğ\ZD�LVWRWQLH�
QD�]PLDQ÷�VW÷őHQLD�ZROQ\FK�WLROL�Z�RVRF]X��QDWRPLDVW�SR@
ZRGXMH�LVWRWQ\�Z]URVW�VW÷őHQLD�7%$56��Z\ND]XMãF�ZğDĳFL@
ZRĳFL�]ZL÷NV]DMãFH�SHURNV\GDFM÷�OLSLGÐZ�

',-.#/$#/

2EHFQH�Z\QLNL�EDGDġ�QLH�SR]ZDODMã�MHGQR]QDF]QLH�XVWDOLå�
ZSğ\ZX�OHNÐZ�SU]HFLZSV\FKRW\F]Q\FK�QD�UÐőQH�ELRPDUNH@
U\�VWUHVX�RNV\GDF\MQHJR��Z�W\P�]PLDQ\�SR]LRPX�SHURNV\@
GDFML�OLSLGÐZ�RUD]�VW÷őHQLH�ZROQ\FK�WLROL�Z�RVRF]X�
:�EDGDQLDFK�ZğDVQ\FK�X�FKRU\FK�QD�VFKL]RIUHQL÷�VWZLHU@
G]RQR�Z]URVW�VW÷őHQLD�ELRPDUNHUÐZ�VWUHVX�RNV\GDF\MQH@
JR�Z�RVRF]X�RUD]�Z\ND]DQR�LVWRWQH�]PQLHMV]HQLH�VW÷őHQLD�
JUXS�WLRORZ\FK�Z�Sğ\WNDFK�NUZL��R�RNRğR�����Z�RGQLH@
%4$'4/*("*"%PB*H(#";.)1ONR8>QO��-HGQRF]HĳQLH�RGQRWRZD@
QR� LVWRWQH�]PQLHMV]HQLH�VW÷őHQLD�QLVNRF]ãVWHF]NRZ\FK�
WLROL�Z�ELDğNDFK�RVRF]D��WDNLFK�MDN�JOXWDWLRQ��*6+���F\@
VWHLQD��&6+��F]\�F\VWHLQ\ORJOLF\QD��&*6+�NQO��:\QLN�WHQ�
MHVW�]JRGQ\�]H�VWZLHUG]DQ\PL��UÐZQLHő�SU]H]�LQQ\FK�DX@
WRUÐZ��QLHGRERUDPL�JOXWDWLRQX�X�FKRU\FK�QD�VFKL]RIUH@
QL÷�L�Z�NRQVHNZHQFML�SRGHMPRZDQã�X�W\FK�FKRU\FK�VXSOH@
PHQWDFMã�1�DFHW\ORF\VWHLQã�t�SUHNXUVRUHP�JOXWDWLRQXN>=@>AO9*

LQ�SODVPD�SURWHLQV��VXFK�DV�JOXWDWKLRQH��*6+���F\VWHLQH�
�&6+��RU�F\VWHLQ\OJO\FLQH��&*6+�NQO9*M14%*#$%/2+*)"'@
IRUPV�ZLWK�JOXWDWKLRQH�GHILFLWV��IRXQG�DOVR�E\�RWKHU�DX@
+1"#%8*4'*%)14H"&1#$'4)*&G+4$'+%*G'(*)"'%$V/$'+2.*/'($#@

WDNHQ�VXSSOHPHQWDWLRQ�ZLWK�1�DFHW\OF\VWHLQH�t�SUHFXUVRU�
RI�JOXWDWKLRQHN>=@>AO9*\*($)#$G%$*4'*2";@F"2$)/2G#*+14"2%*
LQ�VFKL]RSKUHQLF�SDWLHQWV�VKRZV�D�VLJQLILFDQW�GHFUHDVH�
LQ�R[LGDWLYH�GHIHQFH��ZKHUH�*6+�DQG�WKLROV�SOD\�DQ�LP@
SRUWDQW�UROH��&KDQJHV�LQ�WKH�OHYHO�RI�IUHH�WKLROV�LQ�SODVPD�
PD\�UHVXOW�IURP�6�WKLRODWLRQ�RI�SURWHLQV�ZKLFK�UHVXOWV�IURP�
"T4(G+4J$*%+#$%%*G'(*)"'%+4+/+$%*G'*4F&"#+G'+*G'+4"T4(G+4J$*

PHFKDQLVP�RI�SURWHFWLQJ�6+�JURXSV�LQ�SURWHLQ�PROHFXOHV�
IURP�LUUHYHUVLEOH�R[LGDWLRQ��5HFHQWO\��+XDQJ�HW�DO��QRWLFHG�
LQ�VFKL]RSKUHQLF�SDWLHQWV��DIWHU���ZHHNV�RI�WUHDWPHQW�ZLWK�
ULVSHULGRQH��D�VLJQLILFDQW�GHFUHDVH�LQ�WKH�OHYHO�RI�IUHH�WKLROV�
LQ�SODVPD��EXW�DOVR�QRWHG�WKH�GLIILFXOWLHV�ZLWK�FRQGXFWLQJ�
%/)1*%+/(4$%*LQbYLYR��EHFDXVH�RI�SRVVLEOH�HIIHFWV�RI�WKH�IDF@
+"#%*(4%+"#+4'3*+1$*#$%/2+%N>EO9*-'*"/#*LQbYLWUR*%+/(.*;$*($F@
RQVWUDWHG�IRU�WKH�ILUVW�WLPH�WKDW�]LSUDVLGRQH�LQ�FRQFHQWUD@
WLRQV�RI�����QJ�PO�DQG�����QJ�PO�FRUUHVSRQGLQJ�WR�WKH�
(#/3*("%$%*A?@DC?*F3*N/%$(*SHU�RV��GRHV�QRW�VLJQLILFDQWO\�
DIIHFW�WKH�FKDQJH�LQ�IUHH�WKLROV�OHYHO�LQ�SODVPD��EXW�DIIHFWV�
OLSLG�SHUR[LGDWLRQ�PHDVXUHG�E\�7%$56�OHYHOV��7KLREDU@
B4+/#4)*G)4(@#$G)+4J$*%/B%+G')$%*G#$*G*;$22@<'";'*FG#<$#*

RI�OLSLG�SHUR[LGDWLRQ�SOD\LQJ�D�VLJQLILFDQW�UROH�LQ�WR[LF�HI@
IHFWV�RI�PDQ\�FKHPLFDO�FRPSRXQGVNR?O9*!1G'3$%*4'*+1$*2$J@
HO�RI�7%$56��RU�0'$��DQG�DQWLR[LGDWLYH�PDUNHUV�ZHUH�GH@
%)#4B$(*4'*%+/(4$%*"'*G'4FG2*F"($2*GF"'3*"+1$#*4'*+1$*)G%$*

RI�WKH�HIIHFWV�RI�VXFK�GUXJV�DV�FKORUSURPD]LQH��KDORSHUL@
("28*#4%&$#4("'$8*"2G'HG&4'$*"#*)2"HG&4'$NS@E8RD@RRO��5HVXOWV�
RI�WKH�VWXGLHV�FDUULHG�RXW�LQ�VFKL]RSKUHQLF�SDWLHQWV�LQGL@
FDWH�WKDW�DQWLSV\FKRWLFV�DIIHFW�WKH�OHYHO�RI�7%$56ND8R8RQ@RAO9*
,W�ZDV�UHSRUWHG�WKDW�WKH�OHYHO�RI�7%$56�ZDV�KLJKHU�LQ�SD@
WLHQWV�DIWHU�WKH�XVH�RI�)*$V��EXW�VXFK�FKDQJHV�ZHUH�QRW�
REVHUYHG�LQ�WKH�SDWLHQWV�WUHDWHG�ZLWK�WKH�6*$VNREO9*-'*"/#*
$G#24$#*%+/(4$%*LQbYLWUR�WKH�6*$V��ULVSHULGRQH��RODQ]DSLQH�
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0,00

0,50
0,45
0,40
0,35
0,30
0,25
0,20
0,15
0,10
0,05
0,00

ZIP 250 ng/ml Tiole 139 ng/ml
Thiols 139 ng/ml

Tiole 250 ng/ml
Thiols 250 ng/ml
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5\V������3RUöZQDQLH�VWÚĝHQLD�7%$56�RUD]�ZROQ\FK�WLROL�ZbOXG]NLP�RVRF]X�SR����JRG]LQQHM�LQNXEDFML�]b]\SUD]\GRQHP
)LJ������&RPSDULVRQ�RIbWKH�OHYHOV�RIb7%$56�DQG�IUHH�WKLROV�LQbKXPDQ�SODVPD�DIWHU����KRXUVĳ�LQFXEDWLRQ�ZLWK�]LSUDVLGRQH

* Różnica (∆) względem kontroli.
* Difference (∆) in relation to the control.

p=3,9×10-4*

p>0,05* p>0,05*
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=PQLHMV]HQLH�QLVNRF]ãVWHF]NRZ\FK�WLROL�X�FKRU\FK�QD�VFKL@
]RIUHQL÷�ĳZLDGF]\�R�LVWRWQ\P�REQLőHQLX�REURQ\�DQW\RN@
V\GDF\MQHM��Z�NWÐUHM�*6+�L�WLROH�RGJU\ZDMã�ZDőQã�URO÷��
=PLDQ\�VW÷őHQLD�ZROQ\FK�WLROL�Z�RVRF]X�PRJã�Z\QLNDå�]�6@
�WLRODFML�ELDğHN�E÷GãFHM�QDVW÷SVWZHP�VWUHVX�RNV\GDF\MQHJR�
L�VWDQRZLãFHM�ZDőQ\�PHFKDQL]P�DQW\RNV\GDF\MQ\�RVğDQLD@
QLD�JUXS�6+�Z�F]ãVWHF]NDFK�ELDğHN�SU]HG�QLHRGZUDFDOQ\P�
XWOHQLDQLHP��2VWDWQLR�+XDQJ�L�ZVS��]DXZDő\OL��őH�SR���W\@
JRGQLDFK�OHF]HQLD�ULVSHULGRQHP�X�FKRU\FK�QD�VFKL]RIUHQL÷�
Z\VWãSLğ�LVWRWQ\�VSDGHN�VW÷őHQLD�ZROQ\FK�WLROL�Z�RVRF]X��
DOH�]ZUÐFLOL�WHő�XZDJ÷�QD�WUXGQRĳFL�]�SURZDG]HQLHP�WHJR�
W\SX�EDGDġ�LQbYLYR�]H�Z]JO÷GX�QD�PRőOLZ\�ZSğ\Z�F]\QQL@
NÐZ�]DNğÐFDMãF\FK�Z\QLNLN>EO��:�QDV]\P�EDGDQLX�LQbYLWUR*
SR�UD]�SLHUZV]\�Z\ND]DOLĳP\��őH�]\SUD]\GRQ�Z�VW÷őHQLDFK�
����QJ�PO�RUD]�����QJ�PO�RGSRZLDGDMãF\FK�GDZNRP�
2$</*A?@DC?*F3*N%+"%";G'.F*SHU�RV��QLH�ZSğ\ZD�LVWRWQLH�
QD�]PLDQ÷�VW÷őHQLD�ZROQ\FK�WLROL�Z�RVRF]X��QDWRPLDVW�Z\@
ZLHUD�ZSğ\Z�QD�SHURNV\GDFM÷�OLSLGÐZ��PLHU]RQã�]D�SRPR@
Fã�R]QDF]HQLD�VW÷őHQLD�7%$56��=ZLã]NL�UHDJXMãFH�]�NZD@
VHP�WLREDUELWXURZ\P�Vã�]QDQ\P�PDUNHUHP�SHURNV\GDFML�
OLSLGÐZ��RGJU\ZDMãFHM�LVWRWQã�URO÷�Z�WRNV\F]Q\P�G]LDğDQLX�
ZLHOX�]ZLã]NÐZ�FKHPLF]Q\FKNR?O��2SLV\ZDQR�]PLDQ\�VW÷@
őHQLD�7%$56��OXE�0'$��RUD]�PDUNHUÐZ�DQW\RNV\GDF\M@
'.)1*;*BG(G'4G)1*'G*F"($2/�]ZLHU]÷F\P�PL÷G]\�LQQ\PL�
Z�SU]\SDGNX�G]LDğDQLD�WDNLFK�OHNÐZ��MDN�FKORUSURPD]\QD��
1G2"&$#4("28*#4%&$#4("'8*"2G'HG&4'G*)H.*<2"HG&4'GNS@E8RD@RRO9*

=�Z\QLNÐZ�EDGDġ�SURZDG]RQ\FK�X�FKRU\FK�QD�VFKL]RIUH@
QL÷�Z\QLND��Lő�OHNL�SU]HFLZSV\FKRW\F]QH�ZSğ\ZDMã�QD�VW÷@
őHQLH�7%$56ND8R8RQ@RAO��=DXZDőRQR��őH�VW÷őHQLH�7%$56�E\ğR�
Z\őV]H�X�SDFMHQWÐZ�SR�]DVWRVRZDQ\P�OHF]HQLX�/3,*��DOH�
'4$*HG"B%$#;";G'"*+G<4)1*HF4G'*/*)1"#.)18*<+P#H.*"+#H.@

P\ZDOL�/3,,*NREO��:�QDV]\FK�ZF]HĳQLHMV]\FK�EDGDQLDFK�
&#";G(H"'.)1*;*F"($2/*LQbYLWUR�/3,,*��ULVSHULGRQ��RODQ@
]DSLQD�F]\�NZHWLDSLQD��Z�VW÷őHQLDFK�RGSRZLDGDMãF\FK�
(G;<"F*#$<"F$'(";G'.F*("*2$)H$'4G*"%+#$3"*$&4H"(/*

VFKL]RIUHQLL�QLH�SRZRGRZDğ\�LVWRWQHJR�Z]URVWX�SHURNV\@
GDFML�OLSLGÐZ�RVRF]D�Z�RGQLHVLHQLX�GR�SUÐE�NRQWUROQ\FK�
[*B$H*2$</ND8DRO��1DWRPLDVW�VWZLHUG]LOLĳP\��SRGREQLH�MDN�
DXWRU]\�SURZDG]ãF\�EDGDQLD�QD�PRGHOX�]ZLHU]÷F\PNREO8*

őH�KDORSHULGRO�Z�GRĳZLDGF]HQLDFK�HNVSHU\PHQWDOQ\FK�
&#";G(H"'.)1*LQbYLWUR�Z�OXG]NLP�RVRF]X�LVWRWQLH�]ZL÷N@
V]D�SHURNV\GDFM÷�OLSLGÐZNDRO9*^*<"2$4*^1G'3*4*;%&9*;.<G@

]DOL��őH�X�FKRU\FK�QD�VFKL]RIUHQL÷�SR�OHF]HQLX�NOR]DSLQã�
OXE�ULVSHULGRQHP�QLH�Z\VW÷SXMã�]QDF]ãFH�UÐőQLFH�Z�VW÷őH@
QLX�GLDOGHK\GX�PDORQRZHJR��0'$�NRAO��3RGREQLH�.URSS�
L�ZVS��]DREVHUZRZDOL�EUDN� LVWRWQHJR�Z]URVWX�VW÷őHQLD�
7%$56�SR���W\JRGQLRZ\P�OHF]HQLX�SDFMHQWÐZ�FKRU\FK�
QD�VFKL]RIUHQL÷�WDNLPL�/3,,*��MDN��DPLVXOSU\G��ULVSHULGRQ��
RODQ]DSLQD��NZHWLDSLQD�L�NOR]DSLQD��ĳUHGQLH�GDZNL�G]LHQQH�
Z\QRVLğ\�RGSRZLHGQLR������PJ������PJ�������PJ��������PJ�
4*QQS8>*F3ONQ?O��5ÐZQLHő�Z�EDGDQLDFK�QD�]ZLHU]÷WDFK�3LO@
ODL�L�ZVS��Z\ND]DOL�DQW\RNV\GDF\MQH�G]LDğDQLH�QLHNWÐU\FK�
/3,,*��NWÐUH�]PQLHMV]Dğ\�SHURNV\GDFM÷�OLSLGÐZNEO��-HGQDN�
;*"B$)'4$*"FG;4G'.F*BG(G'4/*H.&#GH.("'*[*2$<*&#H$)4;@

SV\FKRW\F]Q\�GUXJLHM�JHQHUDFML�t�Z�VW÷őHQLX�����QJ�PO�SR�

"#*V/$+4G&4'$O*4'*)"')$'+#G+4"'%*)"##$%&"'(4'3*+"*("%$%*

UHFRPPHQGHG�IRU�WUHDWPHQW�RI�DFXWH�HSLVRGH�RI�VFKL]R@
SKUHQLD�GLG�QRW�FDXVH�D�VLJQLILFDQW�LQFUHDVH�LQ�SODVPD�OLS@
4(*&$#"T4(G+4"'*4'*#$2G+4"'*+"*)"'+#"2*%GF&2$%*[*;4+1"/+*

+1$*(#/3ND8DRO��,QVWHDG��ZH�KDYH�IRXQG��VLPLODUO\�WR�WKH�DX@
+1"#%*)"'(/)+4'3*+1$*%+/(4$%*4'*G'4FG2*F"($2NREO8*+1G+*1G2@

"&$#4("2*4'*$T&$#4F$'+G2*%+/(4$%*LQbYLWUR*4'*1/FG'*&2G%FG*
VLJQLILFDQWO\�LQFUHDVHV�OLSLG�SHUR[LGDWLRQNDRO��2Q�WKH�RWKHU�
KDQG�=KDQJ�HW�DO��LQGLFDWHG�WKDW�VFKL]RSKUHQLF�SDWLHQWV�DI@
+$#*+#$G+F$'+*;4+1*)2"HG&4'$*"#*#4%&$#4("'$*(4(*'"+*$T14B@

LW�DQ\�VLJQLILFDQW�GLIIHUHQFHV�LQ�WKH�FRQFHQWUDWLRQ�RI�PDOR@
Q\OGLDOGHK\GH��0'$�NRAO��6LPLODUO\��.URSS�HW�DO��REVHUYHG�
D�ODFN�RI�VLJQLILFDQW�LQFUHDVH�LQ�WKH�OHYHO�RI�7%$56�DIWHU�
��ZHHNV�WUHDWPHQW�RI�VFKL]RSKUHQLF�SDWLHQWV�ZLWK�VXFK�
6*$V�DV��DPLVXOSULGH��ULVSHULGRQH��RODQ]DSLQH��TXHWLDSLQH�
G'(*)2"HG&4'$*N+1$*F$G'*(G42.*("%$%*#$G)1$(*#$%&$)+4J$@

2.,*RRS*F38*Q9S*F38*DR9E*F38*RCR9Q*F3*G'(*QQS9>*F3ONQ?O9*

\2%"*4'*%+/(4$%*"'*G'4FG2%*0422G4*$+*G29*($F"'%+#G+$(*G'@

WLR[LGDWLYH�HIIHFWV�RI�FHUWDLQ�6*$V�ZKLFK�GHFUHDVHG�OLSLG�
&$#"T4(G+4"'NEO9*U";$J$#8*4'*+1$*&#$%$'+*%+/(.*H4&#G%4("'$*

[*+1$*%$)"'(*3$'$#G+4"'*G'+4&%.)1"+4)*[*4'*)"')$'+#G+4"'*

����QJ�PO�DIWHU����KRXUVp�LQFXEDWLRQ�ZLWK�SODVPD�VLJQLIL@
FDQWO\�LQFUHDVHG�OLSLG�SHUR[LGDWLRQ��:H�REWDLQHG�VLPLODU�UH@
VXOWV��LPSO\LQJ�WKH�GUXJpV�SUR�R[LGDWLYH�HIIHFWV��LQ�DQ�HDU@
OLHU�H[SHULPHQW�ZLWK�]LSUDVLGRQH�FRQFHQWUDWLRQ�����QJ�PO�
�WKH�VWXG\�LQ�SULQW���2XU�UHVXOWV�RI�LQbYLWUR*%+/(4$%*4'(4)G+$*
+1G+*H4&#G%4("'$*4'*)"')$'+#G+4"'%*)"##$%&"'(4'3*+"*("%@

HV�UHFRPPHQGHG�IRU�WUHDWPHQW�RI�DFXWH�HSLVRGH�RI�VFKL]R@
SKUHQLD��FDXVHV�D�VLJQLILFDQW�LQFUHDVH�LQ�WKH�OHYHO�RI�7%$56�
[*24&4(*&$#"T4(G+4"'*FG#<$#9

,Q�WKH�OLJKW�RI�WKH�ILQGLQJV�VKRZLQJ�WKDW�R[LGDWLYH�VWUHVV�
LV�LQYROYHG�LQ�HWLRSDWKRJHQHVLV�RI�VFKL]RSKUHQLD��WKH�VWXG\�
DLPHG�DW�GHWHUPLQDWLRQ�RI�DQWLSV\FKRWLFV�HIIHFWV�RQ�R[LGD@
+4J$*%+#$%%*B4"FG#<$#%*G#$*J$#.*4F&"#+G'+*)24'4)G22.8*B$)G/%$*

G'+4&%.)1"+4)%*4'*%)14H"&1#$'4)*&G+4$'+%*G#$*/%$(*)1#"'4@

FDOO\��XVXDOO\�IRU�PDQ\�\HDUV��RIWHQ�LQ�KLJK�GRVHV��HVSHFLDO@
O\�LQ�UHFXUUHQW�DFXWH�HSLVRGHV�RI�WKH�GLVHDVH�
,W�VHHPV�WKDW�GHWHUPLQDWLRQ�RI�WKH�HIIHFWV�RI�YDULRXV�DQWL@
SV\FKRWLFV��ERWK�RI�WKH�ILUVW�DQG�VHFRQG�JHQHUDWLRQ��RQ�R[@
LGDWLYH�VWUHVV�RFFXUULQJ�LQ�WKH�FRXUVH�RI�VFKL]RSKUHQLD�PD\�
LPSURYH�WKH�RXWFRPHV�DQG�FRQWULEXWH�WR�VHDUFKLQJ�IRU�
D�WKHUDS\�LQYROYLQJ�WKH�FRPSOH[�DVSHFWV�RI�SUR��DQG�DQWL@
R[LGDWLYH�LPEDODQFH�IRXQG�LQ�SDWLHQWV�ZLWK�VFKL]RSKUHQLD�

&21&/86,216

=LSUDVLGRQH�GRHV�QRW�FDXVH�D�VLJQLILFDQW�LQFUHDVH�LQ�WKH�
OHYHO�RI�WKLROV�LQ�KXPDQ�SODVPD��EXW�LW�FRQWULEXWHV�WR�DQ�
4')#$G%$*4'*&2G%FG*24&4(*&$#"T4(G+4"'8*+1$#$B.*$T14B4+4'3*

SUR�R[LGDWLYH�HIIHFWV�
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���JRG]LQQHM�LQNXEDFML�]�RVRF]HP�LVWRWQLH�]ZL÷NV]Dğ�SHURN@
V\GDFM÷�OLSLGÐZ��3RGREQH�Z\QLNL�ZVND]XMãFH�QD�G]LDğDQLH�
SURRNV\GDF\MQH�OHNX�X]\VNDOLĳP\�ZH�ZF]HĳQLHM�Z\NRQDQ\P�
GRĳZLDGF]HQLX�]H�VW÷őHQLHP�]\SUD]\GRQX�����QJ�PO��SUD@
FD�Z�GUXNX���1DV]H�Z\QLNL�EDGDġ��SURZDG]RQH�Z�XNğDG]LH�
LQbYLWUR��ZVND]XMã��őH�]\SUD]\GRQ�Z�VW÷őHQLDFK�RGSRZLDGD@
MãF\FK�GDZNRP�UHNRPHQGRZDQ\P�GR�OHF]HQLD�RVWUHJR�HSL@
]RGX�VFKL]RIUHQLL�SRZRGXMH�LVWRWQ\�Z]URVW�VW÷őHQLD�7%$56�
t�PDUNHUD�SHURNV\GDFML�OLSLGÐZ�
:�ĳZLHWOH�XVWDOHġ��őH�VWUHV�RNV\GDF\MQ\�MHVW�]DDQJDőRZD@
Q\�Z�HWLRSDWRJHQH]÷�VFKL]RIUHQLL��EDGDQLD�]PLHU]DMãFH�GR�
RNUHĳOHQLD�ZSğ\ZX�/33�QD�ELRPDUNHU\�VWUHVX�RNV\GDF\M@
QHJR�PDMã��GXőH�]QDF]HQLH�NOLQLF]QH��JG\ő�/33�X�FKRU\FK�
QD�VFKL]RIUHQL÷�VWRVRZDQH�Vã�SU]HZOHNOH��]D]Z\F]DM�SU]H]�
ZLHOH�ODWDFK��F]÷VWR�Z�]QDF]Q\FK�GDZNDFK��V]F]HJÐOQLH�
Z�QDZUDFDMãF\FK�RVWU\FK�HSL]RGDFK�FKRURE\�
:\GDMH�VL÷��őH�XVWDOHQLH�ZSğ\ZX�UÐőQ\FK�OHNÐZ�SU]HFLZS@
V\FKRW\F]Q\FK��]DUÐZQR�SLHUZV]HM��MDN�L�GUXJLHM�JHQHUDFML��
QD�VWUHV�RNV\GDF\MQ\�Z\VW÷SXMãF\�Z�SU]HELHJX�VFKL]RIUH@
QLL�PRőH�SRSUDZLå�Z\QLNL�OHF]HQLD�RUD]�SU]\F]\QLå�VL÷�GR�
SRV]XNLZDQLD�WHUDSLL�XZ]JO÷GQLDMãFHM�]ğRőRQH�DVSHNW\�]D@
EXU]Hġ�UÐZQRZDJL�SUR��L�DQW\RNV\GDF\MQHM�VWZLHUG]DQ\FK�
X�FKRU\FK�QD�VFKL]RIUHQL÷�

:1,26.,

=\SUD]\GRQ�QLH�SRZRGXMH�LVWRWQHJR�Z]URVWX�VW÷őHQLD�WLR@
OL�Z�OXG]NLP�RVRF]X��QDWRPLDVW�SU]\F]\QLD�VL÷�GR�Z]URVWX�
SHURNV\GDFML�OLSLGÐZ�RVRF]D��W\P�VDP\P�Z\ND]XMãF�G]LD@
ğDQLH�SURRNV\GDF\MQH�

3,Ĳ0,(11,&7:2
%,%/,2*5$3+<�
��� 'LHWULFK�0XV]DOVND� $��� .RQWHN� %��� /LSLG� SHUR[LGDWLRQ�

LQ�SDWLHQWV�ZLWK�VFKL]RSKUHQLD��3V\FKLDWU\�&OLQ��1HXURVFL��������
CQ,*QCE@QS=9

��� 'LHWULFK�0XV]DOVND�$���2ODV�%���,VRSURVWDQHV�DV�LQGLFDWRUV�
RI�R[LGDWLYH�VWUHVV�LQ�VFKL]RSKUHQLD��:RUOG�-��%LRO��3V\FKLDWU\�
>??EW*D?,*>S@RR9

��� 'LHWULFK�0XV]DOVND�$���2ODV�%���5DEH�-DEORQVND�-���2[LGDWLYH�
VWUHVV�LQ�EORRG�SODWHOHWV�IURP�VFKL]RSKUHQLF�SDWLHQWV��3ODWHOHWV�
>??=W*DC,*RAC@RED9

��� 'LHWULFK�0XV]DOVND�$���2ODV�%���*ğRZDFNL�5���%DOG�(���2[LGD@
WLYH�QLWUDWLYH�PRGLILFDWLRQV�RI�SODVPD�SURWHLQV�DQG�WKLROV�IURP�
SDWLHQWV�ZLWK�VFKL]RSKUHQLD��1HXURSV\FKRELRORJ\���������������

��� /RKU�-�%���.XF]HQVNL�5���%UDFKD�+�6��L�ZVS���,QFUHDVHG�LQGLFHV�
RI�IUHH�UDGLFDO�DFWLYLW\�LQ�WKH�FHUHEURVSLQDO�IOXLG�RI�SDWLHQWV�ZLWK�
+G#(4J$*(.%<4'$%4G9*L4"29*0%.)14G+#.*DEE?W*>A,*=R=@=RE9

��� <DR�-�.���/HRQDUG�6���5HGG\�5�'���,QFUHDVHG�QLWULF�R[LGH�UDGL@
FDOV�LQ�SRVWPRUWHP�EUDLQ�IURP�SDWLHQWV�ZLWK�VFKL]RSKUHQLD��
7)14H"&1#9*L/229*>??QW*R?,*E>R@ERQ9

��� 3DULNK�9���.KDQ�0�0���0DKDGLN�6�3���'LIIHUHQWLDO� HIIHFWV�
RI�DQWLSV\FKRWLFV�RQ�H[SUHVVLRQ�RI�DQWLR[LGDQW�HQ]\PHV�DQG�
PHPEUDQH�OLSLG�SHUR[LGDWLRQ�LQ�UDW�EUDLQ��-��3V\FKLDWU��5HV��
>??RW*RS,*QR@=D9

��� 5HLQNH�$���0DUWLQV�0�5���/LPD�0�6��L�ZVS���+DORSHULGRO�DQG�
)2"HG&4'$8*B/+*'"+*"2G'HG&4'$8*4'(/)$%*"T4(G+4J$*%+#$%%*4'*#G+*
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