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RESUMO 

(VTXL]RIUHQLD� p� XPD�SHUWXUEDomR�PHQWDO� GH� DOWD� SUHYDOrQFLD� QD� SRSXODomR�� GHVHQFDGHDGD� SRU� IDWRUHV� ELRS-
VLFRVVRFLDLV�� DVVRFLDGRV� D� IDWRUHV� ELROyJLFRV� �� JHQpWLFRV� H� ¿VLROyJLFRV�� TXH� SUHMXGLFDP� DV� DWLYLGDGHV� IXQ-
FLRQDLV� GRV� LQGLYtGXRV� SRUWDGRUHV�� 6HXV� VLQDLV� H� VLQWRPDV� VmR� GLYLGLGRV� HP� WUrV� JUDQGHV� JUXSRV�� SRVLWLYRV��
QHJDWLYRV� H� FRJQLWLYRV��$V�GURJDV� DQWLSVLFyWLFDV� WUDGLFLRQDLV�� TXH� DWXDP�GLUHWDPHQWH�QD�YLD�GRSDPLQpUJLFD��
WrP�GHPRQVWUDGR� LQH¿FLrQFLD�QR�DOtYLR�GRV�GRLV�~OWLPRV��(YLGrQFLDV� UHODWDP�HVWUHLWD� UHODomR�HQWUH�D�QHXUR-
WUDQVPLVVmR� GRSDPLQpUJLFD� H� VXD� UHJXODomR� SHOD� JOXWDPDWpUJLFD� HP� YiULDV� UHJL}HV� FHUHEUDLV� FRPR� FyUWH[�
SUp�IURQWDO� H� KLSRFDPSR�� WDQWR� SRU� UHFHSWRUHV� LRQRWUySLFRV� TXDQWR� PHWDERWUySLFRV�� 2V� UHFHSWRUHV� PHWDER-
WUySLFRV�DSUHVHQWDP�PDLRU�HVSHFL¿FLGDGH�TXH�RV�LRQRWUySLFRV��SURYDYHOPHQWH�GHYLGR�j�VXD�GLVWULEXLomR�PDLV�
FRQFHQWUDGD� HP� iUHDV� FHUHEUDLV� HVSHFt¿FDV� H� VXD� DWLYLGDGH�PRGXODGRUD� VREUH� D� IXQomR� GRV� SUySULRV� UHFHS-
WRUHV� LRQRWUySLFRV��$GLFLRQDOPHQWH�� LQ~PHURV�HVWXGRV� WrP�FRQWULEXtGR�SDUD�HVWDEHOHFHU�XPD�UHODomR�HQWUH�D�
QHXURWUDQVPLVVmR�JOXWDPDWpUJLFD�H�R�y[LGR�QtWULFR�QD�¿VLRSDWRORJLD�GD�HVTXL]RIUHQLD��2�DXPHQWR�GD�DWLYDomR�
GRV�UHFHSWRUHV�10'$�LQÀXHQFLD�RV�VLQWRPDV�GD�GRHQoD�SRU�DWLYDUHP�D�YLD�GH�VLQDOL]DomR�12�F*03�3.&��
(QWUHWDQWR��RV� HVWXGRV� VmR�DLQGD�GLYHUJHQWHV� HP� UHODomR�DR�SDSHO�GR�12�QRV�PHFDQLVPRV�FHUHEUDLV� HQYRO-
YLGRV� QHVWD� QHXURSDWRORJLD��0RGHORV� H[SHULPHQWDLV� IDUPDFROyJLFRV� H� QmR� IDUPDFROyJLFRV� WrP� VLGR� XWLOL]D-
GRV�SDUD�HVWXGDU�DV�DOWHUDo}HV�FHUHEUDLV�TXH�RFRUUHP�QD�HVTXL]RIUHQLD�H�SRGHP�FRQWULEXLU�SDUD�HVFODUHFHU�RV�
PHFDQLVPRV�HQYROYLGRV�DVVLP�FRPR�LGHQWL¿FDU�QRYRV�DOYRV�WHUDSrXWLFRV�SDUD�R�WUDWDPHQWR�GH�VHXV�VLQWRPDV�
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ABSTRACT

6FKL]RSKUHQLD� LV�D�KLJKO\�SUHYDOHQW�PHQWDO�GLVRUGHU�� WULJJHUHG�E\�ELRSV\FKRVRFLDO� IDFWRUV��DVVRFLDWHG�ZLWK�
ELRORJLFDO�IDFWRUV���SK\VLRORJLFDO�DQG�JHQHWLF��ZKLFK�DIIHFWV�WKH�IXQFWLRQDO�DELOLW\�RI�SDWLHQWV��,WV�VLJQV�DQG�
V\PSWRPV�DUH�GLYLGHG�LQWR�WKUHH�JURXSV��SRVLWLYH��QHJDWLYH�DQG�FRJQLWLYH��7KH�WUDGLWLRQDO�DQWLSV\FKRWLF�GUX-
JV��ZKLFK�DFW�GLUHFWO\�LQWR�WKH�GRSDPLQHUJLF�SDWKZD\��KDYH�GHPRQVWUDWHG�LQHI¿FLHQF\�LQ�UHOLHI�WKH�ODVW�WZR��
(YLGHQFH� UHSRUW� WKH� VWULFW� UHODWLRQVKLS� EHWZHHQ� WKH� GRSDPLQHUJLF� QHXURWUDQVPLVVLRQ� DQG� LWV� UHJXODWLRQ� E\�
WKH�JOXWDPDWHUJLF�RQH�LQ�VHYHUDO�EUDLQ�UHJLRQV�VXFK�DV�SUHIURQWDO�FRUWH[�DQG�KLSSRFDPSXV��E\�HLWKHU� LRQR-
WURSLF�RU�PHWDERWURSLF�UHFHSWRUV��0HWDERWURSLF�UHFHSWRUV�VKRZ�KLJKHU�VSHFL¿FLW\�WKDQ�LRQRWURSLF�UHFHSWRUV�
SUREDEO\�EHFDXVH�WKHLU�GLVWULEXWLRQ�LQ�WKH�EUDLQ�LV�PRUH�FRQFHQWUDWHG�LQ�VSHFL¿F�DUHDV�DQG�DOVR�EHFDXVH�WKH\�
KDYH�PRGXODWRU\�HIIHFW�RYHU�LRQRWURSLF�UHFHSWRUV��$GGLWLRQDOO\��VHYHUDO�VWXGLHV�KDYH�FRQWULEXWHG�WR�HVWDEOLVK�
D�UHODWLRQVKLS�EHWZHHQ�JOXWDPDWHUJLF�QHXURWUDQVPLVVLRQ�DQG�WKH�QLWULF�R[LGH�LQ�WKH�SK\VLRSDWKRORJ\�RI�VFKL-
]RSKUHQLD��7KH�LQFUHDVHG�DFWLYDWLRQ�RI�WKH�10'$�UHFHSWRUV�LQÀXHQFH�WKH�V\PSWRPV�RI�VFKL]RSKUHQLD�DV�WKH\�
DFWLYDWH�12�F*03�3.&�VLJQDOLQJ�SDWKZD\��+RZHYHU��WKH�VWXGLHV�DUH�TXLWH�GLIIHUHQW�LQ�UHODWLRQ�WR�WKH�UROH�RI�
WKH�12�LQ�WKH�EUDLQ�PHFKDQLVPV�LQYROYHG�LQ�WKLV�QHXURSDWKRORJ\��3KDUPDFRORJLFDO�DQG�QRQ�SKDUPDFRORJL-
FDO�H[SHULPHQWDO�PRGHOV�KDYH�EHHQ�XVHG�WR�VWXG\�WKH�EUDLQ�DOWHUDWLRQV�WKDW�RFFXU�LQ�VFKL]RSKUHQLD�DQG�PLJKW�
FRQWULEXWH�WR�FODULI\�WKH�PHFKDQLVPV�LQYROYHG�DV�ZHOO�DV�WR�LGHQWLI\�QHZ�WKHUDSHXWLF�WDUJHWV�WR�WKH�WUHDWPHQW�
RI�LWV�V\PSWRPV�

Keywords��6FKL]RSKUHQLD��*OXWDPDWH��0HWDERWURSLF�JOXWDPDWH�UHFHSWRU��1LWULF�R[LGH��,VRODWLRQ�UHDULQJ�
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INTRODUÇÃO

 A esquizofrenia é uma doença mental cujos 
PHFDQLVPRV� ÀVLRSDWROyJLFRV� VmR� DPSODPHQWH�
FRQKHFLGRV� SRU� HQYROYHU� D� QHXURWUDQVPLVVmR�
GRSDPLQpUJLFD��DOYR�GD�WHUDSrXWLFD�FOiVVLFD�XWLOL]DGD��
(QWUHWDQWR�� WrP� VLGR� GHPRQVWUDGD� D� SDUWLFLSDomR�
GD� QHXURWUDQVPLVVmR� JOXWDPDWpUJLFD� SRU� PHLR�
GH� GLIHUHQWHV� WLSRV� GH� UHFHSWRUHV� LRQRWUySLFRV� H��
PDLV� UHFHQWHPHQWH�� GH� UHFHSWRUHV� PHWDERWUySLFRV��
$GLFLRQDOPHQWH�� HYLGrQFLDV� WrP� OHYDGR� j� VXJHVWmR�
GH� TXH� D� QHXURWUDQVPLVVmR� JOXWDPDWpUJLFD� DWLYD�
YLDV� GH� VLQDOL]DomR� HQYROYHQGR� R� y[LGR� QtWULFR�
QRV� PHFDQLVPRV� TXH� OHYDP� DR� GHVHQYRYLPHQWR� GD�
HVTXL]RIUHQLD��$�UHYLVmR�DSUHVHQWDGD�D�VHJXLU�ID]�XPD�
DERUGDJHP�FRQVLGHUDQGR�R�FRQMXQWR�GHVWHV�DVSHFWRV�

Esquizofrenia

 $�HVTXL]RIUHQLD�p�YLVWD�FRPR�XPD�SHUWXUEDomR�
PHQWDO�FDUDFWHUL]DGD�SRU�VLQWRPDWRORJLD�HVSHFtÀFD�H�
alterações multidimensionais que afetam inúmeras 
IXQo}HV�GR�LQGLYtGXR1��e�FRQVLGHUDGD�XPD�GRHQoD�GH�
causa multifatorial2�LQFOXLQGR�IDWRUHV�ELRSVLFRVVRFLDLV��
$OJXPDV� VLWXDo}HV� FRPR� DQVLHGDGH� H[WUHPD�� DOWR�
QtYHO�GH�HVWUHVVH�H�WUDXPD�HPRFLRQDO�SRGHP�DWXDU�HP�
FRQMXQWR�FRP�RV�IDWRUHV�ELROyJLFRV�TXH�GHVHQFDGHLDP�
D�GRHQoD��DOpP�GH�LQIHFo}HV��FRPSOLFDo}HV�REVWpWULFDV��
DEXVR� GH� GURJDV�� IXQGR� XUEDQR�� VD]RQDOLGDGH� DR�
QDVFLPHQWR� �PDLRU� RFRUUrQFLD� SDUD� LQGLYtGXRV�
QDVFLGRV�QRV�PHVHV�GH�LQYHUQR��SRVVLYHOPHQWH�GHYLGR�D�
JDWLOKRV�YLUDLV��HQWUH�RXWURV������1RV�kPELWRV�JHQpWLFR�H�
ÀVLROyJLFR�REVHUYDP�VH�OHV}HV�GH�HVWUXWXUDV�FHUHEUDLV�
H�DOWHUDo}HV�GH�DOJXQV�QHXURWUDQVPLVVRUHV�TXH�OHYDP�
j� H[SUHVVmR� GD� GRHQoD� FRP� D�PDQLIHVWDomR� GH� VHXV�
VLQDLV�� VLQWRPDV� H� FRQVHT�rQFLDV��� (VVD� GHVRUGHP�
PHQWDO� DIHWD� DSUR[LPDGDPHQWH� ��� GD� SRSXODomR�
PXQGLDO�� DWLQJLQGR� GH� IRUPD� HTXLYDOHQWH� DPERV� RV�
VH[RV� H� GLIHUHQWHV� JUXSRV� VRFLRHFRQ{PLFRV3�� 3RVVXL�
LQFLGrQFLD�GH����������QDVFLGRV�SRU� DQR5�� DSUHVHQWD�
IRUWH�FRPSRQHQWH�JHQpWLFR�TXH� UHÁHWH�KHUGDELOLGDGH�
GH�DSUR[LPDGDPHQWH����D�����H�DFRPHWHQGR�FHUFD�
GH� ���� GH� JrPHRV� PRQR]LJyWLFRV����� (QWUHWDQWR��
HYLGrQFLDV�GHPRQVWUDP�TXH�����GRV�LQGLYtGXRV�TXH�
VmR� GLDJQRVWLFDGRV� FRP� HVTXL]RIUHQLD� QmR� SRVVXHP�
QHQKXP�IDPLOLDU�HP�SULPHLUR�JUDX�DIHWDGR�H�����QmR�
WrP�QHQKXP�SDUHQWH�HVTXL]RIUrQLFR
�� $GLFLRQDOPHQWH�� �� D� ��� GD� SRSXODomR� DLQGD�

DSUHVHQWDP�WUDQVWRUQR�GH�SHUVRQDOLGDGH�HVTXL]RWtSLFR��
XPD�IRUPD�PDLV�EUDQGD�GD�HVTXL]RIUHQLD��
� 'H� IRUPD�SUHGRPLQDQWH�� RV�SULPHLURV� VLQDLV�
GD�GRHQoD� VH�PDQLIHVWDP�QD�DGROHVFrQFLD�RX� LQtFLR�
da idade adulta���e�FDUDFWHUL]DGD��GH�DFRUGR�FRP�XPD�
QRYD� WHRULD�� FRPR� XPD� GRHQoD� QHXURGHJHQHUDWLYD��
QmR� SRU� VHU� FRQVHTXrQFLD� GH� XP� GHVHQYROYLPHQWR�
LPSUySULR� PDV� VLP� SRU� FRQVWLWXLU�VH� D� SDUWLU� GD�
GHJHQHUDomR�SURJUHVVLYD�H�JUDGXDO�GR�WHFLGR�QHUYRVR�
FHUHEUDO������2V�VLQWRPDV�FDUDFWHUtVWLFRV�GD�GRHQoD�VmR�
GLYLGLGRV�HP�WUrV�JUDQGHV�GRPtQLRV��SRVLWLYRV��FRPR�
DOXFLQDo}HV�� GHOtULRV� H� GLVW~UELRV� GR� SHQVDPHQWR��
QHJDWLYRV�� FRPR� LVRODPHQWR� VRFLDO�� DQHGRQLD� H�
HPERWDPHQWR�DIHWLYR��H�FRJQLWLYRV��FRPR�GpÀFLW�GH�
DWHQomR�H�GH�PHPyULD11�
� 1D� HVTXL]RIUHQLD�� DOWHUDo}HV� HVWUXWXUDLV�
IRUDP�HYLGHQFLDGDV�HP�YiULDV�UHJL}HV�FHUHEUDLV�FRPR�
VLVWHPD�OtPELFR��FyUWH[�IURQWDO�H�WHPSRUDO��WiODPR�H�
KLSRFDPSR12�
� 1D� PDLRULD� GRV� FDVRV� RV� VLQDLV� GD� GRHQoD�
FRPHoDP�D�VXUJLU�GH�IRUPD�OHQWD��D�SDUWLU�GH�DOJXQV�
VLQWRPDV� LQHVSHFtÀFRV�FRPR�GHSUHVVmR�� LVRODPHQWR��
GHVkQLPR�� GHVSHUVRQDOL]DomR�� SHUGD� GD� PRWLYDomR�
SHVVRDO��GLVSOLFrQFLD�FRP�D�KLJLHQH�H�FRP�D�SUySULD�
DSDUrQFLD�� TXH� SHUPDQHFHP� SRU� XP� GHWHUPLQDGR�
SHUtRGR�DWp�R�VXUJLPHQWR�GH�VLQWRPDV�PDLV�HVSHFtÀFRV�
GD� HVTXL]RIUHQLD� FRPR� FRPSRUWDPHQWR� DJUHVVLYR��
DXWRPXWLODomR�� VXUWR� SVLFyWLFR�� 3DUDOHODPHQWH�
j� SURJUHVVmR� GD� GRHQoD� RFRUUH� XPD� SLRUD� QR�
GHVHPSHQKR�HVFRODU�H�RX�SURÀVVLRQDO��QDV�DWLYLGDGHV�
SHVVRDLV� H� QDV� UHODo}HV� LQWHUSHVVRDLV��PRPHQWR� HP�
TXH�IDPLOLDUHV�H�DPLJRV�SDVVDP�D�GHWHFWDU�PXGDQoDV�
FRPSRUWDPHQWDLV�LGLRVVLQFUiWLFDV�����
� 6DEH�VH� TXH� R� GHVHQYROYLPHQWR� GD�
HVTXL]RIUHQLD� p� FODVVLFDPHQWH� UHODFLRQDGR� j�
QHXURWUDQVPLVVmR� GRSDPLQpUJLFD�� R� TXDO� SRVWXOD�
TXH�RV�VLQWRPDV�GD�HVTXL]RIUHQLD�SRGHP�UHVXOWDU�GH�
DPERV��R�H[FHVVR�GH�GRSDPLQD�QDV�iUHDV�PHVROtPELFD�
H� HVWULDWDO� OHYDQGR� D� VLQWRPDV� SRVLWLYRV�� H� R� GpÀFLW�
GRSDPLQpUJLFR� QR� FyUWH[� SUp�IURQWDO� �&3)���
UHVSRQViYHO�SHORV�VLQWRPDV�QHJDWLYRV����&RQVLGHUDQGR�
HVWD� GLYLVmR�� )LHOG� HW� DO�� ������� HVWDEHOHFHUDP� TXH�
DV� GURJDV� DQWLSVLFyWLFDV� GLVSRQtYHLV� DWXDOPHQWH� VmR�
HÀFD]HV� QD� GLPLQXLomR� GRV� VLQWRPDV� SRVLWLYRV� GD�
HVTXL]RIUHQLD��SRUpP�PRVWUDP�VH�EDVWDQWH�OLPLWDGDV�
HP�FRQWURODU�RV� VLQWRPDV�QHJDWLYRV�H�FRJQLWLYRV�GD�
doença15�
� (PERUD� D� QHXURWUDQVPLVVmR� GRSDPLQpUJLFD�
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VHMD� VHJXUDPHQWH� DIHWDGD� QD� HVTXL]RIUHQLD���� VHQGR�
LQFOXVLYH�R�SULQFLSDO� DOYR� WHUDSrXWLFR�QR� WUDWDPHQWR�
da doença15��LQ~PHURV�HVWXGRV�WrP�FRQWULEXtGR�SDUD�D�
KLSyWHVH�JOXWDPDWpUJLFD�GD�HVTXL]RIUHQLD��D�TXDO�VXJHUH�
TXH�DV�DOWHUDo}HV�QD�QHXURWUDQVPLVVmR�JOXWDPDWpUJLFD�
SUHFHGHP� DV� DOWHUDo}HV� GRSDPLQpUJLFDV� H� VHMDP�
desencadeadoras destas16�� 8PD� KLSRIXQomR� GR�
JOXWDPDWR� QDV� SURMHo}HV� FyUWLFR� HVWULDWDLV� OHYDP� j�
HVWLPXODomR� GR� FLUFXLWR� WiODPR�FRUWLFDO�� UHVXOWDQGR�
HP� XPD� LQXQGDomR� VHQVRULDO� H[DJHUDGD�� R� TXH� OHYD�
D� VLQWRPDV� SVLFyWLFRV� H� DOWHUDo}HV� FRQKHFLGDV� SHODV�
PXGDQoDV�QD�FRQFHQWUDomR�GH�GRSDPLQD���
� 'H� DFRUGR� FRP� .ORHW�� -RHOV� 	� +ROVERHU�
�������p�SRVVtYHO�UHODFLRQDU�DOWHUDo}HV�DQDW{PLFDV�H�
QHXURTXtPLFDV�QR�KLSRFDPSR��DPtJGDOD�H�FyUWH[�SUp�
IURQWDO�D�DOWHUDo}HV�FRPSRUWDPHQWDLV��5HPRGHODo}HV�
HVWUXWXUDLV� H� SUROLIHUDomR� FHOXODU�� PRGLÀFDo}HV�
QRV� VLVWHPDV� DPLQpUJLFRV�� GH� QHXURSHSWtGLRV� H�
FRUWLFRVWHUyLGHV�QHVWDV�UHJL}HV�SRVVXHP�R�JOXWDPDWR�
FRPR� XP� GRV� SULQFLSDLV� QHXURWUDQVPLVVRUHV�
HQYROYLGRV�QHVWDV�DOWHUDo}HV���

Glutamato

� 2� DPLQRiFLGR� JOXWDPDWR� p� R� SULQFLSDO�
QHXURWUDQVPLVVRU� H[FLWDWyULR� GR� 6LVWHPD� 1HUYRVR�
&HQWUDO� �61&��� SUHVHQWH� HP� FHUFD� GH� ������� GDV�
VLQiSVHV�FHUHEUDLV�H�HP��������GDV�iUHDV�HQYROYLGDV�
HP� SURFHVVRV� FRJQLWLYRV� FRPR� R� FyUWH[� FHUHEUDO�
H� R� KLSRFDPSR���� 'HQWUH� LQ~PHURV� PHFDQLVPRV�
ÀVLROyJLFRV�R�JOXWDPDWR�SDUWLFLSD�GR�GHVHQYROYLPHQWR�
QHXUDO�� GD� SODVWLFLGDGH� VLQiSWLFD�� GDV� IXQo}HV� GH�
DSUHQGL]DGR� H� PHPyULD���� ([HUFH� VXD� DomR� SHOD�
LQWHUDomR�FRP�UHFHSWRUHV�HVSHFtÀFRV�QR�QHXU{QLR�SyV�
VLQiSWLFR�H�R�FRQWUROH�GD�QHXURWUDQVPLVVmR�p�IHLWR�SRU�
WUDQVSRUWDGRUHV�HVSHFtÀFRV��XPD�YH]�TXH�R�JOXWDPDWR�
QmR�SRVVXL�XPD�HQ]LPD�TXH�R�GHJUDGH�FRPR�RFRUUH�
com os outros neurotransmissores���
� 2V��UHFHSWRUHV�GR�JOXWDPDWR�VmR�FODVVLÀFDGRV�
HP� LRQRWUySLFRV� �L*OX5V�� H� PHWDERWUySLFRV�
�P*OX5V��� 2V� LRQRWUySLFRV� LQFOXHP� 1�0HWLO�'�
$VSDUWDWR� �10'$��� DOID�DPLQR���KLGUR[L�PHWLO�
����LVR[D]ROSURSL{QLFR� �$03$�� H� FDLQDWR� �.$���
'H� DFRUGR� FRP� %UHVVDQ� H� 3LORZVN\� �������� RV�
UHFHSWRUHV� LRQRWUySLFRV� FRQWrP� FDQDLV� L{QLFRV�
TXH� TXDQGR� DWLYDGRV� SHUPLWHP� D� HQWUDGD� GH� 1D��
IDYRUHFHQGR�D�GHVSRODUL]DomR�GR�QHXU{QLR�H�D�UiSLGD�

QHXURWUDQVPLVVmR�H[FLWDWyULD�GHSHQGHQWH�GR�LQÁX[R�GH�
&D�������$�DWLYDomR�GRV�UHFHSWRUHV�$03$�GHVHQFDGHLDP�
XPD�GHVSRODUL]DomR�DFHQWXDGD�H� UiSLGD��HQTXDQWR�D�
DWLYDomR� GRV� UHFHSWRUHV�10'$�GHVHQFDGHLDP�XPD�
GHVSRODUL]DomR� GH�PHQRU� LQWHQVLGDGH�PDV�PDQWLGD��
(QWUHWDQWR�� VLWXDo}HV�HP�TXH�Ki�HOHYDGR� LQÁX[R�GH�
&D���RFRUUH�DXPHQWR�QD�GXUDomR�H�QD�LQWHQVLGDGH�GD�
GHVSRODUL]DomR� GRV� QHXU{QLRV� SyV�VLQiSWLFRV21�� 2V�
UHFHSWRUHV�PHWDERWUySLFRV��P*OX5V��VmR�UHFHSWRUHV�
DFRSODGRV� D� SURWHtQDV� *� TXH�� TXDQGR� HVWLPXODGRV��
GHVHQFDGHLDP�PHFDQLVPRV�GH�UHVSRVWD�LQWUDFHOXODUHV�
DWUDYpV� GD� DWLYDomR� GH� VHJXQGRV� PHQVDJHLURV22��
� &RQVLGHUDQGR� HVSHFLÀFDPHQWH� RV� UHFHSWRUHV�
PHWDERWUySLFRV��HVWHV�VmR�GLYLGLGRV�HP�RLWR�VXEWLSRV�
QRPHDGRV� GH� P*OX5�� D� P*OX5�� H� FODVVLÀFDGRV�
HP� WUrV�JUXSRV� �,�� ,,� H� ,,,�� FRP�EDVH�QD�KRPRORJLD�
HVWUXWXUDO�� DFRSODPHQWR� D� SURWHtQD�*� H� VHOHWLYLGDGH�
GH� OLJDQWH� �7DEHOD� ����2� JUXSR� ,� LQFOXL� RV� VXEWLSRV�
P*OX5�� H� P*OX5��� SUHGRPLQDQWHPHQWH� SyV�
VLQiSWLFRV�H�DVVRFLDGRV�j�IRUPDomR�GH�,3���R�JUXSR�
,,�p�FRPSRVWR�SHORV�VXEWLSRV�P*OX5��H�P*OX5���SUp�
VLQiSWLFRV�HP�VXD�PDLRULD�H�DWLYDP�$03F��H�R�JUXSR�
,,,�HQJORED�RV�VXEWLSRV�P*OX5���P*OX5���P*OX5��
H� P*OX5��� TXH� WDPEpP� SRVVXHP� FRPR� VHJXQGR�
PHQVDJHLUR�R�$03F22�

Tabela 1.��&ODVVL¿FDomR�GRV�UHFHSWRUHV�PHWDERWUySLFRV�
GH�JOXWDPDWR�

*UXSR 5HFHSWRUHV 6HJXQGR�PHQVDJHLUR�
SUHGRPLQDQWH

I P*OX5��H�P*OX5� ,33
II P*OX5��H�P*OX5� $03F
III P*OX5���P*OX5���

P*OX5��H�P*OX5�
$03F

� &RPR� PHQFLRQDGR� DQWHULRUPHQWH�� R�
JOXWDPDWR� SDUWLFLSD� GH� LQ~PHURV� PHFDQLVPRV�
ÀVLROyJLFRV�� (QWUHWDQWR�� HP� FRQGLo}HV� DQRUPDLV� R�
H[FHVVR�GHVWH�QHXURWUDQVPLVVRU�SRGH�FRQWULEXLU�SDUD�
R�GHVHQYROYLPHQWR�GH�GLYHUVDV�QHXURSDWRORJLDV�FRPR�
HSLOHSVLD�� GRHQoD� GH� $O]KHLPHU�� HVFOHURVH�� HQWUH�
outras23��(P�FRQWUDVWH��D�KLSRIXQomR�JOXWDPDWpUJLFD�
WHP�VLGR�DVVRFLDGD�j�HVTXL]RIUHQLD��1HVWH�FRQWH[WR��
p�LPSRUWDQWH�FRQKHFHU�RV�PHFDQLVPRV�GH�UHFDSWDomR�
GR�JOXWDPDWR�QDV�FpOXODV�QHXURQDLV�H�JOLDLV��RV�TXDLV�
GHWHUPLQDP�D�FRQFHQWUDomR�H�R�WHPSR�GH�SHUPDQrQFLD�
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�

GR�QHXURWUDQVPLVVRU�QD�IHQGD�VLQiSWLFD���

Glutamato e Esquizofrenia

� (VWXGRV�SRVW�PRUWHP�GH�FpUHEURV�GH�SDFLHQWHV�
HVTXL]RIUrQLFRV� GHPRQVWUDUDP� DOWHUDo}HV� QD�
GHQVLGDGH�GH�UHFHSWRUHV�JOXWDPDWpUJLFRV�QR�FyUWH[�SUp�
IURQWDO�� WiODPR�H� ORER� WHPSRUDO��2V�DXWRUHV� WDPEpP�
GHPRQVWUDUDP�TXH�HVWDV�iUHDV�FHUHEUDLV�DSUHVHQWDUDP�
DWLYDomR� GLPLQXtGD� GXUDQWH� WHVWHV� GH� SHUIRUPDQFH�
QRV� SDFLHQWHV25��$GLFLRQDOPHQWH�� .LP� HW� DO�� �������
GHPRQVWUDUDP� TXH� SDFLHQWHV� FRP� HVTXL]RIUHQLD�
DSUHVHQWDYDP� GLPLQXLomR� QD� FRQFHQWUDomR� GH�
JOXWDPDWR� QR� OtTXLGR� FHIDORUUDTXLGLDQR26�� (VWHV�
DFKDGRV�VmR�HYLGrQFLDV�GD�KLSRIXQomR�JOXWDPDWpUJLFD�
QD�HVTXL]RIUHQLD�
� $�UHODomR�GD�QHXURWUDQVPLVVmR�JOXWDPDWpUJLFD�
FRP� RV� VLQWRPDV� DSUHVHQWDGRV� SRU� LQGLYtGXRV�
HVTXL]RIUrQLFRV� SRGH� VHU� YDOLGDGD� DR� DYDOLDU� D�
HVWUHLWD� LQWHUDomR� HQWUH� RV� UHFHSWRUHV� 10'$� GH�
JOXWDPDWR� QD� YLD� PHVRFRUWLFDO�� UHVSRQViYHO� SHODV�
IXQo}HV� FRJQLWLYDV� QRUPDLV� H� SHOD� PRWLYDomR�� H� D�
FRQVHTXHQWH�OLEHUDomR�GH�GRSDPLQD��(P�VLWXDo}HV�GH�
KLSRIXQomR�GD�YLD�GR�JOXWDPDWR��Ki�SRXFD� OLEHUDomR�
GH� GRSDPLQD� QR� FyUWH[�� R� TXH� UHVXOWD� QRV� VLQWRPDV�
QHJDWLYRV� H� FRJQLWLYRV� �)LJXUD� �$��� 3RU� RXWUR� ODGR��
QD� YLD�PHVROtPELFD�� UHVSRQViYHO� SHODV� HPRo}HV�� RV�
QHXU{QLRV� JOXWDPDWpUJLFRV� VmR� UHVSRQViYHLV� SHOD�
LQLELomR�W{QLFD�GRV�UHFHSWRUHV�GRSDPLQpUJLFRV��'HVWH�
PRGR��D�KLSRIXQomR�GRV�UHFHSWRUHV�10'$�QD�UHJLmR�
PHVROtPELFD�UHVXOWD�HP�KLSHUDWLYLGDGH�GRSDPLQpUJLFD��
SUHFLSLWDQGR�VLQWRPDV�SRVLWLYRV��)LJXUD��%�������
� $OpP�GRV� UHFHSWRUHV�10'$��YiULRV� HVWXGRV�

UHDOL]DGRV�HP�KXPDQRV�RX�PRGHORV�H[SHULPHQWDLV�
WrP� WDPEpP� GHPRQVWUDGR� KLSRIXQomR� GRV�
UHFHSWRUHV� $03$� H� FDLQDWR� QD� HVTXL]RIUHQLD��
WDQWR�QR�FyUWH[�FRPR�QR�KLSRFDPSR�������(QTXDQWR�
Ki� JUDQGH� YROXPH� GH� HVWXGRV� VREUH� D� PHGLDomR�
JOXWDPDWpUJLFD� QD� HVTXL]RIUHQLD� FRP� IRFR� QRV�
UHFHSWRUHV�LRQRWUySLFRV��SULQFLSDOPHQWH�RV�10'$V��
Ki� DLQGD� XPD� EDL[D� H[SORUDomR� GR� HQYROYLPHQWR�
GRV� UHFHSWRUHV� PHWDERWUySLFRV�� RV� TXDLV� WHP�
VLGR� GHPRQVWUDGRV� VHUHP� FDSD]HV� GH� PRGXODU� D�
DWLYLGDGH� GRV� 10'$V������ H� D� QHXURWUDQVPLVVmR�
JOXWDPDWpUJLFD�QR�61&����$LQGD��D�GLVWULEXLomR�GRV�
UHFHSWRUHV�PHWDERWUySLFRV�p�EDVWDQWH�ORFDOL]DGD��HP�
UHJL}HV�HVSHFtÀFDV22��GLIHUHQWHPHQWH�GRV�UHFHSWRUHV�
LRQRWUySLFRV�� SULQFLSDOPHQWH� RV� 10'$V�� FXMD�
GLVWULEXLomR�p�GLIXVD23�

Receptores metabotrópicos e esquizofrenia

� )RL�GHPRQVWUDGR�TXH�R�P*OX5��p�FDSD]�GH�
GLPLQXLU�D�OLEHUDomR�GH�GRSDPLQD�QR�HVWULDGR�GRUVDO���
H�GLPLQXLU�D�KLSHUORFRPRomR�H�R�GpÀFLW�GH�LQLELomR�
SHOR� SUHSXOVR�� DVVLP� FRPR� UHYHUWHU� RV� GpÀFLWV� GH�
LQWHUDomR�VRFLDO����(YLGrQFLDV�WDPEpP�GHPRQVWUDP�
D�LPSRUWkQFLD�GR�P*OX5���DJHQWH�IXQGDPHQWDO�QD�
SODVWLFLGDGH� VLQiSWLFD�� QD� UHJXODomR� GH� GRPtQLRV�
HVSHFtÀFRV� TXH� FRQWURODP� IXQo}HV� FRJQLWLYDV� H�
FRPSRUWDPHQWRV� UHODFLRQDGRV� WDQWR� DRV� VLQWRPDV�
QHJDWLYRV�TXDQWR�SRVLWLYRV�GD�HVTXL]RIUHQLD����(P�
FRQWUDVWH��RV�UHFHSWRUHV�PHWDERWUySLFRV�GR�JUXSR�,,�
LQLEHP�D� OLEHUDomR�GH�JOXWDPDWR��R�TXH�SRVVLELOLWD�
GXDV� DERUGDJHQV� HP� UHODomR� D� HVWHV� UHFHSWRUHV�� L��
D� QRUPDOL]DomR� GD� IXQomR� GRV� UHFHSWRUHV� 10'$�
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Figura 1. ($� 0HFDQLVPR�GH�RFRUUrQFLD�GRV�VLQWRPDV�QHJDWLYRV�H�FRJQLWLYRV�DWUDYpV�GD�VLQDSVH�10'$�
KLSRIXQFLRQDQWH��%� 0HFDQLVPR�GH�RFRUUrQFLD�GRV�VLQWRPDV�SRVLWLYRV�DWUDYpV�GD�VLQDSVH�10'$�KL-
SRIXQFLRQDQWH�



�

H� LL�� D� QRUPDOL]DomR� GRV� QtYHLV� H[FHVVLYRV� GH�
JOXWDPDWR�TXH�RFRUUHP�QD�HVTXL]RIUHQLD��GLPLQXLQGR�
D�KLSHUORFRPRomR��HVWHUHRWLSLDV��GpÀFLWV�GH�PHPyULD�
IXQFLRQDO� H� HÁX[R�FRUWLFDO� GH�JOXWDPDWR�������$OJXQV�
DJRQLVWDV� GH� UHFHSWRUHV� PHWDERWUySLFRV� Mi� IRUDP�
VLQWHWL]DGRV� H� DSUHVHQWDUDP� HIHLWR� DQWLSVLFyWLFR� SRU�
UHGX]LUHP�RV�SULQFLSDLV�VLQWRPDV�GD�HVTXL]RIUHQLD26��
'HVWD� IRUPD�� VH� WRUQD� H[WUHPDPHQWH� LQWHUHVVDQWH�
LQYHVWLU� HP� XPD� OLQKD� GH� SHVTXLVD� FRP� R� REMHWLYR�
GH� LGHQWLÀFDU� QRYRV� DOYRV� WHUDSrXWLFRV� H� FRQWULEXLU�
SDUD� R� GHVHQYROYLPHQWR� GH� GURJDV� PDLV� HÀFLHQWHV�
SDUD�R�WUDWDPHQWR�GD�GRHQoD��DWHQXDQGR�VHXV�VLQDLV�H�
VLQWRPDV�

Interação entre glutamato e a via NO/GMPc 
(Óxido Nítrico/GMPc) na esquizofrenia

� 'H� DFRUGR� FRP� %HUQVWHLQ� HW� DO�� ������� H�
&R\OH���������R�DXPHQWR�GD�DWLYDomR�GRV�UHFHSWRUHV�
10'$� DWLYD� D� YLD� GH� VLQDOL]DomR� 12�*03F�3.&�
OHYDQGR�D�XP�DXPHQWR�GD�SODVWLFLGDGH�VLQiSWLFD��GD�
QHXURSURWHomR�H�GH�Do}HV�QHXURWUySLFDV�TXH�H[HUFHP�
HIHLWRV�VREUH�RV�VLQWRPDV�GD�HVTXL]RIUHQLD������
� (VWXGRV� FOtQLFRV� H� H[SHULPHQWDLV� WrP�
GHPRQVWUDGR� TXH� SRWHQFLDOL]DGRUHV� GRV� UHFHSWRUHV�
10'$� �10'$5�� VmR� SURYiYHLV� DOWHUQDWLYDV�
HÀFLHQWHV� SDUD� R� WUDWDPHQWR� GH� VLQWRPDV� GD�
HVTXL]RIUHQLD�� SDUWLFXODUPHQWH� RV� QHJDWLYRV�� 2�
JOXWDPDWR� H� R� *03F� VmR� SURGX]LGRV� HP� H[FHVVR�
HP� LQGLYtGXRV� FRP� HVTXL]RIUHQLD������� 6HQGR� DVVLP��
p� SRVVtYHO� TXH� IDWRUHV� JHQpWLFRV� SRGHP� FRQWULEXLU�
SDUD� GLVIXQo}HV� QD� YLD� JOXWDPDWR�12�*03F� H� HVWH�
DFKDGR� FRUURERUD� D� SURSRVWD� GH� TXH� XPD� GLVIXQomR�
GR� 10'$5� HQYROYLGR� QHVWD� YLD� FRQWULEXL� SDUD� D�
HWLRORJLD� GD� HVTXL]RIUHQLD�� H� TXH� D� UHJXODomR� GR�
*03F�SRGHULD�VHU�XPD�DOWHUQDWLYD�SDUD�R�WUDWDPHQWR�
desta doença������
� 2� y[LGR� QtWULFR� �12�� SDUWLFLSD� GR�
GHVHQYROYLPHQWR� GR� WHFLGR� QHUYRVR� SRU� DWXDU�
QD� UHJXODomR� GD� ÁXLGH]� GR� VDQJXH� FHUHEUDO�� (VWH�
QHXURWUDQVPLVVRU� p� VLQWHWL]DGR�SRU� LQ~PHUDV� FpOXODV�
SHOD� DomR� GD� HQ]LPD� y[LGR� QtWULFR� VLQWDVH� �126��
VREUH� R� VXEVWUDWR� /�DUJLQLQD�� 6mR� FRQKHFLGDV� WUrV�
LVRIRUPDV�GD�126��FODVVLÀFDGDV�GH�DFRUGR�FRP�D�VXD�
ORFDOL]DomR�SUHGRPLQDQWH��LVRIRUPD�,��HQFRQWUDGD�QRV�
WHFLGRV� QHXURQDLV� H� HSLWHOLDLV� �Q126�� y[LGR� QtWULFR�
VLQWDVH�QHXURQDO���LVRIRUPD�,,��HQFRQWUDGD�HP�FpOXODV�
LQGX]LGDV� SRU� FLWRFLQD� �L126�� y[LGR� QtWULFR� VLQWDVH�

LQGX]LGD�� H� LVRIRUPD� ,,,�� HQFRQWUDGD� HP� FpOXODV�
HQGRWHOLDLV� �H126��y[LGR�QtWULFR� VLQWDVH� HQGRWHOLDO���
7RGDV�DV�LVRIRUPDV�XVDP�/�DUJLQLQD�FRPR�VXEVWUDWR�H�
R[LJrQLR�PROHFXODU�FRPR�´FR�VXEVWUDWRµ����$�SDUWLU�GD�
HVWLPXODomR� GD� VLQiSVH� JOXWDPDWpUJLFD�� R� JOXWDPDWR�
OLEHUDGR� OLJD�VH� DRV� UHFHSWRUHV� 10'$� H� LQGX]� R�
LQÁX[R� GH� &Dò��� R� TXH� OHYD� j� DWLYDomR� GH� Q126� H�
FRQVHTXHQWHPHQWH� GD� VtQWHVH� GH� 12�� R� TXDO� VHUi�
OLEHUDGR� QD� SyV�VLQiSVH� H� DWXDUi� FRPR� PHQVDJHLUR�
UHWUyJUDGR�SDUD�D�SUp�VLQiSVH��UHVWDXUDQGR�R�FLFOR���
� 2� LQÁX[R� GH� &D��� p� IXQGDPHQWDO� SDUD� D�
IRUPDomR� GH� UDGLFDLV� OLYUHV�� RV� TXDLV� SRVVXHP�
IXQo}HV�LPSRUWDQWHV�QR�RUJDQLVPR�FRPR�SURWHomR�GDV�
FpOXODV� FRQWUD� LQIHFo}HV� H� DJHQWHV� H[WHUQRV�� DWXDP�
QD�UHJXODomR�GD�DWLYLGDGH�GR�VLVWHPD�FDUGLRYDVFXODU�
FRPR� PHGLDGRUHV� VHFXQGiULRV�� QD� PDQXWHQomR� GRV�
QtYHLV� LQWUDFHOXODUHV� GH� FiOFLR�� QD� IRVIRULODomR� H�
GHVIRVIRULODomR�GH�SURWHtQDV�H�QD�DWLYDomR�GH�IDWRUHV�
GH� WUDQVFULomR�� 3RUpP�� R� LQÁX[R� H[FHVVLYR� GH� &Dò� 
LQGX]LGR� SHOD� DWLYDomR� GHPDVLDGD� GRV� UHFHSWRUHV�
JOXWDPDWpUJLFRV� LRQRWUySLFRV� �10'$�� $03$� RX�
.$�� p� DOWDPHQWH� QHXURWy[LFR� OHYDQGR� D� OHVmR� H�RX�
PRUWH� QHXURQDO� SHOR� DXPHQWR� GD� FRQFHQWUDomR� GH�
HVSpFLHV�UHDWLYDV�GH�R[LJrQLR��526��������
� (YLGrQFLDV�WrP�GHPRQVWUDGR�TXH�DOWHUDo}HV�QD�
DWLYLGDGH�GD�126�HVWmR�SUHVHQWHV�QD�HVTXL]RIUHQLD��R�
TXH�WrP�VLQDOL]DGR�D�SRVVLELOLGDGH�GH�GHVHQYROYLPHQWR�
GH� QRYDV� WHUDSLDV� DWXDQGR� QD� VtQWHVH� H� OLEHUDomR� GH�
12��DV�TXDLV�SRGHULDP�FRQWULEXLU�SDUD�R� WUDWDPHQWR�
GHVWD�SDWRORJLD��������
� $FKDGRV� DQWHULRUHV� LGHQWLÀFDUDP� JHQHV� GH�
ULVFR�SDUD�HVTXL]RIUHQLD��FRPR�DTXHOH�TXH�FRGLÀFD�D�
Q126������� (QWUHWDQWR�� QmR� IRL� REVHUYDGR� DOWHUDo}HV�
QD� DWLYLGDGH� WRWDO� GD� 126� �FRP� DWLYLGDGH� L126�
QmR� GHWHFWiYHO�� H� QD� H[SUHVVmR� GD� SURWHtQD� Q126�
QHVWD� SDWRORJLD�� HQTXDQWR� IRUDP� GHWHFWDGRV� QtYHLV�
UHGX]LGRV� GD� SURWHtQD� H126� QR� FyUWH[� IURQWDO� GH�
SDFLHQWHV� HVTXL]RIUrQLFRV�� 8PD� YH]� TXH� D� H126�
SRVVXL� SDSHO� LPSRUWDQWH� QD� PDQXWHQomR� GR� ÁX[R�
VDQJXtQHR� FHUHEUDO�� XPD� UHGXomR� QRV� QtYHLV� GD�
SURWHtQD� H126� SRGH� FRQWULEXLU� SDUD� D� UHGXomR� GR�
ÁX[R�VDQJXtQHR�FHUHEUDO�TXH�RFRUUH�QR�FyUWH[�IURQWDO�
GHVVHV�SDFLHQWHV���
� 'H�DFRUGR�FRP�6KLP�HW�DO����������GXDV�WHRULDV�
DSDUHQWHPHQWH� FRQWURYHUVDV� VmR� SRVVtYHLV� SDUD� D�
GLVIXQomR��KLSHU�RX�KLSR��GR�10'$5�QD�HVTXL]RIUHQLD��
EHP�FRPR�VREUH�D�PDQLSXODomR�GDV�FRQFHQWUDo}HV�GH�
12�QR�RUJDQLVPR�FRPR�XPD�IRUPD�GH�WUDWDPHQWR�SDUD�
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D�GRHQoD��3RU�PHLR�GD�YLD�GH�VLQDOL]DomR�12�*03F�
3.*�GHPRQVWUDGD�QD�)LJXUD����H[LVWHP�HYLGrQFLDV�
GH�TXH�D�DSOLFDomR�GH�QLWURSUXVVLDWR��XPD�GURJD�DQWL�
KLSHUWHQVLYD� TXH� VH� FRQYHUWH� GLUHWDPHQWH� HP� 12�
QR�RUJDQLVPR�DR�GDU�FRQWLQXLGDGH�j�YLD�12�*03F�
DWLYDGD� SHOD� HVWLPXODomR� GR� 10'$5�� DXPHQWD� D�
QHXURSURWHomR�� D� SODVWLFLGDGH� VLQiSWLFD� H� D� DomR�
QHXURWUySLFD��LPSRUWDQWHV�HP�UHGX]LU�RV�VLQWRPDV�GD�
esquizofrenia���
� <DQJ�HW�DO���������GHPRQVWUDUDP�XP�DXPHQWR�
GH�GLPHWLODUJLQLQD�DVVLPpWULFD� �$'0$��QR�SODVPD�
GH� SDFLHQWHV� HVTXL]RIUrQLFRV�� R� TXDO� IRL� DVVRFLDGR�
DRV� GpÀFLWV� FRJQLWLYRV� GH� DWHQomR� H� PHPyULD��
(VWHV� DFKDGRV� LQGLFDP� TXH� R� 12� SRVVXL� IXQomR�
LPSRUWDQWH� QD� FRJQLomR�� SUHMXGLFDGD� QRV� SDFLHQWHV�
HVTXL]RIUrQLFRV��XPD�YH]�TXH�R�$'0$�p�SURGX]LGR�
ÀVLRORJLFDPHQWH� GXUDQWH� D� PHWLODomR� GH� UHVtGXRV�
GD� SURWHtQD� DUJLQLQD� SHOD� DomR� GD� HQ]LPD� DUJLQLQD�
PHWLOWUDQVIHUDVH� �3507�� H� DJH� FRPR� XP� LQLELGRU�
FRPSHWLWLYR�HQGyJHQR�GD�126�SRU�LQLELU�D�SURGXomR�
GH�12�DR�FRPSHWLU�FRP�R�VXEVWUDWR�/�DUJLQLQD�SHOD�
126����

� 2� EORTXHLR� GH� 12�� LPSHGLQGR� D� DWLYDomR�
GDV� FpOXODV� PLFURJOLDLV� UHVSRQViYHLV� SHOR� SURFHVVR�
QHXURLQÁDPDWyULR�SHOD�OLEHUDomR�GH�QLWURDWLYRV��UDGLFDLV�
OLYUHV�R[LGDWLYRV��LQFOXLQGR�UDGLFDLV�OLYUHV�GH�12��H�
FLWRFLQDV�SUy�LQÁDPDWyULDV�WrP�VLGR�GLVFXWLGR�FRPR�
XPD�VHJXQGD�SRVVLELOLGDGH�WHUDSrXWLFD�SDUD�PHOKRUDU�
os sintomas da esquizofrenia������� (VWD� � KLSyWHVH� p�
FKDPDGD� ´HVWUHVVH� R[LGDWLYR� SDUD� D� HVTXL]RIUHQLDµ��
2� SURORQJDGR� SURFHVVR� GH� QHXURLQÁDPDomR� JHUD�
DSRSWRVH��GLVIXQo}HV�PLWRFRQGULDLV��H[FLWRWR[LFLGDGH�
H� SURFHVVRV� QHXURWy[LFRV� TXH� FRQWULEXHP� SDUD� D�
ÀVLRSDWRORJLD� GD� HVTXL]RIUHQLD������������� 2� HVWUHVVH�
R[LGDWLYR� p� FRQVLGHUDGR� XP� HVWDGR� OLPLWH� HQWUH� R�
VLVWHPD� DQWLR[LGDQWH� H� R� QtYHO� GH� UDGLFDLV� OLYUHV�
FDSD]� GH� GDQLÀFDU� RV� WHFLGRV������ $VVLP�� WrP� VLGR�
GLVFXWLGR� TXH� D� IRUPDomR� GH� UDGLFDLV� OLYUHV� HP�
UHVSRVWD�DR�SURFHVVR�LQÁDPDWyULR�SRGHULD�FRQWULEXLU�
SDUD�D�SDWRORJLD�GD�HVTXL]RIUHQLD�H�R�EORTXHLR�GH�VXD�
IRUPDomR�VHULD�XPD�SRVVLELOLGDGH�GH�WUDWDPHQWR���������
� /DÀRQLDWLV� HW� DO�� ������� GHPRQVWUDUDP� TXH�
R� LQLELGRU� GD� L126�� DPLQRJXDQLGLQD�� QHXWUDOL]RX� R�
GpÀFLW�GH�PHPyULD�GH�UHFRQKHFLPHQWR�SURGX]LGR�SHOD�

Celotto AC et al.

Manuscripta Medica. 2019;2:3-15

Figura 2. 9LD� GH� VLQDOL]DomR� 12�*03F�3.&�� 1R� VtWLR� DORVWpULFR� LQGLFDGR� SRGHP� VH� OLJDU�� DQWDJRQLVWDV� QmR�
FRPSHWLWLYRV� FRPR� IHQFLFOLGLQD� �3&3��� NHWDPLQD� H�0.������ DJRQLVWDV� GR� UHFHSWRU� FRPR�JOLFLQD� H�'�VHULQD�� LQL-
ELGRU� GH� UHFDSWDomR� GD� JOLFLQD� FRPR� VDUFRVLQD��$� LQÀXrQFLD� GHVVHV� PRGXODGRUHV� DORVWpULFRV� WrP� VLGR� HVWXGDGD�
FRP�R�REMHWLYR�GH�GHVHQYROYHU� IRUPDV� WHUDSrXWLFDV�PDLV� H¿FD]HV�QR� WUDWDPHQWR�GRV� VLQWRPDV�GD� HVTXL]RIUHQLD���



��

GLVIXQomR� JOXWDPDWpUJLFD� H� GRSDPLQpUJLFD� HP� UDWRV�
LQGX]LGDV� SRU� NHWDPLQD� H� DSRPRUÀQD�� (VVH� HVWXGR�
FRUURERUD� FRP� D� KLSyWHVH� GR� HVWUHVVH� R[LGDWLYR�� QR�
TXDO�R�12�SURYHQLHQWH�GD�L126�HVWDULD�HQYROYLGR�QR�
GpÀFLW�GH�PHPyULD�QD�HVTXL]RIUHQLD���
� 2V� DQWLR[LGDQWHV� TXH� DWXDP� QR� HTXLOtEULR�
HQWUH� R[LGDomR�UHGXomR� VmR� DV� HQ]LPDV� VXSHUy[LGR�
GLVPXWDVH� �62'��� FDWDODVH� �&$7�� H� JOXWDWLRQD�
SHUR[LGDVH� �*6+�3[����� (ODV� DWXDP� HP� FRRSHUDomR��
EORTXHDQGR� D� IRUPDomR� GH� UDGLFDLV� OLYUHV� HP�
GLIHUHQWHV�HVWiJLRV�PHWDEyOLFRV��VHQGR�TXH�R�SHUy[LGR�
GH�KLGURJrQLR� IRUPDGR�SHOD�62'�p�GHFRPSRVWR�HP�
iJXD� H� R[LJrQLR� SHOD� FDWDODVH��$� LQWHUUXSomR� GHVVH�
PHFDQLVPR�GH�SURWHomR� OHYD�j�SHUR[LGDomR� OLStGLFD��
(QWUHWDQWR��D�*6+�3[�p�FDSD]�GH�LPSHGLU�R�SURFHVVR�DR�
WUDQVIRUPDU�KLGURSHUy[LGRV�Wy[LFRV�HP�IRUPDV�PHQRV�
DWLYDV��$VVLP��GLVW~UELRV�QD�DWLYDomR�GH�TXDOTXHU�XPD�
GDV�WUrV�HQ]LPDV�WRUQDP�DV�PHPEUDQDV�FHOXODUHV�PDLV�
YXOQHUiYHLV�D�GDQRV�SURYRFDGRV�SRU�UDGLFDLV�OLYUHV������
$OED\UDN� DO�� ������� GHPRQVWUDUDP� TXH� SDFLHQWHV�
HVTXL]RIUrQLFRV�FRP�VLQWRPDV�QHJDWLYRV�SHUVLVWHQWHV�
SRVVXHP� SRWHQFLDLV� DQWLR[LGDQWHV� WRWDLV� UHGX]LGRV��
DR�PHVPR� WHPSR�TXH� DSUHVHQWDP� WD[DV� DXPHQWDGDV�
GH�HVWUHVVH�R[LGDWLYR�TXDQGR�FRPSDUDGRV�D�SDFLHQWHV�
VDXGiYHLV� �VHP� HVTXL]RIUHQLD����� 3RVWHULRUPHQWH��
1DV\URYD� HW� DO�� ������� DÀUPDUDP� TXH�� DSHVDU� GH�
DOJXPDV�FRQWUDLQGLFDo}HV�D�HIHWLYLGDGH�GR�WUDWDPHQWR�
EDVHDGR� QRV� LQGLFDGRUHV� GH� HVWUHVVH� R[LGDWLYR� IRL�
FRQÀUPDGD2�
� 5HWRPDQGR� FRQKHFLPHQWRV� FOiVVLFRV� H� EHP�
HVWDEHOHFLGRV��RV�WUDWDPHQWRV�DQWLSVLFyWLFRV�XWLOL]DGRV�
SRVVXHP�FRPR�SULQFLSDLV� DOYRV� WHUDSrXWLFRV� DV� YLDV�
GRSDPLQpUJLFDV� H� VHURWRQLQpUJLFDV�� (QWUHWDQWR�� HP�
DGLomR�DR�IDWR�GH�WDLV�GURJDV�VHUHP�SRXFR�HÀFLHQWHV�
QR� WUDWDPHQWR� GRV� VLQWRPDV� SRVLWLYRV�� QHJDWLYRV� H�
FRJQLWLYRV� SHUVLVWHQWHV�� DSUR[LPDGDPHQWH� ���� GRV�
SDFLHQWHV�UHVSRQGHP�PXLWR�SRXFR�D�HVWDV�GURJDV�������
$VVLP�� p� GH� IXQGDPHQWDO� LPSRUWkQFLD� HVWXGRV�
TXH� SRVVDP� FRQWULEXLU� SDUD� R� HVFODUHFLPHQWR� GH�
RXWUDV� SRVVtYHLV� YLDV�PHFDQLVPRV� HQYROYLGRV� QD�
ÀVLRSDWRORJLD�GD�HVTXL]RIUHQLD��D�ÀP�GH�TXH�SRVVDP�
VHU�LGHQWLÀFDGRV�QRYRV�SRWHQFLDLV�DOYRV�WHUDSrXWLFRV�
SDUD� R� WUDWDPHQWR� GHVWD� SDWRORJLD� PDLV� HÀFD]HV� GR�
TXH�RV�Mi�H[LVWHQWHV�

Modelos experimentais para o estudo da 
esquizofrenia

� 0RGHORV�H[SHULPHQWDLV�WHP�VLGR�DPSODPHQWH�
XWLOL]DGRV� SDUD� HVWXGDU� DV� QHXURSDWRORJLDV� H� WHP�
FRQWULEXtGR� FRQVLGHUDYHOPHQWH� SDUD� R� DYDQoR�
do conhecimento relacionado aos mecanismos 
FHUHEUDLV�HQYROYLGRV��&RQVLGHUDQGR�HVSHFLÀFDPHQWH�
D�HVTXL]RIUHQLD��D�FULDomR�GH�UDWRV�HP�LVRODPHQWR�D�
SDUWLU�GR�GHVPDPH�H�PDQWLGRV�GXUDQWH�WRGR�R�SHUtRGR�
GR� GHVHQYROYLPHQWR� FHUHEUDO� FRQVWLWXL� XP� PRGHOR�
H[SHULPHQWDO�QmR�IDUPDFROyJLFR�TXH�LQGX]�DOWHUDo}HV�
FHUHEUDLV� VHPHOKDQWHV� jTXHODV� TXH� RFRUUHP� QR�
FpUHEUR�GH�KXPDQRV�HVTXL]RIUrQLFRV�
� 'LIHUHQWHV� PRGHORV� WrP� VLGR� XWLOL]DGRV�
SDUD� HVWXGDU� DV� DOWHUDo}HV� FRPSRUWDPHQWDLV��
PRUIROyJLFDV�� ÀVLROyJLFDV� H� QHXURTXtPLFDV�
TXH� RFRUUHP� QD� HVTXL]RIUHQLD�� (VWHV� PRGHORV��
FODVVLÀFDGRV�EDVLFDPHQWH�FRPR�IDUPDFROyJLFRV�H�QmR�
IDUPDFROyJLFRV��XWLOL]DP�SULQFLSDOPHQWH�UDWRV�H�WHP�
FRPR�SULQFLSDO�REMHWLYR�LQGX]LU�DOWHUDo}HV�FHUHEUDLV�
VHPHOKDQWHV� jTXHODV� TXH� RFRUUHP� QR� FpUHEUR� GH�
KXPDQRV�SRUWDGRUHV�GHVWD�QHXURSDWRORJLD�
� &RQVLGHUDQGR� RV� PRGHORV� IDUPDFROyJLFRV��
D� NHWDPLQD�� XP� DQWDJRQLVWD� GR� UHFHSWRU� 10'$��
quando administrada em animais induz alterações 
QDV� YLDV� GRSDPLQpUJLFDV�� VHURWRQLQpUJLFDV��
JOXWDPDWpUJLFDV�H�*$%$pUJLFDV�� UHVXOWDQGR�HP�XP�
TXDGUR�ÀVLRSDWROyJLFR�VHPHOKDQWH�j�HVTXL]RIUHQLD����
FRP� VLQWRPDV� SRVLWLYRV� H� QHJDWLYRV� H� GpÀFLWV�
FRJQLWLYRV������� 2� PHFDQLVPR� SHOR� TXDO� D� NHWDPLQD�
SURGX]� RV� HIHLWRV� SVLFyWLFRV� WrP� VLGR� DWULEXtGR��
HP� SDUWH�� DR� EORTXHLR� GH� UHFHSWRUHV� 10'$�
ORFDOL]DGRV� QRV� LQWHUQHXU{QLRV� *$%$pUJLFRV�
OHYDQGR� j� GHVLQLELomR� GD� DWLYLGDGH� QHXUDO� GH�
HVWUXWXUDV� OtPELFDV�� (VVD� GHVLQLELomR� DXPHQWD� D�
DWLYLGDGH� QHXURQDO� H� FDXVD� D� OLEHUDomR� HP� H[FHVVR�
GD�GRSDPLQD�H�GR�JOXWDPDWR�QR�FyUWH[�SUp�IURQWDO�H�
QDV� UHJL}HV� OtPELFDV�������(P�DGLomR�j�NHWDPLQD�� IRL�
GHPRQVWUDGR� TXH� RXWURV� DQWDJRQLVWDV� GR� UHFHSWRU�
10'$�FRPR�IHQFLFOLGLQD��3&3��H�0.�����TXDQGR�
DGPLQLVWUDGRV�HP�KXPDQRV�IRUDP�FDSD]HV�GH�LQGX]LU�
VLQWRPDV�FRPSRUWDPHQWDLV�VHPHOKDQWHV�DRV�SRVLWLYRV�
H� QHJDWLYRV� GD� HVTXL]RIUHQLD������ H� SRWHQFLDOL]DU� RV�
VLQWRPDV� Mi� H[LVWHQWHV� HP� SDFLHQWHV� SRUWDGRUHV� GD�
doença���������� 4XDQGR� DGPLQLVWUDGRV� HP� URHGRUHV�
IRL�GHPRQVWUDGR�TXH�WRGRV�HVWHV�DQWDJRQLVWDV�IRUDP�
FDSD]HV�GH�SURYRFDU�RV�PHVPRV�VLQDLV������
� 0RGHORV�IDUPDFROyJLFRV� WrP�VLGR�XWLOL]DGRV�
SDUD� HVWXGDU� R� SRWHQFLDO� DQWLSVLFyWLFR� GH� YiULRV�
FRPSRVWRV�� HQWUH� HOHV� RV� GRDGRUHV� RX� LQLELGRUHV�
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GR� 12�� .DQGUDWDYLFLXV� HW� DO�� ������� GHPRQVWUDUDP�
TXH� D� DGPLQLVWUDomR� GH� QLWURSUXVVLDWR� GH� VyGLR� H�
JOLFHULOWULQLWUDWR��GRDGRUHV�GH�12��DWHQXDUDP�D�SHUGD�
GD� PHPyULD� GH� ORQJR� SUD]R� H� D� KLSHUORFRPRomR�
LQGX]LGDV�SRU�NHWDPLQD�HP�UDWRV��'D�PHVPD�IRUPD��
R� SUp�WUDWDPHQWR� FRP� D]XO� GH� PHWLOHQR�� LQLELGRU�
GH�12�� IRL� FDSD]�GH� UHFXSHUDU� D�PHPyULD�GH� ORQJR�
SUD]R��(VVHV�DFKDGRV�PRVWUDP�R�LPSDFWR�SRWHQFLDO�GH�
FRPSRVWRV�UHODFLRQDGRV�DR�12�HP�FRPSRUWDPHQWRV�
LQGX]LGRV� SRU� NHWDPLQD���� $GLFLRQDOPHQWH�� D� EDL[D�
SURGXomR� GH� 12� WDPEpP� SRGH� HVWDU� DVVRFLDGD�
aos sintomas da esquizofrenia���� $VVLP�� GRDGRUHV�
GH� 12� TXH� OHYDP� DR� DXPHQWR� GH� VXD� SURGXomR�
SRGHP� UHSUHVHQWDU� XP� SRWHQFLDO� WHUDSrXWLFR� SDUD� R�
WUDWDPHQWR�GD�HVTXL]RIUHQLD��&RPR�GHPRQVWUDGR�HP�
RXWURV�HVWXGRV�H[SHULPHQWDLV��GRDGRUHV�GH�12�FRPR�
PROVLGRPLQD�� QLWURSUXVVLDWR� GH� VyGLR� H� 6�QLWURVR�
1�DFHWLOSHQLFLODPLQD� �61$3�� SURGX]LUDP� HIHLWRV�
FRQWUiULRV� DRV� LQGX]LGRV� SHORV� DQWDJRQLVWDV� GR�
UHFHSWRU�10'$��FRPR�KLSHUPRWLOLGDGH��HVWHUHyWLSRV��
DWD[LD���������H�GpÀFLWV�FRJQLWLYRV�HP�URHGRUHV���������
� 0RGHORV�H[SHULPHQWDLV�VmR�VHPSUH�OLPLWDGRV�
HP�UHSURGX]LU�FRP�ÀGHOLGDGH�WRGDV�DV�FDUDFWHUtVWLFDV�
GDV�SDWRORJLDV�TXH�RFRUUHP�HP�VHUHV�KXPDQRV��1HVWH�
DVSHFWR��RV�PRGHORV�IDUPDFROyJLFRV�GH�HVTXL]RIUHQLD�
QmR� UHSURGX]HP� DV� FDUDFWHUtVWLFDV� HWLROyJLFDV� GD�
GRHQoD��XPD�YH]�TXH�RV�IiUPDFRV�VmR�DGPLQLVWUDGRV�
QRV�DQLPDLV� Mi�DGXOWRV�H�D�HVTXL]RIUHQLD��HPERUD�VH�
PDQLIHVWH� QR� LQtFLR� GD� LGDGH� DGXOWD�� p� XPD� GRHQoD�
DIHWLYD�TXH�RFRUUH�GXUDQWH�R�QHXURGHVHQYROYLPHQWR�

Isolamento social a partir do desmame

� &RP� R� REMHWLYR� GH� UHSURGX]LU� R��
GHVHQYROYLPHQWR� GDV� DOWHUDo}HV� FHUHEUDLV�
VHPHOKDQWHV�j�HVTXL]RIUHQLD�GH�IRUPD�PDLV�ÀGHGLJQD��
PRGHORV� H[SHULPHQWDLV� QmR� IDUPDFROyJLFRV� IRUDP�
GHVHQYROYLGRV�� 'HQWUH� HOHV�� R� LVRODPHQWR� GH�
UDWRV� D� SDUWLU� GR� GHVPDPH� WHP� VLGR� ODUJDPHQWH�
HPSUHJDGR������� 2� LVRODPHQWR� VRFLDO� GH� ORQJD�
GXUDomR�p�FRQVLGHUDGR�XP�HVWUHVVRU�DIHWLYR�FU{QLFR���
H� LQGX]� DOWHUDo}HV� FRPSRUWDPHQWDLV�� ÀVLROyJLFDV� H�
QHXURTXtPLFDV�VHPHOKDQWHV�jTXHODV�TXH�RFRUUHP�HP�
KXPDQRV�SRUWDGRUHV�GH�DOJXPDV�QHXURSDWRORJLDV16��2�
LVRODPHQWR�GH�UDWRV�LQLFLDGR�LPHGLDWDPHQWH�D�SDUWLU�GR�
GHVPDPH��YLJpVLPR�SULPHLUR�GLD�GH�YLGD��H�PDQWLGR�
SRU� WRGR� R� SHUtRGR� GR� GHVHQYROYLPHQWR� FHUHEUDO�
�QR�PtQLPR�RLWR�VHPDQDV��p�R�PRGHOR�H[SHULPHQWDO�

QmR� IDUPDFROyJLFR� PDLV� XWLOL]DGR� QD� SHVTXLVD� GDV�
DOWHUDo}HV� FHUHEUDLV� TXH� RFRUUHP� QD� HVTXL]RIUHQLD�
� $� VXEPLVVmR� DR� HVWUHVVH� DIHWLYR� QR� LQtFLR�
GD� YLGD� LQWHUIHUH� QHJDWLYDPHQWH� QRV� SURFHVVRV� GR�
GHVHQYROYLPHQWR�FHUHEUDO�FRPR�QHXURJrQHVH��PLJUDomR�
H�GLIHUHQFLDomR�FHOXODU��VLQDSWRJrQHVH�H�PLHOLQL]DomR����
$VVLP�� QHVWH� PRGHOR� H[SHULPHQWDO� R� LVRODPHQWR�
FRPSOHWR�GH�UDWRV�D�SDUWLU�GR�GHVPDPH�p�XP�HVWUHVVH�
DIHWLYR�VHYHUR�TXH�DIHWD�R�GHVHQYROYLPHQWR�FHUHEUDO�
H�OHYD�D�GpÀFLWV�DIHWLYRV�H�FRJQLWLYRV�TXH�PLPHWL]DP�
R�GHVHQYROYLPHQWR�GD�HVTXL]RIUHQLD�HP�KXPDQRV������
� (VWXGRV� HP� VHUHV� KXPDQRV� HVTXL]RIUrQLFRV�
e modelos animais de esquizofrenia demonstraram 
DOWHUDo}HV� HVWUXWXUDLV� VHPHOKDQWHV� QR� &3)��
KLSRFDPSR� H� DPtJGDOD� EDVRODWHUDO� �$%/��������
$GLFLRQDOPHQWH�� IRUDP� GHVFULWDV� DOWHUDo}HV� GH� SHVR�
FRUSRUDO��FRPSRUWDPHQWR�H[SORUDWyULR�� LQLELomR�SHOR�
SUp�SXOVR� GR� VREUHVVDOWR� DF~VWLFR�� LQLELomR� ODWHQWH��
DQHGRQLD�� LQWHUDomR� VRFLDO�� GRU�� HVTXLYD� SDVVLYD��
GpÀFLWV�FRJQLWLYRV��DQVLHGDGH��GHSUHVVmR��GLÀFXOGDGH�
GH� DSUHQGL]DGR� GLVFULPLQDWLYR�� DWURÀD� GHQGUtWLFD� GR�
HVWULDGR�� IXQo}HV� GRSDPLQpUJLFD� H� VHURWRQLQpUJLFD�
DXPHQWDGDV�QD�iUHD�PHVROtPELFD��GpÀFLWV�QD�PHPyULD�
GH�UHFRQKHFLPHQWR��HQWUH�RXWUDV�DOWHUDo}HV�TXH�RFRUUHP�
na esquizofrenia�������������)RL� WDPEpP�REVHUYDGR�TXH�
UDWRV�LVRODGRV�SRU�XP�ORQJR�SHUtRGR�WRUQDUDP�VH�PDLV�
DJUHVVLYRV� H� UHDWLYRV�� DSUHVHQWDQGR� KLSHUIXQomR� GR�
FyUWH[�GD�JOkQGXOD�DGUHQDO�������e�HVSHUDGR�TXH�QHVWH�
PRGHOR�H[SHULPHQWDO�RFRUUDP�WDPEpP�PXGDQoDV�QD�
RUJDQL]DomR� PROHFXODU� QR� FpUHEUR� GHVWHV� DQLPDLV�
� (YLGrQFLDV� IDUPDFROyJLFDV� H� WHUDSrXWLFDV�
LPSRUWDQWHV�WDPEpP�IRUDP�GHVFULWDV�D�SDUWLU�GH�HVWXGRV�
XWLOL]DQGR� HVWH� PRGHOR� H[SHULPHQWDO�� 3RU� H[HPSOR��
IRL� GHPRQVWUDGR� TXH� GURJDV� DQWLSVLFyWLFDV� FRPR� D�
ULVSHULGRQD�H�D�FOR]DSLQD�DWHQXDP�R�FRPSRUWDPHQWR�
DJUHVVLYR�LQGX]LGR�SHOD�FULDomR�GH�UDWRV�HP�LVRODPHQWR��
EHP�FRPR�R� GpÀFLW� GR�33,���8PD�YH]� TXH� HVWXGRV�
UHFHQWHV� GHPRQVWUDUDP� R� HQYROYLPHQWR� GR� JUXSR�
,,� GH� UHFHSWRUHV� JOXWDPDWpUJLFRV� PHWDERWUySLFRV�
�P*OX5����� HP� GLVW~UELRV� SVLTXLiWULFRV�� .DZDVDNL�
HW� DO� ������� DQDOLVDUDP�D� OLJDomR� GR� DQWDJRQLVWD� GR�
UHFHSWRU� P*OX5����� >���+@/<�������� QR� FpUHEUR�
GH� UDWRV� FULDGRV� HP� LVRODPHQWR��(OHV� GHPRQVWUDUDP�
TXH�QR�FyUWH[�SUp�IURQWDO��QDV�FDPDGDV�,�,,,�FRUWLFDLV�
H� QR� KLSRFDPSR� HVWD� OLJDomR� IRL� VLJQLÀFDWLYDPHQWH�
PDLRU�QRV�DQLPDLV�LVRODGRV��HQTXDQWR�TXH�HP�RXWUDV�
UHJL}HV� FHUHEUDLV� QmR� IRL� DOWHUDGD����� ,VVR� VXJHUH�
TXH� XPD� GLVIXQomR� GD� PHGLDomR� JOXWDPDWpUJLFD��
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HVSHFLÀFDPHQWH� YLD� UHFHSWRU� P*OX5� ����� SDUWLFLSD�
GDV� DOWHUDo}HV� FHUHEUDLV� LQGX]LGDV� SHOD� FULDomR�
em isolamento���� (VWHV� SHVTXLVDGRUHV� WDPEpP�
LQYHVWLJDUDP� R� SRWHQFLDO� WHUDSrXWLFR� GR� DJRQLVWD�
VHOHWLYR� SDUD� R� UHFHSWRU� P*OX5����� 0*6������
QR� WUDWDPHQWR� GH� GRHQoDV� SVLTXLiWULFDV� H�
GHPRQVWUDUDP�TXH�HVWD�GURJD� LQLEH�D�KLSHUDWLYLGDGH�
H� R� FRPSRUWDPHQWR� DJUHVVLYR� GRV� UDWRV� FULDGRV�
HP� LVRODPHQWR�� DOpP� GH� UHGX]LU� RV� GpÀFLWV� GR� 33,�

CONCLUSÃO

� $V� HYLGrQFLDV� HP� FRQMXQWR� UHIRUoDP� R� IDWR�
GH� TXH� HVWXGRV� DGLFLRQDLV� GHYHP� VHU� UHDOL]DGRV�
FRP� R� REMHWLYR� GH� HVFODUHFHU� R� HQYROYLPHQWR� GH�
RXWUDV� QHXURWUDQVPLVV}HV� H� YLDV� GH� VLQDOL]DomR� QD�
ÀVLRSDWRORJLD� GD� HVTXL]RIUHQLD�� (VSHFLÀFDPHQWH��
XP� PDLRU� FRQKHFLPHQWR� VREUH� D� QHXURWUDQVPLVVmR�
JOXWDPDWpUJLFD�� YLD� UHFHSWRUHV� PHWDERWUySLFRV�� H�
D� YLD� DWLYDGD� SRU� 12� UHSUHVHQWD� XPD� FRQWULEXLomR�
IXQGDPHQWDO�SDUD�LGHQWLÀFDU�QRYRV�DOYRV�WHUDSrXWLFRV�
H� DSULPRUDU� R� WUDWDPHQWR� GHVWD� H� GH� RXWUDV� GRHQoDV�
SVLTXLiWULFDV�
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/�� 'UDFWX�� 5�� /DUDQMHLUD� �2UJV���� HGLWRU�� 5LR� GH� -DQHLUR��
*XDQDEDUD�.RRJDQ������������

���� /DQJ�8(��3XOV� ,��0XOOHU�'-��6WUXW]�6HHERKP�1��*DOOLQDW�
-�� 0ROHFXODU� PHFKDQLVPV� RI� VFKL]RSKUHQLD�� &HOO� 3K\VLRO�
%LRFKHP����������������±�����

���� )LHOG� -5�� :DONHU� $*�� &RQQ� 3-�� 7DUJHWLQJ� JOXWDPDWH�
V\QDSVHV� LQ� VFKL]RSKUHQLD�� 7UHQGV� 0RO� 0HG�� �����
'HF�����������±����

���� /L�%�-��/LX�3��&KX�=��6KDQJ�<��+XDQ�0�;��'DQJ�<�+��HW�
DO�� 6RFLDO� LVRODWLRQ� LQGXFHV� VFKL]RSKUHQLD�OLNH� EHKDYLRU�
SRWHQWLDOO\� DVVRFLDWHG� ZLWK� +,17��� 10'$� UHFHSWRU�
��� DQG� GRSDPLQH� UHFHSWRU� ��� 1HXURUHSRUW�� ����� 0D\�
������������±���

���� GH�.ORHW� (5�� -RHOV�0��+ROVERHU� )�� 6WUHVV� DQG� WKH� EUDLQ��
IURP�DGDSWDWLRQ�WR�GLVHDVH��1DWXUH�UHYLHZV�1HXURVFLHQFH��
�����������������

���� 5HLV� *&�� $UUXGD� $/$�� )LVLRSDWRORJLD� GD� HVTXL]RIUHQLD�
EDVHDGD� QRV� DVSHFWRV� PROHFXODUHV� GD� KLSyWHVH�
JOXWDPDWpUJLFD��5HY�%UDV�)DUP����������������±����

���� 6WURHK�(��(VWXGR�GR�,QLELGRU�GD���+LGUy[L���0HWLOJOXWDULO�
&RHQ]LPD�$� 5HGXWDVH� �$WRUYDVWDWLQD�� QD� 7UDQVPLVVmR� H�
7R[LFLGDGH�*OXWDPDWpUJLFD��8QLYHUVLGDGH�)HGHUDO�GH�6DQWD�
&DWDULQD��������

���� %UHVVDQ� 5$�� 3LORZVN\� /6�� *OXWDPDWHUJLF� K\SRWKHVLV�
RI� VFKL]RSKUHQLD�� %UD]LOLDQ� -RXUQDO� RI� 3V\FKLDWU\�� �����
6HS����������±����

���� .XER� 0�� ,WR� (�� 6WUXFWXUDO� G\QDPLFV� RI� DQ� LRQRWURSLF�
JOXWDPDWH�UHFHSWRU��3URWHLQV�������$XJ�������������±���

���� 0DNV\PHW]� -�� 0RUDQ� 63� DQG� &RQQ� 3-�� ������ 7DUJHWLQJ�
PHWDERWURSLF� JOXWDPDWH� UHFHSWRUV� IRU� QRYHO� WUHDWPHQWV� RI�
VFKL]RSKUHQLD��0RO�%UDLQ�����������

���� 2]DZD�6��.DPL\D�+��7VX]XNL�.��*OXWDPDWH�UHFHSWRUV�LQ�WKH�
PDPPDOLDQ�FHQWUDO�QHUYRXV�V\VWHP��3URJ�1HXURELRO�������
$SU����������±����

���� *UHZHU�&��5DXHQ�7��(OHFWURJHQLF�JOXWDPDWH�WUDQVSRUWHUV�LQ�
WKH�&16��PROHFXODU�PHFKDQLVP��SUH�VWHDG\�VWDWH�NLQHWLFV��
DQG�WKHLU�LPSDFW�RQ�V\QDSWLF�VLJQDOLQJ��-�0HPEU�%LRO�������
-DQ���������±����

���� $UDULSH� 1HWR� $*� GH� $�� %UHVVDQ� 5$�� %XVDWWR� )LOKR� *��
)LVLRSDWRORJLD�GD�HVTXL]RIUHQLD��DVSHFWRV�DWXDLV��$UFKLYHV�
RI�&OLQLFDO�3V\FKLDWU\��6mR�3DXOR��������������±�����

���� 6HHPDQ� 3�� *OXWDPDWH� DQG� GRSDPLQH� FRPSRQHQWV� LQ�
VFKL]RSKUHQLD��-�3V\FKLDWU\�1HXURVFL�������0DU����������±
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���
���� 6WDKO� 60�� %H\RQG� WKH� GRSDPLQH� K\SRWKHVLV� WR� WKH�

10'$� JOXWDPDWH� UHFHSWRU� K\SRIXQFWLRQ� K\SRWKHVLV� RI�
VFKL]RSKUHQLD��&16�6SHFWU�������$SU����������±���

���� &ROOLQJH�-��&XUWLV�'��'HFUHDVHG�KLSSRFDPSDO�H[SUHVVLRQ�RI�
D�JOXWDPDWH�UHFHSWRU�JHQH�LQ�VFKL]RSKUHQLD��%U�-�3V\FKLDWU\��
�����'HF��������±���

���� (DVWZRRG� 6/�� 0F'RQDOG� %�� %XUQHW� 3:�� %HFNZLWK� -3��
.HUZLQ�5:��+DUULVRQ�3-��'HFUHDVHG�H[SUHVVLRQ�RI�P51$V�
HQFRGLQJ� QRQ�10'$� JOXWDPDWH� UHFHSWRUV� *OX5�� DQG�
*OX5�� LQ�PHGLDO� WHPSRUDO� OREH�QHXURQV� LQ� VFKL]RSKUHQLD��
%UDLQ�5HV�0RO�%UDLQ�5HV�������$SU����������±����

���� (DVWZRRG� 6/�� .HUZLQ� 5:�� +DUULVRQ� 3-��
,PPXQRDXWRUDGLRJUDSKLF� HYLGHQFH� IRU� D� ORVV� RI� DOSKD�
DPLQR���K\GUR[\���PHWK\O���LVR[D]ROH� SURSLRQDWH�
SUHIHUULQJ� QRQ�1�PHWK\O�'�DVSDUWDWH� JOXWDPDWH� UHFHSWRUV�
ZLWKLQ� WKH� PHGLDO� WHPSRUDO� OREH� LQ� VFKL]RSKUHQLD�� %LRO�
3V\FKLDWU\�������0DU�������������±����

���� (DVWZRRG� 6/��%XUQHW� 3:��+DUULVRQ� 3-��*OX5�� JOXWDPDWH�
UHFHSWRU� VXEXQLW� ÀLS� DQG� ÀRS� LVRIRUPV� DUH� GHFUHDVHG� LQ�
WKH� KLSSRFDPSDO� IRUPDWLRQ� LQ� VFKL]RSKUHQLD�� D� UHYHUVH�
WUDQVFULSWDVH�SRO\PHUDVH� FKDLQ� UHDFWLRQ� �57�3&5�� VWXG\��
%UDLQ�5HV�0RO�%UDLQ�5HV�������)HE���������±���

���� 3RUWHU� 5+�� (DVWZRRG� 6/�� +DUULVRQ� 3-�� 'LVWULEXWLRQ� RI�
NDLQDWH� UHFHSWRU� VXEXQLW�P51$V� LQ� KXPDQ� KLSSRFDPSXV��
QHRFRUWH[� DQG� FHUHEHOOXP�� DQG� ELODWHUDO� UHGXFWLRQ� RI�
KLSSRFDPSDO�*OX5��DQG�.$��WUDQVFULSWV�LQ�VFKL]RSKUHQLD��
%UDLQ�5HV�������0DU��������������±����

���� 6HVWLWR� 56�� 7ULQGDGH� /%�� GH� 6RX]D� 5*�� .HUEDX\� /1��
,\RPDVD� 00�� 5RVD� 0/10�� (IIHFW� RI� LVRODWLRQ� UHDULQJ�
RQ� WKH� H[SUHVVLRQ� RI� $03$� JOXWDPDWH� UHFHSWRUV� LQ� WKH�
KLSSRFDPSDO�IRUPDWLRQ��-�3V\FKRSKDUPDFRO��2[IRUG��������
'HF������������±���

���� 3D]� 5'�� 7DUGLWR� 6�� $W]RUL� 0�� 7VHQJ� .<�� *OXWDPDWHUJLF�
'\VIXQFWLRQ� LQ�6FKL]RSKUHQLD�� IURP�EDVLF�QHXURVFLHQFH� WR�
FOLQLFDO�SV\FKRSKDUPDFRORJ\��(XU�1HXURSV\FKRSKDUPDFRO��
�����1RY�����������±����

���� 0DUHN�*-��0HWDERWURSLF�JOXWDPDWH�����P*OX�����UHFHSWRUV��
VFKL]RSKUHQLD� DQG� FRJQLWLRQ�� (XU� -� 3KDUPDFRO�� �����$XJ�
��������±�����±����

���� =KDQJ� +�� 6XO]HU� '�� *OXWDPDWH� VSLOORYHU� LQ� WKH� VWULDWXP�
GHSUHVVHV� GRSDPLQHUJLF� WUDQVPLVVLRQ� E\� DFWLYDWLQJ� JURXS�
,�PHWDERWURSLF�JOXWDPDWH�UHFHSWRUV��-�1HXURVFL�������1RY�
���������������±����

���� 6DWRZ�$��6X]XNL�*��0DHKDUD�6��+LNLFKL�+��0XUDL�7��0XUDL�
7�� HW� DO�� 8QLTXH� DQWLSV\FKRWLF� DFWLYLWLHV� RI� WKH� VHOHFWLYH�
PHWDERWURSLF� JOXWDPDWH� UHFHSWRU� �� DOORVWHULF� DQWDJRQLVW�
��F\FORSURS\O���>�����IOXRUR���S\ULGLQ\O����PHWK\O�
�+�������WULD]RO���\O@�����GLK\GUR��+�LVRLQGRO���RQH�� -�
3KDUPDFRO�([S�7KHU�������-XO�����������±����

���� 0DQDKDQ�9DXJKDQ�'��%UDXQHZHOO�.�+��7KH�PHWDERWURSLF�
JOXWDPDWH�UHFHSWRU��P*OX5���LV�D�NH\�GHWHUPLQDQW�RI�JRRG�
DQG� EDG� VSDWLDO� OHDUQLQJ� SHUIRUPDQFH� DQG� KLSSRFDPSDO�
V\QDSWLF�SODVWLFLW\��&HUHE�&RUWH[�������1RY������������±
����

���� +RPD\RXQ� +�� -DFNVRQ� 0(�� 0RJKDGGDP� %�� $FWLYDWLRQ�
RI� PHWDERWURSLF� JOXWDPDWH� ���� UHFHSWRUV� UHYHUVHV� WKH�
HIIHFWV� RI� 10'$� UHFHSWRU� K\SRIXQFWLRQ� RQ� SUHIURQWDO�
FRUWH[� XQLW� DFWLYLW\� LQ� DZDNH� UDWV�� -� 1HXURSK\VLRO�� �����

$SU�����������±������
���� /RUUDLQ�'6��%DFFHL�&6��%ULVWRZ�/-��$QGHUVRQ�--��9DUQH\�

0$�� (IIHFWV� RI� NHWDPLQH� DQG� 1�PHWK\O�'�DVSDUWDWH� RQ�
JOXWDPDWH� DQG� GRSDPLQH� UHOHDVH� LQ� WKH� UDW� SUHIURQWDO�
FRUWH[��PRGXODWLRQ�E\�D�JURXS�,,�VHOHFWLYH�PHWDERWURSLF�
JOXWDPDWH� UHFHSWRU� DJRQLVW� /<�������� 1HXURVFLHQFH��
���������������±�����

���� 0RJKDGGDP�%��$GDPV� %:�� 5HYHUVDO� RI� SKHQF\FOLGLQH�
HIIHFWV� E\� D� JURXS� ,,� PHWDERWURSLF� JOXWDPDWH� UHFHSWRU�
DJRQLVW� LQ� UDWV�� 6FLHQFH�� �����$XJ� �����������������±
����

���� %HUQVWHLQ� +*�� .HLOKRII� *�� 6WHLQHU� -�� 'REURZROQ\� +��
%RJHUWV� %�� 1LWULF� R[LGH� DQG� VFKL]RSKUHQLD�� SUHVHQW�
NQRZOHGJH� DQG� HPHUJLQJ� FRQFHSWV� RI� WKHUDS\�� &16� 	�
QHXURORJLFDO�GLVRUGHUV�GUXJ�WDUJHWV���������������������

���� &R\OH� -7�� 1LWULF� R[LGH� DQG� V\PSWRP� UHGXFWLRQ� LQ�
VFKL]RSKUHQLD��-$0$�SV\FKLDWU\�������������������

���� 6KLP� 6�� 6KXPDQ� 0�� 'XQFDQ� (�� $Q� HPHUJLQJ� UROH� RI�
F*03� LQ� WKH� WUHDWPHQW� RI� VFKL]RSKUHQLD�� $� UHYLHZ��
6FKL]RSKUHQLD�UHVHDUFK���������������������

���� 'RFKHUW\� $5�� %LJGHOL� 7%�� (GZDUGV� $&�� %DFDQX� 6��
/HH� '�� 1HDOH� 0&�� HW� DO�� *HQRPH�ZLGH� JHQH� SDWKZD\�
DQDO\VLV�RI�SV\FKRWLF�LOOQHVV�V\PSWRP�GLPHQVLRQV�EDVHG�
RQ� D�QHZ� VFKL]RSKUHQLD�VSHFL¿F�PRGHO�RI� WKH�23&5,7��
6FKL]RSKUHQLD�UHVHDUFK����������������������

���� )RUVWHUPDQQ� 8�� &ORVV� (,�� 3ROORFN� -6�� 1DNDQH� 0��
6FKZDU]�3��*DWK�,��HW�DO��1LWULF�R[LGH�V\QWKDVH�LVR]\PHV��
&KDUDFWHUL]DWLRQ�� SXUL¿FDWLRQ�� PROHFXODU� FORQLQJ�� DQG�
IXQFWLRQV��+\SHUWHQVLRQ������������3W������������

���� )ORUD� )LOKR� 5�� =LOEHUVWHLQ� %�� Ï[LGR� QtWULFR�� R� VLPSOHV�
PHQVDJHLUR� SHUFRUUHQGR� D� FRPSOH[LGDGH��0HWDEROLVPR��
VtQWHVH� H� IXQo}HV�� 5HYLVWD� GD� $VVRFLDomR� 0pGLFD�
%UDVLOHLUD�����������������

���� +DOOLZHOO�%��%LRFKHPLVWU\�RI�R[LGDWLYH�VWUHVV��%LRFKHPLFDO�
6RFLHW\�WUDQVDFWLRQV����������3W������������

���� 9DONR� 0�� /HLEIULW]� '�� 0RQFRO� -�� &URQLQ� 07�� 0D]XU�
0�� 7HOVHU� -�� )UHH� UDGLFDOV� DQG� DQWLR[LGDQWV� LQ� QRUPDO�
SK\VLRORJLFDO� IXQFWLRQV� DQG� KXPDQ� GLVHDVH�� 7KH�
LQWHUQDWLRQDO� MRXUQDO� RI� ELRFKHPLVWU\� 	� FHOO� ELRORJ\��
�����������������

���� $WD\D�%��7]HQJ�(��=XFNHUEUDXQ�%6��1LWULWH�JHQHUDWHG�QLWULF�
R[LGH� WR� SURWHFW� DJDLQVW� LQWLPDO� K\SHUSODVLD� IRUPDWLRQ��
7UHQGV�LQ�FDUGLRYDVFXODU�PHGLFLQH��������������������

���� :X�-4��.RVWHQ�75��=KDQJ�;<��)UHH�UDGLFDOV��DQWLR[LGDQW�
GHIHQVH� V\VWHPV�� DQG� VFKL]RSKUHQLD�� 3URJUHVV� LQ�
QHXUR�SV\FKRSKDUPDFRORJ\� 	� ELRORJLFDO� SV\FKLDWU\��
��������������

���� +DPSVRQ� $-�� *ULPDOGL� 0�� $[HOURG� -�� :LQN� '��
&DQQDELGLRO� DQG� ���'HOWD��WHWUDK\GURFDQQDELQRO� DUH�
QHXURSURWHFWLYH�DQWLR[LGDQWV��3URFHHGLQJV�RI�WKH�1DWLRQDO�
$FDGHP\� RI� 6FLHQFHV� RI� WKH�8QLWHG� 6WDWHV� RI�$PHULFD��
��������������������

���� )XUFKJRWW� 5)�� =DZDG]NL� -9�� 7KH� REOLJDWRU\� UROH� RI�
HQGRWKHOLDO� FHOOV� LQ� WKH� UHOD[DWLRQ� RI� DUWHULDO� VPRRWK�
PXVFOH�E\�DFHW\OFKROLQH��1DWXUH�����������������������

���� (QGUHV�0��/DXIV�8��/LDR�-.��0RVNRZLW]�0$��7DUJHWLQJ�
H126� IRU� VWURNH� SURWHFWLRQ�� 7UHQGV� LQ� QHXURVFLHQFHV��
�����������������
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��

���� 9LUDUNDU�0��$ODSSDW�/��%UDGIRUG�3*��$ZDG�$%��/�DUJLQLQH�
DQG� QLWULF� R[LGH� LQ� &16� IXQFWLRQ� DQG� QHXURGHJHQHUDWLYH�
GLVHDVHV�� &ULWLFDO� UHYLHZV� LQ� IRRG� VFLHQFH� DQG� QXWULWLRQ��
��������������������

���� 5HLI�$��+HUWHULFK�6��6WUREHO�$��(KOLV�$&��6DXU�'��-DFRE�&3��
HW� DO��$�QHXURQDO�QLWULF�R[LGH� V\QWKDVH� �126�,��KDSORW\SH�
DVVRFLDWHG� ZLWK� VFKL]RSKUHQLD� PRGL¿HV� SUHIURQWDO� FRUWH[�
IXQFWLRQ��0ROHFXODU�SV\FKLDWU\���������������������

���� 6KLQNDL�7��2KPRUL�2��+RUL�+��1DNDPXUD�-��$OOHOLF�DVVRFLDWLRQ�
RI� WKH� QHXURQDO� QLWULF� R[LGH� V\QWKDVH� �126��� JHQH� ZLWK�
VFKL]RSKUHQLD��0ROHFXODU�SV\FKLDWU\������������������

���� =KDQJ� =�� &KHQ� ;��<X� 3�� =KDQJ� 4�� 6XQ� ;�� *X� +�� HW� DO��
(YLGHQFH�IRU�WKH�FRQWULEXWLRQ�RI�126��JHQH�SRO\PRUSKLVP�
�UV��������� WR� SUHIURQWDO� IXQFWLRQ� LQ� VFKL]RSKUHQLD�
SDWLHQWV� DQG� KHDOWK\� FRQWUROV�� 1HXURSV\FKRSKDUPDFRORJ\�
�� RI¿FLDO� SXEOLFDWLRQ� RI� WKH� $PHULFDQ� &ROOHJH� RI�
1HXURSV\FKRSKDUPDFRORJ\���������������������

���� /LX�3�� -LQJ�<��&ROOLH�1'��'HDQ�%��%LONH\�'.��=KDQJ�+��
$OWHUHG� EUDLQ� DUJLQLQH� PHWDEROLVP� LQ� VFKL]RSKUHQLD��
7UDQVODWLRQDO�SV\FKLDWU\���������H����

���� <DQJ� <-�� ;LRQJ� -:�� =KDR� <�� =KDQ� -4�� &KHQ� +%�� <DQ�
.�� HW� DO�� ,QFUHDVHG� SODVPD� DV\PPHWULF� GLPHWK\ODUJLQLQH�
LV� DVVRFLDWHG� ZLWK� FRJQLWLYH� GH¿FLWV� LQ� SDWLHQWV� ZLWK�
VFKL]RSKUHQLD��3V\FKLDWU\�UHVHDUFK�����������������

���� %HVVLV�$��%HFKDGH�&��%HUQDUG�'��5RXPLHU�$��0LFURJOLDO�
FRQWURO� RI� QHXURQDO� GHDWK� DQG� V\QDSWLF� SURSHUWLHV�� *OLD��
�����������������

���� *DUULGR�0HVD�1��=DU]XHOR�$��*DOYH]�-��:KDW�LV�EHKLQG�WKH�
QRQ�DQWLELRWLF�SURSHUWLHV�RI�PLQRF\FOLQH"�3KDUPDFRORJLFDO�
UHVHDUFK�������������������

���� 'HDQ� 20�� 'DWD�)UDQFR� -�� *LRUODQGR� )�� %HUN� 0��
0LQRF\FOLQH�� WKHUDSHXWLF� SRWHQWLDO� LQ� SV\FKLDWU\�� &16�
GUXJV���������������������

���� 0L]RJXFKL�<��.DWR�7$��+RULNDZD�+��0RQML�$��0LFURJOLDO�
LQWUDFHOOXODU�&D����� VLJQDOLQJ� DV� D� WDUJHW� RI� DQWLSV\FKRWLF�
DFWLRQV� IRU� WKH� WUHDWPHQW� RI� VFKL]RSKUHQLD�� )URQWLHUV� LQ�
FHOOXODU�QHXURVFLHQFH�������������

���� =KDQJ�/��=KDR� -��3UR¿OH�RI�PLQRF\FOLQH� DQG� LWV� SRWHQWLDO�
LQ�WKH�WUHDWPHQW�RI�VFKL]RSKUHQLD��1HXURSV\FKLDWULF�GLVHDVH�
DQG�WUHDWPHQW������������������

���� .RKHQ� 5�� 1\VND� $�� 2[LGDWLRQ� RI� ELRORJLFDO� V\VWHPV��
R[LGDWLYH�VWUHVV�SKHQRPHQD��DQWLR[LGDQWV�� UHGR[�UHDFWLRQV��
DQG�PHWKRGV�IRU�WKHLU�TXDQWL¿FDWLRQ��7R[LFRORJLF�SDWKRORJ\��
������������������

���� <RQJ�9:��:HOOV� -�� *LXOLDQL� )�� &DVKD� 6�� 3RZHU� &��0HW]�
/0��7KH�SURPLVH�RI�PLQRF\FOLQH�LQ�QHXURORJ\��7KH�/DQFHW�
1HXURORJ\��������������������

���� /D¿RQLDWLV�$��2UIDQLGRX�0$�� 3DSDGRSRXORX� (6�� 3LWVLNDV�
1��(IIHFWV� RI� WKH� LQGXFLEOH� QLWULF� R[LGH� V\QWKDVH� LQKLELWRU�
DPLQRJXDQLGLQH�LQ�WZR�GLIIHUHQW�UDW�PRGHOV�RI�VFKL]RSKUHQLD��
%HKDYLRXUDO�EUDLQ�UHVHDUFK�����������������

���� <DR�-.��.HVKDYDQ�06��$QWLR[LGDQWV��UHGR[�VLJQDOLQJ��DQG�
SDWKRSK\VLRORJ\� LQ� VFKL]RSKUHQLD�� DQ� LQWHJUDWLYH� YLHZ��
$QWLR[LGDQWV�	�UHGR[�VLJQDOLQJ���������������������

���� 6PLWK�&9��)UHH�5DGLFDO�0HFKDQLVPV�RI�7LVVXH�,QMXU\��0DU\�
7UHLQHQ� 0RVOHQ� &96�� HGLWRU�� %RFD� 5DWRQ�� )ORULGD�� &5&�
3UHVV�����������

���� $OED\UDN�<�� 8QVDO� &�� %H\D]\X]�0��8QDO�$�� .XORJOX�0��
5HGXFHG� WRWDO� DQWLR[LGDQW� OHYHO� DQG� LQFUHDVHG� R[LGDWLYH�

VWUHVV�LQ�SDWLHQWV�ZLWK�GH¿FLW�VFKL]RSKUHQLD��D�SUHOLPLQDU\�
VWXG\��3URJUHVV�LQ�QHXUR�SV\FKRSKDUPDFRORJ\�	�ELRORJLFDO�
SV\FKLDWU\����������������

���� +RUDFHN�-��%XEHQLNRYD�9DOHVRYD�9��.RSHFHN�0��3DOHQLFHN�
7��'RFNHU\�&��0RKU�3��HW�DO��0HFKDQLVP�RI�DFWLRQ�RI�DW\SLFDO�
DQWLSV\FKRWLF�GUXJV�DQG�WKH�QHXURELRORJ\�RI�VFKL]RSKUHQLD��
&16�GUXJV���������������������

���� .HQQHG\�-/��$OWDU�&$��7D\ORU�'/��'HJWLDU�,��+RUQEHUJHU�
-&��7KH�VRFLDO�DQG�HFRQRPLF�EXUGHQ�RI�WUHDWPHQW�UHVLVWDQW�
VFKL]RSKUHQLD��D�V\VWHPDWLF�OLWHUDWXUH�UHYLHZ��,QWHUQDWLRQDO�
FOLQLFDO�SV\FKRSKDUPDFRORJ\�������������������
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