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Gonçalves, William Antonio. 
         A expressão de TNF no gânglio da raiz dorsal está associada à manutenção  
     da hiperalgesia articular após a resolução da resposta inflamatória na artrite  
     induzida por antígeno [manuscrito] / William Antonio Gonçalves. – 2019. 

    126 f. :  il. ; 29,5 cm.         
 

         Orientadora: Profa. Dra. Vanessa Pinho da Silva. Coorientador: Prof. Dr.  
     Flávio Almeida Amaral. Coorientador: Prof. Dr. Thiago Mattar Cunha. 

    Tese (doutorado) – Universidade Federal de Minas Gerais, Instituto de    
     Ciências Biológicas. Programa de Pós-Graduação em Biologia Celular. 

 
    1. Biologia Celular. 2. Inflamação. 3. Artrite. 4. Dor. I. Silva, Vanessa Pinho 
da. II. Amaral, Flávio Almeida. III. Cunha, Thiago Mattar. IV. Universidade 
Federal de Minas Gerais. Instituto de Ciências Biológicas. V. Título.         
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'HGLFR�HVWH�WUDEDOKR�DRV�PHXV�TXHULGRV�SDLV��

TXH�PH�DPDP�YHUGDGHLUDPHQWH��

¬�PLQKD�VREULQKD�LQFUtYHO��TXH�DOHJUD�PLQKD�

YLGD��

¬�%DUEDUD��PLQKD�DGPLUiYHO�HVSRVD�H�LQIDOtYHO�
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$JUDGHoR�D�'HXV��SRU�HQWUDU�FRPLJR�DRQGH�QLQJXpP�PDLV�SDUHFH�DFUHGLWDU�QHOH��

$JUDGHoR� j� PLQKD� HVSRVD� %DUEDUD� 0D[LPLQR� 5H]HQGH� *RQoDOYHV�� SHODV� KRUDV� GH�

FRPSUHHQVmR�H�DMXGD�TXH�IRUDP�HVVHQFLDLV�SDUD�TXH�HX�SXGHVVH�FRQFOXLU�PHXV�WUDEDOKRV��7mR�

FDULGRVD��PH�SHUPLWLX�FRPSDUWLOKDU�DV�DOHJULDV�TXH�VHQWL��H�DV�GLILFXOGDGHV�TXH�SDVVHL���

$RV�PHXV�TXHULGRV�SDLV��SHOR�H[HPSOR��LQYHVWLPHQWR��KRUDV�GH�DFRQVHOKDPHQWR�H�DSRLR�

LQFRQGLFLRQDO��

0HX�$PLJR�&pOLR�H�$PLJD�7kQLD��SHOR�FDULQKR�H�SHORV�HQVLQDPHQWRV��TXH�VHPSUH�PH�

DMXGDUDP�SURILVVLRQDOPHQWH���

$JUDGHoR�DR�QREUH�0DUFRV�3DXOR�(VWHYHV�GH�2OLYHLUD��SHOR�ERP�kQLPR��DPL]DGH�H�DV�

OLo}HV�GH�KXPLOGDGH�H�SXUH]D��

$JUDGHoR�DR�JUDQGH�DPLJR�/XL]�%DUFHORV��SRU�WHU�WLGR�D�SDFLrQFLD�H�FDULQKR�TXH�Vy�ERQV�

DPLJRV�SRGHP�RIHUHFHU��

$JUDGHoR� DRV� TXHULGRV� FROHJDV� GR� /$55,� �/DERUDWyULR� GH� UHVROXomR� GD� UHVSRVWD�

LQIODPDWyULD��H�GR�ODE(�5,702��/DERUDWyULR�GH�HVWXGR�GD�UHVSRVWD�LQIODPDWyULD�DVVRFLDGD�DR�

WUDQVSODQWH� GH�PHGXOD� yVVHD��� TXH� VHPSUH� IRUDP�ERQV� FRPSDQKHLURV� GH� EDQFDGD� H� HVWXGRV��

2EULJDGR��:LQ\��:DO\VRQ��'pERUD��)UDQFLHO��/D\DUD�H�&DURO���

$JUDGHoR�DR�FROHJD�/XFDV�6HFFKLP�5LEHLUR��TXH�IRL�R�SULPHLUR�SDU�TXH�DFUHGLWRX�HP�

PHX�WUDEDOKR��

$JUDGHoR� DRV� FROHJDV� H� SURIHVVRUHV� TXH� FRQWULEXtUDP� SDUD� D� SURGXomR� GR� SUHVHQWH�

WUDEDOKR�� 2EULJDGR��:DOLVRQ� 1XQHV� GD� 6LOYD�� 3HGUR� +HQULTXH� 'LDV�0RXUD� 3UD]HUHV�� &HOVR�

0DUWLQV� 4XHLUR]�-XQLRU�� 3URI�D� 9LYLDQ� 9DVFRQFHORV� &RVWD�� 7KDLDQH� 3LQWR� 0RUHLUD�� 3URI��

$OH[DQGHU� %LUEUDLU�� 9LFWRU� )DWRUUL�� 3URI�� :DOGLFHX� 9HUUL� -U��� )UHGHULFR� 0DULDQHWWL� 6RULDQL��

.DULQH�7DOLWD�GH�2OLYHLUD�6DQWDQD�-RUJH�H�'DQX]D�0RQWLMR�'LQL]��
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$JUDGHoR�DR�FRUSR�GH�SURILVVLRQDLV�WpFQLFRV�GR�ODERUDWyULR��TXH�VHPSUH�JHUDUDP�ERDV�

FRQGLo}HV�SDUD�TXH�HX�SXGHVVH�UHDOL]DU�R�PHX�WUDEDOKR��2EULJDGR��*UDQGH�+HUPHV��5RVH��,OGD��

,OPD��)UDQN�H�*LO��

$JUDGHoR� DR� FROHJDV�*XLOKHUPH��5LFDUGR� H� ,VDF�� GD�863�GH�5LEHLUmR�3UHWR�� SRU�PH�

DMXGDUHP�H�UHFHEHUHP�GH�EUDoRV�DEHUWRV�WRGDV�DV�YH]HV�TXH�HX�WLYH�R�SUD]HU�GH�WUDEDOKDU�QR�

ODERUDWyULR�GR�3URI��7KLDJR�&XQKD���

$JUDGHoR� D� TXHULGD� ,HGD�� GD� 863� GH� 5LEHLUmR� 3UHWR�� XPD� GDV� PDLV� H[FHOHQWHV�

SURILVVLRQDLV�FRP�D�TXDO�HX�WLYH�R�SULYLOpJLR�GH�WUDEDOKDU��

$JUDGHoR� DR� 1RWiYHO� 3URIHVVRU� 0DXUR�0DUWLQV� 7HL[HLUD�� SHOD� YDOLRVD� FRQWULEXLomR��

GLVSRQLELOLGDGH�H�DWHQomR��

$JUDGHoR�DR�3URI��7KLDJR�0DWWDU�&XQKD��GD�863�GH�5LEHLUmR�3UHWR��SRU�VXD�FRODERUDomR�

LQWHOHFWXDO��SHOR�DSRLR�WpFQLFR�RIHUHFLGR�HP�VHX�ODERUDWyULR��SHOD�FRQILDQoD�H�RSRUWXQLGDGHV�TXH�

me permitiram ser “um pouco mais cientista”���

$JUDGHoR�DR�3URI��)OiYLR�$OPHLGD�$PDUDO��SHOD�LPHQVD�FRQWULEXLomR��H�SRU�DOJXQV�GRV�

PDLV�DSUHFLiYHLV�PRPHQWRV�GH�GLVFXVVmR�FLHQWLILFD�TXH�HX� WLYH�GXUDQWH�HVVHV�~OWLPRV�TXDWUR�

DQRV��2EULJDGR�3URI��)OiYLR��SHOD�GLVSRQLELOLGDGH��SDFLrQFLD�H�FRQILDQoD��

$JUDGHoR�PLQKD�2ULHQWDGRUD�3URI�D�9DQHVVD�3LQKR��SRU�PH�DFHLWDU� HP� VHX�*UXSR�� H�

RIHUHFHU�WRGDV�DV�FRQGLo}HV�QHFHVViULDV�SDUD�TXH�HX�SXGHVVH�FRQFUHWL]DU�R�QRVVR�WUDEDOKR�FRP�

WUDQTXLOLGDGH�H�GLJQLGDGH���

� �
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$� GRU� DUWLFXODU� p� XP� VLQWRPD� FRPXP� HQWUH� RV� SDFLHQWH� FRP� DUWULWH� UHXPDWRLGH� �$5��� 6HX�

GHVHQYROYLPHQWR� GHSHQGH� GD� DomR� GH� DOJXQV� IDWRUHV� DOJRJrQLFRV� TXH� VmR� FRQWLQXDPHQWH�

SURGX]LGRV�H�DWLYDP�RV�QRFLFHSWRUHV�SUHVHQWHV�QDV�HVWUXWXUDV�DUWLFXODUHV��7DO�GLQkPLFD�FRQWULEXL�

SDUD�D�VHQVLELOL]DomR�GH�FRPSRQHQWHV�GR�VLVWHPD�QRFLFHSWLYR�H�GHVHQFDGHLD�R�HVWDEHOHFLPHQWR�

GD�GRU�FU{QLFD��GD�TXDO�D�UHYHUVmR�PHGLFDPHQWRVD�UHSUHVHQWD�XPD�GLItFLO�H�GHVDILDQWH�FRQGLomR��

8PD�LPSRUWDQWH�FLWRFLQD�UHODFLRQDGD�j�SDWRJrQHVH�GH�GLYHUVDV�GRHQoDV�UHXPiWLFDV�p�R�71)��

6XD�QHXWUDOL]DomR�FRQWULEXL�SDUD� D�PHOKRUD�GRV� VLQWRPDV�DUWLFXODUHV�� LQFOXLQGR�D�GRU��1HVVH�

VHQWLGR��R�SUHVHQWH�WUDEDOKR�LQYHVWLJRX�DV�DOWHUDo}HV�LQIODPDWyULDV�H�R�SDSHO�GH�71)�QR�JkQJOLR�

GD� UDL]� GRUVDO� GXUDQWH� D� KLSHUDOJHVLD� SHUVLVWHQWH� REVHUYDGD� DSyV� D� UHVROXomR� GD� UHVSRVWD�

LQIODPDWyULD�HP�FDPXQGRQJRV��3DUD�WDO��QyV�XVDPRV�R�PRGHOR�GH�DUWULWH�LQGX]LGD�SRU�DQWtJHQR�

�$,$���1HVVH�PRGHOR��R�SLFR�GD�LQIODPDomR�DUWLFXODU�RFRUUHX�QRV�WHPSRV�GH����H����KRUDV�DSyV�

D� LQGXomR� GD� $,$�� H� IRL� FDUDFWHUL]DGR� SRU� XP� LQIOX[R� LQWHQVR� GH� QHXWUyILORV�� DXPHQWR� QD�

SURGXomR�GH�FLWRFLQDV�SUy�LQIODPDWyULDV�H�OHVmR�WHFLGXDO��2�UHWRUQR�GHVVHV�SDUkPHWURV�SDUD�D�

FRQGLomR�EDVDO�RFRUUHX�HQWUH���H���GLDV�DSyV�D�$,$��FDUDFWHUL]DQGR�D�IDVH�UHVROXWLYD�QR�MRHOKR�

DFRPHWLGR�� $� KLSHUDOJHVLD� PHFkQLFD�� SRUpP�� SHUVLVWLX� SRU� DWp� ��� GLDV� DSyV� D� LQGXomR� GD�

LQIODPDomR�DUWLFXODU��(VVH�IHQ{PHQR�IRL�DVVRFLDGR�DR�DXPHQWR�QD�H[SUHVVmR�GH�71)�H�71)5��

QR�'5*��JkQJOLR�GD� UDL]�GRUVDO��GR� LQJOrV��GRUVDO�URRW�JDQJOLD��QRV�GLDV���H���VHJXLGRV�GD�

LQGXomR�GR�PRGHOR��(P�FRQWUDSDUWLGD��QmR�KRXYH�DOWHUDomR�GR�71)�RX�VHXV�UHFHSWRUHV�QR�FRUQR�

GRUVDO�GD�PHGXOD�HVSLQKDO��&'0(���$OpP�GLVVR��YHULILFDPRV�XPD�QHXURLQIODPDomR�PDUFDGD�

SHOR� DXPHQWR� QD� H[SUHVVmR� JrQLFD� GH� ,/���� ,/��β�� &;&/��� &2;�� H� L126� QR� '5*��

DFRPSDQKDGR�GH� XP� DXPHQWR� QD� DGHVmR� GH� OHXFyFLWRV� QRV� YDVRV� GD� LQWXPHVFrQFLD� ORPEDU��

2EVHUYDPRV�DLQGD�XP�DXPHQWR�QD�TXDQWLGDGH�GH�PDFUyIDJRV�SRVLWLYRV�SDUD�,ED���PDFUyIDJRV�

,ED����QR�'5*��)LQDOPHQWH��D�DGPLQLVWUDomR�LQWUDWHFDO�RX�VLVWrPLFD�GH�HWDQHUFHSW��XPD�GURJD�

XWLOL]DGD� QD� FOtQLFD� SDUD� QHXWUDOL]DU� R� 71)�� DWXRX� HVSHFLILFDPHQWH� QR� '5*�� UHYHUWHQGR� D�

KLSHUDOJHVLD�DUWLFXODU�SHUVLVWHQWH��1RVVRV�UHVXOWDGRV���SRUWDQWR��DPSOLDP�D�FRPSUHHQVmR�VREUH�

FRPR�R�71)�DWXD�QR�SURFHVVR�GH�HVWDEHOHFLPHQWR�GD�KLSHUDOJHVLD�DUWLFXODU�DSyV�D�UHVROXomR�GD�

UHVSRVWD�LQIODPDWyULD���

�

3DODYUDV�FKDYH��,QIODPDomR��UHVROXomR�GD�UHVSRVWD�LQIODPDWyULD��DUWULWH��GRU����
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-RLQW� SDLQ� LV� D� GHYDVWDWLQJ� V\PSWRP� H[SHULHQFHG� E\� DUWKULWLF� SDWLHQWV� DQG� LW� LV� IUHTXHQWO\�

SHUVLVWHQW�HYHQ�XQGHU�WUHDWPHQW�WKDW�UHGXFH�VLJQV�RI�ORFDO�LQIODPPDWLRQ��&RQWLQXRXV�SURGXFWLRQ�

RI�DOJRJHQLF�IDFWRUV�DFWLYDWH�QRFLFHSWRUV�LQ�DUWLFXODU�VWUXFWXUHV�DQG�FRQWULEXWH�WR�FKURQLF�SDLQ��

D�FKDOOHQJLQJ�DQG�GLIILFXOW�FRQGLWLRQ�WR�WUHDW��71)�LV�D�FUXFLDO�F\WRNLQH�WR�WKH�SDWKRJHQHVLV�RI�

VHYHUDO� UKHXPDWLF� GLVHDVHV� DQG� LWV� LQKLELWLRQ� LV� D� KDOOPDUN� IRU� FRQWUROOLQJ� MRLQW� V\PSWRPV��

LQFOXGLQJ�SDLQ��+HUH��ZH�VRXJKW�WR�LQYHVWLJDWH�WKH�LQIODPPDWRU\�FKDQJHV�DQG�WKH�UROH�RI�71)�

LQWR�GRUVDO�URRW�JDQJOLD��'5*��GXULQJ�SHUVLVWHQW�K\SHUQRFLFHSWLRQ�DIWHU�WKH�UHVROXWLRQ�RI�MRLQW�

LQIODPPDWLRQ� LQ�PLFH��8VLQJ� DQ� DFXWH�PRGHO� RI� DQWLJHQ�LQGXFHG� DUWKULWLV�� WKH� SHDN� RI� MRLQW�

LQIODPPDWLRQ�RFFXUUHG�DW�������KRXUV�DIWHU� ORFDO�DQWLJHQ� LQMHFWLRQ��FKDUDFWHUL]HG�E\� LQWHQVH�

LQIOX[�RI�QHXWURSKLO��SUR�LQIODPPDWRU\�F\WRNLQH�SURGXFWLRQ�DQG� MRLQW�GDPDJH��+RZHYHU�� WKH�

LQIODPPDWRU\�SDUDPHWHUV�LQ�WKH�MRLQW�UHWXUQHG�WR�EDVDO�OHYHOV�EHWZHHQ���DQG���GD\V�DIWHU�DQWLJHQ�

FKDOOHQJH��FKDUDFWHUL]LQJ�WKH�UHVROYLQJ�SKDVH�RI�MRLQW�LQIODPPDWLRQ��,QWHUHVWLQJO\��PHFKDQLFDO�

K\SHUDOJHVLD� LV� SHUVLVWHQW� XS� WR� ��� GD\V� DIWHU� MRLQW� LQVXOW�� 7KH� SHUVLVWHQW� QRFLFHSWLRQ� ZDV�

DVVRFLDWHG�ZLWK�RYHUH[SUHVVLRQ�RI�71)�DQG�71)5��LQ�'5*��PDLQO\�DW�GD\V���DQG����+RZHYHU��

WKHUH� ZDV� QR� FKDQJH� RI� 71)� DQG� LWV� UHFHSWRUV� LQ� LSVLODWHUDO� GRUVDO� KRUQ� RI� VSLQDO� FRUG��

&RQVLVWHQWO\�� WKH�QHXURLQIODPPDWLRQ�VWDWH�ZDV�HYLGHQFHG�E\�LQFUHDVHG�,/���� ,/��β��&;&/���

&2;�� DQG� L126� JHQH� H[SUHVVLRQ� LQ� OXPEDU� '5*� �/��/��� DQG� OHXNRF\WH� DGKHVLRQ� LQ� WKH�

OXPEDU�LQWXPHVFHQFH�YHVVHOV��0RUHRYHU��WKHUH�ZDV�VLJQV�RI�PDFURSKDJH�DFWLYDWLRQ�LQ�'5*�E\�

LQFUHDVH�LQ�,ED��FHOOV���,QWUDWKHFDO�RU�V\VWHPLF�LQMHFWLRQ�RI�HWDQHUFHSW��DQ�DJHQW�FOLQLFDOO\�XWLOL]HG�

IRU�71)�QHXWUDOL]DWLRQ��DW�GD\���SRVW�DUWKULWLV�UHYHUWHG�MRLQW�K\SHUDOJHVLD�E\�VSHFLILF�DFWLRQ�LQ�

'5*��2XU�UHVXOWV�SURYLGH�D�EHWWHU�XQGHUVWDQGLQJ�DERXW�KRZ�HDUO\�HYHQWV�RI�MRLQW�LQIODPPDWLRQ�

FRXOG� VHQVLWL]HV� QRFLFHSWRUV� WKDW� WULJJHU� SHUVLVWHQW� 71)�GHSHQGHQW� QRFLFHSWLRQ� HYHQ� LQ�

PRPHQWV�RI�UHVROYHG�MRLQW�LQIODPPDWLRQ��

�

.H\ZRUGV��,QIODPPDWLRQ��UHVROXWLRQ�RI�WKH�LQIODPPDWRU\�UHVSRQVH��DUWKULWLV��SDLQ��
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)LJXUD����3URFHVVR�GH�PLJUDomR�FHOXODU�GXUDQWH�LQIODPDomR�����������������������������������������������

)LJXUD����,QIOXrQFLD�GRV�PHGLDGRUHV�SUy�UHVROXWLYRV�VREUH�RV�HYHQWRV�DVVRFLDGRV�j�GLPLQXLomR�

GD�UHVSRVWD�LQIODPDWyULD�������������������������������������������������������������������������������������������������������

)LJXUD����)LJXUD�HVTXHPiWLFD�GR�DSDUDWR�VHQVRULDO�QRFLFHSWLYR������������������������������������������

)LJXUD����9DVRV�GD�DUWLFXODomR�H[SRVWRV�VRE�D�VXSHUItFLH�GR�WHFLGR�DGLSRVR�LQIUDSDWHODU���

)LJXUD� ��� 3URFHGLPHQWR� FLU~UJLFR� SDUD� H[SRVLomR� GD� PHGXOD� HVSLQKDO� SDUD� VXEVHTXHQWH�

H[SRVLomR�DR�LQWUDYLWDO���������������������������������������������������������������������������������������������������������

)LJXUD����&LQpWLFD�GR�UHFUXWDPHQWR�GH�OHXFyFLWRV�QD�$,$��������������������������������������������������

)LJXUD���$YDOLDomR�KLVWRSDWROyJLFD�GD�DUWLFXODomR�GR�MRHOKR�QR�PRGHOR�GH�$,$���������������

)LJXUD����$YDOLDomR�KLVWRSDWROyJLFD�H�UHFXSHUDomR�GD�DUWLFXODomR�GR�MRHOKR�QR�PRGHOR�GH�$,$

���������������������������������������������������������������������������������������������������������������������������������������������

)LJXUD����&LQpWLFD�GD�FRQFHQWUDomR�GH�FLWRFLQDV�SUHVHQWHV�QR�WHFLGR�DUWLFXODU�DSyV�LQGXomR�GD�

$,$��������������������������������������������������������������������������������������������������������������������������������������

)LJXUD�����&LQpWLFD�GD�UHVSRVWD�QRFLFHSWLYD�QD�$,$�����������������������������������������������������������

)LJXUD�����$XPHQWR�QD�H[SUHVVmR�GH�F�IRV�QR�'5*�DSyV�D�UHVROXomR�GD�UHVSRVWD�LQIODPDWyULD�

QR�MRHOKR������������������������������������������������������������������������������������������������������������������������������

)LJXUD�����$YDOLDomR�GR� LQILOWUDGR�FHOXODU� H�GD� UHVSRVWD�QRFLFHSWLYD� DSyV�R� WUDWDPHQWR� FRP�

GH[DPHWDVRQD����������������������������������������������������������������������������������������������������������������������

)LJXUD�����$YDOLDomR�GR� LQILOWUDGR�FHOXODU� H�GD� UHVSRVWD�QRFLFHSWLYD� DSyV�R� WUDWDPHQWR� FRP�

$6����������������������������������������������������������������������������������������������������������������������������������

)LJXUD�����$XPHQWR�QR�Q~PHUR�GH�FpOXODV�SRVLWLYDV�SDUD�,ED���QR�'5*�DSyV�D�UHVROXomR�GD�

UHVSRVWD�LQIODPDWyULD�QR�MRHOKR�������������������������������������������������������������������������������������������

)LJXUD�����$XPHQWR�QD� H[SUHVVmR�GH�PROpFXODV� LQIODPDWyULDV�QR�'5*�DSyV� D� UHVROXomR�GD�

UHVSRVWD�LQIODPDWyULD�SHULIpULFD�QD�$,$������������������������������������������������������������������������������

)LJXUD�����$XPHQWR�QD�H[SUHVVmR�JrQLFD�GH�71)�H�GH�VHX�UHFHSWRU�71)5��QR�'5*�DSyV�D�

UHVROXomR�GD�UHVSRVWD�LQIODPDWyULD�SHULIpULFD�QD�$,$���������������������������������������������������������

)LJXUD�����$�H[SUHVVmR�JrQLFD�GH�71)5��H�7539��QR�'5*�QmR�VH�DOWHUD�QR�PRGHOR�GH�$,$

���������������������������������������������������������������������������������������������������������������������������������������������

)LJXUD�����([SUHVVmR�GH�71)�QR�'5*�DSyV�D�UHVROXomR�GD�UHVSRVWD�LQIODPDWyULD�QD�DUWLFXODomR�

DFRPHWLGD�SHOD�$,$�������������������������������������������������������������������������������������������������������������

)LJXUD�����5HYHUVmR�GD�KLSHUQRFLFHSomR�SHUVLVWHQWH�DSyV�QHXWUDOL]DomR�GR�71)��������������
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�

���

)LJXUD�����([SUHVVmR�GH�71)�QD�PHGXOD�HVSLQKDO�DSyV�D�UHVROXomR�GD�UHVSRVWD�LQIODPDWyULD�QD�

DUWLFXODomR�DFRPHWLGD�SHOD�$,$������������������������������������������������������������������������������������������

)LJXUD� ���� ([SUHVVmR� GH� ,ED��� *)$3�� 71)�� 71)5�� H� 71)5�� QR� FRUQR� GRUVDO� GD�PHGXOD�

HVSLQKDO�DSyV�D�UHVROXomR�GD�UHVSRVWD�LQIODPDWyULD�QD�DUWLFXODomR�DFRPHWLGD�SHOD�$,$����

)LJXUD�����$XPHQWR�QD�DGHVmR�GH�OHXFyFLWRV�QD�PLFURYDVFXODWXUD�GD�PHGXOD�HVSLQKDO����

)LJXUD� ���� 5HYHUVmR� GD� KLSHUQRFLFHSomR� SURYRFDGD� SHOD� DomR� GH� 71)� QR� '5*� DSyV�

DGPLQLVWUDomR� VLVWrPLFD� GH� HWDQHUFHSW� H� SHUPHDELOLGDGH� GR� JkQJOLR� GXUDQWH� SHUtRGR� QmR�

LQIODPDWyULR�GD�$,$������������������������������������������������������������������������������������������������������������

�



�

�

�

���

/,67$�'(�$%5(9,$785$�

$&3$��DQWL�FLWUXOOLQDWHG�SURWHLQ�DQWLERGLHV�RX�DQWLFRUSRV�DQWLSURWHtQDV�FLWUXOLQDGDV�

$,$��DUWULWH�LQGX]LGD�SRU�DQWtJHQR��

$5��DUWULWH�UHXPDWRLGH�

&$,$��FROODJHQ�DQWLERG\�� LQGXFHG�DUWKULWLV� RX� DUWULWH� H[SHULPHQWDO� LQGX]LGD�SRU� DQWLFRUSRV�

FRQWUD�FROiJHQR�

&'0(��FRUQR�GRUVDO�GD�PHGXOD�HVSLQKDO�

&*53��FDOFLWRQLQ�JHQH�UHODWHG�SHSWLGH�RX�SHSWtGHR�UHODFLRQDGR�DR�JHQH�GD�FDOFLWRQLQD�

'0$5'��GLVHDVH��PRGLI\LQJ�DQWL�UKHXPDWLF�GUXJ�RX�GURJDV�PRGLILFDGRUDV�GR�FXUVR�GD��

'5*��GRUVDO�URRW�JDQJOLD�RX�JkQJOLR�VHQVLWLYR�GD�UDL]�GRUVDO�

L�D���LQWUD�DUWLFXODU��

L�W���LQWUDWHFDO�

L�Y���LQWUDYHQRVD�

,/��5���UHFHSWRU�GH�,/��β�GR�WLSR���

-$.��MDQXV�DVVRFLDWHG�NLQDVHV�RX�MDQXV�TXLQDVH�

0+&��FRPSOH[R�GH�KLVWRFRPSDWLELOLGDGH�PDLRU�

0LQI���PDFUyIDJR�LQIODPDWyULR�

0UHV���PDFUyIDJR�UHVROXWLYR�

1(7���QHXWURSKLO�H[WUDFHOOXODU�WUDSV�

3)$��3DUDIRUPDOGHtGR��

36*/����3�VHOHFWLQ�JO\FRSURWHLQ�OLJDQG���RX�OLJDQWH���GH�JOLFRSURWHtQD�3�VHOHFWLQD�

526��UHDFWLYH�R[\JHQ�VSHFLHV�RX�HVSpFLHV�UHDWLYDV�GH�R[LJrQLR�

V�F���VXEFXWkQHR�

71)5���UHFHSWRU�GH�71)�GR�WLSR���
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71)5���UHFHSWRU�GH�71)�GR�WLSR��� �
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680È5,2�

�
��� ,1752'8d­2���������������������������������������������������������������������������������������������������������
����� ,QIODPDomR�����������������������������������������������������������������������������������������������������������
����� 5HVROXomR�GD�UHVSRVWD�LQIODPDWyULD���������������������������������������������������������������������
����� $UWULWH�UHXPDWRLGH�����������������������������������������������������������������������������������������������
����� $SDUDWR�VHQVRULDO�QRFLFHSWLYR�����������������������������������������������������������������������������
����� 1RFLFHSWRUHV�DUWLFXODUHV��������������������������������������������������������������������������������������
����� 0RGHORV�H[SHULPHQWDLV�GH�DUWULWH�H�KLSHUDOJHVLD�DUWLFXODU�����������������������������������

��� -867,),&$7,9$������������������������������������������������������������������������������������������������������
��� 2%-(7,92����������������������������������������������������������������������������������������������������������������
����� *HUDO��������������������������������������������������������������������������������������������������������������������
����� (VSHFtILFRV�����������������������������������������������������������������������������������������������������������

��� 0$7(5,$,6�(�0e72'26�������������������������������������������������������������������������������������
����� $QLPDLV����������������������������������������������������������������������������������������������������������������
����� $UWULWH�LQGX]LGD�SRU�DQWtJHQR��$,$���������������������������������������������������������������������
����� /DYDGR�DUWLFXODU�H�TXDQWLILFDomR�GH�OHXFyFLWRV�QD�DUWLFXODomR�GR�MRHOKR������������
����� +LVWRORJLD������������������������������������������������������������������������������������������������������������
����� $QiOLVH�GR�UHFUXWDPHQWR�FHOXODU�SRU�PLFURVFRSLD�LQWUDYLWDO��������������������������������
������� &LUXUJLD�SDUD�H[SRVLomR�GRV�YDVRV�GD�DUWLFXODomR�GR�MRHOKR�����������������������
������� &LUXUJLD� SDUD� H[SRVLomR� GRV� YDVRV� SUHVHQWHV� QD� UHJLmR� SRVWHULRU� GD�
LQWXPHVFrQFLD�ORPEDU��������������������������������������������������������������������������������������������������
������� ,QWUDYLWDO������������������������������������������������������������������������������������������������������

����� 5HJLVWUR�GD�UHVSRVWD�QRFLFHSWLYD�������������������������������������������������������������������������
����� ,QMHomR�LQWUDWHFDO�������������������������������������������������������������������������������������������������
����� ([WUDomR�GH�WHFLGRV����������������������������������������������������������������������������������������������
������� *kQJOLR�GD�UDL]�GRUVDO��'5*�����������������������������������������������������������������������
������� 0HGXOD�HVSLQKDO�H�FRUQR�GRUVDO�GD�PHGXOD�HVSLQKDO��&'0(���������������������

����� (/,6$������������������������������������������������������������������������������������������������������������������
������ :HVWHUQ�EORW�����������������������������������������������������������������������������������������������������
������ 3&5�TXDQWLWDWLYR�HP�WHPSR�UHDO��T3&5�57���������������������������������������������������
������ 3HUPHDELOLGDGH�YDVFXODU�GR�'5*�������������������������������������������������������������������
������ ,PXQRIOXRUHVFrQFLD�����������������������������������������������������������������������������������������
������ $QiOLVH�HVWDWtVWLFD��������������������������������������������������������������������������������������������

��� 5(68/7$'26����������������������������������������������������������������������������������������������������������
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����� ,QIODPDomR� QD� DUWULWH� LQGX]LGD� SRU� DQWtJHQR� �$,$�� H� PDQXWHQomR� GD� KLSHUDOJHVLD�
DUWLFXODU�DSyV�D�UHVROXomR�GD�UHVSRVWD�LQIODPDWyULD�QR�VtWLR�SHULIpULFR���������������������������
����� 5HVSRVWD� LQIODPDWyULD� H� QRFLFHSWLYD� DSyV� R� WUDWDPHQWR� FRP� GH[DPHWDVRQD� RX�
$6������������������������������������������������������������������������������������������������������������������������������
����� 2�JkQJOLR�GD�UDL]�GRUVDO��'5*��DSUHVHQWD�XP�VWDWXV�LQIODPDWyULR�WUDQVLHQWH�DSyV�D�
UHVROXomR�GD�UHVSRVWD�LQIODPDWyULD�QR�VtWLR�SHULIpULFR�����������������������������������������������������
����� $�KLSHUDOJHVLD�PHFkQLFD�UHVLGXDO�QR�PRGHOR�GH�$,$�HVWi�DVVRFLDGD�DR�DXPHQWR�QD�
H[SUHVVmR�GH�71)�H�GH�VHX�UHFHSWRU�71)5��QR�'5*����������������������������������������������������
����� $�KLSHUDOJHVLD�PHFkQLFD�UHVLGXDO�QR�PRGHOR�GH�$,$�HVWi�DVVRFLDGD�j�DomR�GH�71)�
QR�'5*��PDV�QmR�QR�FRUQR�GRUVDO�GD�PHGXOD�HVSLQKDO��&'0(������������������������������������
����� $� DGPLQLVWUDomR� VLVWrPLFD� GH� HWDQHUFHSW� DOFDQoD� R� '5*� H� UHYHUWH� D� KLSHUDOJHVLD�
DUWLFXODU�DSyV�D�UHVROXomR�GD�LQIODPDomR�������������������������������������������������������������������������

��� ',6&866­2��������������������������������������������������������������������������������������������������������������
��� &21&/86­2������������������������������������������������������������������������������������������������������������
��� 5()(5Ç1&,$6��������������������������������������������������������������������������������������������������������
��� $3Ç1',&(����������������������������������������������������������������������������������������������������������������
���� $1(;2����������������������������������������������������������������������������������������������������������������������
�
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��� ,1752'8d­2�

����� ,QIODPDomR��

$� LQIODPDomR� FRQVLVWH� HP� XP� FRQMXQWR� GH� UHDo}HV� TXH� JDUDQWHP� D� SURWHomR� GR�

RUJDQLVPR�FRQWUD�HVWtPXORV�QRFLYRV��VHMDP�HOHV�GH�QDWXUH]D�LQIHFFLRVD�RX�HVWpULO��6HX�REMHWLYR�

p�H[WLUSDU�R�DJHQWH�LQGXWRU�TXH�DWXD�VREUH�R�yUJmR�RX�WHFLGR��UHVWDEHOHFHQGR�D�KRPHRVWDVH�QR�

VtWLR�DFRPHWLGR�����

$� SULPHLUD� GHVFULomR� GRV� VLQDLV� FOtQLFRV� GD� LQIODPDomR� IRL� FRPSLODGD� SRU� &RUQpOLR�

&HOVXV�HP�VHX�WUDWDGR�'H�PHGLFLQD��QR�VpFXOR���$�'���6XDV�REVHUYDo}HV�FRQFHEHUDP�RV�TXDWUR�

VLQDLV�FDUGLQDLV�GD�LQIODPDomR��UXERU�HW�WXPRU�FXP�FDORUH�HW�GRORUH��UXERU�H�WXPRU�FRP�FDORU�
H�GRU���2�TXLQWR�VLQDO�FDUGLQDO��D�SHUGD�GD�IXQomR��IRL�SURSRVWR�SRU�5XGROSK�9LUFKRX�HP�VHX�

OLYUR�&HOOXODUSDWKRORJLH�� SXEOLFDGR� GXUDQWH� D� VHJXQGD� PHWDGH� GR� VpFXOR� ;,;� ��� $V� EDVHV�

ILVLROyJLFDV� TXH� H[SOLFDP� D� SUHFLSLWDomR� GRV� VLQDLV� FDUGLQDLV� WDPEpP� IRUDP� HVWDEHOHFLGDV�

GXUDQWH�R�VpFXOR�;,;��SRU�$XJXVWXV�:DOOHU�H�-XOLXV�&RKQKHLP��6HXV�WUDEDOKRV�GHVWDFDYDP�D�

PLJUDomR� GH� OHXFyFLWRV� FLUFXODQWHV� H� DV� DOWHUDo}HV� YDVFXODUHV� FRPR� FDUDFWHUtVWLFDV� GD�

LQIODPDomR��'HQWUH�RV�OHXFyFLWRV��R�QHXWUyILOR�p�XP�LPSRUWDQWH�WLSR�FHOXODU�UHFUXWDGR�GXUDQWH�R�

LQtFLR�GD�LQIODPDomR��UHVSRQViYHO�SHOD�HOLPLQDomR�GR�DJHQWH�LQGXWRU��–���

2� QHXWUyILOR� LQLFLD� R� SHUFXUVR� HQWUH� R� O~PHQ� YDVFXODU� H� R� VtWLR� LQIODPDWyULR� DSyV� D�

DWLYDomR�GH�XPD�FDVFDWD�GH�HYHQWRV�TXH�LQFOXL�R�URODPHQWR��D�DGHVmR�H�D�WUDQVPLJUDomR��ILJXUD�

������2�URODPHQWR�p�FDUDFWHUL]DGR�SHOD�LQWHUDomR�WUDQVLHQWH�HQWUH�DV�PROpFXODV�GH��VHOHFWLQDV�H�
VHXV� OLJDQWHV� SUHVHQWHV� QD�PHPEUDQD� FHOXODU� GRV� QHXWUyILORV� H� GDV� FpOXODV� HQGRWHOLDLV� �����$�

DGHVmR��SRU�VXD�YH]��p�PHGLDGD�SHOD�DomR�GDV�LQWHJULQDV�SHUPLWLQGR�IRUWH�LQWHUDomR�GR�OHXFyFLWR�
FRP�HQGRWpOLR����$�DWLYDomR�GH�YLDV�GHSHQGHQWHV�GH�TXLPLRFLQDV�H�VHXV�UHFHSWRUHV�DXPHQWD�D�

GLVSRQLELOLGDGH�H�D�DILQLGDGH�GH�LQWHUDomR�GDV�LQWHJULQDV�TXH�DQFRUDP�R�QHXWUyILOR�DR�HQGRWpOLR�

YDVFXODU����������3RU�ILP��R�QHXWUyILOR�DWUDYHVVD�DWLYDPHQWH�R�YDVR�H�JDQKD�R�SDUrQTXLPD�GR�WHFLGR�

LQIODPDGR�SRU�XP�SURFHVVR�GHQRPLQDGR�WUDQVPLJUDomR�����
�
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UHVROYLQJ�PHGLDWRUV” que foi publicado no livro�,PXQRSKDUPDFRORJ\�DQG�,QIODPPDWLRQ��QR�
DQR�GH�������GR�TXDO�WLYH�D�RSRUWXQLGDGH�GH�VHU�SULPHLUR�DXWRU��

����� $UWULWH�UHXPDWRLGH��

$UWULWH� UHXPDWRLGH� �$5��p�XPD�GRHQoD� LQIODPDWyULD�TXH�FRPSURPHWH�D� LQWHJULGDGH�H�

IXQomR�GDV�DUWLFXODo}HV�VLQRYLDLV��(VWLPD�VH�TXH�HVVD�GRHQoD�DFRPHWD�DSUR[LPDGDPHQWH����GD�

SRSXODomR�PXQGLDO�����VHQGR�TXH�VXD�SUHYDOrQFLD�p�PDLRU�HP�LQGLYtGXRV�GR�VH[R�IHPLQLQR�����

'LYHUVRV�WUDEDOKRV�DSRQWDP�R�WDEDJLVPR�H�D�VXVFHSWLELOLGDGH�JHQpWLFD�FRPR�LPSRUWDQWHV�IDWRUHV�

GH�ULVFR�SDUD�R�GHVHQYROYLPHQWR�GD�$5�����(P�IXPDQWHV��SRU�H[HPSOR��Ki�XP�DXPHQWR�QRV�

SURFHVVRV� SyV�WUDQVODFLRQDLV� UHODFLRQDGRV� j� FLWUXOLQDomR� GH� SURWHtQDV� ������ TXH� HVWLPXODP� D�

SURGXomR� GH� DQWLFRUSRV� �DQWLFRUSRV� DQWLSURWHtQDV� FLWUXOLQDGDV�� $&3$V�� GR� LQJOrV� DQWL�

FLWUXOOLQDWHG� SURWHLQ� DQWLERGLHV� �� ������ LPSRUWDQWHV� SDUD� D� SDWRJrQHVH� GD� $5� ������� $�

VXVFHSWLELOLGDGH� JHQpWLFD� HVWi� UHODFLRQDGD� FRP� R� JHQH� TXH� FRGLILFD� R� FRPSOH[R� GH�

KLVWRFRPSDWLELOLGDGH� PDLRU� �0+&��� SULQFLSDOPHQWH� RV� DOHORV� +/$�'5%�� FRP� HStWRSRV�

FRPSDUWLOKDGRV���� 0HFDQLVPRV� HSLJHQpWLFRV� FRPR� D� PHWLODomR� GR� '1$� H� D� DFHWLODomR� GDV�

KLVWRQDV� WDPEpP�FRQWULEXHP�SDUD� D� JrQHVH�GD�$5� ��–����$OpP�GLVVR�� D� H[SRVLomR� D� DJHQWHV�

VXVSHQVRV�QR�DU��FRPR�D�VtOLFD��������FDUDFWHUtVWLFDV�UHODFLRQDGDV�j�PLFURELRWD�LQWHVWLQDO����H�RUDO�
����GRHQoDV�SHULRGRQWDLV�������H�D�REHVLGDGH����WDPEpP�FRQVWLWXHP�IDWRUHV�GH�ULVFR�SDUD�D�$5��

$V�FRQVHTXrQFLDV�DVVRFLDGDV�j�SURJUHVVmR�GD�$5�VmR�H[WUHPDPHQWH�DJUHVVLYDV��$OpP�

GD� GHJHQHUDomR� GR� WHFLGR� yVVHR� H� FDUWLODJLQRVR�� RV� SDFLHQWHV� DUWUtWLFRV� VRIUHP� FRP� D�

SUHFLSLWDomR�GH�GRUHV�DUWLFXODUHV�SHUVLVWHQWHV�H�FRP�D�GLPLQXLomR�GD�PRELOLGDGH�DUWLFXODU��(VVD�

FRQGLomR�JHUD�SHUGD�GD� FDSDFLGDGH�SURGXWLYD����SUHMXt]R�VRFLDO� H� IDPLOLDU������ H�FRQVHTXHQWH�

GLPLQXLomR�GD�TXDOLGDGH�GH�YLGD�����1mR�REVWDQWH��R�LQGLYtGXR�DFRPHWLGR�SHOD�$5�DLQGD�SRGH�

HYROXLU�SDUD�XP�TXDGUR�GH�GHSUHVVmR���–����

2�GHVHQYROYLPHQWR�GD�$5�LQFOXL�XPD�IDVH�DXWRLPXQH�DVVLQWRPiWLFD��������VXFHGLGD�SRU�

XPD�IDVH�LQIODPDWyULD��RQGH�D�GRHQoD�VH�PDQLIHVWD�FOLQLFDPHQWH��������'XUDQWH�D�IDVH�SUp�FOtQLFD��

IUHTXHQWHPHQWH�DQRV�DQWHV�GR�DSDUHFLPHQWR�GRV�VLQWRPDV��QtYHLV�FLUFXODQWHV�GH�$&3$�H�IDWRUHV�

UHXPDWRLGHV��SRGHP�VHU�GHWHFWDGRV��������$�SUHVHQoD�GHVVHV�FRPSRQHQWHV�UHIOHWH�XPD�DWLYDomR�

GR� VLVWHPD� LPXQH��PDV� QmR� GHVHQFDGHLD�� JHUDOPHQWH�� TXDOTXHU� WLSR� GH� UHDomR���� -i� QD� IDVH�

LQIODPDWyULD�GD�$5��DV�UHDo}HV�LPXQROyJLFDV�UHVSRQViYHLV�SHOR�HVWDEHOHFLPHQWR�GD�GRHQoD�VmR�

GHVHQFDGHDGDV��$� SURPRomR� GHVVDV� UHDo}HV� RFRUUH� HP� YLUWXGH� GR� DXPHQWR� QD� DWLYLGDGH� GH�

FpOXODV�GR�VLVWHPD�LPXQH�DGDSWDWLYR�TXH�LQILOWUDP�SDUD�R�WHFLGR�VLQRYLDO�����$GLFLRQDOPHQWH��
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GXUDQWH� HVVH� SHUtRGR� Ki� XP� DXPHQWR� QD� SURGXomR�GH� ,/��β��71)� H� ,/��� SRU�PDFUyIDJRV� H�

DWLYDomR� GH� ILEUREODVWRV� VLQRYLDLV� TXH� SRGHP� OLEHUDU� PHWDORSURWHLQDVHV�� PHGLDGRUHV�

LQIODPDWyULRV� OLStGLFRV� FRPR� SURVWDJODQGLQDV� H� RV� OHXFRWULHQRV�� ��� DOpP� GH� DGTXLULUHP� XP�

IHQyWLSR�UHVSRQViYHO�SHOD�SURSDJDomR�GD�GRHQoD�H�SHOD�GHVWUXLomR�GD�FDUWLODJHP�����-XVWDPHQWH�

QHVVD�IDVH��D�HQIHUPLGDGH�VH�PDQLIHVWD�FOLQLFDPHQWH��DSUHVHQWDQGR�XPD�LQIODPDomR�VLQRYLDO�TXH�

VH�FDUDFWHUL]D�SHOR�DXPHQWR�QR�LQIOX[R�GH�OHXFyFLWRV�SDUD�D�DUWLFXODomR�DFRPHWLGD�SHOD�$5������

2�LQILOWUDGR�FHOXODU�REVHUYDGR�QD�IDVH�DJXGD�GD�$5�p�FRQVWLWXtGR�SUHGRPLQDQWHPHQWH�

SRU�QHXWUyILORV��$�SDUWLU�GR�PRPHQWR�TXH�HVVDV�FpOXODV�PLJUDP�GD�PLFURYDVFXODWXUD�VLQRYLDO�

SDUD� DV� DUWLFXODo}HV�� HODV� H[LEHP� XP� SDSHO� IXQGDPHQWDO� QD� SDWRJrQHVH� GD� $5�� -i� QDV�

DUWLFXODo}HV� FRPSURPHWLGDV�� RV� QHXWUyILORV� VmR� UHVSRQViYHLV� SHOD� GHJHQHUDomR� GR� WHFLGR�

DUWLFXODU�DWUDYpV�GD�OLEHUDomR�GH�HVSpFLHV�UHDWLYDV�GH�R[LJrQLR��526��GR�LQJOrV�UHDFWLYH�R[\JHQ�

VSHFLHV��H�HQ]LPDV�TXH�GHJUDGDP�D�FDUWLODJHP�������H�SHOD�HVWLPXODomR�GH�YLDV�TXH�DWLYDP�RV�

RVWHRFODVWRV�����TXH�VmR�FpOXODV�TXH�SURYRFDP�GHJUDGDomR�GD�PDWUL]�yVVHD�PLQHUDOL]DGD�����$OpP�

GLVVR��RV�QHXWUyILORV�OLEHUDP�XPD�JDPD�GH�PROpFXODV�LQIODPDWyULDV�TXH�HVWLPXODP�GLUHWDPHQWH�

DV�FpOXODV�VHQVRULDLV�QRFLFHSWLYDV���–���QR�FXUVR�GD�DUWULWH�����&RPR�HIHLWR��Ki�XPD�GLPLQXLomR�

GR�OLPLDU�GH�H[FLWDomR�GR�QHXU{QLR�QRFLFHSWLYR��SURYRFDQGR�XP�DXPHQWR�QD�VHQVLELOLGDGH�QD�

DUWLFXODomR�DIHWDGD�����(P�UHVXPR��D�GHJHQHUDomR�DUWLFXODU�H�FRQVWDQWH�HVWLPXODomR�GR�VLVWHPD�

QRFLFHSWLYR�SURSRUFLRQDP�DRV�SDFLHQWHV�DUWUtWLFRV�XPD�GHVDJUDGiYHO�H[SHULrQFLD�UHODFLRQDGD�j�

SHUGD�GD�PRELOLGDGH�H�DR�GHVHQYROYLPHQWR�GH�GRU�QDV�DUWLFXODo}HV�DFRPHWLGDV��

2�WUDWDPHQWR�GD�$5�SRGH�REMHWLYDU�D�UHPLVVmR�RX�D�GLPLQXLomR�GD�DWLYLGDGH�GD�GRHQoD�
���� $V� FODVVHV� GH� IiUPDFRV�PDLV� DPSODPHQWH� XWLOL]DGDV� HP� SDFLHQWHV� DUWUtWLFRV� VmR� RV� DQWL�

LQIODPDWyULRV�QmR�HVWHURLGDLV��JOLFRFRUWLFRLGHV��FRPR�D�SUHGQLVRQD��H�DV�GURJDV�PRGLILFDGRUDV�

GR�FXUVR�GD�GRHQoD��'0$5'��GR�LQJOrV�GLVHDVH��PRGLI\LQJ�DQWL�UKHXPDWLF�GUXJ��GH�RULJHP�

VLQWpWLFD��FRPR�R�PHWURWUH[DWR�RX�LQLELGRUHV�GD�MDQXV�TXLQDVH��-$.��GR�LQJOrV�MDQXV�DVVRFLDWHG�

NLQDVHV���8PD�YH]�TXH�R�XVR�GHVVHV� IiUPDFRV�QmR�SURYRTXH�XPD�PHOKRUD�FRQVLGHUiYHO�QRV�

SDUkPHWURV� SULRUL]DGRV� H� HVWDEHOHFLGRV� HQWUH� R� SURILVVLRQDO� GD� VD~GH� H� SDFLHQWH�� R� XVR� GH�

'0$5'�GH�RULJHP�ELROyJLFD� �LQLELGRUHV�GH�71)��FRPR�R�HWDQHUFHSW�� LQLELGRUHV�GH� ,/����H�

GURJDV� TXH� GHSOHWDP� FpOXODV� %�� SRU� H[HPSOR�� SRGH� LPSOHPHQWDU� R� WUDWDPHQWR� GD� $5��–����

(QWUHWDQWR��D�GRU�DUWLFXODU�SRGH�VH�PDQLIHVWDU�PHVPR�HP�SDFLHQWHV�VXEPHWLGRV�DRV�WUDWDPHQWRV�

WUDGLFLRQDOPHQWH�XWLOL]DGRV�����

2V�SDFLHQWHV�FRP�$5�FRQVLGHUDP�D�GRU�DUWLFXODU�FRPR�XP�GRV�SULQFLSDLV�SUREOHPDV�

UHODFLRQDGRV� j� GRHQoD� ��–���� $OJXQV� LQGLYtGXRV� TXH� DSUHVHQWDP� ULVFR� GH� GHVHQYROYHU� D� $5�

UHODWDP�TXH�D�DUWUDOJLD�SURYRFD�LUULWDomR�H�LQF{PRGR�HP�IXQomR�GH�VXD�QDWXUH]D�LQWHUPLWHQWH�H�
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SHOD� SHUGD� GD� TXDOLGDGH� GR� VRQR��(P�HVWiJLRV�PDLV� DYDQoDGRV� GD� GRHQoD�� HVVH� VLQWRPD� IRL�

GHVFULWR� FRPR� H[FUXFLDQWH� ���� $SHVDU� GD� GRU� DUWLFXODU� VHU� LQWXLWLYDPHQWH� UHODFLRQDGD� FRP�

DOJXPDV�OHV}HV�IUHTXHQWHPHQWH�REVHUYDGDV�QD�$5��SRXFRV�WUDEDOKRV�PRVWUDP�IUDFD�RX�QHQKXPD�

DVVRFLDomR�HQWUH�HVVHV�GRLV�SDUkPHWURV��������3RUpP��D�OLWHUDWXUD�UHFRQKHFH�D�LQIODPDomR����H�DV�

DOWHUDo}HV�SOiVWLFDV�TXH�DXPHQWDP�D�VHQVLELOLGDGH�FHQWUDO�������FRPR�FDXVDV�GD�GRU�DUWLFXODU�QD�

$5���

����� $SDUDWR�VHQVRULDO�QRFLFHSWLYR�

2� DSDUDWR� VHQVRULDO� QRFLFHSWLYR� p� UHVSRQViYHO� SHOR� SURFHVVDPHQWR� GH� HVWtPXORV� GH�

QDWXUH]D�ItVLFD��WpUPLFD�RX�TXtPLFD�SRWHQFLDOPHQWH�QRFLYRV��HVWtPXORV�QRFLFHSWLYRV���TXH�VmR�

LQWHUSUHWDGRV�FRPR�GRORURVRV�SRU�HVWUDWRV�VXSHULRUHV�GR�VLVWHPD�QHUYRVR�FHQWUDO���–����(QWUH�RV�

FRPSRQHQWHV�TXH�R�LQWHJUDP��GHVWDFDP�VH�RV�QRFLFHSWRUHV��ILEUDV�DIHUHQWHV�SULPiULDV�GR�WLSR�&�

H�$δ���R�JkQJOLR�GD�UDL]�GRUVDO��'5*���yUJmR�VHQVRULDO�RQGH�R�FRUSR�QHXURQDO�GRV�QRFLFHSWRUHV�

VH�DORMDP��H�R�FRUQR�GRUVDO�GD�PHGXOD�HVSLQKDO��&'0(���DRQGH�VH�DORMDP�DOJXPDV�SURMHo}HV�

GHVFHQGHQWHV�� LQWHUQHXU{QLRV� �LQLELWyULRV� RX� H[FLWDWyULRV��� RV� WHUPLQDLV� FHQWUDLV� GDV� ILEUDV�

DIHUHQWHV�SULPiULDV�H�RV�QHXU{QLRV�GH�VHJXQGD�RUGHP�����ILJXUD�����

2V�FRUSRV�FHOXODUHV�GRV�QRFLFHSWRUHV�VH�DJORPHUDP�QR�'5*��������(VVH�yUJmR�VHQVRULDO�

VH�ORFDOL]D�GH�DPERV�RV�ODGRV�DR�ORQJR�GD�FROXQD�YHUWHEUDO��SUy[LPR�DR�IRUDPH�LQWHUYHUWHEUDO�
���� H� SRVVXL� XP� QHUYR� H� XPD� UDL]� ����2� QHUYR� FRQWpP� D[{QLRV� TXH� FXOPLQDP� HP� WHUPLQDLV�

SHULIpULFRV�H�LQHUYDP�YiULRV�WHFLGRV��H�D�UDL]�p�FRPSRVWD�SRU�D[{QLRV�TXH�SHQHWUDP�D�PHGXOD�

HVSLQKDO�H�DOFDQoDP�DV�OkPLQDV�PDLV�VXSHUILFLDLV�GR�&'0(�FRP�VHXV�WHUPLQDLV�FHQWUDLV��2V�

WHUPLQDLV� SHULIpULFRV� GRV� QRFLFHSWRUHV� VmR� UHVSRQViYHLV� SHOD� WUDQVGXomR� GRV� HVWtPXORV�

SRWHQFLDOPHQWH�QRFLYRV�TXH�LQFLGHP�VREUH�R�RUJDQLVPR��H�RV�D[{QLRV�TXH�FRPS}HP�R�QHUYR�H�

D�UDL]�WUDQVPLWHP�HVVD�LQIRUPDomR�DWp�R�WHUPLQDO�FHQWUDO�ORFDOL]DGR�QR�&'0(�����������

1D�PHGXOD�HVSLQKDO��RV� WHUPLQDLV�FHQWUDLV�GRV�QRFLFHSWRUHV� WUDQVPLWHP�D� LQIRUPDomR�

QRFLFHSWLYD� SURYHQLHQWH� GD� SHULIHULD� SDUD� QHXU{QLRV� GH� VHJXQGD� RUGHP� ����2�&'0(�p� XPD�

UHJLmR�GRWDGD�GH�H[WHQVD�GLYHUVLGDGH�GH�HOHPHQWRV�QHXURQDLV��HQWUH�RV�TXDLV�RV�LQWHUQHXU{QLRV�

H[FLWDWyULRV�H� LQLELWyULRV�EHP�FRPR�SURMHo}HV�GD�YLD�GHVFHQGHQWH� �������(VVHV�HOHPHQWRV� VmR�

FDSD]HV�GH�DPSOLILFDU�RX�GLPLQXLU�R�VLQDO�HOHWURTXtPLFR�TXH�DVFHQGH�DRV�HVWUDWRV�VXSHULRUHV�GR�

VLVWHPD�QHUYRVR�FHQWUDO�� VHQGR��SRUWDQWR��DJHQWHV�TXH�PRGXODP�D�LQWHQVLGDGH�GD�LQIRUPDomR�

QRFLFHSWLYD��������
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FRQWUD�D�UHVLVWrQFLD�GH�HVWUXWXUDV�DUWLFXODUHV�RX�SHOD�DSOLFDomR�GH�XPD�LQWHQVD�IRUoD�FRPSUHVVLYD�
�����9DOH�UHVVDOWDU�TXH��FRPR�TXDOTXHU�RXWUR�QRFLFHSWRU��RV�QRFLFHSWRUHV�DUWLFXODUHV�SRVVXHP�XP�

OLPLDU�GH�H[FLWDomR�HOHYDGR��H�SRU�LVVR�VRPHQWH�HVWtPXORV�VXILFLHQWHPHQWH�LQWHQVRV��HVWtPXORV�

QRFLFHSWLYRV�� VmR� FDSD]HV� GH� SURGX]LU� XP� SRWHQFLDO� GH� DomR� QHVVDV� ILEUDV� ���� 3RUpP� HP�

FRQGLo}HV�LQIODPDWyULDV��Ki�XPD�GLPLQXLomR�GR�OLPLDU�QRFLFHSWLYR�GHVVDV�FpOXODV������� ��(VVH�

IHQ{PHQR��UHODFLRQDGR�DR�DXPHQWR�GD�VHQVLELOLGDGH�GR�DSDUDWR�VHQVRULDO��SRGH�SURYRFDU�GRU�HP�

YLUWXGH� GD� LQFLGrQFLD� GH� XP� HVWtPXOR� TXH� QRUPDOPHQWH� QmR� SURYRFDULD� GRU� �DORGLQLD�� RX�

LQWHQVLILFDU�D�GRU�LQGX]LGD�SRU�XP�HVWtPXOR�GRORURVR��KLSHUDOJHVLD����

����� 0RGHORV�H[SHULPHQWDLV�GH�DUWULWH�H�KLSHUDOJHVLD�DUWLFXODU��

$OJXQV�PRGHORV�H[SHULPHQWDLV�H[LEHP�FRQGLo}HV�VHPHOKDQWHV�jTXHODV�REVHUYDGDV�HP�

SDFLHQWHV�DUWUtWLFRV��$�DUWULWH�LQGX]LGD�SRU�DQWtJHQR��$,$���D�DUWULWH�H[SHULPHQWDO�LQGX]LGD�SRU�

DQWLFRUSRV�FRQWUD�FROiJHQR��&$,$���GR�LQJOrV��FROODJHQ�DQWLERG\��LQGXFHG�DUWKULWLV��H�D�DUWULWH�

LQGX]LGD�SRU�WUDQVIHUrQFLD�VpULFD�GH�FDPXQGRQJRV�.�%[1��.�%[1���SRU�H[HPSOR��DSUHVHQWDP�

LQILOWUDGR�GH�FpOXODV�LPXQHV��LQIODPDomR�VLQRYLDO�H�GHVWUXLomR�GR�WHFLGR�DUWLFXODU�TXH�VmR�WRGDV�

FDUDFWHUtVWLFDV� WDPEpP� HYLGHQWHV� HP� LQGLYtGXRV� DFRPHWLGRV� SHOD� $5� ���� 1mR� REVWDQWH�� DV�

FRQFOXV}HV� DOFDQoDGDV� DSyV� D� UHDOL]DomR� GH� H[SHULPHQWRV� FRP� DQLPDLV� VmR� IUHTXHQWHPHQWH�

H[WUDSRODGDV�SDUD�D�GRHQoD�HP�KXPDQRV���

1D� $,$�� DV� DOWHUDo}HV� KLVWRSDWROyJLFDV� REVHUYDGDV� QD� DUWLFXODomR� DFRPHWLGD� VmR�

SURGXWRV� GH� XPD� UHVSRVWD� LQIODPDWyULD�� LQGX]LGD� SHOD� LQMHomR� LQWUD�DUWLFXODU� GH� P%6$� HP�

DQLPDLV� SUHYLDPHQWH� LPXQL]DGRV� FRP� HVVH� PHVPR� DQWtJHQR� ���� 8PD� YH]� TXH� R� P%6$�

�VXEVWkQFLD�FDWL{QLFD��p�LQMHWDGR��HOH�ILFD�UHWLGR�QD�FDUWLODJHP��QHJDWLYDPHQWH�FDUUHJDGD����������

(VVH�HYHQWR�HVWLPXOD�D�FRQVWDQWH�SURGXomR�GH�DQWLFRUSRV�H�IRUPDomR�GH�FRPSOH[RV�LPXQHV�TXH�

FRQWULEXHP�SDUD�R�GHVHQYROYLPHQWR�GDV�UHDo}HV�VXEVHTXHQWHV�TXH�GHVHQFDGHLDP�D�LQIODPDomR�

DUWLFXODU� ���� 7UDEDOKRV� UHDOL]DGRV� SRU� QRVVR� JUXSR� GHPRQVWUDP� TXH� HVVD� LQIODPDomR� p�

DXWROLPLWDGD�� RX� VHMD�� VH� UHVROYH� QDWXUDOPHQWH� ��–����� 3RU� H[HPSOR�� /RSHV� HW� DO�� �������

HYLGHQFLRX�TXH�R�UHWRUQR�QR�Q~PHUR�GH�QHXWUyILORV�SDUD�YDORUHV�EDVDLV�QD�$,$�RFRUUH����KRUDV�

DSyV�R�GHVDILR�FRP�P%6$�����(QWUHWDQWR��PHVPR�DSyV�D�UHVROXomR�GD�UHVSRVWD�LQIODPDWyULD��D�

KLSHUDOJHVLD� DUWLFXODU� FRQWLQXD� VH� PDQLIHVWDQGR� QHVVH� PRGHOR� ���� (VVD� VHQVLELOLGDGH� QD�

DUWLFXODomR�DFRPHWLGD� � WDPEpP�H�SDVVtYHO� GH� VHU� LQYHVWLJDGD�QRV�PRGHORV� H[SHULPHQWDLV�GH�

LQGXomR� GD� DUWULWH� ������������ LQFOXLQGR� QD�$,$� ����� 2� GHVHQYROYLPHQWR� GD� KLSHUDOJHVLD� QHVWH�

PRGHOR�HVWi�DVVRFLDGD�D�PHFDQLVPRV�GH�VHQVLELOL]DomR�SHULIpULFD��DXPHQWR�GD�VHQVLELOLGDGH�GR�
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QRFLFHSWRU��H�GH�VHQVLELOL]DomR�FHQWUDO��DXPHQWR�GD�VHQVLELOLGDGH�GRV�QHXU{QLRV�QRFLFHSWLYRV�

DORMDGRV�QR�VLVWHPD�QHUYRVR�FHQWUDO��HVSHFLDOPHQWH�QR�&'0(������2V�GRLV�SURFHVVRV�SRGHP�VHU�

HVWLPXODGRV�SHOD�DomR�GH�DJHQWHV�LQIODPDWyULRV�����������

3HULIHULFDPHQWH��GLYHUVRV�WUDEDOKRV�GHPRQVWUDP�TXH�FLWRFLQDV�FRPR�R�71)��R�,/��H�D�

,/�β�VmR�OLEHUDGDV�SRU�FpOXODV�GR�VLVWHPD�LPXQH��H�DWLYDP�VHXV�UHVSHFWLYRV�UHFHSWRUHV�SUHVHQWHV�

QR�QRFLFHSWRU�DUWLFXODU������������(VVH�HYHQWR�GHVHQFDGHLD�YLDV�GH�VLQDOL]DomR�TXH�GLPLQXHP�D�

H[FLWDELOLGDGH�GRV�QRFLFHSWRUHV������1D�$,$��R�XVR�GR�DQWDJRQLVWD�GR�UHFHSWRU�GH�,/��β�GR�WLSR�

���,/��5���UHYHUWHX�D�KLSHUDOJHVLD�WpUPLFD�JHUDGD�QR�PRGHOR��$OpP�GLVVR��(EELQJKDXV�HW�DO��

������� � PRVWUDUDP� TXH� D� DGPLQLVWUDomR� LQWUD�DUWLFXODU� GH� ,/��β� IRL� FDSD]� GH� HOHYDU� D�

VHQVLELOLGDGH�DR�HVWtPXOR�PHFkQLFD�GH�ILEUDV�DIHUHQWHV�SULPiULDV�GR�WLSR�&�SUHVHQWHV�QR�MRHOKR�

GH�FDPXQGRQJRV������2XWUD�LPSRUWDQWH�FLWRFLQD�SDUD�R�GHVHQYROYLPHQWR�GD�KLSHUDOJHVLD�QD�$,$�

p�D�,/�����$�HYLGHQFLD�GH�TXH�HVVD�FLWRFLQD�SRGH�HVWLPXODU�RV�QRFLFHSWRUHV�p�SURYHQLHQWH�GH�

H[SHULPHQWRV�TXH�PRVWUDP�TXH�D�VXD�DomR�LQGX]�D�OLEHUDomR�GH�SHSWtGHR�UHODFLRQDGR�DR�JHQH�

GD�FDOFLWRQLQD��&*53���GR�LQJOrV�FDOFLWRQLQ�JHQH�UHODWHG�SHSWLGH��SHOD�ILEUDV�QRFLFHSWLYDV������

2� SDSHO� GH� 71)� p� DPSODPHQWH� H[SORUDGR� QD� $,$�� 'LYHUVRV� WUDEDOKRV� PRVWUDP� TXH� D�

QHXWUDOL]DomR�GHVVD�FLWRFLQD�SRGH�GLPLQXLU�D�KLSHUDOJHVLD�DUWLFXODU�DSyV�D�LQGXomR�GD�$,$���������

6DFKV�HW�DO���������PRVWURX�TXH�D�KLSHUDOJHVLD�DVVRFLDGD�DR�DXPHQWR�GD�H[SUHVVmR�GH�71)�QR�

WHFLGR� DUWLFXODU� IRL� UHYHUWLGD� SHOD� DGPLQLVWUDomR� VLVWrPLFD� GH� HWDQHUFHSW� �IRUPD� GLPpULFD� H�

VRO~YHO�GR�UHFHSWRU�GR�WLSR���SDUD�71)��71)5����QR�PRGHOR�GH�$,$��1HVWH�PRGHOR��RXWUDV�

FLWRFLQDV�� FRPR� D� ,/���� H� D� ,/����� WDPEpP� VmR� LPSRUWDQWHV� SDUD� GHVHQYROYLPHQWR� GD�

KLSHUDOJHVLD�PHFkQLFD�DUWLFXODU����������

$�VHQVLELOL]DomR�FHQWUDO��SRU�VXD�YH]��SRGH�VHU�DVVRFLDGD�j�DWLYLGDGH�GH�FLWRFLQDV�FRPR�

D�,/��β�H�R�71)��TXH�DXPHQWDP�DV�FRUUHQWHV�H[FLWDWyULDV�H�GLPLQXHP�DV�FRUUHQWHV�LQLELWyULDV�

QD�PHGXOD� HVSLQKDO� ������������ �� (VVDV� FLWRFLQDV� VmR� VLQWHWL]DGDV� H� OLEHUDGDV� QHVVH� HVWUDWR� GR�

VLVWHPD� QHUYRVR� FHQWUDO� SRU� FpOXODV� GD� PLFUyJOLD� DWLYDGD��������� &RUURERUDQGR� HVVHV� GDGRV��

4XDGURV�HW�DO���������PRVWUDP�TXH�R�GHVHQYROYLPHQWR�GD�KLSHUDOJHVLD�DUWLFXODU�QR�PRGHOR�GH�

$,$� IRL� UHODFLRQDGR� j� H[SUHVVmR� GH� ,/��β� H� 71)� QD� PHGXOD� HVSLQKDO�� $OpP� GLVVR�� HOHV�

HYLGHQFLDUDP�XP�DXPHQWR�QD�H[SUHVVmR�GH�,ED��H�*)$3��TXH�VmR�PDUFDGRUHV�GH�DWLYDomR�GH�

PLFUyJOLD� H� GH� DVWUyFLWRV�� UHVSHFWLYDPHQWH�� (VVHV� GDGRV� PRVWUDP� TXH� R� DXPHQWR� GD�

VHQVLELOLGDGH� FHQWUDO� PHGLDGD� SHOD� QHXURLQIODPDomR� QD� PHGXOD� HVSLQKDO� SRGH� VHU� XPD� YLD�

SRVVtYHO�SDUD�R�HVWDEHOHFLPHQWR�GD�VHQVLELOLGDGH�DUWLFXODU�QD�$,$���



�

�

���

9iULRV�HVWXGRV�GHVFUHYHP�GLYHUVLILFDGRV�PHFDQLVPRV�GH�LQGXomR�GD�KLSHUDOJLD�QD�$,$��

3RUpP��HYLGHQFLDV�GH�SURFHVVRV�TXH�H[SOLTXHP�FRPR�HVVD�KLSHUDOJHVLD�DUWLFXODU�SRGH�SHUVLVWLU�

DSyV�D�UHVROXomR�GD�UHVSRVWD�LQIODPDWyULD�QD�$,$�DLQGD�VmR�HVFDVVRV�QD�OLWHUDWXUD��

� �



�

�

���

��� -867,),&$7,9$�

$OJXQV� PHGLFDPHQWRV� GLVSRQtYHLV� SDUD� R� WUDWDPHQWR� GD� $5� REMHWLYDP� GLPLQXLU� D�

DWLYLGDGH� GD� GRHQoD� RX� SURYRFDU� VXD� UHPLVVmR� ��� FRQWURODQGR� D� SURJUHVVmR� GD� LQIODPDomR�

DUWLFXODU� ����� (QWUHWDQWR�� D� GRU� QDV� DUWLFXODo}HV� DFRPHWLGDV� SRGH� VH� PDQLIHVWDU� HP� DOJXQV�

SDFLHQWHV�DUWUtWLFRV�DLQGD�TXH�RV�PHVPRV�HVWHMDP�HP�UHJLPH�GH�WUDWDPHQWR�����$�SRVVLELOLGDGH�

GH�TXH�D�GRU�DUWLFXODU�VH�SHUSHWXH�PHVPR�DSyV�D�UHYHUVmR�GRV�SDUkPHWURV�LQIODPDWyULRV�p�XP�

IHQ{PHQR�REVHUYDGR�QmR�VRPHQWH�QD�FOtQLFD��PDV�WDPEpP�QD�H[SHULPHQWDomR�DQLPDO��

(P�QRVVR�JUXSR�WHPRV�YHULILFDGR�TXH�DSyV�D�LQGXomR�GD�$,$��RV�DQLPDLV�GHVHQYROYHP�

XPD�KLSHUDOJHVLD�TXH�VH�PDQWpP�SRU�XP�SHUtRGR�VXSHULRU�DR�QHFHVViULR�SDUD�TXH�D�LQIODPDomR�

QR�MRHOKR�VHMD�FRPSOHWDPHQWH�UHVROYLGD��$FUHGLWDPRV�TXH�HVVH�IHQ{PHQR�SRGH�VHU�XP�UHIOH[R�

GD�DWLYDomR�GH�PHFDQLVPRV�GH�VHQVLELOL]DomR�VXEMDFHQWHV�� LVRODGRV�GD� LQIOXrQFLD�GD�DomR�GH�

DJHQWHV� LQIODPDWyULRV�QR� MRHOKR�DFRPHWLGR��0HVPR�TXH�HVVD�REVHUYDomR�DSUHVHQWH�SRWHQFLDO�

UHOHYkQFLD� GR� SRQWR� GH� YLVWD� FOtQLFR�� RV� SURFHVVRV� UHODFLRQDGRV� DR� GHVHQYROYLPHQWR� GD� GRU�

DUWLFXODU�DSyV�D�UHVROXomR�GD�UHVSRVWD�LQIODPDWyULD�SHUPDQHFHP�LQH[SORUDGRV����
�



�

�

���

��� 2%-(7,92��

����� *HUDO�

,QYHVWLJDU� R� PHFDQLVPR� UHODFLRQDGR� j� PDQXWHQomR� GD� KLSHUDOJHVLD� DUWLFXODU� DSyV� D�

UHVROXomR�GD�UHVSRVWD�LQIODPDWyULD�QDWXUDO�QD�$,$��

����� (VSHFtILFRV�

��� �$YDOLDU�D�FLQpWLFD�GH�URODPHQWR�H�DGHVmR�GH�OHXFyFLWRV�QD�PLFURYDVFXODWXUD�SUHVHQWH�QD�

DUWLFXODomR�GR�MRHOKR�GH�FDPXQGRQJRV�DSyV�D�LQGXomR�GD�$,$��

�

��� $YDOLDU�D�FLQpWLFD�GR�DF~PXOR�GH� OHXFyFLWRV�QD�FDYLGDGH�DUWLFXODU�DSyV�D� LQGXomR�GD�

$,$���

�

��� $YDOLDU�RV�DVSHFWRV�KLVWRSDWROyJLFRV�GR�MRHOKR�GH�DQLPDLV�DFRPHWLGRV�SHOD�$,$��

�

��� $YDOLDU�D�UHVSRVWD�QRFLFHSWLYD�QR�MRHOKR�GH�FDPXQGRQJRV�GXUDQWH�D�IDVH�LQIODPDWyULD�H�

DSyV�D�UHVROXomR�GD�UHVSRVWD�LQIODPDWyULD�QR�PRGHOR�GH�$,$��

�

��� $YDOLDU�D�UHVSRVWD�LQIODPDWyULD�H�D�FLQpWLFD�GD�UHVSRVWD�QRFLFHSWLYD�QR�PRGHOR�GH�$,$�

DSyV�R�WUDWDPHQWR�FRP�GH[DPHWDVRQD�H�$6���������

�

��� $YDOLDU�D�H[SUHVVmR�GH�PROpFXODV�LQIODPDWyULDV�QR�'5*�DSyV�D�UHVROXomR�GD�UHVSRVWD�

LQIODPDWyULD�QR�MRHOKR�GH�FDPXQGRQJRV�DFRPHWLGRV�SHOD�$,$��

�

��� $YDOLDU�D�H[SUHVVmR�GH�71)�H�D�GH�VHXV�UHFHSWRUHV�71)5��H�71)5��QR�'5*�DSyV�D�

UHVROXomR�GD�UHVSRVWD�LQIODPDWyULD�QR�MRHOKR�GH�FDPXQGRQJRV�DFRPHWLGRV�SHOD�$,$��

�

��� $YDOLDU�R�HIHLWR�GD�LQMHomR�LQWUDWHFDO��L�W���GH�HWDQHUFHSW�DSyV�D�UHVROXomR�GD�UHVSRVWD�

LQIODPDWyULD�QR�PRGHOR�GH�$,$��VRE�D�UHVSRVWD�QRFLFHSWLYD�QR�MRHOKR�GH�FDPXQGRQJRV��

�



�

�

���

��� $YDOLDU�D�FLQpWLFD�GD�H[SUHVVmR�GH�PROpFXODV�UHODFLRQDGDV�FRP�D�DWLYDomR�GH�FpOXODV�GD�

PLFUyJOLD�H�DVWUyFLWRV�QD�PHGXOD�HVSLQKDO��HVSHFLILFDPHQWH�QR�&'0(���

�

����$YDOLDU�D�H[SUHVVmR�GH�71)�H�GH�VHXV�UHFHSWRUHV�71)5��H�71)5��QD�PHGXOD�HVSLQKDO��

HVSHFLILFDPHQWH�QR�&'0(��

�

����$YDOLDU�R�UHFUXWDPHQWR�GH�OHXFyFLWRV�SDUD�QD�UHJLmR�SRVWHULRU�GD�LQWXPHVFrQFLD�ORPEDU�

GD�PHGXOD�HVSLQKDO�DSyV�D�UHVROXomR�GD�UHVSRVWD�LQIODPDWyULD�QD�$,$��

�

����$YDOLDU�R�HIHLWR�GD�DGPLQLVWUDomR�VLVWrPLFD�GH�HWDQHUFHSW�VRE�D�UHVSRVWD�QRFLFHSWLYD�QR�

MRHOKR�GH�FDPXQGRQJRV�DSyV�D�UHVROXomR�GD�UHVSRVWD�LQIODPDWyULD�QR�PRGHOR�GH�$,$��

�



�

�

���

��� 0$7(5,$,6�(�0e72'26�

����� $QLPDLV�

3DUD� UHDOL]DomR� GR� WUDEDOKR� IRUDP� XWLOL]DGRV� FDPXQGRQJRV� LVRJrQLFRV� GD� OLQKDJHP�

&��%O��-8QLE�� PDFKRV�� SHVDQGR� HQWUH� ��� H� ��� JUDPDV� �J�� TXH� IRUDP� VXEPHWLGRV� DRV�

SURFHGLPHQWRV�H[SHULPHQWDLV�VRPHQWH�D�SDUWLU�GD����VHPDQD�GH�YLGD��(OHV�IRUDP�DGTXLULGRV�GR�

&HQWUR� GH� %LRWHULVPR� �&(%,2�� GD� 8QLYHUVLGDGH� )HGHUDO� GH� 0LQDV� *HUDLV� �8)0*��� H�

WUDQVSRUWDGRV�DR�ELRWpULR�GR�ODERUDWyULR�GH�,PXQRIDUPDFRORJLD�VLWXDGR�QR�,QVWLWXWR�GH�&LrQFLDV�

%LROyJLFDV� �,&%�� GHVVD� PHVPD� 8QLYHUVLGDGH�� 2V� FDPXQGRQJRV� IRUDP� DFRQGLFLRQDGRV� HP�

FDL[DV�SOiVWLFDV�IRUUDGDV�FRP�PDUDYDOKD��GHQWUR�GH�XPD�HVWDQWH�YHQWLODGD��FRP�OLYUH�DFHVVR�à�

iJXD�ILOWUDGD�H�UDomR��HP�DPELHQWH�FRP�WHPSHUDWXUD��������&��H�FLFOR�FODUR�HVFXUR����K����K��

FRQWURODGRV��7RGRV�RV�H[SHULPHQWRV� IRUDP�UHDOL]DGRV�HP�DFRUGR�FRP�R�JXLD�GD�$VVRFLDomR�

,QWHUQDFLRQDO� SDUD� R� (VWXGR� GD� 'RU� �,QWHUQDWLRQDO� DVVRFLDWLRQ� IRU� 6WXG\� RI� 3DLQ�� ,$63�� H�

DSURYDGRV�SHOR�FRPLWr�GH�pWLFD�HP�H[SHULPHQWDomR�DQLPDO�GD�8)0*������������$1(;2���

������ $UWULWH�LQGX]LGD�SRU�DQWtJHQR��$,$��

,QLFLDOPHQWH��WRGRV�RV�FDPXQGRQJRV�UHFHEHUDP�XPD�LQMHomR�VXEFXWkQHD��V�F����FRQWHQGR�

100μl de emulsão para imunização (���μJ�GH�DOEXPLQD�GH�VRUR�ERYLQR�PHWLODGR��P%6$���GR�

LQJOrV��PHWK\ODWHG�ERYLQH� VHUXP�DOEXPLQ�� �� ��μO� GH�3%6� �� ��μO� GH�&)$� �complete Freud’s 

DGMXYDQW����TXH�IRL�DGPLQLVWUDGD�QD�UHJLmR�GRUVDO��SUy[LPR�à�EDVH�GD�FDXGD�GRV�DQLPDLV��3DUD�

LQGXomR�GD�DUWULWH�����GLDV�DSyV�VHUHP�VHQVLELOL]DGRV�RV�DQLPDLV�UHFHEHUDP�XPD�LQMHomR�LQWUD�

DUWLFXODU� �L�D���contendo 10μl de uma VROXomR�SDUD�GHVDILR���PJ�GH�P%6$���PO�GH�3%6��QD�

DUWLFXODomR� GR� MRHOKR�� 2V� DQLPDLV� FRQWUROH�� RX� VHMD�� TXH� QmR� GHVHQYROYHUDP� D� DUWULWH�

H[SHULPHQWDO��UHFHEHUDP�XPD�GD�LQMHomR�i.a. contendo 10μl de PBS. Tanto o procedimento de 

LPXQL]DomR�TXDQWR�R�GH�GHVDILR�IRUDP�UHDOL]DGRV�HP�DQLPDLV�DQHVWHVLDGRV�����������

������ /DYDGR�DUWLFXODU�H�TXDQWLILFDomR�GH�OHXFyFLWRV�QD�DUWLFXODomR�GR�MRHOKR�

3DUD�UHFXSHUDomR�GRV�OHXFyFLWRV�SUHVHQWHV�QR�VtWLR�LQIODPDWyULR��D�DUWLFXODomR�GR�MRHOKR�

GRV�FDPXQGRQJRV�IRL�H[SRVWD�FLUXUJLFDPHQWH�H�VXEVHTXHQWHPHQWH�ODYDGD��SRU�WUrV�YH]HV��XP�



�

�

���

YROXPH� GH� �����O� GH� %6$� ��� IRL� DVSLUDGR� H� GLVSHQVDGR� GH]� YH]HV� VREUH� D� VXSHUItFLH� GD�

DUWLFXODomR� FLUXUJLFDPHQWH� H[SRVWD��� (VVH� SURFHGLPHQWR� IRL� UHDOL]DGR� KRUDV� RX� GLDV�

�GHYLGDPHQWH�HVSHFLILFDGRV�QRV�JUiILFRV��DSyV�D�LQMHomR�L�D��GH�P%6$�RX�3%6��2�YROXPH�GH�

���O�GD�VROXomR�GH�%6$����FRQWHQGR�DV�FpOXODV�FROHWDGDV�IRL�VXEVHTXHQWHPHQWH�UHVVXVSHQGLGR�

HP� ���O� GD� PHVPD� VROXomR�� 'R� WRWDO� GH� ����O�� SRUWDQWR�� ���O� GD� DPRVWUD� IRUDP�

KRPRJHQHL]DGRV�HP����O�GH�OtTXLGR�GH�7XUN�SDUD�FRQWDJHP�WRWDO�GH�OHXFyFLWRV�HP�FkPDUD�GH�

1HXEDXHU��$�FRQWDJHP�WRWDO�IRL�UHDOL]DGD�HP�XP�PLFURVFySLR�GH�OX]��2V����O�UHVWDQWHV�IRUDP�

KRPRJHQHL]DGRV�HP�����O�GH�%6$�����H�FHQWULIXJDGRV�SDUD�FRQIHFomR�GH�OkPLQDV�FLWROyJLFDV��

TXH� IRUDP� FRUDGDV� HP� 3DQyWLFR� SDUD� FRQWDJHP� GLIHUHQFLDO� GH� QHXWUyILORV� H� FpOXODV�

PRQRQXFOHDUHV���

������ +LVWRORJLD�

3DUD�DYDOLDomR�KLVWRSDWROyJLFD�QyV�FROHWDPRV�D�DUWLFXODomR�GR�MRHOKR�GRV�DQLPDLV�GHVDILDGRV�

FRP�P%6$�RX� 3%6��$V� DPRVWUDV� IRUDP� IL[DGDV� HP� IRUPDOLQD� WDPSRQDGD� ���� �S+� ����� H�

FRORFDGDV�GXUDQWH���VHPDQDV�HP�XPD�VROXomR�GH��('7$�����SDUD�GHVFDOFLILFDomR��(P�VHJXLGD��

RV�MRHOKRV�IRUDP�HPEHELGRV�HP�SDUDILQD�H�VHFFLRQDGRV�SDUD�FRQIHFomR�GH�OkPLQDV�KLVWROyJLFDV��

$V�DPRVWUDV�SUHVHQWHV�QHVVDV�OkPLQDV�IRUDP�FRUDGDV�FRP�+	(�RX�FRP�WULFU{PLFR�GH�0DVVRQ��

$V�DPRVWUDV�FRUDGDV�FRP�+	(�IRUDP�DYDOLDGDV�H�SRQWXDGDV�SRU�XP�SDWRORJLVWD��GH�PDQHLUD�

FHJD���SDUD�RV�VHJXLQWHV�SDUkPHWURV��LQILOWUDGR�LQIODPDWyULR��KLSHUSODVLD�GD�PHPEUDQD�VLQRYLDO��

SUHVHQoD�GH�FpOXODV�LQIODPDWyULDV�QR�HVSDoR�VLQRYLDO�H�UHDEVRUomR�yVVH��$V�QRWDV�IRUDP�VRPDGDV�

SDUD�REWHU�XP�HVFRUH�KLVWROyJLFR��YDULDQGR�GH���D������FRQIRUPH�GHVFULWR�SRU�4XHLUR]�-XQLRU�HW�

DO�������������$V�DPRVWUDV�FRUDGDV�FRP�WULFU{PLFR�GH�0DVVRQ�IRUDP�VXEPHWLGDV�j�PRUIRPHWULD�

SDUD� DYDOLDomR� GD� ILEURVH�� $V� LPDJHQV� GR� WHFLGR� VLQRYLDO� IRUDP� GLJLWDOL]DGDV� H� DQDOLVDGDV�

XVDQGR�R�VRIWZDUH�,PDJH�-��1DWLRQDO�,QVWLWXWHV�RI�+HDOWK��%HWKHVGD��0'���$�ILEURVH�QR�WHFLGR�

VLQRYLDO�IRL�FRQVLGHUDGD�FRPR�VHQGR�D�SRUFHQWDJHP�GD�iUHD�VLQRYLDO�FRUDGD�FRP�WULFU{PLFR�GH�

0DVVRQ��TXH�GHQRWD�XPD�GHSRVLomR�GH�FROiJHQR��HP�UHODomR�j�VXSHUItFLH�VLQRYLDO�WRWDO��



�

�

���

������ $QiOLVH�GR�UHFUXWDPHQWR�FHOXODU�SRU�PLFURVFRSLD�LQWUDYLWDO�

��������&LUXUJLD�SDUD�H[SRVLomR�GRV�YDVRV�GD�DUWLFXODomR�GR�MRHOKR�

3DUD�H[SRVLomR�GRV�YDVRV�GR�MRHOKR�D�SHOH�TXH�UHYHVWLD�DQWHULRUPHQWH�HVVD�DUWLFXODomR�

IRL�VHFFLRQDGD�H�UHEDWLGD��GHL[DQGR�DSDUHQWH�DV�HVWUXWXUDV�TXH�VHULDP�PDQLSXODGDV��(P�VHJXLGD��

R� WHQGmR� GR�P~VFXOR� TXDGUtFHSV� IHPRUDO� IRL� VHFFLRQDGR� HP� VXD� LQVHUomR� QR� RVVR� GD� WtELD��

H[SRQGR��HQWmR��D�UHJLmR�LQIUDSDWHODU�ULFD�HP�WHFLGR�DGLSRVR�ORJR�DFLPD�GR�WHFLGR�VLQRYLDO��RQGH�

IRL�SRVVtYHO�YLVXDOL]DU�RV�YDVRV�TXH�IRUDP�VXEVHTXHQWHPHQWH�DYDOLDGRV� �ILJXUD�����7RGRV�RV�

H[SHULPHQWRV� GHVFULWRV� DFLPD� QHVWH� WySLFR� IRUDP� UHDOL]DGRV� HP� DQLPDLV� GHYLGDPHQWH�

DQHVWHVLDGRV�FRP�XPD�VROXomR�FRQWHQGR�TXHWDPLQD�H�[LOD]LQD��

�
)LJXUD����9DVRV�GD�DUWLFXODomR�H[SRVWRV�VRE�D�VXSHUItFLH�GR�WHFLGR�DGLSRVR�LQIUDSDWHODU��

� � WHQGmR� GR� P~VFXOR� TXDGUtFHSV� IHPRUDO�� � � P~VFXOR� WLELDO� DQWHULRU�� � � WHFLGR� DGLSRVR�

LQIODSDWHODU��$V�VHWDV��DPDUHODV�LQGLFDP�RV�YDVRV�SUHVHQWHV�QD�VXSHUItFLH�GR�WHFLGR�H[SRVWR��

�

��������&LUXUJLD�SDUD�H[SRVLomR�GRV�YDVRV�SUHVHQWHV�QD�UHJLmR�SRVWHULRU�GD�LQWXPHVFrQFLD�

ORPEDU��

3DUD�H[SRVLomR�GRV�YDVRV�SUHVHQWH�QD�LQWXPHVFrQFLD�ORPEDU��ILJXUD�����LQLFLDOPHQWH�RV�

P~VFXORV�YHUWHEUDLV�IRUDP�JHQWLOPHQWH�UHPRYLGRV��GHVGH�D�UHJLmR�WRUiFLFD�DWp�D�UHJLmR�ORPEDU��



�

�

���

GH�IRUPD�TXH�DV�YHUWHEUDV�ILFDVVHP�DSDUHQWHV��3DUD�H[SRVLomR�GD�PHGXOD�HVSLQDO�IRL�UHDOL]DGD�

XPD�ODPLQHFWRPLD��(VWH�SURFHGLPHQWR�VH�GHX�DWUDYpV�GH�LQFLV}HV�QDV�UHJL}HV�ODWHUDLV�GLUHLWD�H�

HVTXHUGD�GH�FDGD�YHUWHEUD��SRVWHULRUPHQWH�DRV�SURFHVVRV�WUDQVYHUVRV��FRPHoDQGR�HP�/��H�VH�

HVWHQGHQGR� DWp� /��� (P� VHJXLGD� D� YHUWHEUD� HUD� UHEDWLGD� H� UHPRYLGD�� UHYHODQGR� RV� YDVRV� GD�

VXSHUItFLH�GRUVDO�GD�PHGXOD�HVSLQDO��3DUD�UHDOL]DomR�GR�SURFHGLPHQWR�FLU~UJLFR�GHVFULWR�DFLPD��

RV�DQLPDLV�IRUDP�JHQWLOPHQWH�SRVLFLRQDGRV�HP�XPD�SODFD�WpUPLFD��D����&��PDQWHQGR�HVWiYHO�D�

WHPSHUDWXUD� GRV� FDPXQGRQJRV�� 7RGRV� RV� H[SHULPHQWRV� GHVFULWRV� DFLPD� QHVWH� WySLFR� IRUDP�

UHDOL]DGRV� HP� DQLPDLV� SUHYLDPHQWH� DQHVWHVLDGRV� FRP� XPD� VROXomR� FRQWHQGR� TXHWDPLQD� H�

[LOD]LQD��(VVD�DQHVWHVLD�IRL�PDQWLGD�FRP�LVRIOXUDQR�LQDODWyULR�GXUDQWH�R�SURFHGLPHQWR��

� �
)LJXUD� ��� 3URFHGLPHQWR� FLU~UJLFR� SDUD� H[SRVLomR� GD� PHGXOD� HVSLQKDO� SDUD� VXEVHTXHQWH� H[SRVLomR� DR�

LQWUDYLWDO��&DPSR� FLU~UJLFR� �D�H�E�� H� H[SRVLomR�GD� UHJLmR� ORPEDU� �F��RQGH� DV�YHUWHEUDV� IRUDP� UHPRYLGDV�SRU�

OkPLQHFWRPLD��,GHQWLILFDomR�GD�SULPHLUD�YHUWHEUD�ORPEDU��/����G��H�SRVLFLRQDPHQWR�GR�LQVWUXPHQWR�FLU~UJLFR�SDUD�
UHDOL]DomR�FXLGDGRVD�GD�OkPLQHFWRPLD��H���5HJLmR�ORJR�DEDL[R�GH�/���RQGH�p�SRVVtYHO�YLVXDOL]DU�RV�YDVRV�SUHVHQWHV�

QD�PHGXOD�HVSLQKDO��I���

��������,QWUDYLWDO�

$SyV�D�FLUXUJLD�SDUD�H[SRVLomR�GRV�YDVRV�GR� MRHOKR�RX�GD� LQWXPHVFrQFLD� ORPEDU��RV�

DQLPDLV� UHFHEHUDP� XPD� LQMHomR� LQWUDYHQRVD� �L�Y��� GH� 5KRGDPLQD� �*�6LJPD� ����PJ� �NJ���
PDUFDQGR� RV� OHXFyFLWRV� TXH� IRUDP� LGHQWLILFDGRV� DWUDYpV� GD� HPLVVmR� GH� IOXRUHVFrQFLD�� (P�

VHJXLGD�RV�DQLPDLV�IRUDP�SUHFLVDPHQWH�SRVLFLRQDGRV�SDUD�DYDOLDomR�GR�URODPHQWR�H�DGHVmR�QD�

PLFURFLUFXODomR�GR�MRHOKR�����RX�GD�PHGXOD�HVSLQKDO�HP�XP�PLFURVFySLR�LQWUDYLWDO��1LNRQ�&�

656�+���/��-DSDQ�RX�(&/,36(���L��1LNRQ��SRU�XPD�REMHWLYD�FRP�DXPHQWR�GH���;��8PD�
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FkPHUD�GLJLWDO��1LNRQ�'64,0&��-DSDQ�RX�'6�4L�0&��1LNRQ��DFRSODGD�DR�PLFURVFySLR�IRL�
XVDGD�SDUD�SURMHWDU�LPDJHQV�D�XP�PRQLWRU�GH�FRPSXWDGRU��(VVDV�LPDJHQV�IRUDP�JUDYDGDV�SDUD�

SRVWHULRU�DQiOLVH�XVDQGR�R�SURJUDPD�,PDJLQJ�VRIWZDUH��1,6�(/(0(176�1,.21���2�Q~PHUR�

GH� OHXFyFLWRV� URODQGR� H� DGHUHQWHV� IRL� GHWHUPLQDGR� DSyV� DQiOLVH� GDV� LPDJHQV� JUDYDGDV��

/HXFyFLWRV�URODQGR�IRUDP�GHILQLGRV�FRPR�FpOXODV�VH�PRYHQGR�HP�XPD�YHORFLGDGH�PHQRU�TXH�

DTXHODV� GH� HULWUyFLWRV� GHQWUR� GH� XP� GHWHUPLQDGR� YDVR�� 2� Q~PHUR� GH� FpOXODV� URODQGR� IRL�

GHWHUPLQDGR�SHOD�FRQWDJHP�GH�FpOXODV�TXH�FUX]DYDP�XPD�GHPDUFDomR�GLJLWDO�VREUHSRVWD�DR�

YDVR�GXUDQWH�R�SHUtRGR�GH���PLQXWR��(VVH�SURFHGLPHQWR�IRL�UHDOL]DGR�HP�YDVRV�FRP�HVSHVVXUD�

HQWUH����H���μP�QR�MRHOKR�H�HQWUH����H���μP�QD�LQWXPHVFrQFLD�ORPEDU��2�Q~PHUR�GH�OHXFyFLWRV�

DGHULGRV�IRL�TXDQWLILFDGR�D�SDUWLU�GD�FRQWDJHP�GH�FpOXODV�TXH�SHUPDQHFLDP�LPyYHLV��DGHUHQWHV��

SHOR�SHUtRGR�GH����VHJXQGRV��VHJ���GHQWUR�GH�XP�FRPSULPHQWR�GH�����P�GH�YDVR��(VVHV�GRLV�

SDUkPHWURV��URODPHQWR�H�DGHVmR��IRUDP�REWLGRV�GXUDQWH�D�UHDOL]DomR�GH�XP�PHVPR�H[SHULPHQWR��

������ 5HJLVWUR�GD�UHVSRVWD�QRFLFHSWLYD��

$� UHVSRVWD� QRFLFHSWLYD� IRL� DYDOLDGD� XVDQGR� R� PpWRGR� GH� 9RQ� )UH\�� FRPR� GHVFULWR�

SUHYLDPHQWH�����(P�XPD�VDOD�SURWHJLGD�GH�UXtGRV�H[WHUQRV��RV�FDPXQGRQJRV�IRUDP�DFRPRGDGRV�

HP� XP� FRPSDUWLPHQWR� FRP� XPD� VXSHUItFLH� LQIHULRU� FRQWHQGR� DEHUWXUDV� H� SDUHGHV� DFUtOLFDV��

$FRPRGDGRV��RV� FDPXQGRQJRV� IRUDP�PDQWLGRV�QHVVH� HVSDoR�SRU�XP�SHUtRGR�HQWUH����H����

PLQXWRV�SDUD�DPELHQWDOL]DomR��8PD�YH]�TXH�RV�DQLPDLV�QmR�PDLV�DSUHVHQWDUDP�PRYLPHQWRV�

H[SORUDWyULRV�H�PDQWHQGR�R�PHPEUR�SRVWHULRU�HP�UHSRXVR��D�HVWLPXODomR�SDUD�UHJLVWUR�GR�OLPLDU�

QRFLFHSWLYR�IRL�UHDOL]DGD�XWLOL]DQGR�XP�DOJHVtPHWUR�HOHWU{QLFR��,QVLJWK���5LEHLUmR�3UHWR��%UDVLO��

FRPSRVWR�SRU�XP�WUDQVGXWRU�GH�IRUoD��DGDSWDGR�FRP�XPD�SRQWHLUD�GH�SROLSURSLOHQR������PP����

&RP�HVVH�WUDQVGXWRU��XPD�IRUoD�KRUL]RQWDO�IRL�DSOLFDGD�QD�UHJLmR�FHQWUDO�GD�VXSHUItFLH�SODQWDU�

GD�SDWD�GRV�FDPXQGRQJRV��FRP�LQWXLWR�GH�SURYRFDU�XPD�GLPLQXLomR�GR�kQJXOR�GD�DUWLFXODomR�

WtELR�IHPRUDO� �IOH[mR�GH� MRHOKR�� QRV� DQLPDLV� DUWUtWLFRV� H� FRQWUROHV�� ,PHGLDWDPHQWH� DSyV� HVVH�

HVWtPXOR�LQGX]LU�XPD�UHVSRVWD�GH�UHWLUDGD�GH�SDWD��R�DOJHVtPHWUR�UHJLVWURX�DXWRPDWLFDPHQWH�D�

LQWHQVLGDGH�GD�IRUoD�DSOLFDGD�HP�JUDPDV��J���(VVH�SURFHGLPHQWR�IRL�UHDOL]DGR�WUrV�YH]HV�SDUD�

FRQILUPDomR�FRQVLVWHQWH�GD�UHVSRVWD�GR�DQLPDO��2V�UHVXOWDGRV�IRUDP�H[SUHVVRV�FRPR�OLPLDU�GH�

UHWLUDGD��H�UHSUHVHQWDGR�SRU�YDORUHV�DEVROXWRV���
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������ ,QMHomR�LQWUDWHFDO�

&RP�XPD�DJXOKD�GH���*��D�LQMHomR�LQWUDWHFDO��L�W����HWDQHUFHSW�����J����J�RX����J�����O�

YHtFXOR�RX�VRPHQWH���O�GH�YHtFXOR��IRL�DSOLFDGD�QR�HVSDoR�HQWUH�D����H�D����YHUWHEUDV�ORPEDUHV�

GRV�FDPXQGRQJRV�Mi�DQHVWHVLDGRV��&RQVLGHUDPRV�TXH�D�DGPLQLVWUDomR�IRL�FRUUHWD�TXDQGR��DR�

LQVHULUPRV�D�DJXOKD��R�DQLPDO�DSUHVHQWRX�XP�UHIOH[R�GH�FDXGD������

������ ([WUDomR�GH�WHFLGRV�

��������*kQJOLR�GD�UDL]�GRUVDO��'5*��

$SyV� UHFHEHUHP� XPD� LQMHomR� GH� DQHVWpVLFR� �GRVH� OHWDO� FRQWHQGR� ���� PJ�NJ� GH�

TXHWDPLQD� H� ��PJ� �NJ� GH� [LOD]LQD� GLOXtGDV� HP� ���� μO� GH� 3%6� DGPLQLVWUDGDV�

LQWUDSHULWRQHDOPHQWH��� D� FLUXUJLD� SDUD� D� H[SRVLomR� GR� PHGLDVWLQR� GRV� FDPXQGRQJRV� IRL�

UHDOL]DGD��7DO�SURFHGLPHQWR�SHUPLWLX�D�YLVXDOL]DomR�GR�FRUDomR�GR�DQLPDO��(P�VHJXLGD��XPD�

DJXOKD�DFRSODGD�D�XPD�ERPED�SHULVWiOWLFD��*LOVRQ�,QFRUSRUDWHG�–�0LGOOHWRQ��86$���IRL�LQVHULGD�

QR�YHQWUtFXOR�HVTXHUGR�GR�DQLPDO��DR�SDVVR�TXH�QR�iWULR�GLUHLWR�IRL�IHLWR�XPD�LQFLVmR�GHOLFDGD��

&RP�LVVR��DSyV�D�ERPED�SHULVWiOWLFD�VHU�DFLRQDGD��R�VDQJXH�GR�DQLPDO�HVFRRX�SHOD�LQFLVmR�IHLWD�

QR�iWULR�GLUHLWR�� H� D� VROXomR� ILVLROyJLFD� �3%6�� ���&�� IRL� LQWURGX]LGD�SHOD� DJXOKD� LQVHULGD�QR�

YHQWUtFXOR�HVTXHUGR��7DO�SURFHGLPHQWR�WHYH�SRU�ILQDOLGDGH�HYLWDU�FRQWDPLQDomR�FRP�VDQJXH�GRV�

WHFLGRV�TXH�IRUDP�VXEVHTXHQWHPHQWH�FROHWDGRV��R�'5*�H�PHGXOD�HVSLQKDO��

$SyV�D�SHUIXVmR� LQWUDFDUGtDFD��RV�'5*’s� ORFDOL]DGRV� DEDL[R�GD� WHUFHLUD�� TXDUWD� H�GD�

TXLQWD�YHUWHEUDV�ORPEDUHV��/���/��H�/���IRUDP�FROHWDGRV��3DUD�WDO�SURFHGLPHQWR�UHDOL]DPRV�D�

GLVVHFomR�GRV�P~VFXORV�SRVWHULRUHV� DGHULGRV�RX�SUy[LPRV� j� UHJLmR� ORPEDU�� VHJXLGR�GH�XPD�

OkPLQHFWRPLD�QDV�YHUWHEUDV�ORPEDUHV��3DUD�D�UHDOL]DomR�GH�WpFQLFDV�ELRPROHFXODUHV��os DRG’s 

IRUDP�GHOLFDGDPHQWH�UHPRYLGRV�FRP�XPD�SLQoD�H�LPHGLDWDPHQWH�FRQJHODGRV�HP�QLWURJrQLR��

(P� VHJXLGD� R� PDWHULDO� IRL� DUPD]HQDGDV� HP� XP� IUHH]HU� D� ����&�� 3DUD� D� UHDOL]DomR� GH�

LPXQRIOXRUHVFrQFLD��R�'5*�/��IRL�FROHWDGR�H�DUPD]HQDGR�HP�SDUDIRUPDOGHtGR��3)$�����SRU�

���KRUDV��

��������0HGXOD�HVSLQKDO�H�FRUQR�GRUVDO�GD�PHGXOD�HVSLQKDO��&'0(��

$SyV�D�SHUIXVmR�LQWUDFDUGtDFD��D�LQWXPHVFrQFLD�ORPEDU�GRV�FDPXQGRQJRV�IRL�UHPRYLGD��

2� SURFHGLPHQWR� SDUD� FROHWD� GHVWD� HVWUXWXUD� LQFOXLX� D� GLVVHFomR� GRV� P~VFXORV� SRVWHULRUHV�
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DGHULGRV�H�SUy[LPRV�j�UHJLmR�ORPEDU��VHJXLGR�GH�XPD�OkPLQHFWRPLD�GDV�YHUWHEUDV�ORPEDUHV�H�

WRUiFLFDV�TXH�SURWHJLDP�D�PHGXOD�HVSLQKDO�GRV�DQLPDLV��(P�VHJXLGD��XPD�VHFomR�SUR[LPDO�H�

RXWUD� GLVWDO� IRUDP� IHLWDV� QD� PHGXOD� HVSLQKDO�� HQWUH� RQGH� p� SRVVtYHO� QRWDU� D� LQWXPHVFrQFLD�

ORPEDU��TXH�DSUHVHQWD�XPD�HVSHVVXUD�YLVLYHOPHQWH�PDLRU��8PD�YH]�FROHWDGD��D�LQWXPHVFrQFLD�

ORPEDU�IRL�VHFFLRQDGD�H�VHSDUDGD�HP�ODGR�GLUHLWR�H�HVTXHUGR��H�HQWUH�UHJL}HV�DQWHULRU�H�SRVWHULRU��

(P�VHTXrQFLD�DV�DPRVWUDV�IRUDP�FRQJHODGDV�HP�QLWURJrQLR�H�VXEVHTXHQWHPHQWH�DUPD]HQDGRV�

HP� XP� IUHH]HU� D� ����� &�� 2� PDWHULDO� FROHWDGR� IRL� XWLOL]DGR� SDUD� UHDOL]DomR� GH� WpFQLFDV�

ELRPROHFXODUHV��

������ (/,6$�

$V�FRQFHQWUDo}HV�GDV�FLWRFLQDV�71)�α��,/��β��,/����,/����H�,/����IRUDP�TXDQWLILFDGDV�

SRU�(/,6$�D�SDUWLU�GR�KRPRJHQDWR�GH�WHFLGR�DUWLFXODU�REWLGR�GH�DQLPDLV�GHVDILDGRV�FRP�P%6$�

RX�3%6��DSyV�HXWDQiVLD�QRV�WHPSRV�GH����KRUDV�������������H���GLDV�DSyV�R�GHVDILR��2V�WHFLGRV�

IRUDP� KRPRJHQHL]DGRV� HP� 3%6� FRQWHQGR� DQWLSURWHDVHV� ����P0� 306)��� ���� Q0� EHP��

]HWKRQLXP�FKORULGH�����P0�('7$�����XQLGDGHV�GH�LQLELGRU�GH�FDOLFUHLQD��DSURWLQLQ�$��H�������

7ZHHQ� ��� ���μO� GH� VROXomR� SDUD� FDGD� �PJ� GH� WHFLGR��� (P� VHJXLGD� DV� DPRVWUDV� IRUDP�

FHQWULIXJDGDV�SRU����PLQ��D��������USP��QD�WHPSHUDWXUD�GH���&��$V�GLOXLo}HV�GR�VREUHQDGDQWH�

HP�3%6�������IRUDP�LPHGLDWDPHQWH�DQDOLVDGDV�SHOR�PpWRGR�GH�(/,6$��$V�FRQFHQWUDo}HV�GDV�

FLWRFLQDV�IRUDP�PHQVXUDGDV�HP�DFRUGR�FRP�DV�UHFRPHQGDo}HV�GR�IDEULFDQWHV��5	'�6\VWHP���

$V�UHDo}HV�FRORULPpWULFDV�IRUDP�DQDOLVDGDV�FRP�XP�HVSHFWURIRW{PHWUR�HP�XP�FRPSULPHQWR�GH�

RQGD�GH�����QP��

������ :HVWHUQ�EORW�

2�SRRO�GH�GRV�'5*CV�/���RX�/��RX�/��GH�WUrV�DQLPDLV�IRL�FROHWDGR�H�KRPRJHQHL]DGRV�

HP�VROXomR�GH�OLVH������O��FRQWHQGR����7ULWRQ�;����������P0�7ULV��+&O��S+����������JOLFHURO��

��P0�('7$�� ����P0�1D&O�� ��P0�'77�� �� P0� 306)�� ���� O� J�PO� OHXSHSWLQD�� �� O� J�PO�

DSURWLQLQD��H���P0�RUWRYDQDGDWR�GH�VyGLR��'HSRLV��DV�DPRVWUDV�IRUDP�LQFXEDGDV�QR�JHOR�SRU����

PLQXWRV�DQWHV�GH�VHUHP�FHQWULIXJDGRV�D��������USP�GXUDQWH����PLQXWRV�D�XPD�WHPSHUDWXUD�GH�

�� &��� $SyV� D� FHQWULIXJDomR�� R� VREUHQDGDQWH� GDV� DPRVWUDV� IRL� UHWLUDGR� H� D� FRQFHQWUDomR� GH�

SURWHtQDV�TXDQWLILFDGD�SHOR�PpWRGR�GH�%UDGIRUG����XWLOL]DQGR�XP�NLW�GH�UHDJHQWH�PDQXIDWXUDGR�

�%LR�5DG� �� 86$��� 8PD� YH]� TXDQWLILFDGDV�� TXDQWLGDGHV� LJXDLV� GDV� DPRVWUDV� ����J�� IRUDP�
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HPSLOKDGDV�HP�JHO�GH�6'6�SROLDFULODPLGD�����VHSDUDGDV�SRU�HOHWURIRUHVH�DWUDYpV�GR�JHO�GH�

6'6�SROLDFULODPLGD� ���� H� WUDQVIHULGDV� SDUD� XPD� PHPEUDQD� GH� QLWURFHOXORVH�� 'HSRLV�� DV�

PHPEUDQDV�IRUDP�EORTXHDGDV�SRU����KRUDV�D��&��FRP�3%6�FRQWHQGR����GH�OHLWH�GHVQDWDGR�H�

�����GH�7ZHHQ�����ODYDGDV�SRU���YH]HV�FRP�3%6������GH�7ZHHQ�H�LQFXEDGRV�FRP�DQWLFRUSR�

SULPiULR� FRQWUD� D� SURWHtQD� GH� LQWHUHVVH� 71)� �6DQWD� &UX]�� VF������� RX� FRQWUD� D� SURWHtQD�

FRQVWLWXWLYD�*$3'+��+53�FRQMXJDWHG��&HOO�VLJQDOLQJ���������HP�3%6�FRQWHQGR����%6$�H�

�����GH�7ZHHQ�SRU����KRUDV��(P�VHJXLGD��DV�PHPEUDQDV�IRUDP�QRYDPHQWH�ODYDGDV�SRU���YH]HV�

FRP�3%6������GH�7ZHHQ�H�LQFXEDGDV�FRP�DQWLFRUSR�VHFXQGiULR��6DQWD�&UX]��VF�������SRU����

KRUDV��$V�EDQGDV� LPXQRUUHDWLYDV� IRUDP�YLVXDOL]DGDV�XVDQGR�R�VLVWHPD�GH�GHWHFomR�SRU�(&/�

VHJXQGR�DV�UHFRPHQGDo}HV�GR�IDEULFDQWH��$PHUVKDP�%LRVFLHQFHV���3DUD�GHWHUPLQDomR�GR�QtYHO�

GH� H[SUHVVmR� GDV� SURWHtQDV� DYDOLDGDV�� HVVDV� EDQGDV� LPXQRUUHDWLYDV� IRUDP� TXDQWLILFDGDV� SRU�

GHQVLWRPHWULD��XWLOL]DQGR�R�VRIWZDUH�,PDJH�-��1DWLRQDO�,QVWLWXWHV�RI�+HDOWK��%HWKHVGD��0'���2�

QtYHO�GH�H[SUHVVmR�GD�SURWHtQD�GH�LQWHUHVVH�IRL�QRUPDOL]DGR�HP�UHODomR�DR�QtYHO�GH�H[SUHVVmR�

GD� SURWHtQD� FRQVWLWXWLYD� JOLFHUDOGHtGR� ��IRVIDWR� GHVLGURJHQDVH� �*$3'+�� H� H[SUHVVRV� HP�

XQLGDGHV�DUELWUiULDV��8$���

������ 3&5�TXDQWLWDWLYR�HP�WHPSR�UHDO��T3&5�57��

2� 51$� GDV� DPRVWUDV� GH� '5*� �/��/��� H� PHGXOD� HVSLQKDO� IRUDP� H[WUDtGRV� FRP� R�

UHDJHQWH�GH�7UL]RO��,QYLWURJHQ�/LIH�7HFKQRORJLHV�&RUSRUDWLRQ��&DUOVEDG��&$��86$���VHJXQGR�

DV� UHFRPHQGDo}HV� GR� IDEULFDQWH�� $� TXDQWLILFDomR� H� DYDOLDomR� GR� 51$� REWLGR� IRUDP� IHLWDV�

XWLOL]DQGR�XP�HVSHFWURIRW{PHWUR�1DQRGURS�������7KHUPR�6FLHQWLILF���:DOWKDP��0$��86$���$�

FRQFHQWUDomR�IRL�REWLGD�HP�QJ���O��H�VRPHQWH�DV�UHODo}HV�GH�DEVRUEkQFLD��SDUD�RV�FRPSULPHQWRV�

GH�RQGD�GH����QP������QP�H����QP������QP��TXH�YDULDYDP�HQWUH�����H�����IRUDP�XWLOL]DGDV��

)RUDP�DGLFLRQDGRV�2OLJR'7���
��777���3’)�jV�DPRVWUDV�TXH��HP�VHJXLGD��IRUDP�DTXHFLGDV�SRU�

�� PLQ�� D� ���&�� 6HJXLQGR�� IRL� DGLFLRQDGR� jV� DPRVWUDV� XPD� PLVWXUD� FRQWHQGR� D� HQ]LPD�

WUDQVFULSWDVH�UHYHUVD�6XSHU6FULSW�,,,��LQLELGRU�UHFRPELQDQWH�GH�ULERQXFOHDVH��51$VH�2XW���/LIH�

7HFKQRORJLHV�–�&DUOVEDQG��&$��(8$���XP�DJHQWH�UHGXWRU�SDUD�SURWHomR�GD�UHDomR��GLWLRWUHLWRO��

'77���P0��H�WDPSmR�FRQFHQWUDGR�GD�PHVPD�HQ]LPD��1R�WHUPRFLFODGRU��DV�DPRVWUDV�IRUDP�

PDQWLGDV�SRU���PLQ��D����&�����PLQ��D����&�����PLQ��D����&�H�HP�VHJXLGD�D���&��3DUD�UHDOL]DomR�

GDV�DQDOLVHV�SHOD�T3&5�HP�WHPSR�UHDO��XPD�VROXomR�FRQWHQGR�R�UHDJHQWH�3RZHU�6<%5U��0DVWHU�

0L[� �OLIH� 7HFKQRORJLHV�� &DUOVEDQG�� &$��86$�� H� RV� SDUHV� GH� LQLFLDGRUHV� �,QWHJUDWHG�'1$��

&RUDOYLOOH��,$��86$��HP�XP�YROXPH�ILQDO�GH������O�IRUDP�DGLFLRQDGRV�jV�DPRVWUDV�GH�F'1$�
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GLOXtGDV���$�UHDomR�DFRQWHFHX�FRP�R�DX[LOLR�GR�LQVWUXPHQWR������)DVW��$SSOLHG�%LRV\VWHPV��

:DOWKDP��0$��(8$���FRP�SURJUDPD�GH�UHDomR�GH����PLQ��D����&��VHJXLGR�GH����FLFORV�D����&�

SRU����VHJ��H����&�SRU����VHJ���VHJXLGRV�SRU�FXUYD�GH�GLVVRFLDomR��2V�UHVXOWDGRV�GDGRV�SHOR�

FLFOR�OLPLWDQWH��WKUHVKROG�F\FOH��&7���IRUDP�FDOFXODGRV�DWUDYpV�GR�PpWRGR�GH���ΔCT ou 2�ΔΔCT  

�6FKPLWWJHQ�	�/LYDN���������QRUPDOL]DGRV�SHOD�H[SUHVVmR�GR�JHQH�GD�HQ]LPD�*$3'+���

������ 3HUPHDELOLGDGH�YDVFXODU�GR�'5*�

2� H[WUDYDVDPHQWR� GR� FRUDQWH� $]XO� GH� ,YDQV� IRL� XWLOL]DGR� SDUD� DYDOLDomR� GD�

SHUPHDELOLGDGH� YDVFXODU� GR� '5*�� �� GLDV� DSyV� R� GHVDILR� FRP�P%6$�� QyV� UHDOL]DPRV� XPD�

LQMHomR�VXEFXWkQHD�FRQWHQGR�R�YROXPH�GH����μO�GH�VROXomR�GH�D]XO�GH�,YDQV��GRVH�GH���PJ�NJ���

���PLQXWRV�GHSRLV�GD�DGPLQLVWUDomR�GR�FRUDQWH��R�JkQJOLR�VHQVRULDO�DEDL[R�GD�TXDUWD�YHUWHEUD�

ORPEDU��/���IRL�FXLGDGRVDPHQWH�UHPRYLGR�H�LPHGLDWDPHQWH�LQFOXtGR�HP�VROXomR�FULRSURWHWRUD�

�PHLR�WLVVXH�WHN�2&7���2�WHFLGR�IRL�FRUWDGR�HP�FULRVWDWR�QD�HVSHVVXUD�GH����μP��H�SUHSDUDGR�

SDUD� DQiOLVH� HP� PLFURVFySLR� FRQIRFDO�� 2V� Q~FOHRV� SUHVHQWHV� QR� FRUWH� KLVWROyJLFR� IRUDP�

PDUFDGRV�FRP�'$3,�H�D�SHUPHDELOLGDGH�GRV�YDVRV�GR�'5*�IRL�PHQVXUDGR�SHOD�TXDQWLGDGH�GH�

IOXRUHVFrQFLD�HPLWLGD�SHOR�D]XO�GH�(YDQV�QHVWH�yUJmR��

������ ,PXQRIOXRUHVFrQFLD�

,PHGLDWDPHQWH� DSyV� D� GLVVHFomR�� R� '5*� �/��� IRL� LPHUVR� � HP� XPD� VROXomR� GH�

SDUDIRUPDOGHLGR�D����WDPSRQDGR�SHOR�SHUtRGR�GH���KRUD��(P�VHJXLGD��R�'5*�IRL�WUDQVIHULGR�

SDUD�XPD�VROXomR�ILVLROyJLFD��3%6��DRQGH�SHUPDQHFHX�SRU����PLQXWRV��$SyV�HVVD�ODYDJHP�GR�

WHFLGR��R�'5*�ILFRX�SRU���KRUD�HP�VROXomR�GH�VDFDURVH��������KRUD�HP�VROXomR�GH�VDFDURVH�

����H����KRUDV�QD�VROXomR�GH�VDFDURVH�GH������'HSRLV��UHDOL]DPRV�D�LQFOXVmR�GR�WHFLGR�HP�

VROXomR�FULRSURWHWRUD��PHLR�WLVVXH�WHN�2&7���2�WHFLGR�IRL�FRUWDGR�HP�FULRVWDWR�QD�HVSHVVXUD�GH�

��μP��H�SUHSDUDGR�SDUD�DQiOLVH�HP�PLFURVFySLR�FRQIRFDO��1yV�XWLOL]DPRV�RV�DQWLFRUSRV�SDUD�

FIRV���������FDW��0$���������7KHUPR�)LVKHU�6FLHQWLILF��:DOWKDP��0$��86$��H�,ED�����������

FDW��3$���������7KHUPR�)LVKHU�6FLHQWLILF��:DOWKDP��0$��86$���2V�DQWLFRUSRV�VHFXQGiULRV�

IRUDP�R�$OH[D�)OXRU����� ��������� FDW��$��������7KHUPR�)LVKHU�6FLHQWLILF��:DOWKDP��0$��

86$��H�R�$OH[D�)OXRU��������������FDW��$��������7KHUPR�)LVKHU�6FLHQWLILF��:DOWKDP��0$��

86$��2V�Q~FOHRV�SUHVHQWHV�QR�FRUWH�KLVWROyJLFR�IRUDP�PDUFDGRV�FRP�'$3,����������7KHUPR�

)LVKHU�6FLHQWLILF��:DOWKDP��0$��86$���$V� LPDJHQV� IRUDP�REWLGDV�XVDQGR�XP�PLFURVFySLR�



�

�

���

FRQIRFDO� �/HLFD� 7&6� 63��� /HLFD� 0LFURV\VWHPV�� 0DQQKHLP�� *HUPDQ\��� $� LQWHQVLGDGH� GH�

IOXRUHVFrQFLD�UHODWLYD�j�GHWHFomR�GH�F�)RV�IRL�TXDQWLILFDGD�XVDQGR�R�VRIWZHUH�/$6�;��/HLFD�

0LFURV\VWHPV�� 0DQQKHLP�� *HUPDQ\��� 2� Q~PHUR� GH� PDFUyIDJRV� SUHVHQWHV� QR� '5*� IRL�

TXDQWLILFDGR�FRP�EDVH�HP�XPD�FRQWDJHP�VLPSOHV�GR�Q~PHUR�WRWDO�GH�WRGDV�DV�FpOXODV�PDUFDGDV�

SDUD�,ED���,ED����SUHVHQWHV�HP�XP�FRUWH�KLVWROyJLFR�GH�'5*��

������ $QiOLVH�HVWDWtVWLFD�

2V� JUiILFRV� HP� QRVVR� WUDEDOKR� IRUDP� FRQIHFFLRQDGRV� H� DQDOLVDGRV� SHOR� *UDSK�� 3DG�

Software’s Prism version 6��2V�GDGRV�IRUDP�H[SUHVVRV�FRPR�D�PpGLD���6(0��$�FRPSDUDomR�

HQWUH�GRLV�JUXSRV�IRL�UHDOL]DGD�SHOR�WHVWH�W�GH�6WXGHQW��WZR�WDLOHG���$�FRPSDUDomR�HQWUH�WUrV�RX�

PDLV�JUXSRV�IRL�UHDOL]DGD�SHOR�RQH�ZD\�$129$��VHJXLGD�SHOR�SyV�WHVWH�GH�'XQQHWW��2�7ZR�

ZD\�$129$�IRL�DGRWDGR�SDUD�FRPSDUDU�D�UHVSRVWD�QRFLFHSWLYD�HQWUH�RV�JUXSRV�RX�GRVHV�HP�

GLIHUHQWHV�WHPSRV��H�R�SyV�WHVWH�IRL�GHWHUPLQDGR�GH�DFRUGR�FRP�D�UHFRPHQGDomR�GR�VRIWZDUH�GH�

DQiOLVH�XWLOL]DGR��2�YDORU�GH�VLJQLILFkQFLD�DGRWDGR�IRL�GH�S��������

� �



�

�

���

��� �5(68/7$'26�

������ ,QIODPDomR�QD�DUWULWH�LQGX]LGD�SRU�DQWtJHQR��$,$��H�PDQXWHQomR�GD�KLSHUDOJHVLD�

DUWLFXODU�DSyV�D�UHVROXomR�GD�UHVSRVWD�LQIODPDWyULD�QR�VtWLR�SHULIpULFR�

,QLFLDOPHQWH�� UHDOL]DPRV�D� DYDOLDomR�GD� LQWHUDomR�GRV� OHXFyFLWRV� FRP�R� HQGRWpOLR�GH�

YrQXODV�SUHVHQWHV�QD�DUWLFXODomR�GR�MRHOKR�DSyV�LQGXomR�GD�$,$��ILJXUD��D�H�E���1yV�YHULILFDPRV�

XP�DXPHQWR�QR�Q~PHUR�GH�FpOXODV�URODQGR�QD�PLFURYDVFXODWXUD�GH�DQLPDLV�DUWUtWLFRV�QRV�WHPSRV�

GH����KRUDV�H�GH���GLDV�DSyV�R�GHVDILR��2�UHWRUQR�SDUD�YDORUHV�EDVDLV�IRL�UHJLVWUDGR���GLDV�DSyV�

D�LQGXomR�GD�DUWULWH��ILJXUD��D���8P�DXPHQWR�QD�TXDQWLGDGH�GH�FpOXODV�DGHULGDV�IRL�REVHUYDGR�

QRV�WHPSRV�GH���KRUDV�����KRUDV�H�GH���GLDV��ILJXUD��E���$VVLP�FRPR�SDUD�R�URODPHQWR����GLDV�

DSyV�R�GHVDILR� D�DGHVmR�KDYLD� UHWRUQDGR�SDUD�YDORUHV� VHPHOKDQWHV� DRV�REVHUYDGRV�QR�JUXSR�

FRQWUROH��ILJXUD��E���

$SyV�YHULILFDUPRV�R�DXPHQWR�QR�URODPHQWR�H�QD�DGHVmR�GH�OHXFyFLWRV��QyV�DYDOLDPRV�D�

FLQpWLFD�GR� LQILOWUDGR�GH� OHXFyFLWRV� UHFUXWDGRV�SDUD�D�DUWLFXODomR�GR� MRHOKR�GH�FDPXQGRQJRV�

DFRPHWLGRV�SHOD�$,$��ILJXUD��F���2EVHUYDPRV�XP�DXPHQWR�QR�Q~PHUR�GH�QHXWUyILORV�SUHVHQWHV�

QD�FDYLGDGH�GR�MRHOKR�GH�DQLPDLV�DUWUtWLFRV�QRV�WHPSRV�GH����KRUDV�H�GH���GLD�DSyV�R�GHVDILR��2�

UHFUXWDPHQWR�FHOXODU�QRV�WHPSRV�VXSUDFLWDGRV�UHSUHVHQWRX�R�SLFR�GD�UHVSRVWD�LQIODPDWyULD�QR�

PRGHOR�XWLOL]DGR��-i�QR�WHPSR�GH���GLDV�QyV�SHUFHEHPRV�XPD�TXHGD�QR�Q~PHUR�GH�QHXWUyILORV��

TXH�GLPLQXLX�DWp�DOFDQoDU�YDORUHV�VHPHOKDQWHV�DRV�GR�JUXSR�QmR�DUWUtWLFR���GLDV�DSyV�D�LQGXomR�

GD�$,$��$OpP�GLVVR��KRXYH�XP�DXPHQWR�QR�Q~PHUR�GH�FpOXODV�PRQRQXFOHDUHV�QRV�WHPSRV�GH���

H���GLDV��VHQGR�TXH�R�PDLRU�DXPHQWR�RFRUUHX���GLDV�DSyV�R�GHVDILR��FRLQFLGLQGR�FRP�D�TXHGD�

QR�Q~PHUR�GH�QHXWUyILORV��2�Q~PHUR�GH�FpOXODV�PRQRQXFOHDUHV�VRPHQWH�UHWRUQRX�DRV�YDORUHV�

EDVDLV���GLDV�DSyV�R�GHVDILR��



�

�

���

�
�

)LJXUD����&LQpWLFD�GR�UHFUXWDPHQWR�GH� OHXFyFLWRV�QD�$,$��3DUD�D� LQGXomR�GD�$,$��RV�DQLPDLV�SUHYLDPHQWH�

LPXQL]DGRV� �LQMHomR�V�F��FRQWHQGR����μJ�P%6$�GLVVROYLGRV�HP�50μl de PBS�H�HPXOVLRQDGRV�FRP�50μl CFA��

IRUDP� GHVDILDGRV� FRP� XPD� injeção i.a. contendo 10μg de mBSA� GLVVROYLGRV� HP� 10μl de PBS�� 2V� DQLPDLV�

FRQWUROHV��TXH�QmR�GHVHQYROYHUDP�D�$,$��IRUDP�GHVDILDGRV�FRP�XPD�LQMHomR�L�D��FRQWHQGR�VRPHQWH�10μl de PBS��

2�URODPHQWR��D��H�D�DGHVmR��E��IRUDP�DYDOLDGRV�HP�GLIHUHQWHV�WHPSRV�DSyV�D�LQGXomR�GD�$,$��Q �����2�URODPHQWR�

IRL�PHQVXUDGR�FRPR�VHQGR�R�Q~PHUR�GH�FpOXODV�TXH�FUX]DYD�XP�SRQWR�HVSHFtILFR�GR�YDVR�DR�ORQJR�GH���PLQXWR��

8P�OHXFyFLWR�IRL�FRQVLGHUDGR�DGHULGR�DR�YDVR�TXDQGR�SHUPDQHFHX�HVWiWLFR�SRU����VHJXQGRV��2�WRWDO�GH�OHXFyFLWRV�

DGHULGRV� IRL� TXDQWLILFDGR� FRPR� VHQGR�R�Q~PHUR�GH� FpOXODV� HVWiWLFDV�QD�YrQXOD�GHQWUR�GH�XP�FRPSULPHQWR�GH�

100μm��2�Q~PHUR�GH�OHXFyFLWRV�TXH�PLJUDUDP�SDUD�D�DUWLFXODomR�GR�MRHOKR�IRL�PHQVXUDGR�HP�GLIHUHQWHV�WHPSRV�

DSyV�D�$,$��F���Q �������3DUD�TXDQWLILFDomR�GR�LQILOWUDGR�FHOXODU�D�FDYLGDGH�DUWLFXODU�IRL�ODYDGD�H�DV�FpOXODV�WRWDLV�
UHFXSHUDGDV�IRUDP�FRQWDGDV�QD�FkPDUD�GH�1HXEDXHU�H�GLIHUHQFLDGDV�HP�QHXWUyILORV�RX�FpOXODV�PRQRQXFOHDUHV�SRU�

PLFURVFRSLD�GH�OX]��2V�UHVXOWDGRV�IRUDP�H[SUHVVRV�FRPR�PpGLD���6(0��
�S���������



�S����������F��RX�S� �DR�

YDORU�HVSHFLILFDGR�QR�JUiILFR��D��E��TXDQGR�FRPSDUDGR�DR�JUXSR�FRQWUROH�3%6��



�

�

���

$�DYDOLDomR�KLVWRSDWROyJLFD�GR� MRHOKR�PRVWURX�XP� LQWHQVR� LQILOWUDGR� LQIODPDWyULR�QR�

WHFLGR� DUWLFXODU� �� H� �� GLDV� DSyV� R� GHVDILR� FRP�P%6$� �ILJXUD� �D���'HWHFWDPRV�� DLQGD�� XPD�

KLSHUSODVLD�IRFDO�GD�PHPEUDQD�VLQRYLDO�H�SRQWRV�GH�UHDEVRUomR�yVVHD��2LWR�GLDV�DSyV�D�LQGXomR�

GD�$,$��R� LQILOWUDGR� LQIODPDWyULR� IRL� VXEVWLWXtGR�SRU� WHFLGR� ILEUyWLFR��FDUDFWHUL]DGR�SRU�XPD�

JUDQGH�GHSRVLomR�GH�FROiJHQR��ILJXUD���D�H�E���

�

�
)LJXUD���$YDOLDomR�KLVWRSDWROyJLFD�GD�DUWLFXODomR�GR�MRHOKR�QR�PRGHOR�GH�$,$��3DUD�D�LQGXomR�GD�$,$��RV�

DQLPDLV�SUHYLDPHQWH�LPXQL]DGRV��LQMHomR�V�F��FRQWHQGR����μJ�P%6$�GLVVROYLGRV�HP���μO�GH�3%6�H�HPXOVLRQDGRV�

FRP���μO�&)$��IRUDP�GHVDILDGRV�FRP�XPD�LQMHomR�L�D��FRQWHQGR���μJ�GH�P%6$�GLVVROYLGRV�HP���μO�GH�3%6��2V�

DQLPDLV�FRQWUROHV��TXH�QmR�GHVHQYROYHUDP�D�$,$��IRUDP�GHVDILDGRV�FRP�XPD�LQMHomR�L�D��FRQWHQGR�VRPHQWH���μO�

GH� 3%6�� 3UDQFKD� KLVWROyJLFD� UHSUHVHQWDWLYD� GD� DUWLFXODomR� GR� MRHOKR� �FRUWH� VDJLWDO�� FRUDGD� FRP� +	(� �D�� H�

UHVSHFWLYD�TXDQWLILFDomR�GR�HVFRUH�KLVWRSDWROyJLFR� �E�� �Q �������2V� UHVXOWDGRV�IRUDP�H[SUHVVRV�FRPR�PpGLD���

6(0��S� �DR�YDORU�HVSHFLILFDGR�QR�JUiILFR�TXDQGR�FRPSDUDGR�DR�JUXSR�FRQWUROH��3%6��



�

�

���

�
)LJXUD����$YDOLDomR�KLVWRSDWROyJLFD�H�UHFXSHUDomR�GD�DUWLFXODomR�GR�MRHOKR�QR�PRGHOR�GH�$,$��3DUD�D�LQGXomR�
da AIA, os animais previamente imunizados (injeção s.c. contendo 500μg mBSA dissolvidos em 50μl de PBS e 

emulsionados com 50μl CFA) foram desafiados com uma injeção i.a. contendo 10μg de mBSA dissolvidos em�

10μl de PBS. Os animais controles, que não desenvolveram a AIA, foram desafiados com uma injeção i.a. 

contendo somente 10μl de PBS. Prancha histológica representativa da articulação do joelho (corte sagitaO��FRUDGD�

FRP�7ULF{PLFR�GH�0DVVRQ��D��H�UHVSHFWLYD�TXDQWLILFDomR�GD�ILEURVH�VLQRYLDO��E���Q �������2V�UHVXOWDGRV�IRUDP�

H[SUHVVRV�FRPR�PpGLD���6(0��S� �DR�YDORU�HVSHFLILFDGR�QR�JUiILFR�TXDQGR�FRPSDUDGR�DR�JUXSR�FRQWUROH�3%6��



�

�

���

$SyV�R�GHVDILR��GHWHFWDPRV�HOHYDGDV�FRQFHQWUDo}HV�GH�,/��β�H�,/���QR�WHFLGR�DUWLFXODU�

GH�DQLPDLV�DUWUtWLFRV�QRV�WHPSRV�GH����KRUDV�H���GLD�DSyV�$,$��ILJXUD��D�H�E���2�UHWRUQR�GD�

FRQFHQWUDomR� GHVVDV� GXDV� FLWRFLQDV� SDUD� YDORUHV� EDVDLV� RFRUUHX� QR� WHPSR� GH� �� GLDV� DSyV� R�

GHVDILR�FRP�P%6$��1mR�REVHUYDPRV�DXPHQWR�QRV�QtYHLV�GH�,/����RX�,/�����$R�FRQWUDULR����

GLD�DSyV�D�LQGXomR�GD�$,$�DV�FRQFHQWUDomR�GH�,/����QR�WHFLGR�DUWLFXODU�GH�DQLPDLV�DUWUtWLFRV�IRL�

PHQRU�TXH�D�REVHUYDGD�QRV�DQLPDLV�FRQWUROHV��ILJXUD��F���2V�QtYHLV�GH�,/����IRUDP�PHQRUHV�

TXH�D�GR�JUXSR�FRQWUROH�HP�WRGRV�RV�WHPSRV�DYDOLDGRV�D�SDUWLU�GR�VHJXQGR�GLD�DSyV�D�LQGXomR�

GD�$,$��ILJXUD��G���

�
)LJXUD����&LQpWLFD�GD�FRQFHQWUDomR�GH�FLWRFLQDV�SUHVHQWHV�QR�WHFLGR�DUWLFXODU�DSyV�LQGXomR�GD�$,$��3DUD�D�
indução da AIA, os animais previamente imunizados (injeção s.c. contendo 500μg mBSA dissolvidos em 50μl de 

PBS e emulsionados com 50μl CFA) foram desafiados com uma injeção i.a. contendo 10μg�GH�P%6$�GLVVROYLGRV�

HP�10μl�GH�3%6��2V�DQLPDLV�FRQWUROHV��TXH�QmR�GHVHQYROYHUDP�D�$,$��IRUDP�GHVDILDGRV�FRP�XPD�LQMHomR�L�D��

contendo somente 10μl de PBS. $� FRQFHQWUDomR� GH� ,/�1β (D��� ,/��� �E��� ,/���� �F�� H� ,/���� �G�� SUHVHQWHV� QR�
KRPRJHQDWR�GR�WHFLGR�DUWLFXODU�IRL�PHQVXUDGD�SHOR�PpWRGR�GH�(/,6$��Q �����2�WHFLGR�DUWLFXODU�GRV�DQLPDLV�IRUDP�

FROHWDGRV�HP�GLIHUHQWHV�WHPSRV�DSyV�R�GHVDILR��2V�UHVXOWDGRV�IRUDP�H[SUHVVRV�FRPR�PpGLD���6(0��S� �DR�YDORU�

HVSHFLILFDGR�QR�JUiILFR�TXDQGR�FRPSDUDGR�DR�JUXSR�FRQWUROH�3%6��
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�

���

(P�VHJXLGD��QyV�DYDOLDPRV�D�FLQpWLFD�GD�UHVSRVWD�QRFLFHSWLYD�QR�PRGHOR�GH�$,$��ILJXUD�

�����-i�QR����GLD�DSyV�R�GHVDILR��QyV�UHJLVWUDPRV�XP�DXPHQWR�GD�VHQVLELOLGDGH�DUWLFXODU�QR�JUXSR�

GH� DQLPDLV� DUWUtWLFRV�� (VVD� KLSHUDOJHVLD� PHFkQLFD�� TXH� IRL� SUHFLSLWDGD� SHOD� PRYLPHQWDomR�

SDVVLYD�QD�DUWLFXODomR�GRV�DQLPDLV�GRHQWHV�GXUDQWH�R�WHVWH�GH�YRQ�)UH\��SHUVLVWLX�SRU�XP�SHUtRGR�

GH���GLDV�DSyV�D�UHVSRVWD�LQIODPDWyULD�QD�FDYLGDGH�DUWLFXODU�WHU�VLGR�FRPSOHWDPHQWH�UHVROYLGD���

�

�

)LJXUD�����&LQpWLFD�GD�UHVSRVWD�QRFLFHSWLYD�QD�$,$��3DUD�D�LQGXomR�GD�$,$��RV�DQLPDLV�SUHYLDPHQWH�LPXQL]DGRV�

(injeção s.c. contendo 500μg mBSA dissolvidos em 50μl de PBS e emulsionados com 50μl CFA) foram desafiados 

com uma injeção i.a. contendo 10μg de mBSA dissolvidos em�10 μl de PBS�(■)��2V�DQLPDLV�FRQWUROHV��TXH�QmR�

desenvolveram a AIA, foram desafiados com uma injeção i.a. contendo somente 10μl de PBS (□). A resposta 

QRFLFHSWLYD�GRV�DQLPDLV�IRL�DIHULGD�SHOR�PpWRGR�GH�YRQ�)UH\��Q �����2�UHJLVWUR�GR�OLPLDU�GH�UHWLUDGD�IRL�UHDOL]DGR�

HP�GLIHUHQWHV�WHPSRV�DSyV�R�GHVDILR��2�UHJLVWUR�GR�OLPLDU�GH�UHWLUDGD�EDVDO��/%��IRL�UHDOL]DGR����KRUDV�DQWHV�GR�

GHVDILR��2V�UHVXOWDGRV�IRUDP�H[SUHVVRV�FRPR�PpGLD���6(0��



�S���������TXDQGR�FRPSDUDGR�DR�JUXSR�FRQWUROH�

3%6��

�

8PD� LPXQRIOXRUHVFrQFLD� UHDOL]DGD� �� GLDV� DSyV� R� GHVDILR� UHYHORX� XP� DXPHQWR� QD�

H[SUHVVmR�GH�F�)RV�QR�'5*�GH�DQLPDLV�DUWUtWLFRV��ILJXUD������(VVH�UHVXOWDGR�LQGLFD�TXH�KRXYH�

XP� LQWHQVLILFDomR� GD� DWLYLGDGH� QRFLFHSWLYD� QR�'5*�� FRQILUPDQGR� RV� UHJLVWURV� REWLGRV� SHOR�

H[SHULPHQWR�FRPSRUWDPHQWDO��3RUWDQWR��QRVVRV�GDGRV�FHUWLILFDP�TXH�D�KLSHUDOJHVLD�PHFkQLFD�

QR�PRGHOR�GH�$,$�IRL�SHUVLVWHQWH�PHVPR�DSyV�D�UHVROXomR�GD�UHVSRVWD�LQIODPDWyULD��

�
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�
)LJXUD�����$XPHQWR�QD�H[SUHVVmR�GH�F�IRV�QR�'5*�DSyV�D�UHVROXomR�GD�UHVSRVWD�LQIODPDWyULD�QR�MRHOKR��3DUD�
a indução da AIA, os animais previamente imunizados (injeção s.c. contendo 500μg mBSA dissolvidos em 50μl 

de PBS e emulsionados com 50μl CFA) foram desafiados com uma injeção i.a. contendo 10μg de mBSA 

GLVVROYLGRV�HP�10μl de PBS. Os animais controles, que não desenvolveram a AIA, foram desafiados com uma 

injeção i.a. contendo somente 10μl de PBS�,PDJHP�UHSUHVHQWDWLYD�GH�XPD�PLFURVFRSLD�FRQIRFDO�PRVWUDQGR�FpOXODV�

PDUFDGDV�FRP�DQWLFRUSR�DQWL�F�)RV��YHUPHOKR��QR�'5*�DSyV�D�UHVROXomR�GD�UHVSRVWD�LQIODPDWyULD�QR�MRHOKR��D���

4XDQWLILFDomR�GD�LQWHQVLGDGH�GH�IOXRUHVFrQFLD�QR�'5*�SDUD�F�)RV��E���Q �������2V�UHVXOWDGRV�IRUDP�H[SUHVVRV�

FRPR�PpGLD���6(0��S� �DR�YDORU�HVSHFLILFDGR�QR�JUiILFR�TXDQGR�FRPSDUDGR�DR�JUXSR�FRQWUROH�3%6��

�

(P�UHVXPR��D�PDQXWHQomR�GD�KLSHUDOJHVLD�DSyV�D�UHVROXomR�GD�LQIODPDomR�QD�$,$�QmR�

RFRUUH�SHOD�DomR�GH�TXDOTXHU�DJHQWH�LQIODPDWyULR�VREUH�RV�WHUPLQDLV�SHULIpULFRV�GH�QRFLFHSWRUHV�

SUHVHQWHV� QD� DUWLFXODomR� DIHWDGD�� 1RVVRV� UHVXOWDGRV� VXJHUHP�� SRUWDQWR�� TXH� D� KLSHUDOJHVLD�

SHUVLVWHQWH� QD� $,$� p� GHSHQGHQWH� GH� PHFDQLVPRV� VXEMDFHQWHV� j� DomR� GH� PHGLDGRUHV�

LQIODPDWyULRV�QD�DUWLFXODomR���



�

�

���

������ 5HVSRVWD� LQIODPDWyULD� H� QRFLFHSWLYD� DSyV� R� WUDWDPHQWR� FRP� GH[DPHWDVRQD� RX�

$6�������

3DUD�YHULILFDUPRV�VH�D�DQWHFLSDomR�GD�UHVSRVWD�UHVROXWLYD�SRU�DJHQWHV�H[yJHQRV�p�FDSD]�GH�

UHYHUWHU� D� KLSHUDOJHVLD� SHUVLVWHQWH� QD� $,$�� QyV� WUDWDPRV� RV� DQLPDLV� FRP� GH[DPHWDRQD� RX�

$6������� �LQLELGRU� VHOHWLYR� SDUD� 3,�.γ��� GRLV� DJHQWHV� TXH� DSUHVHQWDP� SURSULHGDGH� DQWL�

LQIODPDWyULD��H�TXH�SRGHP�FRQWULEXLU�SDUD�D�LQGXomR�GD�UHVROXomR����������2�WUDWDPHQWR�FRP�HVVDV�

GURJDV� H� R� ODYDGR� DUWLFXODU� IRUDP� UHDOL]DGRV� ��� H� ��� KRUDV� DSyV� D� LQGXomR� GD� $,$��

UHVSHFWLYDPHQWH��(VVHV�WHPSRV�FRUUHVSRQGHUDP�DR�PDLRU�DXPHQWR�GR�LQILOWUDGR�LQIODPDWyULR�

REVHUYDGR�HP�QRVVR�PRGHOR��ILJXUD��F��

2�WUDWDPHQWR�FRP�GH[DPHWD]RQD�SURYRFRX�XPD�TXHGD�QD�TXDQWLGDGH�WRWDO�GH�FpOXODV�

SUHVHQWHV�QR�MRHOKR�GHVDILDGR�FRP�P%6$��ILJXUD���D���(VVD�GLPLQXLomR�VH�GHX�SHOD�UHGXomR�GR�

Q~PHUR� GH� QHXWUyILORV� �ILJXUD� ��E�� H� GH� FpOXODV� PRQRQXFOHDUHV� �ILJXUD� ��F�� QD� FDYLGDGH�

DUWLFXODU�GRV�DQLPDLV�DUWUtWLFRV��$OpP�GLVVR��D�PHOKRUD�QD�LQIODPDomR�IRL�DFRPSDQKDGD�GH�XPD��

GLPLQXLomR� GD� KLSHUDOJHVLD� HQWUH� �� H� �� GLDV� DSyV� D� LQGXomR�GD�$,$��3RUpP�� HVVH� HIHLWR� IRL�

WUDQVLHQWH��-i�QR����GLD��R�YDORU�DEVROXWR�GR�OLPLDU�GH�UHWLUDGD�UHWRUQRX�SDUD�YDORUHV�VHPHOKDQWHV�

DRV�YDORUHV�DSUHVHQWDGRV�SHORV�DQLPDLV�DUWUtWLFRV�QmR�WUDWDGRV��ILJXUD���G�H�H���

�

�

�
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�

)LJXUD�����$YDOLDomR�GR�LQILOWUDGR�FHOXODU�H�GD�UHVSRVWD�QRFLFHSWLYD�DSyV�R�WUDWDPHQWR�FRP�GH[DPHWDVRQD��
Para a indução da AIA, os animais previamente imunizados (injeção s.c. contendo 500μg mBSA dissolvidos em 

50μl de PBS e emulsionados com 50μl CFA) foram desafiados com uma injeção i.a. contendo 10μg de mBSA 

GLVVROYLGRV�HP�10μl de PBS. Os animais controles, que não desenvolveram a AIA, foram desafiados com uma 

injeção i.a. contendo somente 10μl de PBS.�'R]H�KRUDV�DSyV�D�LQGXomR�GD�$,$��RV�DQLPDLV�UHFHEHUDP�XPD�LQMHomR�

VXEFXWkQHD��V�F���FRQWHQGR�XPD�GRVH�GH��PJ��NJ�GH�GH[DPHWDVRQD��'(;$���2�Q~PHUR�GH�OHXFyFLWRV�TXH�PLJUDUDP�

SDUD�D�DUWLFXODomR�GR�MRHOKR�IRL�PHQVXUDGR����KRUDV�DSyV�R�WUDWDPHQWR� �D��E�H�F���Q �����3DUD�TXDQWLILFDomR�GR�

LQILOWUDGR� FHOXODU� D� FDYLGDGH� DUWLFXODU� IRL� ODYDGD� H� DV� FpOXODV� WRWDLV� UHFXSHUDGDV� IRUDP� FRQWDGDV� QD� FkPDUD� GH�

1HXEDXHU�H�GLIHUHQFLDGDV�HP�QHXWUyILORV�RX�FpOXODV�PRQRQXFOHDUHV�SRU�PLFURVFRSLD�GH�OX]��2V�UHVXOWDGRV�IRUDP�

H[SUHVVRV�FRPR�PpGLD���6(0��
�S��������TXDQGR�FRPSDUDGR�DR�JUXSR�FRQWUROH�3%6��3DUD�D�DYDOLDomR�GR�OLPLDU�

GH�UHWLUDGD��D�UHVSRVWD�QRFLFHSWLYD�GRV�DQLPDLV�IRL�DIHULGD�SHOR�PpWRGR�GH�YRQ�)UH\��G���JUiILFR�UHSUHVHQWDWLYR�GH�

��H[SHULPHQWRV�LQGHSHQGHQWHV�FRP�Q �����2�UHJLVWUR�GR�OLPLDU�GH�UHWLUDGD�IRL�UHDOL]DGR�HP�GLIHUHQWHV�WHPSRV�DSyV�

R�WUDWDPHQWR��2�UHJLVWUR�GR�OLPLDU�GH�UHWLUDGD�EDVDO��/%��IRL�UHDOL]DGR����KRUDV�DQWHV�GR�GHVDILR��4XDQWLILFDomR�GD�

iUHD�VRE�D�FXUYD�HQWUH�RV�WHPSRV�GH���H���GLDV�DSyV�R�GHVDILR�����KRUDV�H����KRUDV�GHSRLV�GR�WUDWDPHQWR�FRP�'(;$�

UHVSHFWLYDPHQWH�� H� HQWUH� �� H� ��� GLDV� DSyV� R� GHVDILR� ��� GLDV� H� ��� GLDV� GHSRLV� GR� WUDWDPHQWR� FRP� '(;$��

UHVSHFWLYDPHQWH���H���Q �����2V�UHVXOWDGRV�IRUDP�H[SUHVVRV�FRPR�PpGLD���6(0��
�S�������TXDQGR�FRPSDUDGR�DR�

JUXSR�FRQWUROH��3%6���YHtFXOR�����S�������TXDQGR�FRPSDUDGR�DR�JUXSR�DUWUtWLFR�QmR�WUDWDGR��$,$���YHtFXOR���

�

$� LQLELomR� GD� 3,�.γ� WDPEpP� LQGX]LX� XPD� GLPLQXLomR� GD� LQIODPDomR� QR� MRHOKR� GRV�

DQLPDLV�GRHQWHV��+RXYH�XPD�TXHGD�GD�TXDQWLGDGH�WRWDO�GH�OHXFyFLWRV�QD�FDYLGDGH�DUWLFXODU�GRV�

FDPXQGRQJRV�DUWUtWLFRV��ILJXUD���D���TXH�S{GH�VHU�DWULEXtGD�j�UHGXomR�GR�Q~PHUR�GH�QHXWUyILORV�

�ILJXUD� ��E��� (QWUHWDQWR�� R� WUDWDPHQWR� FRP� $6������� SUHVHUYRX� D� TXDQWLGDGH� GH� FpOXODV�

PRQRQXFOHDUHV�SUHVHQWHV�QD�DUWLFXODomR�GHVDILDGD�FRP�P%6$��ILJXUD���F���$�GLPLQXLomR�GD�

LQIODPDomR� QHXWURItOLFD�� SRUpP�� QmR� IRL� VXILFLHQWH� SDUD� LQGX]LU� XPD� SHUGD� GD� UHVSRVWD�

KLSHUDOJpVLFD�REVHUYDGD�GXUDQWH�D�$,$��ILJXUD���G����

'H�IRUPD�JHUDO��QRVVRV�UHVXOWDGRV�PRVWUDP�TXH�D�PDQXWHQomR�GD�KLSHUDOJHVLD�DUWLFXODU�

RFRUUH� GH� IRUPD� LQGHSHQGHQWH� GD� UHVROXomR� GD� UHVSRVWD� LQIODPDWyULD� LQGX]LGD� SHODV� GURJDV�

XWLOL]DGDV�QHVWH�WUDEDOKR���

�

�

�

�

�

�
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)LJXUD�����$YDOLDomR�GR�LQILOWUDGR�FHOXODU�H�GD�UHVSRVWD�QRFLFHSWLYD�DSyV�R�WUDWDPHQWR�FRP�$6��������3DUD�
a indução da AIA, os animais previamente imunizados (injeção s.c. contendo 500μg mBSA dissolvidos em 50μl 

de PBS e emulsionados com 50μl CFA) foram desafiados com uma injeção i.a. contendo 10μg de mBSA 

GLVVROYLGRV�HP�10μl de PBS. Os animais controles, que não desenvolveram a AIA, foram desafiados com uma 

injeção i.a. contendo somente 10μl de PBS. 'R]H�KRUDV�DSyV�D�LQGXomR�GD�$,$��RV�DQLPDLV�UHFHEHUDP�XPD�LQMHomR�

LQWUD�DUWLFXODU��L�D���FRQWHQGR�XPD�GRVH�GH�����0P�GH�$6��������2�Q~PHUR�GH�OHXFyFLWRV�TXH�PLJUDUDP�SDUD�D�

DUWLFXODomR�GR�MRHOKR�IRL�PHQVXUDGR����KRUDV�DSyV�R�WUDWDPHQWR��D��E�H�F���Q ��������3DUD�TXDQWLILFDomR�GR�LQILOWUDGR�

FHOXODU�D�FDYLGDGH�DUWLFXODU�IRL�ODYDGD�H�DV�FpOXODV�WRWDLV�UHFXSHUDGDV�IRUDP�FRQWDGDV�QD�FkPDUD�GH�1HXEDXHU�H�

GLIHUHQFLDGDV�HP�QHXWUyILORV�RX�FpOXODV�PRQRQXFOHDUHV�SRU�PLFURVFRSLD�GH� OX]��2V�UHVXOWDGRV�IRUDP�H[SUHVVRV�

FRPR�PpGLD���6(0��
�S��������TXDQGR�FRPSDUDGR�DR�JUXSR�FRQWUROH�3%6��3DUD�D�DYDOLDomR�GR�OLPLDU�GH�UHWLUDGD��

D�UHVSRVWD�QRFLFHSWLYD�GRV�DQLPDLV�IRL�DIHULGD�SHOR�PpWRGR�GH�YRQ�)UH\��G���Q �����2�UHJLVWUR�GR�OLPLDU�GH�UHWLUDGD�

IRL�UHDOL]DGR�HP�GLIHUHQWHV�WHPSRV�DSyV�R�WUDWDPHQWR��2�UHJLVWUR�GR�OLPLDU�GH�UHWLUDGD�EDVDO��/%��IRL�UHDOL]DGR����

KRUDV�DQWHV�GR�GHVDILR��2V�UHVXOWDGRV�IRUDP�H[SUHVVRV�FRPR�PpGLD���6(0��
�S�������TXDQGR�FRPSDUDGR�DR�JUXSR�

FRQWUROH��3%6���YHtFXOR�����S�������TXDQGR�FRPSDUDGR�DR�JUXSR�DUWUtWLFR�QmR�WUDWDGR��$,$���YHtFXOR���



�

�

���

������ 2�JkQJOLR�GD�UDL]�GRUVDO��'5*��DSUHVHQWD�XP�VWDWXV�LQIODPDWyULR�WUDQVLHQWH�DSyV�

D�UHVROXomR�GD�UHVSRVWD�LQIODPDWyULD�QR�VtWLR�SHULIpULFR��

'LYHUVDV�FRQGLo}HV�GRORURVDV�SRGHP�VH�GHVHQYROYHU�HP�IXQomR�GD�DomR�GH�PHGLDGRUHV�

LQIODPDWyULRV�HP�HVWUXWXUDV�GR�VLVWHPD�QRFLFHSWLYR������3RUWDQWR��XPD�YH]�TXH�D�SHUVLVWrQFLD�GD�

VHQVLELOLGDGH�DUWLFXODU�QD�$,$�QmR�SRGHULD�VHU�H[SOLFDGD�SHOD�DomR�GH�DJHQWHV�LQIODPDWyULRV�QR�

MRHOKR�� QyV� DYDOLDPRV� VH� R� PLFURDPELHQWH� GR� '5*� HVWDYD� FRPSURPHWLGR� SRU� XPD�

QHXURLQIODPDomR�� 1RV� WHPSRV� GH� �� H� �� GLDV� DSyV� D� LQGXomR� GD� $,$�� QRVVRV� H[SHULPHQWRV�

UHYHODUDP�XP�DXPHQWR�QR�Q~PHUR�GH�FpOXODV�,ED�����ILJXUD���D�H�E��QR�'5*���

�
)LJXUD� ���� $XPHQWR� QR� Q~PHUR� GH� FpOXODV� SRVLWLYDV� SDUD� ,ED� �� QR�'5*� DSyV� D� UHVROXomR� GD� UHVSRVWD�

LQIODPDWyULD�QR�MRHOKR��Para a indução da AIA, os animais previamente imunizados (injeção s.c. contendo 500μg 

mBSA dissolvidos em 50μl de PBS e emulsionados com 50μl CFA) foram desafiados com uma injeção i.a. 

contendo 10μg de mBSA dissolvidos em�10μl de PBS. Os animais controles, que não desenvolveram a AIA, foram 

desafiados com uma injeção i.a. contendo somente 10μl de PBS. Imagem representativa de uma microscopia 

FRQIRFDO�PRVWUDQGR�FpOXODV�PDUFDGDV�FRP�DQWLFRUSR�,ED���YHUGH��GHQWUR�GR�'5*�DSyV�D�UHVROXomR�GD�UHVSRVWD�

LQIODPDWyULD�QR�MRHOKR��D���4XDQWLILFDomR�GDV�FpOXODV�LED����E���Q �����2V�UHVXOWDGRV�IRUDP�H[SUHVVRV�FRPR�PpGLD�
��6(0��S� �DR�YDORU�HVSHFLILFDGR�QR�JUiILFR�TXDQGR�FRPSDUDGR�DR�JUXSR�FRQWUROH�3%6��

�



�

�

���

&RQFRPLWDQWH�DR�DXPHQWR�GH�FpOXODV�,ED����KRXYH�XP�DXPHQWR�QD�H[SUHVVmR�JrQLFD�GH�

,/����ILJXUD���E���&;&/���ILJXUD���F���&2;���ILJXUD���G���L126��ILJXUD���H��H�,/�����ILJXUD�

��I��QR�'5*��2�DXPHQWR�QD�H[SUHVVmR�JrQLFD�GH�,/��β�IRL�REVHUYDGR�VRPHQWH���GLDV�DSyV�D�

LQGXomR� GD� $,$� �ILJXUD� ��D��� (VVHV� UHVXOWDGRV� GHPRQVWUDP� TXH� D� UHVROXomR� GD� UHVSRVWD�

LQIODPDWyULD� QD� $,$� p� LQLFLDOPHQWH� UHVWULWD� DR� VtWLR� SHULIpULFR�� RX� VHMD�� QD� DUWLFXODomR�

FRPSURPHWLGD��SUHVHUYDQGR�XP�VWDWXV�LQIODPDWyULR�WDUGLR�QR�'5*��

�

�

)LJXUD� ���� $XPHQWR� QD� H[SUHVVmR� GH� PROpFXODV� LQIODPDWyULDV� QR� '5*� DSyV� D� UHVROXomR� GD� UHVSRVWD�

LQIODPDWyULD� SHULIpULFD� QD� $,$�� 3DUD� D� LQGXomR� GD� $,$�� RV� DQLPDLV� SUHYLDPHQWH� LPXQL]DGRV� �LQMHomR� V�F��
contendo 500μg mBSA dissolvidos em 50μl de PBS e emulsionados com 50μl CFA) foram desafiados com uma 

injeção i.a. contendo 10μg de mBSA dissolvidos em�10μl de PBS. Os animais controles, que não desenvolveram 

a AIA, foram desafiados com uma injeção i.a. contendo somente 10μl de PBS.�2�QtYHO�GH�H[SUHVVmR�GR�P51$�GH�

,/�1β (D���,/����E���&;&/���F��&2;����G���L126��H���,/�����I��IRUDP�PHQVXUDGRV�QR�JkQJOLR�GD�UDL]�GRUVDO��'5*��
SHOR�PpWRGR�GH�3&5�TXDQWLWDWLYR�HP�WHPSR�UHDO��Q �����$V�DPRVWUDV�IRUDP�FRQVWLWXtGDV�pelo pool de DRG’s (L3, 

/��H�/���DQLPDO��FROHWDGRV�HP�GLIHUHQWHV�WHPSRV�DSyV�R�GHVDILR��2V�UHVXOWDGRV�IRUDP�H[SUHVVRV�FRPR�PpGLD���

6(0��S� �DR�YDORU�HVSHFLILFDGR�QR�JUiILFR�TXDQGR�FRPSDUDGR�DR�JUXSR�FRQWUROH�3%6��

�



�

�

���

6XPDUL]DQGR�� DSyV� D� UHVROXomR� GD� UHVSRVWD� LQIODPDWyULD� QD� FDYLGDGH� GR� MRHOKR� GH�

DQLPDLV� DUWUtWLFRV�� R� '5*� GHVHQYROYHX� WHPSRUDULDPHQWH� XP� DPELHQWH� LQIODPDWyULR�� (VVD�

FRQGLomR�SRGH� WHU� IRUQHFLGR� DR�DSDUDWR� VHQVRULDO�PROpFXODV� FRP�SRWHQFLDO� GH� VHQVLELOL]DU�R�

VLVWHPD�QRFLFHSWLYR�H�PDQWHU�D�KLSHUDOJHVLD�DUWLFXODU�DSyV�D�UHPLVVmR�GD�$,$��

������ $�KLSHUDOJHVLD�PHFkQLFD�UHVLGXDO�QR�PRGHOR�GH�$,$�HVWi�DVVRFLDGD�DR�DXPHQWR�QD�

H[SUHVVmR�GH�71)�H�GH�VHX�UHFHSWRU�71)5��QR�'5*��

$�FLQpWLFD�GD�H[SUHVVmR�GR�P51$�GH�71)�H�GH�VHXV�UHFHSWRUHV�GR�WLSR���H����71)5��H�

71)5��UHVSHFWLYDPHQWH��IRL�DYDOLDGD�QR�SRRO�GH�JkQJOLRV�VHQVRULDLV��/���/���TXH�LQHUYDP�D�

DUWLFXODomR� GR� MRHOKR� �ILJXUD� ��D�� SHOD� WpFQLFD� GH� 3&5� TXDQWLWDWLYR� HP� WHPSR� UHDO�� 1yV��

REVHUYDPRV�TXH��DOpP�GH�XP�DXPHQWR�QD�H[SUHVVmR�GH�71)�QR�����H�����GLDV�DSyV�R�GHVDILR�FRP�

P%6$� �ILJXUD� ��E��� KRXYH� XP� DXPHQWR� QD� H[SUHVVmR� JrQLFD� GH� 71)5�� �ILJ�� �G��� H� XPD�

FRQFRPLWDQWH�UHGXomR�QD�H[SUHVVmR�GR�P51$�GH�71)5���ILJXUD���D���1RV�WHPSRV�DYDOLDGRV�

HP�QRVVR�WUDEDOKR��WDPEpP�QmR�HQFRQWUDPRV�DXPHQWR�QD�H[SUHVVmR�GR�FDQDO�7539��GR�'5*�

�ILJXUD� ��E��� TXH� p� KLSHUH[SUHVVR� HP� QHXU{QLRV� H[SRVWRV� DR� 71)� GH� IRUPD� GHSHQGHQWH� GH�

71)5�������

�

�

�

�

�

�

)LJXUD�����$XPHQWR�QD�H[SUHVVmR�JrQLFD�GH�71)�H�GH�VHX�UHFHSWRU�71)5��QR�'5*�DSyV�D�UHVROXomR�GD�

UHVSRVWD�LQIODPDWyULD�SHULIpULFD�QD�$,$��3DUD�D�LQGXomR�GD�$,$��RV�DQLPDLV�SUHYLDPHQWH�LPXQL]DGRV��LQMHomR�

3%6�G �G �G �G �G ��G��G
�

�

�

�

�

1
íY
HO
�G
H�
H[
SU
HV
Vã
R�
�/
��
/�
�

71)

S 
��
��
��

�

S 
��
��
��

�

3%6�G �G �G �G �G ��G��G
�

�

�

�

�

1
íY
HO
�G
H�
H[
SU
HV
Vã
R�
�/
��
/�
�

71)5�

S 
��
��
��

�

S 
��
��
��

�

E� F�D�



�

�

���

s.c. contendo 500μg mBSA dissolvidos em 50μl de PBS e emulsionados com 50μl CFA) foram desafiados com 

uma injeção i.a. contendo 10μg de mBSA dissolvidos em� 10μl de PBS. Os animais controles, que não 

desenvolveram a AIA, foram desafiados com uma injeção i.a. contendo somente 10 μl de PBS.�Os DRG’s foram 

FROHWDGRV�HP�GLIHUHQWHV�WHPSRV�DSyV�R�GHVDILR��&DGD�DPRVWUD�IRL�FRQVWLWXtGD�GR�SRRO�GH�'5*�FRQWHQGR�/���/��H�

/��GH�XP�~QLFR�DQLPDO��D���2�QtYHO�GH�H[SUHVVmR�GR�P51$�GH�71)��E��H�71)5���F��IRUDP�PHQVXUDGRV�SHOR�
PpWRGR�GH�3&5�TXDQWLWDWLYR�HP�WHPSR�UHDO��Q �����2V�UHVXOWDGRV�IRUDP�H[SUHVVRV�FRPR�PpGLD���6(0��S� �DR�

YDORU�HVSHFLILFDGR�QR�JUiILFR�TXDQGR�FRPSDUDGR�DR�JUXSR�FRQWUROH�3%6��

�

)LJXUD�����$�H[SUHVVmR�JrQLFD�GH�71)5��H�7539��QR�'5*�QmR�VH�DOWHUD�QR�PRGHOR�GH�$,$��3DUD�D�LQGXomR�

da AIA, os animais previamente imunizados (injeção s.c. contendo 500μg mBSA dissolvidos em 50μl de PBS e 

emulsionados com 50μl CFA) foram desafiados com uma injeção i.a. contendo 10μg de mBSA dissolvidos em�

10μl de PBS. Os animais controles, que não desenvolveram a AIA, foram desafiados com uma injeção i.a. 

contendo somente 10μl de PBS. Os DRG’s foram coletados em diferentes tempos após o desafio. Cada amostra 

IRL�FRQVWLWXtGD�GR�SRRO�GH�'5*�FRQWHQGR�/���/��H�/��GH�XP�~QLFR�DQLPDO��2�QtYHO�GH�H[SUHVVmR�GR�P51$�GH�

71)5���D��H�7539���E��IRUDP�PHQVXUDGRV�SHOR�PpWRGR�GH�3&5�TXDQWLWDWLYR�HP�WHPSR�UHDO��Q �����2V�UHVXOWDGRV�
IRUDP�H[SUHVVRV�FRPR�PpGLD���6(0��S� �DR�YDORU�HVSHFLILFDGR�QR�JUiILFR�TXDQGR�FRPSDUDGR�DR�JUXSR�FRQWUROH�

3%6��

�

8WLOL]DQGR�D� WpFQLFD�GH�ZHVWHUQ�EORW�� QyV�REVHUYDPRV�TXH���GLD� DSyV�R� GHVDILR� FRP�

P%6$�D�H[SUHVVmR�GH�71)�SHUPDQHFHX�EDVDO�QRV�JkQJOLRV�VHQVRULDLV� ORFDOL]DGRV�DEDL[R�GD�

WHUFHLUD� H� TXLQWD� YHUWHEUDV� ORPEDUHV� �/�� H� /�� UHVSHFWLYDPHQWH�� �ILJXUD� ��D��� 3RUpP�� XP�

DXPHQWR�QD�H[SUHVVmR�GHVVD�FLWRFLQD�IRL�LGHQWLILFDGR�QR�'5*�DEDL[R�GD�TXDUWD�YHUWHEUD�ORPEDU�

�/����ILJXUD���D��E�H�F����

�
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�

)LJXUD�����([SUHVVmR�GH�71)�QR�'5*�DSyV�D�UHVROXomR�GD�UHVSRVWD�LQIODPDWyULD�QD�DUWLFXODomR�DFRPHWLGD�

SHOD� $,$��Para a indução da AIA, os animais previamente imunizados (injeção s.c. contendo 500μg mBSA 

dissolvidos em 50μl de PBS e emulsionados com 50μl CFA) foram desafiados com uma injeção i.a. contendo 

10μg de mBSA dissolvidos em� 10μl de PBS. Os animais controles, que não desenvolveram a AIA, foram 

desafiados com uma injeção i.a. contendo somente 10μl de PBS. &DGD�DPRVWUD� IRL�FRQVWLWXtGD�SHOR�SRRO�GH���

DRG’s��TXH�IRUDP�FROHWDGRV�GH�DQLPDLV�GLIHUHQWHV����GLDV�DSyV�R�GHVDILR��$�H[SUHVVmR�GH�71)�HP�/���/��RX�/��

�D���RX�VRPHQWH�HP�/���E���IRL�DYDOLDGD�SHOR�PpWRGR�GH�:HVWHUQ�%ORW��$�TXDQWLILFDomR�GD�H[SUHVVmR�GH�71)�IRL�

UHDOL]DGD�VRPHQWH�SDUD�/���F���Q �����2V�UHVXOWDGRV�IRUDP�H[SUHVVRV�FRPR�PpGLD���6(0��S� �DR�YDORU�HVSHFLILFDGR�

QR�JUiILFR�TXDQGR�FRPSDUDGR�DR�JUXSR�FRQWUROH�3%6��

�

3DUD�FRQILUPDU�VH�R�71)�SUHVHQWH�QR�'5*�DSUHVHQWDYD�LQIOXrQFLD�VREUH�D�KLSHUDOJHVLD�

DUWLFXODU� YHULILFDGD� DSyV� D� UHVROXomR� GD� UHVSRVWD� LQIODPDWyULD� QR� MRHOKR�� VXD� DomR� IRL�

QHXWUDOL]DGD�SHOD�LQMHomR�LQWUDWHFDO�GH�HWDQHUFHSW��IRUPD�VRO~YHO�H�GLPpULFD�GR�UHFHSWRU�SDUD�

71)�GR�WLSR���71)5����2�WUDWDPHQWR�FRP�HWDQHUFHSW�QDV�GRVHV�GH���J�H�GH����J�QR����GLD�

DSyV�R�GHVDILR�FRP�P%6$�UHYHUWHX�SHUPDQHQWHPHQWH�D�KLSHUDOJHVLD�DUWLFXODU��ILJXUD�������



�

�

���

�

�

)LJXUD�����5HYHUVmR�GD�KLSHUQRFLFHSomR�SHUVLVWHQWH�DSyV�QHXWUDOL]DomR�GR�71)��3DUD�D�LQGXomR�GD�$,$��RV�

DQLPDLV�SUHYLDPHQWH�LPXQL]DGRV��LQMHomR�V�F��FRQWHQGR�500μg mBSA dissolvidos em 50μl de PBS e emulsionados 

com 50μl CFA) foram desafiados com uma injeção i.a. contendo 10μg de mBSA dissolvidos em�10μl de PBS�(■)��

2V�DQLPDLV�FRQWUROHV��TXH�QmR�GHVHQYROYHUDP�D�$,$��IRUDP�GHVDILDGRV�FRP�XPD�LQMHomR�L�D��FRQWHQGR�VRPHQWH�

10μl de PBS (□). Os grupos tratados receberam uma injeção intratecal (i.t.) contendo 0,5μg (▲), 5μg (▼) ou 50μg 

�◆��GH�HWDQHUFHSW��(WD������GLDV�DSyV�R�GHVDILR��$�UHVSRVWD�QRFLFHSWLYD�GRV�DQLPDLV�IRL�DIHULGD�SHOR�PpWRGR�GH�YRQ�

)UH\��Q ����2�UHJLVWUR�GR�OLPLDU�GH�UHWLUDGD�IRL�UHDOL]DGR�HP�GLIHUHQWHV�WHPSRV�DSyV�R�GHVDILR��2�UHJLVWUR�GR�OLPLDU�

GH�UHWLUDGD�EDVDO��/%��IRL�UHDOL]DGR����KRUDV�DQWHV�GR�GHVDILR��2V�UHVXOWDGRV�IRUDP�H[SUHVVRV�FRPR�PpGLD���6(0��


�S�������TXDQGR�FRPSDUDGR�DR�JUXSR�FRQWUROH��3%6���YHtFXOR�����S�������TXDQGR�FRPSDUDGR�DR�JUXSR�DUWUtWLFR�

QmR�WUDWDGR��$,$���YHtFXOR���

�

������ $�KLSHUDOJHVLD�PHFkQLFD�UHVLGXDO�QR�PRGHOR�GH�$,$�HVWi�DVVRFLDGD�j�DomR�GH�71)�

QR�'5*��PDV�QmR�QR�FRUQR�GRUVDO�GD�PHGXOD�HVSLQKDO��&'0(���

1R�LQWXLWR�GH�FRQILUPDU�VH�R�GHVHQYROYLPHQWR�GD�KLSHUDOJHVLD�DUWLFXODU�SHUVLVWHQWH�IRL�

GHSHQGHQWH�GD�LQIOXrQFLD�GH�71)�HVSHFLILFDPHQWH�QR�'*5��QyV�DYDOLDPRV�D�H[SUHVVmR�GHVVD�

FLWRFLQD�QD�PHGXOD�HVSLQKDO�GRV�DQLPDLV�GHVDILDGRV�FRP�P%6$�RX�3%6��$SyV���GLDV�GD�LQGXomR�

GD�$,$��D�LQWXPHVFrQFLD�ORPEDU�GD�PHGXOD�HVSLQKDO�IRL�FROHWDGD�H�VHFFLRQDGD�QR�SODQR�VDJLWDO�

HP� SDUWHV� FRQWUD�� ODWHUDO� �&/�� H� LSVL�ODWHUDO� �,/�� �ILJXUD� ��D�� HP� UHODomR� DR� MRHOKR� TXH� IRL�

GHVDILDGR��(VVDV�SDUWHV�IRUDP�SURFHVVDGDV�H�DQDOLVDGDV�SHOD�WpFQLFD�GH�3&5�TXDQWLWDWLYR�HP�



�

�

���

WHPSR�UHDO��$�SRUomR�,/�GD�PHGXOD�HVSLQKDO�GRV�DQLPDLV�DUWUtWLFRV�QmR�DSUHVHQWRX�DOWHUDo}HV�

VLJQLILFDWLYDV�QD�H[SUHVVmR�GR�P51$�GH�71)�HP�UHODomR�j�SRUomR�,/�GRV�DQLPDLV�FRQWUROH�QmR�

DUWUtWLFRV��ILJXUD���E���'LIHUHQoDV�HQWUH�DV�SRUo}HV�,/�H�&/�QR�JUXSR�$,$�WDPEpP�QmR�IRUDP�

GHWHFWDGDV��FROXQDV�SUHWDV�GD�ILJXUD���E����

�
)LJXUD�����([SUHVVmR�GH�71)�QD�PHGXOD�HVSLQKDO�DSyV�D�UHVROXomR�GD�UHVSRVWD�LQIODPDWyULD�QD�DUWLFXODomR�
DFRPHWLGD�SHOD�$,$��Para a indução da AIA, os animais previamente imunizados (injeção s.c. contendo 500μg 

mBSA dissolvidos em 50μl de PBS e emulsionados com 50μl CFA) foram desafiados com uma injeção i.a. 

contendo 10μg de mBSA dissolvidos em�10μl de PBS. Os animais controles, que não desenvolveram a AIA, foram 

desafiados com uma injeção i.a. contendo somente 10μl de PBS. As amostras dH�PHGXOD�HVSLQKDO�IRUDP�FROHWDGDV�

��GLDV�DSyV�GHVDILR��HVSHFLILFDPHQWH�QD�DOWXUD�GD� LQWXPHVFrQFLD� ORPEDU� �D�� ODGR�HVTXHUGR��� H� VHJPHQWDGDV� HP�

FRQWUD�ODWHUDO��&/��H�LSVL�ODWHUDO��,/���D�� ODGR�GLUHLWR��HP�UHODomR�DR�MRHOKR�GHVDILDGR��2�QtYHO�GH�H[SUHVVmR�GR�

P51$�GH�71)�IRL�PHQVXUDGR�SHOR�PpWRGR�GH�3&5�TXDQWLWDWLYR�HP�WHPSR�UHDO��E���Q �����2V�UHVXOWDGRV�IRUDP�
H[SUHVVRV�FRPR�PpGLD���6(0��S� �DR�YDORU�HVSHFLILFDGR�QR�JUiILFR�TXDQGR�FRPSDUDGR�DR�JUXSR�FRQWUROH�3%6��

�

&RQVLGHUDQGR�TXH�D�H[SUHVVmR�JrQLFD�GH�71)�SRGHULD�WHU�VLGR�PDVFDUDGD�SHOR�H[FHVVR�

GH� WHFLGR� FROHWDGR� QDV� DPRVWUDV� GH�PHGXOD�� QyV� DYDOLDPRV� VRPHQWH� R�&'0(� �ILJXUD� ��D���

UHJLmR�RQGH�RV�LPSXOVRV�QRFLFHSWLYRV�SURYHQLHQWHV�GD�SHULIHULD�VmR�SURFHVVDGRV�����$VVLP�FRPR�

QD� DPRVWUD� FRQWHQGR� D� SRUomR� ,/� GD� LQWXPHVFrQFLD� ORPEDU�� QmR� GHWHFWDPRV� DOWHUDo}HV�

VLJQLILFDWLYDV�QD�H[SUHVVmR�GR�P51$�GH�71)�QR�&'0(�GRV�DQLPDLV�DUWUtWLFRV�HP�QHQKXP�GRV�

WHPSRV�YHULILFDGRV��ILJXUD���G���$�H[SUHVVmR�GR�P51$�GH�71)5���ILJXUD���H��RX�GH�71)5��

�ILJXUD� ��I�� QR�&'0(�GRV� DQLPDLV� VXEPHWLGRV� j�$,$� WDPEpP�QmR� VRIUHX� DOWHUDomR��(VVHV�

UHVXOWDGRV� LQGLFDP� TXH�� QR�PRGHOR� DGRWDGR� QR� SUHVHQWH� HVWXGR�� D� UHYHUVmR� GD� KLSHUDOJHVLD�

DUWLFXODU� UHVLGXDO� LQGX]LGD� SHOD� DGPLQLVWUDomR� L�W�� GH� HWDQHUFHSW� �ILJXUD� ���� VH� GHX� SHOD�

QHXWUDOL]DomR�GD�DomR�GH�71)�QR�'5*��H�QmR�QR�&'0(��$OpP�GLVVR��QyV�QmR�GHWHFWDPRV�QR�

&'0(�PXGDQoDV�QD�H[SUHVVmR�JrQLFD�GH�,ED���H�*)$3��TXH�VmR�PDUFDGRUHV�GH�DWLYDomR�GH�

71)

&/ ,/ &/ ,/
�
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FpOXODV�JOLDLV������ILJXUD���E�H�F���3RUWDQWR��D�KLSHUDOJHVLD�SHUVLVWHQWH�REVHUYDGD�QD�$,$�RFRUUH�

HP�IXQomR�GR�DXPHQWR�GD�H[SUHVVmR�GH�71)�H�GH�71)5��QR�'5*���H���GLDV�DSyV�R�GHVDILR��

HP�XP�SHUtRGR�SRVWHULRU�j�UHVROXomR�QDWXUDO�GD�UHVSRVWD�LQIODPDWyULD�QR�MRHOKR��

�

�

�

)LJXUD�����([SUHVVmR�GH�,ED���*)$3��71)��71)5��H�71)5��QR�FRUQR�GRUVDO�GD�PHGXOD�HVSLQKDO�DSyV�D�

UHVROXomR�GD�UHVSRVWD�LQIODPDWyULD�QD�DUWLFXODomR�DFRPHWLGD�SHOD�$,$��3DUD�D�LQGXomR�GD�$,$��RV�DQLPDLV�
previamente imunizados (injeção s.c. contendo 500μg mBSA dissolvidos em 50μl de PBS e emulsionados com 

50μl CFA) foram desafiados com uma injeção i.a. contendo 10μg de mBSA dissolvidos em10μl de PBS. Os 

DQLPDLV�FRQWUROHV��que não desenvolveram a AIA, foram desafiados com uma injeção i.a. contendo somente 10μl 

GH�3%6��$V�DPRVWUDV�GR�FRUQR�GRUVDO�GD�PHGXOD�HVSLQKDO��LSLVL�ODWHUDO��,/��HP�UHODomR�DR�MRHOKR�GHVDILDGR���D��
IRUDP�FROHWDGDV���GLDV�DSyV�GHVDILR��HVSHFLILFDPHQWH�QD�DOWXUD�GD�LQWXPHVFrQFLD�ORPEDU��2�QtYHO�GH�H[SUHVVmR�GR�

P51$� GH� ,ED� �� �E���*)$3� �F��� 71)� �G��� 71)5�� �H�� H� 71)5�� �I�� IRUDP�PHQVXUDGRV� SHOR�PpWRGR� GH� 3&5�

TXDQWLWDWLYR�HP�WHPSR�UHDO��Q �����2V�UHVXOWDGRV�IRUDP�H[SUHVVRV�FRPR�PpGLD���6(0��S� �DR�YDORU�HVSHFLILFDGR�

QR�JUiILFR�TXDQGR�FRPSDUDGR�DR�JUXSR�FRQWUROH�3%6��
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$SHVDU�GH�QmR� WHU�RFRUULGR�TXDOTXHU�DOWHUDomR�QR�QtYHO�GH�H[SUHVVmR�JrQLFD�GH�71)��

,ED��RX�GH�*)$3�QR�&'0(��QyV�REVHUYDPRV�TXH�KRXYH�XP�PRGHVWR�DXPHQWR�QD�DGHVmR�GH�

OHXFyFLWRV�QRV�YDVRV�GD�UHJLmR�SRVWHULRU�GD�LQWXPHVFrQFLD�ORPEDU��ILJXUD������(VVH�IHQ{PHQR�

SDUHFH�WHU�VLGR�XP�HIHLWR�GR�GHVHQYROYLPHQWR�GH�XP�VWDWXV�LQIODPDWyULR�QR�'5*��ILJXUD������

9DOH�UHVVDOWDU�TXH�D�YDVFXODWXUD�DQDOLVDGD�SHOD�PLFURVFRSLD�LQWUDYLWDO�VH�ORFDOL]DYD�SUy[LPD�GR�

ORFDO�RQGH�D�UDL]�GRUVDO�GH�FDGD�'5*�ORPEDU�SHQHWUDYDP�D�PHGXOD�HVSLQKDO��

�

�

)LJXUD�����$XPHQWR�QD�DGHVmR�GH� OHXFyFLWRV�QD�PLFURYDVFXODWXUD�GD�PHGXOD�HVSLQKDO��3DUD�D� LQGXomR�GD�

AIA, os animais previamente imunizados (injeção s.c. contendo 500μg mBSA dissolvidos em 50μl de PBS e 

emulsionados com 50μl CFA) foram desafiados com uma injeção i.a. contendo 10μg de mBSA dissolvidos em�

10μl de PBS. 2LWR�GLDV�DSyV�R�GHVDILR��D�DYDOLDomR�SRU�PLFURVFRSLD�LQWUDYLWDO��D��ODGR�HVTXHUGR��IRL�UHDOL]DGD�QRV�
YDVRV� SUHVHQWHV� QD� UHJLmR� SRVWHULRU� GD� LQWXPHVFrQFLD� ORPEDU� �D�� ODGR� GLUHLWR�� SDUD� DYDOLDomR� GD� DGHVmR� GH�

OHXFyFLWRV��E���Q �����&DGD�DQLPDO�UHFHEHX�XPD�LQMHomR�LQWUDYHQRVD�FRQWHQGR�5KRGDPLQD��*�6LJPD������PJ��NJ��

LPHGLDWDPHQWH�DSyV�D�FLUXUJLD�SDUD�H[SRVLomR�GD�PHGXOD��2V�UHVXOWDGRV�IRUDP�H[SUHVVRV�FRPR�PpGLD���6(0��S� �

DR�YDORU�HVSHFLILFDGR�QR�JUiILFR�TXDQGR�FRPSDUDGR�DR�JUXSR�FRQWUROH�3%6��

�

������ �$�DGPLQLVWUDomR�VLVWrPLFD�GH�HWDQHUFHSW�DOFDQoD�R�'5*�H�UHYHUWH�D�KLSHUDOJHVLD�

DUWLFXODU�DSyV�D�UHVROXomR�GD�LQIODPDomR���

2�'5*�SRGH�VHU�XP�SRWHQFLDO�DOYR�IDUPDFROyJLFR�SDUD�GURJDV�TXH�VmR�VLVWHPLFDPHQWH�

LQMHWDGDV����������(VVD�HVWUDWpJLD�GH�DGPLQLVWUDomR�SRGH�VHU�IDFLOPHQWH�H[HFXWDGD�����H�DSUHVHQWD�
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EDL[R�ULVFR�SDUD�R�LQGLYtGXR�TXH�GHOD�GHSHQGH��$TXL��QyV�GHPRQVWUDPRV�TXH�D�DGPLQLVWUDomR�

VLVWrPLFD�GH�XPD�~QLFD�GRVH�VXEFXWkQHD�GH�HWDQHUFHSW����PJ��.J����GLDV�DSyV�D�LQGXomR�GD�

$,$�GLPLQXLX��JUDGXDOPHQWH��D�KLSHUDOJHVLD� DUWLFXODU�YHULILFDGD�DSyV�D� IDVH� UHVROXWLYD��(VVD�

PHOKRUD�SRGH�VHU�REVHUYDGD�Mi�FRP���H���GLDV�GHSRLV�GD�QHXWUDOL]DomR�GR�71)��GLDV���H����DSyV�

LQGXomR�GD�$,$���2�UHWRUQR�GR�OLPLDU�GH�UHWLUDGD�GRV�FDPXQGRQJRV�WUDWDGRV�SDUD�YDORUHV�EDVDLV�

RFRUUH�SHUPDQHQWHPHQWH�D�SDUWLU�GR����DSyV�R�WUDWDPHQWR�����GLDV�DSyV�LQGXomR�GD�$,$���ILJXUD�

��D���

(P�VHJXLGD��QyV�UHDOL]DPRV�XP�WHVWH�GH�SHUPHDELOLGDGH�YDVFXODU�FRP�$]XO�GH�(YDQV�

SDUD�FRQILUPDomR�GH�TXH�RV�YDVRV�SUHVHQWHV�QR�'5*�SHUPLWLULDP�D�SDVVDJHP�GH�PROpFXODV�

SUHVHQWHV� QD� FLUFXODomR� SDUD� R� LQWHULRU� GR� yUJmR� HP� TXHVWmR�� 9HULILFDPRV� TXH�� DSyV� D�

DGPLQLVWUDomR�VLVWrPLFD��R�D]XO�GH�(YDQV�DOFDQoRX�H�VH�FRPSDUWLPHQWDOL]RX�DR�UHGRU�GR�'5*�

/���ILJXUD���E�j�HVTXHUGD���H�DFHVVRX�R�LQWHULRU�GR�yUJmR��VH�LPSUHJQDQGR�QD�UHJLmR�ULFD�HP�

FRUSRV�FHOXODUHV��ILJXUD���E�j�GLUHLWD���(VVD�HYLGrQFLD�FRQILUPD�D�SRVVLELOLGDGH�GH�TXH�GURJDV�

VLVWHPLFDPHQWH�LQMHWDGDV�SRGHULDP�DWXDU�HP�FRPSRQHQWHV�QR�LQWHULRU�GR�'5*��
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���

�

)LJXUD�����5HYHUVmR�GD�KLSHUQRFLFHSomR�SURYRFDGD�SHOD�DomR�GH�71)�QR�'5*�DSyV�DGPLQLVWUDomR�VLVWrPLFD�

GH�HWDQHUFHSW�H�SHUPHDELOLGDGH�GR�JkQJOLR�GXUDQWH�SHUtRGR�QmR�LQIODPDWyULR�GD�$,$��3DUD�D�LQGXomR�GD�$,$��
os animais previamente imunizados (injeção s.c. contendo 500μg mBSA dissolvidos em 50μl de PBS e 

emulsionados com 50μl CFA) foram desafiados com uma injeção i.a. contendo 10μg de mBSA dissolvidos em�

10μl de PBS (■). Os animais controles, que não desenvolveram a AIA, foram desafiados com uma injeção i.a. 

contendo somente 10μl de PBS (□)��5HJLVWUR�GD�UHVSRVWD�QRFLFHSWLYD��D���2�JUXSR�WUDWDGR�UHFHEHX�XPD�LQMHomR�

VXEFXWkQHD��V�F���QD�GRVH�GH���PJ��kg μg (●��GH�HWDQHUFHSW��(WD������GLDV�DSyV�R�GHVDILR��D���$�UHVSRVWD�QRFLFHSWLYD�
GRV�DQLPDLV�IRL�DIHULGD�SHOR�PpWRGR�GH�YRQ�)UH\��Q �����2�UHJLVWUR�GR�OLPLDU�GH�UHWLUDGD�IRL�UHDOL]DGR�HP�GLIHUHQWHV�

WHPSRV�DSyV�R�GHVDILR��2�UHJLVWUR�GR�OLPLDU�GH�UHWLUDGD�EDVDO��/%��IRL�UHDOL]DGR����KRUDV�DQWHV�GR�GHVDILR��$YDOLDomR�

GD�SHUPHDELOLGDGH�GRV�YDVRV�GR�'5*��E���2�DQLPDO�UHFHEHX�XPD�LQMHomR�LQWUDYHQRVD��L�Y���FRQWHQGR�GH�$]XO�GH�
(YDQ���GLDV�DSyV�R�GHVDILR��$V�VHWDV�DPDUHODV�LQGLFDP�DF~PXOR�GH�$]XO�GH�(YDQV�HP�XPD�UHJLmR�SUy[LPD�DR�'5*�

HP�/���ODGR�HVTXHUGR���,PDJHP�UHSUHVHQWDWLYD�GH�XPD�PLFURVFRSLD�FRQIRFDO�PRVWUDQGR�LPSUHJQDomR�GR�$]XO�GH�

,YDQ��UR[R��QD�UHJLmR�ULFD�HP�FRUSRV�FHOXODUHV�GR�'5*��ODGR�GLUHLWR���2V�UHVXOWDGRV�IRUDP�H[SUHVVRV�FRPR�PpGLD�

��6(0��
�S�������TXDQGR�FRPSDUDGR�DR�JUXSR�FRQWUROH�3%6����S�������TXDQGR�FRPSDUDGR�DR�JUXSR�DUWUtWLFR�QmR�

WUDWDGR��$,$���YHtFXOR���
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2V� SURFHVVRV� UHODFLRQDGRV� DR� GHVHQYROYLPHQWR� GD� KLSHUDOJHVLD� DUWLFXODU� QD� DUWULWH�

UHXPDWRLGH�VmR�HVWXGDGRV�SULQFLSDOPHQWH�GXUDQWH�D� IDVH�HP�TXH�RV�HYHQWRV� LQIODPDWyULRV�VH�

PDQLIHVWDP� FRP� PDLRU� LQWHQVLGDGH� �������–����� $OJXQV� WUDEDOKRV�� QR� HQWDQWR�� SURFXUDP�

FRPSUHHQGHU�R�GHVHQYROYLPHQWR�GD�GRU�DUWLFXODU�TXH�SHUVLVWH�DSyV�D�GLPLQXLomR�GD�DWLYLGDGH�

RX�UHPLVVmR�GD�GRHQoD��TXH�p�XP�IHQ{PHQR�FOtQLFR�IUHTXHQWHPHQWH�UHSRUWDGR�SHORV�SDFLHQWHV�
���������������7RGDYLD�� D� OLWHUDWXUD� p� HVFDVVD� GH� HVWXGRV� TXH� H[SOLFDP� FRPR� HVVH� IHQ{PHQR� VH�

GHVHQYROYH�D�SDUWLU�GH�DOWHUDo}HV�QRV�GLYHUVRV�HVWUDWRV�GR�VLVWHPD�QRFLFHSWLYR��HVSHFLDOPHQWH�

QR�JkQJOLR�GD�UDL]�GRUVDO��'HQWUR�GHVVD�SHUVSHFWLYD��QyV�H[SORUDPRV�DV�DOWHUDo}HV�QHVWH�yUJmR�

VHQVRULDO�TXH�SRGHP�FRQWULEXLU�SDUD�D�LGHQWLILFDomR�GH�PHFDQLVPRV�TXH�GHVHQFDGHLDP�D�GRU�

DUWLFXODU�DSyV�D�UHVROXomR�GD�UHVSRVWD�LQIODPDWyULD�QD�DUWULWH��1RVVRV�UHVXOWDGRV�PRVWUDP�TXH�R�

'5*�� D� GHVSHLWR� GD� UHVROXomR� TXH� RFRUUH� QR� VtWLR� DUWLFXODU�� GHVHQYROYH� XP� DPELHQWH�

LQIODPDWyULR�� FDUDFWHUL]DGR� SHOR� DXPHQWR� GH� FpOXODV� ,ED��� H� SHOR� DXPHQWR� QD� H[SUHVVmR� GH�

PROpFXODV� LQIODPDWyULDV��$OpP�GLVVR��YHULILFDPRV�TXH�D�KLSHUDOJHVLD�DUWLFXODU�SHUVLVWHQWH�QR�

PRGHOR�GH�$,$�HVWi�DVVRFLDGD�FRP�R�DXPHQWR�GD�H[SUHVVmR�GH�71)�H�VHX�UHFHSWRU�71)5��QR�

'5*��H�TXH�HOD�SRGH�VHU� UHYHUWLGD�SHOD� DGPLQLVWUDomR� LQWUDWHFDO�RX�VLVWrPLFD�GH�HWDQHUFHSW��

3RUWDQWR��QRVVRV�UHVXOWDGRV�UHIRUoDP�D�LGpLD�GH�TXH�DOJXPDV�DOWHUDo}HV�PROHFXODUHV�H�FHOXODUHV�

QR�JkQJOLR�VHQVRULDO�SRGHP�GHVHQFDGHDU�SURFHVVRV�UHODFLRQDGRV�j�PDQXWHQomR�GD�GRU�DUWLFXODU�

DSyV�D�UHVROXomR�GD�UHVSRVWD�LQIODPDWyULD�QD�DUWULWH��

1yV�XWLOL]DPRV�QHVWH�HVWXGR�R�PRGHOR�GH�$,$��TXH�DSUHVHQWD�XPD�UHVSRVWD�LQIODPDWyULD�

DXWROLPLWDGD��H�VH�FDUDFWHUL]D�SULQFLSDOPHQWH�SHOR�UHFUXWDPHQWR�GH�QHXWUyILORV�SDUD�D�FDYLGDGH�

DUWLFXODU� �������� $SyV� UHDOL]DUPRV� R� GHVDILR� FRP� P%6$�� QyV� REVHUYDPRV� XP� DXPHQWR� QR�

URODPHQWR�H�QD�DGHVmR�GH�OHXFyFLWRV�QD�PLFURYDVFXODWXUD�GR�MRHOKR��FRP�VXEVHTXHQWH�DXPHQWR�

GD� SUHVHQoD� GH� QHXWUyILORV� QD� FDYLGDGH� DFRPHWLGD�� $OpP� GLVVR�� QRVVRV� H[SHULPHQWRV�

GHPRQVWUDUDP� TXH� D� SHUPDQrQFLD� GHVVHV� QHXWUyILORV� QR� VtWLR� LQIODPDWyULR� WHYH� XP� OLPLWH�

SUySULR��DVVRFLDGR�D�XP�UHWRUQR�GRV�QtYHLV�GH�,/��β�H�,/���SDUD�YDORUHV�EDVDLV�H�DXPHQWR�GH�

FpOXODV�PRQRQXFOHDUHV��(VVH�OLPLWH�SRGH�VHU�UHODFLRQDGR�DR�GHVHQFDGHDPHQWR�GR�SURFHVVR�GH�

UHVROXomR�GD�UHVSRVWD�LQIODPDWyULD��'LYHUVRV�WUDEDOKRV�PRVWUDP�TXH�GXUDQWH�HVVD�HWDSD�Ki�XPD�

GLPLQXLomR�GR�UHFUXWDPHQWR�GH�QHXWUyILORV�SDUD�R�VLWLR� LQIODPDWyULR��EHP�FRPR�DXPHQWR�GD�

DSRSWRVH� GHVVDV� FpOXODV�� DFRPSDQKDGR� GH� XPD� GLPLQXLomR� GD� OLEHUDomR� GH� PROpFXODV�

LQIODPDWyULDV�H�DXPHQWR�GR�LQIOX[R�GH�PDFUyIDJRV��YHU�UHIHUrQFLD������3RU�ILP��HVVHV�PDFUyIDJR�

DGTXLUHP�XP�IHQyWLSR�UHVROXWLYR�H�FRQWULEXHP�FRP�R�SURFHVVR�GH�UHPRomR�GRV�QHXWUyILORV�H�
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FHVVDomR� GD� UHVSRVWD� LQIODPDWyULD�� (VVH� FRQMXQWR� GH� HYHQWRV� p� GHSHQGHQWH� GD� OLEHUDomR� GH�

PROpFXODV�SUy�UHVROXWLYDV�TXH�RUTXHVWUDP�WRGR�R�SURFHVVR�GH�UHHVWDEHOHFLPHQWR�GD�KRPHRVWDVH�

WHFLGXDO����–�����$V�REVHUYDo}HV�UHDOL]DGDV�QHVWH�SUHVHQWH� WUDEDOKR�PRVWUDP�TXH�D�$,$�p�XP�

PRGHOR� HP� TXH� D� UHVROXomR� GD� UHVSRVWD� LQIODPDWyULD� RFRUUH� GH� IRUPD� QDWXUDO�� UHVSHLWDQGR�

SURFHVVRV� FHOXODUHV� H� PROHFXODUHV� DPSODPHQWH� GLVFXWLGRV� QD� OLWHUDWXUD� ������� $� DQiOLVH� GRV�

SURFHVVRV�GH�UHVROXomR�HP�XPD�LQIODPDomR�DXWROLPLWDGD�SUHFLVDP�DLQGD�VHU�PHOKRU�GHWDOKDGRV��

XPD�YH]�TXH�HOHV�VmR�UiSLGRV�H�GH�GLItFLO�LGHQWLILFDomR�QRV�WHPSRV�HVWXGDGRV�QHVWH�WUDEDOKR��

'LIHUHQWHPHQWH�GH�4X�H�&DWHULQD���������TXH�HYLGHQFLDUDP�XPD�FHVVDomR�FRQMXQWD�GH�

LQIODPDomR�H�KLSHUDOJHVLD�QR�PRGHOR�GH�$,$������QyV�PRVWUDPRV�TXH�D�UHVSRVWD�QRFLFHSWLYD�QmR�

GLPLQXL� MXQWR� FRP� D� FLQpWLFD� GH� UHVROXomR� H� UHWRUQR� GD� KRPHRVWDVLD� GR� WHFLGR� DIHWDGR��

$FUHGLWDPRV�TXH�D�GLIHUHQoD�HQWUH�D�KLSHUDOJHVLD�UHJLVWUDGD�HP�QRVVR�HVWXGR�H�DTXHOD�REVHUYDGD�

QR�WUDEDOKR�GH�4X�H�&DWDULQD��������SRVVD�VHU�H[SOLFDGR�HP�IXQomR�GR�PpWRGR�XWLOL]DGR�SDUD�

PHQVXUDomR�GD�UHVSRVWD�QRFLFHSWLYD��'LIHUHQWHPHQWH�GHVVHV�DXWRUHV��TXH�FRPSULPLUDP�D�UHJLmR�

DUWLFXODU�GRV�DQLPDLV��QyV�DSOLFDPRV�XP�HVWtPXOR�FDSD]�GH�DOWHUDU�R�kQJXOR�QD�DUWLFXODomR�GR�

MRHOKR�GRV�FDPXQGRQJRV��3RUWDQWR��QyV�HVWLPXODPRV�WHUPLQDLV�GH�ILEUDV�QRFLFHSWLYDV�SUHVHQWHV�

HP�HVWUXWXUDV�PDLV�SURIXQGDV��FRPR�RV�OLJDPHQWRV�����TXH�VmR�FRPSURPHWLGRV�QR�PRGHOR�GH�

$,$������$OpP�GLVVR��RV� UHVXOWDGRV�GRV�H[SHULPHQWRV�FRPSRUWDPHQWDLV��TXH�PRVWUDUDP�XPD�

PDQXWHQomR� GD� KLSHUDOJHVLD� DSyV� D� UHVROXomR� GD� LQIODPDomR�� IRUDP� FRQILUPDGRV� SHOD� IRUWH�

H[SUHVVmR�GH�F�)RV�QRV�QHXU{QLRV�GR�'5*��2�DXPHQWR�QD�H[SUHVVmR�GH�F�)RV�HVWi�UHODFLRQDGD�

FRP�D�DWLYDomR�GH�FRPSRQHQWHV�QHXURQDLV�HP�GLYHUVRV�HVWUDWRV�GR�VLVWHPD�QRFLFHSWLYR����–�����

LQFOXLQGR� R� '5*� ����� 1RVVRV� GDGRV� SRGHP� VHU� FRQILUPDGRV� SHOR� FRQMXQWR� GH� UHVXOWDGRV�

H[SRVWRV�SHORV�WUDEDOKR�GH�6DFKV�HW�DO���������H�/RSHV�HW�DO����������TXH�GHPRQVWUDUDP�TXH�D�

KLSHUDOJHVLD�SHUVLVWH�DSyV�D�UHPLVVmR�GD�LQIODPDomR�DUWLFXODU�QR�PRGHOR�GH�$,$��������(QWUHWDQWR��

RV�PHFDQLVPRV�DVVRFLDGR�D�HVVH�HYHQWR�QmR�IRUDP�DERUGDGR�SRU�HVVHV�DXWRUHV���

1RVVRV� DFKDGRV� LQGLFDP�D� H[LVWrQFLD� GH� XP�PHFDQLVPR� VXEMDFHQWH� à� LQIOXrQFLD� GRV�

HVWtPXORV�LQIODPDWyULRV�QR�MRHOKR�GHVDILDGR��TXH�é�FDSD]�GH�FRQVHUYDU�D�KLSHUDOJHVLD�DUWLFXODU�

DSyV�D�UHVROXomR�GD�UHVSRVWD�LQIODPDWyULD�QR�PRGHOR�GH�$,$��(VVD�KLSyWHVH�SRGH�VHU�MXVWLILFDGD�

SRU� GRLV� PRWLYRV�� 3ULPHLUR�� R� WUDWDPHQWR� FRP� GH[DPHWDVRQD� RX� 3,�.γ� IRUDP� FDSD]HV� GH�

GLPLQXLU�D�LQIODPDomR�DUWLFXODU��SRUpP�QmR�UHYHUWHUDP�D�KLSHUDOJHVLD��6HJXQGR��D�KLSHUDOJpVLD�

DUWLFXODU�SHUVLVWLX� D�GHVSHLWR�GD�GLPLQXLomR�GH� FLWRFLQDV� FDSD]HV�GH� LQGX]LU�XP�DXPHQWR�GD�

H[FLWDELOLGDGH�GH�QRFLFHSWRUHV�DUWLFXODUHV���

(P�QRVVR�HVWXGR��R�WUDWDPHQWR�FRP�GH[DPHWDVRQD�IRL�FDSD]�GH�DEROLU�FRPSOHWDPHQWH�D�

LQIODPDomR�QD� DUWLFXODomR� GRV� DQLPDLV� DUWUtWLFRV��1D�$,$�� HVVH� HIHLWR� HVWi� DVVRFLDGR� FRP�D�
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UHJXODomR�QD�H[SUHVVmR�JrQLFD�GH�FLWRFLQDV�LQIODPDWyULDV�SHOD�DWLYLGDGH�GD�$QH[LQD��������9DJR�

HW�DO���������VXJHUHP�DLQGD�TXH�R�WUDWDPHQWR�FRP�GH[DPHWDVRQD�p�FDSD]�GH�UHGX]LU�D�UHVSRVWD�

LQIODPDWyULD� UHODFLRQDGD� DR� DXPHQWR� QD� H[SUHVVmR� GH� DQH[LQD�$�� LQWDFWD� H� GD� DSRSWRVH� GH�

QHXWUyILORV� ����� $OpP� GLVVR�� PDFUyIDJRV� HVWLPXODGRV� FRP� GH[DPHWDVRQD� DXPHQWDUDP� VXD�

FDSDFLGDGH� GH� HIHURFLWDU� QHXWUyILORV� DSRSWRWLFRV� ����� TXH� p� PDLV� XP� HIHLWR� DVVRFLDGR� jV�

SURSULHGDGHV� SUy�UHVROXWLYDV� GHVVD� GURJD�� &RQWXGR�� DSHVDU� GH� WHUPRV� FRQILUPDGR� TXH� D�

GH[DPHWD]RQD�H[HUFH�XP�HIHLWR�SUy�UHVROXWLYR�QR�PRGHOR�GH�$,$��D�UHYHUVmR�GD�KLSHUDOJHVLD�

REVHUYDGD�DSyV�R�WUDWDPHQWR�FRP�HVVD�GURJD�QmR�IRL�SHUPDQHQWH���

�1yV� PRVWUDPRV�� DLQGD�� TXH� D� DGPLQLVWUDomR� L�D�� GR� LQLELGRU� GH� 3,�Nγ�� $6��������

LQGX]LX� XPD� GLPLQXLomR� GR� Q~PHUR� GH� QHXWUyILORV� H� PDQWHYH� D� TXDQWLGDGH� GH� FpOXODV�

PRQRQXFOHDUHV�QD�FDYLGDGH�DUWLFXODU�GHVDILDGD�FRP�P%6$��(VVH�UHVXOWDGR�HVWi�HP�DFRUGR�FRP�

RV�GDGRV�GH�*DOYmR�HW�DO����������8WLOL]DQGR�XP�PRGHOR�GH�LQGXomR�GH�JRWD�H[SHULPHQWDO�SHOD�

DGPLQLVWUDomR� L�D�� GH� FULVWDLV� GH� XUDWR� PRQRVVyGLFR� �068�� GR� LQJOrV�� PRQRVRGLXP� XUDWH�

FU\VWDOV��� HVVHV� DXWRUHV� HYLGHQFLDUDP� XPD� LQGXomR� GD� UHVROXomR� GD� LQIODPDomR� DSyV� R�

WUDWDPHQWR�FRP�$6��������(OHV�PRVWUDUDP�TXH�HVVD�GURJD�IRL�FDSD]�GH�GLPLQXLU�R�Q~PHUR�GH�

QHXWUyILORV��PDQWHU�DV�FpOXODV�PRQRQXFOHDUHV��DXPHQWDU�D�HIHURFLWRVH�H�GLPLQXLU�RV�QtYHLV�GH�

,/��β�H�71)�QD�FDYLGDGH�DUWLFXODU�DFRPHWLGD��1R�HQWDQWR��GLIHUHQWHPHQWH�GHVVHV�DXWRUHV��QyV�

QmR� REVHUYDPRV� XPD� PHOKRUD� QD� KLSHUDOJHVLD� DUWLFXODU�� (VVD� LQFRQVLVWrQFLD� VREUH� D� DomR�

DQDOJpVLFD�GR�$6�������SRGH�VHU�H[SOLFDGD�SHOD�GLIHUHQoD�QD�LQWHQVLGDGH�GD�KLSHUDOJHVLD��TXH�

SRGH�VHU�SURGX]LGD�GH�IRUPD�HVSHFtILFD�HQWUH�RV�PRGHORV�XWLOL]DGRV��2XWUD�SRVVLELOLGDGH�TXH�

SRGH�H[SOLFDU�HVVD�GLIHUHQoD�p�D�GRVH�DGRWDGD�HP�QRVVR�WUDEDOKR��TXH�IRL����YH]HV�PHQRU�TXH�

DTXHOD�XWLOL]DGD�QR�UHIHULGR�HVWXGR��'H�IRUPD�JHUDO��R�PHFDQLVPR�TXH�SUHVHUYD�D�KLSHUDOJHVLD�

QD� $,$� p� HVWLPXODGR� PHVPR� TXH� D� HILFLrQFLD� GRV� SURFHVVRV� GH� UHVROXomR� GD� UHVSRVWD�

LQIODPDWyULD�VHMD�DPSOLILFDGD�SHOR�WUDWDPHQWR�FRP�GH[DPHWDVRQD�RX�$6���������

'XUDQWH�D�UHVROXomR�QDWXUDO�GD�LQIODPDomR��IRL�REVHUYDGR�TXH�KRXYH�XPD�GLPLQXLomR�

QDV� FRQFHQWUDo}HV� GH� ,/��β, ,/���� ,/����� ,/���� QR� MRHOKR� GH� FDPXQGRQJRV� DUWUtWLFRV� DWé� R�

VHJXQGR�GLD�DSyV�R�GHVDILR�FRP�P%6$��$SHVDU�GHVVDV�FLWRFLQDV�SDUWLFLSDUHP�SHULIHULFDPHQWH�

QR� GHVHQYROYLPHQWR� GD� KLSHUVHQVLELOLGDGH� DUWLFXODU� ���������������–����� HP�QRVVRV� H[SHULPHQWRV�

VXDV�FRQFHQWUDo}HV�QD�DUWLFXODomR�Mi�HUDP�LQVXILFLHQWHV�SDUD�MXVWLILFDU�D�KLSHUDOJHVLD�UHVLGXDO�

YHULILFDGD�DSyV�D�UHVROXomR�GD�UHVSRVWD�LQIODPDWyULD��3RUWDQWR��FRPR�RV�HYHQWRV�SHULIpULFRV�QmR�

IRUDP�FDSD]HV�GH�MXVWLILFDU�D�PDQXWHQomR�GD�VHQVLELOLGDGH�DUWLFXODU��QyV�GLUHFLRQDPRV�QRVVD�

DWHQomR�SDUD�GLIHUHQWHV�UHJL}HV�PRGXODGRUDV�GD�QRFLFHSomR��&RP�LVVR��REMHWLYDPRV�UHVSRQGHU�
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VREUH�FRPR�D�HVVD�KLSHUDOJHVLD�SHUVLVWLX�DSyV�D�UHVROXomR�GD�UHVSRVWD�LQIODPDWyULD�QR�PRGHOR�

GH�$,$��

$OJXQV�PHFDQLVPRV�UHODFLRQDGRV�j�LQWHUDomR�HQWUH�R�VLVWHPD�LPXQH�H�RV�FRPSRQHQWHV�GR�

VLVWHPD� QRFLFHSWLYR� RIHUHFHP� XPD� SHUVSHFWLYD� SDUD� D� FRPSUHHQVmR� GRV� SURFHVVRV� TXH�

DXPHQWDP�D�VHQVLELOLGDGH�VHQVRULDO���������0XLWRV�GHVVHV�PHFDQLVPRV�SRGHP�RFRUUHU�QR�'5*�

FRPR�HIHLWR�GD�DOWHUDomR�QR�SHUILO� GH�PROpFXODV� LQIODPDWyULDV�HP�VHX�PLFURDPELHQWH�H�SHOD�

DWLYDomR� GH� FRPSRQHQWHV� FHOXODUHV� SUHVHQWHV� QHVVH� yUJmR� ����� 9iULRV� WUDEDOKRV� DSRQWDP� D�

SDUWLFLSDomR�GH�71)��,/�β��,/���&2;��L126�H�&;&/��GXUDQWH�R�HYHQWR�GH�VHQVLELOL]DomR�GR�

QHXU{QLR�QRFLFHSWLYR�SUHVHQWH�QR�'5*��RX�QR�GHVHQYROYLPHQWR�GD�KLSHUDOJHVLD����–�����3RUpP��

SRXFRV�HVWXGRV�H[SORUDP�DV�PXGDQoDV�QR�DPELHQWH� LQIODPDWyULR�GHVVH�yUJmR�RX�UHODFLRQDP�

HVVDV� PXGDQoDV� j� GRU� DUWLFXODU� REVHUYDGD� HP� FRQGLo}HV� QmR� LQIODPDWyULDV� HP�PRGHORV� GH�

LQGXomR�GH�DUWULWH��(P�QRVVR�HVWXGR��HQWmR��QyV�DYDOLDPRV�VH�R�'5*�DSUHVHQWRX�DOWHUDo}HV�QR�

SHUILO�GH�H[SUHVVmR�GH�PROpFXODV�LQIODPDWyULDV�DSyV�D�UHVROXomR�GD�LQIODPDomR�QR�VtWLR�DUWLFXODU��

1yV�PRVWUDPRV�TXH��DOpP�GR�DXPHQWR�QD�DWLYDomR�GH�FpOXODV�,ED���QR�'5*��KRXYH�WDPEpP�XP�

DXPHQWR�QD�H[SUHVVmR�GH�71)��,/��β��,/����&2;���L126�H�&;&/��QHVVH�yUJmR�VHQVRULDO���

(P�VHJXLGD��QyV�GHPRQVWUDPRV�TXH�KRXYH�XP�DXPHQWR�QD�H[SUHVVmR�GH�71)�QR�'5*�DSyV�

D�IDVH�GH�UHVROXomR�GD�UHVSRVWD�LQIODPDWyULD�QR�MRHOKR�GH�DQLPDLV�VXEPHWLGRV�j�$,$��'H�IDWR��D�

DomR� GH� 71)� QR� '5*� SRGH� JHUDU� XP� HIHLWR� SUR�QRFLFHSWLYR� ����� H� D� KLSHUH[SUHVVmR� GHVVD�

PROpFXOD� QHVVH� yUJmR� HVWi� UHODFLRQDGD� FRP� R� DXPHQWR� GD� VHQVLELOLGDGH� j� GRU� HP� GLYHUVDV�

FRQGLo}HV�SDWROyJLFDV�FRPR�SRU�H[HPSOR�QD�GRU�QHXURSiWLFD������QD�QHXUDOJLD�KHUSpWLFD�DJXGD�
����H�QD�GLDEHWHV�QHXURSiWLFD������$OpP�GLVVR��R�71)�p�SURGX]LGR�SRU�PDFUyIDJRV�QR�'5*������

'HVVD� IRUPD�� p� SRVVtYHO� TXH� HP� QRVVR� WUDEDOKR� D� IRQWH� GH� 71)� WHQKD� VLGR� RULXQGD� GH�

PDFUyIDJRV�,ED���SUHVHQWHV�QR�'5*��1R�HQWDQWR��YDOH�UHVVDOWDU�TXH�R�DXPHQWR�QRV�QtYHLV�GH�

71)�IRUDP�YHULILFDGRV�VRPHQWH�QR�'5*�/���(VVH�p�XP�GDGR�TXH�FDUDFWHUL]D�D�LPSRUWkQFLD�TXH�

HVSHFLILFDPHQWH� HVVH� '5*� DSUHVHQWD� SDUD� R� GHVHQYROYLPHQWR� GD� KLSHUDOJHVLD� QR� MRHOKR� GH�

FDPXQGRQJRV�� 3RVVLYHOPHQWH�� XPD� JUDQGH� GHQVLGDGH� GH� WHUPLQDLV� SHULIpULFRV� GH� ILEUDV�

DIHUHQWHV� SULPDULDV� FXMRV� FRUSRV� FHOXODUHV� HVWmR� DORMDGRV� QR�'5*�/��� FRQVWLWXHP� R�PDLRU�

FDPSR�UHFHSWLYR�QHVVD�DUWLFXODomR��

(P� FRQGLo}HV� LQIODPDWyULDV�� R� DXPHQWR� QD� H[SUHVVmR� GH� 71)5�� QR�'5*� SRGH� VHU�

REVHUYDGR� WDQWR� HP� FpOXODV� QHXURQDLV� TXDQWR� HP� FpOXODV� QmR� QHXURQDLV� ����� 2� DXPHQWR� QD�

H[SUHVVmR�GR�UHFHSWRU�71)5���QR�HQWDQWR��ILFD�UHVWULWR�jV�FpOXODV�QmR�QHXURQDLV������1D�DUWULWH��

DV� DOWHUDo}HV� QR� SHUILO� GH� H[SUHVVmR� GHVVHV� UHFHSWRUHV� QR�'5*� QmR� DSUHVHQWD� FRQVHQVR� QD�

OLWHUDWXUD�� (P� XP�PRGHOR� GH� DUWULWH� LQGX]LGD� SRU� &)$�� ,QJOLV� HW� DO�� ������� HYLGHQFLRX� XP�
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DXPHQWR�HP�71)5��QDV�FpOXODV�QHXUDLV�H�71)5��HP�PDFUyIDJRV�LQILOWUDGRV�QR�'5*������1R�

HQWDQWR��%RUWWJHU�HW�DO���������PRVWURX�TXH��DSHVDU�GH�FpOXODV�GH�PpGLR�H�SHTXHQR�FDOLEUH�QR�

'5*�H[SUHVVDUHP�71)5��H�71)5���D�SURSRUomR�GHVVHV�UHFHSWRUHV�QmR�VH�DOWHUD�GXUDQWH�D�$,$�
�����(P�QRVVRV�H[SHULPHQWRV��D�H[SUHVVmR�GR�JHQH�GH�71)5��QR�'5*�GLPLQXLX�QRV�WHPSRV�GH�

��H���GLDV�DSyV�D�LQGXomR�GD�$,$��$�DWLYDomR�GHVVH�UHFHSWRU�HVWi�UHODFLRQDGD�DR�DXPHQWR�GD�

H[FLWDELOLGDGH�QHXURQDO�GHSHQGHQWH�GD�H[SUHVVmR�GH�7539�������H�j�GLVSRQLELOLGDGH�GHVVH�FDQDO�

QD� VXSHUItFLH� QHXURQDO� GH� QRFLFHSWRUHV� �����(QWUHWDQWR�� DOpP�GD� GLPLQXLomR� GD� H[SUHVVmR�GH�

71)5��QR�'5*��QmR�REVHUYDPRV�TXDOTXHU�DOWHUDomR�QRV�QtYHLV�GH�7539��QR�'5*�DR�ORQJR�

GD�$,$�� (VVHV� UHVXOWDGRV�� SRUWDQWR�� GHPRQVWUDP� TXH� D�PDQXWHQomR� GD� KLSHUDOJHVLD� DSyV� D�

UHVROXomR�GD�UHVSRVWD�LQIODPDWyULD�QD�$,$�QmR�SRGH�VHU�H[SOLFDGD�SHOD�DWLYDomR�GH�71)5���3RU�

RXWUR�ODGR��HP�QRVVRV�H[SHULPHQWRV�GHPRQVWUDPRV�TXH�KRXYH�XP�DXPHQWR�QD�H[SUHVVmR�GH�

71)5����GLDV�DSyV�D�LQGXomR�GD�$,$��-i�IRL�GHPRQVWUDGR���TXH�D�H[SUHVVmR�GHVVH�UHFHSWRU�SRGH�

VHU� HYLGHQFLDGD� HP� PDFUyIDJRV� TXH� PLJUDP� SDUD� R� '5*� GH� DQLPDLV� DUWUtWLFRV� H� TXH� VmR�

DVVRFLDGRV�j�GRU�DUWLFXODU����������(VVHV�PDFUyIDJRV�TXH�H[SUHVVDP�71)5��UHSUHVHQWDP�XPD�YLD�

DOWHUQDWLYD� SHOD� TXDO� R� 71)� SRGHULD� PRGXODU� D� IXQomR� QHXURQDO� QR� '5*� ����� $SHVDU� GH�

SRGHUPRV�DILUPDU�TXH�R�DXPHQWR�QD�H[SUHVVmR�GH�71)5��HVWi�DVVRFLDGR�FRP�D�PDQXWHQomR�GD�

KLSHUQRFLFHSomR�QR�PRGHOR�GH�$,$��QyV�QmR�YHULILFDPRV�HP�TXDO�WLSR�FHOXODU�HVVH�UHFHSWRU�HVWD�

H[HUFHQGR�VXD�LQIOXrQFLD���

$�LQIODPDomR�HP�UHJL}HV�HVSHFtILFDV�GD�PHGXOD�HVSLQKDO��FRPR�SRU�H[HPSOR�QR�&'0(��

HVWi�DVVRFLDGD�DR�GHVHQYROYLPHQWR�GD�GRU�HP�XPD�VpULH�GH�FRQGLo}HV�SDWROyJLFDV���������1D�$,$��

D� H[SUHVVmR� GH� 71)� QD� PHGXOD� HVSLQKDO� HVWi� UHODFLRQDGD� FRP� R� DXPHQWR� GD� UHVSRVWD�

KLSHUQRFLFHSWLYD�HP�FDPXQGRQJRV����������4XDGURV�HW�DO���������GHPRQVWUDUDP�TXH��HP�DQLPDLV�

SUHYLDPHQWH�LPXQL]DGRV��R�GHVDILR�FRP�XPD�GRVH�HOHYDGD�GH�P%6$�����μJ��MRHOKR��IRL�FDSD]�

GH�SURGX]LU�XPD�LQWHQVD�UHVSRVWD�KLSHUQRFLFHSWLYD�DVVRFLDGD�DR�DXPHQWR�GD�H[SUHVVmR�GH�71)�

H� j� DWLYDomR� GH� FpOXODV� GD� PLFUyJOLD� QD� PHGXOD� HVSLQKDO� ����� (VVHV� PHVPRV� DXWRUHV� DLQGD�

GHPRQVWUDUDP�TXH�D�DGPLQLVWUDomR�LQWUDWHFDO�GH�GURJDV�TXH�QHXWUDOL]DP�R�71)�RX�TXH�HYLWDP�

D� DWLYDomR� GH� FpOXODV� GD� PLFUyJOLD� PHOKRUDP� D� KLSHUQRFLFHSomR� LQGX]LGD� SHOD� $,$� �����

&RUURERUDQGR�HVVHV�UHVXOWDGRV��HP�XP�PRGHOR�GH�DUWULWH�LQGX]LGD�SRU�FROiJHQR��D�UHYHUVmR�GD�

KLSHUQRFLFHSomR�SHUVLVWHQWH�IRL�SURGX]LGD�SHOD�LQLELomR�GD�DWLYDomR�GD�PLFUyJOLD�H�GH�DVWUyFLWRV�

DSyV� D� DGPLQLVWUDomR� LQWUDWHFDO� GH�PLQRFLFOOLQD� RX� SHQWR[LIHQLOLQD�� UHVSHFWLYDPHQWH� �����(P�

FRQWUDVWH��QyV�YHULILFDPRV�TXH�R�GHVDILR�LQWUD�DUWLFXODU�FRP�XPD�GRVH�GH���μJ�GH�P%6$�QR�

MRHOKR� GH� DQLPDLV� SUHYLDPHQWH� LPXQL]DGRV� IRL� LQVXILFLHQWH� SDUD� SURGX]LU� XP� DXPHQWR� QD�

H[SUHVVmR�JrQLFD�GH�71)�� ,ED��RX�*)$3�QR�&'0(�DSyV�D� IDVH�UHVROXWLYD�QD�$,$��3RUpP��
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GXUDQWH�HVVH�PHVPR�SHUtRGR��D�LQMHomR�LQWUDWHFDO�GH�HWDQHUFHSW�SURYRFRX�XPD�GLPLQXLomR�GD�

UHVSRVWD� QRFLFHSWLYD�� (QWmR�� FRQVLGHUDPRV� D� SRVVLELOLGDGH� GH� TXH� RV� UHFHSWRUHV� SDUD� 71)�

HVWDULDP�VHQGR�DWLYDGRV�QR�FRUQR�GRUVDO�SRU�OLJDQWHV�SURYHQLHQWHV�GH�IRQWHV�QmR�PHGXODUHV��,VVR�

MXVWLILFDULD�D�UHGXomR�GD�UHVSRVWD�QRFLFHSWLYD�LQGX]LGD�SHOD�LQMHomR�LQWUDWHFDO�GH�HWDQHUFHSW��TXH�

HVWDULD�QHXWUDOL]DQGR�R�71)�GH�IRQWHV�VHFXQGiULDV�H��FRQVHTXHQWHPHQWH��LPSHGLQGR�D�OLJDomR�

GHVVD�FLWRFLQD�D�VHXV�UHFHSWRUHV�QD�PHGXOD�HVSLQKDO��1R�HQWDQWR��DLQGD�TXH�RV�UHFHSWRUHV�GH�

71)�SRVVDP� LQIOXHQFLDU�R�JUDX�GH� H[FLWDELOLGDGH�GH� FpOXODV� VHQVRULDLV� SUHVHQWHV�QR�&'0(�

GXUDQWH�D�GRU� LQIODPDWyULD� �����QmR�REVHUYDPRV�TXDOTXHU�DOWHUDomR�QR�QtYHO�GH�H[SUHVVmR�GH�

71)5�� RX�71)5�� QHVVD� UHJLmR��'HVVD� IRUPD�� XPD� YH]� TXH� R� HWDQHUFHSW� LQMHWDGR� SHOD� YLD�

LQWUDWHFDO�QmR�SRGHULD� WHU�H[HUFLGR�VHXV�HIHLWRV�DQWLQRFLFHSWLYRV�QR�&'0(��QyV�DFUHGLWDPRV�

TXH�HOH�WHQKD�QHXWUDOL]DGR�R�71)�REVHUYDGR�QR�'5*�DSyV�D�UHVROXomR�GD�LQIODPDomR��$SHVDU�

GD�URWD�GH�DGPLQLVWUDomR�LQWUDWHFDO�VHU�WUDGLFLRQDOPHQWH�XVDGD�SDUD�GDU�DFHVVR�j�PHGXOD�HVSLQKDO�
�����PROpFXODV� LQMHWDGDV�SRU� HVVH�YLD� VH� HVSDOKDP�SHOR� HVSDoR� VXEDUDFQyLGHR�H� DOFDQoDP�DV�

HVWUXWXUDV�GR�JkQJOLR�VHQVRULDO����������/RJR��R�71)�SURGX]LGR�QR�'5*�SDUHFH�WHU�VLGR�GH�IDWR�

R� UHVSRQViYHO� SHOR� GHVHQYROYLPHQWR� GD� KLSHUDOJHVLD� DUWLFXODU� SHUVLVWHQWH� QRV� DQLPDLV�

VXEPHWLGRV�j�$,$����

$�UHJLmR�ULFD�HP�FRUSRV�FHOXODUHV�GR�'5*�p�H[WHQVLYDPHQWH�YDVFXODUL]DGD������2V�YDVRV�

GHVVD�UHJLmR�VmR�IHQHVWUDGRV�H�H[SUHVVDP�XP�SDGUmR�GH�SURWHtQDV�GH�RFOXVmR�TXH�FRQIHUHP�DR�

'5*�XPD�JUDQGH�SHUPHDELOLGDGH�SDUD�GLIHUHQWHV�FRPSRVWRV��GH�EDL[R�RX�DOWR�SHVR�PROHFXODU�
���–����� (VVD� SURSULHGDGH� YDVFXODU� GR� '5*� IRL� FRQILUPDGD� SRU� QRVVRV� H[SHULPHQWRV�� 1yV�

FRQVWDWDPRV�TXH�R�D]XO�GH�,YDQ�VLVWHPLFDPHQWH�DGPLQLVWUDGR�DOFDQoD�D�UHJLmR�ULFD�HP�FRUSRV�

FHOXODUHV�GR�'5*���GLDV�DSyV�D�LQGXomR�GD�$,$��$�PDQXWHQomR�GHVVD�SHUPHDELOLGDGH�GXUDQWH�

R�SHUtRGR�HP�TXH�R�71)�HVWi�HOHYDGR�QR�'5*�SRGH�RIHUHFHU�XPD�YDQWDJHP�LPSRUWDQWH�SDUD�R�

WUDWDPHQWR�GD�GRU�SHUVLVWHQWH��TXH�p�IUHTXHQWHPHQWH�REVHUYDGD�HP�SDFLHQWHV�DUWUtWLFRV��'H�IDWR��

GURJDV� TXH� VmR� DGPLQLVWUDGDV� VLVWHPLFDPHQWH� SRGHP� SHQHWUDU� H� VH� DFXPXODU� QR� '5*� �����

WUDQVIRUPDQGR�HVVH�yUJmR�VHQVRULDO�HP�XP�SRWHQFLDO�DOYR�IDUPDFROyJLFR������1HVVD�SHUVSHFWLYD��

QRVVRV� H[SHULPHQWRV� VXJHUHP� TXH� D� DGPLQLVWUDomR� VLVWrPLFD� GH� HWDQHUFHSW�� XP� IiUPDFR�

DPSODPHQWH� XWLOL]DGR� QD� FOtQLFD�� IRL� FDSD]� GH� QHXWUDOL]DU� R� 71)� SUHVHQWH� QR� '5*� DSyV� D�

UHVROXomR�GD�UHVSRVWD�LQIODPDWyULD�QR�MRHOKR��(VVD�VXSRVLomR�p�SURYHQLHQWH�GD�REVHUYDomR�GH�

TXH� D� LQMHomR� VXEFXWkQHD� GH� HWDQHUFHSW� GLPLQXLX� JUDGXDOPHQWH� D� LQWHQVLGDGH� GD� UHVSRVWD�

QRFLFHSWLYD� QRV� DQLPDLV� DFRPHWLGRV� SHOD�$,$�� $OpP� GLVVR� p� SRVVtYHO� DILUPDU� TXH� R� HIHLWR�

DQWLQRFLFHSWLYR�GR�HWDQHUFHSW�QmR�IRL�XP�SURGXWR�GH�VXD�DWLYLGDGH�QD�DUWLFXODomR�DIHWDGD��,VVR�
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VH�GHYH�DR�IDWR�GH�TXH�D�GURJD�IRL�DGPLQLVWUDGD���GLDV�DSyV�D�LQGXomR�GD�$,$��TXDQGR�Mi�QmR�

KDYLD�TXDOTXHU�VLQDO�GH�LQIODPDomR�QR�MRHOKR�GHVDILDGR�FRP�P%6$���

$SHVDU�GR�&'0(�QmR�WHU�DSUHVHQWDGR�TXDOTXHU�PXGDQoD�QD�H[SUHVVmR�GH�,ED���*)$3�

RX�71)��QyV�REVHUYDPRV�XP�DXPHQWR�QD�DGHVmR�GH�OHXFyFLWRV�QD�PLFURYDVFXODWXUD�GD�UHJLmR�

SRVWHULRU�GD�LQWXPHVFrQFLD�ORPEDU��&RQVLGHUDQGR�TXH�D�UDL]�GRUVDO�GR�'5*�SHQHWUD�QD�PHGXOD�

HVSLQKDO� HP� XPD� UHJLmR� SUy[LPD� jTXHOD� TXH� IRL� DQDOLVDGD� SRU� PLFURVFRSLD� LQWUDYLWDO��

DFUHGLWDPRV�TXH�D�QHXURLQIODPDomR�TXH�VH�GHVHQYROYHX�QR�JkQJOLR�VHQVRULDO�SRVVD�WHU�H[HUFLGR�

DOJXPD� LQIOXrQFLD� VRE� D� DWLYDomR� YDVFXODU� QD�PHGXOD� HVSLQKDO�� (VVH� DFKDGR� SRGH� DVFHQGHU�

DOJXPDV�KLSyWHVHV�VREUH�D�VHTXrQFLD�GH�HYHQWRV�QHXURLPXQHV�TXH�JHUDP�R�GHVHQYROYLPHQWR�GD�

VHQVLELOLGDGH�HVSLQKDO��3RUpP��D�FDUDFWHUL]DomR�GHVVH�IHQ{PHQR�GHYH�VHU�PHOKRU�LQYHVWLJDGD��

6XPDUL]DQGR�� QyV� PRVWUDPRV� TXH� R� '5*� GHVHQYROYH� HP� VHX� PLFURDPELHQWH� XPD�

FRQGLomR� LQIODPDWyULD� WUDQVLHQWH�� FRP� DXPHQWR� GD� H[SUHVVmR� JrQLFD� GH� GLYHUVDV� FLWRFLQDV��

$SDUHQWHPHQWH�� HVVH� VWDWXV� LQIODPDWyULR� QR� '5*� SDUHFH� LQIOXHQFLDU� QR� DXPHQWR� VXWLO� GD�

DWLYLGDGH�QD�PLFURYDVFXODWXUD�SUHVHQWH�QD�PHGXOD�HVSLQKDO��$OpP�GLVVR��QRVVR�SULQFLSDO�DFKDGR�

GHPRQVWUD�TXH�D�VHQVLELOLGDGH�DUWLFXODU�SHUVLVWHQWH�REVHUYDGD�QD�$,$�p�DVVRFLDGD�DR�DXPHQWR�

GD�H[SUHVVmR�GH�71)�H�GD�H[SUHVVmR�JrQLFD�GR�VHX�UHFHSWRU�71)5��QR�'5*��(VVDV�DOWHUDo}HV�

UHSUHVHQWDP�XP�PHFDQLVPR�LQWUtQVHFR�GR�'5*��FDSD]�GH�LQGX]LU�D�PDQXWHQomR�GD�KLSHUDOJHVLD�

DUWLFXODU� VHP� TXH� KDMD� TXDOTXHU� VLQDO� GH� LQIODPDomR� QR� MRHOKR� DFRPHWLGR�� (VVH� HYHQWR� VH�

GHVHQFDGHLD�GH�IRUPD�LQGHSHQGHQWH�GD�DWLYDomR�GH�FpOXODV�GD�PLFUyJOLD�H�GD�SDUWLFLSDomR�GR�

71)�QR�&'0(��
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��� &21&/86­2�

2�71)�H[SUHVVR�GR�'5*�/��DWXD�QR�SURFHVVR�GH�PDQXWHQomR�GD�KLSHUDOJHVLD�DUWLFXODU�

DSyV�D�UHVROXomR�GD�UHVSRVWD�LQIODPDWyULD�QR�PRGHOR�GH�$,$���
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��� 5()(5Ç1&,$6�

��� 0HG]KLWRY�� 5�� ,QIODPPDWLRQ� ������ 1HZ� $GYHQWXUHV� RI� DQ� 2OG� )ODPH�� &HOO� ��������

GRL���������M�FHOO�������������

��� 0HG]KLWRY�� 5�� 2ULJLQ� DQG� SK\VLRORJLFDO� UROHV� RI� LQIODPPDWLRQ�� 1DWXUH� ��������

GRL���������QDWXUH������

��� 6FDUERURXJK��-��	�0DMQR��*��7KH�+HDOLQJ�+DQG��0DQ�DQG�:RXQG�LQ�WKH�$QFLHQW�:RUOG��

$P��+LVW��5HY����������GRL�����������������

��� .RODF]NRZVND�� (�� 	� .XEHV�� 3�� 1HXWURSKLO� UHFUXLWPHQW� DQG� IXQFWLRQ� LQ� KHDOWK� DQG�

LQIODPPDWLRQ��1DWXUH�5HYLHZV�,PPXQRORJ\���������GRL���������QUL�����

��� 6RHKQOHLQ��2���6WHIIHQV��6���+LGDOJR��$��	�:HEHU��&��1HXWURSKLOV�DV�SURWDJRQLVWV�DQG�

WDUJHWV� LQ� FKURQLF� LQIODPPDWLRQ�� 1DWXUH� 5HYLHZV� ,PPXQRORJ\� ��������

GRL���������QUL���������

��� +\XQ��<��0��HW�DO��8URSRG�HORQJDWLRQ�LV�D�FRPPRQ�ILQDO�VWHS�LQ�OHXNRF\WH�H[WUDYDVDWLRQ�

WKURXJK�LQIODPHG�YHVVHOV��-��([S��0HG����������GRL���������MHP����������

��� /H\�� .��� /DXGDQQD�� &��� &\EXOVN\�� 0�� ,�� 	� 1RXUVKDUJK�� 6�� *HWWLQJ� WR� WKH� VLWH� RI�

LQIODPPDWLRQ��7KH� OHXNRF\WH�DGKHVLRQ�FDVFDGH�XSGDWHG��1DWXUH�5HYLHZV� ,PPXQRORJ\�

��������GRL���������QUL�����

��� =DUERFN��$���/H\��.���0F(YHU��5��3��	�+LGDOJR��$��/HXNRF\WH�OLJDQGV�IRU�HQGRWKHOLDO�

VHOHFWLQV�� 6SHFLDOL]HG� JO\FRFRQMXJDWHV� WKDW�PHGLDWH� UROOLQJ� DQG� VLJQDOLQJ� XQGHU� IORZ��

%ORRG���������GRL���������EORRG����������������

��� YDQ�2RVWURP��$��-���YDQ�:LMN��-��3���6LMPRQVPD��7��3���5DEHOLQN��7��-��	�&DVWUR�&DEH]DV��

0��,QFUHDVHG�H[SUHVVLRQ�RI�DFWLYDWLRQ�PDUNHUV�RQ�PRQRF\WHV�DQG�QHXWURSKLOV�LQ�W\SH���

GLDEHWHV��1HWK��-��0HG����������

���� %D]]RQL�� *�� 	� +HPOHU�� 0�� (�� $UH� FKDQJHV� LQ� LQWHJULQ� DIILQLW\� DQG� FRQIRUPDWLRQ�

RYHUHPSKDVL]HG"� 7UHQGV� LQ� %LRFKHPLFDO� 6FLHQFHV� �������� GRL���������6�����

����������������

���� &DUPDQ��&��9��	�6SULQJHU��7��$��,QWHJULQ�DYLGLW\�UHJXODWLRQ��$UH�FKDQJHV�LQ�DIILQLW\�DQG�

FRQIRUPDWLRQ� XQGHUHPSKDVL]HG"� &XUUHQW� 2SLQLRQ� LQ� &HOO� %LRORJ\� ��������

GRL���������M�FHE�������������

���� :RRGILQ��$���9RLVLQ��0��%��	�1RXUVKDUJK��6��5HFHQW�GHYHORSPHQWV�DQG�FRPSOH[LWLHV�LQ�

QHXWURSKLO� WUDQVPLJUDWLRQ�� &XUUHQW� 2SLQLRQ� LQ� +HPDWRORJ\� ��������

GRL���������02+��E���H�����������
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���� %ULQNPDQQ��9��HW�DO��1HXWURSKLO�([WUDFHOOXODU�7UDSV�.LOO�%DFWHULD��6FLHQFH������������������

GRL���������VFLHQFH���������

���� %RUUHJDDUG�� 1�� 1HXWURSKLOV�� IURP� 0DUURZ� WR� 0LFUREHV�� ,PPXQLW\� ��������

GRL���������M�LPPXQL�������������

���� +lJHU��0���&RZODQG��-��%��	�%RUUHJDDUG��1��1HXWURSKLO�JUDQXOHV�LQ�KHDOWK�DQG�GLVHDVH��

-RXUQDO�RI�,QWHUQDO�0HGLFLQH���������GRL���������M����������������������[�

���� 3HUH]��'��$��HW�DO��6ZLWFKLQJ�2II�.H\�6LJQDOLQJ�6XUYLYDO�0ROHFXOHV�WR�6ZLWFK�2Q�WKH�

5HVROXWLRQ�RI�,QIODPPDWLRQ��0HGLDWRUV�,QIODPP����������GRL���������������������

���� 6XJLPRWR��0��$���6RXVD��/��3���3LQKR��9���3HUUHWWL��0��	�7HL[HLUD��0��0��5HVROXWLRQ�RI�

LQIODPPDWLRQ�� :KDW� FRQWUROV� LWV� RQVHW"� )URQWLHUV� LQ� ,PPXQRORJ\� ��������

GRL���������ILPPX������������

���� *RQoDOYHV��:��$���0HOmR��$��&��5���7HL[HLUD��0��0���5H]HQGH��%��0��	�3LQKR��9��3UR�

UHVROYLQJ� PHGLDWRUV�� LQ� ,PPXQRSKDUPDFRORJ\� DQG� ,QIODPPDWLRQ� ��������

GRL��������������������������B��

���� 6LOPDQ�� $�� -�� 	� 3HDUVRQ�� -�� (�� (SLGHPLRORJ\� DQG� JHQHWLFV� RI� UKHXPDWRLG� DUWKULWLV��

$UWKULWLV�UHVHDUFK���������

���� 1JR��6��7���6WH\Q��)�� -��	�0FFRPEH��3��$��)URQWLHUV� LQ�1HXURHQGRFULQRORJ\�*HQGHU�

GLIIHUHQFHV� LQ� DXWRLPPXQH� GLVHDVH�� )URQW�� 1HXURHQGRFULQRO�� ��������

GRL���������M�\IUQH�������������

���� 9LDWWH��6���3ODQW��'��	�5D\FKDXGKXUL��6��*HQHWLFV�DQG�HSLJHQHWLFV�RI�UKHXPDWRLG�DUWKULWLV��

1DWXUH�5HYLHZV�5KHXPDWRORJ\���������GRL���������QUUKHXP����������

���� 0DNU\JLDQQDNLV�� '�� HW� DO�� 6PRNLQJ� LQFUHDVHV� SHSWLG\ODUJLQLQH� GHLPLQDVH� �� HQ]\PH�

H[SUHVVLRQ�LQ�KXPDQ�OXQJV�DQG�LQFUHDVHV�FLWUXOOLQDWLRQ�LQ�%$/�FHOOV��$QQ��5KHXP��'LV��

��������GRL���������DUG�������������

���� /XJOL��(��%��HW�DO��([SUHVVLRQ�RI�FLWUXOOLQH�DQG�KRPRFLWUXOOLQH�UHVLGXHV�LQ�WKH�OXQJV�RI�

QRQ�VPRNHUV� DQG� VPRNHUV�� ,PSOLFDWLRQV� IRU� DXWRLPPXQLW\� LQ� UKHXPDWRLG� DUWKULWLV��

$UWKULWLV�5HV��7KHU����������GRL���������V���������������[�

���� 6QLU��2��HW�DO��$QWLERGLHV�WR�VHYHUDO�FLWUXOOLQDWHG�DQWLJHQV�DUH�HQULFKHG�LQ�WKH�MRLQWV�RI�

UKHXPDWRLG�DUWKULWLV�SDWLHQWV��$UWKULWLV�5KHXP����������GRL���������DUW�������

���� &DWULQD��$��,���-LPP\�<WWHUEHUJ��$���5H\QLVGRWWLU��*���0DOPVWU|P��9��	�.ODUHVNRJ��/��

/XQJV��MRLQWV�DQG�LPPXQLW\�DJDLQVW�FLWUXOOLQDWHG�SURWHLQV�LQ�UKHXPDWRLG�DUWKULWLV��1DWXUH�

5HYLHZV�5KHXPDWRORJ\���������GRL���������QUUKHXP����������

���� *H��&��HW�DO��$QWL�FLWUXOOLQDWHG�SURWHLQ�DQWLERGLHV�FDXVH�DUWKULWLV�E\�FURVV�UHDFWLYLW\� WR�
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MRLQW�FDUWLODJH��-&,�LQVLJKW���������GRL���������MFL�LQVLJKW�������

���� 'RQJ��;��HW�DO��$&3$V�SURPRWH�,/��β�SURGXFWLRQ�LQ�UKHXPDWRLG�DUWKULWLV�E\�DFWLYDWLQJ�

WKH�1/53��LQIODPPDVRPH��&HOO��0RO��,PPXQRO����������GRL���������V���������������

��

���� *UHJHUVHQ�� 3�� .��� 6LOYHU�� -�� 	�:LQFKHVWHU�� 5�� -�� 7KH� VKDUHG� HSLWRSH� K\SRWKHVLV�� DQ�

DSSURDFK� WR� XQGHUVWDQGLQJ� WKH� PROHFXODU� JHQHWLFV� RI� VXVFHSWLELOLW\� WR� UKHXPDWRLG�

DUWKULWLV��$UWKULWLV�5KHXP����������GRL���������DUW������������

���� /LX�� <�� HW� DO�� (SLJHQRPH�ZLGH� DVVRFLDWLRQ� GDWD� LPSOLFDWH� '1$� PHWK\ODWLRQ� DV� DQ�

LQWHUPHGLDU\� RI� JHQHWLF� ULVN� LQ� UKHXPDWRLG� DUWKULWLV�� 1DW�� %LRWHFKQRO�� ��������

GRL���������QEW������

���� *RPH]�&DEUHUR��'�� HW� DO��+LJK�VSHFLILFLW\� ELRLQIRUPDWLFV� IUDPHZRUN� IRU� HSLJHQRPLF�

SURILOLQJ�RI�GLVFRUGDQW�WZLQV�UHYHDOV�VSHFLILF�DQG�VKDUHG�PDUNHUV�IRU�$&3$�DQG�$&3$�

SRVLWLYH�UKHXPDWRLG�DUWKULWLV��*HQRPH�0HG����������GRL���������V�����������������

���� 0HQJ��:��HW�DO��'1$�PHWK\ODWLRQ�PHGLDWHV�JHQRW\SH�DQG�VPRNLQJ� LQWHUDFWLRQ� LQ� WKH�

GHYHORSPHQW� RI� DQWL�FLWUXOOLQDWHG� SHSWLGH� DQWLERG\�SRVLWLYH� UKHXPDWRLG� DUWKULWLV��

$UWKULWLV�5HV��7KHU����������GRL���������V�����������������

���� )UDQN�%HUWRQFHOM�� 0�� HW� DO�� (SLJHQHWLFDOO\�GULYHQ� DQDWRPLFDO� GLYHUVLW\� RI� V\QRYLDO�

ILEUREODVWV� JXLGHV� MRLQW�VSHFLILF� ILEUREODVW� IXQFWLRQV�� 1DW�� &RPPXQ�� ��������

GRL���������QFRPPV������

���� 6WROW��3��HW�DO��6LOLFD�H[SRVXUH�LV�DVVRFLDWHG�ZLWK�LQFUHDVHG�ULVN�RI�GHYHORSLQJ�UKHXPDWRLG�

DUWKULWLV�� 5HVXOWV� IURP� WKH� 6ZHGLVK� (,5$� VWXG\�� $QQ�� 5KHXP�� 'LV�� ��������

GRL���������DUG�������������

���� 6WROW��3��HW�DO��6LOLFD�H[SRVXUH�DPRQJ�PDOH�FXUUHQW�VPRNHUV�LV�DVVRFLDWHG�ZLWK�D�KLJK�ULVN�

RI� GHYHORSLQJ� $&3$�SRVLWLYH� UKHXPDWRLG� DUWKULWLV�� $QQ�� 5KHXP�� 'LV�� ��������

GRL���������DUG�������������

���� &KHQ��-��HW�DO��$Q�H[SDQVLRQ�RI�UDUH�OLQHDJH�LQWHVWLQDO�PLFUREHV�FKDUDFWHUL]HV�UKHXPDWRLG�

DUWKULWLV��*HQRPH�0HG����������GRL���������V�����������������

���� +DMLVKHQJDOOLV�� *�� 3HULRGRQWLWLV�� )URP� PLFURELDO� LPPXQH� VXEYHUVLRQ� WR� V\VWHPLF�

LQIODPPDWLRQ��1DWXUH�5HYLHZV�,PPXQRORJ\���������GRL���������QUL�����

���� .RQLJ��0��)��HW�DO��$JJUHJDWLEDFWHU�DFWLQRP\FHWHPFRPLWDQV�LQGXFHG�K\SHUFLWUXOOLQDWLRQ�

OLQNV�SHULRGRQWDO� LQIHFWLRQ� WR�DXWRLPPXQLW\� LQ� UKHXPDWRLG�DUWKULWLV��6FL��7UDQVO��0HG��

��������GRL���������VFLWUDQVOPHG�DDM�����

���� /MXQJ�� /�� 	� 5DQWDSll�'DKOTYLVW�� 6�� $EGRPLQDO� REHVLW\�� JHQGHU� DQG� WKH� ULVN� RI�
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UKHXPDWRLG� DUWKULWLV� �� D� QHVWHG� FDVH�FRQWURO� VWXG\�� $UWKULWLV� 5HV�� 7KHU�� ��������

GRL���������V�����������������

���� 9HUVWDSSHQ��6��0��0��5KHXPDWRLG�DUWKULWLV�DQG�ZRUN��7KH�LPSDFW�RI�UKHXPDWRLG�DUWKULWLV�

RQ�DEVHQWHHLVP�DQG�SUHVHQWHHLVP��%HVW�3UDFWLFH�DQG�5HVHDUFK��&OLQLFDO�5KHXPDWRORJ\�

��������GRL���������M�EHUK�������������

���� /DSVOH\��+��0��HW�DO��/LYLQJ�ZLWK�UKHXPDWRLG�DUWKULWLV��([SHQGLWXUHV��KHDOWK�VWDWXV��DQG�

VRFLDO�LPSDFW�RQ�SDWLHQWV��$QQ��5KHXP��'LV����������GRL���������DUG����������

���� Kłak, A., Raciborski, F. & Samel�.RZDOLN��3��6RFLDO�LPSOLFDWLRQV�RI�UKHXPDWLF�GLVHDVHV��

5HXPDWRORJLD���������GRL���������UHXP������������

���� :DQUXFKDGD�.DWFKDPDUW���3RQJWKRUQ�1DURQJURHNQDZLQ��:��&��DQG�3��7��+HDOWK�UHODWHG�

TXDOLW\�RI�OLIH�LQ�SDWLHQWV�ZLWK�UKHXPDWRLG�DUWKULWLV��%0&�5KHXPDWRO�������������
���� 6DPEDPRRUWKL��8���6KDK��'��	�=KDR��;��+HDOWKFDUH�EXUGHQ�RI�GHSUHVVLRQ�LQ�DGXOWV�ZLWK�

DUWKULWLV�� ([SHUW� 5HYLHZ� RI� 3KDUPDFRHFRQRPLFV� DQG� 2XWFRPHV� 5HVHDUFK� ��������

GRL�������������������������������

���� 'LFNHQV�� &���0F*RZDQ�� /��� &ODUN�&DUWHU�� '��	� &UHHG�� )�� 'HSUHVVLRQ� LQ� UKHXPDWRLG�

DUWKULWLV�� $� V\VWHPDWLF� UHYLHZ� RI� WKH� OLWHUDWXUH� ZLWK� PHWD�DQDO\VLV�� 3V\FKRVRPDWLF�

0HGLFLQH���������GRL����������������������������������

���� 1HUXUNDU�� /��� 6LHEHUW�� 6��� 0F,QQHV�� ,�� %�� 	� &DYDQDJK�� -�� 5KHXPDWRLG� DUWKULWLV� DQG�

GHSUHVVLRQ�� DQ� LQIODPPDWRU\� SHUVSHFWLYH�� 7KH� /DQFHW� 3V\FKLDWU\� ��������

GRL���������6���������������������

���� 0DVL��$��7��$UWLFXODU�SDWWHUQV�LQ�WKH�HDUO\�FRXUVH�RI�UKHXPDWRLG�DUWKULWLV��$P��-��0HG��

��������GRL������������������������������

���� 6PROHQ� -RVHI��$OHWDKD�'DQLHO�� %DUWRQ�$QQH�� %XUPHVWHU�*HUG�� (PHU\� 3DXO�� )LUHVWHLQ�

*DU\�� .DYDQDXJK� $UWKXU�� ,DLQ� 0F,QQHV�� 6RORPRQ� 'DQLHO�� 6WUDQG� 9LEHNH�� <�� .��

5KHXPDWRLG�DUWKULWLV��1DW��5HY��'LV��3ULP�������������

���� :ULJKW��+��/���0RRWV��5��-��	�(GZDUGV��6��:��7KH�PXOWLIDFWRULDO�UROH�RI�QHXWURSKLOV�LQ�

UKHXPDWRLG� DUWKULWLV�� 1DWXUH� 5HYLHZV� 5KHXPDWRORJ\� ��������

GRL���������QUUKHXP���������

���� 1LHOHQ��0��0��-��HW�DO��6SHFLILF�$XWRDQWLERGLHV�3UHFHGH�WKH�6\PSWRPV�RI�5KHXPDWRLG�

$UWKULWLV��$�6WXG\�RI�6HULDO�0HDVXUHPHQWV�LQ�%ORRG�'RQRUV��$UWKULWLV�5KHXP����������

GRL���������DUW�������

���� 5DQWDSll�'DKOTYLVW��6��HW�DO��$QWLERGLHV�$JDLQVW�&\FOLF�&LWUXOOLQDWHG�3HSWLGH�DQG�,J$�

5KHXPDWRLG�)DFWRU�3UHGLFW�WKH�'HYHORSPHQW�RI�5KHXPDWRLG�$UWKULWLV��$UWKULWLV�5KHXP��



�

�

���

��������GRL���������DUW�������

���� =LII��0��5HODWLRQ�RI�FHOOXODU�LQILOWUDWLRQ�RI�UKHXPDWRLG�V\QRYLDO�PHPEUDQH�WR�LWV�LPPXQH�

UHVSRQVH��$UWKULWLV�5KHXP����������GRL���������DUW������������

���� %DUWRN�� %�� 	� )LUHVWHLQ�� *�� 6�� )LEUREODVW�OLNH� V\QRYLRF\WHV�� .H\� HIIHFWRU� FHOOV� LQ�

UKHXPDWRLG� DUWKULWLV�� ,PPXQRORJLFDO� 5HYLHZV� �������� GRL���������M������

����������������[�

���� /HIqYUH��6��HW�DO��6\QRYLDO�ILEUREODVWV�VSUHDG�UKHXPDWRLG�DUWKULWLV�WR�XQDIIHFWHG�MRLQWV��

1DW��0HG����������GRL���������QP������

���� 0XUSK\��*��	�1DJDVH��+��5HDSSUDLVLQJ�PHWDOORSURWHLQDVHV�LQ�UKHXPDWRLG�DUWKULWLV�DQG�

RVWHRDUWKULWLV�� 'HVWUXFWLRQ� RU� UHSDLU"�1DWXUH� &OLQLFDO� 3UDFWLFH� 5KHXPDWRORJ\� ��������

GRL���������QFSUKHXP�����

���� Hallett, M. B. & Lloyds, D. Neutrophil priming: the cellular signals that say ‘amber’ but 

not ‘green’. ,PPXQRO��7RGD\���������GRL������������������������������

���� &KDNUDYDUWL��$���5DTXLO��0��$���7HVVLHU��3��	�3RXEHOOH��3��(��6XUIDFH�5$1./�RI�7ROO�

OLNH� UHFHSWRU� ��VWLPXODWHG� KXPDQ� QHXWURSKLOV� DFWLYDWHV� RVWHRFODVWLF� ERQH� UHVRUSWLRQ��

%ORRG���������GRL���������EORRG����������������

���� 5HGOLFK�� .�� 	� 6PROHQ�� -�� 6�� ,QIODPPDWRU\� ERQH� ORVV�� 3DWKRJHQHVLV� DQG� WKHUDSHXWLF�

LQWHUYHQWLRQ��1DWXUH�5HYLHZV�'UXJ�'LVFRYHU\���������GRL���������QUG�����

���� %DUDO�� 3��� 8GLW�� 6��	�&KLX�� ,��0�� 3DLQ� DQG� LPPXQLW\�� LPSOLFDWLRQV� IRU� KRVW� GHIHQFH��

1DWXUH�5HYLHZV�,PPXQRORJ\���������GRL���������V�����������������

���� 6FKDLEOH��+��*��1RFLFHSWLYH�QHXURQV�GHWHFW�F\WRNLQHV�LQ�DUWKULWLV��$UWKULWLV�5HVHDUFK�DQG�

7KHUDS\���������GRL���������V�����������������

���� 9HUUL��:��$�� HW� DO�� +\SHUQRFLFHSWLYH� UROH� RI� F\WRNLQHV� DQG� FKHPRNLQHV�� 7DUJHWV� IRU�

DQDOJHVLF� GUXJ� GHYHORSPHQW"� 3KDUPDFRORJ\� DQG� 7KHUDSHXWLFV� ��������

GRL���������M�SKDUPWKHUD�������������

���� &RRN��$��'���&KULVWHQVHQ��$��'���7HZDUL��'���0F0DKRQ��6��%��	�+DPLOWRQ��-��$��,PPXQH�

&\WRNLQHV� DQG�7KHLU�5HFHSWRUV� LQ� ,QIODPPDWRU\�3DLQ��7UHQGV� LQ� ,PPXQRORJ\� ��������

GRL���������M�LW�������������

���� 6PROHQ�� -�� 6�� HW� DO�� 7UHDWLQJ� UKHXPDWRLG� DUWKULWLV� WR� WDUJHW�� ����� XSGDWH� RI� WKH�

UHFRPPHQGDWLRQV� RI� DQ� LQWHUQDWLRQDO� WDVN� IRUFH�� $QQ�� 5KHXP�� 'LV�� ��������

GRL���������DQQUKHXPGLV�������������

���� &KDW]LGLRQ\VLRX�� .�� HW� DO�� (IILFDF\� RI� JOXFRFRUWLFRLGV�� FRQYHQWLRQDO� DQG� WDUJHWHG�

V\QWKHWLF� GLVHDVH�PRGLI\LQJ� DQWLUKHXPDWLF� GUXJV�� $� V\VWHPDWLF� OLWHUDWXUH� UHYLHZ�
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LQIRUPLQJ� WKH� ����� XSGDWH� RI� WKH� (8/$5� UHFRPPHQGDWLRQV� IRU� WKH�PDQDJHPHQW� RI�

UKHXPDWRLG�DUWKULWLV��$QQ��5KHXP��'LV����������GRL���������DQQUKHXPGLV�������������

���� %XUPHVWHU��*��5��	�3RSH��-��(��1RYHO�WUHDWPHQW�VWUDWHJLHV�LQ�UKHXPDWRLG�DUWKULWLV��7KH�

/DQFHW���������GRL���������6���������������������

���� *XR�� 4�� HW� DO�� 5KHXPDWRLG� DUWKULWLV�� 3DWKRORJLFDO� PHFKDQLVPV� DQG� PRGHUQ�

SKDUPDFRORJLF�WKHUDSLHV��%RQH�5HVHDUFK���������GRL���������V�����������������

���� 7D\ORU��3��HW�DO��3DWLHQW�SHUFHSWLRQV� FRQFHUQLQJ�SDLQ�PDQDJHPHQW� LQ� WKH� WUHDWPHQW�RI�

UKHXPDWRLG�DUWKULWLV��-��,QW��0HG��5HV����������GRL����������������������������

���� +HLEHUJ��7��	�.YLHQ��7��.��3UHIHUHQFHV�IRU�LPSURYHG�KHDOWK�H[DPLQHG�LQ�������SDWLHQWV�

ZLWK� UKHXPDWRLG� DUWKULWLV�� 3DLQ� KDV� KLJKHVW� SULRULW\�� $UWKULWLV� 5KHXP�� ��������

GRL���������DUW�������

���� 0LQQRFN�� 3��� )LW]*HUDOG�� 2�� 	� %UHVQLKDQ�� %�� :RPHQ� ZLWK� HVWDEOLVKHG� UKHXPDWRLG�

DUWKULWLV�SHUFHLYH�SDLQ�DV� WKH�SUHGRPLQDQW� LPSDLUPHQW�RI�KHDOWK� VWDWXV��5KHXPDWRORJ\�

��������GRL���������UKHXPDWRORJ\�NHJ����

���� 6WDFN�-���5��-��HW�DO��6\PSWRP�FRPSOH[HV�LQ�SDWLHQWV�ZLWK�VHURSRVLWLYH�DUWKUDOJLD�DQG�LQ�

SDWLHQWV� QHZO\� GLDJQRVHG� ZLWK� UKHXPDWRLG� DUWKULWLV�� $� TXDOLWDWLYH� H[SORUDWLRQ� RI�

V\PSWRP� GHYHORSPHQW�� 5KHXPDWRO�� �8QLWHG� .LQJGRP�� ��������

GRL���������UKHXPDWRORJ\�NHX����

���� 6DU]L�3XWWLQL�� 3�� HW� DO�� &RUUHODWLRQ� RI� WKH� VFRUH� IRU� VXEMHFWLYH� SDLQ� ZLWK� SK\VLFDO�

GLVDELOLW\�FOLQLFDO� DQG� UDGLRJUDSKLF� VFRUHV� LQ� UHFHQW� RQVHW� UKHXPDWRLG� DUWKULWLV�� %0&�

0XVFXORVNHOHW��'LVRUG����������GRL������������������������

���� 6RNND��7���.DQNDLQHQ��$��	�+DQQRQHQ��3��6FRUHV� IRU� IXQFWLRQDO�GLVDELOLW\� LQ�SDWLHQWV�

ZLWK� UKHXPDWRLG� DUWKULWLV� DUH� FRUUHODWHG� DW� KLJKHU� OHYHOV� ZLWK� SDLQ� VFRUHV� WKDQ� ZLWK�

UDGLRJUDSKLF� VFRUHV�� $UWKULWLV� 5KHXP�� �������� GRL��������������

����������������������$,'�$15��!����&2���=�

���� .RMLPD�� 0�� HW� DO�� 'HSUHVVLRQ�� LQIODPPDWLRQ�� DQG� SDLQ� LQ� SDWLHQWV� ZLWK� UKHXPDWRLG�

DUWKULWLV��$UWKULWLV�&DUH�5HV����������GRL���������DUW�������

���� %R\GHQ��6��'���+RVVDLQ��,��1���:RKOIDKUW��$��	�/HH��<��&��1RQ�LQIODPPDWRU\�&DXVHV�RI�

3DLQ� LQ� 3DWLHQWV� ZLWK� 5KHXPDWRLG� $UWKULWLV�� &XUUHQW� 5KHXPDWRORJ\� 5HSRUWV� ��������

GRL���������V�����������������

���� .RRS��6��0��:���WHQ�.ORRVWHU��3��0���9RQNHPDQ��+��(���6WHXQHEULQN��/��0��0��	�YDQ�GH�

/DDU�� 0�� $�� )�� -�� 1HXURSDWKLF�OLNH� SDLQ� IHDWXUHV� DQG� FURVV�VHFWLRQDO� DVVRFLDWLRQV� LQ�

UKHXPDWRLG�DUWKULWLV��$UWKULWLV�5HV��7KHU����������GRL���������V�����������������
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���� 0DUN�-��0LOODQ��'HVFHQGLQJ�FRQWURO�RI�SDLQ��3URJ��1HXURELRO���������–������������

���� 6FKRO]�� -�� 	� :RROI�� &�� -�� &DQ� ZH� FRQTXHU� SDLQ"� 1DWXUH� 1HXURVFLHQFH� ��������

GRL���������QQ����

���� 'XELQ��$��(��	�3DWDSRXWLDQ��$��1RFLFHSWRUV��7KH�VHQVRUV�RI�WKH�SDLQ�SDWKZD\��-RXUQDO�

RI�&OLQLFDO�,QYHVWLJDWLRQ���������GRL���������-&,������

���� Julius, D. & Basbaum, A. I. Molecular mechanisms of nociception : Abstract : Nature. 

1DWXUH���������–������������

���� %DVEDXP�� $�� ,��� %DXWLVWD�� '�� 0��� 6FKHUUHU�� *�� 	� -XOLXV�� '�� &HOOXODU� DQG� 0ROHFXODU�

0HFKDQLVPV�RI�3DLQ��&HOO���������GRL���������M�FHOO�������������

���� 9DOWFKHYD��0��9�� HW� DO��6XUJLFDO� H[WUDFWLRQ�RI�KXPDQ�GRUVDO� URRW�JDQJOLD� IURP�RUJDQ�

GRQRUV� DQG� SUHSDUDWLRQ� RI� SULPDU\� VHQVRU\� QHXURQ� FXOWXUHV�� 1DW�� 3URWRF�� ��������

GRL���������QSURW����������

���� 5XVK�� $��0��	�:D[PDQ�� 6�� *�� 'RUVDO� 5RRW� *DQJOLRQ�1HXURQV�� LQ�(QF\FORSHGLD� RI�

1HXURVFLHQFH���������GRL���������%������������������������

���� 1DVFLPHQWR��$�� ,���0DU�� )��0��	�6RXVD��0��0��7KH� LQWULJXLQJ� QDWXUH� RI� GRUVDO� URRW�

JDQJOLRQ� QHXURQV�� /LQNLQJ� VWUXFWXUH� ZLWK� SRODULW\� DQG� IXQFWLRQ�� 3URJUHVV� LQ�

1HXURELRORJ\���������GRL���������M�SQHXURELR�������������

���� :RROI�� &�� -�� 	� 0D�� 4�� 1RFLFHSWRUV�1R[LRXV� 6WLPXOXV� 'HWHFWRUV�� 1HXURQ� ��������

GRL���������M�QHXURQ�������������

���� .XQHU�� 5�� &HQWUDO� PHFKDQLVPV� RI� SDWKRORJLFDO� SDLQ�� 1DWXUH� 0HGLFLQH� ��������

GRL���������QP������

���� 0DQW\K��3��:��HW�DO��,QKLELWLRQ�RI�K\SHUDOJHVLD�E\�DEODWLRQ�RI�ODPLQD�,�VSLQDO�QHXURQV�

H[SUHVVLQJ� WKH� VXEVWDQFH� 3� UHFHSWRU�� 6FLHQFH� ������ ��� ��������

GRL���������VFLHQFH��������������

���� 6.2*/81'��6��$QDWRPLFDO�DQG�SK\VLRORJLFDO�VWXGLHV�RI�NQHH�MRLQW�LQQHUYDWLRQ�LQ�WKH�

FDW��$FWD�3K\VLRO��6FDQG��6XSSO����������

���� 6$08(/��(��3��7KH�DXWRQRPLF�DQG�VRPDWLF�LQQHUYDWLRQ�RI�WKH�DUWLFXODU�FDSVXOH��$QDW��

5HF����������GRL���������DU������������

���� 6FKDLEOH��+��*��	�*UXEE��%��'��$IIHUHQW� DQG� VSLQDO�PHFKDQLVPV�RI� MRLQW� SDLQ��3DLQ�

��������GRL����������������������������S�

���� 0DSS��3��,��,QQHUYDWLRQ�RI�WKH�V\QRYLXP��LQ�$QQDOV�RI�WKH�5KHXPDWLF�'LVHDVHV���������

GRL���������DUG����������

���� 2VV\VVHN��%���$QGHUV��6���*ULIND��-��	�6WUDXE��5��+��6XUJLFDO�V\QRYHFWRP\�GHFUHDVHV�
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GHQVLW\� RI� VHQVRU\� QHUYH� ILEHUV� LQ� V\QRYLDO� WLVVXH� RI� QRQ�LQIODPHG� FRQWUROV� DQG�

UKHXPDWRLG�DUWKULWLV�SDWLHQWV��-��2UWKRS��5HV����������GRL���������MRU�������

���� .HOO\��6��HW�DO��6SRQWDQHRXV�ILULQJ�LQ�&�ILEHUV�DQG�LQFUHDVHG�PHFKDQLFDO�VHQVLWLYLW\�LQ�$�

ILEHUV�RI�NQHH�MRLQW�DVVRFLDWHG�PHFKDQRUHFHSWLYH�SULPDU\�DIIHUHQW�QHXURQHV�GXULQJ�0,$�

LQGXFHG� RVWHRDUWKULWLV� LQ� WKH� UDW�� 2VWHRDUWKU�� &DUWLO�� ��������

GRL���������M�MRFD�������������

���� 6FKDLEOH��+��*��	�6FKPLGW��5��)��(IIHFWV� RI� DQ� H[SHULPHQWDO� DUWKULWLV� RQ� WKH� VHQVRU\�

SURSHUWLHV� RI� ILQH� DUWLFXODU� DIIHUHQW� XQLWV�� -�� 1HXURSK\VLRO�� ��������

GRL���������MQ����������������

���� %DV��'��%���6X��-���:LJHUEODG��*��	�6YHQVVRQ��&��,��3DLQ�LQ�UKHXPDWRLG�DUWKULWLV��PRGHOV�

DQG�PHFKDQLVPV��3DLQ�0DQDJ����������GRL���������SPW������

���� %UDFNHUW]��'���0LWFKHOO�� *�� )��	�0DFND\�� ,�� 5�� $QWLJHQ�LQGXFHG� DUWKULWLV� LQ�PLFH�� ,��

,QGXFWLRQ�RI�DUWKULWLV�LQ�YDULRXV�VWUDLQV�RI�PLFH��$UWKULWLV�5KHXP����������

���� &RRNH��7��'��	�-DVLQ��+��(��7KH�SDWKRJHQHVLV�RI�FKURQLF�LQIODPPDWLRQ�LQ�H[SHULPHQWDO�

DQWLJHQ‐LQGXFHG�DUWKULWLV��,��7KH�UROH�RI�DQWLJHQ�RQ�WKH�ORFDO�LPPXQH�UHVSRQVH��$UWKULWLV�

5KHXP����������GRL���������DUW������������

���� &KRXGKDU\��1���%KDWW�� /��.��	�3UDEKDYDONDU��.�� 6�� ([SHULPHQWDO� DQLPDO�PRGHOV� IRU�

UKHXPDWRLG� DUWKULWLV�� ,PPXQRSKDUPDFRORJ\� DQG� ,PPXQRWR[LFRORJ\� ��������

GRL�������������������������������

���� /RSHV��)��HW�DO��5HVROXWLRQ�RI�QHXWURSKLOLF� LQIODPPDWLRQ�E\�+�2��LQ�DQWLJHQ�LQGXFHG�

DUWKULWLV��$UWKULWLV�5KHXP����������GRL���������DUW�������

���� 6DFKV��'�� HW� DO�� &RRSHUDWLYH� UROH� RI�71)�DOSKD�� ,/��EHWD� DQG� QHXWURSKLOV� LQ� D� QRYHO�

EHKDYLRXUDO� PRGHO� WKDW� FRQFRPLWDQWO\� GHPRQVWUDWHV� DUWLFXODU� LQIODPPDWLRQ� DQG�

K\SHUQRFLFHSWLRQ� LQ� PLFH�� %U� -� 3KDUPDFRO� �������� GRL���������M������

����������������[�

���� &RHOKR�� )�� 0�� HW� DO�� 7KH� FKHPRNLQH� UHFHSWRUV� &;&5��&;&5�� PRGXODWH� DQWLJHQ�

LQGXFHG�DUWKULWLV�E\�UHJXODWLQJ�DGKHVLRQ�RI�QHXWURSKLOV�WR�WKH�V\QRYLDO�PLFURYDVFXODWXUH��

$UWKULWLV�5KHXP����������GRL���������DUW�������

����� &RVWD�� 9�� 9�� HW� DO�� /LWKRWKDPQLRQ� PXHOOHUL� WUHDWPHQW� DPHOLRUDWHV� LQIODPPDWRU\� DQG�

K\SHUQRFLFHSWLYH� UHVSRQVHV� LQ� DQWLJHQ�LQGXFHG� DUWKULWLV� LQ� PLFH�� 3/R6� 2QH� ��������

GRL���������MRXUQDO�SRQH���������

����� .DQDVKLUR�� $�� HW� DO�� 1HXWURSKLO� 5HFUXLWPHQW� DQG�$UWLFXODU� +\SHUDOJHVLD� LQ� $QWLJHQ�

,QGXFHG�$UWKULWLV�DUH�0RGXODWHG�E\�WKH�&KROLQHUJLF�$QWL�,QIODPPDWRU\�3DWKZD\��%DVLF�
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���

&OLQ��3KDUPDFRO��7R[LFRO����������GRL���������EFSW�������

����� 4XDGURV��$��8��HW�DO��'\QDPLF�ZHLJKW�EHDULQJ�LV�DQ�HIILFLHQW�DQG�SUHGLFWDEOH�PHWKRG�IRU�

HYDOXDWLRQ�RI�DUWKULWLF�QRFLFHSWLRQ�DQG�LWV�SDWKRSK\VLRORJLFDO�PHFKDQLVPV�LQ�PLFH��6FL��

5HS����������GRL���������VUHS������

����� /DWUHPROLHUH�� $�� 	� :RROI�� &�� -�� &HQWUDO� 6HQVLWL]DWLRQ�� $� *HQHUDWRU� RI� 3DLQ�

+\SHUVHQVLWLYLW\� E\� &HQWUDO� 1HXUDO� 3ODVWLFLW\�� -RXUQDO� RI� 3DLQ� ��������

GRL���������M�MSDLQ�������������

����� 6FKDLEOH�� +��*�� HW� DO�� 7KH� UROH� RI� SURLQIODPPDWRU\� F\WRNLQHV� LQ� WKH� JHQHUDWLRQ� DQG�

PDLQWHQDQFH� RI� MRLQW� SDLQ�� $QQ�� 1�� <�� $FDG�� 6FL�� �������� GRL���������M������

����������������[�

����� (EELQJKDXV��0��HW�DO��7KH�UROH�RI�LQWHUOHXNLQ��β�LQ�DUWKULWLF�SDLQ��0DLQ�LQYROYHPHQW�LQ�

WKHUPDO�� EXW� QRW� PHFKDQLFDO�� K\SHUDOJHVLD� LQ� UDW� DQWLJHQ�LQGXFHG� DUWKULWLV�� $UWKULWLV�

5KHXP����������GRL���������DUW�������

����� 0��� (�� HW� DO�� ,QWHUOHXNLQ���GHSHQGHQW� LQIOXHQFH� RI� QRFLFHSWLYH� VHQVRU\� QHXURQV� RQ�

DQWLJHQ�LQGXFHG�DUWKULWLV��$UWKULWLV�5HV��7KHU����������GRL���������V�����������������

����� %RHWWJHU��0��.��HW�DO��$QWLQRFLFHSWLYH�HIIHFWV�RI�WXPRU�QHFURVLV�IDFWRU�α�QHXWUDOL]DWLRQ�

LQ� D� UDW� PRGHO� RI� DQWLJHQ�LQGXFHG� DUWKULWLV�� (YLGHQFH� RI� D� QHXURQDO� WDUJHW�� $UWKULWLV�

5KHXP����������GRL���������DUW�������

����� 3LQWR��/��*��HW�DO��,/����PHGLDWHV�DUWLFXODU�K\SHUQRFLFHSWLRQ�LQ�DQWLJHQ�LQGXFHG�DUWKULWLV�

LQ�PLFH��3DLQ���������GRL���������M�SDLQ�������������

����� 3LQWR��/��*��HW�DO��-RLQW�SURGXFWLRQ�RI�,/����SDUWLFLSDWHV�LQ�WKH�LQLWLDO�SKDVH�RI�DQWLJHQ�

LQGXFHG� DUWKULWLV� WKURXJK� ,/��β� SURGXFWLRQ�� $UWKULWLV� 5HV�� 7KHU�� ��������

GRL���������V�����������������

����� .DZDVDNL�� <��� =KDQJ�� /��� &KHQJ�� -�� .��	� -L�� 5�� 5�� &\WRNLQH�PHFKDQLVPV� RI� FHQWUDO�

VHQVLWL]DWLRQ��'LVWLQFW�DQG�RYHUODSSLQJ�UROH�RI�LQWHUOHXNLQ��β��LQWHUOHXNLQ����DQG�WXPRU�

QHFURVLV� IDFWRU�α� LQ� UHJXODWLQJ�V\QDSWLF�DQG�QHXURQDO�DFWLYLW\� LQ� WKH�VXSHUILFLDO� VSLQDO�

FRUG��-��1HXURVFL����������GRL���������-1(8526&,��������������

����� 6DPDG��7��$��HW�DO��,QWHUOHXNLQ���β�PHGLDWHG�LQGXFWLRQ�RI�&R[���LQ�WKH�&16�FRQWULEXWHV�

WR�LQIODPPDWRU\�SDLQ�K\SHUVHQVLWLYLW\��1DWXUH���������GRL������������������

����� +RQRUH�� 3�� HW� DO��0XULQH�PRGHOV� RI� LQIODPPDWRU\�� QHXURSDWKLF� DQG� FDQFHU� SDLQ� HDFK�

JHQHUDWHV�D�XQLTXH�VHW�RI�QHXURFKHPLFDO�FKDQJHV�LQ�WKH�VSLQDO�FRUG�DQG�VHQVRU\�QHXURQV��

1HXURVFLHQFH���������GRL���������6�������������������;�

����� 5DJKDYHQGUD��9��� 7DQJD�� )��<��	�'H/HR�� -�� $�� &RPSOHWH� )UHXQGV� DGMXYDQW�LQGXFHG�
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���

SHULSKHUDO� LQIODPPDWLRQ� HYRNHV� JOLDO� DFWLYDWLRQ� DQG� SURLQIODPPDWRU\� F\WRNLQH�

H[SUHVVLRQ�LQ�WKH�&16��(XU��-��1HXURVFL����������GRL���������M����������������������[�

����� &RKHQ�� 6�� 	� (PHU\�� 3�� 7KH� $PHULFDQ� &ROOHJH� RI� 5KHXPDWRORJ\�(XURSHDQ� /HDJXH�

$JDLQVW� 5KHXPDWLVP� FULWHULD� IRU� WKH� FODVVLILFDWLRQ� RI� UKHXPDWRLG� DUWKULWLV�� $� JDPH�

FKDQJHU��$UWKULWLV�DQG�5KHXPDWLVP���������GRL���������DUW�������

����� 4XHLUR]�-XQLRU��&��0��HW�DO��([SHULPHQWDO�DUWKULWLV�WULJJHUV�SHULRGRQWDO�GLVHDVH�LQ�PLFH��

LQYROYHPHQW� RI� 71)�α� DQG� WKH� RUDO� 0LFURELRWD�� -�� ,PPXQRO�� ��������

GRL���������MLPPXQRO���������

����� 9HLKHOPDQQ��$��HW�DO��$�QRYHO�PRGHO�IRU�WKH�VWXG\�RI�V\QRYLDO�PLFURFLUFXODWLRQ�LQ�WKH�

PRXVH�NQHH�MRLQW�LQ�YLYR��5HV��([S��0HG����������GRL���������V�������������

����� 0HVWUH��&���3pOLVVLHU��7���)LDOLS�� -���:LOFR[��*��	�(VFKDOLHU��$��$�PHWKRG� WR�SHUIRUP�

GLUHFW� WUDQVFXWDQHRXV� LQWUDWKHFDO� LQMHFWLRQ� LQ� UDWV�� -�� 3KDUPDFRO�� 7R[LFRO�� 0HWKRGV�

��������GRL������������������������������

����� %UDGIRUG�� 0�� 0�� $� UDSLG� DQG� VHQVLWLYH� PHWKRG� IRU� WKH� TXDQWLWDWLRQ� RI� PLFURJUDP�

TXDQWLWLHV� RI� SURWHLQ� XWLOL]LQJ� WKH� SULQFLSOH� RI� SURWHLQ�G\H� ELQGLQJ�� $QDO�� %LRFKHP��

��������GRL������������������������������

����� *DOYmR�� ,�� HW� DO�� 7KH� LQKLELWLRQ� RI� SKRVSKRLQRVLWLGH��� NLQDVHV� LQGXFH� UHVROXWLRQ� RI�

LQIODPPDWLRQ�LQ�D�JRXW�PRGHO��)URQW��3KDUPDFRO����������GRL���������ISKDU������������

����� 9DJR��-��3��HW�DO��7KH�5ROH�DQG�(IIHFWV�RI�*OXFRFRUWLFRLG�,QGXFHG�/HXFLQH�=LSSHU�LQ�WKH�

&RQWH[W� RI� ,QIODPPDWLRQ� 5HVROXWLRQ�� -�� ,PPXQRO�� ��������

GRL���������MLPPXQRO���������

����� -L��5��5���&KDPHVVLDQ��$��	�=KDQJ��<��4��3DLQ� UHJXODWLRQ�E\�QRQ�QHXURQDO�FHOOV�DQG�

LQIODPPDWLRQ��6FLHQFH���������GRL���������VFLHQFH�DDI�����

����� +HQVHOOHN�� 6���%UHOO�� 3��� 6FKDLEOH��+��*���%UlXHU��5��	�6HJRQG�YRQ�%DQFKHW��*��7KH�

F\WRNLQH� 71)α� LQFUHDVHV� WKH� SURSRUWLRQ� RI� '5*� QHXURQHV� H[SUHVVLQJ� WKH� 7539��

UHFHSWRU� YLD� WKH� 71)5�� UHFHSWRU� DQG� (5.� DFWLYDWLRQ��0RO�� &HOO�� 1HXURVFL�� ��������

GRL���������M�PFQ�������������

����� 5RPHUR�6DQGRYDO��$���&KDL��1���1XWLOH�0F0HQHP\��1��	�'H/HR��-��$��$�FRPSDULVRQ�

RI�VSLQDO�,ED��DQG�*)$3�H[SUHVVLRQ�LQ�URGHQW�PRGHOV�RI�DFXWH�DQG�FKURQLF�SDLQ��%UDLQ�

5HV����������GRL���������M�EUDLQUHV�������������

����� %HUWD��7���4DGUL��<���7DQ��3��+��	�-L��5��5��7DUJHWLQJ�GRUVDO�URRW�JDQJOLD�DQG�SULPDU\�

VHQVRU\� QHXURQV� IRU� WKH� WUHDWPHQW� RI� FKURQLF� SDLQ�� ([SHUW� 2SLQLRQ� RQ� 7KHUDSHXWLF�

7DUJHWV���������GRL�������������������������������
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���

����� -LPHQH]�$QGUDGH��-��0��HW�DO��9DVFXODUL]DWLRQ�RI�WKH�GRUVDO�URRW�JDQJOLD�DQG�SHULSKHUDO�

QHUYH�RI�WKH�PRXVH��,PSOLFDWLRQV�IRU�FKHPLFDO�LQGXFHG�SHULSKHUDO�VHQVRU\�QHXURSDWKLHV��

0RO��3DLQ���������GRL������������������������

����� &KULVWLDQVRQ��&��$��HW�DO��&KDUDFWHUL]DWLRQ�RI�WKH�DFXWH�DQG�SHUVLVWHQW�SDLQ�VWDWH�SUHVHQW�

LQ�.�%[1�VHUXP�WUDQVIHU�DUWKULWLV��3DLQ���������GRL���������M�SDLQ�������������

����� ,QJOLV��-��-��HW�DO��7KH�GLIIHUHQWLDO�FRQWULEXWLRQ�RI�WXPRXU�QHFURVLV�IDFWRU�WR�WKHUPDO�DQG�

PHFKDQLFDO� K\SHUDOJHVLD� GXULQJ� FKURQLF� LQIODPPDWLRQ�� $UWKULWLV� 5HV�� 7KHU�� ��������

GRL���������DU�����

����� 6HJRQG�YRQ�%DQFKHW��*��HW� DO��([SHULPHQWDO� DUWKULWLV� FDXVHV� WXPRU�QHFURVLV� IDFWRU�α�

GHSHQGHQW�LQILOWUDWLRQ�RI�PDFURSKDJHV�LQWR�UDW�GRUVDO�URRW�JDQJOLD�ZKLFK�FRUUHODWHV�ZLWK�

SDLQ�UHODWHG�EHKDYLRU��3DLQ���������GRL���������M�SDLQ�������������

����� 1LHWR��)��5���&ODUN��$��.���*ULVW�� -���&KDSPDQ��9��	�0DOFDQJLR��0��&DOFLWRQLQ�JHQH�

UHODWHG�SHSWLGH�H[SUHVVLQJ�VHQVRU\�QHXURQV�DQG�VSLQDO�PLFURJOLDO�UHDFWLYLW\�FRQWULEXWH�WR�

SDLQ� VWDWHV� LQ� FROODJHQ�LQGXFHG� DUWKULWLV�� $UWKULWLV� 5KHXPDWRO�� ��������

GRL���������DUW�������

����� /HH�� <�� &�� HW� DO�� 3DLQ� SHUVLVWV� LQ� '$6��� UKHXPDWRLG� DUWKULWLV� UHPLVVLRQ� EXW� QRW� LQ�

$&5�(8/$5�UHPLVVLRQ��$�ORQJLWXGLQDO�REVHUYDWLRQDO�VWXG\��$UWKULWLV�5HV��7KHU����������

GRL���������DU�����

����� /HH��<��&��HW�DO��6XEJURXSLQJ�RI�SDWLHQWV�ZLWK�UKHXPDWRLG�DUWKULWLV�EDVHG�RQ�SDLQ��IDWLJXH��

LQIODPPDWLRQ�� DQG� SV\FKRVRFLDO� IDFWRUV�� $UWKULWLV� 5KHXPDWRO�� ��������

GRL���������DUW�������

����� 6HUKDQ��&��1��3UR�UHVROYLQJ�OLSLG�PHGLDWRUV�DUH�OHDGV�IRU�UHVROXWLRQ�SK\VLRORJ\��1DWXUH�

��������GRL���������QDWXUH������

����� 6HUKDQ��&��1���&KLDQJ��1��	�'DOOL��-��7KH�UHVROXWLRQ�FRGH�RI�DFXWH�LQIODPPDWLRQ��1RYHO�

SUR�UHVROYLQJ� OLSLG� PHGLDWRUV� LQ� UHVROXWLRQ�� 6HPLQDUV� LQ� ,PPXQRORJ\� ��������

GRL���������M�VPLP�������������

����� 6HUKDQ��&��1��HW�DO��5HVROXWLRQ�RI�LQIODPPDWLRQ��6WDWH�RI�WKH�DUW��GHILQLWLRQV�DQG�WHUPV��

)$6(%�-RXUQDO���������GRL���������IM��������UHY�

����� 4X��/��	�&DWHULQD��0��-��(QKDQFHG�H[FLWDELOLW\�DQG�VXSSUHVVLRQ�RI�$�W\SH�.��FXUUHQWV�

LQ�MRLQW�VHQVRU\�QHXURQV�LQ�D�PXULQH�PRGHO�RI�DQWLJHQ�LQGXFHG�DUWKULWLV��6FL��5HS����������

GRL���������VUHS������

����� *KLODUGL��-��5��HW�DO��1HXURSODVWLFLW\�RI�VHQVRU\�DQG�V\PSDWKHWLF�QHUYH�ILEHUV�LQ�D�PRXVH�

PRGHO�RI�D�SDLQIXO�DUWKULWLF�MRLQW��$UWKULWLV�5KHXP����������GRL���������DUW�������
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���

����� +XQW��6��3���3LQL��$��	�(YDQ��*��,QGXFWLRQ�RI�F�IRV�OLNH�SURWHLQ�LQ�VSLQDO�FRUG�QHXURQV�

IROORZLQJ�VHQVRU\�VWLPXODWLRQ��1DWXUH���������

����� *DR��<��-��	�-L��5��5��F�)RV�RU�S(5.��:KLFK�LV�D�%HWWHU�0DUNHU�IRU�1HXURQDO�$FWLYDWLRQ�

DQG�&HQWUDO�6HQVLWL]DWLRQ�$IWHU�1R[LRXV�6WLPXODWLRQ�DQG�7LVVXH�,QMXU\"�2SHQ�3DLQ�-��

��������GRL�����������������������������

����� 7DJXFKL��7���0DWVXGD��7���7DPXUD��5���6DWR��-��	�0L]XPXUD��.��0XVFXODU�PHFKDQLFDO�

K\SHUDOJHVLD�UHYHDOHG�E\�EHKDYLRXUDO�SDLQ�WHVW�DQG�F�)RV�H[SUHVVLRQ�LQ�WKH�VSLQDO�GRUVDO�

KRUQ� DIWHU� HFFHQWULF� FRQWUDFWLRQ� LQ� UDWV�� -�� 3K\VLRO�� ��������

GRL���������MSK\VLRO�������������

����� +DUULV�� -��$��8VLQJ�F�IRV�DV�D�QHXUDO�PDUNHU�RI�SDLQ��%UDLQ�5HVHDUFK�%XOOHWLQ� ��������

GRL���������6���������������������

����� 3HUHLUD��$��)��HW�DO��0HWIRUPLQ�UHGXFHV�F�)RV�DQG�$7)��H[SUHVVLRQ�LQ�WKH�GRUVDO�URRW�

JDQJOLD�DQG�SURWHFWV�DJDLQVW�R[DOLSODWLQ�LQGXFHG�SHULSKHUDO�VHQVRU\�QHXURSDWK\�LQ�PLFH��

1HXURVFL��/HWW����������GRL���������M�QHXOHW�������������

����� <DQJ��<��+�� HW� DO��0RGXODWLRQ� RI� ,QIODPPDWLRQ� DQG�5HVSRQVH� WR�'H[DPHWKDVRQH� E\�

$QQH[LQ���LQ�$QWLJHQ�,QGXFHG�$UWKULWLV��$UWKULWLV�5KHXP����������GRL���������DUW�������

����� 9DJR��-��3��HW�DO��$QQH[LQ�$��PRGXODWHV�QDWXUDO�DQG�JOXFRFRUWLFRLG�LQGXFHG�UHVROXWLRQ�

RI� LQIODPPDWLRQ� E\� HQKDQFLQJ� QHXWURSKLO� DSRSWRVLV�� -�� /HXNRF�� %LRO�� ��������

GRL���������MOE���������

����� 0DGHUQD�� 3��� <RQD�� 6��� 3HUUHWWL�� 0�� 	� *RGVRQ�� &�� � 0RGXODWLRQ� RI� 3KDJRF\WRVLV� RI�

$SRSWRWLF�1HXWURSKLOV�E\�6XSHUQDWDQW�IURP�'H[DPHWKDVRQH�7UHDWHG�0DFURSKDJHV�DQG�

$QQH[LQ�'HULYHG� 3HSWLGH� $F� �–��� �� -�� ,PPXQRO�� ��������

GRL���������MLPPXQRO������������

����� (EELQJKDXV��0��HW�DO��,QWHUOHXNLQ���$�LV�LQYROYHG�LQ�PHFKDQLFDO�K\SHUDOJHVLD�EXW�QRW�LQ�

WKH�VHYHULW\�RI�PXULQH�DQWLJHQ�LQGXFHG�DUWKULWLV��6FL��5HS����������GRL���������V������

������������

����� (EELQJKDXV��0��HW�DO��,QWHUOHXNLQ���GHSHQGHQW�LQIOXHQFH�RI�QRFLFHSWLYH�VHQVRU\�QHXURQV�

RQ�DQWLJHQ�LQGXFHG�DUWKULWLV��$UWKULWLV�5HV��7KHU����������GRL���������V���������������

��

����� .URFN��(��� -XUF]DN��$��	�6YHQVVRQ��&�� ,��3DLQ�SDWKRJHQHVLV� LQ� UKHXPDWRLG�DUWKULWLV—

ZKDW� KDYH� ZH� OHDUQHG� IURP� DQLPDO� PRGHOV"� 3DLQ� ��������

GRL���������M�SDLQ������������������

����� /HLVHQJDQJ�� 6�� HW� DO�� 3ULPDU\�&XOWXUHV� IURP�5DW�'RUVDO�5RRW�*DQJOLD��5HVSRQVHV� RI�
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1HXURQV�DQG�*OLDO�&HOOV�WR�6RPDWRVHQVRU\�RU�,QIODPPDWRU\�6WLPXODWLRQ��1HXURVFLHQFH�

��������GRL���������M�QHXURVFLHQFH�������������

����� $UDOGL��'��HW�DO��3HULSKHUDO�LQIODPPDWRU\�K\SHUDOJHVLD�GHSHQGV�RQ�WKH�&2;�LQFUHDVH�LQ�

WKH�GRUVDO�URRW�JDQJOLRQ��3URF��1DWO��$FDG��6FL����������GRL���������SQDV������������

����� )HKUHQEDFKHU��-��&���%XUNH\��7��+���1LFRO��*��'��	�9DVNR��0��5��7XPRU�QHFURVLV�IDFWRU�

α� DQG� LQWHUOHXNLQ��β� VWLPXODWH� WKH� H[SUHVVLRQ� RI� F\FORR[\JHQDVH� ,,� EXW� GR� QRW� DOWHU�

SURVWDJODQGLQ� (� �� UHFHSWRU� P51$� OHYHOV� LQ� FXOWXUHG� GRUVDO� URRW� JDQJOLD� FHOOV�� 3DLQ�

��������GRL���������M�SDLQ�������������

����� 0RULRND�� 1�� HW� DO�� 1LWULF� R[LGH� V\QHUJLVWLFDOO\� SRWHQWLDWHV� LQWHUOHXNLQ��β�LQGXFHG�

LQFUHDVH�RI�F\FORR[\JHQDVH���P51$�OHYHOV��UHVXOWLQJ�LQ�WKH�IDFLOLWDWLRQ�RI�VXEVWDQFH�3�

UHOHDVH�IURP�SULPDU\�DIIHUHQW�QHXURQV��,QYROYHPHQW�RI�F*03�LQGHSHQGHQW�PHFKDQLVPV��

1HXURSKDUPDFRORJ\���������GRL���������6���������������������

����� ,QRXH�� $�� HW� DO�� ,QWHUOHXNLQ��EHWD� LQGXFHV� VXEVWDQFH� 3� UHOHDVH� IURP� SULPDU\� DIIHUHQW�

QHXURQV�WKURXJK�WKH�F\FORR[\JHQDVH���V\VWHP��-��1HXURFKHP����������
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