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Resumo:

INTRODUÇÃO: Os sapos são animais venenosos de interesse biotecnológico devido aos compostos 
bioativos presentes no seu veneno. Rhinella icterica é uma espécie de anuro venenoso comum no Brasil, 
no qual a atividade biológica de seu veneno nunca foi descrita anteriormente. Este trabalho investigou os 
mecanismos da atividade entomotóxica do veneno do sapo R. icterica (VSRI). METODOLOGIA: O 
veneno foi extraído de sapos coletados no município de Derrubadas (RS), com autorização do Sistema de 
Autorização e Informação em Biodiversidade (SISBIO) licença de coletor n°: 24041-2. Baratas adultas 
Nauphoeta cinerea foram utilizadas como modelo experimental. A atividade neuromuscular do VSRI foi 
avaliada usando a preparação músculo coxal adutor metatorácico (MCAM) segundo descrito por 
Martinelli et al. (2014). A Cardiotoxicidade foi avaliada utilizando a preparação coração semi-isolada 
(CSI) de barata in vivo de acordo com Rodrigues et al., (2012), freqüência cardíaca foi contabilizada 
visualmente durante 30 min. O comportamento de higienização (grooming) foi medido conforme 
descrito em (Carrazoni et al., 2016). Para avaliar a atividade locomotora in vivo, quatro insetos foram 
filmados durante 10 min e os filmes analisados utilizando softwares conforme Adedara et al. (2015). 
odos os dados foram expressos como média ± erro (E.P.M), sendo os mesmos analisados pelo teste two-
way ANOVA, seguido dos testes Tukey ou Dunnett, sendo considerado significativos quando P 
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0XLWDV HVSpFLHV GR JORER VHFUHWDP� LQJHUHP H�RX DUPD]HQDP VXEVWkQFLDV

TXH VmR XWLOL]DGDV FRPR IHUUDPHQWD QD GHIHVD FRQWUD SUHGDGRUHV H PLFURUJDQLVPRV
SDWRJrQLFRV� 'HQWUH HODV D RUGHP GRV $QXURV DSUHVHQWD DPSOD YDULHGDGH GH
ELRPROpFXODV HP VHXV YHQHQRV� FRPR DPLQDV� DOFDORLGHV� SHSWtGHRV� SURWHtQDV H
HVWHURLGHV� DV TXDLV DSUHVHQWDP XPD VpULH GH DWLYLGDGHV LPSRUWDQWHV SDUD
ELRWHFQRORJLD LQGXVWULDO� (VVDV PROpFXODV DSUHVHQWDP WR[LFLGDGH YDULDGD� GHVGH
LUULWDQWH DWp QHXURWy[LFD� DJLQGR SRU H[HPSOR� QR EORTXHLR GH FDQDLV L{QLFRV GR
VLVWHPD QHUYRVR FHQWUDO H SHULIpULFR H GR VLVWHPD QHXURPXVFXODU UHODFLRQDGRV j
DomR GH DOFDORLGHV� $OpP GH DOWHUDo}HV GDV YLDV QHXUR�KRUPRQDLV H
QHXURPRGXODGRUDV LQGX]LGDV SRU SHSWtGHRV H SURWHtQDV �&81+$�),/+2 HW DO�� �����
6,$12 HW DO�� ������

6XEVWkQFLDV LVRODGDV GH 5KLQHOOD VS� GHPRQVWUDUDP DomR FRQWUD /HLVKPDQLD
VS� H 7U\SDQRVRPD FUX]L� DWLYLGDGH DQHVWpVLFD� DQWLYLUDO� DQWLEDFWHULDQD� LQVHWLFLGD H
XP LPSRUWDQWH HIHLWR GLJLWiOLFR� $ HVSpFLH 5� LFWHULFD p QDWLYD GD $PpULFD GR 6XO H� QR
5LR *UDQGH GR 6XO� HVWi SUHVHQWH SULQFLSDOPHQWH HP UHJL}HV GH PDWD $WOkQWLFD� $
FDUDFWHUtVWLFD PDLV PDUFDQWH GHVVHV DQLPDLV VmR DV JUDQGHV JOkQGXODV SDUDWRLGHV�
ORFDOL]DGDV HP VXD FDEHoD� 9iULRV HVWXGRV HFROyJLFRV VmR HQFRQWUDGRV QD OLWHUDWXUD�
QR HQWDQWR� D WR[LFLGDGH H D IDUPDFRORJLD GR YHQHQR QXQFD IRUDP HVWXGDGDV� VHQGR R
QRVVR JUXSR GH SHVTXLVD SLRQHLUR QD LQYHVWLJDomR GH VXD DWLYLGDGH ELROyJLFD
�0$57,16 HW DO�� ����� 5267(/$72�)(55(,5$ HW DO�� ����� 62$5(6� �����
7(0321( HW DO�� ����� <$1* HW DO�� ������

1HVVH HVWXGR LQYHVWLJRX�VH R PHFDQLVPR GH DWLYLGDGH GR YHQHQR GR VDSR
5KLQHOOD LFWHULFD �965,� VREUH R VLVWHPD QHUYRVR SHULIpULFR� FDUGLRYDVFXODU H
FRPSRUWDPHQWDO GH EDUDWDV GD HVSpFLH 1DXSKRHWD FLQHUHD�

�� 0(72'2/2*,$
9HQHQR GH 5KLQHOOD LFWHULFD �95,�� R 95, IRL H[WUDtGR GH VDSRV FROHWDGRV QR

PXQLFtSLR GH 'HUUXEDGDV �56�� FRP DXWRUL]DomR GR 6LVWHPD GH $XWRUL]DomR H
,QIRUPDomR HP %LRGLYHUVLGDGH �6,6%,2� OLFHQoD GH FROHWRU Q�� �������� 2 YHQHQR IRL
H[WUDtGR SRU FRPSUHVVmR PDQXDO GDV JOkQGXODV SDUDWRLGHV H RV DQLPDLV IRUDP
WRPEDGRV HP FROHomR� $SyV D FROHWD� R YHQHQR IRL GLVVROYLGR HP PHWDQRO SDUD D
UHWLUDGD GH DPLQDV ELRJrQLFDV H VXEPHWLGR j OLRILOL]DomR� 2 PDWHULDO UHVXOWDQWH IRL
GLVVROYLGR HP VROXomR VDOLQD SDUD LQVHWRV �66,�� 1HVWH HVWXGR IRUDP XWLOL]DGDV
EDUDWDV GD HVSpFLH 1DXSKRHWD FLQHUHD GH DPERV RV VH[RV� $V EDUDWDV IRUDP
DQHVWHVLDGDV SRU UHVIULDPHQWR D ��& �� PLQ� H DIL[DGDV HP SODFD GH GLVVHFDomR SDUD
SRVWHULRU PRQWDJHP GDV SUHSDUDo}HV� $ DYDOLDomR GD FDUGLRWR[LFLGDGH IRL UHDOL]DGD
HP SUHSDUDo}HV GH FRUDomR VHPL�LVRODGR� D TXDO IRL SUHSDUDGD GH DFRUGR FRP
5RGULJXHV HW DO� ������� $ FXWtFXOD TXH UHFREUH R DEGRPH GR LQVHWR IRL UHPRYLGD D ILP
GH H[SRU DV YtVFHUDV GR DQLPDO� DV TXDLV IRUDP DIDVWDGDV� SHUPLWLQGR D SHUIHLWD
YLVXDOL]DomR GR VLVWHPD YDVFXODU� 2 YHQHQR IRL DGLFLRQDGR j SUHSDUDomR H RV
EDWLPHQWRV FDUGtDFRV FRQWDELOL]DGRV YLVXDOPHQWH GXUDQWH �� PLQ�

2 HIHLWR GR YHQHQR GH 5� LFWHULFD HP MXQomR QHXURPXVFXODU GH EDUDWDV IRL
DYDOLDGR HP SUHSDUDomR P~VFXOR FR[DO DGXWRU PHWDWRUiFLFR VHJXQGR GHVFULWR SRU
0DUWLQHOOL HW DO� ������� $SyV D IL[DomR GR DQLPDO HP GHF~ELWR GRUVDO� IRL IHLWD D
GLVVHFDomR GD TXLWLQD GD UHJLmR PHWDWRUi[LFD TXH FRPSUHHQGH R ~OWLPR SDU GH SHUQDV�
SDUD D H[SRVLomR GR QHUYR ��� )RL LQVHULGR XP SDU GH HOHWURGRV GH $J�$J&O HP



DOILQHWHV� SHORV TXDLV IRUDP DSOLFDGRV RV HVWtPXORV HOpWULFRV ����9� ��� +]� ���PV�� $
SHUQD GR DQLPDO IRL DPDUUDGD FRP OLQKD GH FRVWXUD TXH IRL FRQHFWDGD D XP WUDQVGXWRU
LVRPpWULFR DFRSODGR D XP VLVWHPD SDUD UHJLVWURV HOHWURPLRJUiILFRV �$96� 6mR &DUORV�
%UDVLO�� 2V UHJLVWURV QHXURPXVFXODUHV IRUDP IHLWRV GXUDQWH ��� PLQ� 3DUD DYDOLDU D
DWLYLGDGH ORFRPRWRUD LQ YLYR� TXDWUR LQVHWRV IRUDP ILOPDGRV GXUDQWH �� PLQ H RV ILOPHV
DQDOLVDGRV XWLOL]DQGR RV ,'WUDFNHU� H 0DWODE�� FRQIRUPH $GHGDUD HW DO� �������

$ DWLYLGDGH GH JURRPLQJ IRL PHGLGD FRQIRUPH GHVFULWR SRU &DUUD]RQL HW DO�
������� 2V WUDWDPHQWRV IRUDP IHLWRV SRU PHLR GH LQMHo}HV QD WHUFHLUD SRUomR
DEGRPLQDO GRV DQLPDLV� $ FRQWDJHP GR WHPSR GH JURRPLQJ �HP VHJXQGRV� IRL
UHDOL]DGD GXUDQWH ��PLQ� 7RGRV RV GDGRV IRUDP H[SUHVVRV FRPR PpGLD � HUUR
�(�3�0�� VHQGR RV PHVPRV DQDOLVDGRV SHOR WHVWH WZR�ZD\ $129$� VHJXLGR GRV
WHVWHV 7XNH\ RX 'XQQHWW� VHQGR FRQVLGHUDGR VLJQLILFDWLYRV TXDQGR 3������

�� 5(68/7$'26 H ',6&866­2
(P HQVDLRV GH SUHSDUDo}HV GH FRUDomR VHPL�LVRODGR� HP DQLPDLV LQFXEDGRV

DSHQDV FRP VDOLQD� D IUHTXrQFLD FDUGtDFD IRL GH ���� EDWLPHQWRV�PLQ �)LJXUD ���
4XDQGR R 965, IRL HQVDLDGR QDV FRQFHQWUDo}HV GH ���� ���� ��� H ��� �J�����/� QD
PHVPD SUHSDUDomR� REVHUYRX�VH XPD GLPLQXLomR GD IUHTXrQFLD FDUGtDFD Pi[LPD QD
PDLRU GRVH� D TXDO IRL ���� EDWLPHQWRV�PLQ �Q �� 3������� GHPRQVWUDQGR XP HIHLWR
GRVH�GHSHQGHQWH QD IUHTXrQFLD FDUGtDFD� 0HVPR DSyV ODYDJHP GDV SUHSDUDo}HV
FRP VDOLQD QmR IRL REVHUYDGR D UHFXSHUDomR GD IUHTXrQFLD FDUGtDFD�

)LJXUD �� (IHLWR FURQRWUySLFR QHJDWLYR LQGX]LGR SRU 965, HP SUHSDUDo}HV &6, LQ
YLYR GH 1DXSKRHWD FLQHUHD� �/� /DYDJHP FRP 66,�

(P UHJLVWURV HOHWURPLRJUiILFRV SDUD D GHWHUPLQDomR GD DWLYLGDGH GR 965, VRE
D MXQomR QHXURPXVFXODU GH EDUDWDV� D DSOLFDomR GDV GRVHV ��� ��� H ��� �J�J GH
DQLPDO� LQGX]LX GLPLQXLomR SURJUHVVLYD H GRVH�GHSHQGHQWH QD UHVSRVWD FRQWUiWLO� HP
��� PLQ �Q �� �)LJXUD ��� 1HVVHV HQVDLRV� D LQLELomR FRPSOHWD GD UHVSRVWD FRQWUiWLO
IRL REVHUYDGD QD FRQFHQWUDomR GH ��� �J�J GH DQLPDO DRV ��� PLQ GH UHJLVWUR �Q ��
3�������

:

/



)LJXUD �� %ORTXHLR QHXURPXVFXODU LQGX]LGR SHOR 965, HP SUHSDUDo}HV GH 0&$0 LQ
YLYR HP EDUDWDV�

1R UHJLVWUR GH ORFRPRomR �Q  ��� 3 ������� DV GRVHV ���� �� H �� �J�J DQLPDO
GLPLQXtUDP VLJQLILFDWLYDPHQWH D DWLYLGDGH ORFRPRWRUD GDV EDUDWDV �)LJXUD �$��
DXPHQWDQGR R Q~PHUR GH HSLVyGLRV GH LPRELOLGDGH �)LJXUD �%� H DXPHQWR GR WHPSR
GH SDUDGD GRV DQLPDLV SDUD ����� �)LJXUD �&��

)LJXUD �� /RFRPRomR H SRQWRV ILQDLV PRWRUHV DYDOLDGRV HP FRQWUROH H WUDWDPHQWR
965,� $� 'LVWkQFLD SHUFRUULGD� %� (SLVyGLRV GH LPRELOLGDGH� &� 7HPSR GH SDUDGD

HP SRUFHQWDJHP�



$V GRVHV ���� �� H �� �J�J GH DQLPDO SURYRFDUDP XP DXPHQWR VLJQLILFDWLYR QD
DWLYLGDGH GH JURRPLQJ �)LJXUD �$�� HVVH DXPHQWR IRL HYLWDGR QDV EDUDWDV FRP
WUDWDPHQWR SUpYLR FRP IHQWRODPLQD� XP LQLELGRU VHOHWLYR GRV UHFHSWRUHV
RFWRSDPLQpUJLFRV �ILJXUD �%��

)LJXUD �� $WLYLGDGH GH JURRPLQJ HP 1DXSKRHWD FLQHUHD� $� $XPHQWR QD DWLYLGDGH
LQGX]LGD SHOR 965,� %� 7UDWDPHQWR FRP )HQWRODPLQD�

1RVVRV UHVXOWDGRV GHPRQVWUDUDP TXH R YHQHQR GH VDSR GH 5� LFWHULFD �965,�
LQGX] DOWHUDo}HV QD IUHTXrQFLD FDUGtDFD GH EDUDWDV� EORTXHLR QHXURPXVFXODU
LUUHYHUVtYHO� DOWHUDomR GD DWLYLGDGH GH ORFRPRomR� EHP FRPR H DXPHQWR GD DWLYLGDGH
GH JURRPLQJ GH EDUDWDV GD HVSpFLH 1� FLQHUHD� 2FWRSDPLQD p XPD DPLQD ELRJrQLFD
TXH� HP LQYHUWHEUDGRV� DWXD FRPR QHXURKRUP{PLR� QHXURPXGXODGRU H
QHXURWUDQVPLVVRU� VHQGR UHVSRQViYHO SHOD UHJXODomR GH YiULRV SURFHVVRV ILVLROyJLFRV�
FRPR PRGXODomR GD IUHTXrQFLD FDUGtDFD H DWLYLGDGH GH JURRPLQJ� 2 965, UHGX]LX D
IUHTXrQFLD FDUGtDFD GH 1� FLQHUHD� QHVWH VHQWLGR� VXJHUH�VH D DomR GR YHQHQR QD YLD
RFWRSDPLQpUJLFD�

5HODFLRQDQGR RV HIHLWRV GR 965, QD DWLYLGDGH GH ORFRPRomR H GH JURRPLQJ�
VXJHUH�VH TXH� SRVVLYHOPHQWH� R PHFDQLVPR GH DomR GR YHQHQR VHMD DOWHUDomR QD
VLQDOL]DomR RFWRSDPLQpUJLFD� SRLV HVVD DWXD FRPR QHXURPRGXODGRU GR
FRPSRUWDPHQWR GH JURRPLQJ GH SHUQD QRV LQVHWRV �:(,6(/�(,&+/(5� ������
4XDQGR RV LQVHWRV IRUDP WUDWDGRV SUHYLDPHQWH FRP IHQWRODPLQD� REVHUYRX�VH D
LQLELomR GD UHVSRVWD LQGX]LGD SHOR 965,� FRUURERUDQGR FRP RV GDGRV SUpYLRV� TXH
LQGLFDP D SDUWLFLSDomR GD YLD RFWRSDPLQpUJLFD QD DomR GR YHQHQR�

2 EORTXHLR LQGX]LGR SHOR YHQHQR QD UHVSRVWD FRQWUiWLO HP LQVHWRV VXJHUH GXDV
PDQHLUDV GH DomR GR YHQHQR� 1D SULPHLUD� R YHQHQR SRGH HVWDU LQWHUDJLQGR
GLUHWDPHQWH FRP RV UHFHSWRUHV JOXWDPDWpUJLFRV� DWXDQGR FRPR XP DQWDJRQLVWD�
OHYDQGR D GLPLQXLomR GRV QtYHLV GH JOXWDPDWR� SULQFLSDO QHXURWUDVPLVVRU H[FLWDWyULR
HP MXQomR QHXURPXVFXODU �-10� GH LQVHWRV �&$55$=21, HW DO�� ������ 1D VHJXQGD
PDQHLUD GH DomR� SRGH�VH REVHUYDU XP DXPHQWR QD OLEHUDomR GH iFLGR
JDPD�DPLQREXWtULFR �*$%$�� SULQFLSDO QHXURWUDQVPLVVRU LQLELWyULR HP -10� $OpP
GLVVR� FRQVLGHUDQGR TXH R YHQHQR HVWHMD DJLQGR DWUDYpV GD DomR QD YLD
RFWRSDPLQpUJLFD� VXJHUH�VH D SDUWLFLSDomR GD RFWRSDPLQD QD RUTXHVWUDomR GD
FRQWUDomR PXVFXODU LQWHUIHULQGR QD OLEHUDomR H[FHVVLYD GH *$%$ RX GLPLQXLQGR D
OLEHUDomR GH JOXWDPDWR�



�� &216,'(5$d®(6 ),1$,6
$ DWLYLGDGH HQWRPRWy[LFD DSUHVHQWDGD SHOR YHQHQR GR VDSR 5� LFWHULFD� UHIRUoD

R LQWHUHVVH SUHVHUYDFLRQLVWD� GHPRQVWUDQGR D DSOLFDELOLGDGH ELRWHFQROyJLFD GH XP
FRPSRVWR QDWXUDO RULXQGR GD IDXQD ORFDO�

�� 5()(5Ç1&,$6
$'('$5$� ,� $� HW DO� %LRFKHPLFDO DQG EHKDYLRUDO GHILFLWV LQ WKH OREVWHU
FRFNURDFK 1DXSKRHWD FLQHUHD PRGHO RI PHWK\OPHUFXU\ H[SRVXUH� 7R[LFRORJ\
5HVHDUFK� Y� �� Q� �� S� �������� �����
&$55$=21,� 7� HW DO� &HQWUDO DQG SHULSKHUDO QHXURWR[LFLW\ LQGXFHG E\ WKH -DFN %HDQ
8UHDVH �-%8� LQ 1DXSKRHWD FLQHUHD FRFNURDFKHV� 7R[LFRORJ\� Y� ���� S� ��������
�����
&81+$�),/+2� *� $� HW DO� &\WRWR[LF 3URILOH RI 1DWXUDO DQG 6RPH 0RGLILHG
%XIDGLHQROLGHV IURP 7RDG 5KLQHOOD VFKQHLGHUL 3DURWRLG *ODQG 6HFUHWLRQ� 7R[LFRQ� Y�
��� Q� �� S� �������� �����
0$57,1(//,� $� +� HW DO� 6WUXFWXUH±IXQFWLRQ VWXGLHV RQ MDEXUHWR[� D UHFRPELQDQW
LQVHFWLFLGDO SHSWLGH GHULYHG IURP MDFN EHDQ �&DQDYDOLD HQVLIRUPLV� XUHDVH� %LRFKLPLFD
HW %LRSK\VLFD$FWD �%%$� � *HQHUDO 6XEMHFWV� Y� ����� Q �� 0DUFK �����
0$57,16� /� $� HW DO� $QItELRV GR 5LR *UDQGH GR 6XO� &DWiORJR� 'LDJQRVHV�
'LVWULEXLomR� ,FRQRJUDILD� 3RUWR $OHJUH� (',38&56� ����� ���S�
52'5,*8(6� 9� HW DO� (IIHFWV RI D F\DQREDFWHULDO H[WUDFW FRQWDLQLQJ�DQDWR[LQ�D�V� XP
WKH FDUGLDF UK\WKP RI /HXUROHVWHV FLUFXQYDJDQV� 5HYLVWD %UDVLOHLUD GH )DUPDFRJQRVLD�
Y� ��� Q��� &XULWLED -XO��$JW� ���� (SXE 0D\ ��� �����
5267(/$72�)(55(,5$� 6� HW DO� 3UHV\QDSWLF (IIHFW RI D 0HWKDQROLF ([WUDFW RI 7RDG
�5KLQHOOD VFKQHLGHUL� 3RLVRQ LQ $YLDQ 1HXURPXVFXODU 3UHSDUDWLRQ� -� 9HQRP 5HV� Y� ��
S� ������ �����
6,$12� $� HW DO� $ &RPSDUDWLYH 6WXG\ RI WKH %LRORJLFDO $FWLYLW\ RI 6NLQ DQG *UDQXODU
*ODQG 6HFUHWLRQV RI /HSWRGDFW\OXV ODWUDQV DQG +\SVLERDV SXOFKHOOXV IURP $UJHQWLQD�
5HF� 1DW� 3URG�� Y� �� Q� �� S� �������� �����
62$5(6� 5� 2� $WLYLGDGH ELROyJLFD GR YHQHQR GH 5KLQHOOD LFWHULFD �$QXUD� %XIRQLGDH�
VREUH R VLVWHPD QHUYRVR GH YHUWHEUDGRV� 'LVVHUWDomR �0HVWUDGR HP FLrQFLDV
ELROyJLFDV�� 8QLYHUVLGDGH )HGHUDO GR 3DPSD� 6mR *DEULHO� �����
7(0321(� $� *� HW DO� $QWLOHLVKPDQLDO DQG DQWLWU\SDQRVRPDO DFWLYLW\ RI
EXIDGLHQROLGHV LVRODWHG IURP WKH WRDG 5KLQHOOD MLPL SDURWRLG PDFURJODQG VHFUHWLRQ�
7R[LFRQ� Y� ��� Q� �� S� ������ �����
:(,6(/�(,&+/(5� $� HW DO� 9HQRP RI D SDUDVLWRLG ZDVS LQGXFHV SURORQJHG
JURRPLQJ LQ WKH FRFNURDFK� 7KH -RXUQDO RI H[SHULPHQWDO ELRORJ\� Y� ���� S� ������
�����
<$1*� 4� HW DO� $QJHO RI +XPDQ +HDOWK � &XUUHQW 5HVHDUFK 8SGDWHV LQ 7RDG 0HGLFLQH�
$P - 7UDQVO� Y� �� Q� �� S� �±��� �����


