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OP� DFTTBUJPO� JOTUSVDUJPOT�� 5FO� QBUJFOUT� XJUI� NFDIBOJDBM�
WBMWFT� 	�����
� LOFX� BCPVU� QPTTJCMF� QSF�PQFSBUJWF�
IFQBSJOJTBUJPO�� ćJSUZ�GPVS� QBUJFOUT� 	�����
� XJUI� PUIFS�
JOEJDBUJPOT� XFSF� BXBSF� PG� QPTTJCMZ� TUPQQJOH� XBSGBSJO�
QSF�PQFSBUJWFMZ�� "SPVOE� ������ ������ BOE� ������ LOFX�
BCPVU�JOUFSBDUJPOT�XJUI�GPPE�BMDPIPM�BOE�PUIFS�NFEJDJOFT�
SFTQFDUJWFMZ�� 0OMZ� ������ PG� SFTQPOEFOUT� XFSF� BXBSF� PG�
QPUFOUJBM�CMFFEJOH�XJUI�DPODPNJUBOU�VTF�PG�OPO�TUFSPJEBM�
BOUJ�JOĘBNNBUPSZ�ESVHT��*O�DBTFT�PG�TJHOJĕDBOU�CMPPE�MPTT�
������PG� QBUJFOUT�XFSF� OPU� BXBSF� UIBU� UIFZ� OFFE� UP� TFFL�
NFEJDBM�IFMQ��'PVS�XPNFO�TUBSUFE�XBSGBSJO�BU�BO�BHF�MFTT�
UIBO� ��� o� UISFF� IBE� OPU� CFFO� JOGPSNFE� PG� UIF� QPUFOUJBM�
UFSBUPHFOJDJUZ��3FHVMBS�CMPPEMFUUJOH�EJTSVQUFE�QBUJFOUT��MJGF�
JO�������PG�DBTFT��ćJSUZ�GPVS�QBUJFOUT�XJUIPVU�NFDIBOJDBM�
WBMWFT�DPOTJEFS�TXJUDIJOH�UP�EJSFDU�PSBM�BOUJDPBHVMBOUT�CVU�
POMZ�TFWFO�BDDFQUFE�UIF�DVSSFOU�QSJDFT��.PTU�QBUJFOUT�MFBSOU�
BCPVU�XBSGBSJO�GSPN�EPDUPST�	�����
�

Conclusion: 4PNF�MBDVOBF�JO�QBUJFOUT��LOPXMFEHF�FYJTU�
SFHBSEJOH�ESVH�JOUFSBDUJPOT�SJTL�PG�CMFFEJOH�XJUI�/4"*%T�
BOE�UFSBUPHFOJDJUZ��1BUJFOU�FEVDBUJPO�DBO�JNQSPWF�CVU�UIF�
WBSJPVT�QPTTJCMF�XBZT�UP�BEESFTT�UIJT�OFFE�UP�CF�FWBMVBUFE�
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Introduction:� $PMPSFDUBM� DBODFS� JT� POF� PG� UIF� NPTU�

QSFWBMFOU� DBSDJOPNB� JO�.BMUB�XIJDI� DBO� CF� TVDDFTTGVMMZ�
USFBUFE�JG�EFUFDUFE�JO�JUT�FBSMZ�TUBHFTڀ��*O������B�TDSFFOJOH�
QSPHSBN� XBT� JOUSPEVDFE� NBLJOH� B� QFSDFOUBHF� PG� UIF�
.BMUFTF� QPQVMBUJPO� 	BHFE� �����
� FMJHJCMF� UP� VOEFSHP�
DPMP�SFDUBM�TDSFFOJOH��0VU�PG�UIF�UPUBM�QPQVMBUJPO�FMJHJCMF�
UIF�VQUBLF� JT� MPX�BU� ڀ"ڀ���� GBFDBM� JNNVOPDIFNJDBM� UFTU�
	'*5
�MFWFM�PG�NPSF�UIBO�����H�)C�H�GBFDFTڀ�JT�DPOTJEFSFE�
QPTJUJWF� BOE� TVCKFDUT� BSF� UIFO� SFGFSSFE� GPS�$PMPOPTDPQZ��
XJUI� ĕOEJOHT� WBSZJOH� GSPN� QPMZQT� OFPQMBTJB� PS� CFOJHO�
QBUIPMPHZ�UP�OPSNBMڀڀڀڀ�ćJT�JT�B�SFUSPTQFDUJWF�TUVEZ�MPPLJOH�
JOUP�UIF�MPDBM�TDFOBSJP�UP�TFF�XIFUIFS�UIF�'*5�MFWFM�DPSSFMBUFT�
XJUI�TQFDJĕD�QBUIPMPHZ�BOE�UP�JOWFTUJHBUF�XIFUIFS�SBJTJOH�
UIF� DVU�PČ� MFWFM� GPS� '*5� UP� ����H�)C�H� GBFDFT� XPVME� CF�
TBGF�� %BUB� DPMMFDUFE� CZ� UIF� $3$4� VOJU� XBT� BOBMZTFE� GPS�
UIF�TUVEZ�QFSJPE�0ڀ�VU�PG�B�UPUBM�PG�������'*5�UFTUT�DBSSJFE�
PVU� JO� ����� ��� DPIPSUT�XIFSF�EJBHOPTFE�XJUI� DPMPSFDUBM�
DBSDJOPNB�PVU�PG�XIJDI���DPIPSUT�IBE�'*5� MFWFMT�PG� MFTT�
UIBO�����H�)C�H�GBFDFTڀ�ćJT�TUVEZ�EFUFSNJOFE�UIBU�SBJTJOH�
UIF�DVU�PČ�MFWFM�UP�����H�)C�H�GBFDFT�XPVME�IBWF�NJTTFE�
BMNPTU�����PG�DBODFST�BT�XFMM�BT�����QFSDFOU�PG�IJHI�HSBEF�
EZTQMBTUJD�QPMZQT�JO�UIJT�DPIPSUڀڀ�

Conclusion:� *O� DPODMVTJPO� UIJT� TUVEZ� DPOĕSNT� UIBU�
XIJMF� '*5� JT� B� VTFGVM� UFTU� UP� JEFOUJGZ� TVCKFDUT� UIBU�NJHIU�
CF�IBSCPVSJOH�DPMPSFDUBM�DBODFS�JO�UIF�HFOFSBM�QPQVMBUJPO�
BT�NFBOT�PG�B�TDSFFOJOH�UFTU�JU�JT�OPU�WFSZ�TQFDJĕD��)FODF�
SBJTJOH� UIF� DVU� PČ� MFWFM� XPVME� TJHOJĕDBOUMZ� SFEVDF� UIF�
TFOTJUJWJUZ�PG�UIJT�UFTU�
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Introduction: 8F� TPVHIU� UP� FYQBOE� UIF� HFOFUJD�
SFQFSUPJSF� VOEFSMZJOH� UIF� EFWFMPQNFOUBM� TXJUDIJOH�
PGڀ HUPڀ CHMPCJO� HFOFT�XJUI� IBFNBUPMPHJDBM� BOE�NPMFDVMBS�
FYQMPSBUJPO�BNPOH�UXP�GBNJMJFT�GSPN�.BMUB�XJUI�UIFڀKLF1ڀQ�
,���9�USVODBUJPOڀ� ڀ �ćF�EBUB�SFWFBMFE�DPNQFUJUJWFڀ JOUFS�
QMBZ�CFUXFFO�,-'��BOE�'-7$3��JTPGPSNT�PO�#$-��"�UIBU�
BDUFE�PO�UIF�JOUFS�FSZUISPDZUJD�EJTUSJCVUJPO�PG�)C�'�BNPOH�
'�&SZUISPDZUFT�UIF�.$�)C'�PG�BEVMUT�

Methods:� )C'� DPODFOUSBUJPO� FYQSFTTFE� BT� UIF�
QFSDFOUBHF� PG� UPUBM� IBFNPHMPCJO� XBT� EFUFSNJOFE�
XJUI� UIF� #JP�3BE� ڀ.55/"*3"7 )BFNPHMPCJO� 5FTUJOH�
4ZTUFN� 	#JP�3BE� -BCPSBUPSJFT� $BMJGPSOJB� 64"
��
'�&SZUISPDZUFT�XFSF�RVBOUJĕFE�CZ�ĘPX�DZUPNFUSZ�PO�B�#%�
'"$4$BMJCVS5.ڀDZUPNFUFS�	#FDUPO�%JDLJOTPO�#JPTDJFODFT�
$BMJGPSOJB�64"
�ćF�D.$�)C�'�XBT�DPOĕSNFE�CZ�TFNJ�
BVUPNBUFE� RVBOUJUBUJWF� JNBHJOH� JNNVOP�DZUPNFUSZ�
	R.$�)C�'
�UIBU�HBWF�B�NFBO�WBMVF�PG�����QH�SBOHJOH�GSPN�
����UP�����QH�JO�UIF�,-'���IFUFSP[ZHPUFT��)VNBO�FSZUISPJE�
QSPHFOJUPS� DFMMT� 	)&1T
� XFSF� DVMUVSFE� GSPN� TBNQMFT� PG�
UFO� GBNJMZ�NFNCFST� BOE� BMMPXFE� UP� EJČFSFOUJBUF� GPS� UXP�
EBZT��$FMMT�XFSF�DMBTTJĕFE�NPSQIPMPHJDBMMZ�CZ�NJDSPTDPQZ�
BOE� DPVOUFE� XJUI� BO� FMFDUSPOJD� DFMM� DPVOUFS� 	$"4:���
4DIÊSGF�4ZTUFN
�FOUJWJSBM�USBOTGFDUJPO�PG�CVČZ�DPBU�)&1T-ڀ�
XBT� DPOEVDUFE� VTJOH� DMPOFT� PCUBJOFE� GSPN� ćF� 3/"J�
$POTPSUJVN�	4JHNB�"MESJDI�4U�-PVJT


Results: ćF� UXP� GBNJMJFT� GSPN� .BMUB� TFHSFHBUFE� B�
VOJRVF� USVODBUJPO�NVUBUJPO�PG� UIFڀKLF1ڀ MPDVT� TVDI� UIBU�
UIF� QSPUFJO� QSPEVDU� XBT� JOBDUJWBUFE� BOE� FYQSFTTFE� )C'�
PWFS� B� CSPBE� SBOHF� PG� ���� �� ����� NH�E-� JO� QFSJQIFSBM�
CMPPEڀ� ڀ 
-NH�E	�PO�MJOFBSJUZ�CFUXFFO�UIF�)C'/ڀ�BOE�UIF�
'�&SZUISPDZUF�OVNCFST�	/������E-
�TVHHFTUFE�JOEFQFOEFOU�
HFOF� DPOUSPM� PG� UIF� JOUFS�FSZUISPDZUJD� EJTUSJCVUJPO� PG� UIF�
)C'� DBMDVMBUFE� BT� UIF�.FBO� $PSQVTDVMBS� )C'� PS� D.$�
)C'� 	�� o� ���� QH
ڀ ćF� D.$�)C'� DPSSFMBUFE� XFMM� XJUI�
EJSFDU� JNNVOF�DZUPNFUSJD� RVBOUJĕDBUJPO� 	R.$�)C'
�
#JP�*OGPSNBUJD� TUVEJFT�XJUI� FYPNF� TFRVFODFT� GSPN� CPUI�
GBNJMJFT� SFWFBMFE� B� TUSPOH� DPOOFDUJPO�CFUXFFO� UIF� D.$�
)C'�BOE�B�OFX�NVUBUJPO�JOڀFLVCR1ڀ	Q�'���-��4*'5��������
1PMZQIFO������
�JT�B�LOPXO�)BFNF�USBOTQPSUFSڀFLVCR1ڀڀڀ�
QSPEVDJOH� UXP� JTPGPSNT�� '-7$3�B� JT� QMBTNB�NFNCSBOF�
CPVOE� BOE� '-7$3�C� JT� CPVOE� UP� UIF� NJUPDIPOESJBM�
NFNCSBOFڀ�   In vitroڀ USBOTDSJQUPNJDT� BOE� LOPDLEPXOT�
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TIPXFE�UIBU�UIFڀFLVCR1 �NVUBUJPO�EFDSFBTFE�UIF�PVUQVU�PGڀ
#$-��"� JOEFQFOEFOU� PG�,-'�� BOE� JU� TIJęFE� UIF� SFMBUJWF�
BNPVOUT�PG�UIF�UXP�JTPGPSNT�XJUI�JODSFBTJOH�D.$�)C'ڀ�

Conclusion: ćF� JOUFSQMBZ� CFUXFFO� UIF� UXP� '-7$3��
JTP�GPSNT� DPVME� SFHVMBUF� JOUSB�DFMMVMBS� DPODFOUSBUJPO� PG�
)BFNF� BOE� UIF� UPUBM� SBUF� PG� USBOTMBUJPO� XJUI� EJČFSFOUJBM�
FČFDUT�PO�TQFDJĕD�NFTTFOHFST�EFQFOEJOH�PO� UIF�TUSFOHUI�
PG� UIF� USBOTMBUJPO� JOJUJBUJPO� DPNQMFYڀ� �ćFTFڀ EBUB� XJEFO�
UIF� VOEFSTUBOEJOH� PG� HMPCJO� HFOF� TXJUDIJOH� BOE� UIF�
QPTTJCJMJUJFT� PG� UIFSBQFVUJD� JOUFSWFOUJPO� UP� JODSFBTF�)C�'�
MFWFMT�JO�IVNBO�IBFNPHMPCJOPQBUIJFT�UISPVHI�BMUFSOBUJWF�
QBUIXBZT�
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Introduction:�"JS�QPMMVUJPO�JT�B�SJTL�GBDUPS�GPS�TFWFSBM�
QBUIPMPHJFT�BOE�PG�DPODFSO�GPS�1VCMJD�)FBMUI��1SFEJDUJPOT�
GPS� JUT� GVUVSF� QSPKFDUJPOT� JO� WBSJPVT� MPDBMJUJFT� QSPWJEF� OP�
IBMDZPO� TDFOBSJPT�� 1BSUJDVMBUF� .BUUFS� XJUI� B� EJBNFUFS�
���� �� ��� ϪN� 	1.��
� IBT� CFFO� BTTPDJBUFE� XJUI� JODSFBTFE�
QVMNPOBSZ�DBSEJPWBTDVMBS�DBODFS�NPSUBMJUZ�BOE�NPSCJEJUZ��
)PXFWFS�GSPN�UIF�QMFUIPSB�PG�PUIFS�BJS�QPMMVUJPO�BHFOUT�
XIFUIFS�1.���DPVME�CF�VUJMJ[FE�BT�BO�PVUEPPS�BJS�QPMMVUJPO�
	0"1
�JOEJDBUPS�UIBU�DPVME�QPTTJCMZ�DPOUSJCVUF�UP�UIF�POTFU�
PG� DBODFS� 	$B
� JT� MFTT� DMFBS��ćF� DVSSFOU� TUVEZ� BJNFE� UP�
FWBMVBUF�UIF�FČFDUT�PG�BOOVBM�BWFSBHF�1.���DPODFOUSBUJPO�
PO�PWFSBMM�$B�JODJEFODF�BOE�PO�TQFDJĕD�PUIFS�UZQFT�PG�$B�
JODJEFODF�GPS�UIF�JOIBCJUBOUT�PG�UIF�.BMUFTF�JTMBOETڀ�

Methods: ćF� EBUBCBTF� PG� 1.��� BOOVBM� BWFSBHF�
DPODFOUSBUJPO�GPS�UIF�JTMBOET�PG�.BMUB�GSPN�UIF�&VSPQFBO�
&OWJSPONFOUBM� "HFODZ� 	&&"� &VSPQFBO� 6OJPO� �����
XBT� VUJMJ[FE�� %BUB� GPS� UIF� ZFBST� ����� ����� ����� �����
����� ����� ����� ����� ����� XBT� PCUBJOFE�� ćF� 1.���
BOOVBM� BWFSBHF� DPODFOUSBUJPOT� DPNQSJTFE� DPOUSJCVUJPOT�
GSPN�VSCBO� USBďD� 4BIBSB� EVTU� BOE� TFB� TBMU� USBQQJOH� BMM�
XJUIJO� UIF� TFB� CSFF[F� QIFOPNFOPO� TZTUFN�� 1PQVMBUJPO�
EBUB�XBT�TPVSDFE�GSPN�UIF�&63045"5�4UBUJTUJDT�%BUBCBTF�
	&63045"5� ª� &VSPQFBO� 6OJPO� ����
� GPS� UIF� ZFBST�
�BUB�PO�$B�*ODJEFODF�XBT�FYUSBDUFE�GSPN�UIF%�ڀ����������
&VSPQFBO�$BODFS� *OGPSNBUJPO� 4ZTUFN� 	&$*4� �� &VSPQFBO�
$BODFS�*OGPSNBUJPO�4ZTUFNVSPQFBO�6OJPO&�ڀ�����
��ćF�
ZFBST� BWBJMBCMF�XFSF� ����� ����� ����� ����� ����� �����
�����������������������������������BOE�������%BUB�
PO� JODJEFODF� GPS� -VOH� $B� /PO�)PEHLJO� -ZNQIPNB�
)PEHLJO�-ZNQIPNB�-FVLFNJB�#SFBTU�$B�JO�GFNBMFT�BOE�
-ZNQIPDZUJD�-FVLFNJB�XBT�PCUBJOFE��8F�IBE� UIF�8PSME�
"HF� 4UBOEBSEJ[FE�3BUFT�"43� 	8
� GPS� UIF� QPQVMBUJPO� CZ�
HFOEFS��ćF� JOJUJBM� BOBMZTJT� JOWPMWFE� FZFCBMMJOH� PG� USFOET�
JO� $B� JODJEFODF� BOE� 1.��� BOOVBM� BWFSBHF� MFWFMT� JO�
.BMUB��ćFSF� TFFNFE� UP�CF�B� SJTF� JO�1.���DPODFOUSBUJPO�
DPSSFTQPOEJOH� UP� SJTFT� JO� $B� JODJEFODF� PWFSBMM� BOE� MVOH�
$B� JODJEFODF� TQFDJĕDBMMZ�� *O� PSEFS� UP� GPSNBMMZ� UFTU� GPS�
DPSSFMBUJPO�CFUXFFO�1.���BOOVBM�NFBO�DPODFOUSBUJPO�BOE�
$B�JODJEFODF�BOBMZTJT�PG�$B�JODJEFODF�EBUB�JO�SFMBUJPO�UP�

1.���XBT�DBSSJFE�PVU�VTJOH�UIF�4QFBSNBO�DPSSFMBUJPO�UFTU�
PO�4144�W�����"OBMZTJT�XBT�SFQFBUFE�XJUI�B�UJNF�EFMBZ�GPS���
��������BOE���ZFBSTڀڀڀ�

Results:� ćJT� TUVEZ� TIPXFE� UIBU� FYQPTVSF� UP� 1.���
BMPOF�XBT�MJOLFE�UP�B�SJTF�JO�$B�JODJEFODF�QBSUJDVMBSMZ�GPS�
IBFNBUPMPHJDBM� $B�� 'VSUIFSNPSF� UIJT� XBT� FWJEFOU� XJUI�
TQFDJĕD�UJNF�MBH�

Conclusion:� ćFTF� ĕOEJOHT� TVQQPSU� UIF� IZQPUIFTJT�
UIBU� 1.��� NBZ� CF� MJOLFE� UP� UIF� POTFU� PG� $B� QPTTJCMZ�
CZ� TVQQSFTTJOH� JNNVOF� SFTQPOTF� TZTUFNT� JOEJDBUJOH� B�
QPTTJCMF� OFX� SPMF� GPS� QPMMVUJPO� FYQPTVSF� JO� $B� BOE�PS�
EJTFBTF� TVTDFQUJCJMJUZ�� )PXFWFS� UIF� JNNVOF� TZTUFN� IBT�
DPNQMFY� BOE� NVMUJGVODUJPOBM� EFGFOTF� NFDIBOJTNT� BOE�
NPSF�XPSL�OFFET�UP�CF�EPOF�UP�BTTFTT� UIF�TJHOJĕDBODF�PG�
UIJT� ĕOEJOH��ćJT� TUVEZ� TVHHFTUT� UIBU� BJS� QPMMVUJPO� JT� BO�
JNQPSUBOU� SFTFBSDI� BSFB� GPS�IFBMUI�PVUDPNFT� UIBU� TIPVME�
CF�JOWFTUJHBUFE�GVSUIFSNPSF�

Disclosure: ćJT� QSPKFDU� JT� B� SFTVMU� PG� BO� &SBTNVT��
USBJOFFTIJQ� HSBOU� GVOEFE� CZ� UIF� &VSPQFBO�$PNNJTTJPO��
&SBTNVT�� JT� UIF� &6�T� QSPHSBNNF� UP� TVQQPSU� FEVDBUJPO�
USBJOJOH�ZPVUI�BOE�TQPSU�JO�&VSPQFڀ�
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Introduction:� 1PMZDZUIBFNJB� WFSB� FTTFOUJBM�
UISPNCPDZUIBFNJB� BOE� QSJNBSZ� NZFMPĕCSPTJT� BSF� #$3�
"#-� OFHBUJWF� NZFMPQSPMJGFSBUJWF� EJTPSEFST� DIBSBDUFSJTFE�
CZ�UIF�PWFSQSPEVDUJPO�PG�NBUVSF�CMPPE�DFMMT��.1%�QBUJFOUT�
IBWF�B�IJHI�SJTL�PG�TVČFSJOH�GSPN�UISPNCPUJD�FQJTPEFT�UIF�
QBUIPHFOFTJT�PG�XIJDI�JT�UIPVHIU�UP�BSJTF�JO�QBSU�GSPN�UIF�
PWFSQSPEVDUJPO�BOE�PWFSBDUJWBUJPO�PG�CMPPE�DFMMTڀ�

Methods: 'MPX� DZUPNFUSZ� XBT� VTFE� UP� BTTFTT� UIF�
EFHSFF� PG� QMBUFMFU� OFVUSPQIJM� BOE� NPOPDZUF� BDUJWBUJPO�
VTJOH� UIF� BDUJWBUJPO� NBSLFST� 1�TFMFDUJO� MFVDPDZUF�
BMLBMJOF�QIPTQIBUBTF�BOE�$%��C��ćF�NJDSPQBSUJDMF�	.1
�
QSPDPBHVMBOU� BDUJWJUZ� XBT� RVBOUJĕFE� VTJOH� B� GVODUJPOBM�
FO[ZNF� MJOLFE� JNNVOPTPSCFOU�BTTBZ4ڀ�FWFSBM�QBSBNFUFST�
XFSF�BMTP�FYUSBDUFE�GSPN�B�DPNQMFUF�CMPPE�DPVOU�

Results:� 1�TFMFDUJO� -"1� .1� BDUJWJUZ� BOE� BMM� $#$�
QBSBNFUFST� JOWFTUJHBUFE� FYDFQU� GPS� UIF� NPOPDZUF� DPVOU�
XFSF�IJHIFS�JO�.1%�QBUJFOUT�UIBO�JO�DPOUSPMT17ڀ��QBUJFOUT�
IBE� JODSFBTFE� NPOPDZUF� $%��C� XIFO� DPNQBSFE� UP� &5�
QBUJFOUT� BT� PCTFSWFE� JOڀ JAK2 �� QBUJFOUT� XIFO� DPNQBSFE�
UPڀ JAK2 ڀ�� ćF� .1� QSPDPBHVMBOU� BDUJWJUZ� XBT� IJHIFS�
JO� QBUJFOUT� UBLJOH� BTQJSJO� POMZ� XIFO� DPNQBSFE� XJUI�
QBUJFOUT� UBLJOH� DZUPSFEVDUJWF� UIFSBQZ� XJUI� BTQJSJOڀ� ćF�
.1�QSPDPBHVMBOU�BDUJWJUZ�XBT�BMTP�TJHOJĕDBOUMZ�IJHIFS� JO�
JOUFSNFEJBUF�SJTL�&5�QBUJFOUT�UIBO�JO�IJHI�SJTL�&5�QBUJFOUT�

Conclusion:�.1%�QBUJFOUT�IBWF�JODSFBTFE�QSPEVDUJPO�
BOE�BDUJWBUJPO�PG�MFVDPDZUFT�BOE�QMBUFMFUT�XIFO�DPNQBSFE�
UP�DPOUSPMT��UIJT�DPVME�QPTTJCMZ�QMBZ�B�SPMF�JO�UIF�JODSFBTFE�
UISPNCPUJD� SJTL�� 17� BOEڀ JAK2 �� QBUJFOUT� IBE� JODSFBTFE�
NPOPDZUF� BDUJWBUJPO� XIFO� DPNQBSFE� UP� &5� BOEڀ JAK2 ��
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