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Abstract. Cancers of the digestive tract, in particular 
colorectal cancer (CRC), are among those most responsive to 
GLHWDU\�PRGLÀFDWLRQ��5HVHDUFK�KDV�VKRZQ�WKDW�DSSUR[LPDWHO\�
����RI�DOO�VSRUDGLF�FDVHV�RI�&5&�DUH�GLUHFWO\�LQÁXHQFHG�E\�
GLHW��0DQ\�QDWXUDO� FRPSRXQGV�KDYH�EHHQ� LQYHVWLJDWHG� IRU�
their potential usefulness as cancer chemopreventive agents 
DV�WKH\�KDYH�EHHQ�WKRXJKW�WR�VXSSUHVV�FDUFLQRJHQHVLV�PDLQO\�
during the initiation phase due to their radical scavenger 
DFWLYLW\��6LQFH�WKHUH�LV�DQ�LQFUHDVLQJ�LQWHUHVW� LQ�WKH�in vivo 
protective effects of natural compounds contained in plants 
DJDLQVW�R[LGDWLYH�GDPDJH�LQYROYHG�LQ�VHYHUDO�KXPDQ�GLVHDVHV�
VXFK�DV�FDQFHU��WKH�DLP�RI�WKH�SUHVHQW�UHVHDUFK�ZDV�WR�WHVW�WKH�
effects of a Celtis aetnensis��7RUQDE���6WUREO�WZLJ�H[WUDFW�RQ�D�
KXPDQ�FRORQ�FDUFLQRPD�FHOO�OLQH��&DFR����,Q�RUGHU�WR�HOXFLGDWH�
WKH�PHFKDQLVPV�RI�DFWLRQ�RI�WKLV�H[WUDFW��/'+�UHOHDVH��*6+�
content, ROS levels, caspase-3 and Ƣ�*&6�H[SUHVVLRQ�ZHUH�
DOVR�HYDOXDWHG��7KH�UHVXOWV�UHYHDOHG�WKDW�WKH�Celtis aetnensis 
H[WUDFW�UHGXFHG�WKH�FHOO�YLDELOLW\�RI�WKH�&DFR��FHOOV�LQGXFLQJ�
DSRSWRVLV�DW�WKH�ORZHVW�FRQFHQWUDWLRQ�DQG�QHFURVLV�DW�KLJKHU�
GRVDJHV��,Q�DGGLWLRQ��WKLV�H[WUDFW�FDXVHG�DQ�LQFUHDVH�LQ�WKH�
OHYHOV�RI�526��D�GHFUHDVH�LQ�56+�OHYHOV�DQG�LQ�WKH�H[SUHVVLRQ�
RI�+2����7KH�H[SUHVVLRQ�RI�Ƣ�*&6�ZDV�QRW�PRGLÀHG�LQ�WKH�
Celtis aetnensis�WUHDWHG�&DFR���FHOOV��7KHVH�UHVXOWV�VXJJHVW�
DQ� LQWHUIHUHQFH� RI� WKLV� H[WUDFW� RQ� WKH� R[LGDQW�DQWLR[LGDQW�

FHOO�EDODQFH�ZLWK�FRQVHTXHQW�FHOO�GDPDJH��7KH�SUHVHQW�VWXG\�
VXSSRUWV�WKH�JURZLQJ�ERG\�RI�GDWD�VXJJHVWLQJ�WKH�ELRDFWLYLWLHV�
of Celtis aetnensis��7RUQDE���6WUREO�DQG�LWV�SRWHQWLDO�LPSDFW�RQ�
FDQFHU�WKHUDS\�DQG�RQ�KXPDQ�KHDOWK�

Introduction

Colorectal cancer is the third most common malignancy in 
PDOHV�DQG�WKH�VHFRQG�PRVW�FRPPRQ�LQ�IHPDOHV��ZLWK�VLJQLÀ-
FDQW�YDULDWLRQV�LQ�WKH�ZRUOGZLGH�GLVWULEXWLRQ��,Q�YHWHULQDU\�
PHGLFLQH�LW�ZDV�GHVFULEHG�LQ�VKHHS�DQG�GRJ�ZLWK�D�GLIIHUHQW�
LQFLGHQFH������$�PRUH�WKDQ����IROG�YDULDWLRQ�LQ�WKH�FRORUHFWDO�
cancer incidence rate across countries and the rapid increase 
LQ�LQFLGHQFH�UDWHV�LQ�FRXQWULHV�H[SHULHQFLQJ�LQGXVWULDOL]DWLRQ�
VXJJHVW�D�VWURQJ�OLQN�ZLWK�OLIHVW\OH�IDFWRUV��7KH�KLJKHVW�LQFL-
dence rates are found in economically developed countries, 
ZKHUHDV�WKH�ORZHVW�UDWHV�DUH�QRWHG�LQ�$IULFD�DQG�6RXWK�&HQWUDO�
$VLD������+RZHYHU��UHFHQW�¶SHUWXUEDWLRQV·�LQ�FRORUHFWDO�FDQFHU�
LQFLGHQFH� WUHQGV�ZHUH�REVHUYHG�SUREDEO\� UHVXOWLQJ� IURP�D�
FRPELQDWLRQ� RI� ULVN� IDFWRUV�� LQFOXGLQJ� REHVLW\�� VHGHQWDU\�
OLIHVW\OH��LQFUHDVHG�SUHYDOHQFH�RI�VPRNLQJ��H[FHVVLYH�DOFRKRO�
FRQVXPSWLRQ�DQG�¶ZHVWHUQL]DWLRQ·�LQ�GLHWDU\�KDELWV���D�GLHW�
ULFK�LQ�UHG�DQG�SURFHVVHG�PHDW�DQG�ORZ�LQWDNH�RI�IUXLWV�DQG�
YHJHWDEOHV�������

7KH�SRVVLELOLW\�WKDW�IUXLW�DQG�YHJHWDEOHV�PD\�KHOS�WR�UHGXFH�
the risk for various types of cancer raised great interest already 
LQ�WKH�����V��ZKHQ�VWXGLHV�FRQGXFWHG�WR�DVVHVV�GLIIHUHQFHV�LQ�
FDQFHU�UDWHV�DQG�GLHW�EHWZHHQ�FRXQWULHV��VXJJHVWHG�WKDW�YDULRXV�
GLHWDU\�IDFWRUV�PD\�KDYH�LPSRUWDQW�HIIHFWV�RQ�FDQFHU�ULVN��������
6HYHUDO�\HDUV�ODWHU��D�MRLQW�UHSRUW�E\�WKH�:RUOG�&DQFHU�5HVHDUFK�
)XQG�WRJHWKHU�ZLWK�WKH�$PHULFDQ�,QVWLWXWH�RI�&DQFHU�5HVHDUFK�
IRXQG�¶FRQYLQFLQJ·�HYLGHQFH�WKDW�D�KLJK�IUXLW�DQG�YHJHWDEOH�
LQWDNH�ZRXOG�UHGXFH�FDQFHU�RI�WKH�FRORQ�DQG�UHFWXP�������

,W�LV�NQRZQ�WKDW�SODQWV�PD\�EH�XVHG�ERWK�DV�D�PHGLFLQH�
DQG�D� IRRG�DQG� LW� LV�GLIÀFXOW� WR�GUDZ�D� OLQH�EHWZHHQ� WKHVH�
WZR�JURXSV��IRRG�PD\�EH�PHGLFLQH��DQG�vice versa��,Q�WUDGL-
WLRQDO�VRFLHWLHV��SODQWV�DUH�RIWHQ�XVHG�PXOWL�FRQWH[WXDOO\��IRU�
H[DPSOH��DV�IRRG�DQG�IRU�PHGLFLQH������3DUWLFXODUO\�LQWHUHVWLQJ�
are the pharmacological properties of these plants and of the 
FRQVWLWXHQWV�LVRODWHG�IURP�WKHP�

Effects of an extract of Celtis aetnensis (Tornab.) Strobl twigs 
on human colon cancer cell cultures
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Epidemiologic studies suggest that the consumption of 
QDWXUDO�FRPSRXQGV�ORZHUV�WKH�ULVN�RI�FDUGLRYDVFXODU�GLVHDVH��
GLDEHWHV��DUWKULWLV�DQG�FDQFHU�������

The genus Celtis��8OPDFHDH��LQFOXGHV�DERXW����VSHFLHV�
RI� VKUXEV�RU� WUHHV�� SULPDULO\� GLVWULEXWHG� LQ� WKH� WHPSHUDWH�
DQG�WURSLFDO�UHJLRQV�RI�WKH�1RUWKHUQ�+HPLVSKHUH�������Celtis 
aetnensis��7RUQDE���6WUREO�LV�D�EXVK\�VKUXE�SUHVHQW�RQ�0RXQW�
(WQD� �6LFLO\�� ������ ,W� LV� D� ZRRG\� SODQW�� ZKRVH� OHDYHV� DUH�
KHDUW�VKDSHG�DQG�VOLJKWO\�FUHQDWH�RQ�WKH�HGJH��6RPH�VSHFLHV�
of Celtis are used in traditional medicine for the treatment of 
ORZ�EDFN�SDLQ��XSVHW�VWRPDFK��DEGRPLQDO�SDLQ��DV�ZHOO�DV�IRU�
their astringent and soothing in case of diarrhea, enteritis and 
LQÁDPPDWLRQ�RI�WKH�RUDO�FDYLW\��7KHVH�SURSHUWLHV�DUH�SULPDULO\�
DWWULEXWDEOH�WR�WKH�DFWLYH�SULQFLSOHV�FRQWDLQHG�LQ�WKH�OHDYHV��
VXFK�DV�WDQQLQV��VDSRQLQV�DQG�ÁDYRQRLGV�

,Q�SUHYLRXV�SK\WRFKHPLFDO�UHSRUWV�RQ�VSHFLHV�RI�WKH�JHQXV�
Celtis��WKH�SUHVHQFH�RI�EHWXOLQ��JDOOLF�DFLG�����
�GL�2�PHWK\-
OHOODJLF�DFLG��PRUHWHQRO�DQG�WZR�WULWHUSHQH�HVWHUV���ơ-trans-
VLQDSR\OR[\OXS��������HQ����RO� DQG��ơ-trans�IHUXOR\OR[\�
16ơ�K\GUR[\OXS��������HQH� DQG� ILYH� NQRZQ� WULWHUSHQHV��
3ơ�2��(��IHUXOR\OEHWXOLQ�� �ơ�2��(��FRXPDUR\OEHWXOLQ��
EHWXOLQ�����HSLEU\RQROLF�DFLG��DQG�XUVROLF�DFLG��ZHUH�LVRODWHG�
IURP�WKH�WZLJV�RI�C. philippinensis���������

$QWLR[LGDQW� DQG� F\WRWR[LF� DFWLYLWLHV�ZHUH� UHSRUWHG� IRU�
other Celtis�VSHFLHV�H�J���Celtis philippinensis Blanco, Celtis 
africana�%XUP��I���DQG�Celtis iguanae��-DFT���6DUJ��������������
KRZHYHU��DV�IDU�DV�ZH�NQRZ��QR�SUHYLRXV�ELRORJLFDO�DQG�SK\WR-
chemical investigations on Celtis aetnensis��7RUQDE���6WUREO�
KDYH�EHHQ�UHSRUWHG�

0DQ\� DQWLR[LGDQW� FRPSRXQGV� KDYH� EHHQ� LQYHVWLJDWHG�
for their potential usefulness as cancer chemopreventive 
DJHQWV� ���������6LQFH� WKHUH� LV� DQ� LQFUHDVLQJ� LQWHUHVW� LQ� WKH�
in vivo protective effects of natural compounds contained in 
SODQWV�DJDLQVW�R[LGDWLYH�GDPDJH�LQYROYHG�LQ�VHYHUDO�KXPDQ�
diseases such as cancer, the present study investigated the 
effects of Celtis aetnensis��7RUQDE���6WUREO�WZLJ�H[WUDFW�RQ�WKH�
YLDELOLW\�RI�WKH�KXPDQ�FDUFLQRPD�&DFR��FHOO�OLQH��,Q�DGGLWLRQ��
LQ�RUGHU�WR�HOXFLGDWH�WKH�PHFKDQLVPV�RI�DFWLRQ�RI�WKLV�H[WUDFW��
/'+�UHOHDVH��FDVSDVH�H[SUHVVLRQ��WKLRO�JURXSV��526�OHYHOV��
+2���DQG�Ƣ�*&6�SURWHLQ�H[SUHVVLRQ�ZHUH�DOVR�HYDOXDWHG�

Materials and methods

Chemicals. �������'LPHWK\OWKLD]RO���\O�����GLSKHQ\OWHWUD�
]ROLXP� EURPLGH� �077�� DQG� �
��
�GLFKORURI OXRUHVFHLQ�
GLDFHWDWH��'&)+�'$��ZHUH�REWDLQHG�IURP�6LJPD�$OGULFK�&R��
�6W��/RXLV��02��86$���$OO�RWKHU�FKHPLFDOV�ZHUH�SXUFKDVHG�
IURP�*LEFR�%5/�/LIH�7HFKQRORJLHV��*UDQG�,VODQG��1<��86$���
Polyclonal Ƣ-glutamylcysteine synthetase (Ƣ-GCS) and caspase 
DQWLERGLHV�ZHUH�IURP�$EFDP��9LFWRULD��%&��&DQDGD���6HFRQGDU\�
KRUVHUDGLVK�SHUR[LGDVH�FRQMXJDWHG�DQWL�UDEELW�DQWLERGLHV�ZHUH�
IURP�6DQWD�&UX]�%LRWHFKQRORJ\��6DQWD�&UX]��&$��86$���7KH�
enhanced chemiluminescence system for developing immu-
QREORWV�DQG�QLWURFHOOXORVH�PHPEUDQHV�ZDV�SXUFKDVHG�IURP�
$PHUVKDP��0LODQR��,WDO\���7KH�(/,6$�NLW��XVHG�WR�PHDVXUH�
KHPH�R[\JHQDVH����+2����SURWHLQ�FRQFHQWUDWLRQ��ZDV�IURP�
6WUHVVJHQ�%LRWHFKQRORJLHV��9LFWRULD��%&��&DQDGD��

Plant material and preparation of the extract. 7ZLJV� RI�
Celtis aetnensis��7RUQDE���6WUREO��8OPDFHDH��ZHUH�FROOHFWHG�

LQ�WKH�DUHD�DURXQG�/LQJXDJORVVD��&DWDQLD��,WDO\��LQ�-XQH�������
7KH�VSHFLPHQV�ZHUH�REWDLQHG�WKDQNV�WR�WKH�5HJLRQDO�)RUHVW�
&RUSV�'HWDFKPHQW�RI�&DWDQLD�1LFRORVL�DQG�DXWKHQWLFDWHG�E\�
ERWDQLVW�3URIHVVRU�6��5DJXVD��'HSDUWPHQW�RI�+HDOWK�6FLHQFHV��
8QLYHUVLW\�RI�&DWDQ]DUR��,WDO\���$�YRXFKHU�VSHFLPHQ�RI�WKH�
SODQW�ZDV�GHSRVLWHG�LQ�WKH�KHUEDULXP�RI�WKH�VDPH�GHSDUWPHQW�

7ZLJV�RI�Celtis aetnensis��7RUQDE���6WUREO�ZHUH�DLU�GULHG�IRU�
���GD\V��DQG�WKHQ�ZDVKHG�IUHH�IURP�VRLO��SRZGHUHG�DQG�VWRUHG�
LQ�DLUWLJKW�FRQWDLQHUV�DW�URRP�WHPSHUDWXUH�XQWLO�H[WUDFWLRQ��
2QH�IUDFWLRQ�RI����J�RI�WKH�SRZGHUHG�WZLJV�ZDV�H[KDXVWLYHO\�
H[WUDFWHG�E\�PDFHUDWLRQ�ZLWK�0H2+��Z�Y�UDWLR�RI������DW�URRP�
WHPSHUDWXUH�IRU����K��7KH�ÀOWUDWH�ZDV�GULHG�XQGHU�YDFXXP�
using a rotary evaporator, and the residue that dissolved in 
ZDWHU�ZDV�H[WUDFWHG�ZLWK�KH[DQH��7KH�DTXHRXV�VROXWLRQ�ZDV�
IXUWKHU�H[WUDFWHG�ZLWK�FKORURIRUP��)LQDOO\� WKH�FKORURIRUP�
VROXWLRQ�ZDV�EURXJKW�WR�GU\QHVV��UHVLGXDO�ZHLJKW�������PJ��

Cell culture and treatments. +XPDQ�FRORQ�FDUFLQRPD�FHOOV�
�&DFR����REWDLQHG�IURP�WKH�$PHULFDQ�7\SH�&XOWXUH�&ROOHFWLRQ�
�$7&&��5RFNYLOOH��0'��86$���ZHUH�FXOWXUHG�LQ�'XOEHFFR
V�
PRGLÀHG�HVVHQWLDO�PHGLXP��*LEFR�%5/�/LIH�7HFKQRORJLHV��
VXSSOHPHQWHG�ZLWK�����IRHWDO�FDOI�VHUXP����PPRO�O�VRGLXP�
S\UXYDWH����PPRO�O�/�JOXWDPLQH��VWUHSWRP\FLQ�����PJ�PO��DQG�
SHQLFLOOLQ�����8�PO��

7KH� FHOOV�ZHUH� SODWHG� DW� D� FRQVWDQW� GHQVLW\� WR� REWDLQ�
LGHQWLFDO�H[SHULPHQWDO�FRQGLWLRQV�LQ�WKH�GLIIHUHQW�WHVWV��WKXV�
WR�DFKLHYH�D�KLJK�DFFXUDF\�RI�WKH�PHDVXUHPHQWV��$IWHU�D����K�
LQFXEDWLRQ�DW���Ý&�XQGHU�D�KXPLGLILHG����FDUERQ�GLR[LGH�
DWPRVSKHUH�WR�DOORZ�FHOO�DWWDFKPHQW��WKH�FHOOV�ZHUH�WUHDWHG�
ZLWK�GLIIHUHQW�FRQFHQWUDWLRQV�RI�WKH�FKORURIRUPLF�H[WUDFW�RI�
WZLJV�IURP�Celtis aetnensis��7RUQDE���6WUREO������������������RU�
�����J�PO���DQG�LQFXEDWHG�IRU����K�XQGHU�WKH�VDPH�FRQGLWLRQV��
&KORURIRUPLF�H[WUDFW�ZDV�GLVVROYHG� LQ�GLPHWK\O� VXOIR[LGH�
�'062��DQG�GLOXLWHG�ZLWK�PHGLXP�WR�JLYH�ÀQDO�FRQFHQWUDWLRQV�
RI�WRWDO�H[WUDFW�UDQJLQJ�IURP���WR������J�PO��)RXU�UHSOLFDWHV�
ZHUH�SHUIRUPHG�IRU�HDFK�VDPSOH�

$W�WKH�HQG�RI�WKH�WUHDWPHQW��WKH�FHOOV�ZHUH�VFUDSHG��ZDVKHG�
ZLWK�3%6�DQG�LPPHGLDWHO\�XWLOL]HG�IRU�DQDO\VLV�

MTT bioassay. 077�DVVD\�ZDV�SHUIRUPHG�WR�PRQLWRU�FHOO�
YLDELOLW\��PHDVXULQJ�WKH�FRQYHUVLRQ�RI�WHWUD]ROLXP�VDOW�WR�\LHOG�
FRORUHG�IRUPD]DQ��WKH�DPRXQW�RI�ZKLFK�LV�SURSRUWLRQDO�WR�WKH�
QXPEHU�RI�OLYLQJ�FHOOV��)RU�WKLV�DVVD\��WKH�FHOOV�ZHUH�VHW�XS�
��[��3�FHOOV�ZHOO��LQ�D����PXOWLZHOO�ÁDW�ERWWRPHG������O�PLFUR-
SODWH�������7KH�RSWLFDO�GHQVLW\�RI�HDFK�ZHOO�ZDV�PHDVXUHG�ZLWK�
D�PLFURSODWH�VSHFWURSKRWRPHWHU�UHDGHU��7LWHUWHN�0XOWLVNDQ��
)ORZ�/DERUDWRULHV��+HOVLQNL��)LQODQG��DW�ƪ ����QP�

Lactic dehydrogenase release. /DFWLF�GHK\GURJHQDVH��/'+��
UHOHDVH�ZDV�PHDVXUHG�WR�HYDOXDWH�FHOO�QHFURVLV�DV�D�UHVXOW�RI�
FHOO�PHPEUDQH�GLVUXSWLRQ��/'+�DFWLYLW\�ZDV�PHDVXUHG�VSHF-
trophotometrically in the culture medium and in the cellular 
lysates, at ƪ ����QP�E\�DQDO\]LQJ�1$'+�UHGXFWLRQ�������7KH�
SHUFHQWDJH�RI�/'+�UHOHDVH�ZDV�FDOFXODWHG�DV�WKH�SHUFHQWDJH�
RI�WKH�WRWDO�DPRXQW��FRQVLGHUHG�DV�WKH�VXP�RI�WKH�HQ]\PDWLF�
activity present in the cellular lysate and that in the culture 
PHGLXP�

Thiol group determination. 7KLRO�JURXSV��56+��ZHUH�PHDVXUHG�
XVLQJ�D�VSHFWURSKRWRPHWULF�DVVD\�DV�SUHYLRXVO\�GHVFULEHG�������
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5HVXOWV�DUH�H[SUHVVHG�DV��PRO�PJ�SURWHLQ��3URWHLQ�FRQFHQWUD-
WLRQ�ZDV�PHDVXUHG�DFFRUGLQJ�WR�%UDGIRUG������

Reactive oxygen species assay. 'HWHUPLQDWLRQ�RI� UHDFWLYH�
R[\JHQ� VSHFLHV� �526��ZDV�SHUIRUPHG�XVLQJ�D� IOXRUHVFHQW�
SUREH� �
��
�GLFKORURIOXRUHVFHLQ� GLDFHWDWH� �'&)+�'$��� DV�
SUHYLRXVO\�GHVFULEHG�������7KH�ÁXRUHVFHQFH��FRUUHVSRQGLQJ�
WR�WKH�R[LGL]HG�UDGLFDO�VSHFLHV��
��
�GLFKORURÁXRUHVFHLQ��'&)��
ZDV�PRQLWRUHG�VSHFWURÁXRURPHWULFDOO\��H[FLWDWLRQ��ƪ ����QP��
emission, ƪ ����QP���7KH�WRWDO�SURWHLQ�FRQWHQW�ZDV�HYDOXDWHG�
for each sample, and the results are reported as the percentage 
LQFUHDVH�LQ�ÁXRUHVFHQFH�LQWHQVLW\�PJ�SURWHLQ�ZLWK�UHVSHFW�WR�
WKH�FRQWURO��XQWUHDWHG��FHOOV�

HO-1 protein expression. $� FRPPHUFLDOO\� DYDLODEOH�
HQ]\PH�OLQNHG�LPPXQRVRUEHQW�DVVD\��(/,6$��NLW�ZDV�XVHG�
WR�PHDVXUH�+2���SURWHLQ�FRQFHQWUDWLRQ�LQ�WKH�FHOOXODU�O\VDWHV��
7KH�DVVD\�ZDV�SHUIRUPHG�LQ�DFFRUGDQFH�ZLWK� WKH�SURWRFRO�
SURYLGHG�E\�WKH�PDQXIDFWXUHU��$EVRUEDQFH�DW�ƪ ����QP�ZDV�
PHDVXUHG�DQG�+2���FRQFHQWUDWLRQ�ZDV�FDOFXODWHG�IURP�D�VWDQ-
GDUG�FXUYH�JHQHUDWHG�ZLWK�SXULÀHG�+2���������7KH�OLPLWV�RI�
GHWHFWLRQ�SURYLGHG�E\�WKH�PDQXIDFWXUHU�ZHUH���������QJ�PO��
5HVXOWV�DUH�H[SUHVVHG�DV�QJ�PJ�SURWHLQ�

Western blottings. &DFR��FHOOV�ZHUH�KDUYHVWHG�XVLQJ�FHOO�O\VLV�
EXIIHU��7KH� O\VDWH�ZDV� FROOHFWHG� IRU�ZHVWHUQ�EORW� DQDO\VLV�
DQG�SURWHLQ�OHYHOV�ZHUH�YLVXDOL]HG�E\�LPPXQREORWWLQJ�ZLWK�
DQWLERGLHV� DJDLQVW� Ƣ-GCS and caspase-3 as previously 
GHVFULEHG������

Statistical analysis. 2QH�ZD\�DQDO\VLV�RI�YDULDQFH��$129$��
IROORZHG�E\�%RQIHUURQL
V�W�WHVW�ZDV�SHUIRUPHG�LQ�RUGHU�WR�HVWL-
PDWH�VLJQLÀFDQW�GLIIHUHQFHV�DPRQJ�JURXSV��'DWD�DUH�UHSRUWHG�
DV�PHDQ�YDOXHV���6'��DQG�GLIIHUHQFHV�EHWZHHQ�JURXSV�ZHUH�
FRQVLGHUHG�WR�EH�VLJQLÀFDQW�DW�3�������

Results

Effects of Celtis aetnensis (Tornab.) Strobl on Caco2 cell 
viability.�7KH� WUHDWPHQW�RI�&DFR��FHOOV�ZLWK������������RU�
�����J�PO�RI�FKORURIRUPLF�H[WUDFW�RI�Celtis aetnensis��7RUQDE���

6WUREO�IRU����K�UHVXOWHG�LQ�D�VLJQLÀFDQW�DQG�GRVH�GHSHQGHQW�
UHGXFWLRQ�LQ�FHOO�YLDELOLW\��)LJ������VLQFH�����DQG������J�PO�RI�
FKORURIRUPLF�H[WUDFW�VKRZHG�VLPLODU�HIIHFWV�LQ�RWKHU�H[SHUL-
PHQWV�ZH�XVHG������J�PO�RI�WKH�H[WUDFW�

LDH release. Necrosis results in distruption of the cyto-
SODVPLF�PHPEUDQH�ZLWK�UHOHDVH�RI�F\WRSODVPLF�/'+�DQG�RWKHU�
F\WRWR[LF�VXEVWDQFHV�E\�QHFURWLF�FHOOV�LQWR�WKH�PHGLXP��7KXV��
WKH�H[LVWHQFH�RI�/'+�LQ�FXOWXUH�PHGLXP�UHSUHVHQWV�DQ�LQGLUHFW�
LQGH[�RI�WKH�PHPEUDQH�SHUPHDELOLW\�RI�WKH�WUHDWHG�FHOOV��$V�
VKRZQ�LQ�)LJ��������K�RI�LQFXEDWLRQ�ZLWK�D�FKORURIRUPLF�H[WUDFW�
of Celtis aetnensis��7RUQDE���6WUREO�����J�PO��GLG�QRW�FDXVH�
/'+�UHOHDVH��ZKLOH�D�VWDWLVWLFDOO\�VLJQLÀFDQW�LQFUHDVH�LQ�/'+�
UHOHDVH�ZDV�REVHUYHG�LQ�WKH�&DFR��FHOOV�WUHDWHG�ZLWK����DQG�
�����J�PO�RI�H[WUDFW��)LJ�����

Caspase determination. :HVWHUQ�EORW�DQDO\VLV�RI�FDVSDVH���LV�
FRQVLGHUHG�D�JRRG�PDUNHU�RI�DSRSWRVLV��$V�VKRZQ�LQ�)LJ�����WKH�
WUHDWPHQW�RI�&DFR��FHOOV�ZLWK�D�FKORURIRUPLF�H[WUDFW�RI�Celtis 
aetnensis��7RUQDE��6WUREO������������J�PO��LQGXFHG�DSRSWRWLF�
FHOO�GHDWK��7KLV�HIIHFW�ZDV�DOVR�HYLGHQW�DW�WKH�ORZHVW�GRVDJH�
����J�PO��

ROS assay. 526�DUH�EHOLHYHG� WR�EH� LQYROYHG� LQ�FHOO�GHDWK�
LQGXFHG� E\� D� YDULHW\� RI� VWLPXOL� DQG� YDULRXV� DQWLWXPRUDO�
DJHQWV�� ,Q� RUGHU� WR� WHVW� WKH� K\SRWKHVLV� WKDW� FKORURIRUPLF�
H[WUDFW�LQGXFHG�FHOO�GHDWK�PD\�EH�PHGLDWHG�E\�DQ�HOHYDWLRQ�LQ�
526�OHYHOV��D�ÁXRUHVFHQW�SUREH��'&)+�'$�ZDV�XVHG�IRU�526�
GHWHUPLQDWLRQ��7KLV�SUREH�GLIIXVHV� LQWR� WKH�FHOOV�� LQWUDFHO-
OXODU�HVWHUDVHV�K\GURO\]H�WKH�DFHWDWH�JURXSV�DQG�WKH�UHVXOWLQJ�
'&)+�WKHQ�UHDFWV�ZLWK�LQWUDFHOOXODU�R[LGDQWV�UHVXOWLQJ�LQ�WKH�
REVHUYHG�ÁXRUHVFHQFH�

7KH�LQWHQVLW\�RI�ÁXRUHVFHQFH��),��LV�SURSRUWLRQDO�WR�WKH�
OHYHOV�RI� LQWUDFHOOXODU�R[LGDQW�VSHFLHV��$V�VKRZQ�LQ�)LJ�����
WKH�DGGLWLRQ�RI�WKH�FKORURIRUPLF�H[WUDFW�RI�Celtis aetnensis 
�7RUQDE���6WUREO�DW�������DQG������J�PO� IRU����K�FDXVHG�D�
VLJQLÀFDQW�LQFUHDVH�LQ�),�ZLWK�UHVSHFW�WR�WKH�XQWUHDWHG�&DFR��
FHOOV�

)LJXUH����&HOO�YLDELOLW\�LQ�WKH�&DFR��FHOOV�XQWUHDWHG�DQG�WUHDWHG�IRU����K�ZLWK�
D�FKORURIRUPLF�H[WUDFW�RI�Celtis aetnensis��7RUQDE���6WUREO�DW�GLIIHUHQW�FRQ-
FHQWUDWLRQV���������J�PO���9DOXHV�DUH�WKH�PHDQ���6'�RI�IRXU�H[SHULPHQWV�LQ�
WULSOLFDWH��6LJQLÀFDQW�YV��XQWUHDWHG�FRQWURO�FHOOV��*3������� )LJXUH����/'+�UHOHDVHG�LQ�WKH�&DFR��FHOOV�XQWUHDWHG�DQG�WUHDWHG�IRU����K�

ZLWK�D�FKORURIRUPLF�H[WUDFW�RI�Celtis aetnensis��7RUQDE���6WUREO�DW�GLIIHUHQW�
FRQFHQWUDWLRQV���������J�PO���9DOXHV�DUH�WKH�PHDQ���6'�RI�IRXU�H[SHULPHQWV�
LQ�WULSOLFDWH��6LJQLÀFDQW�YV��XQWUHDWHG�FRQWURO�FHOOV��*3�������
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Thiol groups. ,Q�RUGHU�WR�IXUWKHU�FRQÀUP�WKH�LQYROYHPHQW�RI�
UDGLFDO�R[LGDWLYH�VSHFLHV�LQ�WKH�DFWLRQ�PHFKDQLVP�RI�FKORUR-
IRUPLF�H[WUDFW�RI�Celtis aetnensis��7RUQDE���6WUREO��WKLRO�JURXS�
OHYHOV��56+��ZHUH�PHDVXUHG�LQ�WKH�&DFR��FHOOV��7KH�WUHDWPHQW�
RI�WKHVH�FHOOV�ZLWK���������J�PO�RI�WKH�FKORURIRUPLF�H[WUDFW�
of Celtis aetnensis��7RUQDE���6WUREO�UHVXOWHG�LQ�D�VLJQLÀFDQW�
UHGXFWLRQ�LQ�WKH�OHYHOV�RI�56+��)LJ������WKH�ORZHVW�FRQFHQWUD-
WLRQ�RI�WKH�FKORURIRUPLF�H[WUDFW�RI�Celtis aetnensis��7RUQDE���
6WUREO�GLG�QRW�DOWHU�WKH�OHYHOV�RI�WKLRO�JURXSV�56+�ZLWK�UHVSHFW�
WR�WKH�FRQWURO�

HO-1 by ELISA. )LJ����VKRZV�WKDW�WKH�DGGLWLRQ�RI�������DQG�
�����J�PO�RI�WKH�H[WUDFW�WR�&DFR��FHOOV��UHVXOWHG�LQ�D�VLJQLÀFDQW�

GHFUHDVH�LQ�+2���SURWHLQ�H[SUHVVLRQ�ZKLFK�ZDV�XQGHWHFWDEOH�
DW�WKH�KLJKHVW�FRQFHQWUDWLRQ�RI�WKH�H[WUDFW��)LJ�����

Ƣ-GCS determination. 1R�VLJQLÀFDQW�FKDQJH�LQ�Ƣ�*&6�H[SUHV-
VLRQ�ZDV�REVHUYHG�LQ�WKH�&DFR��FHOOV�WUHDWHG�ZLWK�WKH�H[WUDFW�RI�
Celtis aetnensis��7RUQDE���6WUREO�ZLWK�UHVSHFW�WR�WKH�XQWUHDWHG�
FHOOV��)LJ�����

Discussion

Cancer, a malignant tumor or a neoplasm, is a generic term 
IRU�D�EURDG�JURXS�RI�GLVHDVHV�WKDW�FDQ�DIIHFW�DQ\�SDUW�RI�WKH�
ERG\�YLD�IDLOXUH�RI�UHJXODWLRQ�RI�FHOO�PLWRVLV��7KH�SURFHVVHV�
RI�FDQFHU�GHYHORSPHQW�DUH�L��UDSLG�DQG�DEQRUPDO�FHOO�GLYLVLRQ�
DQG�JURZWK��LL��IRUPDWLRQ�RI�PDOLJQDQW�WXPRUV��LLL��LQYDVLRQ�
WR�QHDUE\�DGMRLQLQJ�SDUWV�RI�WKH�ERG\��DQG�LY��VSUHDG�WR�RWKHU�
RUJDQV� WKURXJK� WKH� O\PSKDWLF� V\VWHP�DQG�RU�EORRGVWUHDP��
&DQFHU�UHPDLQV�RQH�RI�WKH�PRVW�WKUHDWHQLQJ�GLVHDVHV�ZRUOG-
ZLGH�DIIHFWLQJ�KXPDQ�KHDOWK�DQG�TXDOLW\�RI�OLIH�LQ�VSLWH�RI�

)LJXUH����,PPXQREORWWLQJ�RI�FDVSDVH���OHYHOV�LQ�WKH�&DFR��FHOOV�XQWUHDWHG�
DQG�WUHDWHG�IRU����K�ZLWK�D�FKORURIRUPLF�H[WUDFW�RI�Celtis aetnensis��7RUQDE���
6WUREO�DW�GLIIHUHQW�FRQFHQWUDWLRQV���������J�PO���9DOXHV�DUH�H[SUHVVHG�DV�GHQ-
VLWRPHWULF�XQLWV�FRUUHVSRQGLQJ�WR�VLJQDO�LQWHQVLW\�SUHVHQW�RQ�DXWRUDGLRJUDSKV��
9DOXHV�DUH� WKH�PHDQ���6'�RI� IRXU�H[SHULPHQWV�SHUIRUPHG� LQ� WULSOLFDWH��
6LJQLÀFDQW�YV��XQWUHDWHG�FRQWURO�FHOOV��*3�������

)LJXUH����,QWUDFHOOXODU�R[LGDQWV� LQ�WKH�&DFR��FHOOV�XQWUHDWHG�DQG�WUHDWHG�
IRU����K�ZLWK�D�FKORURIRUPLF�H[WUDFW�RI�Celtis aetnensis��7RUQDE���6WUREO�DW�
GLIIHUHQW�FRQFHQWUDWLRQV���������J�PO���9DOXHV�DUH�WKH�PHDQ���6'�RI�IRXU�
H[SHULPHQWV�LQ�WULSOLFDWH��6LJQLÀFDQW�YV��XQWUHDWHG�FRQWURO�FHOOV��*3�������

)LJXUH����7KLRO�JURXSV�LQ�WKH�&DFR��FHOOV�XQWUHDWHG�DQG�WUHDWHG�IRU����K�ZLWK�
D�FKORURIRUPLF�H[WUDFW�RI�Celtis aetnensis��7RUQDE���6WUREO�DW�GLIIHUHQW�FRQ-
FHQWUDWLRQV���������J�PO���7KLRO�JURXSV�DUH�H[SUHVVHG�DV��PRO�PJ�SURWHLQ��
9DOXHV�DUH�WKH�PHDQ���6'�RI�IRXU�H[SHULPHQWV�LQ�WULSOLFDWH��6LJQLÀFDQW�YV��
untreated control cells, *3�������

)LJXUH����+2���OHYHOV�LQ�WKH�&DFR��FHOOV�XQWUHDWHG�DQG�WUHDWHG�IRU����K�ZLWK�
D�FKORURIRUPLF�H[WUDFW�RI�Celtis aetnensis��7RUQDE���6WUREO�DW�GLIIHUHQW�FRQ-
FHQWUDWLRQV���������J�PO���5HVXOWV�DUH�H[SUHVVHG�DV�QJ�PJ�SURWHLQV��9DOXHV�
DUH�WKH�PHDQ���6'�RI�IRXU�H[SHULPHQWV�LQ�WULSOLFDWH��6LJQLÀFDQW�YV��XQWUHDWHG�
control cells, *3������
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WKH�PDQ\�UHFHQW�DGYDQFHV�LQ�WKH�NQRZOHGJH�RI�LWV�PROHFXODU�
ELRORJ\�RI�LQGXFWLRQ�DQG�SURJUHVVLRQ�

&DQFHU�FHOOV�GLIIHU�IURP�QRUPDO�FHOOV�GXH�WR�WKH�IROORZLQJ�
SURSHUWLHV�� XQOLPLWHG� UHSOLFDWLRQ� SRWHQWLDO�� DEVHQFH� RI�
DSRSWRVLV�� DEVHQFH� RI� WHORPHUH� VKRUWHQLQJ�� DQJLRJHQHVLV�
DQG�PHWDVWDVLV��&RORUHFWDO�FDUFLQRJHQHVLV� LV� UHODWHG� WR� WKH�
progressive loss of homeostatic control of cell proliferation, 
GLIIHUHQWLDWLRQ�DQG�DSRSWRVLV����������7KH�KXPDQ�ERG\�H[HUWV�
protective effects against tumor development mainly through 
DSRSWRVLV��FHOO�F\FOH�DUUHVW�DQG�LPPXQH�UHVSRQVHV��$SRSWRVLV��
DOVR�NQRZQ�DV�SURJUDPPHG�FHOO�GHDWK��LQYROYHV�FHOO�EOHEELQJ��
shrinkage, nuclear fragmentation, chromatin condensation 
DQG�FKURPRVRPDO�'1$�IUDJPHQWDWLRQ��,W�FDQ�EH� WULJJHUHG�
E\�WKH�DFWLYDWLRQ�RI�WXPRU�VXSSUHVVRU�JHQHV��FDVSDVHV��DSRS-
WRVLV�LQGXFLQJ� IDFWRUV��F\WRWR[LF�7�FHOOV�DQG�QDWXUDO�NLOOHU�
�1.��FHOOV�YLD�D�)DV�OLJDQG��RU�SHUIRULQ�JUDQ]\PH�%�GHSHQGHQW�
SDWKZD\���������

1DWXUDO�FRPSRXQGV�KDYH�EHHQ�VKRZQ�WR�DIIHFW�PROHFXODU�
events involved in the initiation, promotion and progression of 
FDQFHU��WKHUHE\�LQKLELWLQJ�FDUFLQRJHQHVLV��)XUWKHUPRUH��WKHLU�
LQKLELWRU\�DFWLYLW\�PD\�XOWLPDWHO\�VXSSUHVV�WKH�ÀQDO�VWHSV�RI�
FDUFLQRJHQHVLV�DV�ZHOO�DQJLRJHQHVLV�DQG�PHWDVWDVLV�

3UHYLRXV�VWXGLHV�RQ�HWKQRPHGLFLQH��WRJHWKHU�ZLWK�H[WHQVLYH�
ODERUDWRU\�ÀQGLQJV��LQGLFDWH�WKDW�ÁDYRQRLGV�DQG�WULWHUSHQLF�
compounds play important roles in the prevention and treat-
PHQW�RI�FDQFHU�������������%HFDXVH�RI�WKHLU�VDIHW\��ORZ�WR[LFLW\�
and general acceptance as dietary supplements, fruits, 
YHJHWDEOHV��DQG�RWKHU�GLHWDU\�HOHPHQWV��SK\WRFKHPLFDOV�DQG�
PLQHUDOV��DUH�EHLQJ�LQYHVWLJDWHG�IRU�WKH�SUHYHQWLRQ�RI�FDQFHU��
([WHQVLYH�UHVHDUFK�RYHU�WKH�SDVW�VHYHUDO�GHFDGHV�KDV�LGHQWL-
ÀHG�QXPHURXV�GLHWDU\�DQG�ERWDQLFDO�QDWXUDO�FRPSRXQGV�ZLWK�
FKHPRSUHYHQWLYH�SRWHQWLDO�

$�QXPEHU�RI�UHSRUWV�KDYH�KLJKOLJKWHG�WKH�LPSRUWDQW�UROH�
RI�SUR�R[LGDQWV�DQG�RU�DQWLR[LGDQWV�E\�QDWXUDO�DQG�V\QWKHWLF�

FRPSRXQGV�LQ�FKHPR�SUHYHQWLRQ�IRU�PDQ\�FDQFHUV����������
$QWLR[LGDQWV�KDYH�EHHQ�WKRXJKW�WR�PDLQO\�VXSSUHVV�FDUFLQR-
genesis during the initiation phase, since most act as radical 
VFDYHQJHUV��RU�LQGXFHUV�RU�LQKLELWRUV�RI�[HQRELRWLF�PHWDER-
OL]LQJ�HQ]\PHV� LQFOXGLQJ�SKDVH� ,�DQG� ,,�HQ]\PHV� ������ ,Q�
DGGLWLRQ��VRPH�UDGLFDO�VFDYHQJHUV�PD\�DOVR�KDYH�SUR�R[LGDWLYH�
SRWHQWLDO�EHFDXVH�RI�WKHLU�FRQYHUVLRQ�WR�PRUH�UHDFWLYH�RU�VWDEOH�
UDGLFDOV�DIWHU�UHDFWLRQ�ZLWK�526�

7KHUH�LV�D�JURZLQJ�LQWHUHVW�LQ�ÁDYRQRLGV�DQG�WULWHUSHQH�
HVWHUV�DQG� WKHLU� V\QWKHWLF�GHULYDWLYHV�GXH� WR� WKHLU�SRVVLEOH�
applications in cancer chemotherapy as anticancer and 
DQWL�LQÁDPPDWRU\�DJHQWV�������5HFHQWO\��LW�KDV�EHHQ�UHSRUWHG�
WKDW�D�FKORURIRUPLF�H[WUDFW�RI�C. philippinensis�WZLJV�H[KLELWHG�
F\WRWR[LF�DFWLYLW\�DJDLQVW� WKH�.%��KXPDQ�RUDO�HSLGHUPRLG�
FDUFLQRPD��FHOO�OLQH������

$FFRUGLQJ�WR�WKHVH�ÀQGLQJV�� WKH�UHVXOWV�REWDLQHG�LQ�WKH�
SUHVHQW�VWXG\�VKRZHG�WKDW�D�FKORURIRUPLF�H[WUDFW�RI�Celtis 
aetnensis� �7RUQDE��� 6WUREO� VLJQLILFDQWO\� UHGXFHG� WKH� FHOO�
YLDELOLW\�RI�&DFR���FHOOV�DQG�LQGXFHG�DSRSWRWLF�DQG�RU�QHFURWLF�
FHOO�GHDWK�LQ�D�FRQFHQWUDWLRQ�GHSHQGHQW�PDQQHU��)LJ������,Q�
SDUWLFXODU��D�FKORURIRUPLF�H[WUDFW�RI�Celtis aetnensis��7RUQDE���
6WUREO�LQGXFHG�DSRSWRVLV�DW�WKH�ORZHVW�FRQFHQWUDWLRQ�����0���
ZKLOH�KLJKHU�GRVDJHV����������J�PO��ZHUH�DEOH�WR�LQFUHDVH�
/'+�UHOHDVH��D�PDUNHU�RI�QHFURWLF�GHDWK��)LJV����DQG�����+HUH��
WKH�UHSRUWHG�GDWD�UHJDUGLQJ�WKH�077�DVVD\��/'+�UHOHDVH�DQG�
FDVSDVH�H[SUHVVLRQ�VXJJHVW�WKDW�WKH�FKORURIRUPLF�H[WUDFW�RI�
Celtis aetnensis��7RUQDE���6WUREO�SHQHWUDWHG�WKH�FDQFHU�FHOOV�
ZLWK�FRQVHTXHQW�DSRSWRVLV�DQG�RU�QHFURVLV�GHSHQGLQJ�RQ�WKH�
FRQFHQWUDWLRQ�

7KH�LQYROYHPHQW�RI�526�LQ�QHFURWLF�DSRSWRWLF�FHOO�GHDWK�
LQGXFHG�E\�GLIIHUHQW�DJHQWV��VXFK�DV�R[LGDQWV�� WR[LFDQWV�RU�
GUXJV��KDV�EHHQ�VXJJHVWHG�������,W�LV�LQWHUHVWLQJ�WR�QRWH�WKDW�
PDQ\�KXPDQ�FDQFHU�FHOO� W\SHV�H[LVW� LQ�D�KLJKO\�R[LGDWLYH�
VWDWH�GXH�WR�GHFUHDVHG�DQWLR[LGDQW�SURWHFWLYH�HQ]\PH�OHYHOV�
FRPSDUHG�WR�WKHLU�QRUPDO�WLVVXH�FRXQWHUSDUWV��7KXV��FDQFHU�
FHOOV�PD\�EH�PRUH�VHQVLWLYH�WR�526�JHQHUDWLRQ�ZLWKLQ�WKH�FHOOV��
0HDVXUHPHQW�RI�WKH�FHOOXODU�FRQWHQW�RI�526�DIWHU�H[SRVXUH�
WR�GLIIHUHQW�FRQFHQWUDWLRQV�RI�FKORURIRUPLF�H[WUDFW�RI�Celtis 
aetnensis� �7RUQDE���6WUREO�GHPRVWUDWHG�D�VLJQLILFDQW�GRVH�
GHSHQGHQW�LQFUHDVH�LQ�WKH�OHYHOV�RI�526��)LJ�����

These results suggest that in the Caco-2 tumor cell line the 
FKORURIRUPLF�H[WUDFW�RI�Celtis aetnensis��7RUQDE���6WUREO�DFWHG�
DV�D�SUR�R[LGDQW�UDWKHU�WKDQ�DV�DQ�DQWLR[LGDQW��7KHVH�REVHUYD-
WLRQV�LQGLFDWH�WKDW�WKLV�H[WUDFW�PD\�DFW�LQGLUHFWO\�DQG�WKDW�LWV�
DFWLRQ�PD\�EH�PHGLDWHG�E\�RWKHU�LQWUDFHOOXODU�IDFWRUV��OLNHO\�
WDUJHWV�RI�526�

7KHVH�UHVXOWV�DUH� LQ�DJUHHPHQW�ZLWK�RWKHU�DXWKRUV�ZKR�
GHPRQVWUDWHG�WKDW�SKHQROLF�FRPSRXQGV�ZLWK�KLJK�UHGXFLQJ�
DELOLW\�PD\�DOVR�DFW�DV�SUR�R[LGDQWV��WKXV�JHQHUDWLQJ�526�������
7KH�SUR�R[LGDQW�DFWLYLW\�RI�FKORURIRUPLF�H[WUDFW�RI�Celtis 
aetnensis��7RUQDE���6WUREO�LQ�&DFR���FHOOV�ZDV�FRQÀUPHG�E\�
UHVXOWV�UHJDUGLQJ�WKLRO�JURXS�GHWHUPLQDWLRQ��WKHVH�HQGRJHQRXV�
DQWLR[LGDQWV�DFW�FRQFXUUHQWO\�E\�VFDYHQJLQJ�DQG�RU�UHGXFLQJ�
IUHH� UDGLFDOV�� EUHDNLQJ� WKH� SHUR[LGDWLYH� FKDLQ� DQG� WKXV�
DOORZLQJ�WKH�UHSDLU�RI�R[LGDWLYHO\�GDPDJHG�PROHFXOHV��)LJ������
7KH�SUHVHQW�VWXG\�GHPRQVWUDWHG�WKDW�H[SRVXUH�RI�&DFR��FHOOV�
WR�D�FKORURIRUPLF�H[WUDFW�RI�Celtis aetnensis��7RUQDE���6WUREO�
LQGXFHG�D�VLJQLÀFDQW�GRVH�GHSHQGHQW�GHFUHDVH�LQ�56+�OHYHOV�
VXJJHVWLQJ�WKDW�WKH�DQWLR[LGDQW�V\VWHP�ZDV�QRW�DEOH�WR�EXIIHU�
WKH�RYHUSURGXFWLRQ�RI�526��)LJ������7KH�LQWUDFHOOXODU�GHFUHDVH�

)LJXUH����,PPXQREORWWLQJ�RI�Ƣ-GCS levels in the Caco2 cells untreated and 
WUHDWHG�IRU����K�ZLWK�D�FKORURIRUPLF�H[WUDFW�RI�Celtis aetnensis��7RUQDE���
6WUREO�DW�GLIIHUHQW�FRQFHQWUDWLRQV���������J�PO���9DOXHV�DUH�H[SUHVVHG�DV�GHQ-
VLWRPHWULF�XQLWV�FRUUHVSRQGLQJ�WR�VLJQDO�LQWHQVLW\�SUHVHQW�RQ�DXWRUDGLRJUDSKV��
9DOXHV�DUH� WKH�PHDQ���6'�RI� IRXU�H[SHULPHQWV�SHUIRUPHG� LQ� WULSOLFDWH��
6LJQLÀFDQW�YV��XQWUHDWHG�FRQWURO�FHOOV��*3�������
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LQ�56+�FRQWHQW�DSSHDUV�WR�EH�D�FHQWUDO�HYHQW�LQ�&DFR��FHOO�
GHDWK�LQGXFHG�E\�WKH�FKORURIRUPLF�H[WUDFW�RI�Celtis aetnensis 
�7RUQDE���6WUREO��VXJJHVWLQJ�DQ�LQWHUIHUHQFH�RI�ÁDYRQRLG�DQG�
WULWHUSHQLF�FRPSRXQGV�RQ�WKH�R[LGDQW�DQWLR[LGDQW�FHOO�EDODQFH�
ZLWK�FRQVHTXHQW�FHOO�GDPDJH�

7KLV�VWXG\�DOVR�HYDOXDWHG�WKH�H[SUHVVLRQ�RI�+2����RQH�RI�
the most effective mechanisms for cellular protection against 
R[LGDWLYH� VWUHVV�� 7KH� H[SUHVVLRQ� RI�+2��� LV� LQFUHDVHG� E\�
VHYHUDO�W\SHV�RI�FHOO�VWUHVV�LQFOXGLQJ�UHGR[�VLJQDOV��KHPH��89�
UDGLDWLRQ��KHDY\�PHWDOV��F\WRNLQHV�DQG�526����������7KH�UROH�
RI�+2���LQ�FDQFHU�ELRORJ\�LV�IDU�IURP�FRPSOHWHO\�XQGHUVWRRG��
,Q�FDQFHU��+2���KDV�EHHQ�GHVFULEHG�DV�D�SUR�WXPRUDO�PROHFXOH�
due to its anti-apoptotic effects on colon cancer and hepatoma 
in murine models and its proangiogenic effects in human 
SDQFUHDWLF�FDQFHU����������%\�FRQWUDVW��LQ�KXPDQ�WRQJXH�FDQFHU��
ORZ�+2���H[SUHVVLRQ�KDV�EHHQ�DVVRFLDWHG�ZLWK�DQ�LQFUHDVHG�
ULVN�RI�GHYHORSLQJ�O\PSK�QRGH�PHWDVWDVLV������

,Q�WKLV�VWXG\��ZH�REVHUYHG�WKDW�WKH�H[WUDFW�RI�Celtis aetnensis 
�7RUQDE���6WUREO�GHFUHDVHG�WKH�H[SUHVVLRQ�RI�+2����)LJ������
6LQFH�+2���H[SUHVVLRQ� UHSUHVHQWV�DQ� LPSRUWDQW�SURWHFWLYH�
HQGRJHQRXV�PHFKDQLVP��LWV�UHGXFHG�H[SUHVVLRQ��WRJHWKHU�ZLWK�
ORZ�56+�OHYHOV�DQG�KLJK�526�SURGXFWLRQ��PD\�FRQWULEXWH�WR�
FHOO�GHDWK�

7R�EHWWHU�XQGHUVWDQG�WKH�DFWLRQV�RI�WKH�Celtis aetnensis 
�7RUQDE���6WUREO�H[WUDFW��ZH�DOVR�HYDOXDWHG�Ƣ�*&6�H[SUHVVLRQ��
WKH�UDWH�OLPLWLQJ�HQ]\PH�LQ�JOXWKDWLRQH�V\QWKHVLV��ZKLFK�FDQ�
EH�FRQVLGHUHG�DV�RQH�RI�WKH�PDMRU�DQWLR[LGDQW�HQ]\PHV�

$�VKRZQ�LQ�)LJ����WKH�H[SUHVVLRQ�RI�Ƣ�*&6�ZDV�QRW�PRGL-
ÀHG�LQ�WKH�Celtis aetnensis-treated Caco-2 cells suggesting that 
ORZHUHG�*6+�OHYHOV��REVHUYHG�IROORZLQJ�H[WUDFW�WUHDWPHQW�PD\�
EH�GXH�WR�LQFUHDVH�526�JHQHUDWLRQ�UDWKHU�WKDQ�WR�LQKLELWLRQ�RI�
JOXWDWKLRQH�V\QWKHVLV��7KXV��WKH�FKORURIRUPLF�H[WUDFW�RI�Celtis 
aetnensis��7RUQDE���6WUREO��LQGXFLQJ�D�GHFUHDVH�LQ�DQWLR[LGDQW�
GHIHQVHV��DFWV�RQ�&DFR��FHOOV�ZKLFK�DUH�VXVFHSWLEOH�WR�R[LGD-
WLYH�GDPDJH��DV�D�SRWHQWLDOO\�SRZHUIXO�SURPRWHU�RI�R[LGDWLYH�
SURFHVVHV�

,W�LV�UHDVRQDEOH�WR�K\SRWKHVL]H�WKDW�VRPH�RI�WKH�FRPSRXQGV�
present in Celtis aetnensis��7RUQDE���6WUREO�H[WUDFW��ZKLFK�KDYH�
EHHQ�VKRZQ�WR�DIIRUG�FRQVLGHUDEOH�SURWHFWLRQ�DJDLQVW�FDQFHU�
E\�LQKLELWLQJ��IRU�H[DPSOH��R[LGDWLYH�VWUHVV��PD\�DOVR�H[KLELW�
DQWLFDQFHU� HIIHFWV�� 7KXV�� RXU� VWXG\� VXSSRUWV� WKH� JURZLQJ�
ERG\�RI�GDWD�VXJJHVWLQJ�WKH�ELRDFWLYLWLHV�RI�Celtis aetnensis 
�7RUQDE���6WUREO�DQG�LWV�SRWHQWLDO�LPSDFW�RQ�FDQFHU�WKHUDS\�DQG�
RQ�KXPDQ�KHDOWK��,GHQWLÀFDWLRQ�RI�QDWXUDO�FKHPRSUHYHQWLYH�
compounds is urgently needed to help the further design and 
DGPLQLVWUDWLRQ�RI�SUHFOLQLFDO�DQG�FOLQLFDO�WULDOV�
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