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 ٥٧ 

=

=

=m^àè¯‹=ö≈f=Ÿƒ=fiù_›�ÿ^=‚‹=ïŸÄkåª^=≤fÈ’ÎŸÿ^=4naj

=fl_¡ƒ=Ω=öÍ˚^„^Öà§^=

=
É^È§^=Ñgƒ=fiè_‰=_ÂãNíÈfàù=Èf`=Ñ›®=Óäπ=IO4›·ÿ^=„_›ÎŸã=Ñÿ_~=IO=I

Ñπ`=hÎgv=h·ÍâP=
NÔgÎù=Ô≈‹_r=I=ÔÎ·Õÿ^=ÔÎf3ÿ^Ë=Ïÿä·ª^=É_îk–˘^=fiå–=m_·gŸÿ=ÔÎf3ÿ^=ÔÎŸ‘I=ÓáÈ·ª^=Ô·ÍÑª^=

OÉÈ≈ã=÷Ÿª^=Ô≈‹_r=IÔƒ^áäÿ^Ë=ÔÍÜ»˚^=flÈŸƒ=ÔÎŸ‘=IÔÍÜ…kÿ^Ë=ÔÍÜ»˚^=flÈŸƒ=fiå–=I=
Ph�ÿ^=ÔÎŸ‘I=PÓÉ˘Èÿ^Ë=Ú_å·ÿ^=fiå–I=ÉÈ≈ã=÷Ÿª^=Ô≈‹_r=

=

=

ïÄŸª^=
=============|Ÿƒ=ÔÍÉÈ≈|åÿ^=Ô|Îfà≈ÿ^=Ô|’Ÿ›ª^=Ω=Ô|ƒËáäª^=Ô|ÎŸ-^=fiù_|›�ÿ^=‚|‹=ïŸÄkåª^=≤fÈ’ÎŸÿ^=4naj=fiÎÎ—j=≥d=Ôã^áÑÿ^=ÁÜ‰=lÃÑ‰

====fl_|¡≈ÿ^=⁄’|êkf=Ô|ì_¶^=m^à|è¯ª^=ö≈f=K============4na|kÿ=_Âkf_sk|ã^=p|Îv=‚|‹=„^Öà|§^=Ω=≤|å·§^=≤|f=”Ëà|Õÿ^=fiÎ|Î—j=�_|òÍ`=#=_|›‘

Âkã^áÉ=#=;ÿ^=m^àè¯ª^=Ÿƒ=≤fÈ’ÎŸÿ^_=K=Ôã^áÑÿ^=ÁÜ‰=Ω=flÑÄkã^SM==�̂ÖàrFPM=Ë=áÈ‘ÖPM==q_|‡d=E===ÔŸÎ|îÃ=‚|‹Wistar albino=

F=„âËNMM±NM=fi||»=E====Ô||ÕŸk©=m_||ƒàû=fi||Õÿ^=“||Íàù=‚||ƒ=≤fÈ||’ÎŸÿ^=Ï||�ƒ`ËFM{R=ËN{M=ËN{R=fi||»L=fi||å§^=„âË=‚||‹=fi||…‘LflÈ||Í=E=ÓÑ||ª

∆Îf_ã`=ÔÎ‡_$=K=

====ÔÍÈ·≈‹=ÓÉ_Íâ=lnÑvFP<0.05E====Ü|Ÿÿ=‚|∑˚^=Ü|ÄÕÿ^=fl_¡ƒ=ÔÃ_o‘=Ω====Ú^È|ã=Ñ|v=|Ÿƒ=q_|‡ˇ^Ë=áÈ‘=I=====;|ÿ^=„^Öà|§^=q_|‡d=Ô|ì_~

||kƒà§^=l||Î�ƒ`_=„N{M=ËN{R=≤fÈ||’Îÿ=fi||rL=fi||å§^=„âË=‚||‹=fi||s‘LflÈ||Í=K===≤||å·§^=≤||f=fl_||¡≈ÿ^=Ô||Ã_o‘=Ω=m_||Ã˙k~˘^=l||‡_‘Ë

q_‡ˇ_f=Ô‡á_—‹=áÈ‘Üÿ^=Ω=mÉ^â=pÎv=≤fÈ’ÎŸÿ^=‚‹=Ÿƒ˚^=Ôƒà§^=Ñ·ƒ=ÔÍÈ·≈‹=K==Ω=�_|ÍÈ·≈‹=áÈÕ|åÕÿ^=äÎ‘àj=É^Éâ`=_›‘==⁄|î‹=

======≤fÈ|’ÎŸÿ^=‚|‹=Ô|Îÿ_≈ÿ^=Ô|ƒà§^=Ñ|·ƒ=Ôì_~=q_‡ˇ^Ë=áÈ‘Üÿ^=‚‹=⁄’ÿ=flÑÿ^FN{R==fi|»L===fi|å§^=„âË=‚|‹=fi|…‘L=flÈ|ÍE=I===ç·|§=„_|‘Ë

=========Ô||‡á_—‹=||Ÿƒ`=�_|‹È›ƒ=áÈ‘Ü||ÿ^=flÉ=⁄|î‹=Ω=áÈÕ||åÕÿ^=ÒÈk|å‹=É_||ÍÉâ^=„_||‘=p|Îv=≤fÈ||’ÎŸÿ=Ôf_sk|ã˘^=ÒÑ||‹=|Ÿƒ=4na||j=„^Öà|§^

q_‡ˇ_f=K4ã=Ω=flÈÎåÿ_’ÿ^=ÒÈkå‹=ànakÍ=%===Ô|ÕŸkÄª^=Ê|j_ƒàû=≤fÈ|’ÎŸÿ^=Ú_�ƒef=�_‹È›ƒ=„^Öà§^=q_‡dË=áÈ‘Ö=fl=I===‚|’Í=%=_|›‘

≤fÈ’ÎŸÿI====Ë=Ô|Î–áÑÿ^=á_|r=ÓÑ…ÿ^=„È‹à‰=ÒÈkå‹=Ÿƒ=ÌÈ·≈‹=4naj=Ì`=ç·§^ËOR{NJ===É=≤‹_|kÎÃ=Ï|å‘ËáÑÎ‰=ÏÛ_|·nP===⁄|î‹=Ω

„^Öà§^=flÉK=

=================Ô|ƒÈ›ß=ÓÉ_|Íâ=“|Íàù=‚|ƒ=≤jË2|ÿ^=ÓÑ|å‘`=Ω=ú_|Õ¨^=fl_|¡≈ÿ^=⁄’|êkf=Ô|ì_¶^=m^à|è¯ª^=ö≈g|f=Ô—Ÿ≈kª^=tÛ_k·ÿ^=màÂ¿`

=„_kƒà§^=mÉ`=pÎv==€ÈÎoÿ^N{M=ËN{R=≤fÈ’Îÿ=fi»L=fi|å§^=„âË=‚‹=fi…‘L======Ô|ÍÈ·≈‹=ÔÎÛ_|îvd=Ô|ÿ˘É=m^Ö=ÓÉ_|Íâ=≥d=flÈ|ÍFP<0.05E=

=≤|||å·§^=‚|||‹=⁄|||’ÿ=⁄|||îª^=Ω=€È|||Îoÿ^=Ô|||ƒÈ›ß=Ω=I===‚|||‹=Ó_|||�≈ª^=m_|||ƒà§^=Ñ|||·ƒ=_|||›Â·Îf=Ô|||ÍÈ·≈‹=”Ëà|||Ã=÷|||ÿ_·‰=‚|||’j=%=Ê|||‡`=˘d

≤fÈ’ÎŸÿ^=KÁ_°˘^=⁄îª^=Ω=ÌÑƒ_—ÿ^=äÎj_ÕãÈÕÿ^=fiÍä‡d=ø_ê‡=÷ŸãË=ÊåÕ‡=======ÓÉ_|Íâ=≥d=≤fÈ|’ÎŸÿ^=‚|‹=Ô|Îÿ_≈ÿ^=Ô|ƒà§^=mÉ`=pÎv

;ÿ^=„^Öà§^=m_ƒÈ›ßË=Ô�f_òÿ^=ÔƒÈ›._f=Ô‡á_—‹=≤å·§^=˙‘=Ω=Êù_ê‡=Ω=ÔÍÈ·≈‹=≤fÈ’ÎŸÿ^=‚‹=⁄–˚^=Ôƒà§^=lÎ�ƒ`=
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FM{R=fi»Lfiå§^=„âË=‚‹=fi…‘E=I===Ô|ƒà§^=Ñ|·ƒ=æ—Ã=ÔÍÈ·≈‹=l‡_‘=≤å·§^=≤f=”ËàÕÿ^=„`=˘dN{M===≤fÈ|’Îÿ=fi|»L===„âË=‚|‹=fi|…‘

fiå§^L=flÈÍ=I===áÈ‘Ü|ÿ_f=Ô|‡á_—‹=q_|‡ˇ^=Ω=Êù_ê‡=É^â=pÎv=K====÷|ÿÖ=‚|‹=ç|’≈ÿ^=|ŸƒË=I======flË_|—ª^=äÎj_Õ|ãÈÕÿ^=fiÍä|‡d=ä|Î‘àj=ö|Õ¨^

�ÿ^=ö›•kƒà§^=lÎ�ƒ`=;ÿ^=q_‡ˇ^Ë=áÈ‘Üÿ^=‚‹=⁄‘=m_ƒÈ›ß=⁄î‹=Ω=÷Íàùà_==„N{M=ËN{R=≤fÈ’Îÿ=fi»L===„âË=‚|‹=fi|…‘

fi||å§^L=Ô||ÍÈ·≈‹=ÔÎÛ_||îvd=Ô||ÿ˘Ñf=flÈ||ÍFP<0.05=EÔ�f_||òÿ^=Ô||ƒÈ›._f=Ô||‡á_—‹=K=ÌÈ||·≈‹=4na||j=Ì`=ç·||§^=Ë`=≤fÈ||’ÎŸÿ=‚||’Í=%

ª^=Ω==fl_¡≈ÿ_f=ñ_¶^=ÌÑƒ_—ÿ^=äÎj_ÕãÈÕÿ^=fiÍä‡d=äÎ‘àj=Ÿƒ⁄îK=

=€Ë_·j=„`=Ôã^áÑÿ^=tÛ_k‡=‚‹=yòkÍN{R==fi|»L===fi|å§^=„âË=‚|‹=fi|…‘L==========œ_|êjá^=ö|Õ~=≥d=ÌÉ¯|Í=Ñ|–=⁄|–˚^=|Ÿƒ=≤fÈ|’ÎŸÿ^=‚|‹=flÈ|Í

_ÂkÃ_o‘=ÓÉ_ÍâË=fl_¡≈ÿ^=Ω=≤jË2ÿ^=ÓÑå‘`Ë=Ifl_¡≈ÿ^=Ô‹˙ã=Ÿƒ=Ô¡Ã_-^=Ïÿ_kÿ_fËK=
=

ÔÎv_kÕª^=m_›Ÿ’ÿ^=Wfl_≈�ÿ^=Ifiù_›�ÿ^=IöÍ˚^=I=≤fÈ’ÎŸÿ^K=

=

Ô|‹Ñ—ª^ 
=Ôf_ìˇ^=≥d=ÔÍÉ¯ª^=à�¶^=⁄‹^Èƒ=Ñv`=ÌÑå‘akÿ^=É_Ârˇ^=„`=m_ã^áÑÿ^=‚‹=ÑÍÑ≈ÿ^=lwóË`

=====_|ÂkÃ_o‘=ö|Õ~Ë=fl_|¡≈ÿ^=ú^à‹a|f(Garrett et al., 1990; Suda et al., 1993; Basu et 

al., 2001)K=========Ñ|v=≥d=Ñ|Î§^=⁄’|êÿ_f=fi|ÂÕj=%=fl_|¡≈ÿ^=Ô|è_ê7=Ôgg|åª^=m_Îÿ˝^=„`=‚‹=fi»àÿ_fË

·‰=„`=˘d=„˝^====Ô|ÿ_≈Õÿ^=≤s|å‘˚^=«^È|‡`=‚ƒ=ıè_·ÿ^=ÌÑå‘akÿ^=É_Ârˇ^=„`=}3—j=⁄Û˘É=÷ÿ_

Reactive Oxygen Species (ROS)==úà||ª^=^Ü||Âf=ægjà||Í=Ñ||– (Basu et al., 2001)=I

=====ÓÑ|ÍÑƒ=m_|ã^áÉ=mà|Â¿`=⁄|f_—ª_f(Rao et al., 2007; Maggio et al., 2003; Melhus et 

al., 1999)==_≠ˇ^=m^4nakÿ^=‚‹=�_ò≈f=========‚|‹=Ñ|•^Ë=fl_|¡≈ÿ^=Ôw|ì=|Ÿƒ=ÓÑ|å‘˚^=m^É_|òª=Ô|Îf

_Âk||è_ê‰=K=y||óË`=Ñ||–Ë (Maggio et al., 2006)===m^Ëà||ò¶^=Ω=ÓÉÈ||rÈª^=m_||·ÎjËá_’Ÿÿ=„`

_ÂjÈ–Ë=fl_¡≈ÿ^=ÔÃ_o‘=Ÿƒ=�̂ÑÎr=�̂4naj=Ê‘^ÈÕÿ^Ë=K=

=======Ô|||ÎÛ^Ü…ÿ^=m_|||·ÎjËá_’ÿ^=‚|||‹=≤fÈ|||’ÎŸÿ^=„`=‚|||‹=fi»àÿ_|||f(Stahl and Sies, 1996;  

Clinton,1998)====_||||Â·‹=ÓÉËÑ||||®=q_||||ü`=Ω=mÚ_||||r=Ñ||||–=fl_||||¡≈ÿ^=Ô‹˙||||ã=Ω=ÁáËÉ=Ô||||ã^áÉ=„`=˘d

=m_ã^áÉ(Rao et al.,2007; Kim et al., 2003; Casso et al., 2000)===m_|ã^áÉË=„_å‡ˇ^=Ÿƒ

(Ishimi et al., 1999 ; Rao et al., 2003; Park et al., 1997)====iá_|skÿ^=m_|‡^ÈÎv=|Ÿƒ=K

=y||óË`=Ñ||–ËRao et al., 2007)E====�_||—gù=≤fÈ||’ÎŸÿ^=‚||‹=Ïÿ_||≈ÿ^=€Ë_||·kª^=„`=Ô||oÍÑv=Ô||ã^áÉ=Ω

====flÑ|ÿ^=⁄|î‹=Ω=Á^Èk|å‹=ÓÉ_|Íâ=≥d=ÒÉ`=Ñ–=ÔÎÛ^Ü…ÿ^=m˙såŸÿI======œ_|êjá^=ú_|Õ¨_f=÷|ÿÖ=æg|já^Ë

==m^ÑÎ||åÿ^=Ω=fl_||¡≈ÿ^bone resorption=====||Ÿƒ=àn¯||Í=%=Ê||‡`=˘d=≤jË2||ÿ^=ÓÑ||å‘`=ú_||Õ¨^Ë

====fl_||¡≈ÿ_f=ñ_||¶^=ÌÑ||ƒ_—ÿ^=äÎj_Õ||ãÈÕÿ^=fiÍä||‡dBone Alkaline Phosphatase (BAP)=

===fl_||¡≈ÿ^=„È||’kÿ=à||è¯›‘=flÑÄk||åª^=I=======‚||‹=�_Îg||å‡=öÕÄ·||ª^=€Ë_||·kª^=„`=≥d=Ô||ã^áÑÿ^=l||îŸ~Ë

======_|||º=„_|||å‡ˇ^=Ω=fiÍä|||‡ˇ^=^Ü|||‰=|||Ÿƒ=Á4na|||j=flÑ|||ƒ=}à|||êÍ=Ñ|||–=Ô|||·Î≈ÿ^=fi|||sv=à…|||ìË=≤fÈ|||’ÎŸÿ^

ÿ^=Ô‹˙ã=Ÿƒ=Ô¡Ã_-^=Ω=≤fÈ’ÎŸÿ^=áËÉ=ÔÃà≈ª=m_ã^áÑÿ^=‚‹=ÑÍäª^=Ú^àrd=ÏƒÑkåÍfl_¡≈K=



المجلة العربية للغذاء والتغذية

59 ال�سنة الحادية ع�شر - العدد ال�ساد�س والع�شرون - 2011م

 ٥٩ 

=====„_å‡ˇ^=Ÿƒ=Òà~`=Ôã^áÉ=má_è`=_›‘FHininger et al., 2001=E==∆·‹=Ω=≤fÈ’ÎŸÿ^=áËÉ=„`

=ç·||§^=||Ÿƒ=Ñ||›k≈Í=≤jË2||ÿ^=ÓÑ||å‘`I====ÓÑ||å‘`=∆||·‹=||Ÿƒ=4na||j=Ì`=≤fÈ||’ÎŸÿ=‚||’Í=%=p||Îv

áÈ‘Üÿ^=Ω=≤jË2ÿ^=I===Ô|ã^áÉ=má_|è`=≤|v=Ω=FRao et al., 2007E====∆|·‹=Ω=�̂áËÉ=≤fÈ|’ÎŸÿ=„`=≥d

==Ω=≤jË2|ÿ^=Ÿƒ=4nakÿ^=Ω=ŒŸkÄª^=ÁáËÉ=ÑÎ‘aj=hrÈkåÍ=_º=m^ÑÎåÿ^=Ω=≤jË2ÿ^=ÓÑå‘`

≤å·§^K=

==============fiù_|||›�ÿ^=‚|||‹=ïŸÄk|||åª^=≤fÈ|||’ÎŸÿ^=4na|||j=Ô|||ã^áÉ=p|||wgÿ^=^Ü|||‰=‚|||‹=œÑ|||7^=„_|||‘=^Ü|||ÿ

FÓáËÑ·gÿ^=E====Ω=fl_|¡≈ÿ^=ö|Í`=|Ÿƒ=Á4naj=€˙~=‚‹=fl_¡≈ÿ^=Ô‹˙ã=Ÿƒ====^Ü|‰=œ˙k|~^Ë=„^Öà|§^

„^Öà§^=Ω=≤å·§^=≤f=4nakÿ^K=
=

pwgÿ^=“Û^àùË=É^Èª^ 
NJ==============================================fiù_›�ÿ^===================================

=======Ú^à|||è=#NMM==fiù_|||›�ÿ^=‚|||‹=fi|||…‘Lycopersicum esculentum==Ô|||ÎŸ-^=Ô|||râ_�ÿ^

===Œ·||ì=‚||‹=ÔÍÉÈ≈||åÿ^=Ô||Îfà≈ÿ^=Ô||’Ÿ›ª^=Ω=Ô||ƒËáäª^ËGS12=I==Ω=«áä||jË=ÌÑ||·ÿÈ‰=a||ê·‹=m^Ö=Ï||‰Ë

=ÔÃÈ|||ê’ª^=«á^ä|||ª^I======Ô|||fÈùàÿ^=ÒÈk|||å‹=ú_|||Õ¨^Ë=_|||Â‡Èÿ=ä|||Î‘3f=â_|||kµËI===á_|||›oÿ^=á_|||Îk~^=#Ë

ÔÎv˙îÿ^Ë=È›·ÿ^=ÔŸ›k’‹K 

OJ====================ÏÛ^È7^=„àÕÿ_f=fiù_›�ÿ^=ŒÎÕ° 

=======ŒÕrNMM======�̂Ñ|Îr=lŸ|å»=„`=Ñ|≈f=fiù_|›�ÿ^=‚|‹=fi…‘I======l|≈�–Ë=IÚ^à|ò¶^=_|Â–_·ƒ`=l|ŸÍâ`Ë

==é_|||Î—f=m_|||g≈’‹=⁄’|||è=|||Ÿƒ=�_Î|||óàƒ=á_|||›oÿ^NMCNMCNMfi|||Ÿ‹P===„à|||Õÿ^=fl^ÑÄk|||ã_f=l|||ÕÕr=fi|||nI

===ÏÛ_||fàÂ’ÿ^(Caplain Oven FRP 4/8, France)===Ô||ráÉ=||ŸƒUM°=≤kƒ_||ã=ÓÑ||ª=flI==fi||n

=≥d=Óá^à•^=ÔráÉ=lòÕ~SM°=m_ƒ_ã==lã=ÓÑª=fl=Ô|—Íàù=håv=(Ching-Hui et al.,2006)I=

=ÔÃà…ÿ^=Óá^àv=ÔráÉ=Ñ·ƒ=l¡Õv�Ë=ÚÈòŸÿ=ÓÜÕ·‹=4»=é_Î‘`=Ω=_ÂkÙg≈j=#=finOR°flK=
PJ=====≤fÈ’ÎŸÿ^=ñ˙Äkã^Extraction of Lycopene =

===========Ô|—Íàù=h|åv=≤fÈ|’ÎŸÿ^=ñ˙Äk|ã^=#(Sadler et al.,1990)====∆|óÈf=÷|ÿÖËNM===‚||‹=fi|»

=====ÚÈ|òŸÿ=_Â|óà≈j=∆|·ª=flÈ|Î·ª˚^=“Û_|–àf=lÎ�»=Ôì_~=ÔfÈg‡`=Ω=ÔÕÕ.^=fiù_›�ÿ^=K==≥d=ŒÎ|ó`

====Ô|fÈg‡˚^=Ω=fiù_|›�ÿ^=Ô|·ÎƒNMM==========€È‡_|oÍˇ^Ë=„ÈkÎ|ã˚^Ë=„_|å’7^=hÍÜ|‹=æÎ|Ÿ~=‚|‹=3|ÿ=Ï|ŸŸ‹

=Ôg||å·fNWNWO==h||Îj3ÿ^=||ŸƒI=====ÓÑ||ª=ÏÛ_||fàÂ‘=â^ä||‰=Ô�||ã^Èf=l||ráËPM=Ô||—Î–É=K=||‘àj=fi||n=ÓÑ||ª=l

=ÔÃ_||ód=∆||‹=≤k||—Î–ÉNM=à||�—ª^=Ú_||ª^=‚||‹=3||ÿ=Ï||ŸŸ‹=K=Òà||~`=Óà||‹=ñ˙Äk||ã˘^=Ñ||Îƒ`f=Ô||—Íà�ÿ_

Ô—f_||åÿ^=_Â||åÕ‡=I===ÔÃ_||óef=∞||îkÿ^=⁄||Íâ`ËN{R====Ω=flÈÎ||ã_jÈf=ÑÎ||å‘ËáÑÎ‰=fi||»NMM==Ú_||‹=Ï||ŸŸ‹=K

====== |ÍàÕj=l|¢=€È|Ÿ-^=y|èá=fi|n=≤fÈ’ÎŸÿ^=Ô—gù=lŸîÃ=I======Ô|ÕÎ¡‡=Ô|fÈg‡`=≥d=≤fÈ|’ÎŸÿ^=⁄|—‡=fi|n

f=ŒÕrË=ÔÃ_r=‚‹=}Ë^3j=ÓÑª=◊àjË=ÔÎÛ_‹˙ÿ^=flÈÎåÿ_’ÿ^=ÑÍáÈŸ‘=m_gÎgv=fl^ÑÄkã_PM==Ô—Î–É
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=flÈÎ·ª˚^=”áÈf=ÊkÎ�…j=Ñ≈f=≤kƒ_ã=≥dI=========„ÈkÎ|ã˚^=hÍÜ|¥=⁄|å…ÿ^=Ô|ÎŸ›ƒ=Ú^à|rd=Ñ|≈f=y|èá=fi|n

 ÍàÕj=l¢=ŒÕrËK=

=

QJ====Ôfàskÿ^=Ω=Ô‹ÑÄkåª^=“Û˙≈ÿ^Experimental Diets=

===Ω=Ô|||||‹ÑÄ|kåª^=“|||||Û˙≈ÿ^=mä|||||Â|r=�_—|||||gù=Ôfàs|||||kÿ^=====Ô|||||ÍÜ|…k|Ÿÿ=Ï|||||’|Íà|‹˚^=ÑÂ|||||≈ª^=Ô|||||ÎìÈ|kÿ

(American Institute of Nutrition ˝AIN˝)=====Ô|ã^áÉ=Ω=mÚ_||r=_|›‘(Reeves, 1997)=

=_|Âj_‡È’‹=Ω=ÔÍË_åk‹=“Û˙≈ÿ^=∆Î∏=l‡_‘=p|Îü=K======‚|‹=ïŸÄk|åª^=≤fÈ|’ÎŸÿ^=flÑÄ||kã^=Ñ|–Ë

======ÓÉÑ|®=m_ÍÈk|å¥=Ô|ÕÕ.^=fiù_›�ÿ^FM{R=ËN{M=ËN{R======fi|å§^=„âË=‚|‹=fl^à»È|ŸÎ‘=⁄|’ÿ=fl^à|»=E

=≥d=ÊkÃ_óefM{O======Ô|fàskÿ^=m_|ƒÈ›ß=Ω=fi|Õÿ^=“|Íàù=‚|ƒ=ÊÛ_�ƒdË=_ÍÈ|îÿ^=l|Íâ=‚‹=3ŸŸ‹=K=#

==========≤‡È||oÎ‹=|= €=ÉË=m_||·Î‹_kÎÕÿ^=øÈ||Ÿ©Ë=„É_||≈ª^=øÈ||Ÿ©Ë=âÈŸÎŸ||åÿ^Ë=‚Íâ_||’ÿ^=||Ÿƒ=€È||î•^

Ô‘àè=‚|‹=m^àj3ÿ^=ÏÛ_·n=≤ÿÈ|’ÿ^Ë=
=================( Nutritional  Biochemical  Corp .‚  Cleveland ‚ Ohio‚ USA) =

==ú_|Íàÿ^=Ô·||ÍÑ¥=ÔÎŸ-^=”È|åÿ^=‚‹=ÓáÜÿ^=_ê‡Ë=âËà’åÿ^Ë=_ÍÈîÿ^=lÍâ=Ÿƒ=€Èî•^=#ËI==#Ë

m_‡È’ª^=æŸ~I==ÔráÉ=Ÿƒ=ÑÍ2kÿ_f=l¡ÕvËRºÔfàskÿ^=Ó3Ã=€^Èù=flK=

RJ==Ôfàskÿ^=m_‡^ÈÎvExperimental Animals  =

====á_||Îk~^=#SM=�̂Öà||r=FPM=áÈ||‘Ö�̂JPM=||n_‡d�_=E==ÔŸÎ||îÃ=‚||‹Wistar albino==„âËNMM±NM==fi||»

=≥d=_ÎÛ^Èêƒ=„^Öà§^=l›å–Ë=I∆Îf_ã`=Ô≈gã=à›ƒËNM==ÔƒÈ›ß=⁄‘=lŸ6=pÎü=∆Î‹_ßS=

„^ÖàrI=_ÂÎŸƒ=€Èî•^=#Ë=======Ô|ÎŸ’ÿ=∆f_|kÿ^=Ô|ÎgÍàskÿ^=Ô|v^à§^Ë=iá_|skÿ^=m_‡^ÈÎv=ä‘à‹=‚‹

=h�ÿ^=F====Ï≈‹_|§^=Ñ|ÿ_~=÷|Ÿª^=Õêkå‹J===ú_|Íàÿ^ECentral for Llaboratory Animal 

and Experimental Surgery (CLAES)==K=====ÓÑ|ª=„^Öà|§^=|Ÿƒ=Ô|ã^áÑÿ^=mà›kã^U===I∆Îf_|ã`

===ÔÎÙ||||Îf=œËà|¿=l|¢=ÊkÙÎÂj=lµ=ÌÜÿ^=„^ÈÎ•^=lÎf=Ω=======Ô|ráÉ=æg|òf=÷|ÿÖË=„^Öà|sŸÿ=Ôg|ã_·‹

=Ÿ|||ƒ=Óá^à||•^ON–OP°=ÔÎg||å‡=Ô||fÈùáË=flRR٪=ÓÚ_||ód=ÓáËÉË/⁄||‘=fl˙||¿dNO=Ôƒ_||ã=K=Ú^Ü||…ÿ^=„_||‘

========m_||–Ë˚^=∆|Î∏=ΩË=Ô|fàskÿ^=ÓÑ|||‹=€^È|||ù=Ô|‹_j=Ô|Íàü=≤v_k‹=Ú_ª^ËAd libitum===4||Î|…j=#Ë

ÔÎ||‹ÈÍ=ÔÕîf=Ú_ª^I===€^È||ù=�_ÎƒÈg||ã`=Óà‹=„^Öà§^=l||‡âË=_›‘===„^ä|Î¥=Ô|fàskÿ^=Ó3|ÃI===Ï|‡Ë3’ÿd

=é_åv(Mettler PM 2000, Switzerland)K=

==
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=

SJ=Ôfàskÿ^=fiÎ›îj=  Experimental Design =

=========≥d=�_ÎÛ^È||êƒ=„^Öà||§^=l||ƒâËNM=m_ƒÈ›|||ßI=====„^Öà||r=Ôk||ã=||Ÿƒ=Ô||ƒÈ›ß=⁄||‘=mÈ||kv^ËI=

Ë=ÔƒÈ·||î‹=ñ_||Õ–`=Ω=l≈||óË ====⁄||îÕ·‹=ï||Õ–=Ω=`Ñ||îŸÿ=⁄||f_—ÿ^=4||»=hŸ||îÿ^=‚||‹I==Ω=÷||ÿÖË

===h||�ÿ^=Ô||ÎŸ’ÿ=∆f_||kÿ^=Ô||ÎgÍàskÿ^=Ô||v^à§^Ë=iá_||skÿ^=m_||‡^ÈÎv=ä||‘à‹F=Ñ||ÿ_~=÷||Ÿª^=Õ||êkå‹

Ï≈‹_§^J=ú_|Íàÿ^=KE======≤k|åÎÛá=≤kƒÈ|›ß=≥d=ç·|§^=h|åv=„^Öà|§^=l›|å–I====⁄|‘=fi|å�–Ë

====Ìà||è¯ª=ç·||r=⁄||’ÿ=≤k�f_||ó=≤kƒÈ||›ß=≥d=ÔÃ_||óˇ_f=Ô||ÎƒàÃ=m_||ƒÈ›ß=q˙||n=≥d=ç·||r

ßË=‚∑˚^=ÜÄÕÿ^=fl_¡ƒ=ÔÃ_o‘======Ú^Ü|…ÿ^=|Ÿƒ=æg|òÿ^=Ô|ƒÈ›ß=lŸ|îv=pÎü=€ÈÎoÿ^=ÔƒÈ›

Ï≈ràª^=K==========Ï|Ÿ≈Õÿ^=ÚÑ|gÿ^=⁄|g–=«Èg|ã`=ÓÑ|ª=Ô|Î≈ràª^=Ô|—ÎŸ≈ÿ^=|Ÿƒ=_ÂkÍÜ|…kf=„^Öà§^=Ô›Ÿ–`=lµ

=Ô||fàskŸÿI===l|||Ÿk–=fi||nd======‚|||∑˚^=Ü||ÄÕÿ^=fl_|||¡ƒ=Ô||Ã_o‘=Ìà||è¯ª=≤k�f_|||òÿ^=≤kƒÈ||›.^=ÒÑ||v

======Ê|ÎÃ=ÚÑ|gÿ^=#=ÌÜ|ÿ^=flÈ|Îÿ^=Ω=ç·|r=⁄|‘=‚‹=€ÈÎoÿ^=ÔƒÈ›ßË======“|Íàù=‚|ƒ=≤fÈ|’ÎŸÿ^=Ú_|�ƒef

===Ô||fàskÿ^=Ω=ÚÑ||gÿ^=⁄||g–=fl_||¡≈ÿ^=Ô||Ã_o‘Ë=≤jË2||ÿ^=ÓÑ||å‘`=àÍÑ||—kÿ=fi||Õÿ^=K=m_||‡^ÈÎ•^=⁄||k–=#

Á_‡É`=Áà‘Ö=fikÎã=_ª=�_—gùK=

======m_|ƒÈ›ß=q˙|n=≥d=l›|å–Ë=Ï|≈ràª^=Ú^Ü|…ÿ^=Ÿƒ=q_‡ˇ^Ë=áÈ‘Üÿ^=‚‹=ÔƒÈ›ß=⁄‘=lÍÜ»

======È|’ÎŸÿ^=‚|‹=Ô|ÕŸkÄª^=m^ä|Î‘3ÿ^=h|åv=áÈ‘Ü|ÿ^=‚‹=ÔÎƒàÃ=≤fM{R==ËN{M==ËN{R==fi|»L===‚|‹=fi|…‘

Ô—Íàù=håv=fiå§^=„âË=F(Milena et al., 2006==≥d=œ_òª^M{O==_ÍÈîÿ^=€ÈÃ=lÍâ=‚‹=3ŸŸ‹

=Ô—Íàù=håv=fiÕÿ^=“Íàù=‚ƒ=�≈ª^Ë(Oshima et al ., 1999)K=

=====_ÍÈ|îÿ^=€È|Ã=l|Íâ=ÔÎ›‘=lgåvFM{O==⁄|‹=E========€˙|~=≤fÈ|’ÎŸÿ^=∆|‹=≤|å·§^=˙|’ÿ=l|Î�ƒ`=;|ÿ^

=#Ë=Ô||fàskÿ^========m^ä||Î‘3ÿ^=l||Î�ƒ`=;||ÿ^=„^Öà||sŸÿ=Ó_||�≈ª^=Ô||—ÎŸ≈ÿ^=‚||‹==Ô||Î›’ÿ^=ÁÜ||‰=ñ_||—‡d

≤fÈ’ÎŸÿ^=‚‹=ÔÕŸkÄª^K=

lÎ�ƒ`=_›‘=Ï≈ràª^=Ú^Ü…ÿ^=Ô�f_òÿ^=ÔƒÈ›.^=lÎ�ƒ` =M{R=======“|Íàù=‚|ƒ=à|�—ª^=Ú_|ª^=‚|‹=⁄‹

fiÕÿ^K=

flÑÿ^=m_·Îƒ=É^Ñƒd=

======Ô||fàskÿ^=Ó3||Ã=Ô||Í_Â‡=Ñ||·ƒF=‚‹_||oÿ^=«Èg||ã˚^=Ô||Í_Â‡=E=̂Öà||§^=fiÍÈ||îj=#=ÓÑ||ª=„NO=Ôƒ_||ãI==fi||n

===̌ ^=ÓÉ_|‹=Ô�||ã^Èf=máÑ|~==̌ ^=Ï||Û_·n=à|oÍ==⁄|Í_oÍ Diethyl ether=hw|ãË=====Ω=ä~È|ÿ^=Ô|—Íà�f=flÑ|ÿ^

==≤||≈ÿ^=Ñ||ÍáËEyes puncture =====Ô||Îr_räÿ^=ÔÍà≈||êÿ^=h||Îf_‡˚^=fl^ÑÄk||ã_f(Laboratory 

glassware capillary tubes, Germany)========h|Îf_‡`Ë=⁄|î›Ÿÿ=Ô|ì_~=h|Îf_‡`=Ω=flÑ|ÿ^=∆|∏Ë

====_||‹â˙gÿ^Ë=⁄||îª^=⁄||îÃ=fi||n=_||‹â˙gŸÿ=Ô||ì_~=‚Íá_||gÎ7^=||Ÿƒ=Ô||ÍÈk®)=“||Û^àÿ^=ÌÈ||Ÿ≈ÿ^=Úä||§^(=

====Ìä||‘àª^=Éà�|||ÿ^=â_||Âr=Ô�|||ã^Èf=flÑ|||ÿ^=m_||·Î≈ÿ(Heraeus Labofuge 400)======Ôƒà||ã=||Ÿƒ
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QMMM==ÓáËÉ/===ÓÑ||||ª=Ô|||—Î–ÉR=====�|||ã^Èf=_|||‹â˙gÿ^Ë=⁄|||îª^=hw|||ã=I=“Û_|||–É==Ô|||Î’Îj_‹ÈjË˚^=Ô|||ì_ª^=Ô

Automatic pipettes==Ô|‘á_‹ (Accumax AV-100 series) ======Ô|ì_~=m^È|gƒ=Ω=l¡||ÕvË

==Óá^à|||v=Ô|||ráÉ=Ñ|||·ƒJUM°===#=_|||›‘=IÔ|||ÍÈÎvÈ›Î’ÿ^=çÎÍ_|||—ª^Ë=m_|||∑ä‡ˇ^=àÍÑ|||—j=≤||||v=≥d==fl

�̂ÑÎr=_ÂÕÎ¡·jË=‚∑˚^=ÜÄÕÿ^=fl_¡ƒ=Ÿƒ=€Èî•^====à|�—‹=Ú_|¥=_ÂŸ|å»ËI====m^È|gƒ=Ω=_|Â¡ÕvË

ÿ=Ôì_~÷ÿÜK=
=

=ÔÍÈÎvÈ›Î’ÿ^=çÎÍ_—ª^=

�̆ Ë`=W„^Öà§^=Ω=fl_¡≈ÿ^=Ú_·f=ÔÎŸ›≈f=Ô�gjàª^=m^àè¯ª^=

NJ==flÈÎåÿ_’ÿ^=

===========Ô||—Íà�ÿ=�_||≈gj=flÈÎ||åÿ_’ÿ^=áÑ||–(Trudeau and Freier, 1967)===œ_||Î�ª^=fl^ÑÄk||ã_f

=ÏÛÈòÿ^Atomatic Absorption Spectrophotometer Model 290, Japan.==ÔrÈ‹=Ÿƒ

=_7ÈùQOO=3Î‹È‡_‡�̂K=

OJ=========================================================================áÈÕåÕÿ^=

==================≤ÎÛ_|›Î’ÿ^=≤|ŸŸ-^=É_|¢^=Ô|—Íà�ÿ=�_|≈gj=Ô|Î‡ÈŸÿ^=Ô|—Íà�ÿ_f=Ï|Ÿ’ÿ^=áÈÕ|åÕÿ^=ä|Î‘àj=áÑ–

≤Î5àÿ^=L=_Î·ÎràÃL====Ô|Î’Íà‹˚^=ÓÑ|wkª^=m_|Í˘Èÿ^ (AOAC, 1995)===m^à|òwkåª^=fl^ÑÄk|ã_f

=Óä‰_||§^=Ô||Î∑ä‡ˇ^(Randox laboratories Ltd: ph Cat. No.PH2810, U.K)  =

=Ï‡ÈŸÿ^=œ_Î�ª^=â_Âr=fl^ÑÄkã_fLKB Biochrom Vltropes II NO :4050 UV/Visible 

Spectrophotometer =(England)==_7Èù=ÔrÈ‹=ŸƒQMR=3Î‹È‡_‡m^K=

P=KJ====ÌÑƒ_—ÿ^=äÎj_ÕãÈÕÿ^=fiÍä‡d=ø_ê‡=àÍÑ—jAlkaline Phosphatase (ALP)=

========ÌÑƒ_—ÿ^=äÎkÃ_ãÈÕÿ^==fiÍä‡d=ø_ê‡=áÑ–(ALP)==Ô—Íàù=håv(Principato et al., 

1985 ; Eaton , 1977)  ==fl^ÑÄkã_f=Óä‰_§^=ÔÎ∑ä‡ˇ^=m^àòwkåª^(Randox 

laboratories Ltd AP Cat No. 311, U.K)==Ï‡ÈŸÿ^=œ_Î�ª^=â_ÂrËAutomatic 

Absorption Spectrophotometer Model 290, Japan==_7Èù=ÔrÈ‹=ŸƒQMR=

3Î‹È‡_‡m^K=

=

QJ=fiÍä‡d=àÍÑ—j=fl_¡≈ÿ_f=ñ_¶^=ÌÑƒ_—ÿ^=äÎj_ÕãÈÕÿ^=

=====F(BAP=Phosphatase= Bone-specific alkaline====

==============ñ_|¶^=ÌÑ|ƒ_—ÿ^=äÎj_Õ|ãÈÕÿ^=fiÍä|‡d=Ôg|å‡=máÑ|–===fi¡≈ÿ_|fBone-specific alkaline 

phosphatase (BAP)=====„^Öà§_|f=Ô|ì_¶^=4òwkÿ^=Óä‰_§^=m_∑ä‡ˇ^=fl^ÑÄkã_f(Bone 

Alkaline phosphates, BAP IDS kit AC20F1,U.K,)===h|åv==Ô|—Íàù(Rosalki and 
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Foo, 1984)==â_||||Âr=fl^ÑÄk||||ã^ËMiceoplate reader,SANOF DIGNOSTIC 

PASTEUR PR2100,FRANCE=àÍÑ—kÿ^=Ú^àrˇ=K=

=

RJ==àÍÑ—jOR{NJ=É=≤‹_kÎÃ=Ïå‘ËáÑÎ‰=ÏÛ_·nP====1,25-(OH)2D3=     

    =áÑ–OR{NJ=É=≤‹_kÎÃ=Ïå‘ËáÑÎ‰=ÏÛ_·nP==ÔÎƒ_≈èˇ^=ÔÎ∑ä‡ˇ^=”à�ÿ_f=⁄îª^=Ω

=„^Öà§_f=Ôì_¶^AC 54F1, U.K)=� (1-25 Dihydoxy Vitamin D3 RIA kit=fl^ÑÄkã_f

Automatic Gamma Counter WALLAC WIZARD 1470, USA ==Ô—Íàù=håv

(Reinhardt et al., 1984)K=
=

�_Î‡_n=W=fi¡≈ÿ^=ÔÃ_o‘=é_Î–  Bone Mass Density (BMD  =

==============Ô|—Íàù=h|åv=�_|ÎÛ_ÍäÎÃ=fl_|¡≈ÿ^=Ô|Ã_o‘=é_|Î–=#(Arjmandi et al., 1996)I=#=p||Îv

====fi|n=_|ÂÕÎ¡·j=Ë=‚|∑˚^=ÜÄÕÿ^=fi¡ƒ=àÍà¢=======€Ñ|§^=Œ|îk·‹=Ñ|·ƒ=Ü|ÄÕÿ^=Ô|›¡ƒ=l|≈�–F=é`á

Ô›¡≈ÿ^=E_ÂŸå»=#Ë=fi¡≈ÿ^=«_¨=uà~`Ë=K========à|�—ª^=Ú_|ª_f=ÓÚÈ|Ÿº=Ô|fÈg‡`=Ω=Ô|›¡ƒ=⁄|‘=l≈|óË

=ÓÑ||ª=æÕ||êÿ^=l||¢VM==Ô||›¡≈ÿ^=⁄||~^É=âÈ||s-^=Ú^È||7^=u^à||~ˇ=Ô||—Î–É=K=Ô||›¡ƒ=⁄||‘=u^à||~d=#Ë

=�̂Ñ||Îr=l||ÕÕrË=======à||�—‹=Ú_||‹=||Ÿƒ=Ô||ÍÈk-^=Ô||fÈg‡˚^=≥d=mÑ||Îƒ`Ë=l||‡âË=fi||n==#Ë=Ú_||ª^=Ω=l||‡âËË

==ÓÑ|vÈÿ_f=ÔÃ_o’ÿ^=i_åvF=fi|»=L==fi|ãP===fi|¡≈ÿ^=fi|sv=E====éÑ|Î∫á`=`Ñ|g‹=fl^ÑÄk|ã_f==ï·|Í=ÌÜ|ÿ^Ë=

====||Ÿƒ`=≥d=⁄Õ||ã`=‚||‹=∆||ÃÉ=||—ŸÍ=Ê||‡eÃ=�_||ÎÛär=Ë`=�_||ÎŸ‘=_||‹=fi||år=à||›»=^Öd=Ê||‡`=||ŸƒI==∆ÃÑ||ÿ^=^Ü||‰

=}^äª^=⁄Û_åÿ^=„âË=ÌË_åÍI=pÎvdáÈ›…ª^=fiå§^=ÔÃ_o‘=„=ZÚ^È7^=Ω=fiå§^=„âËFLå§^=„âË=fi

=Ú^È7^=ΩJ=Ú_ª^=Ω=fiå§^=„âËKE 
=

�_oÿ_n=W====≤jË2ÿ^=ÓÑå‘`=é_Î–Protein Oxidation=

================Ω=≤jË2ÿ_||f=Ô||�gjàª^=Ô||ÎkÍ2’ÿ^=Ô||ƒÈ›.^=é_||Î–=“||Íàù=‚||ƒ=≤jË2||ÿ^=ÓÑ||å‘`=máÑ||–

=⁄||îª^protein sulfhydryl groups (thiols)====Ô||—Íàù=h||åv(Hu, 1994)==fl^ÑÄk||ã_f

=÷ÍËä·gÿ^=öπ=âË3Î‡=€ÈÎn=ÏÛ_·n=È‰=Œè_‘ Dithiol Nitrose Benzoic Acid,VWR 

Ltd (DTNB)==m_ƒÈ›ß=é_Î—ÿ(SH)=l�Ÿ~=pÎüM{O==∆‹=⁄îª^=‚‹=3ŸŸ‹M{S=‚‹=3ŸŸ‹

=fi¡·‹ EDTA==_Âk≈ã=á_gk~^=ÔfÈg‡`=ΩNM=ŒÎó`Ë=3ŸŸ‹QM====€È|Ÿ-^=‚|‹=3ÿËà’Î‹FNM==Ï|ŸŸ‹

=€È|‹DTNB =ËNP{S==|w’ÿ^=‚|‹==“|Ÿ�ª^=Ï|ŸÎoÎª^=€È=KE======≤|f=}Ë^3|j=ÓÑ|ª=Ô|fÈg‡˚^=l|‘àjNMJNR=

„ÈŸÿ^=Ω=4…j=ÔnÑ®=Ô—Î–ÉI==€Ñ≈¥=Ìä‘à‹=Éàù=_7=Ìàr`=ËQMMM====ÓÑ|ª=Ô|—Î–Ñÿ^=Ω=ÓáËÉNM=

=========ÏÛÈ|òÿ^=œ_|Î�ª^=é_|Î—¥=ÔÿÈ|îÕª^=Ô|—g�ÿ^=ä|Î‘àj=çÎ|–Ë=Ô|Ãà…ÿ^=Óá^à|v=ÔráÉ=Ñ·ƒ=“Û_–É 
Spectrophotometer LKB Biochem,Uitraspec.No.4050 UV/Visible 

,Cambridge U.K ==_7Èù=ÔrÈ‹=ŸƒQNO=3‹È‡_‡�̂=K 
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�_≈f^áW=„^Öà§^=Ω=fl_¡≈ÿ^=flÑ‰=ÔÎŸ›≈f=Ô�gjàª^=m^àè¯ª^=

NJ==÷Íàùà�ÿ^=ö›•=flË_—ª^=äÎj_ÕãÈÕÿ^=fiÍä‡d=àÍÑ—j=
Tartrate –Resistant Acid Phosphatase (TRAP)====

                      =

========÷||Íàùà�ÿ^=ö||›•=flË_||—ª^=äÎj_Õ||ãÈÕÿ^=fiÍä||‡d=áÑ||– ==Tartrate –Resistant Acid 

Phosphatase (TRAP)======„^Öà§_|f=Ô|ì_¶^=4|òwkÿ^=Óä‰_|§^=m_∑ä‡ˇ^=fl^ÑÄkã_f(Rat 

TRAP, IDS kit, AC20F1, U.K)=====Ô|—Íàù=h|åv (Cadoni et al., 2006; Miller et 

al., 1998)==â_||||Âr=fl^ÑÄk||||ã^ËMiceoplate reader, SANOF DIGNOSTIC 

PASTEUR PR2100, FRANCE=àÍÑ—kÿ^=Ú^àrˇK=
=

OJ=======ÔÎ–áÑÿ^=Óá_r=ÓÑ…ÿ^=„È‹à‰=àÍÑ—jPara Thyroid Hormone==============

=======Ô|Î–áÑÿ^=Óá_r=ÓÑ…ÿ^=„È‹à‰=äÎ‘àj=áÑ–(PTH)======4|òwkÿ^=Óä‰_|§^=m_|∑ä‡ˇ^=fl^ÑÄk|ã_f

=„^Öà§_f=Ôì_¶^RAT PTH IRMA kit 50-2000, UK=Ô—Íàù=Ω=_›‘= (Miller et al., 

1998)==fl^ÑÄkã_fAutomatic Gamma Counter WALLAC WIZARD 1470,USA========K=
=======

ÏÛ_îvˇ^=⁄ÎŸwkÿ^=

==‚Í_gkÿ^=fl^ÑÄkã^=#=á_gk~_f=m_§_≈ª^=m_�ãÈk‹=≤f=ÓÉÑ≈kª^=Ô‡á_—ª^=Ú^àrdË‚’‡É 

Duncan test==ÔÍÈ·≈‹=Ñ·ƒ=m_�ãÈkª^=≤f=ÔÍÈ·≈ª^=”ËàÕÿ^=ÔÃà≈ªFP<0.05F=ESAS, 1997E=====K=
=

Ôê–_·ª^Ë=tÛ_k·ÿ^=

=„^Öà§^=Ω=fl_¡≈ÿ^=Ú_·f=ÔÎŸ›≈f=Ô�gjàª^=m^àè¯ª^=ö≈f=Ÿƒ=≤fÈ’ÎŸÿ^=4naj=

=====NJ=ÌÑƒ_—ÿ^=äÎj_ÕãÈÕÿ^=fiÍä‡d=ø_ê‡Ë=áÈÕåÕÿ^Ë=flÈÎåÿ_’ÿ^=äÎ‘àj=

=€ËÑ§^=yóÈÍFNE=======áÈÕ|åÕÿ^Ë=flÈÎ|åÿ_’ÿ^=ä|Î‘àj=|Ÿƒ=≤fÈ|’ÎŸÿ^=‚‹=ÔÕŸkÄª^=m_ƒà§^=4naj

==€ËÑ|§^=‚‹=yòkÍË=I„^Öà§^=áÈ‘ÖË=q_‡d=⁄î‹=ΩFNE=======≤fÈ|’ÎŸÿ^=‚|‹=Ô|ÕŸkÄª^=m_|ƒà§^=„`

=|Õÿ^=“Íàù=‚ƒ=„^ÖàsŸÿ=lÎ�ƒ`=;ÿ^======Ω=flÈÎ|åÿ_’ÿ^=ä|Î‘àj=Ω=Ô|ÍÈ·≈‹=m_|Ã˙k~^=≥d=É¯|j=%=fi

=q_||‡ˇ^=⁄||î‹.====÷||ÿÖ=‚||‹=ç||’≈ÿ^=||ŸƒËI======�_||ÍÈ·≈‹=É^Éâ^=q_||‡ˇ^=⁄||î‹=Ω=áÈÕ||åÕÿ^=ÒÈk||å‹=„e||Ã

FP<0.05E=≤fÈ’ÎŸÿ^=‚‹=Ó_�≈ª^=Ôƒà§^=ÓÉ_ÍäfI======Ô|ÍÈ·≈‹=Ô|ÿ˘É=m^Ö=m_|Ã˙k~^=÷|ÿ_·‰=l‡_‘Ë

FP<0.05E=====l||||Î�ƒ`=;||||ÿ^=Ô||||ƒÈ›.^=≤||||fN{R=fi||||»L=||||‹=fi||||…‘===≤fÈ||||’ÎŸÿ^=‚||||‹=fi||||å§^=„âË=‚

Ë==l||Î�ƒ`=;||ÿ^=m_||ƒÈ›.^N{M==ËM{R=fi||»L=fi||å§^=„âË=‚||‹=fi||…‘=I===”Ëà||Ã=◊_||·‰=‚||’j=%=Ê||‡`=˘d

===l|||Î�ƒ`=;|||ÿ^=Ô|||ƒÈ›.^Ë=Ô�f_|||òÿ^=Ô|||ƒÈ›.^=≤|||f=Ô|||ÍÈ·≈‹M{R=fi|||»L==fi|||å§^=„âË=‚|||‹=fi|||…‘

≤fÈ’Îÿ=K=



المجلة العربية للغذاء والتغذية

65 ال�سنة الحادية ع�شر - العدد ال�ساد�س والع�شرون - 2011م

 
٦٥

 

=€ËÑr
FN

=WE
=4

naj
—ÿ^=äÎj_Õã

ÈÕÿ^=fiÍä‡d=ø
_ê

‡Ë=áÈÕå
Õÿ^Ë=flÈÎå

ÿ_’ÿ^=äÎ‘
àj=Ÿƒ=≤

fÈ’ÎŸÿ^
Ì

Ñƒ_
=

„^Öà§
^=Ω

=flÑÿ^=⁄î
‹=Ω

=fl_¡
≈ÿ^=Ú_·f=ÔÎŸ›≈f=Ô�

gjàª^
K=

 
≤

fÈ’ÎŸÿ^=äÎ‘
àj

=

F
fi»

L
fiå

§
^=„âË=‚‹=fi…‘

E=

=flÈÎå
ÿ_’ÿ^=äÎ‘

àj
F

fis
Ÿ‹

L
NMM
=

⁄‹
E=

========
áÈ‘

Ö==========================q
_‡d

=

=áÈÕå
Õÿ^=äÎ‘

àj
F

fis
Ÿ‹

L
NMM
=

⁄‹
E=

======
áÈ‘

Ö===========================q
_‡d

=

=Ì
Ñƒ_—ÿ^=äÎj_Õã

ÈÕÿ^=fiÍä‡d=ø
_ê

‡

F
ÔÎÿËÉ=ÓÑv

Ë
L

3
ÿ

E=

==========
áÈ‘

Ö===========================q
_‡d

=

Ô�
f_ò

ÿ^=ÔƒÈ›.
^

=
V{UN

±
M{OO

= a
A

 
=

G=
V{VP

±
M{MT

=
b=

a=
A

   
=

S{SS
±

M{NP
= c=

B
 

U{PO
±

M{NQ
=

b=
A

 
TN{VP

±
P{NT

=
b=

A=
VO{TO

±
NP{PV

=
b=

A=

M{R
=

V{TV
±

M{TR
= a

 =
A

 
V{UQ

±
M{MU

b=
A

 
=

S{UM
±

M{NN
= c=

B
 

T{VM
±

M{OO
=

b=
A=

NMQ{MM
±

Q{RT
=

b=
A=

VQ{PM
±

N{MM
=

b=
A

 

N{MM
=

V{VV
±

M{NP
a=

A
 

NM{MT
± =

M{MR
b=

a=
A

 
T{UQ

±
M{OM
=M

b=
A

 
U{OV

±
M{OO

=
b=

A
 

NMP{QO
±

M{QM
=

b=
A=

VS{RR
±

M{TV
=

b=
B=

N{R
=

V{SR
±

M{VO
a=

B
 

V{NR
±

M{MQ
a =

A
 

U{PT
±=

M{NV
=a

=
B

 
NM{NP

±=
M{NO
a=

A
 

NOS{VR
±

R{RQ
= a=

A=
NNR{NO

±
N{SU

= a=
A

 


 

=æ
ã

Èkª^
±=

=Ì
á_Î≈ª^=œ

^à´
˘

^
Fn

=Z
S=E

=ÔÍÈ·≈‹=”ËàÃ=_Â·Îf=ÓÑv
=Ÿƒ=ç

·r
=⁄’ÿ=àè

¯‹=⁄’ÿ=ÔÕŸkÄ
ª^=Ó4

…î
ÿ^=ÔÍäÎŸ™

ˇ
^=œ

àv
˚

^=m
^Ö=ÓÑ›ƒ˚

^

F
p≤

0.05
E=K

ÔÍÈ·≈‹=”ËàÃ=_Â·Îf=ÓÑv
=Ÿƒ=àè

¯‹=⁄’ÿ=≤
å

·§
^=≤

f=Ó4
g’ÿ^=ÔÍäÎŸ™

ˇ
^=œ

àv
˚

^=m
^Ö=à�

ã
˚

^Ë
=F

p≤
0.05

EK
 



المجلة العربية للغذاء والتغذية

ال�سنة الحادية ع�شر - العدد ال�ساد�س والع�شرون - 2011م66

 ٦٦ 

======≤fÈ||’ÎŸÿ^=‚||‹=Ô||ÕŸkÄª^=m_||ƒà§^=l||Î�ƒ`=;||ÿ^=„^Öà||§^=áÈ||‘Ö=≤||f=m_||–ËàÃ=Ô||Í`=qÑ||¢=%

==flÈÎ|||åÿ_’ÿ_f=“||||Ÿ≈kÍ=_|||›ÎÃ=I====m_||||ƒà§^=l|||Î�ƒ`=;||||ÿ^=m_|||ƒÈ›.^=≤||||f=m_|||Ã˙k~˘^=l||||‡_‘=Öd

======Ô�f_||òÿ^=Ô||ƒÈ›.^=Ë=m_||ƒÈ›.^=ÁÜ||‰=≤||f=÷ÿÜ||‘Ë=≤fÈ||’ÎŸÿ^=‚||‹=Ô||ÕŸkÄª^==4||»=Ô||ÿ˘É=m^Ö

=ÔÍÈ·≈‹F==€ËÑ|rN=KE===========„_|‘=Ñ|—Ã=„^Öà|§^=áÈ|‘Ö=Ω=áÈÕ|åÕÿ^=ä|Î‘àj=|Ÿƒ=≤fÈ|’ÎŸÿ^=4na|j=_|‹`

=Ôƒà§^=Ñ·ƒ=æ—Ã=�_ÍÈ·≈‹N{R=fi»L=_ÂÎÃ=_¥=Òà~˚^=m_ƒÈ›._f=Ô‡á_—‹=fiå§^=„âË=‚‹=fi…‘

=Ô�f_òÿ^=ÔƒÈ›.^F=€ËÑrN=KE=

=====€ËÑ§^=yóÈÍN=====|j_ƒàû=≤fÈ|’ÎŸÿ^=4na|kÿ=Ô|‡á_—‹=�_òÍ`=====áÈÕ|åÕÿ^=ä|Î‘àj=|Ÿƒ=Ô|ÕŸkÄª^=Ê

=„^Öà|||§^=q_|||‡dË=áÈ|||‘Ö=⁄|||î‹=Ω=flÈÎ|||åÿ_’ÿ^Ë=I==Ô|||ÿ˘É=m^Ö=ÓÉ_|||Íâ=ÉÈ|||rË=€ËÑ|||§^=‚|||‹=y|||òkÍ=Öd

ÔÍÈ·≈‹=ÔÎÛ_îvd= (P<0.05)=======Ô|‡á_—‹=Ô�f_|òÿ^=Ô|ƒÈ›.^=Ω=áÈ‘Ü|ÿ^=Ω=áÈÕ|åÕÿ^=ÒÈkå‹=Ω

f=Ô||ƒÈ›._==_Â||åÕ‡=q_||‡ˇ^=Ω=I====Ω=áÈÕ||åÕŸÿ=Ô||Î≈Îg�ÿ^=Ô||ÍÈÎ•^=m_||Ã˙k~˘^=≥d=÷||ÿÖ=∆||ràÍË

=====y|óË`=p|Îv=„^Öà|§^=⁄|î‹F(Becker et al.,1979 ; Nomura et al.,1975 ===m_ÍÈk|åª^=„`

q_‡ˇ^=‚‹=Ÿƒ`=áÈ‘Üÿ^=Ω=áÈÕåÕŸÿ=ÔÎ≈Îg�ÿ^K=

===Ô||ÍÈ·≈‹=ÓÉ_||Íâ=÷||ÿ_·‰=l||‡_‘=_||›‘F(P<0.05====;||ÿ^=áÈ‘Ü||ÿ^=m_||ƒÈ›.=áÈÕ||åÕÿ^=ä||Î‘àj=Ω

ÿ^=lÎ�ƒ`=äÎ‘3f=≤fÈ’ÎŸM{R=ËN{R==fi»L=====q_|‡ˇ_f=Ô|‡á_—‹=fi|å§^=„âË=‚|‹=fi|…‘=K===Ôg|å·ÿ_f=_|‹`

===≤|||f=⁄|||îª^=Ω=flÈÎ|||åÿ_’ÿ^=ä|||Î‘àj=Ω=Ô|||ÍÈ·≈‹=”Ëà|||Ã=ÉÈ|||rË=flÑ|||ƒ=y|||òkÎÃ=flÈÎ|||åÿ_’ÿ^=ÒÈk|||åª

=lÎ�ƒ`=;ÿ^=ÔƒÈ›.^=^Ñƒ=_‹=q_‡ˇ^Ë=áÈ‘Üÿ^N{R==≤fÈ|’Îÿ=fi»L===fi|å§^=„âË=‚|‹=fi|…‘I===p|Îv

=flÈÎåÿ_’ÿ^=ÒÈkå‹=É^Éâ`FNM{MT±=M{NO=fi…ŸŸ‹LNMM=3ŸŸ‹=E=�_ÍÈ·≈‹=áÈ‘Üÿ^=fl4ã=Ω(P<0.05)=

=q_‡ˇ_f=Ô‡á_—‹FV{VP=±=M{MT=fi…ŸŸ‹LNMM=3ŸŸ‹KE=

========áÈ‘Ü|||ÿ=flÑ|||ÿ^=⁄|||î‹=Ω=flÈÎ|||åÿ_’ÿ^Ë=áÈÕ|||åÕÿ^=ä|||Î‘àj=ÓÉ_|||Íâ=Ω=ÌÈ|||·≈ª^=”à|||Õÿ^=ÉÈ|||≈Í=_|||¥áË

===≤fÈ||’ÎŸÿ^=‚||‹=||Ÿƒ˚^=Ô||ƒà§^=Ú_||�ƒd=Ñ||·ƒ=q_||‡ˇ_f=Ô||‡á_—‹=„^Öà||§^FN{R=fi||»L=‚||‹=fi||…‘=„âË

fi|||||å§^=E==_|||||Â›’¢=;|||||ÿ^=ÔÎ|||||å·§^=m_|||||Ã˙k~˘^=≥d====„È|||||‹àÂ‘=q_|||||‡ˇ^=Ω=Òà|||||~`=⁄|||||‹^Èƒ

˚^=≤rË3||||ãI=====q_|||||‡ˇ^=Ω=‚Íà|||||î·≈ÿ^=‚ÍÜ||||‰=ö|||||Í`=|||||Ÿƒ=⁄||||‹^È≈ÿ^=ÁÜ|||||‰=⁄|||||o‹=àn¯||||j=p|||||Îv

FCompston, 2001; Jarvinen et al., 2003KE=

=ÔÎÿ_•^=Ôã^áÑÿ^=tÛ_k‡=“Õkj===Ô|ã^áÉ=∆‹F (Uchiyama et al., 2004=====m_|·ÎjËá_‘=4na|j=€È|v

====„`=Ñ||rË=Öd=flÑ||ÿ^=⁄||î‹=Ω=fl_||¡≈ÿ^=öÍa||f=≤�gjà||ª^=áÈÕ||åÕÿ^=||Ÿƒ=≤fÈ||’ÎŸÿ^=_||ÂÎÃ=_||¥=Òà||~`

====≤fÈ|||’ÎŸÿ^=‚|||‹=Ô|||Îÿ_≈ÿ^=m_|||ƒà§^FN{M=ËN{R=fi|||»L==fi|||å§^=„âË=‚|||‹=fi|||…‘=E==ÓÉ_|||Íâ=≥d=mÉ`=Ñ|||–

===„^Öà||§^=q_||‡d=⁄||î‹=Ω=áÈÕ||åÕÿ^=I===_‰áÑ||–=Ô||ƒàr=„`=≤||v=ΩN{R==≤fÈ||’Îÿ=fi||»L==„âË=‚||‹=fi||…‘

§^=====„^Öà|||§^=áÈ|||‘Ö=⁄|||î‹=Ω=à|||î·≈ÿ^=‚|||‹=Ô|||ÍÈ·≈‹=ÓÉ_|||Íâ=≥d=mÉ`=Ñ|||–=fi|||å=K=Ô|||ã^áÉ=„`=˘d 

(Uchiyama et al., 2004)==========ä|Î‘àj=|Ÿƒ=≤fÈ|’ÎŸÿ^=4na|j=Ω=Ô|Îÿ_•^=Ô|ã^áÑÿ^=‚|ƒ=Œ|Ÿk£

==≥d=ÒÉ`=Ñ|–=≤fÈ’ÎŸÿ^=Ú_�ƒd=„`=Ôã^áÑÿ^=‚‹=ÑrË=Öd=„^Öà§^=q_‡dË=áÈ‘Ö=⁄î‹=Ω=flÈÎåÿ_’ÿ^
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 ٦٧ 

äÎ‘àj=Ω=ÔÍÈ·≈‹=ÓÉ_Íâ=======„^Öà|§^=áÈ|‘ÖË=q_|‡d=‚|‹=⁄|‘=⁄|î‹=Ω=flÈÎåÿ_’ÿ^=I===Ω=Ñ|rË=≤|v=Ω

=====ä|||Î‘àj=Ω=Ô|||ÍÈ·≈‹=ÓÉ_|||Íâ=Ì`=≥d=É¯|||Í=%=Ô|||ÕŸkÄª^=Ê|||j_ƒàû=≤fÈ|||’ÎŸÿ^=„`=Ô|||Îÿ_•^=Ô|||ã^áÑÿ^

„^Öà§^=q_‡dË=áÈ‘Ö=‚‹=⁄‘=⁄î‹=Ω=flÈÎåÿ_’ÿ^K=

============Ô|ã^áÉ=∆|‹=Ô|ã^áÑÿ^=ÁÜ|‰=tÛ_|k‡=ŒŸk£=_›‘(Kuroiwa et al., 2006)==áÉ=;|ÿ^===4na|j=l|ã

=˙ŸÎÿ_‡É=≤jËá_‘=”Èwå‹=ÔÃ_ódCarotene=Dunaliella=====≤|å·§^=‚|‹=„^Öà|§^=“Û˙ƒ=≥d

ÔÕŸk©=m_ƒàûI==pÎv^====Ω=áÈÕ|åÕÿ^Ë=flÈÎ|åÿ_’ÿ^=m_ÍÈk|å‹=Ω=ÔÍÈ·≈‹=4»=ÓÉ_Íâ=qËÑv=yòj

áÈ‘Üÿ^Ë=q_‡ˇ^=⁄î‹=I=====Ô|ÍÈ·≈‹=”Ëà|Ã=ÉÈ|rË=flÑ|ƒ=∆‹(P≥0.001)=====≤|å·§^=≤|f=Ô|‡á_—ª^=Ñ|·ƒ=K

‰=Òä≈Í=Ñ–Ë===_ÂjÑ|‹Ë=Ô|ã^áÑÿ^=fiÎ›îj=Ô—Íàù=Ω=m_Ã˙k~˘^=≥d=tÛ_k·ÿ^=≤f=œ˙k~˘^=^ÜFVM=

‹ÈÍ�_=E=======œ˙k|~˘^=≥d=ÌÉ¯|Í=Ñ|–=Ó2|kÄª^=ÓÉ_|ª^=«È|‡=œ˙k~^=„`=_›‘=„^Öà§^=ÔŸÎîÃ=œ˙k~^Ë

_ÂÎŸƒ=⁄îwkª^=tÛ_k·ÿ^=Ω=‚Í_gkÿ^ËK=

=Ôƒàr=ÓÉ_Íâ=Ñ·ƒ=„^Öà§^=q_‡dË=áÈ‘Ö=⁄î‹=Ω=áÈÕåÕÿ^=ÒÈkå‹=ÓÉ_Íâ=„d====ÉÈ|≈Í=Ñ|–=≤fÈ’ÎŸÿ^

==_|ÂÎŸƒ=ÌÑƒ_—ÿ^=äÎj_ÕãÈÕÿ^=fiÍä‡d=æÎê·j=Ω=ÁáËÑÿF Yohay et al., 1994=E===Ô|ÎŸ›≈f=ægjà|ª^Ë

=====fl_|¡≈ÿ^=Ω=m_Õ|ãÈÕÿ^=hÎ|ãàjË=„Ñ|≈›kÿ^(Farley, 1995; van den Bos et al., 1995)===Ñ|—Ã

`=Ô|||||ÍÈ·≈‹=ÓÉ_|||||Íâ=◊_|||||·‰=„`=Ô|||||Îÿ_•^=Ô|||||ã^áÑÿ^=tÛ_|||||k‡=lw|||||óË(P<0.05)==fiÍä|||||‡d=ä|||||Î‘àj=Ω

=Ôƒà§^=Ñ·ƒ=„^Öà§^=áÈ‘ÖË=q_‡d=⁄î‹=Ω=ÌÑƒ_—ÿ^=äÎj_ÕãÈÕÿ^N{R===≤fÈ|’Îÿ=fi|»L===‚|‹=fi|…‘

=Òà~˚^=m_ƒÈ›._f=Ô‡á_—‹=fiå§^=„âËF=€ËÑrN=KE=

=€ËÑ||r=Ω=tÛ_||k·ÿ^=y||óÈj=_||›‘N===fiÍä||‡d=ø_||ê‡=ÒÈk||å‹=Ω=„^Öà||§^=áÈ||‘ÖË=q_||‡d=≤||f=Ô||‡á_—‹

ÌÑƒ_—ÿ^=äÎj_ÕãÈÕÿ^I==�_ÍÈ·≈‹=öÕ¨^=pÎvFP<0.05=E===;|ÿ^=„^Öà|§^=áÈ‘Ö=⁄î‹=Ω=Êù_ê‡

=lÎ�ƒ`N{M=≤fÈ’Îÿ=fi»L========%=_|›·Îf=_Â|åÕ‡=Ô|ƒÈ›.^=Ω=q_|‡ˇ_f=Ô|‡á_—‹=fi|å§^=„âË=‚|‹=fi…‘

===Ô||||ƒÈ›.^Ë=Òà||||~˚^=Ó2||||kÄª^=m_||||ƒÈ›.^=Ω=Ô||||ÍÈ·≈‹=Ô||||ÿ˘É=m^Ö=m_||||Ã˙k~^=Ì`=◊_||||·‰=‚||||’j

q_‡ˇ_f=áÈ‘Üÿ^=Ô‡á_—‹=Ñ·ƒ=Ô�f_òÿ^K=

Û_k‡=∆‹=tÛ_k·ÿ^=ÁÜ‰=“ÕkjË=Ôã^áÉ==t(Shivashangari et al., 2006)==ÔÍÜ…j=„`=lwóË`=;ÿ^

=_‰áÑ–==Ôƒàr=Ÿƒ=„^Öà§^=áÈ‘ÖNM≤fÈ’Îÿ=fl^à»L===fi|å§^=„âË=‚|‹=fi|…‘L=====fl_|Í`=Ôk|ã=ÓÑ|ª=flÈ|Í

ÔÍÈ·≈‹=ÓÉ_Íâ=≥d=mÉ`=Ñ–=FP<0.05E======⁄|îª^=Ω=ÌÑ|ƒ_—ÿ^=äÎj_Õ|ãÈÕÿ^=fiÍä|‡d=ÒÈkå‹=Ω=FRU{NT=

±=S{NU==3||ÿ=⁄||’ÿ=Ô||ÎÿËÉ=ÓÑ||vË=Ef=Ô||‡á_—‹=Ô�f_||òÿ^=Ô||ƒÈ›._FQR{VM±==Q{UN===⁄||’ÿ=Ô||ÎÿËÉ=ÓÑ||vË

3ÿ=KE=‚‹=⁄‘=Ôã^áÉ=∆‹=ÔÎÿ_•^=Ôã^áÑÿ^=tÛ_k‡=“Õkj=_›‘F(Kim et al., 2003=Ë (Park et 

al., 1997)=fl_¡≈Ÿÿ=ÔÎ‡_gÿ^=ÔÎ›¡≈ÿ^=_Í˙¶^=Ÿƒ=≤fÈ’ÎŸÿ^=4naj=Ω=I=yóË`=pÎvF (Kim et 

al.,  2003=====|ê·‹=�_|ÍäÎÕ¢=�̂4na|j=≤fÈ|’ÎŸÿ=„`====fl_|¡≈Ÿÿ=Ô|Î‡_gÿ^=_|Í˙¶^=àn_|’kÿ=�_�I====Ê|ÿ=„`=_|›‘

===áÑ|r=|Ÿƒ=Êÿ=Ôì_¶^=m˙g—kåª^=Ôf_skã^=ÒÑ‹Ë=ÌÑƒ_—ÿ^=äÎj_ÕãÈÕÿ^=fiÍä‡˚=�_�ê·‹=�̂4naj

=_|Í˙¶^=ÁÜ‰=K==y|óË`Ë (1997) Park et al.========Ô|Ÿ‘˝^=_|Í˙¶^=È|›·ÿ=�_|�go‹=�̂4na|j=≤fÈ|’ÎŸÿ=„`
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 ٦٨ 

=fiå§^=uá_~=„^Öà§^=q_‡d=Ω=fl_¡≈Ÿÿin vitroKI==ÔÎŸ›≈ÿ=æê·‹=4naj=≤fÈ’ÎŸÿ=„_‘=≤v=Ω

======Ñ||v^Ë=_‰áÑ||–=Ô||ƒàr=Ñ||·ƒ=ÌÑ||ƒ_—ÿ^=äÎj_Õ||ãÈÕÿ^=fiÍä||‡d=ø_||ê‡=ÓÉ_||Íâ=€˙||~=‚||‹=fl_||¡≈ÿ^=äÍ_||µ

==≤jËá_|||‘=_|||kÎgÿ^=‚|||‹=⁄|||–`=Ô|||ráÑf=‚|||’ÿË=€È|||‹Ëà’Î‹=K=„`=≥d=„_k—f_|||åÿ^=„_k|||ã^áÑÿ^=l|||îŸ~Ë

�̂4naj=≤fÈ’ÎŸÿ=�_�ê·‹=ÌÑƒ_—ÿ^=äÎj_ÕãÈÕÿ^=fiÍä‡ˇ=F(ALPK==

===Ñ|rË=_|›‘(Saad and Elmasry, 2005)========“|Íàù=‚|ƒ=„^Öà|§^=áÈ‘Ü|ÿ=≤fÈ|’ÎŸÿ^=Ú_|�ƒd=„`

=_‰á^Ñ—‹=Ôƒàû=fiÕÿ^N{Ofi…Ÿ‹LÖàr=L========ÒÈk|å‹=Ω=Ô|ÍÈ·≈‹=ÓÉ_|Íâ=≥d=ÒÉ`=Ñ|–=≤ƒÈg|ã`=ÓÑ|ª=flÈ|Í

====≤fÈ||’ÎŸÿ^=l||Î�ƒ`=;||ÿ^=Ô||ƒÈ›s›Ÿÿ=ÌÑ||ƒ_—ÿ^=äÎj_Õ||ãÈÕÿ^=fiÍä||‡dFU{PR±M{SR===Ô||ÎÿËÉ=ÓÑ||vË=L

=3||ÿ=E=Ô||ƒÈ›._f=Ô|||‡á_—‹==Ô�f_|||òÿ^=FT{UM±M{SN===Ô|||ÎÿËÉ=ÓÑ||vË=L=3||ÿ=E==tÛ_|||k‡=∆|||‹=÷||ÿÖ=“|||ÕkÍË

ÔÎÿ_•^=Ôã^áÑÿ^K=

==_||‰^àr`=;||ÿ^=Ô||ã^áÑÿ^=tÛ_||k‡=‚||ƒ=l||ÕŸk~^=Ô||Îÿ_•^=Ô||ã^áÑÿ^=tÛ_||k‡=„`=˘d(Mellert et al., 

2002)=========„`=lw|óË`=;|ÿ^=„^Öà|§^=q_|‡d=⁄|î‹=Ω=ÌÑ|ƒ_—ÿ^=äÎj_Õ|ãÈÕÿ^=fiÍä‡d=ø_ê·ÿ=Ôgå·ÿ_f

‚‹=≤fÈ’ÎŸÿ^=fl^ÑÄkã^==m_ƒàûË=ÔÕŸk©=áÉ_î‹RMMJNRMMJPMMM==fi…Ÿ‹L=„âË=‚‹=fi…‘

====Ô||ÍÈ·≈‹=ÓÉ_|||Íäf=æg|||já^=fi||å§^P<0.05)E==áÈ‘Ü|||ÿ^=ç·||r=Ω=fiÍä|||‡ˇ^=ø_|||ê‡=ΩI==É^Éâ^=p|||Îv

=========áÈ‘Ü|ÿ^=ç·|r=ÒÑ|ÿ=ÌÑ|ƒ_—ÿ^=äÎj_Õ|ãÈÕÿ^=fiÍä|‡d=ø_|ê‡=ÒÈk|å‹=æ|ãÈk‹ ===Ω=ö|Õ¨^=_|›·Îf

ÿ^=‚‹=ÔÎÿ_≈ÿ^=Ôƒà§^=Ÿƒ=lŸîv=;ÿ^=ÔƒÈ›s›Ÿÿ=q_‡ˇ^=ç·r=≤fÈ’ÎŸFPMMM==fi…Ÿ‹L=fi…‘

fiå§^=„âË=‚‹=KE==≥d=�_ƒÈg|ã`=àêƒ=Ôn˙n=mÑ≈j=;ÿ^=Ôfàskÿ^=€È�ÿ=œ˙k~˘^=^Ü‰=∆ràÍ=Ñ–Ë

„^Öà§^=à›ƒ=à…ìË=„^Öà§^=_ÂÎŸƒ=lÍÜ»=;ÿ^=ÔÎÿ_≈ÿ^=Ôƒà§^=h‡_rK=

=

===OJ====Ë==fl_|¡≈ÿ_f=ñ_|¶^=ÌÑ|ƒ_—ÿ^=äÎj_ÕãÈÕÿ^=fiÍä‡d=äÎ‘àjOR{NJ====Ï|å‘ËáÑÎ‰=ÏÛ_|·n

É=≤‹_kÎÃP=

==l|Î�ƒ`=;ÿ^=≤kƒÈ›.^=⁄î‹=Ω=ÌÑƒ_—ÿ^=äÎj_ÕãÈÕÿ^=äÎ‘àj=Ω=ÔÍÈ·≈‹=ÓÉ_Íâ=qËÑv=fi»áË

=_‰^áÑ|||—‹=Ô|||ƒàû=≤fÈ|||’ÎŸÿ^N{Rfi|||»L==Ô|||ÿ˘É=ËÖ=4na|||j=◊_|||·‰=‚|||’Í=fi|||ŸÃ=fi|||å§^=„âË=‚|||‹=fi|||…‘

===Ë=fl_|||||¡≈ÿ_f=ñ_|||||¶^=ÌÑ|||||ƒ_—ÿ^=äÎj_Õ|||||ãÈÕÿ^=fiÍä|||||‡d=ä|||||Î‘àj=|||||Ÿƒ=Ô|||||ÍÈ·≈‹OR{NJ==ÏÛ_|||||·n

==É=≤‹_|||kÎÃ=Ï|||å‘ËáÑÎ‰P==≤�gjà||||ª^Ë=fl_||||¡≈ÿ^=Ú_|||·gf=I===€ËÑ||||§^=y|||óÈÍ=p|||ÎvO===‚||||’Í=%=Ê|||‡`

======ñ_|||¶^=ÌÑ|||ƒ_—ÿ^=äÎj_Õ|||ãÈÕÿ^=fiÍä|||‡d=ä|||Î‘àj=|||Ÿƒ=4na|||j=Ì`=Ô|||ÕŸkÄª^=Ê|||j_ƒàû=≤fÈ|||’ÎŸÿ

„^Öà§^=q_‡d=Ë`=áÈ‘Ö=⁄î‹=Ω=Ú^Èã=fl_¡≈ÿ_fI=Ô�f_òÿ^=ÔƒÈ›._f=Ô‡á_—‹=÷ÿÖË=K=

==
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=====⁄||’ÿ=≤||å·§^=≤||f=⁄||îª^=Ω=fiÍä||‡ˇ^=^Ü||‰=ä||Î‘àj=Ω=m_||Ã˙k~^=Ì`=÷||ÿ_·‰=‚||’j=%=Ê||‡`=_||›‘

=„^ÖàsŸÿ=Ó_�≈ª^=≤fÈ’ÎŸÿ^=m_ƒàrF=€ËÑrO=KE=

=======Ô|ã^áÉ=∆|‹=Ô|Îÿ_•^=Ô|ã^áÑÿ^=tÛ_|k‡=“|Õkj(Rao et al., 2007))======≤fÈ|’ÎŸÿ^=4na|j=l|ãáÉ=;|ÿ^

=„^Öà|§^=⁄î‹=Ω=fl_¡≈ÿ_f=ñ_¶^=ÌÑƒ_—ÿ^=äÎj_ÕãÈÕÿ^=fiÍä‡d=äÎ‘àj=ŸƒI=====‚|‹=y|òj`=p|Îv

⁄îª^=Ω=fiÍä‡ˇ^=^Ü‰=Ÿƒ=≤fÈ’ÎŸÿ=4naj=ÉÈrË=flÑƒ=Ôã^áÑÿ^K=

=„È‹à‰=äÎ‘àj=Ü£`OR{NJ=≤‹_kÎÃ=Ïå‘ËáÑÎ‰=ÏÛ_·n ÉP  =====„^Öà|§^=q_|‡dË=áÈ|‘Ö=⁄|î‹=Ω

=_Õ|ãÈÕÿ^=fiÍä‡d=w·‹===fl_|¡≈ÿ_f=ñ_|¶^=ÌÑ|ƒ_—ÿ^=äÎj==Ê|åÕ‡======Ê|j_ƒàû=≤fÈ|’ÎŸÿ=‚|’Í=%=p|Îv

=Ω=„È||‹à7^=^Ü||‰=||Ÿƒ=Ô||ÍÈ·≈‹=ÔÎÛ_||îvd=Ô||ÿ˘É=m^Ö=m^4na||j=Ì`=Ô||ÕŸkÄª^ =q_||‡dË=áÈ||‘Ö=⁄||î‹

=„^Öà§^F=€ËÑrOKE=

======ÒÈk|å‹=|Ÿƒ=Òà|~˚^=m_|·ÎjËá_’ÿ^=Ë`=≤fÈ|’ÎŸÿ^=4naj=‚ƒ=m_ã^áÉ=ÉÈrË=flÑ≈ÿ=ÔsÎk‡ËOR{NJ

‹_kÎÃ=Ïå‘ËáÑÎ‰=ÏÛ_·n≤ ÉP=„^Öà§^=⁄î‹=ΩI=======l|›Î–=Ô|ã^áÉ=€Ë`=Ñ|≈j=Ô|Îÿ_•^=Ô|ã^áÑÿ^=„eÃ

4nakÿ^=^Ü‰=I=======àn¯|Í=˘=≤fÈ|’ÎŸÿ^=„`=€È|—ÿ^=_|ÂÎŸƒ=⁄|îwkª^=tÛ_|k·ÿ^=Ÿƒ=�Ú_·f=u_k·kã˘^=‚’∑Ë

Ôã^áÑÿ^=ÁÜ‰=Ω=Ê·‹=Ô‹ÑÄkåª^=m_ƒà§_f=fl_¡≈ÿ^=Ú_·gf=ægjàª^=„È‹à7^=^Ü‰=ÒÈkå‹=Ÿƒ=K=
=

PJ=˚^=ÜÄÕÿ^=fl_¡ƒ=ÔÃ_o‘‚∑=

========fl_|¡≈ÿ^=Ôw|îÿ=Ô|‹_7^=m^à|è¯ª^=‚|‹=fl_|¡≈ÿ^=Ô|Ã_o‘=Ñ≈jFGold, 2006E=I====ÁÜ|‰=Ω=#=Ñ|—Ã=^Ü|ÿ

==========„^Öà|§^=q_|‡d=Ω=‚|∑˚^=Ü|ÄÕÿ^=fl_|¡ƒ=Ô|Ã_o‘=|Ÿƒ=≤fÈ|’ÎŸÿ^=4na|j=fiÎ|Î—j=Ôã^áÑÿ^I===y|òkÍË

=€ËÑ§^=‚‹O==�_ÍÈ·≈‹=fl_¡≈ÿ^=ÁÜ‰=ÔÃ_o‘=ÓÉ_ÍâFP<0.05E=====l|Î�ƒ`=;|ÿ^=q_|‡ˇ^=m_ƒÈ›ß=Ω

====_‰á^Ñ||||—‹=≤fÈ||||’ÎŸÿ^=‚||||‹=m_||||ƒàrN{M=ËN{R==≤fÈ||||’Îÿ=fi||||»L====Ô||||‡á_—‹=fi||||å§^=„âË=‚||||‹=fi||||…‘

Ô�f_òÿ^=ÔƒÈ›.^=Ω=q_‡ˇ^=m_ƒÈ›s¥I=Ôfàskÿ^=ÔÍ^Ñf=ÔƒÈ›ßËI====l|Î�ƒ`=;|ÿ^=ÔƒÈ›.^Ë

===≤fÈ|’ÎŸÿ^=‚|‹=ÔòÕÄ·ª^=Ôƒà§^FM{R==fi|»L===fi|å§^=„âË=‚|‹=fi|…‘=KE===̂Ö=”Ëà|Õÿ^=l|‡_‘=_|›‘=m

==Ô|||ÍÈ·≈‹=ÔÎÛ_|||îvd=Ô|||ÿ˘ÉFP≤0.05E=====;|||ÿ^=„^Öà|||§^=q_|||‡ˇ=‚|||∑˚^=Ü|||ÄÕÿ^=fl_|||¡ƒ=Ô|||Ã_o‘=Ω

===≤fÈ|’ÎŸÿ^=Ô|ƒàr=lÎ�ƒ`N{R==fi|»=L=========Ô|ƒà§^=l|Î�ƒ`=;|ÿ^=÷|Ÿkf=Ô|‡á_—‹=fi|å§^=„âË=‚|‹=fi|…‘

N{M===≤fÈ||’ÎŸÿ^=‚||‹=fi||»L==fi||å§^=„âË=‚||‹=fi||…‘I=====;||ÿ^=„^Öà||§^=Ω=fl_||¡≈ÿ^=Ô||Ã_o‘=mÉ^â=p||Îv

Ÿÿ^=‚‹=Ÿƒ˚^=Ôƒà§^=lÎ�ƒ`≤fÈ’ÎK=

=====|w·ª^=l’Ÿ|ã=Ñ|–=„^Öà|§^=áÈ|‘Ö=Ω=‚∑˚^=ÜÄÕÿ^=fl_¡ƒ=ÔÃ_o‘=„`=‚‹=fi»àÿ_fË==Ê|åÕ‡===_|›ÎÃ

===≤fÈ|’ÎŸÿ^=‚|‹=Ô≈Õjàª^=m_ƒà§_f=“Ÿ≈kÍFN{M=ËN{R==fi|»L===fi|å§^=„âË=‚|‹=fi|…‘E=I==”Ëà|Õÿ^=„`=˘d

====m_|ƒà§^=l|Î�ƒ`=;|ÿ^=áÈ‘ÜŸÿ=‚∑˚^=ÜÄÕÿ^=fl_¡ƒ=ÔÃ_o‘=≤fN{M=ËM{R==fi|»L===„âË=‚|‹=fi|…‘

=%=fiå§^ÔÍÈ·≈‹=ÔÎÛ_îvd=Ôÿ˘É=m^Ö=‚’j=I=======Ô|Ã_o‘=Ω=Ô|ÍÈ·≈‹=”Ëà|Ã=◊_|·‰=‚|’j=%=÷ÿÜ|‘Ë

=lÎ�ƒ`=;ÿ^=ÔƒÈ›.^=≤f=áÈ‘ÜŸÿ=fl_¡≈ÿ^N{M=≤fÈ’Îÿ=fi»L=ÔƒÈ›ßË=fiå§^=„âË=‚‹=fi…‘
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 ٧١ 

=Ôfàskÿ^=ÔÍ^Ñf=lüÖ=;ÿ^=„^Öà§^=áÈ‘ÖF==€ËÑ|rO=KE=======≤fÈ|’ÎŸÿ^=„`=÷|ÿÖ=‚|‹=tk·k|åÍ=Ñ|–=^Ü|ÿ

==‚||‹=⁄||–`=m_||ƒàûN{R=fi||»L==‚||‹=fi||…‘=====Ω=flÈÎ||åÿ_’ÿ^=hÎ||ãàj=||Ÿƒ=4na||j=Ê||ÿ=çÎ||ÿ=fi||å§^=„âË

„^Öà§^=áÈ‘Ö=K=‚‹=⁄–`=m_ƒàû=Á4naj=_‹`N{R=fi»L=fiå§^=„âË=‚‹=fi…‘FN{M=fi»L===‚|‹=fi|…‘

fi|||å§^=„âË=E=====q_|||‡d=Ω=Òà|||~`=⁄|||‹^Èƒ=÷|||ÿ_·‰=„a|||f=“f_|||åÿ^=u_k·k|||ã˘^=Ñ|||‘¯Í=Ñ|||—Ã=q_|||‡ˇ^=Ω

ÿ^=Ω=flÈÎåÿ_’ÿ^=hÎãàj=Ω=�̂áËÉ=≤fÈ’ÎŸÿ^=∆‹=ÌÉ¯j=„^Öà§^fl_¡≈=K=

==≤fÈ||’Îÿ=Ô||ƒàr=l||Î�ƒ`=;||ÿ^=áÈ‘Ü||ÿ^=Ô||ƒÈ›ß=Ω=fl_||¡≈ÿ^=Ô||Ã_o‘=ÓÉ_||Íâ=à||åÕj=Ñ||–N{R==fi||»=L

=========áÈ||‘Ö==⁄||î‹=Ω=flÈÎ||åÿ_’ÿ^=ÒÈk||å‹=ÓÉ_||Íâ=≥d=�_||òÍ`=q_||‡ˇ_f=Ô||‡á_—‹=fi||å§^=„âË=‚||‹=fi||…‘

=q_||‡ˇ_f=Ô||‡á_—‹=„^Öà||§^I==p||Îvd====ÉÑ||ƒ=Ω=�_||¿ÈwŸ‹=�_||î—‡=hg||åj=⁄||îª^=Ω=flÈÎ||åÿ_’ÿ^=ÓÉ_||Íâ=„

||Ÿ‘˝^=_||Í˙¶^====fl_||¡≈ÿ^=Ô||ò–_‡=Ô||ÎŸ¶^=mÈ||‹=öÍà||¢Ë=p||v=||Ÿƒ=Á4na||j=€˙||~=‚||‹=fl_||¡≈Ÿÿ=Ô

(Gao and Yamaguchi , 1999)=========ç·|r=Ω=ÌÈ|·≈ª^=ú_|Õ¨˘^=≥d=�_|≈r^á=„È|’Í=Ñ|–=_|›‘

====÷||Íàùà�ÿ^=ö‹_||•=flË_||—ª^=äÎj_Õ||ãÈÃ=fiÍä||‡d=ÒÈk||å‹=Ω=q_||‡ˇ_f=Ô||‡á_—‹=áÈ‘Ü||ÿ^FTRAPE=

==fi||Ÿ≈ª^=È||‰=ÌÜ||ÿ^F⁄ÎÿÑ||ÿ^=Emarker===Ô||ÎŸ›≈ÿ=é_||ã˚^===ÉÈ||rÈª^Ë=fl_||¡≈ÿ^=œ_||êjá^==y�||ã`=||Ÿƒ

==fl_|¡≈ÿ^=Ôò–_‡=_Í˙¶^(Halleen et al., 1999 ;  Minkin , 1982)======_|›ÎÃ=Áà|‘Ö=É4|ã=_|›‘

Ñ≈fK=

=€ËÑ||r=Ω=tÛ_||k·ÿ^=y||óÈjO====≤||f=‚||∑˚^=Ü||ÄÕÿ^=fl_||¡ƒ=Ô||Ã_o‘=||Ÿƒ=≤fÈ||’ÎŸÿ^=4na||kÿ=Ô||‡á_—‹

„^Öà§^=áÈ‘ÖË=q_‡dI====Ô|ÍÈ·≈‹=Ô|ÿ˘É=m^Ö=m_Ã˙k~^=ÉÈrË=yòkÍ=pÎvFP<0.05E====Ô|‡á_—‹=Ñ|·ƒ

=„^Öà|§^=áÈ‘ÖË=q_‡dI===p|Îvd=======≤fÈ|’ÎŸÿ^=Ô|ƒàr=l|Î�ƒ`=;|ÿ^=„^Öà|§^=áÈ|‘Ö=„N{R==fi|»L==fi|…‘

==========‚|∑˚^=Ü|ÄÕÿ^=fl_|¡ƒ=Ô|Ã_o‘=Ω=Ô||ÍÈ·≈‹=ÓÉ_|Íâ=_ÂÍÑ|ÿ=qÑ|v=fi|å§^=„âË=‚|‹FN{PR±M{MP=fi||»=L

fiãP==E=q_‡ˇ^==ÔƒÈ›s¥=Ô‡á_—‹FN{OQ=±==M{MPfi»LfiãP=KE======Ì`=÷|ÿ_·‰=‚|’j=%=Òà|~`=Ô|Îv_‡=‚|‹

========Ô|ƒÈ›.^=_|ÂÎÃ=_|¥=Ó2|kÄª^=m_|ƒÈ›.^=∆|Î∏=Ω=q_|‡ˇ^Ë=áÈ‘Üÿ^=Ô‡á_—‹=Ñ·ƒ=ÔÍÈ·≈‹=”ËàÃ

fl_¡≈ÿ^=ÔÃ_o‘=Ω=Ôfàskÿ^=ÚÑf=ÔƒÈ›ßË=Ô�f_òÿ^K=

=Ôã^áÉ=∆‹=ÔÎÿ_•^=Ôã^áÑÿ^=tÛ_k‡=“ÕkjËFRao et al., 2007=E=Ïÿ_≈ÿ^=ÒÈkåª^=„`=lwóË`=;ÿ^

=€Ë_·kª^=ÓÉ_Íäf=ægjàª^Ë=⁄îª^=Ω=≤fÈ’ÎŸÿ=≥d=ÒÉ`=_Âj_îŸÄkå‹Ë=fiù_›�ÿ^=m_sk·ª=Ï‹ÈÎÿ^

=ÔÍÈ·≈‹=ÓÉ_Íâ(P<0.05)=====‚|ã=Ω=m^ÑÎ|åÿ^=‚|‹=ÔÙÕÿ=fl_¡≈ÿ^=ÔÃ_o’f=Ô�gjàª^=m^àè¯ª^=ö≈f=Ω

éa||Îÿ^K=====h||åv=≤fÈ||’ÎŸÿ^=‚||‹=Ó4g||‘=Ô||Î›‘=l’ŸÂk||ã^=;||ÿ^=Ô||ƒÈ›.^=„`=tÛ_||k·ÿ^=lw||óË`Ë

=Ô|ÍÈ·≈‹=ÓÉ_Íâ=_ÂÍÑÿ=„_‘=ÔÎÛ^Ü…ÿ^=m˙såÿ^=FP<0.02=E=k|å‹=Ω==⁄|îª^=Ω=≤fÈ|’ÎŸÿ^=ÒÈ=I=ÒÉ`Ë

===ÌÈ|·≈‹=ú_|Õ¨^=≥d=÷|ÿÖ=P<0.005)E========≤r˘È|’ÿ^=m_|ÙÍär=≤|f=æf^Ëà|ÿ^=œ^à|ù`=Ω cross-

linked N- telopeptides of type I collagen.2 (NTX)=======Ω=_Âkg|å‡=ÓÉ_|Íâ=Ñ|≈j=;|ÿ^

==Ô|||Î›¡≈ÿ^=ÓÉ_|||ª^=flÑ|||7=à|||è¯‹=⁄|||îª^=I==_o‘=ÓÉ_|||Íäf=Ô|||�gjàª^=m^à|||è¯ª^=ö|||≈f=mÉ^Éâ^=_|||›‘=Ô|||Ã

”_åÿ^Ë=úÈ•^=fl_¡ƒ=m_‡È’‹Ë=K=
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=====Ô|ã^áÉ=∆|‹=“|Õkj=_|›‘(Kim et al., 2003)=======àn_|’kÿ=�_�|ê·‹=�_|ÍäÎÕ¢=�̂4na|j=≤fÈ|’ÎŸÿ=„`=Ω

fl_¡≈Ÿÿ=ÔÎ‡_gÿ^=_Í˙¶^I==fl_|¡≈ÿ^=_Í˙~=äÍ_µ=Ñ·ƒ=Ê‡af=4nakÿ^=ÔÎÿb=Ôã^áÑÿ^=ÁÜ‰=lv3–^=pÎv

===≤fÈ||’ÎŸÿ=Ô||ì_~=m˙g—k||å‹=ÌÈ||k¢Ë=_||Í˙¶^=‚||‹=ö||≈f=∆||›skj=K˙||ƒ÷||ÿÖ=||Ÿƒ=ÓËI==#=Ñ||—Ã

=====ñÈ|î¶^=Ê|rË=|ŸƒË=≤fÈ|’ÎŸÿ^=m^4nakÿ=Ó4g‘=ÔÎÿ_≈Õf=hÎskåj=ÓäÍ_›k‹=_Í˙~=Ô¡v˙‹

=Ô||ƒàr=Ñ||·ƒM{RSfi||…Ÿ‹=K÷||ÿÖ=||Ÿƒ=�Ú_||·fË=I===fl_||¡≈Ÿÿ=Ô||Î‡_gÿ^=_||Í˙¶^=||Ÿƒ=≤fÈ||’ÎŸÿ^=ÔÃ_||ód=„e||Ã

===fi||å§^=uá_||~ in vitro====fl_||¡≈Ÿÿ=Ô||Î‡_gÿ^=_||Í˙¶^=àn_||’j=≥d=ÌÉ¯||Í=I=̇ ¶^=äÍ_||µ=ä||ÕÆË==_||Í

===_||‰àn_’jË=Ô||Î‡_gÿ^=Ô||Î›¡≈ÿ^Osteoblastic differentiation =�_gg||å‹====_||Í˙¶^=ÉÑ||ƒ=ÓÉ_||Íâ

fl_¡≈ÿ^=ÔÃ_o‘=Ÿƒ=Ôÿ^Ñÿ^Ë=fl_¡≈Ÿÿ=ÔÎ‡_gÿ^=K=
=

QJ==ÔÎkÍ2’ÿ^=m_ƒÈ›.^=äÎ‘àjF€ÈÎoÿ^J=⁄ÍáÑÎ‰_ÕŸåÿ^E=

=_‰áÑ||–=m_||ƒàû=≤fÈ||’ÎŸÿ^=Ú_||�ƒd=ÒÉ`N{M==ËN{R=fi||»L=ÓÉ_||Íâ=≥d=fi||å§^=„âË=‚||‹=fi||…‘=ä||Î‘àj

ÔÍÈ·≈‹=ÔÎÛ_îvd=Ôÿ˘Ñf=€ÈÎoÿ^=ÔƒÈ›ß=FP<0.05E==Ÿƒ=⁄‘=„^Öà§^=áÈ‘ÖË=q_‡d=⁄î‹=Ω

==========Ô||ƒÈ›ßË=Ô�f_||òÿ^=Ô||ƒÈ›.^=Ω=„^Öà||§^=áÈ||‘ÖË=q_||‡d=⁄||î‹=Ω=_||‰äÎ‘3f=Ô||‡á_—‹=ÓÑ||v

==l||Î�ƒ`=;||ÿ^=Ô||ƒÈ›.^=Ω=÷ÿÜ||‘Ë=Ô||fàskÿ^=Ô||Í^ÑfM{R=≤fÈ||’Îÿ=fi||»Lfi||å§^=„âË=‚||‹=fi||…‘=K

_Íâ=Ω=”ËàÕÿ^=l‡_‘=_›‘==Ω=�_|òÍ`=ÔÍÈ·≈‹=ÔÎÛ_îvd=Ôÿ˘É=m^Ö=fl4åÿ^=Ω=€ÈÎoÿ^=ÔƒÈ›ß=ÓÉ

=m_ƒà§^=lÎ�ƒ`=;ÿ^=„^Öà§^=q_‡dË=áÈ‘ÖN{M=ËN{R=≤fÈ’Îÿ=fi»L=pÎv=fiå§^=„âË=‚‹=fi…‘

====l|Î�ƒ`=;|ÿ^=Ô|ƒÈ›._f=Ô‡á_—‹=≤fÈ’ÎŸÿ^=‚‹=ÔÎÿ_≈ÿ^=Ôƒà§^=lÎ�ƒ`=;ÿ^=ÔƒÈ›.^=Ω=mÉ^â

==Ôƒà§^N{M=fi»L=fiå§^=„âË=‚‹=fi…‘F=€ËÑrO=KE=

=˘d`==Ô||ƒÈ›ß=ä||Î‘àj=||Ÿƒ=Ô||ÕŸkÄª^=Ê||j_ƒàû=≤fÈ||’ÎŸÿ^=4na||kÿ=Ô||ÍÈ·≈‹=”Ëà||Ã=¬||v˙j=%=Ê|‡

=„^Öà§^=q_‡dË=áÈ‘Ö=≤f=4nakÿ^=÷ÿÖ=Ô‡á_—‹=Ñ·ƒ=⁄îª^=Ω=€ÈÎoÿ^F=€ËÑrOKE=

=========≤jË2|ÿ^=ÓÑ|å‘`=ú_|Õ¨^=≥d=⁄|îª^=Ω=€È|Îoÿ^=Ô|ƒÈ›ß=ä|Î‘àj=«_|Õjá^=4êÍ(Earl and 

Rondney, 2000)=K==ÔÎÿÈw’ÿ^=m_kÍ2’ÿ^=ÔƒÈ›ß=m_ÍÈkå‹=«_Õjá˘ËF=€ÈÎoÿ^=Esulfhydryl 

groups=====ÓÑ|å‘¸ÿ=ÓÉ_|ò‹=Ó4g|‘=ÔÎ›‰`=⁄îª^=ΩI===Ô|ã^áÉ=lw|óË`=pÎv (Pearson and  

Shaw, 2003) ======„=Ô||||ƒÈ›ß=_||||ÂÎÃ=_||||¥=€È||||Îoÿ^=Ô||||ƒÈ›ß=„`J==≤k||||åÎã=⁄Îk||||ã`N-

acetylcystein========q_|||‡d=Ω=Ô|||Î›¡≈ÿ^=Ô|||Ÿk’ÿ^=„^Ñ|||—Ã=‚|||‹=Ô|||Î–^ËË=ÓÑ|||å‘¸ÿ=ÓÉ_|||ò‹=ÓáÑ|||–=_|||7

======„ÈÎn_|||||jÈŸ…ÿ^=‚|||||‹=fl4|||||åÿ^=ÒÈ|||||k®=ÓÉ_|||||Íâ=|||||Ÿƒ=_|||||‰4naj=€˙|||||~=‚|||||‹=Ó4…|||||îÿ^=„^Öà|||||§^

€ä|||kÄª^=≤|||å‘ÉËàÍ_nË=I===Ô|||ÿ_≈Õÿ^=≤s|||å‘˚^=œ_·|||ì`=4na|||j=‚|||‹==�_|||òÍ`=⁄|||Ÿ—j=_|||›‘ROS=

fl_||¡≈Ÿÿ=Ô||Ÿ‘˝^=_||Í˙ÄŸÿ=ÔÃÑÂk||åª^Ë=Iÿ^=≥d=÷||ÿÖ=ÌÉ¯||ÍË==ÁÜ||‰=Ô�||ã^Èf=flÑ||7^=Ô||Îÿb=‚||‹=⁄||ÎŸ—k

=_|Í˙¶^=K===y|óË`=_|›‘(Lotsva et al., 1997;  Lean et al.,  2003)=====€È|Îoÿ^=Ô|ƒÈ›.=„`

=Ó4g||||‘=Ô||||Î›‰`=ÓÑ||||å‘¸ÿ=m^É_||||ò›‘I==p||||Îvd==m_ÍÈk||||å‹=‚||||‹=Ñ||||ÍäÍ=m_||||·ÎjËá_’ÿ^=€Ë_||||·j=„
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€ÈÎoÿ^=ÔƒÈ›ßË=„ÈÎn_jÈŸ§^=I=ª^=ÔÎ~_|å·kãˇ^=⁄‹^È≈ÿ^=ÓáÑ–=‚‹=⁄Ÿ—Í=ÌÜÿ^=à‹˚^==Ω=ÓÉÈ|rÈ

===_|Í˙¶^NF-KB)E=Nuclear Factor Kappa B protein======≤s|å‘˚^=œ_·|ì`=‚ÍÈ|’j=‚|‹

=Ôÿ_≈Õÿ^ROS======fl_|¡≈Ÿÿ=Ô|Ÿ‘˚^=_|Í˙ÄŸÿ=Ô�|ê·ª^Ë=IË=======€˙|~=‚|‹=fl_|¡≈ÿ^=flÑ|‰=Ô|ÎŸ›≈f=Ô|�gjàª^

⁄‹_ƒJ==fl_¡≈ÿ^=àÄ·f=ñ_¶^=_Õÿ`Crucial mediator of Tumor Nicrosis Factor –α 
(TNF-α)K=

4|||åÕj=‚|||’∑Ë==Ω=€È|||Îoÿ^=Ô|||ƒÈ›ß=ÓÉ_|||Íâ=Ω=_Âj_—k|||ê‹Ë=m_|||·ÎjËá_’ÿ^=_|||Âf=flÈ|||—j=;|||ÿ^=Ô|||Îÿ˝^

Ô||ã^áÉ=_Âkw||óË=_||›‘=_||‹â˙gÿ^ =(Siems et al., 2002)==_Âj_—k||ê‹Ë=m_||·ÎjËá_’ÿ^=€Ë_||·j=„`

====Ô||ÎkÍ2’ÿ^=Ô||ƒÈ›.^=à||Íàwkÿ=äÍÑ||Í_‰Ñÿ^=fiÍä||‡d=ä||ÕÆ(Sulfhydryl group)====m_||·ÎjËàf=‚||‹

›.^=ÁÜÂf=Ô�gjàª^=_‹â˙gÿ^=ÔƒÈF=€ÈÎoÿ^=E_‰áà¢=Ÿƒ=Ñƒ_åÍ=_º=„ÈÎn_jÈŸ…ÿ^ËK=

===ö|||Õ~=Ω=≤fÈ|||’ÎŸÿ=ÓÑ|||å‘¸ÿ=ÓÉ_|||òª^=ÔÎ|||ì_¶^=Ô|||Îÿ_•^=Ô|||ã^áÑÿ^=tÛ_|||k‡=‚|||‹=y|||òkÍ=^Ü|||ÿ

≤jË2ÿ^=ÓÑå‘`=I=_|‹=“Õj^=pÎv ========‚|‹=⁄|‘=m_|ã^áÉ=∆|‹=Ô|ã^áÑÿ^=ÁÜ|‰=Ê|Îÿd=lŸ|ìÈj(Agarwal 

and Rao, 1998 ; Matos et al., 2000 ; Rao and Rao, 2004) =====ÉÈ|rË=lsk·k|ã^=;|ÿ^

===ö||Õ~Ë=⁄||îª^=Ω=€È||Îoÿ^=m_||ƒÈ›ß=ÓÉ_||ÍâË=≤fÈ||’ÎŸÿ=∆||Õjàª^=◊˙Âk||ã˘^=≤||f=Ô||ÍÉàù=Ô||–˙ƒ

≤jË2ÿ^=ÓÑå‘`=K==Ô|ã^áÉ=tÛ_|k‡=∆‹=ÔÎÿ_•^=Ôã^áÑÿ^=ÔsÎk‡=lÂf_êj=_›‘(Rao and Shen, 

2002) ==≤fÈ’ÎŸÿ^=‚‹=m_ÍÈkå‹=Ôn˙n=l‹ÑÄkã^=;ÿ^FR==ËNM=ËOM=fi…Ÿ‹LflÈÍ==E‚ÍáÑî‹=‚‹=I

Ï≈Îgù=à~˝^Ë=Ô≈·îª^=m_sk·ª^=‚‹=_›‰Ñv`=K====≤ƒÈ|�kª^=‚|‹=Ô|ƒÈ›.=„^áÑîª^=„^Ü‰=Ï�ƒ`

Fq_‡dË=áÈ‘Ö=E≤ƒÈgã`=ÓÑª==I⁄îª^=Ω=€ÈÎoÿ^=ÔƒÈ›ß=ÒÈkå‹=é_Î–=#Ë=I===Ô|sÎk·ÿ^=l|‡_‘Ë

==Ê||Îÿd=⁄||ìÈkÿ^=#=_||ª=Ô||fá_—‹I=====⁄||îª^=ÒÈk||å‹=Ω=€È||Îoÿ^=m_ÍÈk||å‹=l||≈Õjá^=p||Îv=FPOMJQMM=

€È||‹Ëà’Î‹L3||ÿ=E=á^Ñ||—¥OP{S٪==Ô�f_||òÿ^=m_||ƒÈ›._f=Ô||‡á_—‹FOMMJORM €È||‹à’Î‹L3||ÿ=KE

===á_|gk~˘^=m_|ƒÈ›ß=Ω=q_|‡ˇ^Ë=áÈ‘Üÿ^=≤f=ÔÍÈ·≈‹=”ËàÃ=◊_·‰=‚’j=%Ë=K====tÛ_|k‡=“|Õkj=_|›‘

=======|Ÿƒ=l|Íàr`=;|ÿ^=Ô|ã^áÑÿ^=∆|‹=�_|òÍ`=ÔÎÿ_•^=Ôã^áÑÿ^===„^Öà|§^=áÈ|‘ÖF(Charu et al., 1999=

===_‰á^Ñ|—‹=≤fÈ|’ÎŸÿ^=‚‹=Ôƒàr=„^Öà§^=Ú_�ƒd=_ÂÎÃ=#ËM{RP=======‚|‹=ïŸÄk|å‹=‚|‹=_|Î‹ÈÍ=fi|…Ÿ‹

==Ô|Î≈Îg�ÿ^=fiù_|›�ÿ^ ===∆Îf_|ã`=Ô|Î‡_$=ÓÑ|ª=I========Ω=Ô|ÍÈ·≈‹=ÓÉ_|Íâ=qËÑ|v=Ô|ã^áÑÿ^=tÛ_|k‡=‚|‹=y|òj`Ë

=á^Ñ—¥=„^Öà§^=⁄î‹=Ω=€ÈÎoÿ^=ÔƒÈ›ßU٪=Ô�f_òÿ^=ÔƒÈ›._f=Ô‡á_—‹K=

=Ôã^áÉ=lwóË`=_›‘(Rao et al., 2007)=⁄îª^=Ω=Á^Èkå‹=ÓÉ_Íâ=≥d=ÒÉ`=≤fÈ’ÎŸÿ^=€Ë_·j=„`I=

====≤jË2||ÿ^=Ñ||å‘aj=ú_||Õ¨_f=÷||ÿÖ=æg||já^Ë=I====⁄||îª^=Ω=≤fÈ||’ÎŸÿ^=ÒÈk||å‹=É^Éâ^=p||ÎvFU{NN±=
M{SP€È‹È‡_‡Lfiå§^=„âË=‚‹=fi…‘=E=======_‰á^Ñ|—‹=Ô|ƒàû=≤fÈ|’Îÿ=l|Î�ƒ`=;|ÿ^=Ô|ƒÈ›.^=ΩT{Q=

fi…Ÿ‹LflÈÍI=_ìË===�_|òÍ`=€È|Îoÿ^=ÔƒÈ›ß=m_ÍÈkå‹=Ω=ÔÍÈ·≈‹=ÔÎÛ_îvd=Ôÿ˘Ñf=ÓÉ_Íâ=÷ÿÖ=hv=F

RVO{O±PN{NO=3ÿËà||’Î‹L3||ÿ=IM{SN==r =IP<0.05 E=K====Ô||ƒàr=l||ÿË_·j=;||ÿ^=Ô||ƒÈ›.^=l’Ÿ||ãË

====≤fÈ||’ÎŸÿ^=‚||‹=Ô||òÕÄ·‹FP{SU===fi||…Ÿ‹L=||‹ÈÍ�_=E|||w·ª^==Ê||åÕ‡=====ÒÈk|||å‹=ú_||Õ¨^=‚||‹=fi»àÿ_||f
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=⁄îª^=Ω=_ÂÍÑÿ=≤fÈ’ÎŸÿ^FO{SO±M{NN=€È‹È‡_‡Lfi…‘E=I=Ï‰=lòÕ¨^=≤jË2ÿ^=ÓÑå‘`=„`=˘d

=Òà~˚^==FRMN{VM±OR{SP=€È‹Ëà’Î‹L3ÿ=EÔƒÈ›.^=ÁÜ‰=ÒÑÿ=⁄îª^=ΩK=

Ôã^áÉ=mà‘Ö= (Hininger et al., 2001)===≤fÈ|’ÎŸÿ^=€Ë_|·j=„`=Ú_wì`=áÈ‘Ö=Ÿƒ=lÍàr`=;ÿ^

====≤ƒÈ||�kª^=Ú˘¯||‰=Ω=≤jË2||ÿ^=ÓÑ||å‘`=ö||Õ~=≥d=É¯||Í=%=I===_||k‡=∆||‹=Œ||ŸkØ=_||º=Ô||ã^áÑÿ^=tÛ

ÔÎÿ_•^=K=Ô‹ÑÄkåª^==≤fÈ’ÎŸÿ^=Ôƒàr=‚Í_gkf=œ˙k~˘^=^Ü‰=àåÕÍ=Ñ–ËFNR=fisŸ‹L=flÈ|Í=E==|Ÿƒ

=====||Ÿƒ=ÌÈ||k-^Ë=fiù_||›�ÿ^=ïŸÄk||å‹=‚||‹=ñ^à||–`=⁄’||èVM٪=Ë=≤fÈ||’ÎÿNM=٪===≤jËá_||‘=_||kÎf

lÍàr`=;ÿ^=ÓÑª^ËI==Ôfàskÿ^=_7˙~FàÂè`=Ôn˙nE=I====Ô|fàskÿ^=_|ÂÎŸƒ=l|Íàr`=;ÿ^=Ô·Î≈ÿ^=ÔÎƒÈ‡Ë

=pÎv„^Öà§^=ÔÎÿ_•^=Ôã^áÑÿ^=Ω=flÑÄkã^=I„_å‡ˇ^=_ÂÎÿd=á_êª^=Ôã^áÑÿ^=Ω=flÑÄkã^=_›·ÎfK=

=

=„^Öà§^=Ω=fl_¡≈ÿ^=flÑ‰=ÔÎŸ›≈f=ægjàj=Òà~`=m^àè¯‹=Ÿƒ=≤fÈ’ÎŸÿ^=4naj=

NJ ÷Íàùà�ÿ^=ö›•=flË_—ª^=äÎj_ÕãÈÕÿ^=fiÍä‡d=
=

======€ËÑ||§^=y||óÈÍP======ä||Î‘àj=||Ÿƒ=≤fÈ||’ÎŸÿ^=‚||‹=Ô||ÕŸkÄª^=m_||ƒà§^=4na||j==äÎj_Õ||ãÈÃ=fiÍä||‡d

====÷|Íàùà�ÿ^=ö|›•=flË_|—ª^Tartrate –Resistant Acid Phosphates (TRAP)===fl4|ã=Ω

„^Öà§^=áÈ‘ÖË=q_‡d=K=======l|Î�ƒ`=;|ÿ^=≤fÈ|’ÎŸÿ^=‚|‹=Ô|ÕŸkÄª^=m_|ƒà§^=„`=€ËÑ§^=‚‹=yòkÍË

===========≤fÈ||’ÎŸÿ^=‚||‹=Ó_||�≈ª^=Ô||ƒà§^=ÓÉ_||Íäf=ÌÈ||·≈‹=ú_||Õ¨^=≥d=mÉ`=fi||Õÿ^=“||Íàù=‚||ƒ=„^Öà||sŸÿ

^=Ô$=l‡_‘Ë=ÔÍÈ·≈‹=Ôÿ˘É=m^Ö=m_Ã˙k~P<0.05)E==lÎ�ƒ`=;ÿ^=ÔƒÈ›.^=≤fN{R=fi»L=fi…‘

=l|||Î�ƒ`=;|||ÿ^=Ô|||ƒÈ›.^Ë=≤fÈ|||’ÎŸÿ^=‚|||‹=fi|||å§^=„âË=‚|||‹M{R=fi|||»L=Ω=fi|||å§^=„âË=‚|||‹=fi|||…‘

===ÌÈ|||·≈‹=ú_|||Õ¨^=qÑ|||v=_|||›·Îf=Ô�f_|||òÿ^=Ô|||ƒÈ›.^Ë=q_|||‡ˇ^=⁄|||î‹=Ω=fiÍä|||‡ˇ^=^Ü|||‰=ä|||Î‘àj

^=Ôƒàr=Ÿƒ=lŸîv=;ÿ^=ÔƒÈ›.^=Ω=Á^Èkåª=≤fÈ’ÎŸÿN{R=fi|»L=====Ô|‡á_—‹=fi|å§^=„âË=‚|‹=fi|…‘

====|Ÿƒ=lŸ|îv=;|ÿ^=ÔƒÈ›.^Ë=Ô�f_òÿ^=ÔƒÈ›._fM{R===fi|»L===fi|å§^=„âË=‚|‹=fi|…‘=I==%=Ê|‡`=˘d

====l|Î�ƒ`=;|ÿ^=„^Öà|§^=q_‡d=≤f=⁄îª^=Ω=fiÍä‡ˇ^=^Ü‰=äÎ‘àj=Ω=ÔÍÈ·≈‹=”ËàÃ=÷ÿ_·‰=‚’jN{M=

ËN{R=≤fÈ’Îÿ=fi»Lfiå§^=„âË=‚‹=fi…‘K=

ä‡ˇ^=^Ü‰=äÎ‘àj=÷ŸãËÁ_°˘^=áÈ‘Üÿ^=⁄î‹=Ω=fiÍ=ÊåÕ‡=I=Ω=�_ÍÈ·≈‹=ÁäÎ‘àj=öÕ¨^=pÎv

=l||Î�ƒ`=;||ÿ^=áÈ‘Ü||ÿ^=⁄||î‹N{M=ËN{R=≤fÈ||’Îÿ=fi||»L=Ô||ƒÈ›._f=Ô||‡á_—‹=fi||å§^=„âË=‚||‹=fi||…‘

=≤fÈ||’ÎŸÿ^=‚||‹=Ô||ƒàr=⁄||–`=l||Î�ƒ`=;||ÿ^=Ô||ƒÈ›.^Ë=Ô�f_||òÿ^=K=Ω=Ô||ÍÈ·≈‹=”Ëà||Ã=Ô||$=‚||’j=%Ë

^=lÎ�ƒ`=;ÿ^=áÈ‘Üÿ^=≤f=_›ÎÃ=fiÍä‡ˇ^=äÎ‘àjkƒà§_=„N{M=ËN{R=≤fÈ’Îÿ=fi»L==„âË=‚|‹=fi…‘

fiå§^K=

==
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=Ïå·r=≤f=m_Ã˙k~˘^=_‹`==Ó_|�≈ª^=≤fÈ’ÎŸÿ^=m_ƒà§=ÔsÎk‡=fiÍä‡ˇ^=^Ü‰=äÎ‘àj=Ω=„^Öà§^

–ËàÃ=⁄såj=fiŸÃ�_=======m_|ƒà§^=Ñ|·ƒ=˘d=Ô|ÍÈ·≈‹=ÔÎÛ_|îvd==Ô|ÿ˘É=m^ÖM{R=ËN{R==fi|»L===„âË=‚|‹=fi|…‘

fiå§^I========Ú_|�ƒˇ=Ô|sÎk‡=q_|‡ˇ_f=Ô|‡á_—‹=áÈ‘Ü|ÿ^=⁄|î‹=Ω=fiÍä‡ˇ^=^Ü‰=äÎ‘àj=öÕ¨^=pÎv

=≤fÈ’ÎŸÿ^F=€ËÑrPE=IŸÿ^=4naj=„`=yòkÍË=====2|‘`=áÈ‘Ü|ÿ^=Ω=fiÍä|‡ˇ^=^Ü|‰=ÒÈkå‹=Ÿƒ=≤fÈ’Î

q_‡ˇ_f=Ô‡á_—‹=Ê·‹K=

====È|kª^=m^à|è¯ª^=à|o‘`=÷|Íàùà�ÿ^=ö›•=flË_—ª^=äÎj_ÕãÈÕÿ^=fiÍä‡d=Ñ≈ÍÓàÃ^====fl_|¡≈ÿ^=œ_|êjá˘

_ÂÎŸƒ=Ñ›k≈Í=;ÿ^=I=fl_¡≈ÿ^=_Í˙~=Ω=ÁáËÉ=€˙~=‚‹=fl_¡≈ÿ^=Ÿƒ=fiÍä‡ˇ^=^Ü‰=4naj=ÔÎÿb=∆ràjË

=||Ÿƒ=⁄||îÆ=p||ÎvTRACP 5b=‘=�̇ ‹_||ƒ2k≈ÍË=fl_||¡≈Ÿÿ=Ô||Ÿ‘˝^=_||Í˙¶^=‚||‹=Ô||ÎŸ=Ñƒ_||å‹�̂=

==fl_||¡≈ÿ^=œ_||êjá˘ESheu et al., 2003 ; Perez-Amodio et al., 2005)=K=fiÍä||‡ˇ=„d

ù_ê‡=÷Íàùà�ÿ^=ö›•=flË_—ª^=äÎj_ÕãÈÕÿ^≤∑ä‡d=≤=====m^à|è¯‹=Ô|Îgÿ_»=ç|’ƒ=|Ÿƒ=„^äÎº=

Ô||ÃËà≈ª^=Òà||~˚^=fl_||¡≈ÿ^I===Ω=<ÎrËáÑ||Î7^=é˚^=„È||’Í=_‹Ñ||·ƒ=äÎj_Õ||ãÈÃ=fiÍä‡e||‘=⁄||›≈Í=È||ÂÃ

=ÔÎ||ò‹_•^=œËà||¡ÿ^=I========<ÎrËáÑ||Î‰=é`=||Ÿƒ=Ô||ÿ_≈Õÿ^=≤s||å‘˚^=«^È||‡˚=�̂Ñ||ÿÈ‹=„È||’Í=_||›·Îf

€É_||||≈k‹=K====äÎj_Õ||||ãÈÕÿ^=ø_||||ê·f=fiÍä||||‡ˇ^=^Ü||||‰=flÈ||||—Í=_‹Ñ||||·ƒËI====⁄||||ƒ_Õkÿ^=É^È||||‹=⁄||||òÕÍ=Ê||||‡eÃ

substrates========Ô|Íà�ƒ=Ô|—Ÿü=áÈÕ|åÕÿ^=_|ÂÎÃ=ægjà|Í=;|ÿ^(Kaija et al.; 2002 )=K==h|‡_r=≥d

===‚Í4|ãÈÕåÕÿ^=„`=y|òj`=÷ÿÖ Phosposerine=Ô|ÍÈk-^=======Ó_›|åª^Ë=fl_|¡≈ÿ^=h|ÿ_–=m_|·ÎjËàf=|Ÿƒ

=fl_¡≈ÿ^=≤k‡Èfosteopontin=Ô�ã^Èf=äÕw�jTRAP =EEk-Rylander et al., 1994)=⁄ÂåÍË=I

========fiÍä|‡ˇ^=^Ü|7=é_|ã˚^=h|Î‘3ÿ^=Ω=⁄~^Ñ|ÿ^=æ|ê·ÿ^=Ñ|ÍÑ•^ (Davis and Averill, 1982)=I

===„È|||k·Ã=⁄|||ƒ_Õj=€˙|||~=‚|||‹=Ô|||ÿ_≈Õÿ^=≤s|||å‘˚^=«^È|||‡`=Ñ|||ÎÿÈjFenton==ÑÎ|||å‘`=”È|||Ã=ÉÈ|||rÈf

==≤rËáÑ|Î7^.(Sibille et al., 1987 ; Halleen et al., 1999)=I====ÌÈ|Îv=áËÉ=}^3|–^=#=Ñ|—ÿË

===u_|||||ÃËà‘_ª^Ë=fl_|||||¡≈Ÿÿ=Ô|||||Ÿ‘˝^=_|||||Í˙¶^=Ω=Ô|||||ÿ_≈Õÿ^=≤s|||||å‘˚^=«^È|||||‡˚=Ñ|||||ÿÈª^=ø_|||||ê·Ÿÿ

(Vääräniemi et al., 2004 ;  Halleen et al., 1999) macrophages K=

========Ô|ã^áÉ=tÛ_|k‡=∆|‹=Ô|ã^áÑÿ^=ÁÜ|‰=tÛ_|k‡=l|—Õj^(Rao et al., 2003) =====≤fÈ|’ÎŸÿ=4na|j=ÉÈ|rË=Ω

=Ÿƒ==|•=flË_|—ª^=äÎj_ÕãÈÕÿ^=fiÍä‡d=ú_Õ¨^_==÷|Íàùà�ÿ^=ö‹===éáÉ=p|Îv=⁄|îª^=Ω(Rao et 

al.,  2003)====„^Öà|sŸÿ=Ü|ÄÕÿ^=fl_|¡ƒ=I=======≤fÈ|’ÎŸÿ^=‚|‹=Ô|ÕŸk©=m^ä|Î‘àj=Ô|ã^áÑÿ^=Ω=flÑÄk|ã^Ë

=ÔÎ–áÑÿ^=Óá_r=ÓÑ…ÿ^=„È‹à‰=i_Î»=Ë`=ÉÈrË=Ω(PTH)=K=====Ñ|–=≤fÈ|’ÎŸÿ^=„`=tÛ_|k·ÿ^=lw|óË`=Ñ–Ë

========÷|Íàùà�ÿ^=ö‹_|•=flË_|—ª^=äÎj_Õ|ãÈÕÿ^=fiÍä|‡däÎ‘àj=‚|‹=æg|n (TRAP)====Ô|Ÿ‘˝^=_|Í˙ÄŸÿ

=Ë`=i_||Î»=Ω=Ó^È||·ÿ^=ÓÉÑ||≈k‹=fl_||¡≈Ÿÿ===Ô||Î–áÑÿ^=Óá_||r=ÓÑ||…ÿ^=„È||‹à‰=ÉÈ||rË=K==tÛ_||k‡=l||—f_�j=_||›‘

=ÊÎÿd=⁄ìÈj=_‹=∆‹=ÔÎÿ_•^=Ôã^áÑÿ^(Ishimi et al., 1999) I===ÔÃ_|ód=„`=Ô|ã^áÑÿ^=lwóË`=pÎv

===^Ü||‰=‚ÍÈ||’j=æÎ||goj=≥d=mÉ`=Ñ||–=fl_||¡≈Ÿÿ=Ô||Ÿ‘˝^=_||Í˙¶^=≥d=≤fÈ||’ÎŸÿ^=_||ÂÎÃ=_||¥=m_||·ÎjËá_’ÿ^

=Ó^È|||·ÿ^=ÓÑ|||ÍÑƒ=_|||Í˙¶^=Ω=fiÍä|||‡ˇ^I=Ö=æg|||já`Ë=≤fÈ|||’ÎŸÿ^=Ô|||ƒàr=ÓÉ_|||Íäf=4na|||kÿ^=÷|||ÿ=K=mà|||‘ÖË
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 ٧٧ 

Ôã^áÉ2004) =,KYamaguchi et alE======<|…ÿ^Ë=m_Î|ò›•^Ë=0^È|ª^=‚|‹=äÂ.^=4î≈ÿ^=€Ë_·j=„`

==≤ƒÈ||�kª^=‚||‹=Ô||ƒÈ›.=m_||·ÎjËá_’ÿ_fF�̂áÈ||‘ÖË=�_||n_‡d=E=ÓÑ||ªOU=�_||‹ÈÍ===Ω=y||ó^Ë=ï||—‡=≥d=ÒÉ`

ˇ^=ø_ê‡=fiÍä‡q_‡ˇ_f=Ô‡á_—‹=áÈ‘Üÿ^=ç·r=Ω=Ôì_†ËK==

====ÁÑ|rË=_||›ƒ=Œ||Ÿk£=Ô|Îÿ_•^=Ô||ã^áÑÿ^=tÛ_|k‡=„`=˘d(Ishimi et al., 1999)=›Âk||ã^áÉ=Ω_==‚||ƒ

=«á^ä‹=Ω=_Âj_g‡d=€˙~=‚‹=„^Öà§^=Ω=fl_¡≈Ÿÿ=ÔŸ‘˝^=_Í˙¶^=Ÿƒ=≤fÈ’ÎŸÿ^=4naj^=ÔÎj_g·kã

======œ_|êjá^=⁄|‹^Èƒ=ÉÈ||rË=ΩË=fl_|¡≈Ÿÿ=Ô||Î‡_gÿ^=_|Í˙¶^=ÉÈ|rË=ΩFOR{NJ=É=≤‹_|kÎÃ=ÏÛ_||·nP==_||kÎf=Ë

====Ô||ÕŸk©=m^ä||Î‘3f=Ô||Î–áÑÿ^=Óá_||r=ÓÑ||…ÿ^=„È||‹à‰Ë=≤‘È||ÎÿË3‡^E=I===4na||j=flÑ||ƒ=_||Â·‹=y||òj^Ë

===fiÍä|‡d=ø_|ê‡=Ÿƒ=≤fÈ’ÎŸÿ^ (TRAP)=====Ó^È|·ÿ^=ÓÑ|ÍÑƒ=fl_|¡≈Ÿÿ=Ô|Ÿ‘˝^=_|Í˙¶^=Ω=K===∆|ràÍ=Ñ|–Ë

==Ô|fàskÿ^=Ú^à|rd=Ô—Íàù=Ω=Ôã^áÑÿ^=ÁÜ‰Ë=ÔÎÿ_•^=Ôã^áÑÿ^=≤f=œ˙k~˘^I=====Ô|ã^áÉ=l|Íàr`=p|Îv

(Ishimi et al., 1999)==fi||å§^=uá_||~in vitroI=Ô||ã^áÑÿ^=Ú^à||rd=#=≤||v=Ω==||Ÿƒ=Ô||Îÿ_•^

„^Öà|||§^K==Ô|||ã^áÉ=‚|||ƒ=l|||ÕŸk~^=_|||›‘Rao et al., 2003)E==Ô|||ƒáäª^=œËà|||¿=Ω=‚Í_|||gkÿ^=Ω

ÔÎj_g‡ˇ^I============⁄|‹_ƒ=ÉÈ|rË=Ë`=i_|Î»=Ω=Ó^È|·ÿ^=ÓÉÑ|≈k‹=fl_|¡≈Ÿÿ=Ô|Ÿ‘˝^=_|Í˙¶^=fl^ÑÄk|ã^=#=p|Îv

=Óá_r=ÓÑ…ÿ^=„È‹à‰=È‰Ë=œ_êjá^ÔÎ–áÑÿ^K=

=

=======OJ=ÔÎ–áÑÿ^=Óá_r=ÓÑ…ÿ^=„È‹à‰=äÎ‘àj==

==============fl_||||¡≈ÿ^=œ_||||êjá_f=Ô||||�gjàª^=Ô||||‹_7^=m^à||||è¯ª^=‚||||‹=Ô||||Î–áÑÿ^=Óá_||||r=ÓÑ||||…ÿ^=„È||||‹à‰==Ñ||||≈Í

(Compston, 2001)=I=====fi||å§^=⁄||~^É=Ô—f_||ã=m_||ã^áÉ=ÉÈ||rË=flÑ||≈ÿ=Ô||sÎk‡Ëin vivo==4na||kÿ

fl4åÿ^=Ω=„È‹à7^=^Ü‰=äÎ‘àj=Ÿƒ=≤fÈ’ÎŸÿ^I====Ω=4na|kÿ^=^Ü|‰=Ôã^áÉ=Ôã^áÑÿ^=ÁÜ‰=Ω=#=Ñ—Ã

„^Öà§^=q_‡dË=áÈ‘Ö=I===≤|å·§^=≤|f=Á4na|j=Ô‡á_—‹=#=_›‘=K===€ËÑ|§^=y|óÈÍËP===≤fÈ|’ÎŸÿ^=„`

======⁄|îª^=Ω=Ô|Î–áÑÿ^=Óá_|r=ÓÑ|…ÿ^=„È|‹à‰=äÎ‘àj=Ÿƒ=ÌÈ·≈‹=4naj=Êÿ=‚’Í=%=ÔÕŸkÄª^=Êj_ƒàû

===„^Öà||§^=q_||‡d=Ë`=áÈ||‘Ö=Ω=Ú^È||ã=K===ËÑ||§^=‚||‹=y||òkÍ=_||›‘=====≤||f=Ô||ÍÈ·≈‹=”Ëà||Ã=ÉÈ||rË=flÑ||ƒ=€

====≤fÈ|’ÎŸÿ^=‚|‹=Ô|ÕŸkÄª^=m_|ƒà§^=Ú_�ƒˇ=ÔsÎk‡=⁄îª^=Ω=ÁäÎ‘àj=Ω=≤å·§^=K===¬vÈ|ÿ=Ñ|–Ë

=======„^Öà|§^=áÈ|‘ÖË=q_|‡d=Ô|ƒÈ›ß=Ω=Áä|Î‘àj=Ω=ÔÎÛ_|îvˇ^=ÔÎv_·ÿ^=‚‹=ÌÈ·≈‹=4»=ú_Õ¨^

=≤fÈ’ÎŸÿ^=‚‹=Ÿƒ˚^=Ôƒà§^=lÎ�ƒ`=;ÿ^FN{R=fi»L===fi|å§^=„âË=‚|‹=fi|…‘=E==y|òkÍ=_|›‘===‚|‹

=fi–á=€ËÑ§^P=K=====áÈ‘Ü|ÿ^=⁄|î‹=Ω=„È|‹à7^=^Ü|‰=äÎ‘àj=Ω=ÌÈ·≈‹=4»=ú_Õ¨^=¬vÈÿ=_›‘

=q_|||‡ˇ_f=Ô|||‡á_—‹F=€ËÑ|||rPE=I=‚|||‹=|||Ÿƒ`=m_|||ƒàr=„`=€È|||—ÿ^=‚|||’∑=^Ü|||ÿN{R=fi|||»L=„âË=‚|||‹=fi|||…‘

==========⁄|îª^=Ω=„È|‹à7^=^Ü|‰=ä|Î‘àj=ö|Õ~=≥d=ÌÉ¯|j=Ñ|–=≤fÈ|’ÎŸÿ^=‚|‹=fi|å§^=I==à|‘Ö=ÖdVaes, 

1968; Thomas and Ramp, 1978)=E==⁄|îª^=Ω=ÌÑƒ_—ÿ^=äÎj_ÕãÈÕÿ^=fiÍä‡d=äÎ‘àj=ÓÉ_Íâ=„`

======‚|‹=flÈÎ|åÿ_’ÿ^=ÒÈ|k®=ö|Õ†=ægjà|ª^=ÔÎ–áÑÿ^=Óá_r=ÓÑ…ÿ^=„È‹à‰=äÎ‘àj=öÕ~=≥d=ÌÉ¯Í

fl_¡≈ÿ^=K=====Ñ|–=≤fÈ|’ÎŸÿ^=‚|‹=|Ÿƒ˚^=Ôƒà§^=Ñ·ƒ=≤fÈ’ÎŸÿ^=„`=ÔÎÿ_•^=Ôã^áÑÿ^=‚‹=¬vÈÿ=Ñ–Ë
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=j_Õ|||ãÈÕÿ^=fiÍä|||‡d=ä|||Î‘àj=Ω=Ô|||ÍÈ·≈‹=ÓÉ_|||Íâ=≥d=ÒÉ`=m_|||ƒà§_f=Ô|||‡á_—‹=⁄|||îª^=Ω=ÌÑ|||ƒ_—ÿ^=äÎ

=Òà~˚^F=€ËÑrN=KE==‚|‹=Ÿƒ`=Ôƒàr=ÌÉ¯j=„`=⁄›k-^=‚‹=^ÜÿN{R===≤fÈ|’Îÿ=fi|»L===„âË=‚|‹=fi|…‘

=≥d=ÌÉ¯Í=Ñ–=ÌÜÿ^=Ñ•^=≥d=⁄îª^=Ω=ÌÑƒ_—ÿ^=äÎj_ÕãÈÕÿ^=fiÍä‡d=äÎ‘àj=Ω=ÓÉ_Íâ=≥d=fiå§^

ÔÎ–áÑÿ^=Óá_r=ÓÑ…ÿ^=„È‹à‰=äÎ‘àj=öÕ~==K=

====|||ã=m_|||ã^áÉ=à|||°=%====Óá_|||r=ÓÑ|||…ÿ^=„È|||‹à‰=|||Ÿƒ=≤fÈ|||’ÎŸÿ^=4na|||j=‚|||ƒ=fi|||å§^=⁄|||~^É=Ω=Ô—f_

=Ô|Î–áÑÿ^=I==Òà|~`=m_||·ÎjËá_‘=4na||j=Ô|ã^áÉ=#=‚||’ÿËI==à||‘Ö=p||Îv(Frankel et al., 1986)==„`

=_‰áÑ–=Ôƒàû=€È·kÍàÿ^=„^Öà§^=Ú_�ƒdNR====Ôk|ã=ÓÑ|ª=�_ÎƒÈgã`=m^à‹=q˙n=€È·kÍá=ıÃ_’‹=fi…Ÿ‹

==|‰=ä|Î‘àj=Ω=4naj=Ì`=qÑÆ=%=∆Îf_ã`===„^Öà|§^=⁄|î‹=Ω=„È|‹à7^=^Ü=I===Ô|Îÿ_≈ÿ^=Ô|ƒà§^=„`=˘d

=€È|||·kÍàÿ^=‚|||‹FSM=€È|||·kÍá=ıÃ_|||’‹=fi|||…Ÿ‹=E==⁄|||î‹=Ω=�_|||ÍÈ·≈‹=Ê|||òÕ~=≥d=mÉ`=Ñ|||–=≤‹È|||Í=ÓÑ|||ª

=„^Öà§^FM{MO±M{MR=fl^à»È‡_‡L3ÿ=ÏŸŸ‹=E==Ô�f_|òÿ^=ÔƒÈ›._f=Ô‡á_—ª^=Ñ·ƒ=÷ÿÖËFM{NQ±M{MU=

fl^à»È‡_‡L3ÿ=ÏŸŸ‹KE=

===à|‘Ö=_|›‘(Rao et al., 2003; Park et al., 1997)======„È|‹à7=�_|�go‹=�̂4na|j=≤fÈ|’ÎŸÿ=„`

==========Ω=fl_|¡≈Ÿÿ=Ô|Î‡_gÿ^Ë=Ô|Ÿ‘˝^=_|Í˙¶^=Ω=fl_|¡≈ÿ^=œ_|êjá˘=é_|ã˚^=ä|Õ-^=Ô|Î–áÑÿ^=Óá_r=ÓÑ…ÿ^

======fi|å§^=uá_|~=„^Öà|§^=fl_|¡≈ÿ=Ô|Îj_g‡ˇ^=«á^ä|ª^=in vitro =======ÔÎ|åv=m˙g—k|å‹=ÉÈ|rË=€˙|~=‚|‹

=====Ô||Î‡_fË=Ô||Ÿ‘b=_||Í˙¶^=||Ÿƒ=„È||‹à7^=^Ü||7=========^Ü||‰=_||ÂÎÃ=àn¯||Í=;||ÿ^=Ô||Îÿ˝^=mà||åÃ=Ñ||–Ë=Ifl_||¡≈ÿ^

=========_||Í˙¶^=äÍ_||µ=⁄||‹_ƒ=›||åÍ=≤jËà||f=tk||·j=fl_||¡≈ÿ^=Ô||Î‡_f=_||Í˙¶^=„a||f=_||Í˙¶^=||Ÿƒ=„È||‹à7^

=fl_¡≈Ÿÿ=ÔŸ‘˝^Osteoclast differentiation factor (ODF)=====�|ê·‹=�_|òÍ`=›|åÍ=ÌÜ|ÿ^Ë�_=

=æfà||ÿ^=ÚÌä||r=⁄g—k||åª(RANKL)=Ñ||…ÿ^=„È||‹à‰=“||Íàù=‚||ƒ=ä||Õ-^Ë=ægjà||ª^=Ô||Î–áÑÿ^=Óá_||r=Ó

==fl_|¡≈ÿ^=ö—‡=ÔÎŸ›ƒ=æÎê·kf(Osteoclastogenesis)=I=�Ú_|·fË===÷|ÿÖ=|ŸƒI=====Ñ|–=≤fÈ|’ÎŸÿ^=„e|Ã

====«á^ä|ª^=Ω=Ôkg·k|åª^=fl_|¡≈ÿ^=ÔÎ‡_f=_Í˙¶^=“Íàù=‚ƒ=_Í˙¶^=äÍ_µ=⁄‹_ƒ=u_k‡ˇ=„È‹à7^=ægn

==Ω=fl_||¡≈ÿ^=œ_||êjá^=Ô||ÎŸ›ƒË=fl_||¡≈ÿ^=Ô||ò–_‡=_||Í˙¶^=‚ÍÈ||’j=ö||Õ~=Ω=lgg||åj=;||ÿ^Ë=Ô||Îj_g‡˘^

=Ô||Î›¡≈ÿ^=yÛ^à||êÿ^=K=====̂=≤j_||‰=‚||ƒ=Ô||Îÿ_•^=Ô||ã^áÑÿ^=tÛ_||k‡=Ω=œ˙k||~˘^=∆||ràÍ=Ñ||–Ë=≤k||ã^áÑÿ

=iá_||skÿ^=Ú^à||rd=_||ÂÎÃ=#=;||ÿ^=Ô||—Íà�ÿ^=Ω=œ˙k||~˘^=Ô||sÎk‡I===Ô||Îÿ_•^=Ô||ã^áÑÿ^=l||Íàr`=p||Îv

=„^Öà§^=Ÿƒin vivo=lÍàr`=_›·Îf ≤jáÈ‘Üª^=≤kã^áÑÿ^=Ω ===Ô|ò–_·ÿ^Ë=Ô|Î‡_gÿ^=_Í˙¶^=Ÿƒ

uá_~=„^Öà§^=fl_¡≈ÿ==fiå§^in vitroK=

=⁄|ìÈkÿ^=#=;ÿ^=tÛ_k·ÿ^=Ÿƒ=�Ú_·f=u_k·kã˘^=‚’∑=======�̂4na|j=≤fÈ|’ÎŸÿ=„`=Ô|ã^áÑÿ^=ÁÜ|‰=Ω=_|ÂÎÿd

=fiå§^=⁄~^É=fl_¡≈ÿ^=Ôwì=Ÿƒ=�_ÎÛ_–ËË=�_‹_‰in Vivo=====m^à|è¯ª^=ö|≈f=|Ÿƒ=Á4naj=€˙~=‚‹

fl_¡≈ÿ^=Ú_·gf=Ô�gjàª^=I=======„^Öà|§^=q_|‡dË=áÈ‘Ü|ÿ=‚|∑˚^=Ü|ÄÕÿ^=fl_|¡ƒ=Ô|Ã_o‘=ÓÉ_Íâ=≥d=ÒÉ`=Öd=K

⁄îª_f=áÈÕåÕÿ^=äÎ‘àj=ÓÉ_Íâ=≥d=ÒÉ`=_›‘=KŸƒ=ÓË˙ƒ÷ÿÖ=I=====Ô|ƒà§_f=≤fÈ|’ÎŸÿ^=Ú_|�ƒd=„eÃ

ÌÑƒ_—ÿ^=äÎj_ÕãÈÕÿ^=fiÍä‡^=Ω=ÔÍÈ·≈‹=ÓÉ_Íâ=≥d=ÒÉ`=≤å·§^=˙’ÿ=ÔÎÿ_≈ÿ^I===^Ü|‰=fi‰_åÍ=pÎv
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=========fl_|¡≈ÿ^=Ô|Ã_o‘=ÓÉ_|Íâ=≥d=�_|ÍÉ¯‹=fl_|¡≈Ÿÿ=Ô|Î‡_gÿ^=_|Í˙¶_f=„Ñ|≈›kÿ^=Ô|ÎŸ›ƒ=äÎÕ¢=Ω=fiÍä‡ˇ^==K

—ª^=äÎj_ÕãÈÕÿ^=fiÍä‡d=ÒÈkå‹=öÕ~=Ω=�_òÍ`=fi‰_ã=_›‘•=flË__===fik|Í=ÌÜ|ÿ^=÷Íàùà�ÿ^=ö‹

fl_¡≈ÿ^=Ôò–_‡=_Í˙¶^=Ô�ã^Èf=Áâ^àÃdI=======€˙|~=‚|‹=fl_|¡≈ÿ^=Ú_|·f=Ω=Ñƒ_å‹=⁄‹_ƒ=fiÍä‡ˇ^=^Ü‰Ë

==fl_|¡≈Ÿÿ=Ô|Î‡_gÿ^=_Í˙¶^=æÎê·j=K=======ä|Î‘àj=Ω=ÓÉ_|Íâ=≥d=ÒÉ`=≤fÈ|’ÎŸÿ^=„`=Ô|ã^áÑÿ^=l|kgn`=_|›‘

€ÈÎoÿ^=ÔƒÈ›ß=I≤jË2ÿ^=ÓÑå‘`=öÕ~=<≈Í=_º=I==ÿ_|kÿ_f=÷|ÿÖ=⁄Ÿ—ÍË====Ñ|—Ã=Ô|Îÿ_›kv^=‚|‹=Ï

fl_¡≈ÿ^=œ_êjá^Ë=K==========Ô|ƒàûË=Ê|f=Ô|Î·…ÿ^=Ô|ÎÛ^Ü…ÿ^=ÁáÉ_|î‹=‚|‹=ÏÛ^Ü|…ÿ^=≤fÈ|’ÎŸÿ^=€Ë_|·j=„eÃ=^Üÿ

=⁄–˚^=ŸƒN{R=fi»Lfiå§^=„âË=‚‹=fi…‘L=fl_¡≈ÿ^=„^Ñ—Õÿ=∆‡_‹=ÏÛ_–Ë=4naj=ÊÍÑÿ=„È’Í=Ñ–=flÈÍ

=========|Îo›kf=Ô|�gjàª^=Ô|‹_7^=m^à|è¯ª^=ö|≈f=|Ÿƒ=Á4na|j=€˙|~=‚|‹=_ÂÛ_·f=Ÿƒ==_≈sê‹Ë==fl_|¡≈ÿ^=⁄

pwgÿ^=^Ü‰=Ω=_Âkã^áÉ=#=;ÿ^K=
=

====àÍÑ—jË=à’è=

=flÈŸ≈Ÿÿ=äÍä≈ÿ^=Ñgƒ=÷Ÿª^=Ô·ÍÑ‹=Êk›ƒÉ=pü=tÛ_k‡Ë=m_ã^áÉ=Ÿƒ=ÔÎ›Ÿ≈ÿ^=Ô–áÈÿ^= ÁÜ‰=lÎ·f

=fi–á=Ôw·¥=ÔÎ·—kÿ^Ë=ø`–=NS–=U=I=÷Ÿª^=Ô·ÍÑª=„_·k‹˘^Ë=à’êÿ^=fiÎ¡≈f=„Èov_gÿ^=flÑ—kÍ=^Üÿ

=fiÂ›ƒÑÿ=ÔÎ·—kÿ^Ë=flÈŸ≈Ÿÿ=äÍä≈ÿ^=Ñgƒpwgÿ^=^Ü7=ÌÉ_ª^K 
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The aim of this study was to evaluate the effect of lycopene extracted from local 
tomatoes cultivated in Saudi Arabia in some markers of bone formation. Gender 
difference regarding the effect of lycopene on the studied markers was also 
evaluated. 
Sixty (30 males and 30 females) Wistar albino rats (100 ± 10 g) were used in this 
study. Different orally administered lycopene at doses (0.5, 1.0 and 1.5 g/kg body 
weight/day) was given to the rats for eight weeks. The results of bone mass 
density (BMD) revealed significant (P<0.05) increase in the right femur bone in 
both sexes, especially in the females given 1.0 and 1.5 g lycopene/kg BW/day. 
BMD was significantly higher in males than females at the high dose of lycopene 
(1.5 g/kg BW). Concentration of phosphorus (P) in the serum of rats was also 
increased significantly in males and females, especially at the highest dose of 
lycopene and the increase was significant in males compared to that of females. 
All doses of lycopene had no effect on calcium (Ca) concentration in the serum of 
both males and females. Moreover lycopene doses and gender had no effect in 
parathyroid hormone and 1-25 dihydroxy vit. D3. Effect of lycopene on some 
markers of bone formation  was also studied. Doses of 1.0 and 1.5 g/kg BW of 
lycopene significantly increased thiol group in males and females. However, no 
significant difference was observed between males and females at all doses of 
lycopene. Activity of alkaline phosphatase (ALP) in rat serum followed the same 
trend and the highest dose of lycopene increased its activity in the serum of males 
and females compared to its activity in control group and the group administered 
the lowest dose of lycopene (0.5 g/kg BW). However, the only dose of 1.5 g 
lycopene/kg BW increased its activity more in the serum of females compared to 
males. On the contrary, concentration of tartrate-resistant acid phosphatase 
(TRAP) decreased significantly in the serum of rats that received the doses of 1.0 
and 1.5 g lycopene/kg BW in both sexes compared to the control group.. 
Lycopene and gender had no effect in bone-specific alkaline phosphatase (BAP) 
concentration in the serum of rats. 
The results of this study demonstrated that the intake of 1.5 g/kg BW/day of 
lycopene could reduce protein oxidation in bone, increase bone mass density and 
the formation of bone. 
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Baby foods are special major site between food products because nutritional 
advantages which used as complementary foods in weaning period. The main 
objectives of this study were prepared some baby food formulas  beside on  
vegetables and fruits, processed with dehydration method and canned, then 
stored 3months at 25- 30ºC.then  assessment detection of microorganism's 
contamination, heavy metals and pesticides on it. The findings reveald that -total 
count of microorganisms and Coliform were lower than allowed total count in 
baby foods. Streptococcus, Salmonella, Staphylococcus  and colistridium were not 
found in fresh, dried or canned formula during preservation period. There was 
Thermophilic bacteria. Lead level was high in some of canned and dried foods. 
Arsenic and Tin were found in some canned or dried formula.  No residues of  
pesticides were  detected in fresh, canned or dried formulas.   
  


