
C
ollagen is the major protein component of cartilage, bone, skin and con-

nective tissue and constitutes the major part of the extracellular matrix.

Collagen type I has complex structural hierarchy, which consists of tree

polypeptide α-chains wound together in a rod-like helical structure. Collagen is an

important biomaterial, finding many applications in the field of tissue engineering. It

has been processed into various shapes, such as, gel, film, sponge and fiber. It is com-

monly used as the scaffolding material for tissue engineering due to its many superi-

or properties including low antigenicity and high growth promotion. Unfortunately,

poor mechanical properties and rapid degradation rates of collagen scaffolds can

cause instability and difficulty in handling. By crosslinking, the structural stability of

the collagen and its rate of resorption can be adapted with respect to its demanding

requirements. The strength, resorption rate, and biocompatibility of collagenous bio-

materials are profoundly influenced by the method and extent of crosslinking. In this

study, the effect of UV irradiation on collagen scaffolds has been carried out.

Collagen scaffolds were fabricated using freeze drying method with freezing tem-

perature of -80oC, then exposed to UV irradiation. Mean pore size of the scaffolds

was obtained as 98.52±14.51 μm using scanning electron microscopy. Collagen scaf-

folds exposed to UV Irradiation (254 nm) for 15 min showed the highest tensile strain

(17.37±0.98 %), modulus (1.67±0.15 MPa) and maximum load (24.47±2.38 cN) val-

ues. As partial loss of the native collagen structure may influence attachment, migra-

tion, and proliferation of cells on collagen scaffolds, we detected no intact α-chains

after SDS-Page chromatography. We demonstrate that UV irradiation is a rapid and

easily controlled means of increasing the mechanical strength of collagen scaffolds

without any molecular fracture.
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…¶}ýà …¶ý~ 5/0 ìõæ° )5/2=Hp( ‹ú ì~– üà º� ¬° ¬ì†ÿ Co4 ‹ú

¬¶• „ì~. ì¥éõë ¤†¾ê ‹† ¾†Öþ ð†üéõðþ ‹† ÚÇ± ì}õ¶È °ô²ðú m001€

¾†Ù ô ¬° º±…üÈ ̈çŠ ¤Œ†Ž|âý±ÿ º~. ¶�̧€ Lm5/1 …² ì¥éõë

¤†¾ê ‹ú ¬…̈ê Ú†è� �éþ|…¶}ý±ó )Ê±Ù Þ»• ¶éõë 6 ̈†ðú( °ü©}ú ô

¬° ¬ì†ÿ Co08- ìñœí~ º~. �̧ …² …ðœí†¬ Þ†ìê€ ðíõðú|ø† ‹ú ì~– h42

¬° ¬ì†ÿ  Co55- ô ̈çŠ Þ†ìê ̈»ß†ð~ó …ðœí†¬ÿ º~ð~.

‹±°¶þ ºßê|ºñ†¶þ ô ¶†̈}†° ¬…°‹·•|ø†

°ü³ðã†° ¬…°‹·•|ø† …² ¶Ç¦ ²ü± „ðù† ‹ú ô¶ýéú ìýß±ô¶ßõ’ …èß}±ôó

�õü»þ ¬° ôè}†́ Vk51 â±Ö}ú º~. ðíõðú|ø† �̧ …² Ö±…üñ~ ̈»ß†ð~ó

…ðœí†¬ÿ€ °ôÿ �†üú|ø†ÿ ìõ°¬ ðË± ÷†‹• º~û ô ²ü± �†º¼ üßñõ…̈• Æç

¬° Am|02 ‹±…ÿ nim4 Ú±…° â±Ö}ñ~. ‹±…ÿ ì¥†¶Œú ìý†ðãýò …ð~…²û {©é©ê

¬…°‹·•|ø†€ …² ‹±ð†ìú )JegamI( rezylanA egamI| ‹±…ÿ ¤~…Úê 02

{©é©ê …¶}×†¬û º~.

�±{õ¬øþ ‹† Ö±…‹ñ×¼

¬…°‹·•|ø†ÿ „ì†¬û º~û€ �̧ …² Ú±…°âý±ÿ °ôÿ Öõüê „èõìýñýíþ ‹ú

ìñËõ° ‹†²{†Ž �±{õ€ ¬…̈ê ì¥×Ëú ¬¶}ã†û ºŒßú|…ÿ|Þññ~û ô ‹ú Ö†¾éú

ni 5/4 …² æì‘ VU| ‹† Æõë ìõž mn452 ô ‹ú ì~– ²ì†ó|ø†ÿ 0€ 51€

03€ 06 ô nim021 Ú±…° â±Ö}ñ~. ¬…°‹·•|ø† �̧ …² â̄º• ð¿Ø ²ì†ó

ìõ°¬ ðË± ‹±Îß̧ ìþ|º~ð~ {† ø± ¬ô Æ±Ù ¶Ç¦ ¬…°‹·• ¬° ìÏ±Å

�±{õ Ú±…° âý±¬. ¬° Ö†¾éú ô ì~– ²ì†ó|ø†ÿ ì³‹õ° Þê …ð±ÿ́ ìñ}Ûê º~û

‹ú ¬…°‹·•|ø† ‹ú {±{ý� 0€ 5/31€ 72€ 45  ô 2mc/J| 801 ‹õ¬ ]12[.     |

¨õ…Á ìß†ðýßþ

‹±…ÿ …°²ü†‹þ ̈õ…Á ìß†ðýßþ ðíõðú|ø†€ ¬…°‹·•|ø†ÿ {ùýú º~û ÆŒÜ

ºßê …¶}†ð~…°¬ ‹±…ÿ …ðœ†ï „²ìõó Þ»¼ )836D MTSA( ‹ú ô¶ýéú

Ú†è� {ý³ÿ Þú …² �ý¼ {ùýú º~û ‹õ¬€ Ú†è�|âý±ÿ º~ð~. Â©†ì•

ðíõðú|ø† ¬° ¶ú ‹©¼ ì©}éØ ¬…°‹·•€ ‹† Â©†ì•|¶ñ� …ð~…²û|âý±ÿ

º~. ¶�̧€ „²ìõó Þ»¼ ¬° º±…üÇþ Þú Ö†¾éú Öà|ø† …² øî mm51

‹õ¬€ ‹† ¶±Î• nim/mm5 ¬° ¬ì†ÿ ì¥ýÈ …ðœ†ï º~. ‹±…ÿ …ðœ†ï „²ìõó

…² ¶éõë ‹†°â̄…°ÿ N05 …¶}×†¬û º~. ìÛ~…° {ñ¼ ô…°¬ º~û ‹ú ðíõðú …²

{Û·ýî ðý±ôÿ ô…°¬ º~û ¤ýò Þ»¼€ ‹ú ¶Ç¦ ìÛÇÐ …ôèýú ðíõðú ‹ú ¬¶•

„ì~. Þ±ð¼€ ð·Œ• {Óýý± Æõë ‹ú Æõë …ôèýú ðíõðú {Ï±üØ º~. ì~ôë

ü†ðä€ Þ±ð¼ Þ»»þ ô ‹†° ‹ý»ýñú ðíõðú|ø† ÆŒÜ º±…üÈ ì³‹õ° ì¥†¶Œú

º~ð~.

…èß}±ôÖõ°² ‹± �†üú ́ë ¶~üî ¬ô¬¶ýê ¶õè×†– �éþ„Þ±üê „ìý~ )EEGGAAPP--SSDDSS(

ðíõðú|ø†üþ Þú ¬° ²ì†ó|ø†ÿ ì©}éØ ¬° ìÏ±Å �±{õ¬øþ Ú±…° â±Ö}ú

‹õ¬ð~€ ‹† …èß}±ôÖõ°² ‹± �†üú ́ë ì}±…Þî|Þññ~û 4% ô ́ë ›~…Þññ~û 7%

�éþ„Þ±üê|„ìý~ ¬° ìœ†ô°– ¶~üî ¬ô¬¶ýê|¶õè×†– )EGAP-SDS( ‹ú

°ô½ illimeaL| Þñ}±ë º~ ]22[. ́ë ¬° ôè}†́  V|021 …èß}±ôÖõ°² º~û ô

�ýõð~ø†ÿ ¤†¾ê ‹† °ðä|„ìý³ÿ Þõì†¶þ Ú†‹ê °ôü• º~. ¶�̧€

°ðä|ø†ÿ …Â†Öþ ‹† …¶}×†¬û …² ì¥éõë °ðä|‹± ¤Ù̄ ô ¬° ðù†ü• ¬°

¬¶}ã†û Ÿã†èþ|¶ñ�  �õü¼ º~.

{¥éýê „ì†°ÿ

ìÛ†ü·ú ‹ýò â±ôû|ø† ‹ú Þíà °ô½ {¥éýê ô…°ü†ð̧ )AVONA( ô „²ìõó

yekuT| ‹ú Þíà ð±ï|…Ö³…° 00.61 SSPS‹† ¶ú ì±{Œú {ß±…° …ðœ†ï º~. ¤~

ìÏñþ|¬…° ‹±…ÿ 50/0 <p| ¬° ðË± â±Ö}ú º~.

ð}†ü� ô ‹¥™

¬…°‹·•|ø†ÿ Þç´ðþ ‹ú ¬èýê ²ü·•|¶†²â†°ÿ ²ü†¬ …ð}©†Ž|ø†ÿ ‹·ý†°

ìñ†¶Œþ ‹±…ÿ Þ†°‹±¬ø†ÿ ìùñ~¶þ ‹†Ö• ø·}ñ~€ ôèþ …¶}¥ß†ï Þî „ðù† ‹ú

Îñõ…ó Ÿ†è¼ ìõ°¬ ‹¥™ …¶• ô ‹†ü~ ì±…Ú� ‹õ¬ Þú …¶}×†¬û …² ìõ…¬

ì©}éØ ‹±…ÿ …°{Û†ÿ ̈õ…Á ìß†ðýßþ „ó€ ²ü·•|¶†²â†°ÿ …üò

μ
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ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¶õï€ ºí†°û 5€ „®° -¬ÿ  9831 

¬…°‹·•|ø† °… ²ü± ¶õ…ë ðŒ±¬. ‹ú øíýò ¬èýê€ °ô½|ø†ÿ Öý³üßþ ‹ú Îñõ…ó

üà °ôüß±¬ ìÇ±§ º~ð~. ¬° …üò ìÇ†èÏú€ …÷± �±{õ¬øþ VU| ‹ú Îñõ…ó

°ô½ ºŒßú|…ÿ Þ±¬ó Öý³üßþ °ôÿ …üò ¬…°‹·•|ø† ‹±°¶þ º~. ²ü±… ‹ú

ðË± ìþ|°¶~€ �±{õ¬øþ VU| ‹†Î™ ‹ú ô›õ¬ „ì~ó °…¬üß†ë|ø†ÿ „²…¬ °ôÿ

‹†Úþ|ì†ð~û|ø†ÿ „ìýñõ…¶ý~ÿ „°ôì†{ýà ì†ðñ~ {ý±ô²üò ô Öñýê„æðýò

ìþ|ºõ¬ Þú ¬° ðù†ü• ‹† …{¿†ë …üò °…¬üß†ë|ø† ºŒßú|ø† ºßê ìþ|âý±ð~.

{†Þñõó ìÇ†èÏ†– …ðœ†ï º~û °ôÿ …÷± �±{õ Ö±…‹ñ×¼ ‹± Þçó́€ ì©}À

Þçó́ Öýéî|ø† ]51[ ô °º}ú|ø†ÿ Þçó́ ]41€71€12[ ‹õ¬û …¶•. øî|Ÿñýò€

ìÇ†èÏ†– ì©}é×þ °ôÿ …÷± VU| ‹± �õ¶• )‹ú Îñõ…ó ìñŒÐ Îí~û Þçó́(

]32[ ô ̈õ…Á ìß†ðýßþ Þçó́ ì»}Ü …² {†ð~ôó ¬ï ìõ½ ¾¥±…üþ ]42[

…ðœ†ï º~û …¶•. ‹ú {†²âþ ìÇ†èÏú|…ÿ ðý³ °ôÿ …÷± …¶ßõ°‹ýà …¶ý~ ‹ú

Îñõ…ó Â~…Þ·ñ~û ¬° ¤Ù̄ °…¬üß†ë|ø†ÿ „²…¬ ô ›éõâý±ÿ …² {©±ü�

ðõ°ÿ Þçó́ …ðœ†ï º~û …¶• ]62€52[ Þú ìþ|{õ…ó ¬° Þ†°‹±¬ø†ÿ

ìùñ~¶þ ‹†Ö• …² „ó …¶}×†¬û Þ±¬.  |

…² „ó ›† Þú �±{õ VU| ‹ý»}± ›Ž̄ ¶Ç¥þ ¬…°¬€ ìÛ~…° ¶Ç¦

ì©¿õÁ ‹·ý†° ¤†ü³ …øíý• …¶•. ‹±…ÿ ì˜†ë€ ‹ú ¬èýê …Ö³…ü¼ ¶Ç¦

ì©¿õÁ °º}ú|ø†ÿ Þç´ðþ ð·Œ• ‹ú Öýéî|ø†ÿ Þç´ðþ€ …ð±ÿ́ VU

›Ž̄ º~û ¬° Þçó́ °º}ú|ø† ‹ý»}± …¶•. ‹ñ†‹±…üò€ ¬° ì~– ²ì†ó|ø†ÿ

Þí}± �±{õ¬øþ ìþ|{õ…ó ‹ú ̈õ…Á ìÇéõŽ ô ìõ°¬ ðË± ¬¶• ü†Ö•. …² „ó

›† Þú …ð~…²û ìý†ðãýò ÚÇ± {©é©ê|ø† ¬° ìÛ~…° …Ö³…ü¼ ¶Ç¦ ì©¿õÁ ô

ðý³ {œíÐ …ð±ÿ́ VU| ¬° {©é©ê|ø† ‹·ý†° ¤†ü³ …øíý• …¶•€ ìý†ðãýò

ÚÇ± {©é©ê|ø†ÿ ¬…°‹·•|ø†ÿ {ùýú º~û€ ‹† …¶}×†¬û …² {¿†ôü±

ìýß±ô¶ßõ�þ …èß}±ôó|�õü»þ m15/41±25/89 ì¥†¶Œú º~ )ºßê 1(.

¬° …÷± �±{õ¬øþ VU| {Óýý±…– ìÏñþ|¬…°ÿ ¬° ̈õ…Á ìß†ðýßþ

¬…°‹·•|ø†ÿ Þç´ðþ ¬ü~û º~ Þú ìþ|{õ…ó ‹±…ÿ Þ†°‹±¬ø†ÿ ìùñ~¶þ

‹†Ö• …² „ó …¶}×†¬û Þ±¬ )ºßê 2(. øí†ó|Æõ° Þú ¬° ºßê 2 -…èØ ¬ü~û

ìþ|ºõ¬€ �̧ …² 51 ô nim|03 �±{õ¬øþ€ ì~ôë ü†ðä ‹ú Æõ° ìÏñþ|¬…°ÿ

ð·Œ• ‹ú ¬…°‹·• �±{õ¬øþ ð»~û …Ö³…ü¼ ü†Ö}ú ô …üò {×†ô– ¬° {í†ï

â±ôû|ø† ìÏñþ|¬…° ‹õ¬û …¶•. ‹~üò {±{ý� Þú �̧ …² nim03 �±{õ¬øþ€

{†‹¼ ‹ý»}± �±{õ VU| ¶Œ� …üœ†¬ °…¬üß†ë|ø†ÿ „²…¬ ô {©±ü� Þçó́ ô

¬° ðù†ü• …Ö• ìÏñþ|¬…° ì~ôë ü†ðä º~û …¶•. …̈}çÙ ì~ôë ü†ðä ¬°

ðíõðú|ø†ÿ 06 ô nim021 �±{õ¬øþ º~û ð·Œ• ‹ú ðíõðú Þñ}±ë )ðíõðú

�±{õ¬øþ ð»~û( ìÏñþ|¬…° ðŒõ¬ )50/0>p(. ¬° …°{Œ†É ‹† …¶}¥ß†ï Þ±ð»þ

ðý³€ �̧ …² nim51 �±{õ¬øþ …Ö³…ü¼ ìÏñþ|¬…°ÿ ð·Œ• ‹ú ðíõðú Þñ}±ë

¬ü~û º~ )ºßê 2 -Ž(. �̧ …² nim03 �±{õ¬øþ€ …¶}¥ß†ï Þ±ð»þ

…Ö³…ü¼ ü†Ö• Þú …üò …Ö³…ü¼ ìÏñþ|¬…° ðŒõ¬ )62/0= p(. …üò …ì± ¤†Þþ …²

…üò ô…ÚÏý• …¶• Þú �̧ …² nim51 �±{õ¬øþ€ ‹ú ¬èýê ºŒßú|…ÿ º~ó ô

…üœ†¬ �ýõð~ø†ÿ Î±Âþ ‹ýò ìõèßõë|ø†ÿ Þçó́€ …¶}¥ß†ï Þ±ð»þ ô

ì~ôë ü†ðä ð·Œ• ‹ú ðíõðú Þñ}±ë …Ö³…ü¼ ü†Ö}ú ô {†‹¼|¬øþ ‹ý»}±

)nim|03( ¶Œ� º~û …¶• {† ì~ôë ü†ðä ð·Œ• ‹ú ðíõðú Þñ}±ë …Ö³…ü¼

ü†‹~. ôèþ ‹ú ¬èýê ̈»à|º~ó ðíõðú€ ¬°¾~ …¶}¥ß†ï Þ±ð»þ Þ†ø¼

ü†Ö• Þú ¬° ðù†ü• …̈}çÙ ìÏñþ|¬…°ÿ ‹ýò …üò ðíõðú ô ðíõðú Þñ}±ë

ì»†ø~û ð»~. Þ†ø¼ …¶}¥ß†ï ¬° ðíõðú|ø†ÿ ‹† ²ì†ó �±{õ¬øþ ‹ý»}± ðý³

¬ü~û ìþ|ºõ¬. øí†ó|Æõ° Þú ¬° ºßê 2 -ž ì»†ø~û ìþ|ºõ¬€ ‹ý»}±üò

ðý±ôüþ Þú ¬…°‹·• ìþ|{õ…ð~ {¥íê Þñ~€ �̧ …² nim51 �±{õ¬øþ ‹ú Æõ°

ìÏñþ|¬…°ÿ ð·Œ• ‹ú ðíõðú Þñ}±ë …Ö³…ü¼ ¬…º}ú …¶•€ …üò ðý±ô ‹ú ¬èýê μ

ºßê 1 -{¿†ôü± ìýß±ô¶ßõ�þ …èß}±ôó|�õü»þ …² ¬…°‹·•|ø†ÿ Þç´ðþ {ùýú º~û ‹ú °ô½ ̈»ß†ð~ó …ðœí†¬ÿ ¬° ¬ô ‹³°å|ðí†üþ ì©}éØ: )…èØ( 001 ô

) Ž( 005.

)…èØ()Ž(
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{©±ü� Þçó́ ¬° ²ì†ó|ø†ÿ ‹ý»}± )Þú …üœ†¬ …ð±ÿ́|ø†ÿ ‹ý»}±ÿ ìþ|Þñ~(

Þ†ø¼ ìþ|ü†‹~.   |

…² „ó ›† Þú ¬° ì~– ²ì†ó|ø†ÿ Æõæðþ �±{õ¬øþ€ ̈õ…Á ìß†ðýßþ

…Ö• ìþ|Þ±¬€ ‹±°¶þ …üò …ì± Þú „ü† …ð±ÿ́ �±{õ Ö±…‹ñ×¼ ìñœ± ‹ú {©±ü�

�ýõð~ø†ÿ ‹ýò ìõèßõèþ ìþ|ºõ¬ ü† …üò Þú ‹~ðú ì†°�ý¢ ¶ú|â†ðú

ìõèßõë|ø†ÿ Þçó́ °… {©±ü� ìþ|Þñ~€ æ²ï ‹õ¬. …üò ¬°¤†èþ …¶• Þú

{†Þñõó øý¢ ìÇ†èÏú|…ÿ ¬° …üò ²ìýñú â³…°½ ð»~û …¶•. ð}†ü� ¤†¾ê …²

…èãõÿ …èß}±ôÖõ°² )ºßê 3( ð»†ó ìþ|¬ø~ Þú ¬° {í†ï  …ð±ÿ́|ø†ÿ VU|€

�ýõð~ø†ÿ ì©}À ‹ú ìõèßõë Þçó́ ì†ðñ~ 1€ 2€ 1ô 2‹~ôó

{©±ü� ‹†Úþ ì†ð~û|…ð~ ô …üò …Ö• ̈õ…Á ìß†ðýßþ …¤}í†æ_ ð†ºþ …²

ºß·• �ýõð~ø†ÿ ‹ýò ìõèßõèþ ‹õ¬û …¶•.

‹~üò {±{ý�€ ‹ú ¬èýê …Ö³…ü¼ ¶Ç¦ ì©¿õÁ ð†ðõìõ…¬ Þú º†̈À

…¾éþ …üò ìõ…¬ …¶• ô ìñœ± ‹ú ›Ž̄ ‹ý»}± …ð±ÿ́ ìþ|ºõ¬€ �±{õ¬øþ

VU‹ú Îñõ…ó °ô½ ºŒßú|…ÿ Þ±¬ó Öý³üßþ „¶†ó€ ¶±üÐ ô Ú†‹ê Þñ}±ë ô

‹~ôó „÷†° ¶íý•|²…üþ ‹±…ÿ Þ†°‹±¬ø†ÿ ìùñ~¶þ ‹†Ö• �ý»ñù†¬ ìþ|ºõ¬.

ð}ýœú|âý±ÿ

¨õ…Á ìß†ðýßþ ²ü·• ìõ…¬ ‹± �†üú Þçó́ ô ðý³ ¶±Î• {©±ü� „ðù†

�̧ …² �ýõð~ ¬…̈ê ‹~ó ‹ú Æõ° Îí~û ‹ú ô¶ýéú ìÛ~…° ºŒßú Þ±¬ó „ðù†

Þñ}±ë ìþ|ºõ¬. ‹ú ðË± ìþ|°¶~€ �±{õ¬øþ VU| °ôºþ ìñ†¶� ‹±…ÿ

ºŒßú|…ÿ Þ±¬ó Þçó́ ‹±…ÿ Þ†°‹±¬ø†ÿ ìùñ~¶þ ‹†Ö•|ø†ÿ ì©}éØ

‹†º~€ ²ü±… ‹~ôó ô…°¬ Þ±¬ó ìõ…¬ ºýíý†üþ …Â†Öþ ô ‹† �±{õ¬øþ Þí}± …²

nim|03 ìþ|{õ…ó ‹ú …¶}¥ß†ï ìß†ðýßþ ²ü†¬ ô „÷†° {©±ü� Þí}± ¬¶•

ü†Ö•. ¬° …üò ìÇ†èÏú€ „÷†° �±{õ¬øþ VU| °ôÿ ̈õ…Á ìß†ðýßþ

β β α α

ºßê 2 -¨õ…Á ìß†ðýßþ ¬…°‹·•|ø†ÿ Þç´ðþ �̧ …² �±{õ¬øþ ‹†

æì‘ VU. )10/0>p** ô 50/0>p*(: )…èØ( ì~ôë ü†ðä€ )Ž( …¶}¥ß†ï

Þ±ð»þ ô )ž( ‹ý»ýñú ‹†°.

)…èØ(

)Ž(

)ž(

ºßê 3 -…èãõÿ …èß}±ôÖõ°² ¬…°‹·•|ø†ÿ Þç´ðþ �̧ …² ²ì†ó|ø†ÿ

ì©}éØ �±{õ¬øþ ‹† VU: )…èØ( nim|0€ )Ž( 51€ )ž(  nim|03€ )¬(

nim|06 ô )û(   nim|021.

)…èØ( )Ž( )ž( )¬( )øƒ(
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¬…°‹·•|ø†ÿ Þç´ðþ {ùýú º~û ‹ú °ô½ ̈»ß†ð~ó …ðœí†¬ÿ ô ðý³ …÷±

{©±üŒþ „ó °ôÿ ìõèßõë Þçó́ ‹±°¶þ º~.  nim51 �±{õ¬øþ ‹† VU|

ì~ôë ü†ðä€ Þ±ð¼ Þ»»þ ô ‹ý»ýñú ‹†° °… …Ö³…ü¼ ¬…¬ ô Æþ …üò ì~– ðý³

…÷± {©±üŒþ ‹± ²ðœý±ø†ÿ Þç´ðþ ì»†ø~û ð»~. …üò °ô½ ºŒßú|…ÿ|Þ±¬ó

ìþ|{õ…ð~ ‹±…ÿ ¶†ü± ºßê|ø†ÿ ²ü·•|ìõ…¬ ‹± �†üú Þçó́ )ì†ðñ~ …èý†Ù€

…¶×ñ�|ø†€ ́ë|ø†€ �õ¬°ø† ô ì¥éõë|ø†( ðý³ ì×ý~ ‹†º~.
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