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∫∑§—¥¬àÕ

«—µ∂ÿª√– ß§å ‡æ◊ËÕ»÷°…“º≈°“√µÕ∫ πÕß¢Õß ‚µ√¡—≈‡´≈≈å®“°‰¢°√–¥Ÿ°¡πÿ…¬åµàÕÕÕ ∑‘‚ÕæÕπ∑‘π ·≈–§Õ≈≈“‡®π
„π·ßà¢Õß°“√‡Àπ’Ë¬«π”°“√‡ª≈’Ë¬π·ª≈ß®”π«π‡´≈≈å ·≈–°“√¬÷¥‡°“–¢Õß‡´≈≈å∑’Ë‡æ“–‡≈’È¬ß„πÀâÕßªØ‘∫—µ‘°“√

«— ¥ÿ·≈–«‘∏’°“√ ∑”°“√»÷°…“‚¥¬°“√‡æ“–‡≈’È¬ß ‚µ√¡—≈‡´≈≈å®“°‰¢°√–¥Ÿ°¡πÿ…¬å√à«¡°—∫§Õ≈≈“‡®π∑’Ë °—¥®“°
º‘«Àπ—ß«—«·≈–√’§Õ¡∫‘·ππ∑åÕÕ ∑‘‚ÕæÕπ∑‘π¢ÕßÀπŸ ®“°π—Èπ»÷°…“°“√‡æ‘Ë¡®”π«π‡´≈≈å·≈–§«“¡‡ªìπæ‘…µàÕ‡´≈≈å
¥â«¬«‘∏’ Õ∫«‘‡§√“–Àå‡ÕÁ¡∑’∑’„π‡´≈≈å∑’Ë‡æ“–‡≈’È¬ß„Àâ —¡º— °—∫æ◊Èπº‘« 4  ¿“«– ‰¥â·°à æ◊Èπº‘«∑’Ë‰¡à‰¥â√—∫°“√©“∫
 “√≈–≈“¬„¥Ê æ◊Èπº‘«∑’Ë©“∫¥â«¬ “√≈–≈“¬§Õ≈≈“‡®π ¥â«¬ “√≈–≈“¬ÕÕ ∑‘‚ÕæÕπ∑‘π ·≈–¥â«¬ “√≈–≈“¬
§Õ≈≈“‡®πº ¡ÕÕ ∑‘‚ÕæÕπ∑‘π ·≈–»÷°…“≈—°…≥–°“√¬÷¥‡°“–¢Õß‡´≈≈å¥â«¬°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ™π‘¥ àÕß
°√“¥ ∑—Èß 4  ¿“«–

º≈°“√»÷°…“  “√≈–≈“¬§Õ≈≈“‡®π·≈– “√≈–≈“¬§Õ≈≈“‡®πº ¡ÕÕ ∑‘‚ÕæÕπ∑‘π°√–µÿâπ°“√‡æ‘Ë¡®”π«π
 ‚µ√¡—≈‡´≈≈å ‚¥¬‡æ‘Ë¡¢÷Èπ‡ªìπ√âÕ¬≈– 106.52 ± 4.08 ·≈– 114.78 ± 6.82 µ“¡≈”¥—∫ ·µà “√≈–≈“¬ÕÕ ∑‘‚ÕæÕπ∑‘π
¡’º≈≈¥®”π«π‡´≈≈åÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ ‚¥¬≈¥≈ß‡À≈◊Õ√âÕ¬≈– 53.48 ± 12.20 ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫°≈ÿà¡§«∫§ÿ¡
°“√»÷°…“¥â«¬°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ™π‘¥ àÕß°√“¥ æ∫«à“„π°≈ÿà¡§«∫§ÿ¡·≈–°≈ÿà¡∑’Ë©“∫¥â«¬ “√≈–≈“¬
§Õ≈≈“‡®πº ¡ÕÕ ∑‘‚ÕæÕπ∑‘π ‡´≈≈å¡’°“√·ºàµ—«·≈–¬÷¥‡°“–¥’ „π¢≥–∑’Ë°≈ÿà¡∑’Ë©“∫¥â«¬¥â«¬ “√≈–≈“¬§Õ≈≈“‡®π
 “√≈–≈“¬ÕÕ ∑‘‚ÕæÕπ∑‘π æ∫«à“‡´≈≈å¡’°“√¬÷¥‡°“–¥’ ·µà·ºàµ—«πâÕ¬°«à“„π 2 °≈ÿà¡·√°
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∫∑π”

°“√∑”„Àâ‡°‘¥°“√ßÕ°„À¡à¢Õß·º≈°√–¥Ÿ° (bone

regeneration) ‡ªìπ°√–∫«π°“√À“¬¢Õß·º≈°√–¥Ÿ° ÷́ËßÕ“®

‡ªìπ°“√À“¬µ“¡ª°µ‘¥â«¬‡´≈≈å¢ÕßºŸâªÉ«¬‡Õß À√◊Õ¡’°“√

™—°π”„Àâ‡°‘¥°“√ √â“ß°√–¥Ÿ°„À¡à¢÷Èπ (guided bone

regeneration) ∑¥·∑π°√–¥Ÿ°∑’Ë Ÿ≠‡ ’¬‰ª Õ—π‡°‘¥®“°À≈“¬

 “‡Àµÿ ‰¥â·°à °“√∫“¥‡®Á∫®“°¿¬—πµ√“¬ (traumatic injury)

‚√§ª√‘∑—πµåÕ—°‡ ∫ (periodontitis) §«“¡º‘¥ª°µ‘·µà°”‡π‘¥

(congenital defects) ‡ªìπµâπ ‡π◊ÈÕ‡¬◊ËÕ°√–¥Ÿ°∑’Ë √â“ß„À¡àπ’È

µâÕß¡’≈—°…≥–∑“ß°“¬¿“æ·≈–™’«¿“æ‡À¡◊Õπª°µ‘ ·≈–

 “¡“√∂„™âß“π‰¥â °“√∑”„Àâ‡°‘¥°“√ßÕ°„À¡à¢Õß·º≈°√–¥Ÿ°

‡ªìπ°√–∫«π°“√∑’Ë¡’°“√æ—≤π“·≈–π”¡“„™â„π∑“ß§≈‘π‘°Õ¬à“ß

·æ√àÀ≈“¬ ‰¡à«à“®–‡ªìπ°“√„™â°√–¥Ÿ°ª≈Ÿ°∂à“¬®“°µπ‡Õß

(autograft) °√–¥Ÿ°ª≈Ÿ°∂à“¬®“°ºŸâÕ◊Ëπ (allografts) °√–¥Ÿ°

ª≈Ÿ°∂à“¬®“° ‘Ëß¡’™’«‘µ™π‘¥Õ◊Ëπ (xenografts) À√◊Õ “√

∑¥·∑π°√–¥Ÿ°∑’Ë —ß‡§√“–Àå¢÷Èπ (alloplasts)1 °√–¥Ÿ°·≈– “√

∑¥·∑π°√–¥Ÿ°‡À≈à“π’È ∑”Àπâ“∑’ËÀ≈—° §◊Õ ‡ªìπ‚§√ß§È”¬—π

(scaffold) „Àâ‡´≈≈åµâπ°”‡π‘¥¿“¬„π™àÕß‰¢°√–¥Ÿ° À√◊Õ

 ‚µ√¡—≈ ‡µÁ¡‡´≈≈å (bone marrow stromal stem cell) ‡°‘¥

°“√‡§≈◊ËÕπ∑’Ë ¬÷¥‡°“– ·≈–æ—≤π“‰ª‡ªìπ‡´≈≈å √â“ß°√–¥Ÿ°

(osteoblast) ‰¥â Õ¬à“ß‰√°Áµ“¡°“√„™â°√–¥Ÿ°ª≈Ÿ°∂à“¬·≈–

 “√∑¥·∑π°√–¥Ÿ°‡À≈à“π’È¡’¢âÕ¥’·≈–¢âÕ‡ ’¬·µ°µà“ß°—π‰ª  ‡™àπ

„π°√≥’¡’°“√ª≈Ÿ°∂à“¬°√–¥Ÿ°¥â«¬°√–¥Ÿ°µπ‡Õß ºŸâªÉ«¬‡°‘¥

§«“¡‡®Á∫ª«¥¡“°¢÷ÈπÀ≈—ß°“√ºà“µ—¥∑—Èß®“°µ”·Àπàß∑’Ëµ—¥

°√–¥Ÿ°ÕÕ° (donor site) ·≈–µ”·Àπàß∑’Ëª≈Ÿ°°√–¥Ÿ°

(recipient site) „π°√≥’∑’Ë‡ªìπ°“√ª≈Ÿ°∂à“¬°√–¥Ÿ°®“°ºŸâÕ◊Ëπ

À√◊Õ ‘Ëß¡’™’«‘µ™π‘¥Õ◊Ëπ Õ“®∑”„Àâ‡°‘¥°“√°√–µÿâπ¿“«–°“√Õ—°‡ ∫

∂à“¬∑Õ¥‚√§µ‘¥‡™◊ÈÕ ·≈–„π∫“ß§√—ÈßÕ“®æ∫¡’°“√ √â“ß‰ø∫√— 

·§ª´Ÿ≈ (fibrous capsule) ¡“ÀàÕÀÿâ¡°√–¥Ÿ°‡À≈à“π—Èπ2-4 „π

ªí®®ÿ∫—π «‘∑¬“°“√„À¡à„π°“√™—°π”„Àâ‡°‘¥°“√ √â“ß°√–¥Ÿ°„À¡à

§◊Õ «‘»«°√√¡‡π◊ÈÕ‡¬◊ËÕ (tissue engineering) ÷́Ëß‡ªìπ«‘∏’°“√

∑’Ëº “πÀ≈—°°“√∑“ß«‘»«°√√¡‡¢â“°—∫«‘∑¬“»“ µ√å™’«¿“æ ‡æ◊ËÕ

„Àâ‰¥â¡“ ÷́Ëß ‘Ëß∑¥·∑π∑“ß™’«¿“æ ∑’Ë™à«¬„π°“√¥”√ß ´àÕ¡·´¡

·≈–ª√—∫ª√ÿß°“√∑”ß“π¢Õß‡π◊ÈÕ‡¬◊ËÕÀ√◊ÕÕ«—¬«– «‘∏’°“√∑“ß

«‘»«°√√¡‡π◊ÈÕ‡¬◊ËÕµâÕß°“√ªí®®—¬ ”§—≠ 3 ª√–°“√ ‰¥â·°à ‡´≈≈å

µâπ°”‡π‘¥ (stem cells)  —≠≠“≥°“√°√–µÿâπ (morphogenic

signals) ·≈–‚§√ß§È”¬—π5

ªí®®—¬·√° §◊Õ ‡´≈≈åµâπ°”‡π‘¥ ´÷Ëß “¡“√∂·¬°®“°

‰¢°√–¥Ÿ° (bone marrow) ‚¥¬¿“¬„π™àÕß‰¢°√–¥Ÿ° ª√–°Õ∫

¥â«¬‡´≈≈åÀ≈“¬™π‘¥∑’Ë‡ªìπ·À≈àß°”‡π‘¥¢Õß‡´≈≈å∑’Ë®–æ—≤π“‰ª

∑”Àπâ“∑’Ëµà“ßÊ °—π ‡™àπ ‡´≈≈å √â“ß°√–¥Ÿ°ª∞¡¿Ÿ¡‘ (primary

osteoblasts) ‡¡Á¥‡≈◊Õ¥·¥ß ‡´≈≈å‰¢¡—π (adipocytes) ‡´≈≈å

„π√–∫∫¿Ÿ¡‘§ÿâ¡°—π (immune cells) ·≈–∑’Ë ”§—≠ §◊Õ ‡´≈≈å

µâπ°”‡π‘¥ ́ ÷Ëß “¡“√∂æ—≤π“‰ª‡ªìπ‡´≈≈åÀ≈“¬™π‘¥6-8 ªí®®—¬

∑’Ë Õß §◊Õ  —≠≠“≥°“√°√–µÿâπ ¡’°“√π” “√®”æ«°‚°√∑

·ø°‡µÕ√å (growth factor) ‡™àπ ‚∫π¡Õ√å‚ø®’π’∑‘°‚ª√µ’π

(bone morphogenetic protein)9 À√◊Õ‡¡∑√‘°´åπÕ°‡´≈≈å

(extracellular matrix)10 ‡™àπ §Õ≈≈“‡®π (collagen)11,12

§Õπ¥√Õ¬∑‘π´—≈‡øµ (chondroitin sulphate)13-15 ‡Œæ“-

·√π´—≈‡øµ (heparan sulphate)14,15 ·≈–ÕÕ ∑‘‚ÕæÕπ∑‘π

(osteopontin)16 ÷́Ëß®—¥‡ªìπ‡¡∑√‘°´åπÕ°‡´≈≈å∑’Ë¡’∫∑∫“∑

 ”§—≠µàÕ°“√°√–µÿâπæ—≤π“°“√¢Õß‡´≈≈å √â“ß°√–¥Ÿ°ª∞¡

¿Ÿ¡‘17-19 ¡“‡ªìπÕß§åª√–°Õ∫√à«¡„π‚§√ß§È”¬—π‡æ◊ËÕª√—∫ª√ÿß

§ÿ≥ ¡∫—µ‘¢Õß™’««— ¥ÿ‡À≈à“π—Èπ20 „π à«π¢Õßªí®®—¬∑’Ë “¡ À√◊Õ

‚§√ß§È”¬—ππ—Èπ ‰¥â¡’°“√π” “√À≈“¬™π‘¥∑’Ë‰¥â®“°∏√√¡™“µ‘

¡“ √â“ß‡ªìπ‚§√ß§È”¬—π ‡™àπ ‰§‚µ´“π (chitosan) Õ—≈®‘‡πµ

(alginate) ·≈–‰°≈‚§´“¡‘‚π‰°≈·§π å (glycosamino-

glycans) ·µà∑’Ë¡’§«“¡ ”§—≠ §◊Õ ‚§√ß§È”¬—π∑’Ë √â“ß®“°

§Õ≈≈“‡®π ÷́Ëß‡ªìπ‚ª√µ’π∑’Ëæ∫¡“°∑’Ë ÿ¥„π ‘Ëß¡’™’«‘µ™—Èπ Ÿß

·≈–‡ªìπÕß§åª√–°Õ∫ ”§—≠„π‡π◊ÈÕ‡¬◊ËÕ‡°◊Õ∫∑ÿ°™π‘¥¢Õß√à“ß°“¬

 √ÿª  “√≈–≈“¬§Õ≈≈“‡®π¡’°“√°√–µÿâπ„Àâ‡°‘¥°“√‡æ‘Ë¡®”π«π·≈–°“√¬÷¥‡°“–¢Õß ‚µ√¡—≈‡´≈≈å®“°‰¢°√–¥Ÿ°
¡πÿ…¬å‰¥â¥’ ‚¥¬ “√≈–≈“¬§Õ≈≈“‡®πº ¡ÕÕ ∑‘‚ÕæÕπ∑‘π„Àâº≈¥’∑’Ë ÿ¥ º≈®“°°“√»÷°…“π’È· ¥ß„Àâ‡ÀÁπ«à“§Õ≈≈“‡®π
·≈–ÕÕ ∑‘‚ÕæÕπ∑‘π„Àâº≈¥’µàÕ ‚µ√¡—≈‡´≈≈å ·≈–Õ“®¡’ª√–‚¬™πå„π°“√π”¡“„™â‡æ◊ËÕ∑”„Àâ‡°‘¥°“√ßÕ°„À¡à¢Õß
·º≈°√–¥Ÿ°

(« ∑—πµ ®ÿÃ“œ 2551;31:19-32)

§” ”§—≠: °“√¬÷¥‡°“–¢Õß‡´≈≈å; §Õ≈≈“‡®π;  ‚µ√¡—≈‡´≈≈å®“°‰¢°√–¥Ÿ°; ÕÕ ∑‘‚ÕæÕπ∑‘π;



« ∑—πµ ®ÿÃ“œ 2551;31:19-32 ª¿“µæß»å »‘√‘§ÿ√ÿ√—µπå ·≈–§≥– 21

√«¡∑—Èß‡ªìπ‡¡∑√‘°´å¢Õß‡π◊ÈÕ‡¬◊ËÕ°√–¥Ÿ°21 „π∑“ß°“√·æ∑¬å
·≈–∑—πµ°√√¡ æ∫«à“¡’°“√π”§Õ≈≈“‡®π¡“„™âÕ¬à“ß·æ√à
À≈“¬¡“π“π°«à“ 40 ªï „πÀ≈“¬√Ÿª·∫∫ ‡™àπ ·∫∫§≈â“¬
øÕßπÈ” (sponge-like appearance) À√◊Õ·∫∫·ºàπ (sheet)
‡π◊ËÕß®“°¡’§ÿ≥ ¡∫—µ‘∑’Ë¥’„π°“√Àâ“¡‡≈◊Õ¥∫√‘‡«≥∫“¥·º≈
ºà“µ—¥22,23 ‡°‘¥ªØ‘°‘√‘¬“°“√·æâÀ√◊ÕªØ‘°‘√‘¬“µÕ∫ πÕßµàÕ
 ‘Ëß·ª≈°ª≈Õ¡µË”24 °√–µÿâπ°“√À“¬¢Õß∫“¥·º≈ ·≈–
 “¡“√∂≈–≈“¬µ—«‰¥â25

°“√»÷°…“π’È¡’«—µ∂ÿª√– ß§å„π°“√»÷°…“º≈¢Õß°“√µÕ∫
 πÕß¢Õß ‚µ√¡—≈‡´≈≈å®“°‰¢°√–¥Ÿ°¡πÿ…¬åµàÕÕÕ ∑‘‚ÕæÕπ
∑‘π·≈–§Õ≈≈“‡®π „π·ßà¢Õß°“√‡Àπ’Ë¬«π”°“√‡ª≈’Ë¬π·ª≈ß
®”π«π‡´≈≈å ·≈–°“√¬÷¥‡°“–¢Õß‡´≈≈å„πÀâÕßªØ‘∫—µ‘°“√ ‡æ◊ËÕ
‡ªìπ·π«∑“ß„π°“√π”ÕÕ ∑‘‚ÕæÕπ∑‘π·≈–§Õ≈≈“‡®π¡“™à«¬
„π°“√™—°π”„Àâ‡°‘¥°“√À“¬¢Õß·º≈¥â«¬«‘∏’«‘»«°√√¡‡π◊ÈÕ‡¬◊ËÕ
„π∑“ß∑—πµ°√√¡

«— ¥ÿ·≈–«‘∏’°“√

°“√«‘®—¬π’È‡ªìπ°“√»÷°…“ªØ‘°‘√‘¬“¢Õß ‚µ√¡—≈‡´≈≈å®“°
‰¢°√–¥Ÿ°¡πÿ…¬åµàÕ‚ª√µ’πÕÕ ∑‘‚ÕæÕπ∑‘π·≈–§Õ≈≈“‡®π
‚¥¬‡ªìπ°“√»÷°…“„πÀâÕßªØ‘∫—µ‘°“√ „π°“√»÷°…“π’È„™â«‘∏’°“√
‡æ“–‡≈’È¬ß‡´≈≈å√à«¡°—∫°“√ Õ∫«‘‡§√“–Àå‡ÕÁ¡∑’∑’ (MTT assay)
‡æ◊ËÕ»÷°…“°“√‡ª≈’Ë¬π·ª≈ß®”π«π‡´≈≈å ·≈–„™â°≈âÕß®ÿ≈∑√√»πå
Õ‘‡≈Á°µ√Õπ™π‘¥ àÕß°√“¥ (scanning electron microscope)
»÷°…“≈—°…≥–¢Õß‡´≈≈å·≈–°“√¬÷¥‡°“–¢Õß‡´≈≈å∫πæ◊Èπº‘«∑’Ë
©“∫¥â«¬ “√≈–≈“¬ÕÕ ∑‘‚ÕæÕπ∑‘π·≈–§Õ≈≈“‡®π °“√

«‘®—¬π’È‰¥âºà“π°“√Õπÿ¡—µ‘®“°§≥–°√√¡°“√æ‘®“√≥“®√‘¬∏√√¡
°“√«‘®—¬„π¡πÿ…¬å §≥–∑—πµ·æ∑¬»“ µ√å ®ÿÃ“≈ß°√≥å
¡À“«‘∑¬“≈—¬ ‡≈¢∑’Ë ®∏. 64/2550

°“√‡µ√’¬¡§Õ≈≈“‡®π

§Õ≈≈“‡®π∑’Ë„™â„π°“√»÷°…“π’È‡ªìπ§Õ≈≈“‡®π™π‘¥∑’Ë I
´÷Ëß‡µ√’¬¡®“°º‘«Àπ—ß«—« (bovine skin) ¥â«¬«‘∏’°“√≈–≈“¬
„π°√¥26 °√–∑”‚¥¬π”º‘«Àπ—ß«—«¡“≈â“ß„Àâ –Õ“¥ ·¬°™—Èπ
‰¢¡—π·≈– ‘Ëß °ª√°ÕÕ° µ—¥‡ªìπ™‘Èπ‡≈Á°Ê ·≈–„ à„π°√¥·Õ ’́µ‘°
(acetic acid) §«“¡‡¢â¡¢âπ 0.5 ‚¡≈“√å ªíòπÀ¡ÿπ„Àâ‡¢â“°—π
(stirring) ª√–¡“≥ 48 ™—Ë«‚¡ß∑’Ë 4 Õß»“‡´≈‡ ’́¬  ®“°π—Èπ
π”‰ªªíòπ‡À«’Ë¬ßµ°µ–°Õπ (centrifuge) (6K15, Sigma,
USA) ¥â«¬§«“¡‡√Á« 11,200 √Õ∫µàÕπ“∑’ ∑’ËÕÿ≥À¿Ÿ¡‘ 4 Õß»“
‡´≈‡´’¬ ‡ªìπ‡«≈“ 1 ™—Ë«‚¡ß π” à«π≈Õ¬ (supernatant) ¡“
µ°µ–°Õπ¥â«¬‚´‡¥’¬¡§≈Õ‰√¥å (sodium chloride) §«“¡
‡¢â¡¢âπ√âÕ¬≈– 10 ‡ªìπ‡«≈“ 1 §◊π π”‰ªªíòπ‡À«’Ë¬ßµ°
µ–°ÕπÕ’°§√—Èß ¥â«¬§«“¡‡√Á« 11,200 √Õ∫µàÕπ“∑’ Õÿ≥À¿Ÿ¡‘
4 Õß»“‡´≈‡´’¬ ‡ªìπ‡«≈“ 1 ™—Ë«‚¡ß π” à«πµ–°Õπ¡“
≈–≈“¬¥â«¬°√¥·Õ ’́µ‘° §«“¡‡¢â¡¢âπ 0.1 ‚¡≈“√å ®“°π—Èππ”
 “√≈–≈“¬§Õ≈≈“‡®π„ à„π·∫∫æ‘¡æå·≈–Õ∫·Àâß‡¬◊Õ°·¢Áß
(lyophilization) (Flexi-Dry MP, USA) ‡ªìπ‡«≈“ 48
™—Ë«‚¡ß §Õ≈≈“‡®π∑’Ë‰¥â ¡’≈—°…≥–‡ªìπ°≈ÿà¡‡ âπ„¬≈–‡Õ’¬¥ ’
¢“«§≈â“¬øÕßπÈ” (√Ÿª∑’Ë 1) ÷́Ëß‡¡◊ËÕπ”¡“„™â„π°“√»÷°…“
π”¡“≈–≈“¬¥â«¬°√¥·Õ ’́µ‘° §«“¡‡¢â¡¢âπ 0.1 ‚¡≈“√å „Àâ‰¥â

 “√≈–≈“¬§Õ≈≈“‡®π§«“¡‡¢â¡¢âπ 0.1 ¡‘≈≈‘°√—¡µàÕ¡‘≈≈‘≈‘µ√

√Ÿª∑’Ë 1 · ¥ß≈—°…≥–§≈â“¬øÕßπÈ” ’¢“«¢Õß§Õ≈≈“‡®π∑’Ë‡µ√’¬¡‰¥â®“°º‘«Àπ—ß«—«
Fig. 1 demonstrates the white sponge-like collagen prepared from bovine skin.
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°“√‡µ√’¬¡ÕÕ ∑‘‚ÕæÕπ∑‘π

ÕÕ ∑‘‚ÕæÕπ∑‘π∑’Ë„™â„π°“√»÷°…“π’È‡ªìπ√’§Õ¡∫‘·ππ∑å

‚ª√µ’π¢ÕßÕÕ ∑‘‚ÕæÕπ∑‘π¢ÕßÀπŸ (recombinant rat

osteopontin) ́ ÷ËßÕ¬Ÿà„π≈—°…≥–∑’Ë‡ªìπ¢Õß·¢Áß ’¢“« (lyophilized

form) ‡¡◊ËÕπ”¡“„™â„π°“√»÷°…“ π”¡“≈–≈“¬„πÕ—≈ø“‡ÕÁ¡Õ’‡ÕÁ¡

(αMEM, Minimum Essential Medium Alpha, Gibco

BRL, USA) ∑’ËÕÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡´’¬ ‡ªìπ‡«≈“ 1 ™—Ë«‚¡ß

„Àâ‰¥â§«“¡‡¢â¡¢âπ¢Õß “√≈–≈“¬ÕÕ ∑‘‚ÕæÕπ∑‘π 0.8 ¡‘≈≈‘°√—¡

µàÕ¡‘≈≈‘≈‘µ√ ´÷Ëß®“°°“√»÷°…“π”√àÕßæ∫«à“‡ªìπ§«“¡‡¢â¡¢âπ∑’Ë

‰¡à‡ªìπÕ—πµ√“¬µàÕ‡´≈≈å  “√≈–≈“¬ÕÕ ∑‘‚ÕæÕπ∑‘ππ’È ‡°Á∫

√—°…“‰«â∑’ËÕÿ≥À¿Ÿ¡‘ -80 Õß»“‡´≈‡ ’́¬ ®π°«à“∂÷ß‡«≈“π”¡“„™â

„π°“√»÷°…“

°“√‡µ√’¬¡·≈–‡æ“–‡≈’È¬ß ‚µ√¡—≈‡´≈≈å®“°‰¢°√–¥Ÿ°

¡πÿ…¬å

µ—«Õ¬à“ß™‘Èπ°√–¥Ÿ°π”¡“®“°ºŸâªÉ«¬∑’Ë¡’ ÿ¢¿“æ¥’Õ“¬ÿµ—Èß·µà

20 ªï¢÷Èπ‰ª ®”π«π 3 √“¬ ∑’Ë‰¥â√—∫°“√ºà“µ—¥ªÿÉ¡°√–¥Ÿ°‡æ¥“π

ª“° (torus palatinus) ‡æ◊ËÕ‡µ√’¬¡™àÕßª“°°àÕπ„ àøíπ‡∑’¬¡

ºŸâªÉ«¬µâÕß‰¡à‰¥â√—∫¬“°≈ÿà¡§Õ√åµ‘‚§ ‡µ’¬√Õ¬¥å (corticosteroid)

À√◊Õ¬“ªØ‘™’«π–¿“¬„π√–¬–‡«≈“ 3 ‡¥◊Õπ°àÕπ°“√ºà“µ—¥ ·≈–

‰¡àÕ¬Ÿà√–À«à“ß°“√µ—Èß§√√¿å °àÕπ°“√‡°Á∫µ—«Õ¬à“ß°√–¥Ÿ° ºŸâªÉ«¬

®–‰¥â√—∫∑√“∫∂÷ß¢âÕ¡Ÿ≈∑’Ë®”‡ªìπ‡°’Ë¬«°—∫ß“π«‘®—¬ ·≈–≈ß™◊ËÕ

„π„∫¬‘π¬Õ¡‚¥¬§«“¡ ¡—§√„®

™‘Èπ°√–¥Ÿ°∑’Ë‰¥â π”¡“≈â“ß¥â«¬Õ—≈ø“‡ÕÁ¡Õ’‡ÕÁ¡À≈“¬§√—Èß

°àÕπ∑’Ë®–µ—¥¥â«¬§’¡µ—¥°√–¥Ÿ°„Àâ‡ªìπ™‘Èπ‡≈Á°ª√–¡“≥ 1-2 ≈Ÿ°

∫“»°å¡‘≈≈‘‡¡µ√ «“ß™‘Èπ°√–¥Ÿ°‡À≈à“π’È„π®“π‡æ“–‡≈’È¬ß¢π“¥

35 ¡‘≈≈‘‡¡µ√ (Falcon, USA) ‡µ‘¡Õ“À“√‡≈’È¬ß‡´≈≈å„Àâ∑à«¡

™‘Èπ°√–¥Ÿ°‡À≈à“π—Èπ ÷́Ëß„πÕ“À“√‡≈’È¬ß‡´≈≈å ª√–°Õ∫¥â«¬

Õ—≈ø“‡ÕÁ¡Õ’‡ÕÁ¡ øï∑—≈‚∫‰«πå´’√—¡ (fetal bovine serum)

√âÕ¬≈– 10  “√≈–≈“¬ªØ‘™’«π–·≈–µâ“π‡™◊ÈÕ√“ (antibiotic-

antimycotic solution) √âÕ¬≈– 1 ·Õ≈°≈Ÿµ“¡’π (L-glutamine)

√âÕ¬≈– 1 ·≈–‡µ‘¡ “√°√–µÿâπ°“√ √â“ß°√–¥Ÿ° (osteogenic

inducer) ´÷Ëßª√–°Õ∫¥â«¬ ‡∫µ“°≈’‡´Õ‚√øÕ ‡øµ (β-

glycerophosphate) 10 ¡‘≈≈‘‚¡≈“√å °√¥·Õ §Õ√å∫‘° (ascorbic

acid) 50 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ ·≈– ‡¥°´–‡¡∏“‚´π

(dexamethasone) 100 π“‚π‚¡≈“√å27,28

‡°Á∫®“π‡æ“–‡≈’È¬ß∑’Ë¡’™‘Èπ°√–¥Ÿ°‡À≈à“π’È‰«â„πµŸâÕ∫‡æ“–‡≈’È¬ß

(TC2323, Shel Lab, USA) ∑’ËÕÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡ ’́¬ 

√–¥—∫§“√å∫Õπ‰¥ÕÕ°‰´¥å√âÕ¬≈– 5 §«“¡™◊Èπ —¡æ—∑∏å Ÿß ÿ¥

‡ª≈’Ë¬πÕ“À“√‡≈’È¬ß‡´≈≈å∑ÿ° 3 «—π »÷°…“≈—°…≥–·≈–°“√

‡ª≈’Ë¬π·ª≈ß¢Õß‡π◊ÈÕ‡¬◊ËÕ°√–¥Ÿ°∑’Ë‡æ“–‡≈’È¬ß∑ÿ°«—π¥â«¬°≈âÕß

®ÿ≈∑√√»πå‡ø §Õπ∑√“ µå™π‘¥À—«°≈—∫ (inverted phase

contrast microscope) ª√–¡“≥ —ª¥“Àå∑’Ë 2 æ∫«à“‡√‘Ë¡¡’

‡´≈≈å‡®√‘≠‡µ‘∫‚µÕÕ°®“°™‘Èπ°√–¥Ÿ° ‡¡◊ËÕ‡´≈≈åÀπ“·πàπ·≈â«

®–∑”°“√ —́∫§—≈‡®Õ√å (subculture) ¥â«¬ “√≈–≈“¬∑√‘ª´‘π

Õ’¥’∑’‡Õ (trypsin-EDTA, Gibco BRL, USA) „π°“√

»÷°…“π’È„™â ‚µ√¡—≈‡´≈≈å„π√ÿàπ∑’Ë 5 ¢Õß°“√∑”´—∫§—≈‡®Õ√å ‡´≈≈å

∑’Ë‰¥â®“°°“√‡æ“–‡≈’È¬ß  à«πÀπ÷Ëß‰¥âπ”‰ª¬âÕ¡Õ≈‘´“√‘π‡√¥

(alizarin red) ‡æ◊ËÕ¬◊π¬—π™π‘¥¢Õß‡´≈≈å∑’Ëæ—≤π“®“° ‚µ√¡—≈

‡´≈≈å®“°‰¢°√–¥Ÿ°

°“√«‘‡§√“–Àå°“√‡æ‘Ë¡®”π«π‡´≈≈å·≈–§«“¡‡ªìπæ‘…

µàÕ‡´≈≈å¥â«¬«‘∏’ Õ∫«‘‡§√“–Àå‡ÕÁ¡∑’∑’

«‘∏’°“√«‘‡§√“–Àåπ’È ¥—¥·ª≈ß®“°«‘∏’¢Õß Mosmann29

·≈– Kasugai ·≈–§≥–30 ‚¥¬«—¥®“°ªØ‘°‘√‘¬“¢Õß “√‡ÕÁ¡∑’∑’

(MTT; (3-(4,5)-dimethylthiazol-2-yl)-2,5-diphenyl

tetrazolium bromide) °—∫‡Õπ‰´¡å‰¡‚∑§Õπ‡¥√’¬≈¥’‰Œ‚¥√-

®’‡π  (mitochondrial dehydrogenase) ÷́Ëß¡’‡©æ“–¿“¬„π

‡´≈≈å∑’Ë¬—ß¡’™’«‘µ ‚¥¬À«à“π‡´≈≈å≈ß„π®“π‡æ“–‡≈’È¬ß™π‘¥ 24

À≈ÿ¡ (Falcon, USA) ¥â«¬§«“¡Àπ“·πàπ 30,000 ‡´≈≈åµàÕ

¡‘≈≈‘≈‘µ√ ∑’ËÀ≈ÿ¡®“π‡æ“–‡≈’È¬ß∂Ÿ°©“∫¥â«¬ “√≈–≈“¬§Õ≈≈“‡®π

0.1 ¡‘≈≈‘°√—¡µàÕ¡‘≈≈‘≈‘µ√  “√≈–≈“¬ÕÕ ∑‘‚ÕæÕπ∑‘π 0.8

¡‘≈≈‘°√—¡µàÕ¡‘≈≈‘≈‘µ√ ·≈– “√≈–≈“¬º ¡¢Õß§Õ≈≈“‡®π (0.05

¡‘≈≈‘°√—¡µàÕ¡‘≈≈‘≈‘µ√) °—∫ÕÕ ∑‘‚ÕæÕπ∑‘π (0.4 ¡‘≈≈‘°√—¡

µàÕ¡‘≈≈‘≈‘µ√) ‚¥¬„™âÀ≈ÿ¡∑’Ë‰¡à¡’°“√©“∫¥â«¬ “√≈–≈“¬„¥Ê

‡ªìπ°≈ÿà¡§«∫§ÿ¡ ‡≈’È¬ß‡´≈≈å‡ªìπ‡«≈“ 10 «—π ‚¥¬‡ª≈’Ë¬πÕ“À“√

‡≈’È¬ß‡´≈≈å∑ÿ° 3 «—π ‡¡◊ËÕ§√∫°”Àπ¥ ‡ª≈’Ë¬πÕ“À“√‡≈’È¬ß

‡´≈≈å‡ªìππÈ”¬“¥’‡ÕÁ¡Õ’‡ÕÁ¡ª√“»®“°øïπÕ≈‡√¥ (DMEM or

Dulbacco Medium Essential Medium without phenol

red, Gibco BRL, USA) ª√‘¡“µ√ 300 ‰¡‚§√≈‘µ√ ·≈â«

‡µ‘¡ “√≈–≈“¬‡ÕÁ¡∑’∑’§«“¡‡¢â¡¢âπ 5 ¡‘≈≈‘°√—¡µàÕ¡‘≈≈‘≈‘µ√

„πøÕ ‡øµ∫—ø‡øÕ√å‡´≈“¬πå (phosphate buffer saline) ∑’Ë
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ºà“π°“√°√Õß¥â«¬‡¬◊ËÕ°√Õß¢π“¥ 0.22 ‰¡‚§√‡¡µ√ ª√‘¡“µ√

50 ‰¡‚§√≈‘µ√ ≈ß‰ª„π·µà≈–À≈ÿ¡ ‡°Á∫®“π‡æ“–‡≈’È¬ß„πµŸâÕ∫

‡æ“–‡≈’È¬ß‡ªìπ‡«≈“ 4 ™—Ë«‚¡ß ∑’ËÕÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡ ’́¬ 

®“°π—Èπ¥Ÿ¥Õ“À“√‡≈’È¬ß‡´≈≈å∑’Ë¡’ “√≈–≈“¬‡ÕÁ¡∑’∑’∑‘Èß ·≈–

·∑π∑’Ë¥â«¬ “√≈–≈“¬‰¥‡¡∏‘≈´—≈øÕ°‰´¥å (dimethylsul-

foxide) 1000 ‰¡‚§√≈‘µ√ ‡æ◊ËÕ≈–≈“¬º≈÷° ’¡à«ß¢Õß‡ÕÁ¡∑’∑’

øÕ√å¡“´“π (MTT formazan) ÷́Ëß‡°‘¥®“°°“√∑”ªØ‘°‘√‘¬“

¢Õß “√≈–≈“¬‡ÕÁ¡∑’∑’°—∫‡Õπ‰´¡å‰¡‚∑§Õπ‡¥√’¬≈¥’‰Œ‚¥√®’‡π 

 “√≈–≈“¬ ’¡à«ß∑’Ë‰¥â®–∂Ÿ°π”‰ª«—¥§à“°“√¥Ÿ¥°≈◊π· ß∑—π∑’

¥â«¬‡§√◊ËÕß ‡ª°‚∑√‚ø‚∑¡‘‡µÕ√å (spectrophotometer) ∑’Ë

§«“¡¬“«§≈◊Ëπ· ß 570 π“‚π‡¡µ√ ·≈–π”º≈∑’Ë‰¥â‡ª√’¬∫

‡∑’¬∫°—∫°≈ÿà¡§«∫§ÿ¡ ‡æ◊ËÕ§”π«≥À“®”π«π‡´≈≈å∑’Ë¡’™’«‘µ

‡ªìπ√âÕ¬≈– ‚¥¬§à“‡©≈’Ë¬¢Õß®”π«π‡´≈≈å„π°≈ÿà¡§«∫§ÿ¡®–

§‘¥‡ªìπ√âÕ¬≈– 100 ¥—ßπ’È

√âÕ¬≈–¢Õß®”π«π‡´≈≈å∑’Ë¡’™’«‘µ

= §à“°“√¥Ÿ¥°≈◊π· ß¢Õß°≈ÿà¡µ—«Õ¬à“ß x 100

§à“°“√¥Ÿ¥°≈◊π· ß¢Õß°≈ÿà¡§«∫§ÿ¡

„π°“√»÷°…“§«“¡ —¡æ—π∏å¢Õß®”π«π‡´≈≈å°—∫§à“¥Ÿ¥°≈◊π

· ß·≈–°“√‡ª≈’Ë¬π·ª≈ß®”π«π‡´≈≈å¥â«¬«‘∏’ Õ∫«‘‡§√“–Àå

‡ÕÁ¡∑’∑’π’È „™â‡´≈≈å·µà≈–°≈ÿà¡∑¥≈Õß®”π«π 3 À≈ÿ¡ „πºŸâªÉ«¬

·µà≈–√“¬ ·≈–∑”°“√∑¥≈Õß´È”„πºŸâªÉ«¬·µà≈–√“¬®”π«π

3 §√—Èß

∑”°“√«‘‡§√“–Àå§«“¡·µ°µà“ß¢Õß®”π«π‡´≈≈å„π·µà≈–

°≈ÿà¡‡ª√’¬∫‡∑’¬∫°—∫°≈ÿà¡§«∫§ÿ¡ ‚¥¬‚ª√·°√¡‡Õ æ’‡Õ ‡Õ 

‡«Õ√å™—π 13.0 (SPSS version 13.0) À“§à“‡©≈’Ë¬ (mean) ·≈–

 à«π‡∫’Ë¬ß‡∫π¡“µ√∞“π (standard deviation) ‚¥¬∑”°“√

∑¥ Õ∫°“√°√–®“¬¢Õß¢âÕ¡Ÿ≈¥â«¬°“√∑¥ Õ∫«—π·´¡‡æ‘≈

‚§≈‚¡‚°√Õø- ‡¡Õ√åπÕø (One-Sample Kolmogorov-

Smirnov Test) æ∫«à“¢âÕ¡Ÿ≈°√–®“¬‰¡àª°µ‘ ®÷ß„™â ∂‘µ‘°“√

∑¥ Õ∫§√— §“≈-«Õ≈≈‘ ‡Õ™ (Kruskal-Wallis) ‡æ◊ËÕ∑¥ Õ∫

§«“¡·µ°µà“ß√–À«à“ß°≈ÿà¡∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ√âÕ¬≈– 95

°“√«‘‡§√“–Àå°“√¬÷¥‡°“–¢Õß‡´≈≈å¥â«¬°≈âÕß

®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ™π‘¥ àÕß°√“¥

 ‚µ√¡—≈‡´≈≈å®“°‰¢°√–¥Ÿ°¡πÿ…¬å„π√ÿàπ∑’Ë 5 ®–∂Ÿ°À«à“π

≈ß„π®“π‡æ“–‡≈’È¬ß¢π“¥ 35 ¡‘≈≈‘‡¡µ√ ¥â«¬§«“¡Àπ“·πàπ

50,000 ‡´≈≈åµàÕ¡‘≈≈‘≈‘µ√ ‚¥¬¿“¬„π®“π‡æ“–‡≈’È¬ß¡’·ºàπ

·°â«∫“ß (coverslip) ∫√√®ÿÕ¬Ÿà ·ºàπ·°â«∫“ß‡À≈à“π’È∂Ÿ°©“∫

¥â«¬ “√≈–≈“¬§Õ≈≈“‡®π  “√≈–≈“¬ÕÕ ∑‘‚ÕæÕπ∑‘π

 “√≈–≈“¬§Õ≈≈“‡®πº ¡ÕÕ ∑‘‚ÕæÕπ∑‘π ·≈–„™â·ºàπ·°â«

∑’Ë‰¡à©“∫ “√„¥Ê ‡ªìπ°≈ÿà¡§«∫§ÿ¡ ‡≈’È¬ß‡´≈≈å‡ªìπ‡«≈“ 10 «—π

‡æ◊ËÕ„Àâ‡´≈≈å¡’°“√¬÷¥‡°“–°—∫·ºàπ·°â«·≈–‡µ‘∫‚µ‡µÁ¡∑’Ë ‚¥¬

‡ª≈’Ë¬πÕ“À“√‡≈’È¬ß‡´≈≈å∑ÿ° 3 «—π ®“°π—Èπ∑”°“√‡µ√’¬¡µ—«Õ¬à“ß

 ”À√—∫°“√»÷°…“¥â«¬°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ™π‘¥ àÕß°√“¥

¥â«¬°“√π”·ºàπ·°â«∫“ß‰ª·™à„ππÈ”¬“√—°…“ ¿“æ°≈Ÿ∑“√å-

Õ—≈¥’‰Œ¥å (glutaraldehyde) §«“¡‡¢â¡¢âπ√âÕ¬≈– 2 „π

øÕ ‡øµ∫—ø‡øÕ√å 0.1 ‚¡≈“√å (0.1 M phosphate buffer)

§à“§«“¡‡ªìπ°√¥¥à“ß (pH) ‡∑à“°—∫ 7.2 Õÿ≥À¿Ÿ¡‘ 4 Õß»“

‡´≈‡ ’́¬  ·≈–ÕÕ ‡¡’¬¡‡∑∑√Õ°‰´¥å (osmium tetroxide,

EMS, USA) §«“¡‡¢â¡¢âπ√âÕ¬≈– 1 „π∫—ø‡øÕ√å™π‘¥‡¥’¬«°—π

‡ªìπ‡«≈“Õ¬à“ß≈– 1 ™—Ë«‚¡ß µ“¡≈”¥—∫ ®“°π—Èπ∑”°“√°”®—¥

πÈ”ÕÕ° (dehydration) ¥â«¬°“√·™à„π‡Õ∏“πÕ≈ (ethanol)

∑’Ë§«“¡‡¢â¡¢âπ√âÕ¬≈– 30 50 70 90 ·≈– 100 µ“¡≈”¥—∫

§«“¡‡¢â¡¢âπ≈– 15 π“∑’ π”µ—«Õ¬à“ß∫π·ºàπ·°â«∫“ß‰ª∑”„Àâ

·Àâß∑’Ë®ÿ¥«‘°ƒµ (critical point drying) °àÕπ∑’Ë®–π”‰ª¬÷¥

µ‘¥∫π·∑àπ∑Õß‡À≈◊Õß (specimen stub) ·≈–‡§≈◊Õ∫º‘«

µ—«Õ¬à“ß (coat) ¥â«¬Õπÿ¿“§∑Õß (gold particles) ®“°π—Èπ

π”‡´≈≈å‰ª»÷°…“°“√¬÷¥‡°“–∫πæ◊Èπº‘«™π‘¥µà“ßÊ ¿“¬„µâ°≈âÕß

®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ™π‘¥ àÕß°√“¥ (Jeol JSM-5410 LV,

Japan) ∑’Ë 15 °‘‚≈‚«≈µå °”≈—ß¢¬“¬ 100 ·≈– 350 ‡∑à“ °“√

»÷°…“°“√¬÷¥‡°“–¢Õß‡´≈≈å∫π·ºàπ·°â«∫“ß∑’Ë©“∫¥â«¬ “√

≈–≈“¬™π‘¥µà“ßÊ „™â°“√«‘‡§√“–Àå‡™‘ßæ√√≥π“
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√Ÿª∑’Ë 2 · ¥ß≈—°…≥–¢Õß·§≈ ‘́‰ø¥å‚π¥Ÿ≈ (★) ∑’Ë √â“ß‚¥¬ ‚µ√¡—≈‡´≈≈å®“°‰¢°√–¥Ÿ°∑’Ë‡æ“–‡≈’È¬ß„πÀâÕßªØ‘∫—µ‘°“√‡ªìπ‡«≈“
30 «—π (A) ·§≈ ‘́‰ø¥å‚π¥Ÿ≈π’Èµ‘¥ ’·¥ß‡¡◊ËÕ¬âÕ¡¥â«¬ ’Õ≈‘´“√‘π‡√¥ (B) (°”≈—ß¢¬“¬®“°°≈âÕß®ÿ≈∑√√»πå 40 ‡∑à“)

Fig. 2 demonstrates the calcified nodules (★) in the 30 day old bone marrow stromal cell culture (A). These
nodules stained red for alizarin red staining (B). (Original magnification 40X).

º≈°“√»÷°…“

‡¡◊ËÕπ”‡´≈≈å∑’Ë‰¥â®“°°“√‡æ“–‡≈’È¬ß‰ª¬âÕ¡¥â«¬Õ≈‘́ “√‘π‡√¥

‡æ◊ËÕ¬◊π¬—π™π‘¥¢Õß‡´≈≈å∑’Ëæ—≤π“®“° ‚µ√¡—≈‡´≈≈å®“°

‰¢°√–¥Ÿ° æ∫«à“‡´≈≈å‡À≈à“π’È¡’°“√ √â“ß ·≈– – ¡‡°≈◊Õ

·§≈‡´’¬¡ ´÷Ëßæ∫‡ÀÁπ‰¥â‡ªìπ·§≈´‘‰ø¥å‚π¥Ÿ≈ (calcified

nodule) Õ—π‡ªìπ≈—°…≥–Àπ÷Ëß¢Õß‡´≈≈å √â“ß°√–¥Ÿ° (√Ÿª∑’Ë 2)

°“√ Õ∫«‘‡§√“–Àå‡ÕÁ¡∑’∑’

®“°º≈°“√ Õ∫«‘‡§√“–Àå‡ÕÁ¡∑’∑’ æ∫«à“  “√≈–≈“¬

§Õ≈≈“‡®π§«“¡‡¢â¡¢âπ 0.1 ¡‘≈≈‘°√—¡µàÕ¡‘≈≈‘≈‘µ√ ·≈– “√

≈–≈“¬§Õ≈≈“‡®πº ¡ÕÕ ∑‘‚ÕæÕπ∑‘π  “¡“√∂°√–µÿâπ°“√

‡æ‘Ë¡®”π«π ‚µ√¡—≈‡´≈≈å®“°‰¢°√–¥Ÿ°¡πÿ…¬åÕ¬à“ß¡’π—¬
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√Ÿª∑’Ë 3 °√“ø· ¥ß√âÕ¬≈–¢Õß‡´≈≈å∑’Ë‡æ“–‡≈’È¬ß„π∂“¥À≈ÿ¡™π‘¥ 24 À≈ÿ¡∑’Ë©“∫¥â«¬§Õ≈≈“‡®π (collagen) ÕÕ ∑‘‚ÕæÕπ∑‘π
(OPN) ·≈–§Õ≈≈“‡®πº ¡ÕÕ ∑‘‚ÕæÕπ∑‘π (OPN/COL) ‚¥¬‡ª√’¬∫‡∑’¬∫°—∫°≈ÿà¡§«∫§ÿ¡ (control) ´÷Ëß‡ªìπ‡´≈≈å
∑’Ë‡æ“–‡≈’È¬ß„π∂“¥À≈ÿ¡∑’Ë‰¡à‰¥â√—∫°“√©“∫¥â«¬ “√„¥Ê ‡¡◊ËÕ∑”°“√»÷°…“¥â«¬«‘∏’‡ÕÁ¡∑’∑’

Fig. 3 Graph, plotted from the MTT study, demonstrates the percentages of cell number when the cells were
grown in the 24-well plate coated with collagen, ostepontin (OPN) or mixed collagen/osteopontin (OPN/
COL) in comparison to the control group in which the cells were grown on the uncoated well plate.

 ”§—≠∑“ß ∂‘µ‘ (P < 0.05) ‚¥¬‡æ‘Ë¡¢÷Èπ‡ªìπ√âÕ¬≈– 106.52 ±

4.08 ·≈– 114.78 ± 6.82 µ“¡≈”¥—∫ ·µà “√≈–≈“¬ÕÕ ∑‘-

‚ÕæÕπ∑‘π§«“¡‡¢â¡¢âπ 0.8 ¡‘≈≈‘°√—¡µàÕ¡‘≈≈‘≈‘µ√ æ∫«à“¡’

º≈≈¥®”π«π‡´≈≈åÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (P < 0.05) ‚¥¬

≈¥≈ß‡À≈◊Õ√âÕ¬≈– 53.48 ± 12.20 ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫°≈ÿà¡

§«∫§ÿ¡´÷Ëß°”Àπ¥„Àâ¡’§à“‡©≈’Ë¬¢Õß®”π«π‡´≈≈å‡ªìπ√âÕ¬≈–

100 (√Ÿª∑’Ë 3) ·≈–„π·µà≈–°≈ÿà¡∑¥≈Õß ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫

°≈ÿà¡§«∫§ÿ¡  “¡“√∂®—¥≈”¥—∫§«“¡ “¡“√∂„π°“√°√–µÿâπ

°“√‡æ‘Ë¡®”π«π ‚µ√¡—≈‡´≈≈å®“°¡“°‰ªπâÕ¬¥—ßπ’È §◊Õ °≈ÿà¡

 “√≈–≈“¬§Õ≈≈“‡®πº ¡ÕÕ ∑‘‚ÕæÕπ∑‘π °≈ÿà¡ “√≈–≈“¬

§Õ≈≈“‡®π °≈ÿà¡§«∫§ÿ¡ ·≈–°≈ÿà¡ÕÕ ∑‘‚ÕæÕπ∑‘π ´÷Ëß‡¡◊ËÕ

π”¡“‡ª√’¬∫‡∑’¬∫√–À«à“ß°≈ÿà¡ æ∫«à“¡’§«“¡·µ°µà“ß°—π

Õ¬à“ß¡’π—¬ ”§—≠„π·µà≈–°≈ÿà¡ (P < 0.05)

°“√»÷°…“¥â«¬°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ™π‘¥ àÕß°√“¥

®“°°“√»÷°…“¥â«¬°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ™π‘¥ àÕß

°√“¥∑’Ë°”≈—ß¢¬“¬µË” ‡æ◊ËÕ¥Ÿ≈—°…≥–°“√¬÷¥‡°“–¢Õß‡´≈≈å

·≈–§«“¡Àπ“·πàπ¢Õß‡´≈≈å∑’Ë¬÷¥‡°“– æ∫«à“„π°≈ÿà¡§«∫§ÿ¡

·≈–°≈ÿà¡∑’Ë —¡º— °—∫·ºàπ·°â«∫“ß∑’Ë©“∫¥â«¬ “√≈–≈“¬

§Õ≈≈“‡®πº ¡ÕÕ ∑‘‚ÕæÕπ∑‘π ‡´≈≈å¡’°“√·ºàµ—«·≈–¬÷¥

‡°“–¥’ „π¢≥–∑’Ë°≈ÿà¡∑’Ë©“∫¥â«¬ “√≈–≈“¬§Õ≈≈“‡®π·≈–

 “√≈–≈“¬ÕÕ ∑‘‚ÕæÕπ∑‘π æ∫«à“‡´≈≈å¡’°“√¬÷¥‡°“–¥’ ·µà

¡’°“√·ºàµ—«πâÕ¬°«à“„π 2 °≈ÿà¡·√° (√Ÿª∑’Ë 4A, C, E ·≈– G)

·≈–‡¡◊ËÕ»÷°…“¥â«¬°”≈—ß¢¬“¬ Ÿß¢÷Èπ æ∫«à“‡´≈≈å„π°≈ÿà¡§«∫§ÿ¡

·≈–°≈ÿà¡∑’Ë©“∫·ºàπ·°â«∫“ß¥â«¬ “√≈–≈“¬§Õ≈≈“‡®πº ¡
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ÕÕ ∑‘‚ÕæÕπ∑‘π ¡’°“√·ºàµ—«·≈–¬÷¥‡°“–¥’ æ∫°“√·ºà¢¬“¬

 à«π¬◊Ëπ¢Õß‰´‚∑æ≈“ ÷́¡ (cytoplasmic processes) ÕÕ°

®“°µ—«‡´≈≈åÕ¬Ÿà∑—Ë«‰ª‡æ◊ËÕ¬÷¥‡°“–°—∫æ◊Èπº‘«∑’Ë‡´≈≈å —¡º— Õ¬Ÿà

À√◊Õª√– “π°—∫‡´≈≈å¢â“ß‡§’¬ß º‘«¢Õß‡´≈≈å¡’≈—°…≥–‡√’¬∫

„π¢≥–∑’Ë°≈ÿà¡∑’Ë©“∫¥â«¬ “√≈–≈“¬§Õ≈≈“‡®π·≈– “√≈–≈“¬

√Ÿª∑’Ë 4 ¿“æ∂à“¬®“°°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ™π‘¥ àÕß°√“¥∑’Ë°”≈—ß¢¬“¬µË” (A, C, E, G) ·≈–∑’Ë°”≈—ß¢¬“¬ Ÿß¢÷Èπ (B, D, F,
H) · ¥ß≈—°…≥–·≈–°“√¬÷¥‡°“–¢Õß‡´≈≈å∑’Ë‡æ“–‡≈’È¬ß∫πæ◊Èπº‘«∑’Ë©“∫¥â«¬§Õ≈≈“‡®π (collagen „π√Ÿª C ·≈– D)
ÕÕ ∑‘‚ÕæÕπ∑‘π (OPN „π√Ÿª E ·≈– F) §Õ≈≈“‡®πº ¡ÕÕ ∑‘‚ÕæÕπ∑‘π (OPN/COL „π√Ÿª G ·≈– H) ‡ª√’¬∫
‡∑’¬∫°—∫°≈ÿà¡§«∫§ÿ¡ ÷́Ëß‡ªìπ‡´≈≈å∑’Ë‡æ“–‡≈’È¬ß∫πæ◊Èπº‘«∑’Ë‰¡à‰¥â©“∫¥â«¬ “√„¥Ê (control „π√Ÿª A ·≈– B) √Ÿª‡≈Á°„π
√Ÿª F · ¥ß≈—°…≥–°“√·µ°¢Õßµÿà¡æÕß∑’Ëº‘«¢Õß‡´≈≈å„π°≈ÿà¡∑’Ë©“∫¥â«¬ “√≈–≈“¬ÕÕ ∑‘‚ÕæÕπ∑‘π

Fig. 4 Scanning electron micrographs at the low magnification (A, C, E, G) and higher magnification (B, D, F,
H) show structures and adhesions of cells grown on the surfaces coated with collagen (C, D), ostepontin
(OPN in E and F) and mixed collagen/osteopontin (OPN/COL in G and H) in comparison to the control
group in which the cells were grown on the uncoated surface (A and B). The inset in F reveals disrupted
blebs at the surface of the cell exposed to osteopontin.

ÕÕ ∑‘‚ÕæÕπ∑‘π æ∫«à“‡´≈≈å¡’°“√·ºàµ—«πâÕ¬°«à“„π 2 °≈ÿà¡

·√° ‚¥¬¬—ß§ßæ∫°“√·ºà¢¬“¬ à«π¬◊Ëπ¢Õß‰´‚∑æ≈“´÷¡‰¥â∫â“ß

·≈–æ∫«à“¡’°“√‡°‘¥‡ªìπµÿà¡æÕß (bleb) ¢÷Èπ ´÷Ëßµÿà¡æÕß„π

∫“ßµ”·Àπàß¡’¢π“¥„À≠à ·≈–æ∫°“√·µ°¢Õßµÿà¡æÕß

(disrupted bleb)‚¥¬‡©æ“–„π°≈ÿà¡∑’Ë©“∫¥â«¬ “√≈–≈“¬

ÕÕ ∑‘‚ÕæÕπ∑‘π (√Ÿª∑’Ë 4B, D, F ·≈– H)
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√Õ∫Ê ‡´≈≈åÀ√◊Õ‡¡∑√‘°´åπÕ°‡´≈≈å31  à«π°≈‰°°“√‡æ‘Ë¡®”π«π

¢Õß‡´≈≈åπ—Èπ ¢—Èπ·√°‡´≈≈å®–µâÕß¡’°“√¬÷¥‡°“–‰¥â¥’°—∫æ◊Èπº‘«

∑’Ë‡´≈≈å —¡º—  ‚¥¬‡´≈≈å®–∑”ªØ‘°‘√‘¬“°—∫‡¡∑√‘°´åπÕ°‡´≈≈å

(cell-extracellular matrix interaction) ∑’Ë¡’Õ¬Ÿà√Õ∫Ê ‡´≈≈å

ºà“π∑“ßµ—«√—∫Õ‘π∑‘°√‘π (integrin receptor) ‡´≈≈å∑’Ë¡’°“√¬÷¥

‡°“–∑’Ë¥’®–¡’°“√®—¥√–‡∫’¬∫¢Õß‰´‚∑ ‡°‡≈µ—π (cytoskeleton

organization) ·≈–¡’°“√µÕ∫ πÕßµàÕ ‘Ëß·«¥≈âÕ¡ (cell

response) ∑’Ë‡À¡“– ¡32 „π¢≥–‡¥’¬«°—π‡´≈≈å∑’Ë¡’°“√¬÷¥

‡°“–∑’Ë¥’®–¡’°“√ √â“ßµ—«√—∫µàÕ “√æ«°‚°√∑·ø°‡µÕ√å (growth

factor receptors) ·≈–∑”ªØ‘°‘√‘¬“°—∫‚°√∑·ø°‡µÕ√å ´÷Ëß àß

º≈„Àâ‡°‘¥°“√ √â“ß‚ª√µ’π™π‘¥µà“ßÊ ¡“°¡“¬∑’Ë®”‡ªìπµàÕ

°“√‡®√‘≠‡µ‘∫‚µ·≈–æ—≤π“°“√¢Õß‡´≈≈åµàÕ‰ª ¢—ÈπµÕπ„π

°√–∫«π°“√‡À≈à“π’È¬—ß‰¡à‡ªìπ∑’Ë∑√“∫·πà™—¥ ·µà®–‡°’Ë¬«¢âÕß°—∫

°√–∫«π°“√∑“ß™’«¿“æ¿“¬„π‡´≈≈åÀ≈“¬¢—ÈπµÕπ32 ®“°°≈‰°

¥—ß°≈à“«®–æ∫«à“‡¡∑√‘° ǻπÕ°‡´≈≈å¡’§«“¡ ”§—≠µàÕ°“√¬÷¥

‡°“–¢Õß‡´≈≈å·≈–°“√¬÷¥‡°“–¢Õß‡´≈≈å °Á‡ªìπ ‘Ëß ”§—≠µàÕ

æƒµ‘°√√¡ °“√‡®√‘≠‡µ‘∫‚µ ·≈–æ—≤π“°“√  ¢Õß‡´≈≈åÕ¬à“ß¬‘Ëß

§Õ≈≈“‡®π·≈–ÕÕ ∑‘‚ÕæÕπ∑‘π∑’Ë„™â„π°“√»÷°…“ ®—¥

‡ªìπ‡¡∑√‘°´åπÕ°‡´≈≈å ‚¥¬§Õ≈≈“‡®π‡ªìπ‡¡∑√‘°´åπÕ°‡´≈≈å

™π‘¥‚ª√µ’π‚§√ß √â“ß (structural protein) ∑’Ë¡’¡“°∑’Ë ÿ¥„π

√à“ß°“¬¢Õß ‘Ëß¡’™’«‘µ ¡’ à«π¢Õß‚¡‡≈°ÿ≈∑’Ë π—∫ πÿπ°“√¬÷¥

‡°“–¢Õß‡´≈≈å ·≈–¡’°“√π”¡“„™â„π∑“ß°“√·æ∑¬åÕ¬à“ß

°«â“ß¢«“ß  ”À√—∫ÕÕ ∑‘‚ÕæÕπ∑‘ππ—Èπ ®—¥‡ªìπ‡¡∑√‘°´åπÕ°

‡´≈≈å™π‘¥Àπ÷Ëß ·≈–ªí®®ÿ∫—π®—¥Õ¬Ÿà„π°≈ÿà¡¢Õß‡¡∑√‘‡´≈≈Ÿ≈“√å

‚ª√µ’π (matricellular protein) ¥â«¬ ‚ª√µ’π„π°≈ÿà¡π’È

‡°’Ë¬«¢âÕß°—∫ªØ‘°‘√‘¬“√–À«à“ß‡´≈≈å°—∫‡¡∑√‘°´åπÕ°‡´≈≈å™π‘¥Õ◊Ëπ

·≈– “√æ«°‚°√∑·ø°‡µÕ√å ∑”„Àâ‡´≈≈å¡’°“√·∫àßµ—«·≈–

‡®√‘≠‡µ‘∫‚µ ¡“°°«à“°“√ π—∫ πÿπ°“√¬÷¥‡°“–¢Õß‡´≈≈å33

¥—ß®–‡ÀÁπ‰¥â®“°°“√¡’ª√‘¡“≥¢ÕßÕÕ ∑‘‚ÕæÕπ∑‘π Ÿß¢÷Èπ„π

‡´≈≈å¡–‡√Áß∑’Ë¡’°“√·æ√à°√–®“¬‰ª¬—ß‡π◊ÈÕ‡¬◊ËÕÕ◊Ëπ (metastasis)34

ÕÕ ∑‘‚ÕæÕπ∑‘π¡’∫∑∫“∑ ”§—≠µàÕæ—≤π“°“√¢Õß‡´≈≈åÀ≈“¬

™π‘¥ ‚¥¬‡©æ“–‡´≈≈å°√–¥Ÿ° ∑—Èß„π·ßà¢Õß°“√¬÷¥‡°“– °“√

 àß —≠≠“≥ ·≈–°“√·ª√ ¿“æ‡ªìπ‡´≈≈å √â“ß°√–¥Ÿ°17,35

ÕÕ ∑‘‚ÕæÕπ∑‘π¡’ à«π¢Õß‚¡‡≈°ÿ≈∑’Ë π—∫ πÿπ°“√¬÷¥‡°“–¢Õß

‡´≈≈å‚¥¬ºà“πµ—«√—∫Õ‘π∑‘°√‘π¥â«¬‡™àπ°—π18,19 πÕ°®“°π’È

ÕÕ ∑‘‚ÕæÕπ∑‘π “¡“√∂°√–µÿâπ°“√· ¥ßÕÕ°¢Õß¬’π √â“ß

‡Õπ‰´¡åÕ—≈§“‰≈πåøÕ ø“‡∑  (alkaline phosphatase) ºà“π

«‘®“√≥å

„π°“√«‘®—¬π’È §≥–ºŸâ«‘®—¬‰¥â‡≈◊Õ°„™âÕß§åª√–°Õ∫¢Õß

°“√»÷°…“∑’Ë„°≈â‡§’¬ß°—∫Õß§åª√–°Õ∫∑’Ë„™â„π°“√∑”„Àâ‡°‘¥°“√

ßÕ°„À¡à¢Õß·º≈°√–¥Ÿ° ‡™àπ „™â ‚µ√¡—≈‡´≈≈å®“°‰¢°√–¥Ÿ°

¢Õß¡πÿ…¬å ´÷Ëß “¡“√∂æ—≤π“‰ª‡ªìπ‡´≈≈å √â“ß°√–¥Ÿ°‰¥âÀ“°

¡’°“√°√–µÿâπ∑’Ë‡À¡“– ¡ „™â§Õ≈≈“‡®π ÷́Ëß¡’√“¬ß“π∂÷ß°“√

π”¡“„™â„π°“√√—°…“∑“ß°“√·æ∑¬å„π≈—°…≥–µà“ßÊ ·≈–

ÕÕ ∑‘‚ÕæÕπ∑‘π ÷́Ëß‡ªìπ —≠≠“≥°√–µÿâπ°“√‡®√‘≠‡µ‘∫‚µ

·≈–æ—≤π“°“√¢Õß‡´≈≈å √â“ß°√–¥Ÿ°ª∞¡¿Ÿ¡‘‰ª‡ªìπ‡´≈≈å √â“ß

°√–¥Ÿ° ·≈–‡≈◊Õ°«‘∏’∑¥ Õ∫°“√°√–µÿâπ°“√‡æ‘Ë¡®”π«π¢Õß

‡´≈≈å¿“¬„µâ ¿“«–µà“ßÊ „πÀâÕßªØ‘∫—µ‘°“√¥â«¬«‘∏’°“√ Õ∫

«‘‡§√“–Àå‡ÕÁ¡∑’∑’ ´÷Ëß«‘∏’°“√π’È‡ªìπ°“√«—¥®”π«π‡´≈≈å∑’Ë¡’™’«‘µ

‚¥¬¥Ÿ®“°º≈º≈‘µ¢Õß‡´≈≈å∑’Ë¬—ß¡’™’«‘µÕ¬Ÿà ·≈– Mossman29

‰¥â»÷°…“·≈– √ÿª«à“‡ªìπ«‘∏’°“√∑’Ë¡’§«“¡‡À¡“– ¡ ”À√—∫°“√

»÷°…“°“√¡’™’«‘µ (cell survival) ·≈–°“√‡æ‘Ë¡®”π«π¢Õß

‡´≈≈å∑’Ë‡æ“–‡≈’È¬ß„πÀâÕßªØ‘∫—µ‘°“√  ”À√—∫°“√«‘‡§√“–Àå

¢âÕ¡Ÿ≈∑“ß ∂‘µ‘ ®“°°“√«‘‡§√“–Àå°“√°√–®“¬¢Õß¢âÕ¡Ÿ≈¥â«¬

°“√∑¥ Õ∫«—π·´¡‡æ‘≈‚§≈‚¡‚°√Õø- ‡¡Õ√åπÕø æ∫«à“

¢âÕ¡Ÿ≈¡’°“√°√–®“¬ª°µ‘ ®÷ß„™â ∂‘µ‘«‘‡§√“–Àå§«“¡·ª√ª√«π

∑“ß‡¥’¬«„π°“√∑¥ Õ∫§«“¡·µ°µà“ß¢Õß®”π«π‡´≈≈å„π

·µà≈–°≈ÿà¡

º≈®“°°“√ Õ∫«‘‡§√“–Àå‡ÕÁ¡∑’∑’·≈–®“°°≈âÕß®ÿ≈∑√√»πå

Õ‘‡≈Á°µ√Õπ™π‘¥ àÕß°√“¥æ∫«à“  “√≈–≈“¬§Õ≈≈“‡®πº ¡

ÕÕ ∑‘‚ÕæÕπ∑‘π ¡’º≈°√–µÿâπ°“√‡æ‘Ë¡®”π«π‡´≈≈å Ÿß ÿ¥

Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘·≈– π—∫ πÿπ°“√¬÷¥‡°“–·≈–°“√

·ºàµ—«¢Õß‡´≈≈å‰¥â¥’∑’Ë ÿ¥ √Õß≈ß¡“ §◊Õ  “√≈–≈“¬§Õ≈≈“‡®π

‡æ’¬ßÕ¬à“ß‡¥’¬« „π¢≥–∑’Ë„π°≈ÿà¡ “√≈–≈“¬ÕÕ ∑‘‚ÕæÕπ-

∑‘π¡’®”π«π‡´≈≈å≈¥≈ß º≈°“√»÷°…“π’È “¡“√∂Õ∏‘∫“¬‰¥â‚¥¬

æ‘®“√≥“®“°°≈‰°„πæ—≤π“°“√·≈–°“√‡æ‘Ë¡®”π«π¢Õß‡´≈≈å

„π ‘Ëß¡’™’«‘µ√à«¡‰ª°—∫≈—°…≥– ¡∫—µ‘¢Õß§Õ≈≈“‡®π·≈–

ÕÕ ∑‘‚ÕæÕπ∑‘π

°ÿ≠·® ”§—≠¢Õßæ—≤π“°“√¢Õß ‘Ëß¡’™’«‘µ∑’Ë¡’À≈“¬‡´≈≈å

§◊Õ§«“¡ “¡“√∂¢Õß‡´≈≈å„π°“√µ‘¥µàÕ·≈–∑”ªØ‘°‘√‘¬“°—∫

‡´≈≈åÕ◊Ëπ·≈–°—∫ ‘Ëß·«¥≈âÕ¡ ÷́Ëß„π°“√µ‘¥µàÕ√–À«à“ß‡´≈≈å°—∫

‡´≈≈å·≈–‡´≈≈å°—∫ ‘Ëß·«¥≈âÕ¡π—Èπ ®–µâÕßæ÷Ëßæ“‡¡∑√‘°´å∑’ËÕ¬Ÿà
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∑“ß°√–∫«π°“√‚ø§—≈·Õ¥Œ’™—π‰§‡π øÕ ‚ø√’‡≈™—π (focal

adhesion kinase (FAK) phosphorylation pathway)17

∑”„Àâ‡´≈≈å √â“ß°√–¥Ÿ°ª∞¡¿Ÿ¡‘·ª√ ¿“æ‡ªìπ‡´≈≈å √â“ß

°√–¥Ÿ°‰¥â35

º≈®“°°“√«‘®—¬π’Èæ∫«à“§Õ≈≈“‡®π∑’Ë©“∫∫πæ◊Èπº‘«∑’Ë

 ‚µ√¡—≈‡´≈≈å —¡º— Õ¬Ÿà ™à«¬„Àâ‡´≈≈å¡’°“√¬÷¥‡°“–∑’Ë¥’ ·≈–

‡¡◊ËÕ¬÷¥‡°“–‰¥â¥’·≈â«‡´≈≈å®÷ß∑”ªØ‘°‘√‘¬“°—∫‚°√∑·ø°‡µÕ√å∑’Ë¡’

„π´’√—¡∑’Ëº ¡„πÕ“À“√‡≈’È¬ß‡´≈≈å ·≈–¡’°“√‡æ‘Ë¡®”π«π¡“°¢÷Èπ

∑—Èß„π°≈ÿà¡∑’Ë‡´≈≈å —¡º— °—∫æ◊Èπº‘«∑’Ë©“∫¥â«¬§Õ≈≈“‡®πÕ¬à“ß

‡¥’¬«·≈–„π°≈ÿà¡∑’Ë —¡º— °—∫æ◊Èπº‘«∑’Ë©“∫¥â«¬ “√≈–≈“¬

§Õ≈≈“‡®πº ¡ÕÕ ∑‘‚ÕæÕπ∑‘π ·≈–°“√∑’Ë‡´≈≈å„π°≈ÿà¡

∑’Ë —¡º— °—∫æ◊Èπº‘«∑’Ë©“∫¥â«¬ “√≈–≈“¬§Õ≈≈“‡®πº ¡

ÕÕ ∑‘‚ÕæÕπ∑‘π¡’°“√‡æ‘Ë¡®”π«π¡“°∑’Ë ÿ¥ Õ“®‡π◊ËÕß¡“®“°

ÕÕ ∑‘‚ÕæÕπ∑‘π∑’Ëº ¡Õ¬Ÿà¡’ à«π™à«¬„πªØ‘°‘√‘¬“√–À«à“ß

‡´≈≈å°—∫‚°√∑·ø°‡µÕ√å  π—∫ πÿπ„Àâ‡´≈≈å¡’°“√‡æ‘Ë¡®”π«π

¡“°¢÷Èπ  ”À√—∫°√≥’∑’Ë‡´≈≈å„π°≈ÿà¡∑’Ë —¡º— °—∫æ◊Èπº‘«∑’Ë©“∫

¥â«¬ÕÕ ∑‘‚ÕæÕπ∑‘πÕ¬à“ß‡¥’¬« ·¡â«à“¡’°“√¬÷¥‡°“–°—∫æ◊Èπ

º‘«‰¥â¥’ ·µà¡’®”π«π‡´≈≈å≈¥≈ß‡¡◊ËÕ‡∑’¬∫°—∫‡´≈≈å„π°≈ÿà¡Õ◊Ëπ

∑’Ë‡ªìπ‡™àππ’ÈÕ“®‡π◊ËÕß¡“®“°∫∑∫“∑¢ÕßÕÕ ∑‘‚ÕæÕπ∑‘π∑’Ë¡’

√“¬ß“π à«π„À≠à‡πâπÀπ—°‰ª„π¥â“π°“√‡ª≈’Ë¬π ¿“æ¢Õß‡´≈≈å

(cell differentiation) ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß‡´≈≈å √â“ß°√–¥Ÿ°

‡´≈≈å √â“ß°√–¥Ÿ°ÕàÕπ (chondroblasts) ·≈–‡´≈≈å ≈“¬°√–¥Ÿ°

(osteoclasts) ·≈–§«∫§ÿ¡√–∫∫¿Ÿ¡‘§ÿâ¡°—π¢Õß√à“ß°“¬µàÕ°“√

Õ—°‡ ∫·≈–°“√‡°‘¥¡–‡√Áß36 ¡“°°«à“„π¥â“π°“√™à«¬„π°“√

¬÷¥‡°“–·≈–·ºàµ—«¢Õß‡´≈≈å ‡¡◊ËÕ¡’®”π«π‡´≈≈å¬÷¥‡°“–πâÕ¬

≈ß¬àÕ¡∑”„Àâ‡´≈≈å¡’°“√‡®√‘≠‡µ‘∫‚µ≈¥≈ß¥â«¬ πÕ°®“°π’È

®”π«π‡´≈≈å„π°≈ÿà¡π’È¬—ßπâÕ¬°«à“‡´≈≈å„π°≈ÿà¡§«∫§ÿ¡∑’Ë‰¡à‰¥â

 —¡º— °—∫§Õ≈≈“‡®π ·≈–/À√◊ÕÕÕ ∑‘‚ÕæÕπ∑‘π ®÷ß‡ªìπ‰ª

‰¥â«à“ÕÕ ∑‘‚ÕæÕπ∑‘π∑’Ë„™â„π°≈ÿà¡∑¥≈Õßπ’È¡’ª√‘¡“≥·≈–§«“¡

‡¢â¡¢âπ∑’Ë Ÿß‡°‘π√–¥—∫∑’Ë‡À¡“– ¡ ∑”„Àâ‡°‘¥º≈„π∑“ß¬—∫¬—Èß

°“√¬÷¥‡°“–¢Õß‡´≈≈å ·¡â«à“®–‰¡à¡’º≈„π¥â“π°“√‡ªìπæ‘…µàÕ

‡´≈≈åÕ¬à“ß‡ÀÁπ‰¥â™—¥°Áµ“¡ ´÷Ëß°“√¬—∫¬—Èß°“√¬÷¥‡°“–¢Õß‡´≈≈å

„π≈—°…≥–π’È Õ“®‡ªìπ‰¥â«à“ª√‘¡“≥∑’Ë¡“°‡°‘π¢π“¥¢Õß

ÕÕ ∑‘‚ÕæÕπ∑‘π‡ªìπ —≠≠“≥„π∑“ß≈∫∑’Ë àßº≈„Àâ‡°‘¥°“√

®—¥√–‡∫’¬∫‚§√ß √â“ß¿“¬„π‡´≈≈å∑’Ë‰¡à‡Õ◊ÈÕÕ”π«¬µàÕ°“√¬÷¥

‡°“–¢Õß‡´≈≈å‰¥â ´÷Ëßª√“°Ø°“√≥å∑’Ë§«“¡‡¢â¡¢âπ¢Õß “√∑“ß

™’««‘∑¬“¡’Õ‘∑∏‘æ≈µàÕæƒµ‘°√√¡¢Õß‡´≈≈å‡™àππ’È “¡“√∂æ∫‰¥â

„π‚°√∑·ø°‡µÕ√å™π‘¥Õ◊Ëπ ‡™àπ ∑√“π øÕ√å¡‘ß‚°√∑·ø°‡µÕ√å-

‡∫µ“ (transforming growth factor-β) ∑’Ë§«“¡‡¢â¡¢âπµË”

°√–µÿâπ°“√ √â“ß·≈–À≈—Ëß‡æ≈∑‡≈∑¥’‰√øá‚°√∑·ø°‡µÕ√å

(platelet derived growth factor) ·≈–∑’Ë§«“¡‡¢â¡¢âπ Ÿß

¬—∫¬—Èß°“√ √â“ßµ—«√—∫µàÕ‡æ≈∑‡≈∑¥’‰√øá‚°√∑·ø°‡µÕ√å (platelet

derived growth factor reeceptor)37 ·¡â«à“ÕÕ ∑‘‚ÕæÕπ-

∑‘π®–· ¥ßº≈„π°“√≈¥®”π«π ‚µ√¡—≈‡´≈≈å„π°“√»÷°…“π’È

°Áµ“¡ ·µà°“√„™âÕÕ ∑‘‚ÕæÕπ∑‘π∑’Ë§«“¡‡¢â¡¢âπµË”≈ß√à«¡°—∫

§Õ≈≈“‡®π· ¥ßº≈¥’„π°“√‡æ‘Ë¡®”π«π‡´≈≈å ª√–°Õ∫°—∫„π

°“√»÷°…“∑’Ëºà“π¡“ æ∫«à“°“√„™â‚§√ß§È”¬—π®“°‰Œ¥√Õ°-

´’Õ–æ“‰∑µå (porous hydroxyapatite) ∑’Ë©“∫¥â«¬ÕÕ ∑‘‚Õ-

æÕπ∑‘π√à«¡°—∫‡´≈≈å √â“ß°√–¥Ÿ°®“°‰¢°√–¥Ÿ° ∑”„Àâ‡°‘¥°“√

 √â“ß°√–¥Ÿ°„π —µ«å∑¥≈Õß‰¥â¡“°°«à“°≈ÿà¡§«∫§ÿ¡∑’Ë‰¡à©“∫

ÕÕ ∑‘‚ÕæÕπ∑‘π∂÷ß√âÕ¬≈– 4016 ¥—ßπ—Èπ ÕÕ ∑‘‚ÕæÕπ∑‘π

®÷ß‡ªìπ‚ª√µ’π∑’Ëπà“ π„®„π°“√π”¡“„™â„π°“√™—°π”„Àâ‡°‘¥°“√

À“¬¢Õß·º≈°√–¥Ÿ°

 √ÿª

º≈°“√»÷°…“§√—Èßπ’È · ¥ß„Àâ‡ÀÁπ∂÷ß§«“¡‡¢â“°—π‰¥â∑“ß

™’«¿“æ ·≈–§«“¡ “¡“√∂„π°“√°√–µÿâπ„Àâ‡°‘¥°“√‡æ‘Ë¡®”π«π

√«¡∂÷ß°“√¬÷¥‡°“–¢Õß ‚µ√¡—≈‡´≈≈å®“°‰¢°√–¥Ÿ°¡πÿ…¬å¥â«¬

 “√≈–≈“¬§Õ≈≈“‡®π√à«¡°—∫ÕÕ ∑‘‚ÕæÕπ∑‘π ¥—ßπ—Èπ ®÷ß

§«√¡’°“√π” “√¥—ß°≈à“« ¡“»÷°…“·≈–æ—≤π“ ‚¥¬‡©æ“–

°“√π”¡“ √â“ß‡ªìπ‚§√ß§È”¬—π‡æ◊ËÕ™—°π”„Àâ‡°‘¥°“√ßÕ°„À¡à¢Õß

°√–¥Ÿ° ´÷Ëß®–‡ªìπª√–‚¬™πåÕ¬à“ß¬‘ËßµàÕ°“√√—°…“ºŸâªÉ«¬„π∑“ß

§≈‘π‘°µàÕ‰ª

°‘µµ‘°√√¡ª√–°“»

ºŸâ«‘®—¬¢Õ¢Õ∫§ÿ≥∑ÿπÕÿ¥Àπÿπ°“√»÷°…“„π√–¥—∫∫—≥±‘µ

»÷°…“®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬‡æ◊ËÕ‡©≈‘¡©≈Õß«‚√°“ ∑’Ë

æ√–∫“∑ ¡‡¥Á®æ√–‡®â“Õ¬ŸàÀ—«∑√ß‡®√‘≠æ√–™π¡“¬ÿ§√∫ 72 æ√√…“

¢Õ¢Õ∫æ√–§ÿ≥∫ÿ§≈“°√¢Õß¿“§«‘™“ª√‘∑—πµ«‘∑¬“ ¿“§«‘™“

∑—πµæ¬“∏‘«‘∑¬“ »Ÿπ¬å«‘®—¬™’««‘∑¬“™àÕßª“° §≥–∑—πµ·æ∑¬-

»“ µ√å ·≈–»Ÿπ¬å‡§√◊ËÕß¡◊Õ«‘®—¬«‘∑¬“»“ µ√å·≈–‡∑§‚π‚≈¬’

®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬ ∑’Ë‰¥â„Àâ§«“¡™à«¬‡À≈◊Õ·≈–„Àâ

§«“¡‡Õ◊ÈÕ‡øóôÕ„π°“√∑”ß“π«‘®—¬Õ¬à“ß¥’¬‘Ëß



« ∑—πµ ®ÿÃ“œ 2551;31:19-32 ª¿“µæß»å »‘√‘§ÿ√ÿ√—µπå ·≈–§≥– 29

‡Õ° “√Õâ“ßÕ‘ß

1. van Heest A, Swiontkowski M. Bone-graft

substitutes. Lancet. 1999;353(Suppl.I):28-9.

2. Yukna RA. Synthetic bone grafts in periodontics.

Periodontol2000. 1993;1:92-9.

3. Virolainen P, Vuorio E, Aro HT. Different healing

rates of bone autografts, synthetic grafts, and

allografts in an experimental rat model. Arch Orthop

Trauma Surg. 1997;116:486-91.

4. Hsiong SX, Mooney DJ. Regeneration of

vascularized bone. Periodontol 2000. 2006;41:109-22.

5. Nakashima M, Reddi AH. The application of bone

morphogenetic proteins to dental tissue engineering.

Nature Biotechnol. 2003;21:1025-32.

6. Beresford JN. Osteogenic stem cells and the stromal

system of bone and marrow. Clin Orthop. 1989;

240:270-80.

7. Prockop DJ. Marrow stromal cells as stem cells for

non-hematopoietic tissues. Science. 1997; 276:71-4.

8. Bianco P, Riminucci M, Gronthos S, Robey PG.

Bone marrow stromal stem cells: nature, biology,

and potential applications. Stem cells. 2001;19:180-92.

9. Hou LT, Liu CM, Liu BY, Chang PC, Chen MH,

Ho MH, et al. Tissue engineering bone formation

in novel recombinant human bone morphogenic

protein 2-atelocollagen composite scaffolds. J

Periodontol. 2007;78:335-43.

10. Badylak SF. The extracellular matrix as a biologic

scaffold material. Biomaterials 2007;28:3587-93.

11. Kawaguchi H, Hirachi A, Hasegawa N, Iwata T,

Hamaguchi H, Shiba H, et al. Enhancement of

periodontal tissue regeneration by transplantation

of bone marrow mesenchymal stem cells. J

Periodontol. 2004;75:1281-7.

12. Nagai N, Yunoki S, Suzuki T, Sakata M, Tajima

K, Munekata M. Application of cross-linked salmon

atelocollagen to the scaffold of human periodontal

ligament cells. J Biosci Bio Eng. 2004;97:389-94.

13. van Susante JLC, Pieper J, Buma P, van Kuppevelt

TH, van Beunungen H, van der Kraan PM, et al.

Linkage of chondroitin-sulfate to type I collagen

scaffolds stimulates the bioactivity of seeded

chondrocytes in vitro. Biomaterials. 2001;22:2359-69.

14. Pieper JS, Oosterhof PJ, Dijkstra PJ, Veerkamp

JH, van Kuppevelt TH. Preparation and

characterization of porous crosslinked collagenous

matrices containing bioavailable chondroitin

sulphate. Biomaterials. 1999;20:847-58.

15. Pieper JS, van Wachem PB, van Luyn MJA,

Brouwer LA, Hafmans T, Veerkamp JH, et al.

Attachment of glycosaminoglycans to collagenous

matrices modulates the tissue response in rats.

Biomaterials. 2000;21:1689-99.

16. Uemura T, Nemoto A, Liu YK, Kojima H, Dong

J, Yabe T, et al. Osteopontin involvement in bone

remodeling and its effects on in vivo osteogenic

potential of bone marrow-derived osteoblasts/

porous hydroxyapatite constructs. Mater Sci Eng.

2001;17:33-6.

17. Yabe T, Nemoto A, Uemura T. Recognition of

osteopontin by rat bone marrow derived osteoblastic

primary cells. Biosci Biotechnol Biochem. 1997;

61:754-6.

18. OûRegan A, Berman JS. Osteopontin: a key cytokine

in cell-mediated and granulomatous inflammation.

Int J Exp Pathol. 2000;81:373-90.

19. Mazzali M, Kipari T, Ophascharoensuk V, Wesson

JA, Johnson R, Hughes J. Osteopontin-a molecule

for all seasons. QJM. 2002;95:3-13.

20. Garcia AJ, Reyes CD. Bio-adhesive surfaces to

promote osteoblast differentiation and bone



CU Dent J. 2008;31:19-32Sirikururat P, et al30

formation. J Dent Res. 2005;84:407-13.

21. Patino MG, Neiders ME, Andreana S, Noble B,

Cohen RE. Collagen: an overview. Implant Dent.

2002;11:280-5.

22. Colen LB, Mathes SJ. The use of microcrystalline

collagen in microsurgery and its effect in

anastomotic patency. Ann Plast Surg. 1983;9:

471-4.

23. Watson SP. Collagen receptor signaling in platelets

and megakaryocytes. Thromb Heamost. 1999;82:

365-76.

24. DeLustro F, Smith ST, Sundsmo J, Salem G,

Kincaid S, Ellingsworth L. Reaction to injectable

collagen: results in animal model and clinical use.

Plast Reconstr Surg. 1987;79:581-94.

25. Patino MG, Neiders ME, Andreana S, Noble B,

Cohen RE. Collagen as an implantable material

in medicine and dentistry. J Oral Implantol. 2002;28:

220-5.

26. Bazin S, Delaumay A. Preparation of acid and citrate

soluble collagen. In: Hall DA, editor. The

methodology of connective tissue research. Oxford:

Joynson-Bruvvers, 1976:13-8.

27. Jaiswal N, Haynesworth SE, Caplan AI, Bruder

SP. Osteogenic differentiation of purified, culture

expanded human mesenchymal stem cells in vitro.

J Cell Biochem. 1997;64:295-312.

28. Pittenger MF, Mackay AM, Beck SC, Jaiswal RK,

Douglas R, Mosca JD, et al. Multilineage potential

of adult human mesenchymal stem cells. Science.

1999;284:143-7.

29. Mosmann T. Rapidly colimeric assay for cellular

growth and survival: application to proliferation

and cytotoxicity assay. J Immonol. 1983;65:55-63.

30. Kasugai S, Hasekawa N, Okura H. Application of

the MTT colorimetric assay to measure cytotoxic

effects of phenolic compounds on established rat

dental pulp cells. J Dent Res. 1991;70:127-30.

31. Alberts B, Johnson A, Lewis J, Raff M, Roberts

K, Walter P, editors. The extracellular matrix of

animals. In: Molecular biology of the cell. 4th ed.

New York: Garland Science, 2002:1090-112.

32. Juliano RL, Haskill S. Signal transduction

from the extracellular matrix. J Cell Biol.

1993;120:577-85.

33. Sage EH, Bornstein P. Extracellular proteins

that modulate cell matrix interaction: SPARC,

tenascin and thrombospondin. J Biol Chem.

1991;266:14831-4.

34. Matsuzaki H, Shima K, Muramatsu T, Ro Y,

Hashimoto S, Shibahara T, et al. Osteopontin as

biomarker in early invasion by squamous cell

carcinoma in tongue. J Oral Pathol Med. 2007;

36: 30-4.

35. Liu YK, Uemura T, Nemoto A, Yabe T, Fujii N,

Ushida T, et al. Osteopontin involvement in

integrin-mediated cell signaling and regulation of

expression of alkaline phosphatase during early

differentiation of UMR cells. FEBS Letters.

1997;420:112-6.

36. Sodek J, da Silva APB, Zohar R. Osteopontin and

mucosal protection. J Dent Res. 2006;85:404-15.

37. Gronwald RG, Seifert RA, Bowen-Pope DF.

Differentiation regulation of expression of two

platelet-derived growth factor receptor subunits by

transforming growth factor-beta. J Biol Chem.

1989;214:8120-5.



« ∑—πµ ®ÿÃ“œ 2551;31:19-32 ª¿“µæß»å »‘√‘§ÿ√ÿ√—µπå ·≈–§≥– 31

The response of human bone marrow

stromal cells to osteopontin and bovine

dermal collagen: an in vitro study

Papatpong Sirikururat D.D.S.1

Suphot Tamsailom D.D.S., M.Sc., Diplomate, Thai Board of Periodontology2

Pi-Ling Chang Ph.D.3

Somporn Swasdison D.D.S., Ph.D.4

1Graduate Student, Department of Periodontology, Faculty of Dentisty, Chulalongkorn University
2Department of Periodontology, Faculty of Dentisty, Chulalongkorn University
3Department of Nutrition Sciences, University of Alabama at Birmingham, USA
4Department of Oral Pathology, Faculty of Dentisty, Chulalongkorn University

Abstract

Objectives To study the response including cell proliferation and cell attachment of human bone

marrow stromal cells to collagen and osteopontin in vitro.

Materials and methods The study was performed by co-culturing human bone marrow stromal cells

with bovine dermal collagen and recombinant rat osteopontin. MTT assay was utilized to determine the

cell proliferation and cytotoxicity resulted from the cells being exposed to four conditioned surfaces,

uncoated, collagen-coated, osteopontin-coated and mixed collagen/osteopontin-coated. Cell attachment

to these four conditioned surfaces was also investigated under the scanning electron microscope.

Results The cells exposed to the collagen-coated and the mixed collagen/osteopontin-coated surfaces

demonstrated the increasing of cell proliferation to 106.52 ± 4.08% and 114.78 ± 6.82% respectively,

whereas the cells exposed to the osteopontin-coated surface revealed the decrease in cell number to

53.48 ± 12.20% when compared to the control group. Scanning electron microscopy showed good cell

attachment in all studied groups.
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Conclusion Both collagen containing solutions enhanced the human bone marrow stromal cell

proliferation and attachment. The enhancement is increased with the addition of osteopontin. These

results suggest that collagen and osteopontin are advantageous to the bone marrow stromal cells.

Therefore, it might be worth introducing them to the field of bone regeneration.

(CU Dent J. 2008;31:19-32)
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