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‡´√“¡‘° å ·≈–æÕ≈‘‡¡Õ√å —ß‡§√“–Àå ‡ªìπ«— ¥ÿ°≈ÿà¡·√°∑’Ëπ”¡“„™â°—∫√à“ß°“¬ ”À√—∫ √â“ß‡π◊ÈÕ‡¬◊ËÕ∑¥·∑π à«π∑’Ë‰¥â√—∫§«“¡‡ ’¬À“¬

ªí®®ÿ∫—π «— ¥ÿ∑’Ë “¡“√∂¬àÕ¬ ≈“¬‰¥â¥â«¬°√–∫«π°“√™’«¿“æ·≈–æÕ≈‘‡¡Õ√å∑’Ë‰¡à‡ªìπæ‘…μàÕ‡´≈≈å¢Õß√à“ß°“¬ ‡ªìπ«— ¥ÿ§È”®ÿπ∑’Ë‰¥â√—∫

§«“¡ π„®Õ¬à“ß¡“°  ”À√—∫‡μ√’¬¡„Àâ¡’‚§√ß√Ÿª “¡¡‘μ‘·≈–‡©◊ËÕ¬μàÕ°“√‡°‘¥ªØ‘°‘√‘¬“°—∫√à“ß°“¬ ‚¥¬«— ¥ÿ§È”®ÿπ∑’Ë¥’§«√¡’≈—°…≥–∑’Ë

ª√–°Õ∫¥â«¬  “¡“√∂‡¢â“°—∫‡´≈≈å√à“ß°“¬‰¥â‚¥¬‰¡à°àÕ„Àâ‡°‘¥Õ“°“√Õ—°‡ ∫  ≈“¬μ—«‰¥â¥â«¬°√–∫«π°“√™’«¿“æ √«¡∑—Èß≈—°…≥–Õ◊ËπÊ ‡™àπ
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Abstract

Tissue engineering is an emerging new biotechnology method for replacing injured tissue or tissue lost. It is

beginning to provide promising means of replacing irreversible tissue lost. Biomaterials are an important factor in tissue

engineering. It is used as scaffold to provide support for engineered tissues. Non-biological materials such as metals,

ceramics and synthetic polymers are the first generation technology in biomaterial that focuses on restoring damaged

tissues. Recently, biodegradable materials and biocompatible polymers have been attractive candidates for scaffolding

material. The scaffold is created its biological inertness, as well as its overall three-dimensional structure. An ideal

scaffold should possess of biocompatibility and biodegradability, including other characteristics such as porosity and

sufficient surface area for cell attachment and geometry that imparts important for new tissue generate. The cell-scaffold

construct should closely simulate the mechanical properties of the nature tissue. To date, studies of tissue engineering

based on biodegradable materials have been applied and reported for a various cases of experiment.
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¡’®ÿ¥¡ÿàßÀ¡“¬‡æ◊ËÕπ”‡ πÕ√“¬ß“π«‘®—¬∑’Ë¡’‡π◊ÈÕÀ“‡°’Ë¬«¢âÕß°—∫

°“√ª√–¬ÿ°μå„™â™’««— ¥ÿ„πß“π¥â“π«‘»«°√√¡‡π◊ÈÕ‡¬◊ËÕ‚¥¬‡πâπ∑’Ë

™’««— ¥ÿ∑’Ë “¡“√∂¬àÕ¬ ≈“¬¥â«¬°√–∫«π°“√™’«¿“æ

°“√ÕÕ°·∫∫«— ¥ÿ§È”®ÿπ®“°™’««— ¥ÿ (Scaffold design from

biomaterials)

°“√ÕÕ°·∫∫™’««— ¥ÿ„Àâ¡’‚§√ß √â“ß∑’Ë‡À¡“– ¡°àÕπ∑’Ë®–

π”‰ª„™â‡ªìπ«— ¥ÿ§È”®ÿπ„πß“π«‘»«°√√¡‡π◊ÈÕ‡¬◊ËÕ¡’§«“¡ ”§—≠¡“°

‡π◊ËÕß®“°‚§√ß √â“ß¢Õß«— ¥ÿ‡À≈à“π—Èπ®– àßº≈μàÕæƒμ‘°√√¡¢Õß‡´≈≈å

πÕ°®“°π’È —≥∞“π«‘∑¬“ √«¡∑—Èß√Ÿª·∫∫¢Õß«— ¥ÿμâÕß‡À¡“– ¡

°—∫°“√π”‰ª„™âß“π ‚¥¬√Ÿª·∫∫«— ¥ÿ∑’Ëæ∫ ‰¥â·°à øî≈å¡ ‡®≈ ·ºàπ

ºß ‡ âπ„¬ ·≈– ‡¡Á¥ ‡ªìπμâπ °“√‡≈◊Õ°„™â§«√μâÕßæ‘®“√≥“∂÷ß

«—μ∂ÿª√– ß§å Õ¬à“ß‡™àπ À“°„™â°—∫‡π◊ÈÕ‡¬◊ËÕ∑’Ë‰¥â√—∫§«“¡‡ ’¬À“¬

∫√‘‡«≥°«â“ß §«√„™â«— ¥ÿ·∫∫øî≈å¡ ·ºàπ À√◊Õ ‡ âπ„¬ ‡æ◊ËÕ„Àâ

 “¡“√∂ªî¥·≈–´àÕ¡·´¡‡π◊ÈÕ‡¬◊ËÕ∑’Ë‰¥â√—∫§«“¡‡ ’¬À“¬π—Èπ‰¥âÀ¡¥

 à«π√Ÿª·∫∫‡®≈ ‡À¡“– ”À√—∫„™â‡ªìπ«— ¥ÿªî¥·º≈®–¥’°«à“

√Ÿª·∫∫ ºß À√◊Õ ‡¡Á¥ ‡À¡“– ”À√—∫„™âμ√÷ß “√À√◊Õ∫√√®ÿ “√ ‡™àπ

¬“ À√◊Õ ‚ª√μ’π ‡ªìπμâπ  ‘Ëß∑’ËμâÕßæ‘®“√≥“Õ’°Õ¬à“ßÀπ÷Ëß §◊Õ  ¡∫—μ‘

‡©æ“–¢Õß«— ¥ÿ ∑’Ë®–μâÕß‡≈◊Õ°„™â„Àâ‡À¡“– ¡ À“°„™â ”À√—∫

‡π◊ÈÕ‡¬◊ËÕÀ√◊ÕÕ«—¬«–∑’ËμâÕß°“√§«“¡·¢Áß·√ß Ÿß Õ¬à“ß‡™àπ°√–¥Ÿ°

À√◊Õ‡ âπ‡ÕÁπ «— ¥ÿ∑’Ë„™â§«√‡ªìπ‰À¡®“°∏√√¡™“μ‘ À√◊Õ ‰À¡

≈–≈“¬∑’Ë∑”¡“®“°æÕ≈‘‡¡Õ√å —ß‡§√“–Àå ‡π◊ËÕß®“°«— ¥ÿ¥—ß°≈à“«¡’

 ¡∫—μ‘‡™‘ß°≈∑’Ë¥’¡“° ‡¡◊ËÕ‡∑’¬∫°—∫«— ¥ÿÕ◊Ëπ ‡™àπ §Õ≈≈“‡®π À√◊Õ

‰§‚μ´“π ÷́Ëß‡À¡“–°—∫‡π◊ÈÕ‡¬◊ËÕ∑’ËμâÕß°“√§«“¡¬◊¥À¬ÿàπ·≈–‡¢â“°—∫

‡´≈≈å√à“ß°“¬‰¥â¥’ ≈—°…≥–∑—Ë«‰ª∑’ËμâÕßæ‘®“√≥“ ‰¥â·°à ¢π“¥√Ÿæ√ÿπ

§«“¡æ√ÿπ ¢π“¥ §«“¡·¢Áß·√ß ·≈–§«“¡¬◊¥À¬ÿàπ (Horan

et al., 2005) ™’««— ¥ÿ∑’Ëπ”¡“„™â‡√‘Ë¡·√°®–‡ªìπ°≈ÿà¡«— ¥ÿ —ß‡§√“–Àå

(synthetic materials) ·≈–æÕ≈‘‡¡Õ√å∏√√¡™“μ‘ (natural polymers)

°“√ÕÕ°·∫∫¡’°“√æ—≤π“‡√◊ËÕ¬¡“®π°√–∑—Ëß¬ÿ§ªí®®ÿ∫—π æ∫«à“

‚§√ß√Ÿª∑’Ë‡À¡“– ”À√—∫‡ªìπ«— ¥ÿ§È”®ÿπ§«√¡’≈—°…≥– 3 ¡‘μ‘ (Li

et al., 2005; Wang et al., 2005) Õ¬à“ß∑’Ë∑√“∫°—π¥’·≈â««à“

™’««— ¥ÿ∑’Ë¥’§«√¡’ ¡∫—μ‘∑’Ë‡À¡“– ¡μàÕ‡´≈≈å∑—Èß¥â“π™’««‘∑¬“

(biology)  ¡∫—μ‘‡™‘ß°≈ (mechanical properties) √«¡∂÷ßº≈

μàÕ√–∫∫¿Ÿ¡‘§ÿâ¡°—π¢Õß√à“ß°“¬ (immune responses) ¥—ßπ—Èπ

¢—ÈπμÕπ°“√‡≈◊Õ°™’««— ¥ÿ®÷ß¡’§«“¡ ”§—≠‡™àπ°—π ‚¥¬∑—Ë«‰ª

™’««— ¥ÿ∑’Ë “¡“√∂¬àÕ¬ ≈“¬‰¥â¥â«¬°√–∫«π°“√™’«¿“æ ∑’Ëπ”¡“

„™â„πß“π«‘»«°√√¡‡π◊ÈÕ‡¬◊ËÕ·∫àßÕÕ°‡ªìπ 3 ª√–‡¿∑„À≠àÊ §◊Õ «— ¥ÿ

∫∑π”

«‘»«°√√¡‡π◊ÈÕ‡¬◊ËÕ ‡ªìπ«‘∏’∑’Ë°”≈—ß‰¥â√—∫§«“¡ π„®Õ¬à“ß¬‘Ëß

„π°“√øóôπøŸ·≈–´àÕ¡·´¡‡π◊ÈÕ‡¬◊ËÕ∑’Ë∂Ÿ°∑”≈“¬ (Kim et al., 2008)

‡ªìπß“π∑’ËÕ“»—¬§«“¡√ŸâÀ≈“°À≈“¬ “¢“ (multidisciplinary field)

‚¥¬¡’®ÿ¥¡ÿàßÀ¡“¬§◊Õ √â“ß‡§√◊ËÕß¡◊ÕÀ√◊Õ™’««— ¥ÿ (biomaterials) ‡æ◊ËÕ

´àÕ¡·´¡À√◊Õ‡ª≈’Ë¬π∂à“¬Õ«—¬«–∑’Ë‰¡à “¡“√∂∑”ß“π‰¥â (Meinel

et al., 2006) ªí®®ÿ∫—π¡’√“¬ß“π‡°’Ë¬«°—∫°“√ Ÿ≠‡ ’¬·≈–°“√

´àÕ¡·´¡‡π◊ÈÕ‡¬◊ËÕ¡“°¢÷Èπ  ◊∫‡π◊ËÕß®“°§«“¡°â“«Àπâ“∑“ß°“√·æ∑¬å

´÷Ëß àßº≈„Àâ™à«ß™’«‘μ¢Õß¡πÿ…¬å¬“«¢÷Èπ (Vunjak-Novakovic et al.,

2004) Àπ÷Ëß„π à«πª√–°Õ∫ ”§—≠¢Õß«‘∑¬“°“√øóôπøŸ∑“ß°“√·æ∑¬å

§◊Õ«‘»«°√√¡‡π◊ÈÕ‡¬◊ËÕ ‚¥¬∑—Ë«‰ª·≈â« °≈¬ÿ∑∏å„πß“π«‘»«°√√¡

‡π◊ÈÕ‡¬◊ËÕ·∫àß‡ªìπ 2 °√–∫«π°“√§◊Õ °“√·¬°‡Õ“‡π◊ÈÕ‡¬◊ËÕ¢ÕßºŸâªÉ«¬

¡“‡≈’È¬ß∫π«— ¥ÿ∑’Ë‡μ√’¬¡®“°Õ«—¬«–¢Õß√à“ß°“¬  ·≈â«§àÕ¬π”°≈—∫‰ª

ª≈Ÿ°∂à“¬μ√ßμ”·Àπàß‡π◊ÈÕ‡¬◊ËÕ∑’Ë ‰¥â√—∫§«“¡‡ ’¬À“¬ (acellular

matrices) ·≈–°“√‡≈’È¬ß‡´≈≈å∫π«— ¥ÿ‡æ◊ËÕ„Àâ‡´≈≈å‡®√‘≠®π

 “¡“√∂ √â“ß‡π◊ÈÕ‡¬◊ËÕ∑’ËμâÕß°“√°àÕπ·≈â«§àÕ¬π”‰ªª≈Ÿ°∂à“¬μ√ß

μ”·Àπàß‡π◊ÈÕ‡¬◊ËÕ∑’Ë‰¥â√—∫∫“¥‡®Á∫ (matrices with cells) (Koh and

Atala, 2004) ¥—ßπ—Èπ  ‘Ëß ”§—≠Õ¬à“ß¬‘Ëß„πß“π«‘»«°√√¡‡π◊ÈÕ‡¬◊ËÕ

®÷ßª√–°Õ∫¥â«¬ªí®®—¬Õ¬à“ßπâÕ¬ 2 Õ¬à“ß §◊Õ «— ¥ÿ§È”®ÿπ (scaffold

À√◊Õ matrix) ·≈–‡´≈≈å∑’Ë®–π”¡“ª≈Ÿ°∫π«— ¥ÿ§È”®ÿπ (Unger

et al., 2004) ‚¥¬∑—Ë«‰ª °“√‡μ√’¬¡™’««— ¥ÿ¡—°‡√‘Ë¡μâπ¥â«¬«— ¥ÿ

∑’Ë‡©◊ËÕ¬μàÕ°“√‡°‘¥ªØ‘°‘√‘¬“μàÕ√à“ß°“¬ (bioinert materials) ‡™àπ

‚≈À– ‡´√“¡‘° å ·≈– ‘́≈‘‚§π ‡ªìπμâπ Õ¬à“ß‰√°Áμ“¡ ™’««— ¥ÿ„π

Õÿ¥¡§μ‘ §«√¡’ ¡∫—μ‘ ”§—≠‰¥â·°à μâÕß‡¢â“°—∫‡´≈≈å√à“ß°“¬‰¥â¥’

 “¡“√∂¬àÕ¬ ≈“¬¥â«¬°√–∫«π°“√™’«¿“æ‚¥¬ª√“»®“°Õ“°“√

Õ—°‡ ∫ §«√°àÕ„Àâ‡°‘¥ ¿“æ∑’Ë‡À¡“– ¡μàÕæƒμ‘°√√¡¢Õß‡´≈≈å

‡™àπ °“√‡°“–μ‘¥ °“√¢¬“¬¢π“¥ °“√‡§≈◊ËÕπ¬â“¬ ·≈–°“√

‡ª≈’Ë¬π·ª≈ß√à“ß°“¬ (Cheung et al., 2008) πÕ°®“°π’È §«√¡’

§«“¡·¢Áß·√ß Ÿß·μà “¡“√∂ ≈“¬μ—«„πÕ—μ√“∑’Ë‡À¡“– ¡§◊Õ ‡¡◊ËÕ

‡´≈≈å‡√‘Ë¡ √â“ß‡π◊ÈÕ‡¬◊ËÕ ™’««— ¥ÿ§«√§àÕ¬Ê  ≈“¬μ—«®πÀ¡¥‡¡◊ËÕ

‡π◊ÈÕ‡¬◊ËÕ √â“ß‡ √Á® ¡∫Ÿ√≥å (Koh & Atala, 2004) ™’««— ¥ÿ∑’Ë

π”¡“„™â∑“ß°“√·æ∑¬å®”·π°ÕÕ°‡ªìπ 6 À¡«¥À¡ŸàÀ≈—° ‰¥â·°à

°“√´àÕ¡·´¡‡π◊ÈÕ‡¬◊ËÕ °“√ √â“ß‡π◊ÈÕ‡¬◊ËÕ °“√ªÑÕß°—π°“√‡°“–μ‘¥

¢Õß‡π◊ÈÕ‡¬◊ËÕ °“√ªî¥∫“¥·º≈ °“√μ°·μàß∫“¥·º≈ ·≈– √–∫∫

¢π àß¬“ (Cheung et al., 2008)  à«π‡´≈≈å ª√–°Õ∫¥â«¬‡´≈≈å

¢ÕßºŸâªÉ«¬ ‡´≈≈å∑’Ë‰¥â√—∫®“°·À≈àßÕ◊Ëπ´÷Ëß “¡“√∂‡¢â“°—∫√à“ß°“¬

ºŸâªÉ«¬ À√◊Õ ‡´≈≈å∑’Ëª≈Ÿ°∫π«— ¥ÿ§È”®ÿπ°àÕπ·≈â«§àÕ¬π”¡“ª≈Ÿ°∂à“¬

„Àâ°—∫ºŸâªÉ«¬ (Vunjak-Novakovic et al., 2004) ∫∑§«“¡©∫—∫π’È

‹
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∑’Ë‰¥â®“°∏√√¡™“μ‘ (naturally derived materials) «— ¥ÿ∑’Ë‡μ√’¬¡

‰¥â®“°Õ«—¬«–„π√à“ß°“¬ (acellular tissue matrices) ·≈–

æÕ≈‘‡¡Õ√å —ß‡§√“–Àå (synthetic polymers) ¢âÕ¥’¢Õß™’««— ¥ÿ

2 ª√–‡¿∑·√°§◊Õ ‡¢â“°—∫√à“ß°“¬‰¥â¥’ ®÷ß‰¡à°àÕ„Àâ‡°‘¥º≈‡ ’¬μàÕ

√à“ß°“¬ ‡™àπ °“√Õ—°‡ ∫ À√◊ÕÕ“°“√·æâ (allergic symptom)  à«π

æÕ≈‘‡¡Õ√å —ß‡§√“–Àå¡’¢âÕ¥’μ√ß∑’Ë “¡“√∂º≈‘μ´È” (reproducibility)

·≈–º≈‘μ„πª√‘¡“≥¡“°‰¥â (Koh & Atala, 2004) μ—«Õ¬à“ß√Ÿª·∫∫

¢Õß«— ¥ÿ§È”®ÿπ∑’Ë„™â„πß“π«‘»«°√√¡‡π◊ÈÕ‡¬◊ËÕ· ¥ß¥—ß¿“æ∑’Ë 1-5

 

 

¿“æ∑’Ë 1 «— ¥ÿ§È”®ÿπ∑’Ë‡μ√’¬¡®“°§Õ≈≈“‡®π¥â«¬«‘∏’  freeze-dried

(A, B) ·≈–°“√ªíòπ¥â«¬°√–· ‰øøÑ“ (C, D) (Powell

et al., 2008)

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 

¿“æ∑’Ë 2 «— ¥ÿ§È”®ÿπ∑’Ë‰¡à¡’°“√∂—°∑Õ¢Õß‰À¡‰ø‚∫√Õ‘π∑’Ë‡μ√’¬¡

¥â«¬«‘∏’°“√ªíòπ¥â«¬°√–· ‰øøÑ“ (Unger et al., 2004)

¿“æ∑’Ë 3 «— ¥ÿ§È”®ÿπ·∫∫‡¡Á¥ (particle) ∑’Ë‡μ√’¬¡®“°‡®≈≈“μ‘π:

√Ÿæ√ÿπ∑’Ëº‘«Àπâ“ (a) ·≈–¿“¬„π‡¡Á¥ (b) (Huang

et al., 2008)

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 

¿“æ∑’Ë 5 «— ¥ÿ§È”®ÿπ¢π“¥π“‚π‡¡μ√¢Õß«— ¥ÿº ¡√–À«à“ß poly-

e-caprolactone (PCL) ·≈– ‡®≈≈“μ‘π ∑’Ë‡μ√’¬¡

¥â«¬«‘∏’°“√ªíòπ¥â«¬°√–· ‰øøÑ“ (Chong et al., 2007)

¿“æ∑’Ë 4 «— ¥ÿ§È”®ÿπ≈—°…≥–∑àÕ¢π“¥‰¡‚§√‡¡μ√¢Õß‰À¡

‰ø‚∫√Õ‘π (A) ·≈– à«πº ¡√–À«à“ß‰À¡‰ø‚∫√Õ‘π°—∫

PEO: 99/1 wt% (B), 98/2 wt% (C) ·≈– 90/10

wt% (D) (Lovett et al., 2007)
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‰ø‚∫√Õ‘π ·≈–‡´Õ√‘́ ‘π (Altman et al., 2003; Meinel et al.,

2005) ªí®®ÿ∫—π ‰À¡‡ªìπ™’««— ¥ÿ∑’Ë „™â „π∑“ß°“√·æ∑¬åÕ¬à“ß

°«â“ß¢«“ß ∑—Èßπ’È ‡ªìπ‡æ√“–‰À¡¡’§ÿ≥ ¡∫—μ‘∑’Ë‡À¡“– ¡À≈“¬Õ¬à“ß

‰¥â·°à √–∫“¬Õ“°“»·≈–πÈ”‰¥â¥’  “¡“√∂¬àÕ¬ ≈“¬¥â«¬

°√–∫«π°“√™’«¿“æ ‡¢â“°—∫‡´≈≈å¢Õß ‘Ëß¡’™’«‘μ‰¥â¥’®÷ß°àÕ„Àâ‡°‘¥

Õ“°“√Õ—°‡ ∫πâÕ¬¡“° (Chiarini et al., 2003) ∑’Ë ”§—≠§◊Õ

‰À¡¡’§«“¡·¢Áß·√ß Ÿß´÷Ëß‡ªìπ‡Õ°≈—°…≥å‡©æ“–μ—« ¢âÕ¥’Õ’°

ª√–°“√§◊Õ ‰À¡ “¡“√∂π”‰ª„™âß“π‰¥âÀ≈“°À≈“¬√Ÿª·∫∫ ‡™àπ

‡®≈ ºß øî≈å¡ øÕßπÈ” ‡ âπ„¬À√◊Õ·ºàπ¢÷ÈπÕ¬Ÿà°—∫°“√„™âª√–‚¬™πå

®÷ß¡’π—°«‘®—¬‰¥â∑¥≈Õßπ”‰À¡‚¥¬‡©æ“– à«π‰ø‚∫√Õ‘π‰ª„™â‡ªìπ

«— ¥ÿ§È”®ÿπ‡´≈≈å ·≈–æ∫«à“ «— ¥ÿ∑’Ë∑”®“°‰À¡À√◊Õ¡’‰À¡‡ªìπ

Õß§åª√–°Õ∫™à«¬ àß‡ √‘¡°“√‡®√‘≠‡μ‘∫‚μ¢Õß‡´≈≈å™π‘¥μà“ßÊ ‰¥â

‡ªìπÕ¬à“ß¥’ (Chiarini et al., 2003; Sofia et al., 2001) μ—«Õ¬à“ß

°“√»÷°…“‡°’Ë¬«°—∫°“√ª√–¬ÿ°μå„™â ‰À¡‡ªìπ™’««— ¥ÿ„π°“√‡≈’È¬ß

‡´≈≈å ”À√—∫°“√√—°…“À√◊Õ∑¥·∑π‡π◊ÈÕ‡¬◊ËÕ∑’Ë∂Ÿ°∑”≈“¬À√◊Õ‡ ◊ËÕ¡-

 ¿“æ ‰¥â·°à «‘»«°√√¡À≈Õ¥‡≈◊Õ¥ (blood vessel engineering)

(Lovett et al., 2007) «‘»«°√√¡‡π◊ÈÕ‡¬◊ËÕ‡ âπ‡ÕÁπ·≈–¢âÕμàÕ (tendon/

ligament tissue engineering) (Liu et al., 2008) æ—≤π“°“√

¢Õß‡´≈≈å°√–¥Ÿ° (guiding bone regeneration) (Meinel et al.,

2006) °“√øóôπøŸ‡π◊ÈÕ‡¬◊ËÕª√– “∑ (peripheral nerve repair) (Yang

et al., 2007) ·≈–«‘»«°√√¡º‘«Àπ—ß (Inouye et al., 1998)

º≈°“√∑¥≈Õß‚¥¬ √ÿª æ∫«à“ ‰À¡‡ªìπÕ’°™’««— ¥ÿ∑’Ë “¡“√∂π”‰ª

„™â ‰¥â®√‘ß·≈–¡’§ÿ≥ ¡∫—μ‘∑’Ë‡À¡“– ¡Õ¬à“ß¬‘ËßμàÕ°“√‡®√‘≠‡μ‘∫‚μ

¢Õß‡´≈≈å‡∑’¬∫‡∑à“À√◊Õ„°≈â‡§’¬ß°—∫§Õ≈≈“‡®π

‰§μ‘π-‰§‚μ´“π (Chitin - Chitosan)

‡π◊ËÕß®“°‰§μ‘π·≈–‰§‚μ´“π‡ªìπ “√∑’Ë‰¥â®“°∏√√¡™“μ‘

¥—ßπ—Èπ √à“ß°“¬¡πÿ…¬å¡—°®–‰¡à∑”°“√μàÕμâ“π πÕ°®“°π’È ‰§μ‘π

·≈–‰§‚μ´“π¬—ß “¡“√∂ªÑÕß°—π°“√μ‘¥‡™◊ÈÕ ®÷ß “¡“√∂π”‰§μ‘π

·≈–‰§‚μ´“π ¡“„™âß“π„π à«π¢Õß«— ¥ÿ∑“ß°“√·æ∑¬å‰¥â‡ªìπÕ¬à“ß¥’

‡π◊ËÕß®“°¢âÕ®”°—¥∑’Ë«à“¥â«¬≈—°…≥–∑’Ë¥’¢Õß«— ¥ÿ§È”®ÿπÕ¬à“ßÀπ÷Ëß§◊Õ

§«“¡‡À¡◊ÕπÀ√◊Õ„°≈â‡§’¬ß°—∫‚ª√μ’π∑’Ë √â“ß‚¥¬‡´≈≈å„π√à“ß°“¬

(ECM) ‡™àπ §Õ≈≈“‡®π·≈–‰°≈‚§´“¡‘‚π‰°≈·§π (glycosami-

noglycans, GAGs) (Yoo et al., 2008) ¥—ßπ—Èπ ‰§μ‘π®÷ß¡’

≈—°…≥–æ‘‡»…®“°¢âÕ®”°—¥¥—ß°≈à“« ‡π◊ËÕß®“°‰§μ‘π (chitin)

¡’≈—°…≥–‚§√ß √â“ß∑“ß‡§¡’§≈â“¬ GAGs ∫“ß™π‘¥ ‡™àπ

§Õπ¥√Õ¬μ‘π ́ —≈‡øμ (chondroitin sulfates) ·≈– °√¥‰Œ¬“≈Ÿ‚√π‘§

(hyaluronic acid) „π ECM ∑”„Àâ ‰§μ‘π “¡“√∂‡¢â“°—π°—∫

‡´≈≈å√à“ß°“¬‰¥â¥’ ·≈–∂Ÿ°¬àÕ¬ ≈“¬¥â«¬°√–∫«π°“√∑“ß™’«¿“æ

(Yusof et al., 2003) πÕ°®“°π’È¬—ß “¡“√∂ÕÕ°·∫∫„Àâ¡’‚§√ß√Ÿª

π—°«‘®—¬„Àâ§«“¡ π„®™’««— ¥ÿ∑’Ë‰¥â®“°∏√√¡™“μ‘·≈–«— ¥ÿ

∑’Ë‡μ√’¬¡‰¥â®“°Õ«—¬«–„π√à“ß°“¬ ‡™àπ §Õ≈≈“‡®π ‡®≈≈“μ‘π

‰§μ‘π-‰§‚μ´“π ‡´≈≈Ÿ‚≈  ‰À¡ ‰°≈‚§´“¡‘‚π‰°≈·§π ·≈–

°√¥‰Œ¬“≈Ÿ‚√π‘§Õ¬à“ß¡“° ‡π◊ËÕß®“°‰¡àμâÕß°—ß«≈‡°’Ë¬«°—∫°“√

μàÕμâ“π®“°‡´≈≈å¢Õß√à“ß°“¬ Õ¬à“ß‰√°Áμ“¡ æÕ≈‘‡¡Õ√å —ß‡§√“–Àå

∑’Ë “¡“√∂¬àÕ¬ ≈“¬‰¥â  ‡ªìπÕ’°°≈ÿà¡Àπ÷Ëß∑’Ë‰¥â√—∫§«“¡ π„®Õ¬à“ß¡“°

‡π◊ËÕß®“°¡’ ¡∫—μ‘∑’Ë¥’‡∑’¬∫‡∑à“°—∫™’««— ¥ÿ∑’Ë ‰¥â®“°∏√√¡™“μ‘

πÕ°®“°π’È ¬—ß “¡“√∂¥—¥·ª≈ß ¡∫—μ‘·≈–√Ÿª·∫∫ ‡æ◊ËÕ„Àâμ√ß°—∫

°“√„™âß“π‰¥âßà“¬ „πªí®®ÿ∫—π ¡’°“√§âπ§«â“·≈–«‘®—¬Õ¬à“ß°«â“ß¢«“ß

®÷ß∑”„Àâ¡’√“¬ß“π‡°’Ë¬«°—∫™’««— ¥ÿ ”À√—∫ß“π«‘»«°√√¡‡π◊ÈÕ‡¬◊ËÕ

®”π«π¡“° μ—«Õ¬à“ß™’««— ¥ÿ∑’Ë‰¥â√—∫§«“¡π‘¬¡ ‰¥â·°à

™’ ««—  ¥ÿ∑’Ë ‰¥â®“°∏√√¡™“μ‘ (Naturally derived

biomaterials) ·≈–«— ¥ÿ∑’Ë‡μ√’¬¡‰¥â®“°Õ«—¬«–„π√à“ß°“¬

(Acellular tissue matrices)

§Õ≈≈“‡®π (Collagen)

§Õ≈≈“‡®π ‡ªìπ‚ª√μ’π‡ âπ„¬ ¡’ª√‘¡“≥¡“°∑’Ë ÿ¥„π

∫√√¥“‚ª√μ’π∑’Ëæ∫„π√à“ß°“¬¡πÿ…¬å §Õ≈≈“‡®π ‡ªìπ™’««— ¥ÿ∑’Ë

‰¥â√—∫§«“¡π‘¬¡Õ¬à“ß·æ√àÀ≈“¬ ”À√—∫„™â‡ªìπ«— ¥ÿ§È”®ÿπ‡´≈≈å

∑—Èßπ’È‡ªìπ‡æ√“–§Õ≈≈“‡®ππ—Èπ‡ªìπÀπ÷Ëß„π‚ª√μ’π∑’ËÕ¬Ÿà·«¥≈âÕ¡‡´≈≈å

(extracellular matrix, ECM) ÷́Ëß‰¡à‡°‘¥ªØ‘°‘√‘¬“μàÕμâ“π®“°‡´≈≈å

„πªí®®ÿ∫—π §Õ≈≈“‡®π ‰¥âπ”‰ª„™â „π∑“ß°“√·æ∑¬å¡“°¢÷Èπ

πÕ°®“°π’È¬—ß¡’°“√»÷°…“‡°’Ë¬«°—∫§Õ≈≈“‡®π„πß“π«‘»«°√√¡

‡π◊ÈÕ‡¬◊ËÕ¡“°¡“¬‡™àπ°—π ‰¥â·°à «‘»«°√√¡‡π◊ÈÕ‡¬◊ËÕ°√–¥Ÿ° (bone

tissue engineering) (Ochi et al., 2003) «‘»«°√√¡‡π◊ÈÕ‡¬◊ËÕº‘«Àπ—ß

(skin tissue engineering) (Croce et al., 2004; Dai et al.,

2004) °“√ à́Õ¡·´¡‡ âπ‡ÕÁπ (tendon repair) (Young et al., 1998)

«‘»«°√√¡‡π◊ÈÕ‡¬◊ËÕ°√–¥Ÿ°ÕàÕπ (cartilage tissue engineering)

(Stark et al., 2006) °√–∫«π°“√ √â“ß‡´≈≈åª√– “∑ (nerve

regenerative enhancement) (Archibald et al., 1995) À√◊Õ

°“√‡≈’È¬ß·≈–°“√· ¥ßÕÕ°¢Õß¬’π (cultivation and gene

expression) (Bruns et al., 2007) º≈°“√»÷°…“ √ÿª‰¥â«à“

§Õ≈≈“‡®π‡ªìπ™’««— ¥ÿ∑’Ë¥’ ™à«¬ àß‡ √‘¡„Àâ‡´≈≈å¡’°“√‡°“–μ‘¥

°“√¢¬“¬¢π“¥·≈– √â“ß‡π◊ÈÕ‡¬◊ËÕ∑’ËμâÕß°“√‰¥âÕ¬à“ß¥’‡¬’Ë¬¡ ¥—ßπ—Èπ

§Õ≈≈“‡®π®÷ßπ—∫«à“‡ªìπ™’««— ¥ÿ∑’Ë¡’ª√–‚¬™πåÕ¬à“ß¬‘Ëß„πß“π

«‘»«°√√¡‡π◊ÈÕ‡¬◊ËÕ

‰À¡ (Silk)

‰À¡ ‡ªìπ‡ âπ„¬∏√√¡™“μ‘ ∑’Ë √â“ß‚¥¬ÀπÕπ‰À¡ (Kim

et al., 2005) ª√–°Õ∫¥â«¬‚ª√μ’πÀ≈—°Õ¬à“ßπâÕ¬ 2 ™π‘¥ §◊Õ
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æÕ≈‘‡¡Õ√å —ß‡§√“–Àå (Synthetic polymers)

°“√»÷°…“‡°’Ë¬«°—∫°“√ª√–¬ÿ°μå„™â«— ¥ÿ„πß“π«‘»«°√√¡

‡π◊ÈÕ‡¬◊ËÕæ∫«à“ °≈ÿà¡¢Õß«— ¥ÿ∑’Ë¬àÕ¬ ≈“¬¬“°¡’°“√„™âß“π‡ªìπ

≈”¥—∫·√° μàÕ¡“ æÕ≈‘‡¡Õ√å —ß‡§√“–Àå À√◊Õ∑’Ë√Ÿâ®—°°—π¥’

§◊Õ ‰À¡≈–≈“¬ ‰¥â√—∫§«“¡π‘¬¡¡“°°«à“ ∑’Ëæ∫¡“°‰¥â·°à °≈ÿà¡

æÕ≈‘‡Õ ‡μÕ√å (Polyesters) (Goh et al., 2003; Zhang et al.,

1997) ‰¥â·°à poly(glycolic acid) (PGA) (Freed et al., 1993),

poly(lactic acid) (PLA) (Kim et al., 1999), poly-e-caprolactone

(PCL) (Honda et al., 2003), poly(ethylene glycol) (PEG)

(Gotoh & Tsukada, 1997) ·≈–æÕ≈‘‡¡Õ√å√à«¡ (copolymers)

¢ÕßæÕ≈‘‡¡Õ√å∑’Ë°≈à“«¡“ ‡™àπ poly(lactic-co-glycolic acid)

(PLGA) (Wang et al., 2007) À√◊Õ poly(L-lactide) (PLL),

poly(D,L-lactide) (PDLL), poly(glycolide) (PG) (Peltoniemi

et al., 2002) «— ¥ÿ‡À≈à“π’È∂Ÿ°¬àÕ¬ ≈“¬‰¥âßà“¬‚¥¬‰¡àμâÕßÕ“»—¬

°“√∑”ß“π¢Õß‡Õπ‰´¡å (non-enzymatic hydrolysis) ‰¡à‡ªìπæ‘…

μàÕ√à“ß°“¬ ·≈– “¡“√∂°”®—¥ÕÕ°®“°√à“ß°“¬‰¥â¥â«¬√–∫∫

‡¡μ“∫Õ≈‘́ ÷¡¢Õß√à“ß°“¬ (Koh and Atala, 2004) ´÷Ëß‰À¡≈–≈“¬

∑’Ë„™â„πªí®®ÿ∫—π·μà≈–™π‘¥ ¡’¢âÕ¥’·μ°μà“ß°—π‰ª ™à«ß·√° π‘¬¡„™â

PGA ·μà¢âÕ‡ ’¬¢ÕßæÕ≈‘‡¡Õ√å™π‘¥π’È§◊Õ ¬àÕ¬ ≈“¬‡√Á«‡°‘π‰ª ÷́Ëß

‰¡à‡À¡“–°—∫ß“π∫“ßª√–‡¿∑ ®÷ß‰¥â‡ª≈’Ë¬π·≈–æ—≤π“‡ªìπ PLGA

´÷Ëß‡ªìπ‚§æÕ≈‘‡¡Õ√å¢Õß PGA ·≈– PLA μàÕ¡“‰¥â¡’°“√æ—≤π“

æÕ≈‘‡¡Õ√å‡æ◊ËÕ„Àâ¡’ ¡∫—μ‘∑’Ë‡À¡“– ¡μ“¡°“√„™âß“π¡“°¢÷Èπ ∑”„Àâ

æÕ≈‘‡¡Õ√å¡’¡“°™π‘¥ ™à«¬„Àâ “¡“√∂‡≈◊Õ°„™â ‰¥âÀ≈“°À≈“¬·≈–

μ√ß°—∫®ÿ¥¡ÿàßÀ¡“¬¡“°¢÷Èπ  º≈°“√»÷°…“æ∫«à“æÕ≈‘‡¡Õ√å —ß‡§√“–Àå

¡’§«“¡‡¢â“°—∫‡´≈≈å√à“ß°“¬‰¥â¥’¡“°  “¡“√∂¬àÕ¬ ≈“¬¥â«¬

°√–∫«π°“√™’«¿“æ ®÷ß‰¡à°àÕ„Àâ‡°‘¥°“√μ°§â“ßÀ√◊ÕÕ“°“√∑’Ë

‰¡àæ÷ßª√– ß§åμàÕ√à“ß°“¬ ‡™àπ Õ“°“√Õ—°‡ ∫·≈–Õ“°“√·æâ (Chun

et al., 2008) μ—«Õ¬à“ß°“√»÷°…“æÕ≈‘‡¡Õ√å —ß‡§√“–Àå À√◊Õ«— ¥ÿ

∑’Ë¡’æÕ≈‘‡¡Õ√å —ß‡§√“–Àå‡ªìπÕß§åª√–°Õ∫„πß“π«‘»«°√√¡‡π◊ÈÕ‡¬◊ËÕ

‰¥â·°à

PGA „™â‡ªìπ«— ¥ÿ ”À√—∫ß“πºà“μ—¥„π™àÕßª“° (Sortino

et al., 2008) ‡ªìπ«— ¥ÿ§È”®ÿπ‰ø‚∫√∫≈“ μå (Lin et al., 1999)

À√◊Õ™à«¬‡æ‘Ë¡§«“¡·¢Áß·√ß·≈–≈—°…≥–∑’Ë¥’¢Õß‡´≈≈å‡ âπ‡ÕÁπ

(Liu et al., 2000), PCL ¡’°“√ª√–¬ÿ°μå„™â ”À√—∫«‘»«°√√¡

‡π◊ÈÕ‡¬◊ËÕ¢ÕßÕ«—¬«–μà“ßÊ ‡™àπ °√–¥Ÿ°ÕàÕπ (cartilage) (Li et al.,

2005), μ—∫ (liver) (Kim et al., 1999), º‘«Àπ—ß (skin) (Dai et al.,

2004), °√–¥Ÿ° (bone) (Coombes et al., 2004), ·≈– ‡´≈≈å

ª√– “∑ (nerve) (Dunnen et al., 2000)  à«π PLGA ¡’√“¬ß“π

‡°’Ë¬«°—∫°“√ª√–¬ÿ°μå„™â ”À√—∫‡´≈≈å¡πÿ…¬åÀ≈“¬™π‘¥‚¥¬‡©æ“–

3 ¡‘μ‘‰¥âßà“¬ (Park et al., 2006) ®÷ß∂Ÿ°π”¡“„™â„π∑“ß°“√·æ∑¬å

¡“°¡“¬ ‡™àπ ‡æ‘Ë¡√–∫∫¿Ÿ¡‘§ÿâ¡°—π∑’Ë‡°’Ë¬«¢âÕß°—∫§«“¡ ¡¥ÿ≈¢Õß

√à“ß°“¬ (hemostatic immunity enhancing) ·≈–°“√√—°…“

∫“¥·º≈ (Yusof et al., 2003) ‡¡◊ËÕ∑¥≈Õß„™â‡ªìπ«— ¥ÿ§È”®ÿπ

æ∫«à“ ‰§μ‘π “¡“√∂‡æ‘Ë¡°“√‡°“–μ‘¥·≈–°“√¢¬“¬¢π“¥¢Õß‡´≈≈å

‰¥â¥’ (Yoo et al., 2008)  à«π‰§‚μ´“π ‡ªìπÕπÿæ—π∏å¢Õß‰§μ‘π ¡’

§«“¡ ‡ªìπ¢—È«¡“°°«à“·≈– “¡“√∂ √â“ßæ—π∏–°—∫«— ¥ÿÀ√◊Õ “√

Õ◊Ëπ‰¥â¥’ √“¬ß“π°“√»÷°…“‡°’Ë¬«°—∫‰§‚μ´“π¡’¡“° (Griffon et al.,

2006; Park et al., 2004; Yuan et al., 2004) ∑’Ë‡°’Ë¬«¢âÕß„π∑“ß

°“√·æ∑¬å‰¥â·°à °“√„™â ‰§‚μ´“π‡ªìπ«— ¥ÿ§È”®ÿπ ”À√—∫‡≈’È¬ß

‡´≈≈åº‘«Àπ—ß‡æ◊ËÕπ”‰ªª≈Ÿ°∂à“¬„Àâ·°àºŸâªÉ«¬∑’Ë‡°‘¥∫“¥·º≈®“°

‰ø‰À¡â¢—Èπ√ÿπ·√ß (Boucard et al., 2007) °“√ÀàÕÀÿâ¡‡´≈≈å

(encapsulation of cells) ·≈–°“√¢π àß¬“ (drug delivery)

(Risbud et al., 2000) °“√´àÕ¡·´¡°√–¥Ÿ°ÕàÕπ (cartilage repair)

(Montembault et al., 2006) °“√´àÕ¡‡ √‘¡°√–¥Ÿ° (bone

reconstruction) (Muzzarelli et al., 1989) ·≈–°“√√—°…“∫“¥·º≈

(Ueno et al., 1999) πÕ°®“°π’È ¡’√“¬ß“π·≈–¬◊π¬—π«à“‰§‚μ´“π
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