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æÕ¥’ ‚¥¬¡’√Õß»“ µ√“®“√¬å™Ÿ™“µ‘ Õ“√’®‘µ√“πÿ √≥å ‡ªìπ∫√√≥“∏‘°“√§π·√° ®“°π—Èπ®÷ß¡’æ—≤π“°“√¡“‡ªìπ≈”¥—∫®π∂÷ßªí®®ÿ∫—π
‚¥¬¡’§≥“®“√¬å„π§≥–º≈—¥‡ª≈’Ë¬π°—π∑”Àπâ“∑’Ë‡ªìπ∫√√≥“∏‘°“√·≈–ª√–®”°Õß∫√√≥“∏‘°“√

ªï∑’Ë æ.». √“¬π“¡∫√√≥“∏‘°“√
1 - 4 2532 - 2535 √Õß»“ µ√“®“√¬å™Ÿ™“µ‘  Õ“√’®‘µ√“πÿ √≥å
5 - 8 2536 - 2539 √Õß»“ µ√“®“√¬å ¥√. ÿæ√√≥ øŸÉ‡®√‘≠
9 - 12 2540 - 2543 √Õß»“ µ√“®“√¬å ¥√.æ—™√’ ‡®’¬√π—¬°Ÿ√
13 - 16 2544 - 2547 ºŸâ™à«¬»“ µ√“®“√¬å ¥√. ÿ∑∏‘æ√√≥ °‘®‡®√‘≠
17 - 18 2548 - 2549 √Õß»“ µ√“®“√¬å‡°…·°â«  ‡æ’¬√∑«’™—¬ ·≈–

√Õß»“ µ√“®“√¬å ¥√.πâÕ¡®‘µµå  π«≈‡πµ√å
19 - 20 2550 - 2551 √Õß»“ µ√“®“√¬å ¥√. ÿæ√√≥ øŸÉ‡®√‘≠ ·≈–

√Õß»“ µ√“®“√¬å ¥√.«‘™—¬  Õ÷ßæ‘π‘®æß»å
21 - ªí®®ÿ∫—π 2552 - ªí®®ÿ∫—π √Õß»“ µ√“®“√¬å ¥√.w ÿæ√√≥ øŸÉ‡®√‘≠

«“√ “√©∫—∫π’È®÷ß‡ªìπ«“√ “√«‘™“°“√©∫—∫‡¥’¬«¢Õßª√–‡∑»∑’Ë≈ßµ’æ‘¡æå∫∑§«“¡∑—Èß∑“ß¥â“π‡∑§π‘§°“√·æ∑¬å·≈–
°“¬¿“æ∫”∫—¥‰ªæ√âÕ¡Ê °—π ºŸâÕà“π«“√ “√®÷ß¡’∑—Èßπ—°‡∑§π‘§°“√·æ∑¬å·≈–π—°°“¬¿“æ∫”∫—¥∑’Ë°√–®“¬°—πÕ¬Ÿà∑—Ë«ª√–‡∑» ºŸâ‡¢’¬π
¡’ à«π√à«¡„π°“√æ—≤π“«“√ “√¡“‚¥¬µ≈Õ¥π—∫®“°√—∫‡ªìπ∫√√≥“∏‘°“√§π∑’Ë ÕßµàÕ®“°√Õß»“ µ√“®“√¬å™Ÿ™“µ‘ ·≈–°≈—∫¡“
√—∫‡ªìπ∫√√≥“∏‘°“√Õ’°§√—Èß„πªï æ.». 2550 ®π∂÷ßªí®®ÿ∫—π ®÷ß‰¥â‡ÀÁπ°“√‡ª≈’Ë¬π·ª≈ß¢Õß«“√ “√¡“‚¥¬µ≈Õ¥  ‡π◊ËÕß®“°‡ªìπ
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«“√ “√«‘™“°“√∑’Ë¡ÿàßµ’æ‘¡æå∫∑§«“¡∑’Ë¡’§ÿ≥¿“æ ®÷ß®”‡ªìπµâÕßµ√«® Õ∫§«“¡∂Ÿ°µâÕß¢Õß‡π◊ÈÕÀ“µâπ©∫—∫Õ¬à“ß‡¢â¡ß«¥ „πÕ¥’µ
°“√¥”‡π‘πß“π¢Õß«“√ “√¡—°¡’ªí≠À“Õÿª √√§‡™àπ‡¥’¬«°—∫«“√ “√«‘™“°“√Õ◊ËπÊ ‡™àπ °“√¢“¥ß∫ª√–¡“≥„π°“√®—¥∑”
(„π√–¬–·√°µâÕßÀ“ß∫ª√–¡“≥„π°“√®—¥æ‘¡æå‡Õß) ¢“¥µâπ©∫—∫∫∑§«“¡∑’Ë¡’§ÿ≥¿“æ ·≈–ÕÕ°‰¥â‰¡à∑—πµ“¡°”Àπ¥ ‡ªìπµâπ
‡Àµÿº≈‡À≈à“π’È‡ªìπº≈„Àâ«“√ “√«‘™“°“√À≈“¬©∫—∫µâÕßªî¥µ—«≈ß‰ª ·µà«“√ “√©∫—∫π’È°Á¬—ß¬◊πÕ¬Ÿà‰¥â ºŸâ∫√‘À“√§≥–‡∑§π‘§°“√·æ∑¬å
∑—Èß„πÕ¥’µ·≈–ªí®®ÿ∫—π‡ÀÁπ§«“¡ ”§—≠·≈–„Àâ°“√ π—∫ πÿπ¥â“πß∫ª√–¡“≥®π‡ªìπ«“√ “√ª√–®”¢Õß§≥– ™à«¬≈¥¿“√–¢Õß
°Õß∫√√≥“∏‘°“√„π°“√· «ßÀ“ß∫ª√–¡“≥„π°“√¥”‡π‘πß“π·≈–∑”„Àâ¡ÿàßæ—≤π“§ÿ≥¿“æ¢Õß«“√ “√‰¥âÕ¬à“ß‡µÁ¡∑’Ë

ªí®®—¬ ”§—≠∑’Ë∑”„Àâ°Õß∫√√≥“∏‘°“√«“√ “√„πªí®®ÿ∫—π®”‡ªìπµâÕßæ—≤π“«“√ “√Õ¬Ÿàµ≈Õ¥‡«≈“ §◊Õ °“√®—¥Õ—π¥—∫§ÿ≥¿“æ
¢Õß«“√ “√«‘™“°“√„πª√–‡∑» ‚¥¬Õ“»—¬§à“¥—™π’º≈°√–∑∫°“√Õâ“ßÕ‘ß¢Õß«“√ “√‰∑¬ (TCI Impact Factor; TCI IF) ´÷Ëß
®—¥∑”‚¥¬»Ÿπ¬å¥—™π’°“√Õâ“ßÕ‘ß«“√ “√‰∑¬ (Thai Citation Index Centre, TCI Centre) (Àπà«¬ß“π§«“¡√à«¡¡◊Õ√–À«à“ß  °«.·≈–
 °Õ.) «“√ “√„¥∑’Ë‰¥â√—∫°“√ª√–°“»§à“ TCI IF  Ÿß ∂◊Õ‡ªìπ«“√ “√∑’Ë¡’§ÿ≥¿“æ Ÿß ‡π◊ËÕß®“°‡ªìπ¥—™π’ ”§—≠∑’Ë„™âª√–°Õ∫°“√
ª√–‡¡‘π§ÿ≥¿“æ·≈–®—¥Õ—π¥—∫«“√ “√ °“√‰¥âµ’æ‘¡æå‡º¬·æ√àº≈ß“π«‘®—¬„π«“√ “√∑’Ë¡’§à“ TCI IF  Ÿß ®÷ß∂◊Õ‡ªìπ§«“¡ ”‡√Á®
·≈–‡ªìπ‡°’¬√µ‘ ”À√—∫‡®â“¢Õßº≈ß“π¥â«¬  TCI Centre ‰¥â®—¥∑”·≈–æ—≤π“∞“π¢âÕ¡Ÿ≈«“√ “√‰∑¬ „Àâ “¡“√∂ ◊∫§âπ‰¥â„π
√–∫∫ÕÕπ‰≈πå·≈–√“¬ß“π§à“¥—™π’º≈°√–∑∫°“√Õâ“ßÕ‘ß¢Õß«“√ “√‰∑¬ ‚¥¬‰¥â‡√‘Ë¡¥”‡π‘πß“π¡“µ—Èß·µàªï æ.». 2545 ·≈–
ª√–°“»§à“ TCI IF ¢Õß«“√ “√«‘™“°“√‰∑¬„π«—π∑’Ë 15 °√°Æ“§¡¢Õß∑ÿ°ªïµàÕ‡π◊ËÕß¡“®π∂÷ßªí®®ÿ∫—π °“√ª√–°“»¢âÕ¡Ÿ≈
¥—ß°≈à“«¢Õß TCI µàÕ “∏“√≥–Õ¬à“ßµàÕ‡π◊ËÕß∑ÿ°ªï ‰¥â°àÕ„Àâ‡°‘¥§«“¡æ¬“¬“¡„π°“√æ—≤π“§ÿ≥¿“æ¢Õß«“√ “√‰∑¬Õ¬à“ß‡ªìπ
√–∫∫¡“°¢÷Èπ

æ—≤π“°“√¢Õß«“√ “√‡∑§π‘§°“√·æ∑¬å·≈–°“¬¿“æ∫”∫—¥®÷ß¥Ÿ‰¥â®“°°“√®—¥Õ—π¥—∫«“√ “√¢Õß TCI Centre ·≈–®“°
°“√ª√–°“»§à“ TCI IF ª√–®”ªï æ.». 2550 ‡¡◊ËÕ«—π∑’Ë 15 °√°Æ“§¡ 2551 ÷́Ëß∂◊Õ‡ªìπ§à“ TCI IF ≈à“ ÿ¥∑’Ë„™âÕâ“ßÕ‘ßÕ¬Ÿà„π
ªí®®ÿ∫—π ¡’«“√ “√«‘™“°“√¢Õß‰∑¬∑’ËÕ¬Ÿà„πª√–°“»®”π«π∑—Èß ‘Èπ 137 √“¬°“√ ¡’«“√ “√∑’Ë¡’§à“ TCI IF √«¡∑—Èß ‘Èπ 80 √“¬°“√
´÷Ëß¡’§à“Õ¬Ÿà√–À«à“ß 0.009 - 0.326 ∑’Ë‡À≈◊ÕÕ’° 57 √“¬°“√¡’§à“ TCI IF ‡ªìπ 0 ∑ÿ°©∫—∫ «“√ “√‡∑§π‘§°“√·æ∑¬å·≈–°“¬¿“æ∫”∫—¥
¡’§à“ TCI IF 0.133 ·≈–®—¥Õ¬Ÿà„π≈”¥—∫∑’Ë 9 ¢Õß«“√ “√«‘™“°“√‰∑¬∑’Ë¡’§à“ TCI IF  Ÿß ÿ¥ 10 Õ—π¥—∫·√° ÷́Ëß∂◊Õ‡ªìπ
æ—≤π“°“√¥â“π§ÿ≥¿“æ¢Õß«“√ “√‡ªìπ‰ª„π∑“ß∑’Ë¥’¢÷Èπ¡“‚¥¬µ≈Õ¥ (ªï æ.». 2548 ¡’§à“ TCI IF ‡ªìπ 0 ·≈–„πªï æ.». 2549
¡’§à“‡ªìπ 0.043 Õ—π¥—∫ 39) ¢âÕ¡Ÿ≈„πªï≈à“ ÿ¥· ¥ß„Àâ‡ÀÁπ«à“πÕ°®“°®–‡ªìπ«“√ “√«‘™“°“√∑’Ëµ‘¥Õ¬Ÿà„π 10 Õ—π¥—∫·√°·≈â«
¬—ß∂◊Õ‡ªìπ«“√ “√«‘™“°“√¥â“π‡∑§π‘§°“√·æ∑¬å·≈–°“¬¿“æ∫”∫—¥¢Õß‰∑¬∑’Ë¡’§à“ TCI IF  Ÿß ÿ¥ («“√ “√°“¬¿“æ∫”∫—¥¢Õß
 ¡“§¡°“¬¿“æ∫”∫—¥·Ààßª√–‡∑»‰∑¬ ¡’§à“‡∑à“°—∫ 0.103 Õ¬Ÿà„π≈”¥—∫∑’Ë 21, «“√ “√‡∑§π‘§°“√·æ∑¬å ¢Õß ¡“§¡‡∑§π‘§
°“√·æ∑¬å·Ààßª√–‡∑»‰∑¬ ¡’§à“‡∑à“°—∫ 0.055 Õ¬Ÿà„π≈”¥—∫∑’Ë 41 ·≈–«“√ “√ À‡«™»“ µ√å ®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬ ¡’§à“
‡∑à“°—∫ 0 ·≈–Õ¬Ÿà„π≈”¥—∫∑’Ë 81 ‡∑à“°—∫«“√ “√Õ◊ËπÕ’° 57 √“¬°“√∑’Ë¡’§à“ TCI IF ‡ªìπ 0)

º≈®“°°“√®—¥Õ—π¥—∫¥—ß°≈à“« ∑”„Àâ  °Õ. ‰¥âª√–°“»„Àâ∑ÿπ π—∫ πÿπ‡æ◊ËÕæ—≤π“«“√ “√°≈ÿà¡ “¢“«‘∑¬“»“ µ√å·≈–‡∑§‚π‚≈¬’
ª√–®”ªïß∫ª√–¡“≥ 2551 ®”π«π 5 ∑ÿπÊ ≈– 150,000.- ∫“∑ ·°à«“√ “√«‘™“°“√‰∑¬®”π«π 5 ©∫—∫ ‚¥¬ «“√ “√‡∑§π‘§
°“√·æ∑¬å·≈–°“¬¿“æ∫”∫—¥ ‰¥â√—∫°“√§—¥‡≈◊Õ°„Àâ‡ªìπ 1 „π 5 ©∫—∫π’È¥â«¬
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¢âÕ¡Ÿ≈‡À≈à“π’È· ¥ß„Àâ‡ÀÁπ∂÷ßæ—≤π“°“√¥â“π§ÿ≥¿“æ¢Õß«“√ “√‰¥â‡ªìπÕ¬à“ß¥’ ªí®®ÿ∫—π«“√ “√‡∑§π‘§°“√·æ∑¬å·≈–
°“¬¿“æ∫”∫—¥ ®—¥æ‘¡æåªï≈– 3 ©∫—∫ ‚¥¬‰¥â√—∫°“√ π—∫ πÿπ¥â“πß∫ª√–¡“≥ ®“°  °Õ.  ∂“π∫√‘°“√ ÿ¢¿“æ‡∑§π‘§°“√·æ∑¬å
·≈–°“¬¿“æ∫”∫—¥ ·≈–§≥–‡∑§π‘§°“√·æ∑¬å ¡À“«‘∑¬“≈—¬¢Õπ·°àπ  ºŸâ‡¢’¬πÀ«—ß∑’Ë®–‡ÀÁπ°“√‡®√‘≠‡µ‘∫‚µ¥â“π§ÿ≥¿“æ¢Õß
«“√ “√©∫—∫π’ÈµàÕ‰ª ÷́ËßµâÕßÕ“»—¬§«“¡√à«¡¡◊Õ¢Õß∑ÿ°ΩÉ“¬ ∑—ÈßºŸâ‡¢’¬π∫∑§«“¡ ºŸâª√–‡¡‘π∫∑§«“¡ ºŸâÕà“π∫∑§«“¡ √–∫∫°“√
¥”‡π‘πß“π¿“¬„π°Õß∫√√≥“∏‘°“√ µ≈Õ¥®π°“√ π—∫ πÿπ®“°§≥–‡∑§π‘§°“√·æ∑¬å ¡À“«‘∑¬“≈—¬¢Õπ·°àπ  ¡“™‘°·≈–
‡æ◊ËÕπ√à«¡«‘™“™’æ∑ÿ°∑à“π
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∫∑§—¥¬àÕ
¡–‡√ÁßªÕ¥‡ªìπªí≠À“ ”§—≠∑“ß “∏“√≥ ÿ¢„πª√–‡∑»‰∑¬ æ∫‡ªìπÕ—π¥—∫ Õß„π‡æ»™“¬·≈–Õ—π¥—∫ ’Ë„π‡æ»À≠‘ß  ”À√—∫

¿“§µ–«—πÕÕ°‡©’¬ß‡Àπ◊Õ ®“°¢âÕ¡Ÿ≈ ∂‘µ‘ªï §.».2005 ¢ÕßÀπà«¬¡–‡√Áß ‚√ßæ¬“∫“≈»√’π§√‘π∑√å æ∫«à“¡–‡√ÁßªÕ¥‡ªìπ
Õ—π¥—∫ Õß„π‡æ»™“¬·≈–Õ—π¥—∫Àâ“„π‡æ»À≠‘ß ™π‘¥¢Õß¡–‡√ÁßªÕ¥®”·π°µ“¡≈—°…≥–¢Õß‡´≈≈å‰¥â 2 ™π‘¥„À≠à §◊Õ ‡´≈≈å
¡–‡√Áßµ—«‡≈Á°·≈–‡´≈≈å¡–‡√Áß∑’Ë‰¡à„™à‡´≈≈å¡–‡√Áßµ—«‡≈Á° °“√√—°…“ºŸâªÉ«¬¡–‡√ÁßªÕ¥∑”‰¥â‚¥¬°“√ºà“µ—¥ ‡§¡’∫”∫—¥ √—ß ’√—°…“
 “‡ÀµÿÀ≈—° §◊Õ °“√ Ÿ∫∫ÿÀ√’Ë́ ÷Ëß∑”„Àâ‡°‘¥Õπÿ¡Ÿ≈Õ‘ √–„π√à“ß°“¬ Õ¬à“ß‰√°Áµ“¡√à“ß°“¬¡’√–∫∫ “√µâ“πÕπÿ¡Ÿ≈Õ‘ √– 2 °≈ÿà¡„À≠à§◊Õ
°≈ÿà¡∑’Ë‰¡à„™à‡Õπ‰´¡å ‡™àπ ∫’µ“·§‚√∑’π ‰≈‚§ªïπ «‘µ“¡‘πÕ’ ·≈–«‘µ“¡‘π´’ ‡ªìπµâπ °—∫°≈ÿà¡∑’Ë‡ªìπ‡Õπ‰´¡å ‡™àπ glutathione
peroxidase (GPx) ́ ÷Ëß¡’́ ’≈‘‡π’¬¡‡ªìπ‚§·ø°‡µÕ√å  intracellular superoxide dismutase (SOD) ·≈– extracellular superoxide
dismutase (EC-SOD) ·≈– paraoxonase I (PON I) ‡ªìπµâπ ¡’ß“π«‘®—¬‡°’Ë¬«°—∫∫∑∫“∑¢Õß “√µâ“πÕπÿ¡Ÿ≈Õ‘ √–µàÕ¡–‡√Áß
ªÕ¥∑—Èß„π¡πÿ…¬å·≈– —µ«å∑¥≈Õß ‡™àπ ‚§√ß°“√ ATBC ·≈– CARET „Àâ‡ √‘¡∫’µ“·§‚√∑’π°—∫™“«øîπ·≈π¥å·≈–Õ‡¡√‘°—π
µ“¡≈”¥—∫ æ∫«à“Õÿ∫—µ‘°“√≥å°“√‡°‘¥¡–‡√ÁßªÕ¥‡æ‘Ë¡¡“°¢÷Èπ ·µà∫’µ“·§‚√∑’π™à«¬≈¥°“√‡°‘¥¡–‡√ÁßªÕ¥„πµ—«‡øÕ√å‡√∑ °“√‡ √‘¡
‰≈‚§ªïπ¡’º≈¥’„π°“√ àß —≠≠“≥√–¥—∫‡´≈≈å´÷Ëß‡°’Ë¬«¢âÕß°—∫ cell apoptosis ·≈– cell proliferation ∫“ß°“√∑¥≈Õß
æ∫«à“°“√„Àâ‡ √‘¡‰≈‚§ªïπ¡’º≈¥’µàÕºŸâªÉ«¬¡–‡√ÁßµàÕ¡≈Ÿ°À¡“°¡“°°«à“ºŸâªÉ«¬¡–‡√ÁßªÕ¥ «‘µ“¡‘πÕ’™à«¬≈¥ª√‘¡“µ√‡π◊ÈÕßÕ°
„π —µ«å∑¥≈Õß  à«πÕπÿæ—π∏å¢Õß«‘µ“¡‘πÕ’™à«¬≈¥°“√Õ—°‡ ∫·≈– “¡“√∂≈¥ ¿“«–°“√ª√—∫µ—«¢Õß‡´≈≈å¡–‡√ÁßªÕ¥„π¡πÿ…¬å
«‘µ“¡‘π ’́‡¡◊ËÕ„Àâ‡ √‘¡√à«¡°—∫ N-acetylcystein æ∫«à“™à«¬≈¥°“√‡°‘¥¡–‡√ÁßªÕ¥ ·µà‡¡◊ËÕ„Àâ‡ √‘¡«‘µ“¡‘π´’„π‡´≈≈å‡æ“–‡≈’È¬ß
¡–‡√ÁßªÕ¥∑’Ë¡’ “‡Àµÿ®“°æ‘…¢Õß‚§√‡¡’¬¡ æ∫«à“«‘µ“¡‘π´’°≈—∫∑”Àπâ“∑’Ë‡ªìπ‚ª√ÕÕ° ‘́·¥π∑å  à«π°“√„Àâ‡ √‘¡´‘≈‘‡π’¬¡„π√Ÿª·∫∫
µà“ßÊ „Àâº≈¥’¡“°„π°“√ªÑÕß°—π¡–‡√ÁßªÕ¥ ºŸâªÉ«¬¡–‡√ÁßªÕ¥„π√–¬–µà“ßÊ®–¡’√–¥—∫‡Õπ‰´¡å GPx  Ÿß°«à“§πª°µ‘ ºŸâ∑’Ë Ÿ∫∫ÿÀ√’Ë
¡’√–¥—∫‡Õπ‰´¡å SOD  Ÿß°«à“ºŸâ∑’Ë‰¡à Ÿ∫∫ÿÀ√’Ë ‡Õπ‰´¡å EC-SOD „π —µ«å∑¥≈Õß¡’º≈„π°“√≈¥°“√Õ—°‡ ∫ °“√‡°‘¥æ—ßº◊¥ ·≈–
°“√∂Ÿ°∑”≈“¬¢Õß‡π◊ÈÕ‡¬◊ËÕªÕ¥ ·≈–‡Õπ‰´¡å PON I ¡’√–¥—∫≈¥≈ß„πºŸâªÉ«¬¡–‡√ÁßªÕ¥ ´÷ËßÕ“®‡ªìπº≈®“°°“√µÕ∫ πÕßµàÕ
°“√‡æ‘Ë¡ lipid peroxidation °“√„Àâ‡ √‘¡ “√µâ“πÕπÿ¡Ÿ≈Õ‘ √–À≈“¬™π‘¥√«¡°—π¡’º≈¥’µàÕ¡–‡√ÁßªÕ¥ Õ¬à“ß‰√°Áµ“¡¬—ß¡’ ‘Ëß∑’Ë
µâÕß»÷°…“Õ’°¡“°‡°’Ë¬«°—∫º≈°√–∑∫¢Õß “√µâ“πÕπÿ¡Ÿ≈Õ‘ √–„π√–∫∫∑“ß™’«¿“æ √«¡∑—Èßº≈¥’·≈–§«“¡‡ªìπæ‘…∑’ËÕ“®‡°‘¥¢÷Èπ¥â«¬

§” ”§—≠:   “√µâ“πÕπÿ¡Ÿ≈Õ‘ √–, ¡–‡√ÁßªÕ¥
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Role of antioxidants in lung cancer
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Abstract
Lung cancer is a major health problem.  In Thailand, it is the second most common in men and the fourth

in women. Srinagarind cancer unit statistical data (2005) revealed that lung cancer is the second and the fifth in
men and women admitted to Srinagarind hospital. Lung cancer can be classified into 2 groups, small cell lung
cancer and non-small cell lung cancer. It can be treated by operation, chemotherapy and radiotherapy. The major
cause of lung cancer is smoking which causes free radical formation in the body. However, our body has
antioxidant systems, both non-enzyme system e.g. β-carotene, lycopene, vitamin E, vitamin C and enzyme
system e.g. glutathione peroxidase (GPx) which has selenium as a cofactor, intracellular superoxide dismutase
(SOD), extracellular superoxide dismutase (EC-SOD) and paraoxonase I (PON I). The β-carotene experiments
(ATBC and CARET in the Finnish and American, respectively) showed that antioxidants may act as prooxidant
in smokers.  In animal model, β-carotene could decrease incidence of lung cancer in ferret depending on time
and dosage. Lycopene supplementation influenced on cell proliferation and apoptosis pathway. However, lycopene
supplementation is better for prostate cancer patients than lung cancer patients. Vitamin E decreases lung tumor
in mice, its derivatives decrease inflammation and adaptation of Src gene. Vitamin C combined with
N-acetylcystein decreased cell variability and malignant cells. It also activated lung cancer in chromium treated
cells. Selenium has a chemopreventive role. GPx level was increased in lung cancer patients. SOD was higher
in smoking group than non-smoking one. EC-SOD decreased inflammation, lung fibrosis and lung damage in
animal. PON I level was lower in lung cancer patients than in normal people due to responded lipid peroxidation.
However, combined supplementation may be a good alternative by which further study is required regarding the
impact of these antioxidants in biological system, which includes beneficial as well as toxic health effect.

Key words:  Antioxidant,  Lung cancer
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¡–‡√ÁßªÕ¥
¡–‡√ÁßªÕ¥‡ªìπªí≠À“ ”§—≠∑“ß “∏“√≥ ÿ¢ ªï §.». 2002

ª√–‡∑»®’π¡’ºŸâªÉ«¬¡–‡√ÁßªÕ¥√âÕ¬≈– 20 ‡¡◊ËÕ‡∑’¬∫°—∫
ª√–™“°√‚≈° (2.2 ≈â“π§π)  à«π„π∑«’ªÕ‡¡√‘°“‡Àπ◊Õ
æ∫√âÕ¬≈– 14.5 (1.6 ≈â“π§π) ·≈–æ∫„π‡æ»™“¬¡“°°«à“
‡æ»À≠‘ß  à«π„π∑«’ª¬ÿ‚√ªæ∫πâÕ¬°«à“„π∑«’ªÕ‡¡√‘°“‡Àπ◊Õ
·≈–æ∫Õÿ∫—µ‘°“√≥å¢Õß¡–‡√ÁßªÕ¥πâÕ¬∑’Ë ÿ¥„π∑«’ª·Õø√‘°“(1)

¢âÕ¡Ÿ≈ ∂‘µ‘¢Õßª√–‡∑»‰∑¬√–À«à“ßªï §.». 1995-1997
√“¬ß“π«à“æ∫¡–‡√ÁßªÕ¥¡“°‡ªìπÕ—π¥—∫ Õß„π‡æ»™“¬ (25.9
§πµàÕª√–™“°√Àπ÷Ëß· π§π) √Õß®“°¡–‡√Áßµ—∫ ·µàæ∫‡ªìπ
Õ—π¥—∫ ’Ë „π‡æ»À≠‘ß (10 §πµàÕª√–™“°√Àπ÷Ëß· π§π)
√Õß®“°¡–‡√Áßª“°¡¥≈Ÿ° ¡–‡√Áß‡µâ“π¡ ·≈–¡–‡√Áßµ—∫
∑’Ë®—ßÀ«—¥≈”ª“ß¡’Õÿ∫—µ‘°“√≥å°“√‡°‘¥¡–‡√ÁßªÕ¥¡“°∑’Ë ÿ¥„π
ª√–‡∑»‰∑¬ (53.5 §πµàÕª√–™“°√Àπ÷Ëß· π§π) √Õß≈ß¡“
§◊Õ ‡™’¬ß„À¡à·≈–°√ÿß‡∑æ  à«π¢Õπ·°àπæ∫‡ªìπÕ—π¥—∫ ’Ë (19.9
§πµàÕª√–™“°√Àπ÷Ëß· π§π) ·≈– ß¢≈“‡ªìπÕ—π¥—∫∑’ËÀâ“(2)

®“° ∂‘µ‘ºŸâªÉ«¬∑’Ë‡¢â“√—∫°“√√—°…“¡–‡√Áß∑’Ë ∂“∫—π¡–‡√Áß·Ààß™“µ‘
ªï §.». 2005 æ∫«à“Õÿ∫—µ‘°“√≥å¢Õß¡–‡√ÁßªÕ¥‡ªìπÕ—π¥—∫Àπ÷Ëß
(215 §π) „π‡æ»™“¬ ·µà‡ªìπÕ—π¥—∫ ’Ë (110 §π) „π‡æ»
À≠‘ß ™à«ßÕ“¬ÿ∑’Ë¡’Õÿ∫—µ‘°“√≥å°“√‡°‘¥¡–‡√ÁßªÕ¥¡“°∑’Ë ÿ¥
Õ¬Ÿà√–À«à“ß 60-64 ªï(3)  ”À√—∫¿“§µ–«—πÕÕ°‡©’¬ß‡Àπ◊Õπ—Èπ
Àπà«¬¡–‡√Áß ‚√ßæ¬“∫“≈»√’π§√‘π∑√å ¡À“«‘∑¬“≈—¬¢Õπ·°àπ
‰¥â√“¬ß“π ∂‘µ‘¢Õßªï §.». 2005 «à“¡–‡√ÁßªÕ¥æ∫‡ªìπ
Õ—π¥—∫ Õß„π‡æ»™“¬ (√âÕ¬≈– 14.1 ®“°®”π«πºŸâªÉ«¬¡–‡√Áß
∑ÿ°ª√–‡¿∑∑’Ë‡¢â“√—∫°“√µ√«®√—°…“∑’Ë‚√ßæ¬“∫“≈»√’π§√‘π∑√å)
·≈–„π‡æ»À≠‘ß‡ªìπÕ—π¥—∫∑’ËÀâ“ (√âÕ¬≈– 5.4)(4)  “‡Àµÿ„À≠à
¢Õß¡–‡√ÁßªÕ¥¡“®“°°“√ Ÿ∫∫ÿÀ√’Ë ¡≈æ‘… œ≈œ πÕ°®“°π—Èπ
¬—ß¡’ “‡Àµÿ®“°ªí®®—¬Õ◊ËπÊ ‡™àπ æ—π∏ÿ°√√¡ Õ“™’æ∑’ËµâÕß¡’°“√
 —¡º— ‡√¥Õπ (radon) ·≈–·√à„¬À‘π (asbestos) ‡ªìπµâπ(5)

¡–‡√ÁßªÕ¥®”·π°µ“¡≈—°…≥–¢Õß‡´≈≈å‰¥â 2 ™π‘¥„À≠à
§◊Õ ‡´≈≈å¡–‡√Áßµ—«‡≈Á° (small cell lung cancer, SCLC)
·≈– ‡´≈≈å¡–‡√Áß∑’Ë‰¡à„™à‡´≈≈å¡–‡√Áßµ—«‡≈Á° (non-small cell
lung cancer, NSCLC)

1. ‡´≈≈å¡–‡√Áßµ—«‡≈Á° æ∫√âÕ¬≈– 20-25 ®“°¡–‡√Áß
ªÕ¥∑—ÈßÀ¡¥ ª√–°Õ∫¥â«¬‡´≈≈å¢π“¥‡≈Á° ¡’‰´‚∑æ≈“ ´÷¡
πâÕ¬ À“¢Õ∫‡¢µ¬“° ¡’§«“¡√â“¬·√ß°«à“™π‘¥Õ◊ËπÊ Õ“°“√
√ÿπ·√ß·≈–¡’°“√·æ√à°√–®“¬‰¥â‡√Á« µÕ∫ πÕßµàÕ‡§¡’∫”∫—¥
‰¥â¥’ ·∫àß¬àÕ¬ÕÕ°‡ªìπ 2 °≈ÿà¡ ‰¥â·°à °≈ÿà¡ limited disease

¡–‡√ÁßªÕ¥‡°‘¥¢÷Èπ„π∑√«ßÕ°√«¡∑—ÈßµàÕ¡πÈ”‡À≈◊Õß∫√‘‡«≥
‡Àπ◊Õ°√–¥Ÿ°‰Àª≈“√â“¢â“ß‡¥’¬«°—π·≈– °≈ÿà¡ extensive
disease ‡ªìπ√–¬–∑’Ë¡’°“√°√–®“¬¢Õß¡–‡√Áß‰ª∑—Ë«∑ÿ°Õ«—¬«–

2. ‡´≈≈å¡–‡√Áß∑’Ë‰¡à„™à‡´≈≈å¡–‡√Áßµ—«‡≈Á° æ∫¡“°√âÕ¬≈–
75-80 ¢Õß¡–‡√ÁßªÕ¥∑—ÈßÀ¡¥  “‡Àµÿ¡—°‡°‘¥®“°°“√ Ÿ∫∫ÿÀ√’Ë
¡’°“√®—¥√–¬–¢Õß‚√§∑’Ë·πàπÕπ ∑’Ëπ‘¬¡„™â°—π §◊Õ °“√®—¥
√–¬–¢Õß‚√§µ“¡√–∫∫ TNM (Tumor, Lymph node,
Metastasis Classification) ‚¥¬·∫àß‡ªìπ 4 √–¬– ‰¥â·°à √–¬–
∑’Ë 1 ¡’°âÕπ¡–‡√Áß‡©æ“–∑’ËªÕ¥ ¬—ß‰¡à¡’°“√°√–®“¬¢Õß‚√§
‰ª∑’ËµàÕ¡πÈ”‡À≈◊Õß √–¬–∑’Ë 2 ¡’°“√°√–®“¬¢Õß‚√§¡–‡√Áß
‰ª∑’ËµàÕ¡πÈ”‡À≈◊Õß√Õ∫ÊÀ≈Õ¥≈¡ (peribronchial) ·≈–
µàÕ¡πÈ”‡À≈◊Õß∑’Ë¢—È«ªÕ¥¢â“ß∑’Ë‡ªìπ¡–‡√Áß (ipsilateral hilar
lymph node) √–¬–∑’Ë 3 ¡’°“√°√–®“¬¢Õß√Õ¬‚√§‰ª∑’Ë
µàÕ¡πÈ”‡À≈◊Õß∑’Ë‰°≈°«à“√Õ¬‚√§ ·µà¬—ß§ßÕ¬Ÿà¥â“π‡¥’¬«°—π ·≈–
√–¬–∑’Ë 4 ¡’°“√°√–®“¬¢Õß¡–‡√Áß‰ª∑—Ë«√à“ß°“¬ ‡´≈≈å¡–‡√Áß
∑’Ë‰¡à„™à‡´≈≈å¡–‡√Áßµ—«‡≈Á° Õ“®·∫àßµ“¡™π‘¥¢Õß‡´≈≈å ‰¥â¥—ßπ’È

2.1 Squamous cell carcinoma ‡ª≈’Ë¬π·ª≈ß
¡“®“°‡´≈≈å‡¬◊ËÕ∫ÿ™π‘¥ squamous epithelium æ∫«à“√âÕ¬≈–
70 ¡’µ”·ÀπàßÕ¬Ÿà„°≈â°—∫¢—È«ªÕ¥·≈–À≈Õ¥≈¡¢π“¥„À≠à
¡“°°«à“®–„°≈â°—∫‡¬◊ËÕÀÿâ¡ªÕ¥ ª√–¡“≥√âÕ¬≈– 90 ¢ÕßºŸâªÉ«¬
¡’ª√–«—µ‘ Ÿ∫∫ÿÀ√’Ë¡“°àÕπ·≈–æ∫„π‡æ»™“¬¡“°°«à“‡æ»À≠‘ß

2.2 Adenocarcinoma ‡ª≈’Ë¬π·ª≈ß¡“®“°‡´≈≈å
‡¬◊ËÕ∫ÿ∑’Ë‡ªìπµàÕ¡ (glandular epithelium) ‚¥¬· ¥ß≈—°…≥–
‡ªìπ∑àÕ ªÿÉ¡  √â“ß “√ mucin ª√‘¡“≥¡“° ∑”„Àâ‡ÀÁπÀπâ“µ—¥
≈—°…≥–≈◊Ëπ¡—π ¡—°æ∫∑’Ëµ”·Àπàß¥â“ππÕ°¢ÕßªÕ¥ „°≈â‡¬◊ËÕ
Àÿâ¡ªÕ¥ °âÕπ¡–‡√Áß¡’¢Õ∫‡¢µ™—¥‡®π ·≈–¡—°æ∫√à«¡°—∫æ—ßº◊¥
(fibrosis)

2.3 Large cell carcinoma ¡’π‘«‡§≈’¬ ¢π“¥„À≠à
¡’ ‰´‚∑æ≈“´÷¡ª√‘¡“≥¡“° ¢Õ∫‡¢µ¢Õß‡´≈≈å™—¥‡®π·≈–
µâÕß‰¡à¡’≈—°…≥–‡©æ“–¢Õß¡–‡√Áß™π‘¥Õ◊Ëπ Õ“°“√·≈–Õ“°“√
· ¥ß‡À¡◊Õπ°—∫¡–‡√ÁßªÕ¥™π‘¥Õ◊ËπÊ  à«π„À≠àºŸâªÉ«¬¡—°¡’
ª√–«—µ‘ Ÿ∫∫ÿÀ√’Ë Õ“¬ÿ‚¥¬‡©≈’Ë¬§◊Õ 60 ªï(6)

°“√√—°…“¡–‡√ÁßªÕ¥∑”‰¥âÀ≈“¬«‘∏’ ‡™àπ °“√√—°…“∑“ß
»—≈¬°√√¡ °“√√—°…“∑“ß‡§¡’∫”∫—¥ ·≈–°“√√—°…“∑“ß√—ß ’ (5,7)

´÷Ëß·æ∑¬å®–‡≈◊Õ°∑”°“√√—°…“„Àâ‡À¡“–°—∫√–¬–·≈–§«“¡
√ÿπ·√ß¢Õß‚√§
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 “√µâ“πÕπÿ¡Ÿ≈Õ‘ √– (Antioxidant)
 “√µâ“πÕπÿ¡Ÿ≈Õ‘ √– §◊Õ  “√∑’Ë “¡“√∂ªÑÕß°—π ¬—∫¬—ÈßÀ√◊Õ

∑”≈“¬Õπÿ¡Ÿ≈Õ‘ √–  à«π„À≠à‚¥¬°“√‡°Á∫°‘π (scavenging)
·≈–°“√√’¥‘«´å‚¡‡≈°ÿ≈(8)  “√µâ“πÕπÿ¡Ÿ≈Õ‘ √–·∫àß‡ªìπ 2
°≈ÿà¡„À≠à ‰¥â·°à °≈ÿà¡∑’Ë ‰¡à„™à‡Õπ‰´¡å (non-enzymatic
antioxidants) ·≈–°≈ÿà¡∑’Ë ‡ªìπ‡Õπ‰´¡å (enzymatic
antioxidants)(9)

 “√µâ“πÕπÿ¡Ÿ≈Õ‘ √–°≈ÿà¡∑’Ë‰¡à„™à‡Õπ‰´¡å ¡’°≈‰°„π°“√
∑”ß“πµà“ßÊ °—π  “√°≈ÿà¡ ·§‚√∑’πÕ¬¥å (carotenoid)
¡’‚§√ß √â“ß‰Œ‚¥√§“√å∫Õπ 10-12 æ—π∏–§Ÿà ≈–≈“¬‰¥â„π‰¢¡—π
®÷ßΩíßÕ¬Ÿà„π‡¬◊ËÕÀÿâ¡‡´≈≈å ‡ªìπµ—«¬—∫¬—Èß°“√‡ª≈’Ë¬π¢ÕßÕÕ°´‘‡®π
‡ªìπ‰Œ‚¥√‡ªÕ√åÕÕ°‰´¥å (hydroperoxide; ROOH) µ—«Õ¬à“ß
¢Õß “√„π°≈ÿà¡·§‚√∑’πÕ¬¥å∑’Ë√Ÿâ®—°°—π¥’ ‰¥â·°à ∫’µ“·§‚√∑’π
(β-carotene) ·≈–‰≈‚§ªïπ (lycopene) ∫’µ“·§‚√∑’π
∑”Àπâ“∑’Ë‡°Á∫°‘πÕπÿ¡Ÿ≈Õ‘ √–∑’Ë‡ªìπ lipid peroxyl radical
„π ¿“«–∑’Ë¡’§«“¡¥—π¢ÕßÕÕ°´‘‡®πµË” ‰≈‚§ªïπ ®–‡°Á∫°‘π
Õπÿ¡Ÿ≈Õ‘ √–∑’Ë∂Ÿ°ÕÕ° ‘́‰¥ ǻ„π°√–∫«π°“√¢π àßÕ‘‡≈Á°µ√Õπ
·≈–®“°°√–∫«π°“√Õ◊ËπÊ∑’Ë¡’°“√º≈‘µÕπÿ¡Ÿ≈Õ‘ √–¢÷Èπ„π√à“ß°“¬
«‘µ“¡‘πÕ’ (tocopherol) ¡’ª√– ‘∑∏‘¿“æ¡“°„π°“√°”®—¥
peroxyl radicals ∑’ËÕ¬Ÿà„π‚§√ß √â“ßøÕ ‚ø≈‘æ‘¥ Õß™—Èπ
(phospholipid bilayer) ‚¥¬«‘µ“¡‘πÕ’®–√—∫Õπÿ¡Ÿ≈Õ‘ √–¡“
‡°Á∫„π‚§√ß √â“ß∑’Ëª√–°Õ∫¥â«¬«ß·À«πÕ–‚√¡“µ‘° ·≈â«µ—«
‡Õß°≈“¬‡ªìπÕπÿ¡Ÿ≈Õ‘ √–¢Õß«‘µ“¡‘πÕ’ “¡“√∂°≈—∫‰ªÕ¬Ÿà„π
√Ÿª∑’Ë∑”ß“π‰¥âÕ’°§√—Èß¥â«¬§«“¡™à«¬‡À≈◊Õ¢Õß«‘µ“¡‘π´’´÷Ëß¡“
√—∫Õπÿ¡Ÿ≈Õ‘ √– «‘µ“¡‘π´’ (ascorbate) °”®—¥‰Œ‚¥√‡®π‡ªÕ√å
ÕÕ°‰´¥å∑’Ë≈–≈“¬„ππÈ” „π ¿“«–ª°µ‘¢Õß√à“ß°“¬π—Èπ«‘µ“¡‘π´’
®–Õ¬Ÿà„π√Ÿª§Õπ®Ÿ‡°µ‡∫  (conjugate base, AH-) ‡¡◊ËÕ
√—∫Õπÿ¡Ÿ≈Õ‘ √–¡“·≈â« “¡“√∂°≈—∫‰ª∑”ß“π‰¥â‚¥¬Õ“»—¬
§«“¡™à«¬‡À≈◊Õ¢Õß‡Õπ‰´¡å glutathione peroxidase(8)

 “√µâ“πÕπÿ¡Ÿ≈Õ‘ √–°≈ÿà¡∑’Ë‡ªìπ‡Õπ‰´¡å ‰¥â·°à ‡Õπ‰´¡å
glutathione peroxidase (GPx) æ∫∑—Èß„π‰´‚∑æ≈“´÷¡ ·≈–
‰¡‚∑§Õπ‡¥√’¬ ¡’´‘≈‘‡π’¬¡ (selenium) ‡ªìπ‚§·ø°‡µÕ√å„π
∫√‘‡«≥‡√àß¢Õß‡Õπ‰´¡å (active site) „π√Ÿª¢Õß´‘≈‘‚π´‘ ‡∑
Õ’π Àπâ“∑’Ë ”§—≠§◊Õ°√–µÿâπªØ‘°‘√‘¬“√’¥—°™—πµàÕ‰Œ‚¥√‡ªÕ√å
ÕÕ°‰´¥å ‚¥¬®–Õ¬Ÿà„π√Ÿª√’¥‘«´å°≈Ÿ∑“‰∑‚Õπ ‰¥âπÈ”‡ªìπº≈º≈‘µ
 ÿ¥∑â“¬¢ÕßªØ‘°‘√‘¬“(8,10) ‡Õπ‰´¡å intracellular superoxide
dismutase (SOD) ¡’∑—Èß™π‘¥∑’ËÕ¬Ÿà„π‰´‚∑æ≈“ ÷́¡ ·≈–‰¡‚∑
§Õπ‡¥√’¬ SOD „π‰´‚∑æ≈“´÷¡®–¡’∑Õß·¥ß·≈– —ß°– ’

‡ªìπ‚§·ø°‡µÕ√å‚¥¬°“√‡™◊ËÕ¡µàÕ¢Õß°√¥Õ–¡‘‚πŒ’ µ“¡’π∑’Ë
∫√‘‡«≥‡√àß ¡’Àπâ“∑’ËÀ≈—°„π°“√‡ªìπª√“°“√¥à“π·√°¢Õß°“√µâ“π
´ÿª‡ªÕ√åÕÕ°‰´¥å ”À√—∫‡´≈≈å  à«π SOD „π‰¡‚∑§Õπ‡¥√’¬
®–¡’·¡ß°“π’ ‡ªìπ‚§·ø°‡µÕ√å ∑”Àπâ“∑’Ë°”®—¥ oxygen
radical ∑’Ë‡°‘¥®“°°√–∫«π°“√À“¬„® (respiratory chain)(10)

‡Õπ‰´¡å extracellular superoxide dismutase (EC-SOD)
¡’‚§√ß √â“ß·∫∫‡µµ√–‡¡Õ√‘° (tetrameric) ª√–°Õ∫¥â«¬
∑Õß·¥ß·≈– —ß°– ’‡ªìπ‚§·ø°‡µÕ√åÕ¬Ÿà„π·µà≈–Àπà«¬¬àÕ¬
(subunit)  à«π c-terminal ¡’ basic amino acid ´÷Ëß®–®—∫
°—∫‰°≈‚§Õ–¡‘‚π‰°≈·§π (glycoaminoglycan) ‡™àπ ‡Œª“√‘π
(heparin) ¡’Àπâ“∑’Ë„π°“√‡°Á∫°‘π´ÿª‡ªÕ√åÕÕ°‰´¥å ‚¥¬‡©æ“–
∫√‘‡«≥∑’ËÕ¬ŸàπÕ°‡´≈≈å √«¡∑—Èß¬—ß™à«¬§«∫§ÿ¡„Àâ‡À≈Á°Õ¬Ÿà„π
 ¿“«–√’¥‘«´å ·≈–§«∫§ÿ¡ª√‘¡“≥¢Õß‰πµ√‘°ÕÕ°‰´¥å ≈¥°“√
·µ°∑”≈“¬§Õ≈≈“‡®π„π‡¡∑√‘°´å¿“¬πÕ°‡´≈≈å ®–‰¡à∂Ÿ°
‡Àπ’Ë¬«π”®“°´—∫ ‡µ√∑ (substrate) °“√§«∫§ÿ¡‡∫◊ÈÕßµâπ¡’
°“√∑”ß“π√à«¡°—π°—∫‰´‚∑‰§πå (cytokine)(10, 11) ‡Õπ‰´¡å
paraoxonase (PON I) ‡ªìπ ‡Õπ‰´¡å∑’Ë¬àÕ¬æ—π∏–‡Õ ‡∑Õ√å
PON I ≈–≈“¬„π‰¢¡—π ®–®—∫Õ¬Ÿà°—∫‰≈‚ª‚ª√µ’π™π‘¥∑’Ë¡’
§«“¡Àπ“·πàπ Ÿß (high density lipoprotein, HDL) PON
I „π ’́√—¡¡—°®–∑”ß“π√à«¡°—∫‡Õπ‰´¡å arylesterase „π°“√
°”®—¥ “√ª√–°Õ∫øÕ ‡øµÕ‘π∑√’¬å (organophosphorus
compound) ‡™àπ æ“√“ÕÕ°´Õπ (paraoxon) ·≈–Õπÿ¡Ÿ≈
Õ‘ √–°àÕ¡–‡√Áß∑’ËÕ¬Ÿà „π à«π≈–≈“¬„π‰¢¡—π ´÷Ëß‰¥â®“°
°√–∫«π°“√ lipid peroxidation °“√∑”ß“π¢Õß PON I
¡’§«“¡·µ°µà“ß°—π‰ª„π·µà≈–§π ‡æ√“–‡°‘¥®“° polymor-
phism(12)

·¡â«à“ “√µâ“πÕπÿ¡Ÿ≈Õ‘ √–®–¡’§«“¡ “¡“√∂„π°“√¬—∫¬—Èß
¡‘„ÀâÕπÿ¡Ÿ≈Õ‘ √–‰ª∑”≈“¬‡´≈≈å¥â«¬°≈‰°µà“ß Ê °—π Õ¬à“ß‰√
°Áµ“¡°“√„™â “√µâ“πÕπÿ¡Ÿ≈Õ‘ √–„πª√‘¡“≥∑’Ë‰¡à‡À¡“– ¡ ‡™àπ
¡“°‡°‘π‰ª Õ“®¡’º≈µ√ß¢â“¡ §◊Õ ·∑π∑’Ë®–µâ“πÕπÿ¡Ÿ≈Õ‘ √–
°≈—∫‰ª àß‡ √‘¡°“√ √â“ßÕπÿ¡Ÿ≈Õ‘ √– À√◊Õ‡√’¬°«à“‡ªìπ
‚ª√ÕÕ° ‘́·¥π∑å (prooxidant) ‡ªìπ “‡Àµÿ¢Õß°“√∑”≈“¬
‡´≈≈å(13)

∫∑∫“∑¢Õß “√µâ“πÕπÿ¡Ÿ≈Õ‘ √–µàÕ¡–‡√ÁßªÕ¥
‡π◊ËÕß®“°ªÕ¥¡’Àπâ“∑’Ë„π°“√·≈°‡ª≈’Ë¬π°ä“´ ‚¥¬Õ“»—¬

‡≈◊Õ¥π”ÕÕ° ‘́‡®π¡“‡≈’È¬ßªÕ¥ ¥—ßπ—ÈπªÕ¥®÷ßßà“¬µàÕ°“√∂Ÿ°
∑”≈“¬®“°¿“«–‡§√’¬¥ÕÕ°´‘‡®π (oxidative stress) „π



8 «“√ “√‡∑§π‘§°“√·æ∑¬å·≈–°“¬¿“æ∫”∫—¥ ë ªï∑’Ë 21 ©∫—∫∑’Ë 1 ë ¡°√“§¡-‡¡…“¬π 2552

√–¥—∫‚¡‡≈°ÿ≈π—Èπ°“√‡æ‘Ë¡¢ÕßÕπÿ¡Ÿ≈Õ‘ √–∑—Èß™π‘¥ reactive
oxygen ·≈– nitrogen species ‡ªìπ “‡Àµÿ„Àâ‡´≈≈åªÕ¥
∂Ÿ°∑”≈“¬·≈–‡°‘¥°“√Õ—°‡ ∫„πªÕ¥ ‚¥¬ºà“π°“√°√–µÿâπ
ªí®®—¬∑’Ë¡’º≈µàÕ°“√∂Õ¥√À— æ—π∏ÿ°√√¡(9) Õ¬à“ß‰√°Áµ“¡
√à“ß°“¬¡’°≈‰°∑’Ë®–µâ“π°√–∫«π°“√‡À≈à“π’È¥â«¬°“√∑”ß“π
¢Õß “√µâ“πÕπÿ¡Ÿ≈Õ‘ √–(8) ¡’√“¬ß“π°“√»÷°…“‡°’Ë¬«°—∫∫∑∫“∑
¢Õß “√µâ“πÕπÿ¡Ÿ≈Õ‘ √–°—∫¡–‡√ÁßªÕ¥¥—ß®–‰¥â°≈à“«µàÕ‰ªπ’È

∫’µ“·§‚√∑’π°—∫¡–‡√ÁßªÕ¥
°“√»÷°…“∫∑∫“∑¢Õß∫’µ“·§‚√∑’π°—∫¡–‡√ÁßªÕ¥∑’Ëπà“

 π„® ¡’ 2 ‚§√ß°“√«‘®—¬ ´÷Ëß‡ªìπ°“√∑¥≈Õß√–À«à“ßªï §.».
1988-1997 ‰¥â·°à ‚§√ß°“√ The Alpha-Tocopherol Beta-
Carotene Cancer Prevention Trial (ATBC) ÷́Ëß„Àâ‡ √‘¡
∫’µ“·§‚√∑’π„πª√‘¡“≥ Ÿß√à«¡°—∫«‘µ“¡‘πÕ’·°à™“«øîπ·≈π¥å
‡ªìπ‡«≈“ 6 ªï ·≈–‚§√ß°“√ The Beta-Carotene and Retinol
Efficacy Trial (CARET) ́ ÷Ëß„Àâ‡ √‘¡∫’µ“·§‚√∑’π„πª√‘¡“≥
 Ÿß√à«¡°—∫«‘µ“¡‘π‡Õ·°à™“«Õ‡¡√‘°—π‡ªìπ‡«≈“ 4 ªï ‚§√ß°“√
«‘®—¬∑—Èß Õß„Àâº≈°“√∑¥≈Õß∑’Ë§≈â“¬§≈÷ß°—π ‚¥¬æ∫«à“°“√„Àâ
‡ √‘¡∫’µ“·§‚√∑’π„πª√‘¡“≥¡“°‡ªìπ‡«≈“π“π®–‡æ‘Ë¡Õ—µ√“
°“√‡°‘¥¡–‡√ÁßªÕ¥ ´÷Ëßº≈°“√∑¥≈Õß¥—ß°≈à“«‰¡à‡ªìπ‰ªµ“¡
∑’Ë§“¥«à“°“√„Àâ‡ √‘¡∫’µ“·§‚√∑’ππà“®–™à«¬≈¥Õÿ∫—µ‘°“√≥å
¢Õß¡–‡√ÁßªÕ¥ ¥—ßπ—Èπ§≥–«‘®—¬®÷ßÀ¬ÿ¥°“√∑¥≈Õß∑—Èß Õß
‡√Á«°«à“°”Àπ¥ À≈—ß®“°À¬ÿ¥°“√∑¥≈Õßæ∫«à“Õ“ “ ¡—§√°≈ÿà¡
ATBC ¡’√–¥—∫∫’µ“·§‚√∑’π„π°√–· ‡≈◊Õ¥≈¥≈ßÕ¬à“ß
√«¥‡√Á«®π‡¢â“ Ÿà√–¥—∫ª°µ‘ (‡æ»™“¬ 0.40 ·≈–‡æ»À≠‘ß 0.47
µmol/L(14))  ”À√—∫°≈ÿà¡ CARET æ∫Õ—µ√“°“√‡°‘¥¡–‡√Áß
ªÕ¥≈¥≈ß·µà¬—ß§ß Ÿß°«à“„π°≈ÿà¡§«∫§ÿ¡(15)  ◊∫‡π◊ËÕß®“°
°“√∑¥≈Õß∑—Èß Õßπ’È The European Union Scientific
Committee on Food ®÷ßÕÕ°ª√–°“»„πªï §.».2000 «à“
§«√∫√‘‚¿§∫’µ“·§‚√∑’π„πª√‘¡“≥ 10 ¡‘≈≈‘°√—¡µàÕ«—π ·≈–
‰¡à§«√∫√‘‚¿§¡“°‡°‘π 20 ¡‘≈≈‘°√—¡µàÕ«—π πÕ°®“°π’È
À“°√—∫ª√–∑“π„π√Ÿª¢Õßº—°º≈‰¡â®–‰¥âª√–‚¬™πå Ÿß ÿ¥(17)

Õ¬à“ß‰√°Áµ“¡°≈‰°∑’Ë∫’µ“·§‚√∑’πª√‘¡“≥ Ÿß‡æ‘Ë¡Õ—µ√“‡ ’Ë¬ß
µàÕ°“√‡°‘¥¡–‡√ÁßªÕ¥π—Èπ¬—ß‰¡à¡’ºŸâÕ∏‘∫“¬‰¥â™—¥‡®π

°“√ Ÿ∫∫ÿÀ√’ËÕ“®‡ªìπµ—«°√–µÿâπ„Àâ∫’µ“·§‚√∑’π‡ªìπæ‘…‰¥â
‚¥¬µ√ß(16) ‡æ√“– reactive oxidative β-carotene metabolite
∑’Ë‡°‘¥®“°°“√ Ÿ∫∫ÿÀ√’Ë√à«¡°—∫∂Ÿ°°√–µÿâπ®“°ÕÕ°´‘‡®π„πªÕ¥
π—Èπ¡’‚§√ß √â“ß§≈â“¬°—∫‡√µ‘πÕ¬¥å (retinoid) ®÷ß√∫°«π°“√
 àß —≠≠“≥∑”„Àâ√–¥—∫‡√µ‘πÕ¬¥å≈¥≈ß °¥°“√· ¥ßÕÕ°¢Õß

RAR-beta gene ∑”„Àâ‰¡à “¡“√∂¬—∫¬—Èß°“√∑”ß“π¢Õß¬’π∑’Ë
º‘¥ª°µ‘‡°’Ë¬«°—∫°“√·∫àßµ—«¢Õß‡´≈≈å‰¥â πÕ°®“°π—Èπ Palozza
·≈–§≥– (2006) ¬—ßæ∫«à“§«“¡¥—πÕÕ° ‘́‡®π¡’º≈µàÕ∫∑∫“∑
„π°“√‡ªìπ “√µâ“πÕπÿ¡Ÿ≈Õ‘ √–¢Õß∫’µ“·§‚√∑’π ‚¥¬‡¢“»÷°…“
∫∑∫“∑¢Õß∫’µ“·§‚√∑’πµàÕ “√∑“√å∑’Ë °—¥¡“®“°§«—π∫ÿÀ√’Ë
„π‡π◊ÈÕ‡¬◊ËÕªÕ¥¢ÕßÀπŸ ∑’Ë§«“¡¥—πÕÕ°´‘‡®πµà“ßÊ °—π
æ∫«à“∑’Ë§«“¡¥—πÕÕ°´‘‡®πµË”∫’µ“·§‚√∑’π®–∑”Àπâ“∑’Ë‡ªìπ
 “√µâ“πÕπÿ¡Ÿ≈Õ‘ √– ·µà‡¡◊ËÕ§«“¡¥—πÕÕ° ‘́‡®π‡æ‘Ë¡ Ÿß¢÷Èπ
°“√‡°‘¥ lipid peroxidation ®–‡æ‘Ë¡ Ÿß¢÷Èπ¥â«¬ π—Ëπ§◊Õ
∫’µ“·§‚√∑’π∑”Àπâ“∑’Ë‡ªìπ‚ª√ÕÕ°´‘·¥π∑å(18) πÕ°®“°π—Èπ
Fuster ·≈–§≥– (2008) ¬—ß‰¥â∑¥≈Õß„Àâ‡ √‘¡∫’µ“·§‚√∑’π
·°àµ—«‡øÕ√å‡√∑∑’Ë‰¥â√—∫‡∫π‚´æ‘«√’π‡æ◊ËÕ°√–µÿâπ°“√‡°‘¥¡–‡√Áß
ªÕ¥ æ∫«à“°“√‡ √‘¡∫’µ“·§‚√∑’π„Àâº≈¥’„π°“√≈¥ª√‘¡“≥
‚ª√µ’πµ—«°√–µÿâπ ¡’ª√‘¡“≥ RAR-beta ‡æ‘Ë¡¢÷Èπ ·≈–¡’º≈
ªÑÕß°—π°“√·æ√à°√–®“¬¢Õß‡´≈≈å ®“°°“√∑¥≈Õßµà“ßÊ ∑’Ë°≈à“«
¡“π’È®–‡ÀÁπ«à“°“√„Àâ‡ √‘¡∫’µ“·§‚√∑’πµâÕß§”π÷ß∂÷ßª√‘¡“≥
∑’Ë„Àâ·≈–√–¬–‡«≈“∑’Ë‡À¡– ¡¥â«¬(19)

‰≈‚§ªïπ°—∫¡–‡√ÁßªÕ¥
‡ªìπ∑’Ë∑√“∫°—π¥’«à“‰≈‚§ªïπ¡’∫∑∫“∑„π°“√ªÑÕß°—π¡–‡√Áß

µàÕ¡≈Ÿ°À¡“° ¡’°“√»÷°…“∫∑∫“∑¢Õß‰≈‚§ªïπ„π°“√ªÑÕß°—π
¡–‡√ÁßªÕ¥‚¥¬ Liu ·≈–§≥– „πªï §.». 2003 ‚¥¬»÷°…“
«à“‰≈‚§ªïπ¡’º≈µàÕ°“√‡ª≈’Ë¬π·ª≈ß‡´≈≈å squamous ¢Õß
ªÕ¥„πµ—«‡øÕ√å‡√∑∑’Ë‰¥â√—∫°“√°√–µÿâπ®“°§«—π∫ÿÀ√’ËÀ√◊Õ‰¡à
‡¢“æ∫«à“‰≈‚§ªïπ™à«¬≈¥°“√·æ√à°√–®“¬¢Õß‡´≈≈å¡–‡√Áß
≈¥°“√‡µ‘¡À¡ŸàøÕµ‡ø µàÕ BAD (‡ªìπ transcription factor
‡°’Ë¬«°—∫°“√µ“¬¢Õß‡´≈≈å) ∑”„Àâ‡´≈≈å¡–‡√Áßµ“¬¡“°¢÷Èπ(20)

µàÕ¡“„πªï §.». 2005 Palozza ·≈–§≥– »÷°…“º≈¢Õß
‰≈‚§ªïπµàÕ°“√‡®√‘≠¢Õß‡´≈≈å‰ø‚∫√∫≈“ ¢Õß¡πÿ…¬å∑’Ë∂Ÿ°
°√–µÿâπ‚¥¬ “√∑“√å„π∫ÿÀ√’Ë æ∫«à“°≈ÿà¡∑’Ë „Àâ‡ √‘¡‰≈‚§ªïπ
®–æ∫¡’°“√µ“¬¢Õß‡´≈≈å∑’Ëº‘¥ª°µ‘‡æ‘Ë¡¢÷Èπ(21) ´÷Ëßß“π¢Õß
Palozza ‡ªìπ°“√ π—∫ πÿπº≈°“√∑¥≈Õß¢Õß Liu

∂÷ß·¡â‰≈‚§ªïπ®–¡’º≈¥’µàÕ¡–‡√ÁßªÕ¥¥—ß°≈à“«¢â“ßµâπ
·µà„π∫“ß ¿“«–‰≈‚§ªïπ°Á¡’‚∑…‰¥â‡™àπ°—π Guttenplan ·≈–
§≥– (2001) ∑¥≈Õß„Àâ‡ √‘¡‰≈‚§ªïπ„πÀπŸ∑’Ë‡ªìπ¡–‡√ÁßµàÕ¡
≈Ÿ°À¡“° ¡–‡√Áß≈”‰ â·≈–¡–‡√ÁßªÕ¥ æ∫«à“°“√„Àâ‡ √‘¡
‰≈‚§ªïπ„π√–¬– —Èπ¡’º≈¥’µàÕÀπŸ∑’Ë‡ªìπ¡–‡√Áß≈”‰ â·≈–
¡–‡√ÁßªÕ¥ ·≈–°“√„Àâ‡ √‘¡‰≈‚§ªïπ‰¡à«à“®–‡ªìπ√–¬– —Èπ
À√◊Õ√–¬–¬“«„Àâº≈¥’µàÕÀπŸ∑’Ë‡ªìπ¡–‡√ÁßµàÕ¡≈Ÿ°À¡“° · ¥ß
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«à“„π∫“ß°√≥’‰≈‚§ªïπÕ“®∑”Àπâ“∑’Ë‡ªìπ‚ª√ÕÕ° ‘́·¥π∑å
Õ—π‡π◊ËÕß®“°°“√ – ¡¢Õß‰≈‚§ªïπ∑’Ë‡π◊ÈÕ‡¬◊ËÕ¢ÕßªÕ¥¡“°
°«à“‡π◊ÈÕ‡¬◊ËÕ¢ÕßµàÕ¡≈Ÿ°À¡“°(22)

«‘µ“¡‘πÕ’°—∫¡–‡√ÁßªÕ¥
«‘µ“¡‘πÕ’™à«¬ªÑÕß°—π°“√‡°‘¥¢Õß¡–‡√ÁßªÕ¥‰¥â ‚¥¬

∑”„Àâ°“√·æ√à°√–®“¬¢Õß‡´≈≈å¡–‡√Áß≈¥≈ß «‘µ“¡‘πÕ’„π√Ÿª
¢Õß‡°≈◊Õ —́°´‘‡πµ (vitamin E succinate, VES) ™à«¬≈¥
ª√‘¡“µ√‡π◊ÈÕßÕ°„πÀπŸ‰¥â ·µà¬—ß‰¡à∑√“∫°≈‰°∑’Ë™—¥‡®π(23)

«‘µ“¡‘πÕ’„π√Ÿª¢Õß·Õ≈ø“‚∑‚§‡øÕ√Õ≈™à«¬≈¥°“√Õ—°‡ ∫‰¥â
‚¥¬∑’Ë·Õ≈ø“‚∑‚§‡øÕ√‘≈ —́°´‘‡πµ (TOS) ¡’º≈¬—∫¬—Èß°“√
 √â“ßæ√Õ µ“·°≈π¥‘π ·µà‰¡à “¡“√∂≈¥°“√‡°‘¥ reactive
oxygen species (ROS) ‰¥â „π¢≥–∑’Ë·Õ≈ø“‚∑‚§‡øÕ√Õ≈
(TOL) ·≈–·Õ≈ø“‚∑‚§‡øÕ√‘≈Õ–´‘‡µ¥ (TOA)  “¡“√∂≈¥
ROS ‰¥â(24) °“√»÷°…“Õπÿæ—π∏å¢Õß«‘µ“¡‘πÕ’„π°“√‡ªìπ “√
ªÑÕß°—π°“√‡°‘¥¡–‡√Áß¬—ß§ß¡’Õ¬ŸàµàÕ‡π◊ËÕß≈à“ ÿ¥„πªï §.». 2008
Kashiwagi ·≈–§≥– »÷°…“Õπÿæ—π∏å¢Õß‚∑‚§‰∑√Õ’πÕ≈
(tocotrienol) „π√Ÿª 6-0-carboxypropyl-α-tocotrienol
(T3E) æ∫«à“ “√π’È¡’º≈µàÕ°“√‡µ‘¡À¡ŸàøÕµ‡øµ·°à Src ÷́Ëß
‡ªìπ¬’π∑’Ë∑”Àπâ“∑’Ë‡°’Ë¬«°—∫°“√ª√—∫µ—«‡æ◊ËÕ°“√Õ¬Ÿà√Õ¥¢Õß
‡´≈≈å¡–‡√Áß„π ¿“«–∑’Ë¢“¥ÕÕ° ‘́‡®π ®÷ß°¥°“√· ¥ßÕÕ°¢Õß
¬’π‰¥â ≈¥°“√ª√—∫µ—«‡æ◊ËÕ°“√Õ¬Ÿà√Õ¥¢Õß¡–‡√ÁßªÕ¥‰¥â(26)

‡π◊ËÕß®“°«‘µ“¡‘πÕ’¡’°≈‰°„π°“√‡ªìπ “√µâ“πÕπÿ¡Ÿ≈Õ‘ √–
‚¥¬°“√√—∫Õπÿ¡Ÿ≈Õ‘ √–∑’Ë‡ªìπÕ—πµ√“¬µàÕ√à“ß°“¬‡¢â“ Ÿà‚¡‡≈°ÿ≈
¢Õß«‘µ“¡‘πÕ’‡Õß ‰¥â‡ªìπÕπÿ¡Ÿ≈Õ‘ √–¢Õß«‘µ“¡‘πÕ’ ́ ÷Ëß “¡“√∂
∑”„Àâ‡°‘¥ lipid peroxidation ‰¥â ·µà„π ¿“«–ª°µ‘®–¡’
 “√µâ“πÕπÿ¡Ÿ≈Õ‘ √–µ—«Õ◊Ëπ (co-antioxidant) ™à«¬‡ª≈’Ë¬π
Õπÿ¡Ÿ≈Õ‘ √–¢Õß«‘µ“¡‘πÕ’„Àâ°≈—∫‡ªìπ«‘µ“¡‘πÕ’ª°µ‘ À“°‡¡◊ËÕ
√à“ß°“¬Õ¬Ÿà„π ¿“«–∑’Ë¡’§«“¡‰¡à ¡¥ÿ≈¢Õß “√µâ“πÕπÿ¡Ÿ≈Õ‘ √–
Õπÿ¡Ÿ≈Õ‘ √–¢Õß«‘µ“¡‘πÕ’®–‰¡à “¡“√∂∂Ÿ°‡ª≈’Ë¬π°≈—∫‡ªìπ
«‘µ“¡‘πÕ’√Ÿªª°µ‘‰¥â ®÷ß°≈“¬‡ªìπ‚ª√ÕÕ° ‘́·¥π∑å(16) ¥—ßπ—Èπ
®÷ß§«√∫√‘‚¿§º—°·≈–º≈‰¡â∑’ËÀ≈“°À≈“¬‡æ◊ËÕ„Àâ‡°‘¥§«“¡ ¡¥ÿ≈
¢Õß “√µâ“πÕπÿ¡Ÿ≈Õ‘ √–À≈“¬™π‘¥∑’ËÕ¬Ÿà„πº—°º≈‰¡â ́ ÷Ëß®–™à«¬
≈¥Õ—µ√“‡ ’Ë¬ßµàÕ°“√‡°‘¥¡–‡√ÁßªÕ¥ πÕ°®“°π’È¬—ß¡’∫“ß°“√
»÷°…“∑’Ë√“¬ß“π«à“°“√∫√‘‚¿§«‘µ“¡‘πÕ’‡ √‘¡·µà‡æ’¬ßÕ¬à“ß‡¥’¬«
‰¡à¡’º≈µàÕ°“√ªÑÕß°—π§«“¡‡ ’Ë¬ß¢Õß°“√‡°‘¥¡–‡√ÁßªÕ¥(25)

«‘µ“¡‘π´’°—∫¡–‡√ÁßªÕ¥
«‘µ“¡‘π ’́∑”Àπâ“∑’Ë‡ªìπ “√µâ“πÕπÿ¡Ÿ≈Õ‘ √–∑’Ë¡’ ¡∫—µ‘

≈–≈“¬πÈ”‰¥â ·≈–∑”Àπâ“∑’Ë™à«¬‡ª≈’Ë¬πÕπÿ¡Ÿ≈Õ‘ √–¢Õß

«‘µ“¡‘πÕ’„Àâ°≈—∫‡ªìπ«‘µ“¡‘πÕ’√Ÿªª°µ‘ ´÷Ëß “¡“√∂‡ÀÁπº≈‰¥â
™—¥‡®π‡¡◊ËÕ„Àâ‡ √‘¡«‘µ“¡‘π´’√à«¡°—∫«‘µ“¡‘πÕ’·°àºŸâ Ÿ∫∫ÿÀ√’Ë(27)

„π¿“«–∑’Ë√à“ß°“¬¡’‡À≈Á°∑’ËÕ¬Ÿà„π√Ÿª¢Õß‡øÕ√å√‘°‰ÕÕÕπ (Fe3+)
¡“° «‘µ“¡‘π´’®–‡ªìπµ—«°√–µÿâπ„Àâ‡ª≈’Ë¬π‡ªìπ‡øÕ√å√— ‰ÕÕÕπ
(Fe2+) ́ ÷Ëß°àÕ„Àâ‡°‘¥Õπÿ¡Ÿ≈Õ‘ √–¡“°¡“¬ À“°√à“ß°“¬¡’ ¡¥ÿ≈
¢Õß “√µâ“πÕπÿ¡Ÿ≈Õ‘ √– Õπÿ¡Ÿ≈Õ‘ √–‡À≈à“π’È°Á®–∂Ÿ°¬—∫¬—Èß‰¥â
‚¥¬ N-acetylcystein (NAC) ·≈– GPx(16) °“√„Àâ‡ √‘¡
«‘µ“¡‘π´’√à«¡°—∫ NAC ¡’º≈≈¥°“√·æ√à°√–®“¬·≈–°“√
‡ª≈’Ë¬π·ª≈ß¢Õß‡´≈≈å¡–‡√ÁßªÕ¥Õ¬à“ß™—¥‡®π ‡æ√“–«‘µ“¡‘π´’
π—Èπ “¡“√∂§«∫§ÿ¡‡Õπ‰´¡å∑’Ë∑”Àπâ“∑’Ë‡°’Ë¬«°—∫°“√´àÕ¡·´¡
¥’‡ÕÁπ‡Õ  à«π NAC ¡’º≈¬—∫¬—Èß°“√ —ß‡§√“–Àå¥’‡ÕÁπ‡Õ(28)

„π∫“ß°√≥’«‘µ“¡‘π´’Õ“®∑”Àπâ“∑’Ë‡ªìπ‚ª√ÕÕ°´‘·¥π∑å‰¥â
„πªï §.». 2006 Martin ·≈–§≥– ‰¥â»÷°…“º≈«‘µ“¡‘π ’́
µàÕ¡–‡√ÁßªÕ¥¢Õß¡πÿ…¬å∑’Ë‡°‘¥®“°æ‘…‚§√‡¡’¬¡ æ∫«à“°≈ÿà¡∑’Ë
‰¥â√—∫«‘µ“¡‘π´’°≈—∫¡’ª√‘¡“≥‚§√‡¡’¬¡„π‡´≈≈å¡“°°«à“ª°µ‘· 
¥ß«à“«‘µ“¡‘π´’‡ªìπ‚ª√ÕÕ° ‘́·¥π ǻ ‚¥¬‡ªìπµ—«®—∫ (chelating
ligand)„Àâ‚§√‡¡’¬¡‡¢â“‡´≈≈å¡“°¢÷Èπ(29)

º≈¢Õß°“√„™â “√µâ“πÕπÿ¡Ÿ≈Õ‘ √–À≈“¬™π‘¥√à«¡°—π
„πºŸâªÉ«¬¡–‡√ÁßªÕ¥

‡π◊ËÕß®“°°“√ Ÿ∫∫ÿÀ√’Ë‡ªìπ “‡ÀµÿÀ≈—°¢Õß°“√‡°‘¥¡–‡√Áß
ªÕ¥ ¡’√“¬ß“π«à“°≈ÿà¡ºŸâ‰¡à Ÿ∫∫ÿÀ√’Ë¡’√–¥—∫ “√µâ“πÕπÿ¡Ÿ≈Õ‘ √–
∑ÿ°™π‘¥ ‡™àπ ∫’µ“·§‚√∑’π ∫’µ“§√‘ª‚µ·´π∑’π (β-cry-
ptoxanthin) ·≈–«‘µ“¡‘π´’  Ÿß°«à“°≈ÿà¡ºŸâ Ÿ∫∫ÿÀ√’Ë(31) ¥—ß∑’Ë‰¥â
°≈à“«¡“·≈â««à“°“√„Àâ‡ √‘¡∫’µ“·§‚√∑’π„πª√‘¡“≥ Ÿß‡æ’¬ß
Õ¬à“ß‡¥’¬«·°àºŸâ Ÿ∫∫ÿÀ√’Ë ¡’º≈‡æ‘Ë¡§«“¡‡ ’Ë¬ßµàÕ°“√‡°‘¥
¡–‡√ÁßªÕ¥ ¥—ßπ—Èπ Kim ·≈–§≥– (2006) ®÷ß»÷°…“°“√„Àâ
‡ √‘¡∫’µ“·§‚√∑’π√à«¡°—∫ “√µâ“πÕπÿ¡Ÿ≈Õ‘ √–Õ◊Ëπ Ê ‰¥â·°à
∫’µ“·§‚√∑’π ·Õ≈ø“‚∑‚§‡øÕ√Õ≈ ·≈–«‘µ“¡‘π´’ „πµ—«
‡øÕ√å‡√∑ æ∫«à“µ—«‡øÕ√å‡√∑°≈ÿà¡π’È¡’ª√‘¡“≥°√¥‡√µ‘‚πÕ‘°
¡“°¢÷Èπ °√¥‡√µ‘‚πÕ‘°π—Èπ‡ªìπ “√∑’Ë “¡“√∂®—∫°—∫µ—«√—∫¢Õß
‡√µ‘πÕ¬¥å (retinoid receptor) ´÷Ëß‡ªìπµ—«√—∫¢Õß¬’π∑’Ë°¥
°“√ √â“ß‡´≈≈å∑’Ëº‘¥ª°µ‘¢Õß√à“ß°“¬ Õ“®°≈à“«‰¥â«à“°“√„Àâ
‡ √‘¡·∫∫√«¡π—Èπ‡æ‘Ë¡ª√– ‘∑∏‘¿“æ°“√‡ª≈’Ë¬π∫’µ“·§‚√∑’π
‡ªìπ°√¥‡√µ‘‚πÕ‘° ®÷ß≈¥°“√ ≈“¬µ—«¢Õß∫’µ“·§‚√∑’π
®“°°“√ Ÿ∫∫ÿÀ√’Ë´÷Ëß¡’º≈‡ ’¬µàÕ√à“ß°“¬(32)

´‘≈‘‡π’¬¡°—∫¡–‡√ÁßªÕ¥
 “√ª√–°Õ∫¢Õß´‘≈‘‡π’¬¡∑ÿ°√Ÿª·∫∫À“°¡’ª√‘¡“≥¡“°°«à“

ª√‘¡“≥∑’Ë®”‡ªìπµâÕß„™â ”À√—∫°“√∑”ß“πª°µ‘¢Õß√–∫∫µâ“π
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Õπÿ¡Ÿ≈Õ‘ √–(33) ®–™à«¬≈¥°“√‡°‘¥‡π◊ÈÕßÕ°ªÕ¥ ‚¥¬‰ª≈¥
√–¥—∫‡Õπ‰´¡å cycloxygenase -2 (COX-2), Cyclin D1
·≈– NF-kB ÷́Ëß‡ªìπ‚¡‡≈°ÿ≈‡ªÑ“À¡“¬¢Õß°“√°√–µÿâπ„Àâ
‡ªìπ¡–‡√ÁßªÕ¥(34) ·µà¬—ß¡’ “√ª√–°Õ∫ ‘́≈‘‡π’¬¡∫“ßµ—«∑’Ë‰¡à
 “¡“√∂ªÑÕß°—π¡–‡√ÁßªÕ¥‰¥â

‡Õπ‰´¡å glutathione peroxidase (GPx) °—∫¡–‡√ÁßªÕ¥
„πªï §.». 2005 Kaynar ·≈–§≥– »÷°…“‡°’Ë¬«°—∫

√–∫∫‡Õπ‰´¡å„πºŸâªÉ«¬¡–‡√ÁßªÕ¥‚¥¬«—¥√–¥—∫‡Õπ‰´¡å„π
‡¡Á¥‡≈◊Õ¥ ·≈– malondialdehyde (MDA) „π¡–‡√Áß SCLC
·≈– NSCLC ·∫àß‡ªìπ√–¬–·√° (early stage I, II) ·≈–

√–¬–°“√°√–®“¬¢Õß¡–‡√Áß (advance stage III, IV)
æ∫«à“√–¥—∫¢Õß‡Õπ‰´¡å GPx, catalase (CAT), xanthine
oxidase (XO), superoxide dismutase (Cu-Zn SOD),
glutathione-S-transferase (GST),  “√ total glutathione
(TGSH) ·≈–‰πµ√‘°ÕÕ°‰´¥å (ntric oxide, NO) ¢Õß
°≈ÿà¡ºŸâªÉ«¬¡–‡√ÁßªÕ¥¡’√–¥—∫ Ÿß°«à“°≈ÿà¡§πª°µ‘ (µ“√“ß∑’Ë 1)
´÷Ëß√–¥—∫‡Õπ‰´¡å∑’Ë‡æ‘Ë¡ Ÿß¢÷Èπ ‡°‘¥®“°√–∫∫µâ“πÕπÿ¡Ÿ≈Õ‘ √–
æ¬“¬“¡∑’Ë®–ªÑÕß°—π√à“ß°“¬®“°°“√‡æ‘Ë¡¢Õß ROS ‰πµ√‘°-
ÕÕ°‰´¥å∑’Ë∑”≈“¬‡π◊ÈÕ‡¬◊ËÕ ·≈–µàÕ°√–∫«π°“√ lipid
peroxidation(35)

µ“√“ß∑’Ë 1 √–¥—∫¢Õß GPx, CAT, XO, Cu-Zn SOD, GST, TGSH, NO ·≈– MDA „π·µà≈–√–¬–¢ÕßºŸâªÉ«¬¡–‡√ÁßªÕ¥

Parameters Control group NSCLC (n = 24) SCLC
(n = 16) Early stage Advanced Total (n = 8)

(I + II) stage  (III+IV) patients
(n = 8) (n = 16) (n = 24)

(®“° Kaynar H, Meral M, Turhan H, Keles M, Celik G, Akcay F. Glutathione peroxidase, glutathione-
S-transferase, catalase, xanthine oxidase, Cu-Zn superoxide dismutase activities, total glutathione, nitric oxide,
and malondialdehyde levels in erythrocytes of patients with small cell and non-small cell lung cancer. Cancer
Lett 2005; 227:133-9.)

MDA (nmol/g Hb) 4.4 ± 0.6 6.3 ± 1.3a 6.1 ± 1.4a 6.2 ± 1.3a 6.0 ± 0.4b

SOD (U/mg Hb) 2.5 ± 0.5 3.6 ± 0.4c 5.1 ± 2.2a 4.6 ± 1.9a 4.2 ± 0.8d

GSH-Px (U/g Hb) 71.6 ± 40.3 83.3 ± 40.0 91.2 ± 57.4 88.6 ± 51.5 83.5 ± 26.3
GST (U/g Hb) 16.8 ± 7.9 20.7 ± 7.5 21.4 ± 9.4 21.2 ± 8.6 20.9 ± 5.8
CAT (k/g Hb) 23.6 ± 7.4 35.3 ± 5.6c 40.0 ± 17.9a 38.5 ± 14.9a 44.9 ± 4.3a

XO (U/g Hb) 0.61 ± 0.15 0.93 ± 0.14c 0.87 ± 0.56c 0.89 ± 0.46c 0.92 ± 0.13c

TGSH (µmol/g Hb) 11.9 ± 5.0 20.1 ± 5.7d 18.9 ± 8.0d 19.5 ± 7.2b 20.4 ± 6.9d

NOë (µmol/L) 43.4 ± 9.3 57.2 ± 10.4b 50.9 ± 8.6d 53.1 ± 9.5d 56.4 ± 5.7d

‡Õπ‰´¡å intracellular superoxide dismutase (SOD)
°—∫¡–‡√ÁßªÕ¥

‡Õπ‰´¡å intracellular SOD ¡’·¡ß°“π’ ‡ªìπ‚§·ø°‡µÕ√å
¡’√“¬ß“π«à“°≈ÿà¡ºŸâ Ÿ∫∫ÿÀ√’Ë¡’√–¥—∫ SOD  Ÿß°«à“°≈ÿà¡ºŸâ‰¡à

 Ÿ∫∫ÿÀ√’Ë®“°∑—Èß∑’Ë‡ªìπ§πª°µ‘·≈–∑’Ë‡ªìπºŸâªÉ«¬ COPD (chronic
obstructive pulmonary disease)(36) ‚¥¬°≈ÿà¡ºŸâ Ÿ∫∫ÿÀ√’Ë®–
¡’°“√· ¥ßÕÕ°¢Õß‡Õπ‰´¡å SOD ∑’Ë∫√‘‡«≥ central bronchial
epithelium ·≈– alveolar epithelium ·µà‡¡◊ËÕ∑”°“√
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∑¥≈Õß°—∫‡´≈≈å¡–‡√Áß fibrosarcoma °≈—∫æ∫«à“°“√
· ¥ßÕÕ°¢Õß‡Õπ‰´¡å Mn-SOD ‡°’Ë¬«¢âÕß°—∫°“√‡æ‘Ë¡°“√
·æ√à°√–®“¬¢Õß¡–‡√Áß(37)

‡Õπ‰´¡å extracellular superoxide dismutase
(EC-SOD) °—∫¡–‡√ÁßªÕ¥

EC-SOD ‡ªìπ‡Õπ‰´¡åµâ“πÕπÿ¡Ÿ≈Õ‘ √– ™à«¬¡‘„ÀâªÕ¥
∂Ÿ°∑”≈“¬®“°¿“«–‡§√’¬¥ÕÕ° ‘́‡®π Fattman ·≈–§≥–
(2006) ‰¥â»÷°…“∫∑∫“∑¢Õß EC-SOD „π¥â“π°“√∫“¥‡®Á∫
°“√Õ—°‡ ∫ °“√‡°‘¥æ—ßº◊¥ ·≈–°“√∑”≈“¬¢Õß‡π◊ÈÕ‡¬◊ËÕªÕ¥
„πÀπŸ∑’Ë‰¥â√—∫æ‘…®“°·√à„¬À‘π æ∫«à“ÀπŸ¥—ß°≈à“«¡’°“√∑”ß“π
¢Õß EC-SOD ≈¥≈ß ·≈–¡’°“√‡æ‘Ë¡¢Õß√–¥—∫‚ª√µ’π
≈‘¡‚ø‰´∑å π‘«‚∑√øî≈ hydroxyproline ·≈– nitrotyrosine
·µà√–¥—∫·¡§‚§√ø“®≈¥≈ß(38)

‡Õπ‰´¡å paraoxsonase (PON I) °—∫¡–‡√ÁßªÕ¥
     ºŸâªÉ«¬¡–‡√ÁßªÕ¥®–¡’√–¥—∫ PON I Õ—µ√“ à«π PON I/
HDL (high density lipoprotein, HDL) ·≈– HDL µË”
°«à“°≈ÿà¡§πª°µ‘ °“√≈¥≈ß¢Õß°“√∑”ß“π¢Õß PON I π’È
Õ“®‡ªìπº≈¡“®“°°“√µÕ∫ πÕßµàÕ°“√‡æ‘Ë¡¢÷Èπ¢Õß lipid
peroxidation πÕ°®“°π’È‡¡◊ËÕ√à“ß°“¬‡°‘¥¿“«–‡§√’¬¥ÕÕ° ‘́‡®π
·≈–¡’°“√Õ—°‡ ∫¢Õß‚√§√Ÿ¡“µÕ¬¥å (rhumatoid arthritis)
°“√∑”ß“π¢Õß PON I ®–≈¥≈ß¥â«¬(12)

∫∑ √ÿª
 “√µâ“πÕπÿ¡Ÿ≈Õ‘ √–¡’∫∑∫“∑™à«¬ªÑÕß°—π¡–‡√ÁßªÕ¥

„π∑“ß°≈—∫°—πÀ“°„™â„πª√‘¡“≥‰¡à‡À¡“– ¡  “√µâ“πÕπÿ¡Ÿ≈
Õ‘ √–®–°≈—∫∑”Àπâ“∑’Ë‡ªìπ‚ª√ÕÕ° ‘́·¥π∑å ¥—ßπ—Èπ°“√„Àâ
‡ √‘¡ “√µâ“πÕπÿ¡Ÿ≈Õ‘ √–®÷ß§«√»÷°…“°≈‰°°“√∑”ß“π¢Õß
 “√µâ“πÕπÿ¡Ÿ≈Õ‘ √–·µà≈–™π‘¥ °“√∑”ß“π∑’Ë‡ √‘¡À√◊Õ§«∫§Ÿà°—π
ª√‘¡“≥∑’Ë„Àâº≈¥’∑’Ë ÿ¥ √«¡∂÷ß√–¬–‡«≈“∑’Ë‡À¡“– ¡„π°“√
ªÑÕß°—π‚√§ ÷́Ëß®– —ß‡°µ‰¥â«à“°“√∑¥≈Õßµà“ßÊ ‡°’Ë¬«°—∫ “√
µâ“πÕπÿ¡Ÿ≈Õ‘ √–°—∫¡–‡√ÁßªÕ¥π—Èπ‰¥âº≈∑’Ë·µ°µà“ß°—πµ“¡
 ¿“«–·≈– “‡Àµÿ¢Õß°“√‡°‘¥‚√§¡–‡√Áß Õ¬à“ß‰√°Áµ“¡¬—ß
‰¡à¡’°“√∑¥≈Õß„¥∑’Ë “¡“√∂ √ÿªª√‘¡“≥∑’ËæÕ‡À¡“–„π°“√„Àâ
‡ √‘¡‰¥âÕ¬à“ß™—¥‡®π °“√»÷°…“§âπ§«â“‡°’Ë¬«°—∫ “√µâ“π
Õπÿ¡Ÿ≈Õ‘ √–µàÕ¡–‡√ÁßªÕ¥®÷ß®”‡ªìπÕ¬à“ß¬‘Ëß∑’Ë®–µâÕß∑”Õ¬à“ß
µàÕ‡π◊ËÕß‡æ◊ËÕ„Àâ‰¥â¢âÕ¡Ÿ≈∑’Ë™—¥‡®π ·≈–‡°‘¥ª√–‚¬™πå Ÿß ÿ¥
„π°“√π”‰ª„™â‰¥âÕ¬à“ß∂Ÿ°µâÕß‡À¡“– ¡

‡Õ° “√Õâ“ßÕ‘ß
1. h t tp : / /www.cancer .org/docroot /conten t /

med_2_1x_Global_Cancer_statistics_2002.asp.
Lung cancer statistic. [retrieved June 30, 2002]

2. Martin N, Pongnikorn S. Cancer in Thailand; 1995-
1997.

3. Attasara P. Hospital-based cancer registry 2005:
National cancer institute department of medical
service ministry of public health; 2005.

4. Waingnon S. Tumor registry cancer unit, Khon
Kaen University statistical report 2005. Khon
Kaen: Cancer unit, Srinagarind hospital, Faculty
of Medicine, 2005.

5.  ÿ¡‘µ√“ ∑Õßª√–‡ √‘∞. ¡–‡√ÁßªÕ¥: ∏π∫√√≥°“√æ‘¡æå;
°ÿ¡¿“æ—π∏å 2542.

6. Travis WD. BE M-HH, Harris CC. WHO
classification Tumors of the Lung, Pleura, Thymus
and Heart: IARC Press, International Agency for
Research on Cancer; 2004.

7. Pass HI, CD MJ. Lung cancer principles and
practices: Lippincott Williams & Wilkins; 2005.

8. Chaudiere J, Ferrari-Iliou R. Intracellular
antioxidants: from chemical to biochemical
mechanisms. Food Chem Toxicol 1999; 37: 949-
62.

9. Rahman I, Biswas SK, Kode A. Oxidant and
antioxidant balance in the airways and airway
diseases. Eur J Pharmacol 2006; 533: 222-39.

10. Mates JM, Perez-Gomez C, Nunez de Castro I.
Antioxidant enzymes and human diseases. Clin
Biochem 1999; 32: 595-603.

11. Nozik-Grayck E, Suliman HB, Piantadosi CA.
Extracellular superoxide dismutase. Int J Biochem
Cell Biol 2005; 37: 2466-71.

12. Elkiran ET, Mar N, Aygen B, Gursu F, Karaoglu
A, Koca S. Serum paraoxonase and arylesterase
activities in patients with lung cancer in a Turkish
population. BMC Cancer 2007; 7: 48.



12 «“√ “√‡∑§π‘§°“√·æ∑¬å·≈–°“¬¿“æ∫”∫—¥ ë ªï∑’Ë 21 ©∫—∫∑’Ë 1 ë ¡°√“§¡-‡¡…“¬π 2552

13. http://www.cancer.gov/Template/db_alpha.
aspx?CdrID=372940. The pro-oxidant. [retrieved
July 25, 2007]

14. Boonsiri P, Pooart J, Tangrassameeprasert R,
Hongsprabhas P. Serum beta-carotene, lycopene
and alpha-tocopherol levels of healthy people in
northeast Thailand. Asia Pac J Clin Nutr 2007;
16(Suppl 1): 47-51.

15. Goodman GE, Thornquist MD, Balmes J, Cullen
MR, Meyskens FLJr, Omenn GS, et al. The beta-
carotene and retinol efficacy trial: incidence of
lung cancer and cardiovascular disease mortality
during 6-year follow-up after stopping beta-
carotene and retinol supplements. J Natl Cancer
Inst 2004; 96:1743-50.

16. Rietjens I, Boersma MG, Haan Ld, Spenkelink B,
Awad HM, Cnubben NHP, et al. The pro-oxidant
chemistry of the natural antioxidants vitamin C,
vitamin E, carotenoids and flavonoids. Environ
Toxicol Pharmacol 2002; 11: 321-33.

17. Redlich CA, Chung JS, Cullen MR, Blaner WS,
Van Bennekum AM, Berglund L. Effect of long-
term beta-carotene and vitamin A on serum
cholesterol and triglyceride levels among
participants in the carotene and retinol efficacy
trial (CARET). Atherosclerosis 1999; 145: 425-
32.

18. Palozza P, Serini S, Trombino S, Lauriola L,
Ranelletti FO, Calviello G. Dual role of beta-
carotene in combination with cigarette smoke
aqueous extract on the formation of mutagenic
lipid peroxidation products in lung membranes:
dependence on pO2. Carcinogenesis 2006; 27:
2383-91.

19. Fuster A, Pico C, Sanchez J, Oliver P, Zingaretti
MC, Murano I, et al. Effects of 6-month daily
supplementation with oral beta-carotene in
combination or not with benzo[a]pyrene on cell-

cycle markers in the lung of ferrets. J Nutr Biochem
2008; 19: 295-304.

20. Liu C, Lian F, Smith DE, Russell RM, Wang
XD. Lycopene supplementation inhibits lung
squamous metaplasia and induces apoptosis via
up-regulating insulin-like growth factor-binding
protein 3 in cigarette smoke-exposed ferrets.
Cancer Res 2003; 63: 3138-44.

21. Palozza P, Sheriff A, Serini S, Boninsegna A,
Maggiano N, Ranelletti FO, et al. Lycopene
induces apoptosis in immortalized fibroblasts
exposed to tobacco smoke condensate through
arresting cell cycle and down-regulating cyclin
D1, pAKT and pBad. Apoptosis 2005; 10: 1445-
56.

22. Guttenplan JB, Chen M, Kosinska W, Thompson
S, Zhao Z, Cohen LA. Effects of a lycopene-rich
diet on spontaneous and benzo[a]pyrene-induced
mutagenesis in prostate, colon and lungs of the
lacZ mouse. Cancer Lett 2001; 164: 1-6.

23. Quin J, Engle D, Litwiller A, Peralta E, Grasch
A, Boley T, et al. Vitamin E succinate decreases
lung cancer tumor growth in mice. J Surg Res
2005; 127: 139-43.

24. Lee E, Choi MK, Lee YJ, Ku JL, Kim KH, Choi
JS, et al. Alpha-tocopheryl succinate, in contrast
to alpha-tocopherol and alpha-tocopheryl acetate,
inhibits prostaglandin E2 production in human
lung epithelial cells. Carcinogenesis 2006; 27:
2308-15.

25. Galeone C, Negri E, Pelucchi C, La Vecchia C,
Bosetti C, Hu J. Dietary intake of fruit and
vegetable and lung cancer risk: a case-control study
in Harbin, northeast China. Ann Oncol 2007; 18:
388-92.

26. Kashiwagi K, Harada K, Yano Y, Kumadaki I,
Hagiwara K, Takebayashi J, et al. A redox-silent
analogue of tocotrienol inhibits hypoxic adaptation



13J Med Tech Phy Ther ë Vol.21 No.1 ë JANUARY-APRIL 2009

of lung cancer cells. Biochem Biophys Res
Commun 2008; 365: 875-81.

27. Liu C, Russell RM, Wang XD. Alpha-tocopherol
and ascorbic acid decrease the production of beta-
apo-carotenals and increase the formation of
retinoids from beta-carotene in the lung tissues of
cigarette smoke-exposed ferrets in vitro. J Nutr
2004; 134: 426-30.

28. Vanisree AJ, Shyamaladevi CS. The effect of N-
acetylcysteine in combination with vitamin C on
the activity of ornithine decarboxylase of lung
carcinoma cells: In vitro. Life Sci 2006; 79: 654-
9.

29. Martin BD, Schoenhard JA, Hwang JM, Sugden
KD. Ascorbate is a pro-oxidant in chromium-
treated human lung cells. Mutat Res 2006; 610:74-
84.

30. Slatore CG, Littman AJ, Au DH, Satia JA, White
E. Long-term use of supplemental multivitamins,
vitamin C, vitamin E, and folate does not reduce
the risk of lung cancer. Am J Respir Crit Care
Med 2008; 177: 524-30.

31. Dietrich M, Block G, Norkus EP, Hudes M, Traber
MG, Cross CE, et al. Smoking and exposure to
environmental tobacco smoke decrease some
plasma antioxidants and increase gamma-
tocopherol in vivo after adjustment for dietary
antioxidant intakes. Am J Clin Nutr 2003; 77:
160-6.

32. Kim Y, Chongviriyaphan N, Liu C, Russell RM,
Wang XD. Combined antioxidant (beta-carotene,
alpha-tocopherol and ascorbic acid)
supplementation increases the levels of lung
retinoic acid and inhibits the activation of mitogen-
activated protein kinase in the ferret lung cancer
model. Carcinogenesis 2006; 27: 1410-9.

33. Franklin MR, Moos PJ, El-Sayed WM, Aboul-
Fadl T, Roberts JC. Pre- and post-initiation
chemoprevention activity of 2-alkyl/aryl
selenazolidine-4(R)-carboxylic acids against
tobacco-derived nitrosamine (NNK)-induced lung
tumors in the A/J mouse. Chem Biol Interact 2007;
168: 211-20.

34. El-Bayoumy K, Sinha R. Molecular chemo-
prevention by selenium: a genomic approach. Mutat
Res 2005; 591: 224-36.

35. Kaynar H, Meral M, Turhan H, Keles M, Celik
G, Akcay F. Glutathione peroxidase, glutathione-
S-transferase, catalase, xanthine oxidase, Cu-Zn
superoxide dismutase activities, total glutathione,
nitric oxide, and malondialdehyde levels in
erythrocytes of patients with small cell and
non-small cell lung cancer. Cancer Lett 2005;
227: 133-9.

36. Harju T, Kaarteenaho-Wiik R, Sirvio R, Paakko
P, Crapo JD, Oury TD, et al. Manganese
superoxide dismutase is increased in the airways
of smokerûs lungs. Eur Respir J 2004; 24: 765-
71.

37. Connor KM, Hempel N, Nelson KK, Dabiri G,
Gamarra A, Belarmino J, et al. Manganese
superoxide dismutase enhances the invasive and
migratory activity of tumor cells. Cancer Res 2007;
67: 10260-7.

38. Fattman CL, Tan RJ, Tobolewski JM, Oury TD.
Increased sensitivity to asbestos-induced lung
injury in mice lacking extracellular superoxide
dismutase. Free Radic Biol Med 2006; 40: 601-
7.



14 «“√ “√‡∑§π‘§°“√·æ∑¬å·≈–°“¬¿“æ∫”∫—¥ ë ªï∑’Ë 21 ©∫—∫∑’Ë 1 ë ¡°√“§¡-‡¡…“¬π 2552

°“√„™âª√–‚¬™πå¢Õß‚æ≈’‚§≈πÕ≈·Õπµ‘∫Õ¥’®”‡æ“–µàÕ‡™◊ÈÕ‡∫Õ√å‚§≈‡¥‡√’¬ªá
 Ÿ‚¥¡“≈‘‰Õ

« “ √   “ √
‡∑§π‘§°“√·æ∑¬å·≈–°“¬¿“æ∫”∫—¥
JOURNAL OF MEDICAL TECHNOLOGY AND PHYSICAL THERAPY

π‘æπ∏åµâπ©∫—∫
ORIGINAL ARTICLE

1π—°»÷°…“ª√‘≠≠“‚∑ À≈—° Ÿµ√«‘∑¬“»“ µ√å°“√·æ∑¬å §≥–‡∑§π‘§°“√·æ∑¬å ¡À“«‘∑¬“≈—¬¢Õπ·°àπ
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*ºŸâ√—∫º‘¥™Õ∫∫∑§«“¡

∫∑§—¥¬àÕ
Burkholderia pseudomallei (B. pseudomallei) ‡ªìπ‡™◊ÈÕ°àÕ‚√§∑’Ë‡ªìπ “‡Àµÿ ”§—≠¢Õß‚√§‡¡≈‘ÕÕ¬‚¥ ‘  (melioidosis)

´÷Ëß‡ªìπ‚√§µ‘¥‡™◊ÈÕ∑’Ëæ∫°“√·æ√à√–∫“¥¡“°„π¿Ÿ¡‘¿“§‡Õ‡™’¬µ–«—πÕÕ°‡©’¬ß„µâ·≈–∑“ßµÕπ‡Àπ◊Õ¢Õßª√–‡∑»ÕÕ ‡µ√‡≈’¬
°“√√—°…“ºŸâªÉ«¬‚√§‡¡≈‘ÕÕ¬‚¥ ‘ ∑’Ëµ‘¥‡™◊ÈÕ„π°√–· ‡≈◊Õ¥®”‡ªìπµâÕßÕ“»—¬§«“¡√«¥‡√Á«„π°“√«‘π‘®©—¬ °“√»÷°…“§√—Èßπ’È
¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ∑¥ Õ∫ª√– ‘∑∏‘¿“æ¢Õß°“√„™â‚æ≈’‚§≈πÕ≈·Õπµ‘∫Õ¥’µàÕ‡™◊ÈÕ B. pseudomallei „π°“√µ√«®À“
·Õπµ‘‡®π¢Õß‡™◊ÈÕ‡æ◊ËÕ°“√«‘π‘®©—¬‚√§‡¡≈‘ÕÕ¬‚¥ ‘  ®“°°“√»÷°…“§«“¡®”‡æ“–¢Õß‚æ≈’‚§≈πÕ≈·Õπµ‘∫Õ¥’°—∫‡™◊ÈÕ·∫§∑’‡√’¬
™π‘¥Õ◊Ëπ ‚¥¬»÷°…“ªØ‘°‘√‘¬“¢â“¡°≈ÿà¡¥â«¬‡∑§π‘§ enzyme linked-immunosorbent assay (ELISA) æ∫«à“·Õπµ‘∫Õ¥’
∑’Ë»÷°…“‡°‘¥ªØ‘°‘√‘¬“°—∫·∫§∑’‡√’¬Õ◊Ëπ„π√–¥—∫µË” ·≈–ªØ‘°‘√‘¬“∑’Ë‡°‘¥¢÷Èπ “¡“√∂·¬°‰¥âÕ¬à“ß™—¥‡®π‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫‡™◊ÈÕ
B. pseudomallei πÕ°®“°π’Èæ∫«à“‚æ≈’‚§≈πÕ≈·Õπµ‘∫Õ¥’π’È¬—ß “¡“√∂∑”ªØ‘°‘√‘¬“‰¥â°—∫µ—«Õ¬à“ß‡™◊ÈÕ B. pseudomallei ∑’Ë
·¬°‰¥â®“°ºŸâªÉ«¬®”π«π 24 isolates ‡¡◊ËÕª√–‡¡‘π§«“¡ “¡“√∂¢Õß¢Õß‚æ≈’‚§≈πÕ≈·Õπµ‘∫Õ¥’„π°“√µ√«®À“·Õπµ‘‡®π
®“° à«π„ ¢ÕßπÈ”‡≈’È¬ß‡™◊ÈÕ B. pseudomallei æ∫«à“ “¡“√∂µ√«®æ∫·Õπµ‘‡®π∑’Ëª≈àÕ¬ÕÕ°®“°µ—«‡™◊ÈÕ®”π«π 1.5 x 104

cfu/ml ‰¥â πÕ°®“°π’ÈºŸâ«‘®—¬¬—ß‰¥â∑”°“√∑¥ Õ∫º≈¢Õß·Õπµ‘∫Õ¥’µàÕ°“√‡¢â“ Ÿà‡´≈≈å·¡§‚§√ø“® (U937-derived macrophages)
¢Õß‡™◊ÈÕ B. pseudomallei ·≈–æ∫«à“„π ¿“«–∑’Ë¡’·Õπµ‘∫Õ¥’π—Èπ  àßº≈„Àâ‡™◊ÈÕ “¡“√∂‡¢â“ Ÿà‡´≈≈å·¡§‚§√ø“®‰¥â‡æ‘Ë¡¢÷Èπ
‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫ ¿“«–∑’Ë‰¡à¡’·Õπµ‘∫Õ¥’ Õ¬à“ß‰√°Áµ“¡®“°º≈¥—ß°≈à“«¬—ßµâÕß¡’°“√»÷°…“∂÷ß°≈‰°∑’Ë·∑â®√‘ßµàÕ‰ª º≈°“√»÷°…“
∑—ÈßÀ¡¥π’È· ¥ß„Àâ‡ÀÁπ«à“ ‚æ≈’‚§≈πÕ≈·Õπµ‘∫Õ¥’µàÕ‡™◊ÈÕ B. pseudomallei πà“®– “¡“√∂π”‰ª„™âª√–‚¬™πå∑—Èß„π¥â“π°“√
«‘π‘®©—¬·≈–°“√»÷°…“°≈‰°°“√°àÕ‚√§µàÕ‰ª

§” ”§—≠ :  ‚æ≈’‚§≈πÕ≈·Õπµ‘∫Õ¥’,  Burkholderia pseudomallei,  ELISA

∫∑π”
‚√§‡¡≈‘ÕÕ¬‚¥ ‘  (melioidosis) ‡ªìπ‚√§µ‘¥‡™◊ÈÕ∑’Ë¡’

 “‡Àµÿ¡“®“°‡™◊ÈÕ B. pseudomallei ´÷Ëß¡’æ◊Èπ∑’Ë√–∫“¥„π
·∂∫‡Õ‡™’¬µ–«—πÕÕ°‡©’¬ß„µâ·≈–∑“ßµÕπ‡Àπ◊Õ¢Õßª√–‡∑»
ÕÕ ‡µ√‡≈’¬ °“√µ‘¥‡™◊ÈÕ„π°√–· ‡≈◊Õ¥¢Õß‚√§‡¡≈‘ÕÕ¬
‚¥ ‘ ‡ªìπ “‡Àµÿ ”§—≠∑’Ëπ”‰ª Ÿà°“√‡ ’¬™’«‘µ¢Õßª√–™“°√

„π¿“§µ–«—πÕÕ°‡©’¬ß ‡Àπ◊Õ¢Õßª√–‡∑»‰∑¬ ‚¥¬æ∫Õ—µ√“
°“√‡ ’¬™’«‘µ∑’Ë Ÿß¡“° (√âÕ¬≈– 50 „πºŸâ„À≠à·≈– √âÕ¬≈– 35
„π‡¥Á°)(1)  “‡Àµÿ ”§—≠∑’Ë∑”„ÀâÕ—µ√“°“√‡ ’¬™’«‘µ¢ÕßºŸâµ‘¥‡™◊ÈÕ
§àÕπ¢â“ß Ÿß‡ªìπ‡æ√“–µâÕß„™â√–¬–‡«≈“π“π„π°“√µ√«®«‘π‘®©—¬
°“√µ‘¥‡™◊ÈÕ B. pseudoamllei ´÷Ëßªí®®ÿ∫—π¬—ß‰¡à¡’«‘∏’°“√µ√«®
«‘π‘®©—¬∑“ßÀâÕßªØ‘∫—µ‘°“√∑’Ë√«¥‡√Á«·≈–∂Ÿ°µâÕß °“√«‘π‘®©—¬

¥“√“«√√≥  √‘π™—¬1,2*, Õ√ÿ≥≈—°…≥å ≈ÿ≈‘µ“ππ∑å2, °“≠®π“ ‡≈‘»¡’¡ß§≈™—¬2
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Utility of polyclonal antibodies binding to specific epitopes of
Burkholderia pseudomallei
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Abstract
Burkholderia pseudomallei (B. pseudomallei) is a major causative agent of melioidosis in endemic areas

such as Southeast Asia and Northern Australia. Rapid diagnosis is required for appropriate treatments in
septicemic melioidosis. In this study, we aimed to evaluate the specific polyclonal antibody (pAb) to
B. pseudomallei for potentially use in the development of diagnostic assays and pathogenesis studies.
In determination the cross reaction of the pAb to other bacteria by indirect ELISA, the pAb to B. pseudomallei
has no cross-reactivity with other bacteria. In contrast, the pAb reacted with 24 clinical isolates of B. pseudomallei-
extracted antigens. By ELISA, the pAb to B. pseudomallei could be used to detect secreted antigens in 3 hour
culture supernatants of 1.5 x 104 cfu/ml B. pseudomallei. In addition, opsonization of the bacteria with the
pAbs could enhance bacterial internalization by U937-derived macrophages when compared with bacterial
culture alone. The mechanism of these observations, however, needs to be further investigated. In conclusion,
we suggest that the pAbs to B. pseudomallei can be potentially used for development of diagnosis method and
pathogenesis study.

Key words:  Polyclonal antibody,  Burkholderia pseudomallei,  ELISA

∑’Ë „Àâ‰¥âº≈·πàπÕπ §◊Õ °“√µ√«®∑“ß®ÿ≈™’««‘∑¬“ ‚¥¬°“√
‡æ“–‡≈’È¬ß‡™◊ÈÕ®“° ‘Ëß àßµ√«®·≈â«æ‘ Ÿ®πå‡™◊ÈÕ¥â«¬§ÿ≥ ¡∫—µ‘
∑“ß™’«‡§¡’ ´÷ËßµâÕß„™â‡«≈“„π°“√∑¥ Õ∫π“π∂÷ß 2-3 «—π
¥—ßπ—Èπ®÷ß‰¥â¡’°“√æ—≤π“°“√µ√«®«‘π‘®©—¬∑“ß¥â“π¿Ÿ¡‘§ÿâ¡°—π«‘∑¬“
´÷ËßÕ“®®–‡ªìπ°“√µ√«®À“√–¥—∫·Õπµ‘∫Õ¥’À√◊Õ·Õπµ‘‡®π
°“√µ√«®À“·Õπµ‘∫Õ¥’„πæ◊Èπ∑’Ë√–∫“¥π—Èπ„™â«‘∏’ indirect
haemagglutination assay (IHA) ÷́Ëß‡ªìπ°“√µ√«®À“
·Õπµ‘∫Õ¥’µàÕ·Õπµ‘‡®π√«¡¢Õß‡™◊ÈÕ «‘∏’π’È‡ªìπ«‘∏’∑’Ë¡’§«“¡‰«

·≈–§«“¡®”‡æ“–§àÕπ¢â“ßµË” (√âÕ¬≈– 56)(1) ‡π◊ËÕß®“°ª√–™“°√
∑’ËÕ“»—¬Õ¬Ÿà„πæ◊Èπ∑’Ë√–∫“¥¡—°®–¡’ª√–«—µ‘°“√‡§¬ —¡º— ‡™◊ÈÕ
B. pseudomallei À√◊Õ‡™◊ÈÕ·∫§∑’‡√’¬Õ◊Ëπ∑—Èß∑’Ë°àÕ‚√§·≈–‰¡à
°àÕ‚√§∑’Ë¡’ “¬æ—π∏ÿå∑’Ë „°≈â‡§’¬ß°—π¡“·≈â« ∑”„Àâ¡’√–¥—∫
·Õπµ‘∫Õ¥’∑’Ë “¡“√∂‡°‘¥ªØ‘°‘√‘¬“¢â“¡°≈ÿà¡‰¥â ®÷ß‡ªìπªí≠À“
„π°“√«‘π‘®©—¬‚√§‡¡≈‘ÕÕ¬‚¥ ‘ (2) °“√µ√«®À“·Õπµ‘∫Õ¥’
‚¥¬„™â‡∑§π‘§ enzyme-linked immunosorbent assays
(ELISA) ®”‡ªìπµâÕßÕ“»—¬·Õπµ‘‡®π∑’Ë∫√‘ ÿ∑∏‘Ï·≈–¡’§«“¡
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®”‡æ“–‡æ◊ËÕ„™â„π°“√µ√«®À“·Õπµ‘∫Õ¥’™π‘¥ IgM À√◊Õ IgG
∑’Ë®”‡æ“–µàÕ‡™◊ÈÕ‰¥âÕ¬à“ß√«¥‡√Á« Õ¬à“ß‰√°Áµ“¡ªí≠À“„π°“√
µ√«®À“·Õπµ‘∫Õ¥’™π‘¥ IgG π—Èπ ‰¡à “¡“√∂∑’Ë®–·¬°ºŸâªÉ«¬
«à“‡ªìπ°“√µ‘¥‡™◊ÈÕ ≥ ªí®®ÿ∫—πÀ√◊Õ‡§¬‰¥â√—∫°“√µ‘¥‡™◊ÈÕ¡“°àÕπ
‡π◊ËÕß®“°ºŸâ∑’Ë ‡§¬µ‘¥‡™◊ÈÕ¡“°àÕπ°Á®–¡’·Õπµ‘∫Õ¥’µàÕ
B. pseudomallei ™π‘¥ IgG Õ¬Ÿà„π°√–· ‡≈◊Õ¥‚¥¬∑’Ë
·Õπµ‘∫Õ¥’π’ÈÕ“®®–¡’Õ“¬ÿÕ¬Ÿà‰¥âπ“π°«à“ 5 ªï(3)  ”À√—∫ªí≠À“
„π°“√µ√«®À“·Õπµ‘∫Õ¥’™π‘¥ IgG ®“°°“√»÷°…“∑’Ëºà“π¡“
æ∫«à“¡’§«“¡‰«„π°“√µ√«®µË”¡“° À≈—ß®“°ºŸâªÉ«¬‡§¬¡’°“√
µ‘¥‡™◊ÈÕ§√—Èß·√°∑’Ë‰¡à· ¥ßÕ“°“√ ¥â«¬‡Àµÿπ’È®÷ß‰¥â¡’°“√æ—≤π“
‡æ◊ËÕ∑’Ë®–À“·Õπµ‘∫Õ¥’∑’Ë‡À¡“– ¡·≈–¡’§«“¡®”‡æ“–‡æ◊ËÕ∑’Ë
®–„™â„π°“√µ√«®À“·Õπµ‘‡®π¢Õß‡™◊ÈÕÕ¬à“ß√«¥‡√Á« ‚¥¬
‡©æ“–Õ¬à“ß¬‘Ëß°“√æ¬“¬“¡∑’Ë®–º≈‘µ‚¡‚π‚§≈πÕ≈À√◊Õ
‚æ≈’‚§≈πÕ≈·Õπµ‘∫Õ¥’∑’Ë¡’§«“¡®”‡æ“– Ÿß‡æ◊ËÕ∑’Ë®–π”‰ª„™â
„π°“√æ—≤π“·≈–º≈‘µ™ÿ¥°“√µ√«®«‘π‘®©—¬∑’Ë¡’§«“¡∂Ÿ°µâÕß
·≈–√«¥‡√Á«¬‘Ëß¢÷Èπ‡æ◊ËÕπ”¡“„™â∑¥·∑π°“√µ√«®«‘π‘®©—¬„π
ªí®®ÿ∫—π ‡™àπ °“√µ√«®À“  exotoxin „π à«π„ ¢ÕßπÈ”‡≈’È¬ß
‡™◊ÈÕ¥â«¬«‘∏’ ELISA, °“√µ√«®À“‚ª√µ’π∑’Ëª≈àÕ¬ÕÕ°¡“®“°
µ—«‡™◊ÈÕ(4) ‚¥¬°“√„™â‚¡‚π‚§≈πÕ≈µàÕ à«πºπ—ß‡´≈≈å¢Õß‡™◊ÈÕ(5)

‡™àπ LPS(6), 30 kDa protein(7) ·≈– à«π¢Õß exopoly-
saccharide(8)  πÕ°®“°π’È¬—ß¡’°“√»÷°…“‡æ◊ËÕæ—≤π“·Õπµ‘∫Õ¥’
‡æ◊ËÕ„™â‡ªìπ‡§√◊ËÕß¡◊Õ ”À√—∫°“√√—°…“‚√§‡¡≈‘ÕÕ¬‚¥ ‘ 
Õ¬à“ß‰√°Áµ“¡°Á¬—ß¡’¢âÕ®”°—¥∑’Ë°“√»÷°…“ à«π„À≠à¬—ß‡ªìπ‡æ’¬ß
°“√„™âª√–‚¬™πå®“°·Õπµ‘∫Õ¥’µàÕ à«πª√–°Õ∫¿“¬πÕ°
¢Õß·∫§∑’‡√’¬À√◊ÕµàÕ à«π∑’Ë¬—ß‰¡à‰¥â∑”°“√»÷°…“§ÿ≥≈—°…≥–
¢Õß·Õπµ‘∫Õ¥’π—ÈπÊ  ¥—ßπ—Èπ„π°“√»÷°…“§√—Èßπ’È®÷ß¡’§«“¡ π„®
∑’Ë®–»÷°…“§ÿ≥≈—°…≥–¢Õß‚æ≈’‚§≈πÕ≈·Õπµ‘∫Õ¥’µàÕ‡™◊ÈÕ
B. pseudomallei ‡æ◊ËÕ»÷°…“»—°¬¿“æ„π°“√„™âª√–‚¬™πå
‡æ◊ËÕ°“√«‘π‘®©—¬·≈–°“√»÷°…“°≈‰°∑’ËÕ“®®–‡°’Ë¬«¢âÕß°—∫°“√
°àÕ‚√§ ‡æ◊ËÕ∑’Ë®–π”‰ª Ÿà°“√æ—≤π“°“√«‘π‘®©—¬·≈–°“√√—°…“
À√◊Õ·¡â·µà‡æ◊ËÕ°“√æ—≤π“‡ªìπ«—§´’π„π°“√ªÑÕß°—π‚√§
‡¡≈‘ÕÕ¬‚¥ ‘ 

«— ¥ÿ·≈–«‘∏’°“√»÷°…“
·Õπµ‘‡®π
1. ·Õπµ‘‡®π¢Õß‡™◊ÈÕ B. pseudomallei (extracted

antigens) ®”π«π 24 isolates ´÷Ëß·¬°‰¥â®“° ‘Ëß àßµ√«®
¢ÕßºŸâªÉ«¬∑’Ë‰¥â√—∫°“√«‘π‘®©—¬«à“‡ªìπ septicemic melioidosis

®“°°“√‡æ“–‡™◊ÈÕ„πÀπà«¬®ÿ≈™’««‘∑¬“§≈‘π‘°‚√ßæ¬“∫“≈
»√’π§√‘π∑√å ¡À“«‘∑¬“≈—¬¢Õπ·°àπ(9)

2. ·Õπµ‘‡®π¢Õß‡™◊ÈÕ·∫§∑’‡√’¬∑’Ë‡ªìπ “‡Àµÿ¢Õß°“√µ‘¥
‡™◊ÈÕ„π°√–· ‡≈◊Õ¥ ”À√—∫„™â∑¥ Õ∫ªØ‘°‘√‘¬“¢â“¡°≈ÿà¡ (whole
killed cells) ®”π«π 12 ™π‘¥ ‰¥â·°à B. pseudomallei
K96243  ”À√—∫„™â‡ªìπ‡™◊ÈÕ§«∫§ÿ¡, Enterobacter spp,
Escherichia coli , Staphylococcus aureus,
Staphylococcus epidermidis, Proteous mirabilis,
Salmonella enterica serovar Typhimurium,
Burkholderia cepacia, Klebsiella pneumaniae,
Pseudomonas aeruginosa,  Aeromonas sobia ·≈–
β- Streptococcus spp ‚¥¬∑”°“√‡æ“–‡≈’È¬ß„π BHI broth
∑’Ë 37 Õß»“‡´≈‡ ’́¬  π“π 24 ™—Ë«‚¡ß ®“°π—Èπ¶à“‡™◊ÈÕ¥â«¬
10% paraformaldehyde ªíòπ≈â“ß¥â«¬ PBS (pH 7.4)

3. ·Õπµ‘‡®π °—¥¢Õß‡™◊ÈÕ B. pseudomallei (crude
extracted antigens) „™â«‘∏’ veronal buffer extract(10)

·Õπµ‘∫Õ¥’
1. Mouse polyclonal anti-B. pseudomallei ´÷Ëß

‡µ√’¬¡¡“®“°°“√©’¥°√–µÿâπÀπŸ BALB/C ¥â«¬ crude
extracted antigens ¢Õß‡™◊ÈÕ B. pseudomallei(10)

2. Rabbit polyclonal anti-B. pseudomallei ´÷Ëß
‡µ√’¬¡¡“®“°°“√©’¥°√–µÿâπ°√–µà“¬¥â«¬ crude extract
antigen ¢Õß‡™◊ÈÕ B. pseudomallei ®“°°“√»÷°…“¢Õß
Õ√ÿ≥√—∞ √à¡æƒ°…å ·≈–§≥–(10)

°“√»÷°…“ªØ‘°‘√‘¬“¢â“¡°≈ÿà¡¢Õß polyclonal anti-
B. pseudomallei antibody ‚¥¬«‘∏’ Indirect ELISA

„™â·Õπµ‘‡®π™π‘¥∑—Èßµ—«¢Õß‡™◊ÈÕ B. pseudomallei À√◊Õ
‡™◊ÈÕ·∫§∑’‡√’¬ (whole killed cells) ∑’Ë·¬°‰¥â®“°ºŸâªÉ«¬
‡¡≈‘ÕÕ¬‚¥ ‘ ·≈–‡™◊ÈÕ·∫§∑’‡√’¬Õ◊Ëπ∑’Ë‡ªìπ “‡Àµÿ¢Õß°“√
µ‘¥‡™◊ÈÕ„π°√–· ‡≈◊Õ¥ ‰¥â·°à Enterobacter spp,
Escherichia coli , Staphylococcus aureus,
Staphylococcus epidermidis, Proteous mirabilis,
Salmonella enterica serovar Typhimurium,
Burkholderia cepacia, Klebsiella pneumaniae,
Pseudomonas aeruginosa, Aeromonas sobia ·≈–
β-Streptococcus spp ª√—∫‡™◊ÈÕ„Àâ‰¥âª√‘¡“≥ 107 ‡´≈≈å
µàÕ¡‘≈≈‘≈‘µ√ „π 0.1 M carbonate-bicarbonate buffer (pH
9.6) ‡µ‘¡≈ß„π‡æ≈∑ ELISA ª√‘¡“≥ 100 ‰¡‚§√≈‘µ√
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π”‰ªÕ∫∑’Ë 37 Õß»“‡´≈‡´’¬  3 ™—Ë«‚¡ß À√◊Õ 4 Õß»“‡´≈‡´’¬ 
¢â“¡§◊π ®“°π—Èπ block ¥â«¬ 5% skimed milk Õ∫∑’Ë
Õÿ≥À¿Ÿ¡‘ÀâÕß 60 π“∑’ ·≈â«∑¥ Õ∫ªØ‘°‘√‘¬“°—∫ mouse
polyclonal anti-B. pseudomallei antibody ∑’Ë‡®◊Õ®“ß„π
PBS ∑’Ë¡’ 0.05% Tween20 ‚¥¬¡’ culture medium ‡ªìπ
negative control Õ∫∑’Ë 37 Õß»“‡´≈‡ ’́¬  90 π“∑’
®“°π—Èπ‡µ‘¡ alkaline phosphatase conjugated rabbit anti-
mouse IgG ‡®◊Õ®“ß 1: 4000 Õ∫∑’Ë 37 Õß»“‡´≈‡´’¬  90
π“∑’ ‡µ‘¡ p-nitrophenyl  phosphate ‡ªìπ substrate ‡ªìπ
‡«≈“ 45 π“∑’ Õà“πº≈∑’Ë§«“¡¬“«§≈◊Ëπ 405 π“‚π‡¡µ√ ¥â«¬
‡§√◊ËÕß ELISA reader (Sunrise, Tecan, Crailsheim,
Germany)

°“√‡æ“–‡≈’È¬ß‡™◊ÈÕ‡æ◊ËÕ‡µ√’¬¡ à«π„  ”À√—∫°“√µ√«®«—¥
·Õπµ‘‡®π¢Õß ‡™◊ÈÕ B. pseudomallei

∑”°“√‡æ“–‡≈’È¬ß‡™◊ÈÕ B. pseudomallei K96243 „π
Õ“À“√‡≈’È¬ß‡™◊ÈÕ‡À≈« (LB broth) ª√‘¡“µ√ 5 ¡‘≈≈‘≈‘µ√ ‚¥¬
‡√‘Ë¡µâπ§«“¡‡¢â¡¢âπ¢Õß®”π«π‡™◊ÈÕµà“ßÊ°—π Õ∫∑’Ë 37 Õß»“
‡´≈‡´’¬  ‡ªìπ‡«≈“ 3 ™—Ë«‚¡ß ®“°π—Èπ∑”°“√π—∫®”π«π‡™◊ÈÕ
·∫§∑’‡√’¬¥â«¬‡∑§π‘§°“√π—∫‚§‚≈π’(11) æ√âÕ¡∑—Èßªíòπ‡°Á∫ à«π
„ ¢Õß‡™◊ÈÕ‡æ◊ËÕπ”‰ªµ√«®À“·Õπµ‘‡®π¥â«¬‡∑§π‘§ Sandwich
ELISA µàÕ‰ª  ÷́Ëß‡∑§π‘§∑’Ë‡°’Ë¬«¢âÕß°—∫ ‡™◊ÈÕ B. pseu-
domallei ∑’Ë¡’™’«‘µ®–∂Ÿ°∑”°“√∑¥≈Õß¿“¬„πÀâÕß biosafty
level 3 ∑ÿ°°“√∑¥≈Õß

°“√µ√«®À“·Õπµ‘‡®π¢Õß‡™◊ÈÕ B. pseudomallei ‚¥¬
«‘∏’ Sandwich ELISA

„™â Rabbit polyclonal anti-B. pseudomallei antibody
∑’Ë§«“¡‡¢â¡¢âπ 1:1000 „π 0.1 M carbonate-bicarbonate
buffer (pH 9.6) ‡µ‘¡≈ß„π‡æ≈∑ ELISA ª√‘¡“≥ 100
‰¡‚§√≈‘µ√ π”‰ªÕ∫∑’Ë 37 Õß»“‡´≈‡´’¬  3 ™—Ë«‚¡ß À√◊Õ 4
Õß»“‡´≈‡´’¬  ¢â“¡§◊π ®“°π—Èπ block ¥â«¬ 5% skimed
milk Õ∫∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß 60 π“∑’ ·≈â«∑¥ Õ∫ªØ‘°‘√‘¬“°—∫
crude extracted antigens ¢Õß B. pseudomallei ‡æ◊ËÕ‡ªìπ
positive control À√◊Õ à«π„ ¢ÕßπÈ”‡≈’È¬ß‡æ“–‡≈’È¬ß‡™◊ÈÕ∑’Ë
‡®◊Õ®“ß „π PBS ∑’Ë¡’ 0.05% Tween20 ‚¥¬¡’ culture
medium ‡ªìπ negative control Õ∫∑’Ë 37 Õß»“‡´≈‡´’¬ 
90 π“∑’ ®“°π—Èπ‡µ‘¡ 1:1000 ¢Õß mouse polyclonal anti-
B. pseudomallei antibody ∑’Ë‡®◊Õ®“ß„π PBS ∑’Ë¡’ 0.05%
Tween20 ≈ß‰ªÀ≈ÿ¡≈– 50 ‰¡‚§√≈‘µ√ Õ∫∑’Ë 37 Õß»“

‡´≈‡´’¬  90 π“∑’ ®“°π—Èπ‡µ‘¡ alkaline phosphatase
conjugated rabbit anti-mouse IgG ‡®◊Õ®“ß 1: 4000 Õ∫
∑’Ë 37 Õß»“‡´≈‡´’¬   90 π“∑’ ‡µ‘¡ p-nitrophenyl
phosphate ‡ªìπ substrate ‡ªìπ‡«≈“ 45 π“∑’ Õà“πº≈∑’Ë
§«“¡¬“«§≈◊Ëπ 405 π“‚π‡¡µ√ ¥â«¬‡§√◊ËÕß ELISA reader
(Sunrise, Tecan, Crailsheim, Germany)

°“√‡µ√’¬¡‡´≈≈å·¡§‚§√ø“®®“° U937 cell line
‡µ√’¬¡‡´≈≈å·¡§‚§√ø“®‚¥¬„™â monocyte cell line

(U937)  ‚¥¬°“√‡æ“–‡≈’È¬ß„πÕ“À“√‡≈’È¬ß‡´≈≈å Dulbeccoûs
Modified Eagle Medium ́ ÷Ëß¡’ 10% fetal bovine serum
Õ¬Ÿà ®“°π—Èπ°√–µÿâπ U937 ¥â«¬ PMA §«“¡‡¢â¡¢âπ 10
π“‚π‚¡≈“√å ‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß ®–‰¥â U937-derived
macrophages(12) ®“°π—Èπ≈â“ß PMA ÕÕ°‡æ◊ËÕæ—°‡´≈≈å‡ªìπ
‡«≈“ 24 ™—Ë«‚¡ß ·≈â«∑”°“√π—∫®”π«π‡´≈≈å„Àâ‰¥â ®”π«π 4
x 105 ‡´≈≈å/À≈ÿ¡¢Õß‡æ≈∑‡æ“–‡≈’È¬ß‡´≈≈å ∑‘Èß‰«â„Àâ‡´≈≈å
‡°“–‡æ≈∑Õ¬à“ßπâÕ¬ 12 ™—Ë«‚¡ß ‡æ◊ËÕ„™â ”À√—∫∑” Cell
invasion assay µàÕ‰ª

°“√»÷°…“º≈¢Õß·Õπµ‘∫Õ¥’µàÕ°“√‡¢â“ Ÿà‡´≈≈å·¡§‚§√-
ø“® ¢Õß‡™◊ÈÕ B. pseudomallei

π”‡™◊ÈÕ B. pseudomallei ¡“º ¡°—∫‚æ≈’‚§≈πÕ≈
·Õπµ‘∫Õ¥’ (pAb) µàÕ‡™◊ÈÕ B. pseudomallei (Bps),
·Õπµ‘∫Õ¥’µàÕ‡™◊ÈÕ E. coli (Ec) ∑’Ë‡®◊Õ®“ß 1: 1000 ·≈–
 ¿“«–∑’Ë‰¡à¡’·Õπµ‘∫Õ¥’ Õ∫∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß‡ªìπ‡«≈“ 45 π“∑’
®“°π—Èπ„™â 500 ‰¡‚§√≈‘µ√ ¡“∑”°“√‡æ“–‡≈’È¬ß√à«¡°—∫‡´≈≈å
·¡§‚§√ø“® (U937-derived macrophages) ®”π«π 4 x
105 ‡´≈≈å/À≈ÿ¡¢Õß‡æ≈∑‡æ“–‡≈’È¬ß‡´≈≈å ‚¥¬ª√—∫®”π«π
‡™◊ÈÕ B. pseudomallei „Àâ‰¥â Multiplicity of Infection
(MOI) ‡∑à“°—∫ 1, 3, 10 À√◊Õ 30 Õ∫∑’Ë 37 Õß»“‡´≈‡´’¬ 
5% §“√å∫Õπ‰¥ÕÕ°‰´¥å ‡ªìπ‡«≈“ 1 ™—Ë«‚¡ß ®“°π—Èπ≈â“ß
·∫§∑’‡√’¬¿“¬πÕ°‡´≈≈åÕÕ° 2 §√—Èß ¥â«¬ PBS ·≈–¶à“‡™◊ÈÕ
·∫§∑’‡√’¬∑’ËÕ¬Ÿà¿“¬πÕ°‡´≈≈å¥â«¬¬“ kanamycin (Gibco,
Invitrogen corporation, USA) §«“¡‡¢â¡¢âπ 250
‰¡‚§√°√—¡/¡‘≈≈‘≈‘µ√ Õ∫∑’Ë 37 Õß»“‡´≈‡´’¬   5%
§“√å∫Õπ‰¥ÕÕ°‰´¥å ‡ªìπ‡«≈“ 30 π“∑’ ®“°π—Èπ®–∑”°“√
µ√«®°“√¡’™’«‘µ¢Õß‡´≈≈å·¡§‚§√ø“® (U937-derived
macrophages) ‚¥¬°“√¬âÕ¡¥â«¬ ’ trypan blue ·≈–
∑”°“√µ√«®À“ª√‘¡“≥·∫§∑’‡√’¬∑’ËÕ¬Ÿà¿“¬„π‡´≈≈å ‚¥¬„™â 1%
triton X-100 ª√‘¡“≥ 500 ‰¡‚§√≈‘µ√ ∑‘Èß‰«â‡ªìπ‡«≈“ 5
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π“∑’ ‡æ◊ËÕ„Àâºπ—ß‡´≈≈å·µ° À≈—ß®“°π—ÈπÀ¬¥≈ß∫πÕ“À“√
‡≈’È¬ß‡™◊ÈÕ (LB agar) ∑”°“√π—∫·∫§∑’‡√’¬∑’ËÕ¬Ÿà¿“¬„π‡´≈≈å
¥â«¬‡∑§π‘§°“√π—∫‚§‚≈π’(11)

º≈°“√»÷°…“
®“°°“√»÷°…“ªØ‘°‘√‘¬“¢â“¡°≈ÿà¡¢Õß‚æ≈’‚§≈πÕ≈

·Õπµ‘∫Õ¥’µàÕ B. pseudoamllei °—∫‡™◊ÈÕ·∫§∑’‡√’¬™π‘¥Õ◊Ëπ
∑’Ë‡ªìπ “‡Àµÿ¢Õß°“√µ‘¥‡™◊ÈÕ„π°√–· ‡≈◊Õ¥ ´÷Ëß‰¥â·°à
Enterobacter spp, Escherichia coli, Staphylococcus
aureus, Staphylococcus epidermidis, Proteous

mirabilis, Salmonella enterica serovar Typhimurium,
Burkholderia cepacia, Klebsiella pneumaniae,
Pseudomonas aeruginosa, Aeromonas sobia ·≈–
β-streptococcus spp π—Èπ‰¡àæ∫°“√‡°‘¥ªØ‘°‘√‘¬“¢â“¡°≈ÿà¡
√–À«à“ß‚æ≈’‚§≈πÕ≈·Õπµ‘∫Õ¥’µàÕ‡™◊ÈÕ B. pseudomallei °—∫
‡™◊ÈÕ·∫§∑’‡√’¬™π‘¥Õ◊Ëπ∑’Ëπ”¡“»÷°…“ ¬°‡«âπ°“√‡°‘¥ªØ‘°‘√‘¬“
¢â“¡°≈ÿà¡°—∫‡™◊ÈÕ Burkholderia cepacia „π√–¥—∫µË”Ê (√Ÿª∑’Ë
1) ·µàÕ¬à“ß‰√°Áµ“¡ªØ‘°‘√‘¬“∑’Ë‡°‘¥¢÷Èππ—Èπ “¡“√∂·¬°‰¥âÕ¬à“ß
™—¥‡®π√–À«à“ßªØ‘°‘√‘¬“∑’Ë‡°‘¥°—∫µ—«‡™◊ÈÕ B. pseudomallei
°—∫‡™◊ÈÕ·∫§∑’‡√’¬™π‘¥Õ◊Ëπ

√Ÿª∑’Ë 1 °“√»÷°…“ªØ‘°‘√‘¬“¢â“¡°≈ÿà¡¢Õß‚æ≈’‚§≈πÕ≈·Õπµ‘∫Õ¥’µàÕ B. pseudomallei °—∫‡™◊ÈÕ·∫§∑’‡√’¬™π‘¥Õ◊Ëπ∑’Ë‡ªìπ “‡Àµÿ
¢Õß°“√µ‘¥‡™◊ÈÕ„π°√–· ‡≈◊Õ¥¥â«¬«‘∏’ indirect ELISA

®“°°“√»÷°…“§«“¡ “¡“√∂¢Õß‚æ≈’‚§≈πÕ≈·Õπµ‘∫Õ¥’
„π°“√µ√«®«—¥‡™◊ÈÕ B. pseudomallei ∑’Ë·¬°®“° ‘Ëß àßµ√«®
¢ÕßºŸâªÉ«¬∑’Ëµ‘¥‡™◊ÈÕ„π°√–· ‡≈◊Õ¥®”π«π 24 isolates ‚¥¬
«‘∏’ indirect ELISA æ∫«à“ ‚æ≈’‚§≈πÕ≈·Õπµ‘∫Õ¥’

 “¡“√∂®—∫°—∫‡™◊ÈÕ‰¥â∑ÿ°µ—«‚¥¬ªØ‘°‘√‘¬“∑’Ë‡°‘¥¢÷Èπ¡’√–¥—∫∑’Ë
„°≈â‡§’¬ß°—π ¬°‡«âπ„π‡™◊ÈÕÀ¡“¬‡≈¢ S20 ÷́ËßªØ‘°‘√‘¬“∑’Ë‡°‘¥
¢÷Èπ®–µË”°«à“„πµ—«Õ¬à“ßÕ◊ËπÊ ¥—ß· ¥ß„π √Ÿª∑’Ë 2



19J Med Tech Phy Ther ë Vol.21 No.1 ë JANUARY-APRIL 2009

®“°°“√»÷°…“§«“¡ “¡“√∂¢Õß‚æ≈’‚§≈πÕ≈·Õπµ‘∫Õ¥’
µàÕ‡™◊ÈÕ B. pseudomallei ‡æ◊ËÕ„™â„π°“√µ√«®À“·Õπµ‘‡®π
 ”À√—∫°“√«‘π‘®©—¬ ´÷Ëß‰¥â∑”°“√µ√«®«—¥„π à«π„ ¢ÕßπÈ”

‡≈’È¬ß‡™◊ÈÕ æ∫«à“ “¡“√∂µ√«®·Õπµ‘‡®π∑’Ëª≈àÕ¬ÕÕ°¡“®“°
µ—«‡™◊ÈÕπâÕ¬∑’Ë ÿ¥§◊Õ 1.5 x 104 cfu/ml (√Ÿª∑’Ë 3)

√Ÿª∑’Ë 2 · ¥ß§«“¡ “¡“√∂¢Õß‚æ≈’‚§≈πÕ≈·Õπµ‘∫Õ¥’„π°“√µ√«®«—¥‡™◊ÈÕ B. pseudomallei ∑’Ë·¬°®“° ‘Ëß àßµ√«®¢ÕßºŸâªÉ«¬
∑’Ëµ‘¥‡™◊ÈÕ„π°√–· ‡≈◊Õ¥®”π«π 24 isolates ‚¥¬«‘∏’ indirect ELISA

√Ÿª∑’Ë 3 · ¥ß§«“¡ “¡“√∂¢Õß‚æ≈’‚§≈πÕ≈·Õπµ‘∫Õ¥’„π°“√µ√«®«—¥·Õπµ‘‡®π∑’Ë∂Ÿ°ª≈àÕ¬ÕÕ°¡“®“°µ—«‡™◊ÈÕ B. pseudomallei
„π à«π„ ¢ÕßπÈ”‡≈’È¬ß∑’Ë∑”°“√‡æ“–‡≈’È¬ß‡ªìπ‡«≈“ 3 ™—Ë«‚¡ß‚¥¬«‘∏’ Sandwich ELISA ‚¥¬¡’ 1 ‰¡‚§√°√—¡/‰¡‚§√≈‘µ√
¢Õß crude extracted antigen of B. pseudomallei (crude Ag) „™â‡ªìπ positive control ·≈– medium  ”À√—∫
negative control
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®“°°“√»÷°…“º≈¢Õß‚æ≈’‚§≈πÕ≈·Õπµ‘∫Õ¥’µàÕ°“√‡¢â“ Ÿà
‡´≈≈å·¡§‚§√ø“® (U337-derived macrophages) ¢Õß‡™◊ÈÕ
B. pseudomallei ‚¥¬‡∑§π‘§ Cell invasion assay
æ∫«à“„π ¿“«–∑’Ë¡’‚æ≈’‚§≈πÕ≈·Õπµ‘∫Õ¥’π—Èπ¡’®”π«π‡™◊ÈÕ
B. pseudomallei ¿“¬„π‡´≈≈å·¡§‚§√ø“®„πª√‘¡“≥∑’Ë

¡“°°«à“„π ¿“«–∑’Ë‰¡à¡’·Õπµ‘∫Õ¥’À√◊Õ ¿“«–∑’Ë¡’‚æ≈’‚§≈
πÕ≈·Õπµ‘∫Õ¥’µàÕ‡™◊ÈÕ E. coli ·≈–‰¡àæ∫§«“¡·µ°µà“ß
¢Õß®”π«π·∫§∑’‡√’¬¿“¬„π‡´≈≈å√–À«à“ß ¿“«–∑’Ë‰¡à¡’·≈–¡’
·Õπµ‘∫Õ¥’µàÕ‡™◊ÈÕ E. coli ¥—ß √Ÿª∑’Ë 4

√Ÿª∑’Ë 4 A: º≈°“√»÷°…“º≈¢Õß‚æ≈’‚§≈πÕ≈·Õπµ‘∫Õ¥’µàÕ°“√‡¢â“ Ÿà‡´≈≈å·¡§‚§√ø“® (U937-derived macrophages) ¢Õß
‡™◊ÈÕ B. pseudomallei ‚¥¬‡∑§π‘§ Cell invasion assay ‚¥¬π”‡™◊ÈÕ B. pseudomallei ¡“º ¡°—∫‚æ≈’‚§≈πÕ≈
·Õπµ‘∫Õ¥’ (pAb) µàÕ‡™◊ÈÕ B. pseudomallei (Bps), ·Õπµ‘∫Õ¥’µàÕ‡™◊ÈÕ E. coli (Ec) ∑’Ë‡®◊Õ®“ß 1: 1000 ·≈–
 ¿“«–∑’Ë‰¡à¡’·Õπµ‘∫Õ¥’ ®“°π—Èπ‡æ“–‡≈’È¬ß√à«¡°—∫·¡§‚§√ø“® (U937-derived macrophages) ∑’Ë MOI ‡∑à“°—∫ 3,
10 ·≈– 30 B: º≈°“√»÷°…“º≈¢Õß‚æ≈’‚§≈πÕ≈·Õπµ‘∫Õ¥’µàÕ°“√‡¢â“ Ÿà‡´≈≈å·¡§‚§√ø“® (U937-derived
macrophages) ¢Õß‡™◊ÈÕ B. pseudomallei ‚¥¬‡∑§π‘§ Cell invasion assay ‚¥¬π”‡™◊ÈÕ B. pseudomallei
¡“º ¡°—∫‚æ≈’‚§≈πÕ≈·Õπµ‘∫Õ¥’ (pAb) µàÕ‡™◊ÈÕ B. pseudomallei (Bps), ·Õπµ‘∫Õ¥’µàÕ‡™◊ÈÕ E. coli (Ec)
∑’Ë‡®◊Õ®“ß 1: 1000 ·≈– ¿“«–∑’Ë‰¡à¡’·Õπµ‘∫Õ¥’ ®“°π—Èπ‡æ“–‡≈’È¬ß√à«¡°—∫·¡§‚§√ø“® (U937-derived macrophages)
∑’Ë MOI ‡∑à“°—∫ 1, 3 ·≈– 10
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«‘®“√≥å·≈– √ÿªº≈°“√»÷°…“
„π°“√»÷°…“ª√–‚¬™πå¢Õß°“√„™â‚æ≈’‚§≈πÕ≈·Õπµ‘∫Õ¥’

µàÕ‡™◊ÈÕ B. pseudomallei ‡æ◊ËÕ„™â„π°“√µ√«®«‘π‘®©—¬‚√§
‡¡≈‘ÕÕ¬‚¥ ‘  º≈°“√»÷°…“∑’Ë‰¥â„π°“√∑¥ Õ∫§«“¡®”‡æ“–
¢Õß·Õπµ‘∫Õ¥’ ‚¥¬°“√∑¥ Õ∫°—∫‡™◊ÈÕ·∫§∑’‡√’¬™π‘¥Õ◊Ëπ∑’Ë
‡ªìπ “‡Àµÿ¢Õß°“√µ‘¥‡™◊ÈÕ„π°√–· ‡≈◊Õ¥ ‰¥â·°à
Enterobacter spp, Escherichia coli, Staphylococcus
aureus, Staphylococcus epidermidis, Proteous
mirabilis, Salmonella enterica serovar Typhimurium,
Burkholderia cepacia, Klebsiella pneumaniae,
Pseudomonas aeruginosa, Aeromonas sobia and
β-Streptococcus spp ´÷Ëß‰¡àæ∫°“√‡°‘¥ªØ‘°‘√‘¬“¢â“¡°≈ÿà¡
°—∫‡™◊ÈÕ·∫§∑’‡√’¬‡À≈à“π’È ·µàæ∫«à“¡’°“√‡°‘¥ªØ‘°‘√‘¬“¢â“¡
°≈ÿà¡„π√–¥—∫µË”°—∫‡™◊ÈÕ Burkholderia cepacia ÷́Ëß‡ªìπ‡™◊ÈÕ
species ∑’Ë¡’§«“¡„°≈â‡§’¬ß°—π¡“°°—∫‡™◊ÈÕ B. pseudomallei
Õ¬à“ß‰√°Áµ“¡ªØ‘°‘√‘¬“∑’Ë‡°‘¥¢÷Èπ “¡“√∂·¬°‰¥âÕ¬à“ß™—¥‡®π
√–À«à“ßªØ‘°‘√‘¬“°—∫µ—«‡™◊ÈÕ B. pseudomallei °—∫‡™◊ÈÕ
·∫§∑’‡√’¬™π‘¥Õ◊Ëπ ´÷Ëß®“°º≈°“√»÷°…“· ¥ß„Àâ‡ÀÁπ«à“
‚æ≈’‚§≈πÕ≈·Õπµ‘∫Õ¥’π—Èπ  “¡“√∂π”¡“„™â„π°“√µ√«®
«‘π‘®©—¬ B. pseudomallei „π°√–· ‡≈◊Õ¥‰¥â ·≈–πÕ°®“°π’È
º≈∑”°“√∑¥ Õ∫§«“¡ “¡“√∂„π°“√µ√«®«—¥‡™◊È Õ
B. pseudomallei ∑’Ë·¬°®“° ‘Ëß àßµ√«®¢ÕßºŸâªÉ«¬∑’Ëµ‘¥‡™◊ÈÕ
„π°√–· ‡≈◊Õ¥®”π«π 24 isolates · ¥ß„Àâ‡ÀÁπ«à“‚æ≈’
‚§≈πÕ≈·Õπµ‘∫Õ¥’ “¡“√∂®—∫°—∫‡™◊ÈÕ‰¥â∑ÿ°µ—«Õ¬à“ß‚¥¬
ªØ‘°‘√‘¬“∑’Ë‡°‘¥¢÷Èπ¡’√–¥—∫∑’Ë„°≈â‡§’¬ß°—π ¬°‡«âπ„π‡™◊ÈÕÀ¡“¬‡≈¢
S20 ´÷ËßªØ‘°‘√‘¬“∑’Ë‡°‘¥¢÷Èπ®–µË”°«à“„πµ—«Õ¬à“ßÕ◊ËπÊ (√Ÿª∑’Ë 2)
º≈∑’Ë‡°‘¥¢÷Èππ’ÈÕ“®‡°‘¥®“°§«“¡‡ ◊ËÕ¡ ¿“æ¢Õß‡™◊ÈÕÀ¡“¬‡≈¢
S20 ®“°°“√‡°Á∫∑’Ë‰¡à‡À¡“– ¡ ‡æ◊ËÕ¬◊π¬—π ¡¡µ‘∞“ππ’È
ºŸâ«‘®—¬‰¥â∑”°“√∑¥ Õ∫‚¥¬«‘∏’ western blotting assay æ∫
«à“ S20 ¡’°“√‡ ◊ËÕ¡ ¿“æ¢Õß‚ª√µ’π‡¡◊ËÕ‡∑’¬∫°—∫‡™◊ÈÕ
µ—«Õ¬à“ßÕ◊Ëπ∑’Ë§«“¡‡¢â¡¢âπ¢Õß‡™◊ÈÕ‡∑à“°—π º≈°“√»÷°…“π’È
™’È„Àâ‡ÀÁπ«à“‚æ≈’‚§≈πÕ≈·Õπµ‘∫Õ¥’π—Èπ “¡“√∂®—∫‰¥â°—∫‡™◊ÈÕ
®“°µ—«Õ¬à“ßºŸâªÉ«¬∑’Ë·µ°µà“ß°—π‰¥â

°“√»÷°…“§√—Èßπ’È¬—ß‰¥â∑”°“√‡æ“–‡≈’È¬ß‡™◊ÈÕ„πÕ“À“√
‡≈’È¬ß‡™◊ÈÕ‡æ◊ËÕ„Àâ¡’ ¿“«–‡™àπ‡¥’¬«°—∫°“√‡æ“–‡≈’È¬ß„π¢«¥
‡≈’È¬ß‡™◊ÈÕ (hemoculture) ́ ÷Ëßº≈°“√µ√«®À“·Õπµ‘‡®π¢Õß‡™◊ÈÕ
„π à«π„ ¢ÕßπÈ”‡≈’È¬ß‡™◊ÈÕπ—Èπ æ∫«à“‚æ≈’‚§≈πÕ≈·Õπµ‘∫Õ¥’
µàÕ‡™◊ÈÕ B. pseudomallei  “¡“√∂µ√«®«—¥·Õπµ‘‡®π∑’Ë

ª≈àÕ¬ÕÕ°¡“®“°µ—«‡™◊ÈÕ„π®”π«ππâÕ¬∑’Ë ÿ¥§◊Õ 1.5 x 104

cfu/ml  ®“°√“¬ß“π°“√»÷°…“∑’Ëºà“π¡“¢Õß Anantagool ·≈–
§≥– „πªï æ.». 2543 ÷́Ëß‰¥â∑”°“√µ√«®«‘π‘®©—¬·Õπµ‘‡®π
¢Õß‡™◊ÈÕ ®“°πÈ”‡≈’È¬ß‡™◊ÈÕ∑’Ë‰¡à‰¥â∑”°“√ªíòπ·¬° à«π„ ‚¥¬«‘∏’
latex agglutination ‚¥¬„™â‚¡‚π‚§≈πÕ≈·Õπµ‘∫Õ¥’∑’Ë
®”‡æ“–°—∫‚ª√µ’π¢π“¥ 200 kDa ¢Õß‡™◊ÈÕ B. pseudomallei
´÷Ëß “¡“√∂µ√«®®”π«π·∫§∑’‡√’¬∑’ËπâÕ¬∑’Ë ÿ¥∑’Ë “¡“√∂‡°‘¥
ªØ‘°‘√‘¬“§◊Õ 1-2 x 106 cfu/ml(13)  °“√»÷°…“§√—Èßπ’È¬—ßæ∫«à“
‚æ≈’‚§≈πÕ≈·Õπµ‘∫Õ¥’¡’º≈∑”„Àâ‡™◊ÈÕ B. pseudomallei
 “¡“√∂‡¢â“ Ÿà‡´≈≈å·¡§‚§√ø“®‰¥â¡“°¢÷Èπ „π¢≥–∑’Ë ¿“«–∑’Ë
¡’‚æ≈’‚§≈πÕ≈·Õπµ‘∫Õ¥’µàÕ‡™◊ÈÕ E. coli π—Èπ‰¡à¡’º≈µàÕ°“√
‡¢â“ Ÿà‡´≈≈å¢Õß‡™◊ÈÕ´÷Ëß· ¥ß„Àâ‡ÀÁπ∂÷ß§«“¡®”‡æ“–¢Õß
·Õπµ‘∫Õ¥’„π°“√ àß‡ √‘¡‡™◊ÈÕ·∫§∑’‡√’¬‡¢â“ Ÿà‡´≈≈å ¥—ß√Ÿª∑’Ë 4
´÷Ëß°“√»÷°…“§√—Èßπ’È„Àâº≈∑’Ë Õ¥§≈âÕß°—∫°“√»÷°…“¢Õß Ho ·≈–
§≥– „πªï æ.». 2540 æ∫«à“„π ¿“«–∑’Ë∑”°“√ opsonization
‡™◊ÈÕ B. pseudomallei ¥â«¬´’√—¡¢ÕßºŸâªÉ«¬‡¡≈‘ÕÕ¬‚¥ ‘  À√◊Õ
 ¿“«–∑’Ë¡’‚¡‚π‚§≈πÕ≈·Õπµ‘∫Õ¥’π—Èπ∑”„Àâ·∫§∑’‡√’¬‡¢â“ Ÿà
‡´≈≈å polymorphonuclear leukocyte ‡æ‘Ë¡¡“°¢÷Èπ
„π¢≥–‡¥’¬«°—π„π ¿“«–∑’Ë¡’§Õ¡æ≈’‡¡âπµåπ—Èπæ∫«à“‡´≈≈å
polymorphonuclear leukocyte ¡’§«“¡ “¡“√∂„π°“√¶à“
·∫§∑’‡√’¬‰¥â‡æ‘Ë¡¡“°¬‘Ëß¢÷Èπ(14) ´÷Ëß· ¥ß„Àâ‡ÀÁπ∂÷ß∫∑∫“∑
 ”§—≠¢Õß·Õπµ‘∫Õ¥’µàÕ°“√‡¢â“ Ÿà‡´≈≈å¢Õß‡™◊ÈÕ·∫§∑’‡√’¬
´÷ËßÕ“®®– àß‡ √‘¡°“√¶à“‡™◊ÈÕ‚¥¬‡´≈≈å polymorphonuclear
leukocyte ÷́Ëß„π°“√»÷°…“§√—Èßπ’È ‰¥â· ¥ß‡æ’¬ßº≈¢Õß
·Õπµ‘∫Õ¥’µàÕ°“√‡¢â“ Ÿà‡´≈≈å¢Õß‡™◊ÈÕ B. pseudomallei
Õ¬à“ß‰√°Áµ“¡‡ªìπ∑’Ëπà“ π„®Õ¬à“ß¬‘Ëß∑’Ë®–»÷°…“°≈‰°°“√‡¢â“ Ÿà
‡´≈≈å·≈–º≈¢Õß·Õπµ‘∫Õ¥’µàÕ°“√¶à“‡™◊ÈÕÀ√◊Õ°“√π”‰ª Ÿà
°“√ àß‡ √‘¡°“√‡°‘¥æ¬“∏‘ ¿“æµàÕ‰ª

°‘µµ‘°√√¡ª√–°“»
ß“π«‘®—¬π’È‡ªìπ à«πÀπ÷Ëß¢Õß«‘∑¬“π‘æπ∏å√–¥—∫ª√‘≠≠“‚∑

À≈—° Ÿµ√«‘∑¬“»“ µ√å°“√·æ∑¬å §≥–‡∑§π‘§°“√·æ∑¬å
¡À“«‘∑¬“≈—¬¢Õπ·°àπ ´÷Ëß‰¥â√—∫∑ÿπ π—∫ πÿπ°“√»÷°…“®“°
»Ÿπ¬å«‘®—¬·≈–æ—≤π“°“√µ√«®«‘π‘®©—¬∑“ßÀâÕßªØ‘∫—µ‘°“√
∑“ß°“√·æ∑¬å (»«ª.) §≥–‡∑§π‘§°“√·æ∑¬å ¡À“«‘∑¬“≈—¬
¢Õπ·°àπ
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§«“¡‰«µàÕ “√µâ“π‡™◊ÈÕ√“¢Õß Candida species ∑’Ë·¬°‰¥â®“° sterile sites
¢ÕßºŸâªÉ«¬„π‚√ßæ¬“∫“≈»√’π§√‘π∑√å

 ÿ°—≠≠“ »√’°ÿ≈∫ÿµ√1, ‡°…·°â« ‡æ’¬√∑«’™—¬2,3*,  ÿ¿“¿√≥å æ—«‡æ‘Ë¡æŸ≈»‘√‘2,3, ®ÿÃ“√—µπå  ª√‘¬™“µ‘°ÿ≈2,3, ª√–®«∫ ™—¬¡≥’1

« “ √   “ √
‡∑§π‘§°“√·æ∑¬å·≈–°“¬¿“æ∫”∫—¥
JOURNAL OF MEDICAL TECHNOLOGY AND PHYSICAL THERAPY

π‘æπ∏åµâπ©∫—∫
ORIGINAL ARTICLE

1 Àπà«¬®ÿ≈™’««‘∑¬“§≈‘π‘° §≥–·æ∑¬»“ µ√å ‚√ßæ¬“∫“≈»√’π§√‘π∑√å
2  “¬«‘™“‡∑§π‘§°“√·æ∑¬å §≥–‡∑§π‘§°“√·æ∑¬å ¡À“«‘∑¬“≈—¬¢Õπ·°àπ
3 »Ÿπ¬å«‘®—¬·≈–æ—≤π“°“√µ√«®«‘π‘®©—¬∑“ßÀâÕßªØ‘∫—µ‘°“√∑“ß°“√·æ∑¬å ¡À“«‘∑¬“≈—¬¢Õπ·°àπ
* ºŸâ√—∫º‘¥™Õ∫∫∑§«“¡

∫∑§—¥¬àÕ
°“√µ√«®À“§à“§«“¡‡¢â¡¢âπµË” ÿ¥∑’Ë¬—∫¬—Èß°“√‡®√‘≠¢Õß‡™◊ÈÕ√“ (Minimum inhibitory concentration : MIC) ·≈–

√Ÿª·∫∫§«“¡‰«µàÕ¬“µâ“π‡™◊ÈÕ√“¢Õß‡™◊ÈÕ Candida species ∑’Ë·¬°‰¥â®“° ‘Ëß àßµ√«® sterile sites ¢ÕßºŸâªÉ«¬„π‚√ßæ¬“∫“≈
»√’π§√‘π∑√å®”π«π 46  isolates ´÷Ëßª√–°Õ∫¥â«¬‡™◊ÈÕ Candida albicans 24 isolates ‡™◊ÈÕ Candida tropicalis 9
isolates ‡™◊ÈÕ Candida parapsilosis, Candida glabata Õ¬à“ß≈– 5 isolates Candida spp. 2 isolates ·≈– C. krusei
1 isolate π”‡™◊ÈÕ∑—ÈßÀ¡¥¡“µ√«®À“§à“ MIC µàÕ¬“µâ“π‡™◊ÈÕ√“ 7 ™π‘¥ ‰¥â·°à amphotericin B, fluconazole, itraconazole,
ketoconazole, flucytosine, voriconazole, ·≈– caspofungin ‚¥¬„™â Sensititre YeastOne „π°“√∑¥ Õ∫ º≈°“√»÷°…“
æ∫«à“‡™◊ÈÕ C. albicans „Àâº≈‰«µàÕ¬“ fluconazole, flucytosine ·≈– voriconazole √âÕ¬≈– 100 ·≈–„Àâº≈‰«µàÕ¬“
itraconazole √âÕ¬≈– 96  ‡™◊ÈÕ Candida spp. Õ◊Ëπ Ê „Àâº≈‰«µàÕ¬“ voriconazole √âÕ¬≈– 100 ‡™àπ°—π ‰«µàÕ¬“ fluconazole,
flucytosine ·≈– itraconazole √âÕ¬≈– 77, 91 ·≈– 55 µ“¡≈”¥—∫  §à“ MIC

50
 ·≈–§à“ MIC

90 
¢Õß‡™◊ÈÕ C. albicans µàÕ¬“

amphotericin B ¡’§à“‡∑à“°—π§◊Õ 0.5 µg/ml µàÕ¬“ fluconazole ‡∑à“°—∫ 0.25 ·≈– 0.5 µg/ml µ“¡≈”¥—∫ µàÕ¬“ itraconazole
‡∑à“°—∫ 0.032 ·≈– 0.064 µg/ml µ“¡≈”¥—∫ µàÕ¬“ ketoconazole ¡’§à“‡∑à“°—π§◊ÕπâÕ¬°«à“ 0.008 µg/ml µàÕ¬“ flucytosine
‡∑à“°—∫ 0.12 ·≈– 0.24 µg/ml µ“¡≈”¥—∫ µàÕ¬“ voriconazole ¡’§à“‡∑à“°—π§◊ÕπâÕ¬°«à“ 0.008 µg/ml ·≈–¬“ caspofungin
¡’§à“‡∑à“°—π§◊Õ 0.064 µg/ml  ”À√—∫‡™◊ÈÕ Candida spp. Õ◊Ëπ Ê „Àâ§à“ MIC

50
 ·≈– MIC

90
 µàÕ¬“ amphotericin B ¡’§à“

‡∑à“°—π§◊Õ 0.5 µg/ml µàÕ¬“ fluconazole ‡∑à“°—∫ 1 ·≈– 16 µg/ml µ“¡≈”¥—∫ ®“°°“√»÷°…“§√—Èßπ’È √ÿª‰¥â«à“¬“∑’Ë¥’∑’Ë ÿ¥§◊Õ
voriconazole ‡æ√“–„Àâº≈‰«√âÕ¬≈– 100 ∑—Èß‡™◊ÈÕ C. albicans ·≈– Candida spp Õ◊Ëπ Ê √Õß≈ß¡“ §◊Õ¬“ flucytosine ·≈–
fluconazole

§” ”§—≠ : °“√∑¥ Õ∫§«“¡‰«µàÕ¬“µâ“π‡™◊ÈÕ√“ §«“¡‡¢â¡¢âπµË” ÿ¥∑’Ë¬—∫¬—Èß°“√‡®√‘≠¢Õß‡™◊ÈÕ Candida albicans, Candida
spp.
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Antifungal susceptibility of Candida species isolated from sterile sites
of patients admitted in Srinagarind hospital

« “ √   “ √
‡∑§π‘§°“√·æ∑¬å·≈–°“¬¿“æ∫”∫—¥
JOURNAL OF MEDICAL TECHNOLOGY AND PHYSICAL THERAPY
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ORIGINAL ARTICLE

Sukanya Srigulbutr1, Keskaew Pienthaweechai2,3*, Supaporn Puapermpoonsiri2,3, Chularut Pariyachatigul2,3, Prajuab Chaimanee1

1 Clinical Microbiology Unit, Faculty of Medicine, Srinagarind Hospital, 2 Faculty of Associated Medical Sciences,
  Khon Kaen  University,  3Centre for Research and Development of Medical Diagnostic Laboratories, Khon Kaen
  University
* Corresponding author (e-mail: keskaew@kku.ac.th)

Abstract
The minimum inhibitory concentrations (MIC) and susceptibility patterns of Candida species isolated from

sterile sites of patients in Srinagarind hospital were determined. The 46 isolates of Candida spp. compose of 24
isolates of Candida albicans, 9 isolates of Candida tropicalis, 5 isolates of Candida parapsilosis, 5 isolates of
Candida glabrata; 2 isolates of Candida spp. and 1 isolate of C. krusei. All isolates were tested for MIC
determination against 7 antifungal agents; amphotericin B, fluconazole, itraconazole, ketoconazole, flucytosine,
voriconazole and caspofungin by Sensititre YeastOne colorimetric antifungal panel. All C. albicans isolates
were susceptible to fluconazole, flucytosine and voriconazole whereas 96% of them were susceptible to itraconazole.
Similar results occurred when tested with other Candida spp. All of Candida spp. isolates were susceptible to
voriconazole. Susceptibility to fluconazole, flucytosine and itraconazole were 77%, 91% and 55% respectively.
MIC

50
 and MIC

90 
of C. albicans against amphotericin B were the same concentration at 0.5 µg/ml, fluconazole

were 0.25 and 0.5 µg/ml, itraconazole were 0.032 and 0.064 µg/ml, ketoconazole were the same level at <
0.008 µg/ml; flucytosine were 0.12 and 0.24 µg/ml; voriconazole were the same level at < 0.008 µg/ml and
caspofungin were the same concertration at 0.06 µg/ml. MIC

50
 and MIC

90 
of Candida spp. to amphotericin B

were the same concentration at 0.5 µg/ml; fluconazole were 1 and 16 µg/ml respectively. The results showed
that the first choice of antifungal agents was voriconazole because of 100% susceptibility against both
C. albicans and Candida spp. The second choices were flucytosine and fluconazole.

Key words:  Antifungal susceptibility;  MIC, Candida albicans, Candida spp.
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∫∑π”
„π™à«ß 20 ªï∑’Ëºà“π¡“ Õÿ∫—µ‘°“√≥å¢Õß°“√µ‘¥‡™◊ÈÕ√“„πºŸâ

ªÉ«¬‰¥â‡æ‘Ë¡¢÷Èπ Candida spp. ‡ªìπ “‡Àµÿ ”§—≠Àπ÷Ëß∑’Ë°àÕ„Àâ
‡°‘¥°“√µ‘¥‡™◊ÈÕ·∫∫≈ÿ°≈“¡∑’Ë§ÿ°µ“¡µàÕ ÿ¢¿“æºŸâªÉ«¬
immunocompromised host ºŸâªÉ«¬À≈—ßºà“µ—¥ ºŸâªÉ«¬¡–‡√Áß
∑’Ë‰¥â√—∫°“√√—°…“¥â«¬ “√‡§¡’ (chemotherapy) ·≈–ºŸâªÉ«¬
µ‘¥‡™◊ÈÕ Human immunodeficiency virus ∑”„Àâ‡°‘¥‚√§
µ‘¥‡™◊ÈÕ„π‡≈◊Õ¥·≈–‡ ’¬™’«‘µ„π∑’Ë ÿ¥ Õ—µ√“°“√µ‘¥‡™◊ÈÕ Candida
spp. „π°√–· ‡≈◊Õ¥‰¥â‡æ‘Ë¡¢÷Èπ∑—Ë«‚≈° ®“°°“√»÷°…“¢Õß
Samra ·≈–§≥– æ∫°“√‡ ’¬™’«‘µ®“°°“√µ‘¥‡™◊ÈÕ Candida
albicans „π°√–· ‡≈◊Õ¥ºŸâªÉ«¬¡–‡√ÁßÀ≈—ß°“√ºà“µ—¥„À≠à
√âÕ¬≈– 25-60 ·≈–æ∫°“√µ‘¥‡™◊ÈÕ non-Candida albicans
√âÕ¬≈– 35-65 ‚¥¬∑—Ë«‰ªºŸâªÉ«¬‡À≈à“π’È¡’‚Õ°“  Ÿß∑’Ë®–µ‘¥
‡™◊ÈÕ√“©«¬‚Õ°“ Õ¬Ÿà·≈â« ¥â«¬‡Àµÿπ’È®÷ß¡’°“√„™â¬“µâ“π‡™◊ÈÕ√“
„π°“√√—°…“‡æ‘Ë¡¢÷Èπ‡ªìπº≈„Àâ‡°‘¥‡™◊ÈÕ “¬æ—π∏ÿå∑’Ë¥◊ÈÕ¬“µâ“π
‡™◊ÈÕ√“¡“°¢÷Èπ(1-4) °“√°√–®“¬¢Õß ªï´’ å·≈–§«“¡‰«µàÕ “√
µâ“π‡™◊ÈÕ√“¢Õß‡™◊ÈÕ Candida spp. ®–·µ°µà“ß°—π‰ª„π
·µà≈–ª√–‡∑» ·µà≈–¿Ÿ¡‘¿“§·≈– ∂“∫—π∑’Ë»÷°…“ ¡’Õÿ∫—µ‘°“√≥å
¢Õß°“√¥◊ÈÕ¬“µâ“π‡™◊ÈÕ√“„π Candida spp. ‡æ‘Ë¡¢÷Èπ(5-7)

°“√‡ª≈’Ë¬π·ª≈ß·∫∫·ºπ§«“¡‰«µàÕ¬“µâ“π‡™◊ÈÕ√“∑’Ëæ∫π’È
∑”„ÀâÀâÕßªØ‘∫—µ‘°“√®”‡ªìπµâÕß¡’¢âÕ¡Ÿ≈‡°’Ë¬«°—∫√Ÿª·∫∫¢Õß
§«“¡‰«µàÕ¬“µâ“π‡™◊ÈÕ√“∑’Ë‡ªìπªí®®ÿ∫—π‡æ◊ËÕ„Àâ·æ∑¬å„™â‡ªìπ
·π«∑“ß„π°“√‡≈◊Õ°¬“µâ“π‡™◊ÈÕ√“‡æ◊ËÕ√—°…“ºŸâªÉ«¬‰¥âÕ¬à“ß
‡À¡“– ¡ „πªí®®ÿ∫—π°“√√—°…“‚√§µ‘¥‡™◊ÈÕ√“®–π‘¬¡„™â
anphotericin B, fluconazole ·≈– flucytosine ÷́Ëßæ∫«à“
‰¥âº≈¥’ ·≈–¡’°“√π” extended-spectrum triazoles „À¡à Ê
‡™àπ voriconazole, posaconazole ·≈– ravuconazole
‡¢â“¡“„π‚ª√·°√¡°“√√—°…“‚¥¬‡©æ“–„π Candida spp.
∑’Ë¥◊ÈÕ fluconazole ¥—ßπ—Èπ®÷ß¡’°“√π”¬“‡À≈à“π’È‡¢â“¡“„π™ÿ¥
°“√∑¥ Õ∫§«“¡‰«µàÕ¬“µâ“π‡™◊ÈÕ√“(4,8,9)

„π‚√ßæ¬“∫“≈»√’π§√‘π∑√å¬—ß‰¡à¡’¢âÕ¡Ÿ≈‡°’Ë¬«°—∫§«“¡
‰«µàÕ¬“µâ“π‡™◊ÈÕ√“¢Õß‡™◊ÈÕ Candida spp. ∑’Ë°àÕ‚√§ systemic
candidiasis ºŸâ«‘®—¬®÷ß‰¥â»÷°…“√Ÿª·∫∫§«“¡‰«µàÕ¬“µâ“π‡™◊ÈÕ√“
¢Õß Candida spp. µà“ß Ê ∑’Ëæ∫ ‚¥¬°“√À“§à“ MIC ¢Õß
¬“µâ“π‡™◊ÈÕ√“„π‡™◊ÈÕ Candida spp. ∑’Ë·¬°‰¥â®“° ‘Ëß àßµ√«®
sterile site ¥â«¬ Sensititre YeastOne system ÷́Ëß®–‡ªìπ
ª√–‚¬™πå„Àâ·æ∑¬å„™â‡ªìπ·π«∑“ß„π°“√‡≈◊Õ°¬“µâ“π‡™◊ÈÕ√“
‡æ◊ËÕ√—°…“ºŸâªÉ«¬ candidiasis ·≈–‡ªìπ¢âÕ¡Ÿ≈°“√¥◊ÈÕ¬“µâ“π

‡™◊ÈÕ√“¢Õß‡™◊ÈÕ Candida spp. ∑’Ëæ∫„π‚√ßæ¬“∫“≈
»√’π§√‘π∑√åµàÕ‰ª

«— ¥ÿ·≈–«‘∏’°“√»÷°…“
¬’ µå∑’Ë„™â»÷°…“
‡™◊ÈÕ Candida ∑ÿ° species ∑’Ë·¬°‰¥â®“° ‘Ëß àßµ√«®

sterile sites ¢ÕßºŸâªÉ«¬„π‚√ßæ¬“∫“≈»√’π§√‘π∑√åµ—Èß·µà ‡¥◊Õπ
¡°√“§¡ 2549 ∂÷ß‡¥◊Õπ¡‘∂ÿπ“¬π 2549 ®”π«π 46 isolates
´÷Ëßª√–°Õ∫¥â«¬ C. albicans 24 isolates, C. tropicalis 9
isolates, C. parapsilosis 5 isolates, C. glabrata 5
isolates, C. krusei  1 isolate ·≈– Candida spp. 2
isolates ‚¥¬¡’‡™◊ÈÕ∑’Ë„™â„π°“√§«∫§ÿ¡§ÿ≥¿“æ°“√∑¥ Õ∫§◊Õ
C. parapsilosis ATCC 22019 ·≈– C. krusei ATCC
6258 ‡°Á∫√—°…“‡™◊ÈÕ„ππÈ”°≈—Ëπ‰√â‡™◊ÈÕ∑’Ë -70 Õß»“‡´≈‡ ’́¬ 
®π°«à“®–π”¡“„™â∑¥ Õ∫‚¥¬‡æ“–‡≈’È¬ß‡™◊ÈÕ≈ß∫π Blood agar
Õ∫∑’Ë 35 Õß»“‡´≈‡ ’́¬  π“π 24-48 ™—Ë«‚¡ß‡æ◊ËÕ„Àâ‰¥â‡™◊ÈÕ
∫√‘ ÿ∑∏‘Ï

Õ“À“√‡≈’È¬ß‡™◊ÈÕ·≈–¬“µâ“π‡™◊ÈÕ√“
Sabouraud Dextrose agar (SDA) (Oxoid, Hamshire,

England), Blood agar (BA) (Oxoid, Hamshire,
England), Sensititre YeastOne plates (TREK Diagnostic
System, Cleveland, Ohio, USA) ÷́Ëß·µà≈– plate ®–¡’¬“
µâ“π‡™◊ÈÕ√“ 7 ™π‘¥·≈– dilution range ¥—ßπ’È amphotericin
B 0.008 - 16 µg/ml, fluconazole 0.125-256 µg/ml,
itraconazole 0.008-16 µg/ml, ketoconazole 0.008-16
µg/ml, flucytosine 0.03-64 µg/ml, voriconazole 0.008-
16 µg/ml ·≈– caspofungin 0.008-16 µg/ml

°“√∑¥ Õ∫À“ MIC
∑¥ Õ∫À“ MIC ‚¥¬„™â«‘∏’ Sensititre YeastOne(8,10)

‡µ√’¬¡ inoculum ‚¥¬‡¢’Ë¬‚§‚≈π’¬’ µå 3-5 ‚§‚≈π’®“° BA
≈ßπÈ”°≈—Ëπ‰√â‡™◊ÈÕ 5 ¡‘≈≈‘≈‘µ√ º ¡„Àâ‡¢â“°—π‡ªìπ‡«≈“ 15 «‘π“∑’
ª√—∫§«“¡¢ÿàπ„Àâ‰¥â 0.5 McFarland Standard „™â¥Ÿ¥‡™◊ÈÕ¡“
20 ‰¡‚§√≈‘µ√ „ à„π YeastOne inoculation broth 11
¡‘≈≈‘≈‘µ√ º ¡„Àâ‡¢â“°—π·≈â«¥Ÿ¥‡™◊ÈÕ„ à≈ß„πÀ≈ÿ¡¢Õß
Sensititre YeastOne plate À≈ÿ¡≈– 100 µl Õ∫∑’ËÕÿ≥À¿Ÿ¡‘
35o ‡´≈‡´’¬  π“π 24 ™—Ë«‚¡ß ·≈â«π” Sensititre YeastOne
plate ¡“Õà“πº≈ ‡¡◊ËÕ¡’°“√‡®√‘≠¢Õß¬’ µå„π¬“µâ“π‡™◊ÈÕ√“
®–∑”„Àâ‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß ’Õ‘π¥‘‡§‡µÕ√å®“° ’πÈ”‡ß‘π (blue)
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‰ª‡ªìπ ’·¥ß (red) ·≈–À≈ÿ¡§Õπ‚∑√≈µâÕß„Àâº≈∫«°‡ªìπ ’
·¥ß Õà“π§«“¡‡¢â¡¢âπµË” ÿ¥¢ÕßÀ≈ÿ¡∑’Ë‡™◊ÈÕ∂Ÿ°¬—∫¬—Èß°“√
‡®√‘≠‡ªìπ§à“ MIC ‚¥¬¡’‡™◊ÈÕ¬’ µå C. parapsilosis ATCC
22019 ·≈– C. krusei ATCC 6258 ‡ªìπ‡™◊ÈÕ§«∫§ÿ¡°“√
∑¥ Õ∫

º≈°“√»÷°…“
º≈°“√∑¥ Õ∫§«“¡‰«¢Õß‡™◊ÈÕ Candida ∑—ÈßÀ¡¥µàÕ

¬“µâ“π‡™◊ÈÕ√“ 7 ™π‘¥ ‚¥¬«‘‡§√“–Àå¢âÕ¡Ÿ≈§à“ MIC ¢Õß‡™◊ÈÕ
‡ªìπ 2 °≈ÿà¡ §◊Õ °≈ÿà¡‡™◊ÈÕ C. albicans ·≈–°≈ÿà¡ Candida
spp. ®“°§à“ cut off  ¢Õß MIC ∑’Ë Sensititre YeastOne
System °”Àπ¥„Àâª√–°Õ∫¥â«¬¬“ fluconazole,
itraconazole flucytosine ·≈– voriconazole æ∫«à“‡™◊ÈÕ
C. albicans ∑—Èß 24 isolates (§‘¥‡ªìπ√âÕ¬≈– 100) „Àâº≈
‰«µàÕ¬“ fluconazole, flucytosine ·≈– voriconazole „Àâ
º≈‰«µàÕ¬“ itraconazole 23 isolates (§‘¥‡ªìπ√âÕ¬≈– 96)
 à«π‡™◊ÈÕ Candida spp. Õ◊Ëπ Ê „Àâº≈‰«µàÕ¬“ fluconazole
17 isolates (§‘¥‡ªìπ√âÕ¬≈– 77)  „Àâº≈‰«µàÕ¬“ itraconazole
12 isolates (§‘¥‡ªìπ√âÕ¬≈– 55) ·≈–¥◊ÈÕ¬“ 4 isolates
(§‘¥‡ªìπ√âÕ¬≈– 18)  ”À√—∫¬“ flucytosine „Àâº≈‰« 20
isolates (§‘¥‡ªìπ√âÕ¬≈– 91) ¥◊ÈÕ¬“ 1 isolate (§‘¥‡ªìπ√âÕ¬≈–
4.5) ‡™◊ÈÕ„Àâº≈‰«µàÕ¬“ voriconazole ∑ÿ° isolates
(§‘¥‡ªìπ√âÕ¬≈– 100) √“¬≈–‡Õ’¬¥¥—ß· ¥ß„π µ“√“ß∑’Ë 1  à«π
¬“µâ“π‡™◊ÈÕ√“Õ’° 3 ™π‘¥ §◊Õ amphotericin B, ketoconazole
·≈– caspofungin ¬—ß‰¡à¡’‡°≥±å„π°“√·ª≈º≈ º≈°“√

∑¥ Õ∫§«“¡‰«¢Õß‡™◊ÈÕ Candida µàÕ¬“∑—Èß 3 ™π‘¥π’È· ¥ß
‰«â„π µ“√“ß∑’Ë 2

µ“√“ß∑’Ë 2 · ¥ßº≈ MIC range MIC
50
 ·≈– MIC

90

¢Õß C. albicans ·≈– Candida spp. Õ◊Ëπ Ê µàÕ¬“µâ“π
‡™◊ÈÕ√“ 7 ™π‘¥ „π‡™◊ÈÕ C. albicans º≈ MIC

50
 ·≈– MIC

90

¢Õß¬“ fluconazole, flucytosine, itraconazole ·≈–
voriconazole ¬—ß¡’§à“µË”°«à“ break point ¡“° · ¥ß«à“√âÕ¬≈–
90 ¢Õß‡™◊ÈÕ C. albicans ∑’Ë∑¥ Õ∫¬—ß¡’§«“¡‰«µàÕ¬“∑—Èß 4
™π‘¥π’È  ”À√—∫¬“Õ’° 3 ™π‘¥∑’Ë‰¡à¡’ break point °”Àπ¥„Àâ
§◊Õ amphotericin B, ketoconazole ·≈– caspofungin °Á
¡’§à“ MIC

50 
·≈– MIC

90
 µË” amphotericin B ¡’§à“ MIC

50

‡∑à“°—∫ MIC
90
 §◊Õ 0.5 µg/ml ketoconazole ¡’ MIC

50

‡∑à“°—∫ MIC
90
 §◊Õ < 0.008 µg/ml ·≈– caspofungin

¡’ MIC
50
 ·≈– MIC

90
 ‡∑à“°—π §◊Õ 0.06 µg/ml  à«π„π‡™◊ÈÕ

Candida spp. º≈ MIC
50
 ¢Õß¬“ fluconazole MIC

50
 ·≈–

MIC
90 

¢Õß¬“ flucytosine ·≈–¬“ voviconazole ¬—ßπâÕ¬
°«à“ break point ·µà MIC

90
 ¢Õß¬“ fluconazole §◊Õ 16

µg/ml ́ ÷Ëß‡°‘π break point ∂◊Õ«à“¥◊ÈÕ¬“ MIC
50
 ·≈– MIC

90

¢Õß itraconazole  Ÿß‡°‘π break point  à«π¬“Õ’° 3 ™π‘¥
∑’Ë‰¡à¡’ break point °”Àπ¥„Àâ§◊Õ amphotesin B ¡’§à“ MIC

50

‡∑à“°—∫ MIC
90
 §◊Õ 0.5 µg/ml ¬“ ketoconazole ¡’ MIC

50

= 0.032 µg/ml MIC
90
 = 0.5 µg/ml ¬“ caspofungin ¡’

MIC
50
 = 0.060 µg/ml ·≈– MIC

90
 = 0.5 µg/ml
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«‘®“√≥å·≈– √ÿªº≈°“√»÷°…“
®“°°“√»÷°…“π’È®”π«π‡™◊ÈÕ Candida spp. µà“ß Ê ∑’Ë·¬°

‰¥â®“° ‘Ëß àßµ√«® sterile sites ¢ÕßºŸâªÉ«¬∑’Ë‡¢â“√—∫°“√√—°…“
„π‚√ßæ¬“∫“≈»√’π§√‘π∑√å √–À«à“ß‡¥◊Õπ¡°√“§¡-‡¥◊Õπ
¡‘∂ÿπ“¬π 2549 ®”π«π 24 isolate ®“°∑—Èß ‘Èπ 46 isolates
(§‘¥‡ªìπ√âÕ¬≈– 52) ‡ªìπ C. albicans   à«π∑’Ë‡À≈◊ÕÕ’° 22
isolates (§‘¥‡ªìπ√âÕ¬≈– 48) ‡ªìπ Candida spp. Õ◊Ëπ Ê §◊Õ
C. tropicalis 9 isolates, C. parapsilosis ·≈– C.glabrata
®”π«πÕ¬à“ß≈– 5 isolates ‡™◊ÈÕ∑’Ë¡’®”π«ππâÕ¬ §◊Õ Candida
spp ·≈– C. krusei ®”π«π 2 ·≈– 1 isolate µ“¡≈”¥—∫
C. albicanes ®÷ß‡ªìπ‡™◊ÈÕ©«¬‚Õ°“ ∑’Ëæ∫¡“°∑’Ë ÿ¥∑’Ë‡ªìπ
 “‡Àµÿ°àÕ‚√§ systemic candidiasis „πºŸâªÉ«¬‚√ßæ¬“∫“≈
»√’π§√‘π∑√å ´÷Ëß‰¥âº≈ Õ¥§≈âÕß°—∫°“√ ”√«®·≈–»÷°…“„π
À≈“¬Ê æ◊Èπ∑’Ë∑—Ë«‚≈°∑’Ëæ∫«à“ “¬æ—π∏ÿå∑’Ë ”§—≠„π°“√°àÕ‚√§π’È
§◊Õ C. albicans(1,11) √Õß≈ß¡“ §◊Õ C. tropicalis,
C. parapsilosis, C.guilliermondii ·≈– C. lusitaniae(12,13)

°“√À“ MIC ‚¥¬«‘∏’ Sensititre YeastOne ‡ªìπ«‘∏’∑’Ë
ßà“¬„π°“√∑¥ Õ∫·≈–Õà“πº≈®“°§”·π–π”¢Õß∫√‘…—∑ºŸâº≈‘µ
«à“À“°À≈ÿ¡§«∫§ÿ¡º≈∫«°¬—ß‰¡à¡’°“√‡ª≈’Ë¬π ’À≈—ß®“°Õ∫ 24
™—Ë«‚¡ß°Á„ÀâÕà“πº≈À≈—ß 48 ™—Ë«‚¡ß(10) ®“°°“√»÷°…“§√—Èßπ’È
æ∫«à“¡’‡æ’¬ß 1 „π 46 isolates ‡∑à“π—Èπ∑’ËÀ≈ÿ¡§«∫§ÿ¡
º≈∫«°‡ª≈’Ë¬π ’‡¡◊ËÕÕ∫π“π 48 ™—Ë«‚¡ß

º≈§«“¡‰«¢Õß‡™◊ÈÕ Candida µàÕ¬“µâ“π‡™◊ÈÕ√“µ“¡§à“ cut
off ¢Õß MIC ∑’ËºŸâº≈‘µ°”Àπ¥„Àâ‰¥âº≈«à“‡™◊ÈÕ C. albicans
„Àâº≈‰«√âÕ¬≈– 100 µàÕ¬“ fluconazole, flucytosine ·≈–
voriconazole  à«π itraconazole „Àâº≈‰«µàÕ¬“ª√–¡“≥
√âÕ¬≈– 96 ·≈–‰«·∫∫ S-DD ª√–¡“≥√âÕ¬≈– 4 ‡¡◊ËÕ
‡ª√’¬∫‡∑’¬∫°—∫º≈°“√»÷°…“¢Õß Citak S. ·≈–§≥–(4) ´÷Ëß
∑¥ Õ∫„π‡™◊ÈÕ C. albicans 56 isolates ·≈– Candida
spp. Õ◊Ëπ Ê 13 isolates ·≈– Samra Z. ·≈–§≥–(7) ´÷Ëß
∑¥ Õ∫„π‡™◊ÈÕ C. albicans 63 isolates ·≈– Candida
spp. Õ◊ËπÊ 78 isolates æ∫«à“º≈°“√∑¥ Õ∫§«“¡‰«µàÕ
voriconazole ¡’§«“¡ Õ¥§≈âÕß°—π §◊Õ ¡’§«“¡‰«√âÕ¬≈– 100
·µàº≈°“√»÷°…“¢Õß Citak S ·≈–§≥–æ∫ C. albicans ¥◊ÈÕ
µàÕ fluconazole √âÕ¬≈– 12.5 ·≈– flucytosine √âÕ¬≈–
5.3 º≈°“√»÷°…“¢Õß Samra Z. ·≈–§≥–æ∫«à“ C. albicans
¥◊ÈÕµàÕ fluconazole √âÕ¬≈– 1.6

 à«πº≈°“√»÷°…“§«“¡‰«„π°≈ÿà¡‡™◊ÈÕ Candida spp. Õ◊ËπÊ
æ∫«à“‰«µàÕ¬“ voriconazole √âÕ¬≈– 100 ‡™àπ‡¥’¬«°—∫°“√
»÷°…“¢Õß Citak S. ·≈–§≥–(4) ·≈– Samra Z. ·≈–§≥–(7)

 à«π¬“Õ’° 3 ™π‘¥ §◊Õ fluconazole ‡™◊ÈÕ¡’§«“¡‰«√âÕ¬≈–
77 ·≈–‡ªìπ S-DD √âÕ¬≈– 23 ¬“ itraconazole ‡™◊ÈÕ¡’
§«“¡‰«√âÕ¬≈– 55 ‡ªìπ S-DD √âÕ¬≈– 27 ·≈–¥◊ÈÕ¬“
√âÕ¬≈– 18 ¬“ flucytosine ‡™◊ÈÕ¡’§«“¡‰«√âÕ¬≈– 91 ‡ªìπ
intermediate resistant √âÕ¬≈– 45 ·≈–¥◊ÈÕ¬“√âÕ¬≈– 45

 ”À√—∫¬“ amphotericin B, ketoconazole ·≈–
caspofungin ‰¡à¡’§à“ cut off „Àâ·ª≈º≈®“°∫√‘…—∑ºŸâº≈‘µ
·µà®“°°“√»÷°…“¢Õß Rex ·≈–§≥–(14) √“¬ß“π«à“¬“
amphotericin B §à“ MIC > 0.5 µg/ml πà“®–¥◊ÈÕ¬“
¬“ ketoconazole MIC > 0.125 µg/ml πà“®–¥◊ÈÕ¬“  ·¡â«à“
°“√∑¥ Õ∫§√—Èßπ’È®–‰¥â‡™◊ÈÕ∑’Ë¡“∑¥ Õ∫®”π«π‰¡à¡“°‡∑à“°—∫
°“√∑¥ Õ∫Õ◊Ëπ ·µà°Á‡ªìπ‡™◊ÈÕ∑’Ë·¬°‰¥â®“° sterile site ¢Õß
ºŸâªÉ«¬·≈–¢âÕ¡Ÿ≈∑’Ë‰¥â®“°°“√»÷°…“§√—Èßπ’È°Á “¡“√∂√“¬ß“π
·≈–‡°Á∫‡ªìπ√Ÿª·∫∫§«“¡‰«¢Õß‡™◊ÈÕ Candida µàÕ¬“µâ“π
‡™◊ÈÕ√“™π‘¥µà“ßÊ ‡æ◊ËÕ‡ªìπ¢âÕ¡Ÿ≈√Ÿª·∫∫·°à·æ∑¬å„™â‡ªìπ
·π«∑“ß„π°“√‡≈◊Õ°¬“µâ“π‡™◊ÈÕ√“„π°“√√—°…“ºŸâªÉ«¬„π
‚√ßæ¬“∫“≈»√’π§√‘π∑√å ·µàÕ¬à“ß‰√°Áµ“¡§«√®–‡°Á∫‡™◊ÈÕµàÕ
‰ªÕ’°‡æ◊ËÕ∑¥ Õ∫µàÕ‰ª‡æ◊ËÕ„Àâ‰¥â¢âÕ¡Ÿ≈‡ªìπªí®®ÿ∫—π¡“°∑’Ë ÿ¥

 √ÿª°“√»÷°…“§√—Èßπ’È· ¥ß„Àâ‡ÀÁπ«à“ voriconazole
πà“®–‡ªìπ¬“∑’Ë„™â„π°“√√—°…“‚√§µ‘¥‡™◊ÈÕ Candida „¥Ê ‰¥â¥’
∑’Ë ÿ¥‡¡◊ËÕ‡∑’¬∫°—∫ flucytosine ·≈– fluconazole
°‘µµ‘°√√¡ª√–°“»

§≥–ºŸâ«‘®—¬¢Õ¢Õ∫§ÿ≥ TREK DIAGNOSTIC
SYSTEMS ∑’Ë„Àâ°“√ π—∫ πÿπ„Àâ Sensititre YeastOne
plates ¡“„™â„πß“ππ’È ·≈–§≥–‡∑§π‘§°“√·æ∑¬å µ≈Õ¥®π
»Ÿπ¬å«‘®—¬·≈–æ—≤π“°“√µ√«®«‘π‘®©—¬∑“ßÀâÕßªØ‘∫—µ‘°“√
∑“ß°“√·æ∑¬å (»«ª.) ¡À“«‘∑¬“≈—¬¢Õπ·°àπ ∑’Ë„Àâ°“√
 π—∫ πÿπ°“√»÷°…“π’È πÕ°®“°π’È¢Õ¢Õ∫§ÿ≥‡®â“Àπâ“∑’ËÀπà«¬
®ÿ≈™’««‘∑¬“§≈‘π‘° ‚√ßæ¬“∫“≈»√’π§√‘π∑√å §≥–·æ∑¬»“ µ√å
∑’Ë„Àâ°“√ π—∫ πÿπ°“√‡°Á∫‡™◊ÈÕ∑’Ë„™â„π°“√∑¥ Õ∫§√—Èßπ’È
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* ºŸâ√—∫º‘¥™Õ∫∫∑§«“¡

∫∑§—¥¬àÕ
∑—ÈßŒ’‚¡‚°≈∫‘πÕ’ (Hb E) ·≈–Õ—≈ø“∏“≈— ´’‡¡’¬ (α-thalassemia) ¡’Õÿ∫—µ‘°“√≥å Ÿß„πª√–‡∑»‰∑¬ ®÷ß¡’‚Õ°“ æ∫ºŸâ∑’Ë‡ªìπ

Hb E √à«¡°—∫ α-thalassemia  ™π‘¥µà“ß Ê‰¥â∫àÕ¬ °“√»÷°…“§√—Èßπ’È‰¥â»÷°…“§«“¡™ÿ°¢ÕßºŸâ∑’Ë¡’ Hb E √à«¡°—∫ α-thalassemia
„πª√–™“°√¿“§„µâ∑’Ë¡“„™â∫√‘°“√∑’Ë‚√ßæ¬“∫“≈¡À“√“™π§√»√’∏√√¡√“™ ®”π«π 204 √“¬ ‚¥¬∑”°“√µ√«®¬’π Hb E ·≈–¬’π
α-thalassemia 1 (SEA deletion), α-thalassemia 2 (3.7 ·≈– 4.2 kb deletion) ·≈– αConstant Spring (αCS) ¥â«¬«‘∏’ PCR
æ∫§«“¡™ÿ°¢Õß¬’π α-thalassemia 1, α-thalassemia 2 ·≈– αCS  √âÕ¬≈– 2.0, 15.7 ·≈– 3.9  µ“¡≈”¥—∫  ‚¥¬®”·π°
µ“¡®’‚π‰∑ªáµà“ßÊ  ‰¥â  11  ·∫∫ §◊Õ  heterozygous Hb E √âÕ¬≈– 71.1, heterozygous Hb E √à«¡°—∫ α-thalassemia 1
√âÕ¬≈– 1.5, heterozygous E  √à«¡°—∫æ“À– α-thalassemia 2 (3.7 kb deletion) √âÕ¬≈– 10.3, heterozygous Hb E
√à«¡°—∫æ“À– α-thalassemia 2 (4.2 kb deletion) √âÕ¬≈– 1.5, heterozygous  Hb E √à«¡°—∫ æ“À– αCS √âÕ¬≈– 2.9,
heterozygous Hb E √à«¡°—∫ homozygous α-thalassemia 2 (3.7 kb deletion) √âÕ¬≈–  0.5, heterozygous Hb E √à«¡
°—∫æ“À– α-thalassemia 2 (3.7 kb deletion) ·≈– αCS √âÕ¬≈– 1.0, homozygous Hb E √âÕ¬≈– 6.8, homozygous Hb
E √à«¡°—∫æ“À– α-thalassemia 1 √âÕ¬≈– 0.5, homozygous Hb E √à«¡°—∫æ“À– α-thalassemia 2 (3.7 kb deletion)
√âÕ¬≈– 2.4 ·≈– β-thalassemia / Hb E √âÕ¬≈– 1.5  ‡¡◊ËÕæ‘®“√≥“¢âÕ¡Ÿ≈∑“ß‚≈À‘µ«‘∑¬“ æ∫«à“‡ªìπ°“√¬“°∑’Ë®–«‘π‘®©—¬
·¬°®’‚π‰∑ªáµà“ßÊ ∑—Èß 11 ·∫∫ÕÕ°®“°°—π‰¥â ¥—ßπ—ÈπÀ“°§Ÿà ¡√ ¢ÕßºŸâ∑’Ë¡’ Hb E ¡’¬’π α-thalassemia 1 ºŸâ∑’Ë¡’  Hb E π—Èπ
§«√‰¥â√—∫°“√µ√«®À“¬’π α-thalassemia 1 ¥â«¬ ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß„π√“¬∑’Ë¡’ª√‘¡“≥ Hb E πâÕ¬°«à“√âÕ¬≈– 25.0 ‡æ◊ËÕ
ªÑÕß°—π∑“√°‡°‘¥„À¡à‡ªìπ‚√§ Hb Bartûs hydrops fetalis ·≈–§«“¡∂Ÿ°µâÕß„π°“√„Àâ§”ª√÷°…“·π–π”∑“ß°√√¡æ—π∏ÿå

§” ”§—≠ : Œ’‚¡‚°≈∫‘πÕ’, Õ—≈ø“∏“≈— ´’‡¡’¬
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Hb E - ααααα - thalassemia at  Maharaj Nakhon Si Thammarat hospital

« “ √   “ √
‡∑§π‘§°“√·æ∑¬å·≈–°“¬¿“æ∫”∫—¥
JOURNAL OF MEDICAL TECHNOLOGY AND PHYSICAL THERAPY

π‘æπ∏åµâπ©∫—∫
ORIGINAL ARTICLE

Sutja Surapot1*, Goonnapa Fucharoen2, Weerachai Saijuntha2, Sontaya Hongseng2, Kanokwan Sanchaisuriya2, Supan Fucharoen2

1 Department of Clinical Pathology, Maharaj Nakhon Si Thammarat Hospital, Nakhon Si Thammarat
2 Centre for Research and Development of Medical Diagnostic Laboratories, Faculty of Associated Medical Sciences,
  Khon Kaen University
* Corresponding author (e-mail: ssurapot@yahoo.co.th)

Abstract
Both hemoglobin E (Hb E) and α-thalassemia are prevalence in Thailand. Hb E-a-thalassemia syndromes

are therefore common. Individuals with these syndromes are at risk for both α- and β-thalassemia diseases.
In this study, the prevalence of Hb E-α-thalassemia was examined on 204 Southern Thai subjects who were
encountered at the Maharaj Nakhon Si Thammarat hospital. The α-thalassemia determinants examined using
PCR methods included α-thalassemia 1 (SEA type), α-thalassemia 2 (3.7 kb and 4.2 kb deletions) and Hb
Constant Spring gene (αCS). Hb E gene (βE) was confirmed in all cases using allele specific PCR. The
prevalence of α-thalassemia 1, α-thalassemia 2 and αCS in  this Thai  population  were found to be 2.0%,
15.7 % and 3.9%, respectively. As many as 11 Hb E genotypes were observed; 71.1% heterozygous Hb E,
1.5% heterozygous Hb E with heterozygous α-thalassemia 1, 10.3%  hetetozygous Hb E with  heterozygous
α-thalassemia 2 (3.7 kb), 1.5% heterozygous Hb E with  heterozygous α-thalassemia 2 (4.2 kb), 2.9%
heterozygous Hb E with heterozygous αCS, 0.5%  heterozygous Hb E with homozygous α-thalassemia 2, 1.0%
heterozygous Hb E with compound  heterozygous α-thalassemia 2 and αCS, 6.8% homozygous Hb E, 0.5%
homozygous Hb E with heterozygous α-thalassemia 1, 2.4% homozygous Hb E with  heterozygous β-thalassemia
2 and 1.5% α-thalassemia / Hb E disease. It was found that using hematological data alone it is very difficult
to differentiate all these genotypes. It is therefore recommended for those with Hb E, whose couples are carriers
of α-thalassemia 1, to be examined for α-thalassemia 1 especially when the level of Hb E is less than 25% in
order to prevent the Hb Bartûs hydrops fetalis and provide appropriate genetic counseling.

KeyWords:   Hemoglobin E,  α - thalassemia
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∫∑π”
Œ’‚¡‚°≈∫‘πÕ’‡ªìπŒ’‚¡‚°≈∫‘πº‘¥ª°µ‘∑’Ëæ∫‰¥â∫àÕ¬‡ªìπ

Õ—π¥—∫Àπ÷Ëß„πª√–‡∑»·≈–æ∫‰¥â„π∑ÿ°¿Ÿ¡‘¿“§¢Õßª√–‡∑»‰∑¬
‚¥¬„π¿“§°≈“ßæ∫ª√–¡“≥√âÕ¬≈– 10-13 ¿“§‡Àπ◊Õæ∫
ª√–¡“≥√âÕ¬≈– 5 ¿“§„µâæ∫ª√–¡“≥√âÕ¬≈– 10 ·≈–„π
¿“§µ–«—πÕÕ°‡©’¬ß‡Àπ◊Õæ∫ª√–¡“≥√âÕ¬≈– 30-60 ‡°‘¥®“°
§«“¡º‘¥ª°µ‘¢Õß¬’π∫’µ“‚°≈∫‘π‚¥¬°“√‡°‘¥¡‘«‡µ™—Ëπ¢÷Èπ∑’Ë
µ”·Àπàß‚§¥Õπ 26 ¢Õß¬’π §«“¡º‘¥ª°µ‘π’È∑”„Àâ —ß‡§√“–Àå
 “¬‚°≈∫‘π∑’Ëº‘¥ª°µ‘ (α

2
β

2
26Glu-Lys) ·≈– —ß‡§√“–Àå‰¥â

πâÕ¬≈ß ®÷ß∂Ÿ°®—¥„Àâ‡ªìπ∫’µ“∫«°∏“≈—  ’́‡¡’¬™π‘¥Àπ÷Ëß ºŸâ∑’Ë
‡ªìπæ“À–Œ’‚¡‚°≈∫‘πÕ’®–‰¡à· ¥ßÕ“°“√„¥Ê„Àâ —ß‡°µ‰¥â ‡¡Á¥
‡≈◊Õ¥·¥ßÕ“®¡’¢π“¥‡≈Á°°«à“ª°µ‘ ‰¡à´’¥  à«π„À≠à¡’√–¥—∫
Œ’‚¡‚°≈∫‘πÕ¬Ÿà„π‡°≥±åª°µ‘·µà§àÕπ‰ª∑“ßµË”  à«πºŸâ∑’Ë‡ªìπ
homozygote Hb E ®–æ∫ª√‘¡“≥¢Õß Hb E ‰¥âª√–¡“≥
√âÕ¬≈– 92-98 ·≈–¡—°®–æ∫Œ’‚¡‚°≈∫‘π‡Õø (Hb F)  Ÿß¢÷Èπ
‰¥â‡≈Á°πâÕ¬ ‡æ√“–‡ª√’¬∫‡ ¡◊Õπ∫’µ“∫«°∏“≈— ´’‡¡’¬ ®÷ß¡’
°“√°√–µÿâπ¬’π·°¡¡“‚°≈∫‘π (γ-globin) „Àâ —ß‡§√“–Àå “¬
·°¡¡“‡æ‘Ë¡¢÷Èπ ‡æ◊ËÕ∑¥·∑π à«π¢Õß∫’µ“¬’π∑’Ë∫°æ√àÕß‰ª
 à«π¿“«–Õ—≈ø“∏“≈— ´’‡¡’¬ (α-thalassemia) æ∫ª√–¡“≥
√âÕ¬≈– 3-9(1,2)

‡π◊ËÕß®“°Œ’‚¡‚°≈∫‘πÕ’·≈–Õ—≈ø“∏“≈— ´’‡¡’¬„πª√–‡∑»‰∑¬
¡’Õÿ∫—µ‘°“√≥å Ÿß∑—Èß§Ÿà ®÷ß¡’‚Õ°“ æ∫ºŸâ∑’Ë¡’§«“¡º‘¥ª°µ‘¢Õß¬’π
∑—Èß Õß™π‘¥√à«¡°—π‰¥â·≈– “¡“√∂∂à“¬∑Õ¥§«“¡º‘¥ª°µ‘∑—Èß
 Õß‰ª Ÿà≈Ÿ°À≈“πµàÕ‰ª‰¥âÕ’° „π¿“§µ–«—πÕÕ°‡©’¬ß‡Àπ◊Õ
¢Õßª√–‡∑»‰∑¬¡’√“¬ß“π»÷°…“„π°≈ÿà¡§π¬âÕ ®—ßÀ«—¥
¡ÿ°¥“À“√·≈–¡À“ “√§“¡ æ∫ºŸâ∑’Ë¡’Œ’‚¡‚°≈∫‘πÕ’√à«¡°—∫
α-thalassemia 1  Ÿß∂÷ß√âÕ¬≈– 6.5 (3) ·≈–°≈ÿà¡§π‰∑¬-
‡¢¡√„π®—ßÀ«—¥ ÿ√‘π∑√å·≈–∫ÿ√’√—¡¬åæ∫ºŸâ∑’Ë¡’Œ’‚¡‚°≈∫‘πÕ’√à«¡°—∫
α-thalassemia 1 ·≈– 2  Ÿß∂÷ß√âÕ¬≈– 21.6(4) °“√»÷°…“
„π°≈ÿà¡æ“À– Hb E ∑—Ë«‰ª°Áæ∫ºŸâ∑’Ë¡’ Hb E √à«¡°—∫
α-thalassemia 1 ·≈– α-thalassemia 2 ‰¥âÀ≈“°À≈“¬
®’‚π‰∑ªá(5) ®÷ß‡ªìπ∑’Ë¬Õ¡√—∫°—π∑—Ë«‰ª«à“  ”À√—∫ª√–™“°√„π
¿“§µ–«—πÕÕ°‡©’¬ß‡Àπ◊Õ °“√§«∫§ÿ¡·≈–ªÑÕß°—π‚√§∏“≈— 
´’‡¡’¬™π‘¥√ÿπ·√ß∑’ËÕ“®‡°‘¥®“°ºŸâ∑’Ë¡’ Hb E π—Èπ πÕ°®“°‚√§
β-thalassemia / Hb E ·≈â«¬—ßµâÕß√–«—ß‚√§ homozygous
α-thalassemia 1 ∑’ËÕ“®·Ωß¡“‡ ¡Õ °“√µ√«®æ∫ºŸâ∑’Ë¡’¬’π
α-thalassemia π’È ‰¡à®”‡æ“–°—∫ª√–™“°√„π¿“§µ–«—πÕÕ°-
‡©’¬ß‡Àπ◊Õ‡∑à“π—Èπ ®“°°“√»÷°…“„π°≈ÿà¡§π≈“«‚ à́ß

„π®—ßÀ«—¥ ÿæ√√≥∫ÿ√’  °Áæ∫æ“À– Hb E ∑’Ë¡’¬’π α-thalassemia
1 ·ΩßÕ¬Ÿà Ÿß∂÷ß√âÕ¬≈– 5.2(6) „π¿Ÿ¡‘¿“§Õ◊ËπÊ ¢Õßª√–‡∑»‰∑¬
®÷ß§«√‰¥â√—∫°“√»÷°…“¥â«¬‡™àπ°—π

°“√»÷°…“„π§√—Èßπ’È ®÷ß π„®»÷°…“Õ—µ√“°“√µ√«®æ∫ºŸâ∑’Ë¡’
Hb E √à«¡°—∫¬’π α-thalassemia „πª√–™“°√¿“§„µâ¢Õß
ª√–‡∑»‰∑¬ ‡π◊ËÕß®“°‡§¬¡’√“¬ß“π§«“¡™ÿ°¢Õß Hb E  Ÿß
∂÷ß√âÕ¬≈– 40.5 „π§Ÿà ¡√ ∑’Ë‡ ’Ë¬ßµàÕ°“√∑’Ë∫ÿµ√‡ªìπ‚√§
∏“≈— ´’‡¡’¬¢Õß‚√ßæ¬“∫“≈ ß¢≈“π§√‘π∑√å(7) ·≈–¬—ß¡’√“¬ß“π
°“√µ√«®æ∫ α-thalassemia  Ÿß„π¿“§„µâ¥â«¬(8) ®÷ß¡’‚Õ°“ 
∑’Ë®–æ∫§«“¡º‘¥ª°µ‘∑—Èß ÕßÕ¬à“ß√à«¡°—π‰¥â

«‘∏’°“√»÷°…“
1. µ—«Õ¬à“ß‡≈◊Õ¥·≈–¢âÕ¡Ÿ≈æ◊Èπ∞“π∑“ß‚≈À‘µ«‘∑¬“

‡ªìπµ—«Õ¬à“ß‡≈◊Õ¥∑’Ë„™â EDTA ‡ªìπ “√°—π‡≈◊Õ¥·¢Áß
¢Õßª√–™“°√„π®—ßÀ«—¥π§√»√’∏√√¡√“™ ∑’Ë¡“√—∫∫√‘°“√µ√«®
À“™π‘¥¢ÕßŒ’‚¡‚°≈∫‘π∑’Ë‚√ßæ¬“∫“≈¡À“√“™π§√»√’∏√√¡√“™
µ—«Õ¬à“ß‡≈◊Õ¥∑ÿ°√“¬‰¥â√—∫°“√µ√«®§à“æ◊Èπ∞“π∑“ß‚≈À‘µ
«‘∑¬“¥â«¬‡§√◊ËÕß«‘‡§√“–Àå‡¡Á¥‡≈◊Õ¥Õ—µ‚π¡—µ‘·≈–µ√«®µ√«®
«‘‡§√“–Àå™π‘¥·≈–ª√‘¡“≥Œ’‚¡‚°≈∫‘π¥â«¬‡§√◊ËÕß«‘‡§√“–Àå
Õ—µ‚π¡—µ‘ Hb Gold Analyzer (Drew Scientific Limited,
UK) »÷°…“√–À«à“ß‡¥◊Õπ‡¡…“¬π∂÷ß‡¥◊Õπ°√°Æ“§¡ æ.».
2544 ®”π«π 204 √“¬ µ—«Õ¬à“ß‡≈◊Õ¥∑’Ë‡À≈◊Õ  àßµàÕ‰ª√—∫
°“√µ√«®¬◊π¬—π¬’π Hb E ·≈–µ√«®À“¬’π α-thalassemia
∑’Ë»Ÿπ¬å«‘®—¬·≈–æ—≤π“°“√µ√«®«‘π‘®©—¬∑“ßÀâÕßªØ‘∫—µ‘°“√
∑“ß°“√·æ∑¬å (»«ª.) §≥–‡∑§π‘§°“√·æ∑¬å ¡À“«‘∑¬“≈—¬
¢Õπ·°àπ

2. °“√µ√«®¬’π∏“≈— ´’‡¡’¬
µ—«Õ¬à“ß‡≈◊Õ¥∑ÿ°√“¬∂Ÿ°π”‰ª‡µ√’¬¡¥’‡ÕÁπ‡Õ¥â«¬«‘∏’

¡“µ√∞“π(9) ‡æ◊ËÕµ√«®À“¬’π α-thalassemia ™π‘¥ SEA
deletion ‚¥¬«‘∏’ GAP-PCR(10,11) °“√µ√«®À“¬’π
α-thalassemia 2 ™π‘¥ 3.7 ·≈– 4.2 kb deletion „™â«‘∏’
PCR ∑’Ëµ’æ‘¡æå‰«â·≈â«(12)  à«π°“√µ√«®¬◊π¬—π¬’π αCS ·≈–
βE „™â«‘∏’ allele specific PCR(13,14)

º≈°“√»÷°…“
®“°µ—«Õ¬à“ß∑—ÈßÀ¡¥∑’Ë¡’ Hb E ®”π«π 204 √“¬ ®”·π°

µ“¡™π‘¥Œ’‚¡‚°≈∫‘π∑’Ëµ√«®æ∫‰¥â‡ªìπ EA 181 √“¬, EE 20
√“¬, EFA 2 √“¬ ·≈– EF 1 √“¬ ‡¡◊ËÕπ”¡“µ√«®À“¬’π
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α-thalassemia ∑’Ëæ∫‰¥â∫àÕ¬„πª√–™“°√‰∑¬ æ∫¬’π
α-thalassemia 1, α-thalassemia 2 ·≈– αCS „πÕ—µ√“
√âÕ¬≈– 2.0, 15.7 ·≈– 3.9 µ“¡≈”¥—∫  “¡“√∂®”·π°
®’‚π‰∑ªáÕÕ°‰¥â‡ªìπ 11 ·∫∫ §◊Õ heterzygous Hb E ∑’Ë
‰¡à¡’¬’π α-thalassemia  √à«¡ (βA/βE, αα/αα) ®”π«π 145
√“¬ (√âÕ¬≈– 71.1), heterozygous Hb E √à«¡°—∫æ“À–
α-thalassemia 1 ™π‘¥ SEA deletion (βA/βE, αα/αα/
--SEA) ®”π«π 3 √“¬ (√âÕ¬≈– 1.5), heterozygous Hb E
√à«¡°—∫æ“À– α-thalassemia 2 ™π‘¥ 3.7 kb deletion (αA/
βE,αα/-α3.7) ®”π«π 21 √“¬ (√âÕ¬≈– 10.3), heterozygous
Hb E √à«¡°—∫æ“À– α-thalassemia 2 ™π‘¥ 4.2 kb deletion
(βA/βE,αα/-α4.2) ®”π«π 3 √“¬ (√âÕ¬≈– 1.5),
heterozygous Hb E √à«¡°—∫æ“À–Œ’‚¡‚°≈∫‘π§Õπ ·µπ∑å
 ª√‘ß (βA/βE, αα/αCSα ) ®”π«π 6 √“¬ (√âÕ¬≈– 2.9),

heterozygous Hb E √à«¡°—∫ homozygous α-thalassemia
2 ™π‘¥ 3.7 kb deletion (βA/βE, -α3.7/-α3.7) ®”π«π 1 √“¬
(√âÕ¬≈– 0.5), heterozygous Hb E √à«¡°—∫ compound
heterozygous α-thalassemia 2 (3.7 kb  deletion) ·≈–
αCS (βA/βE,ααCSα/-α3.7) ®”π«π 2 √“¬ (1%),
homozygous Hb E ∑’Ë‰¡à¡’¬’π  α-thalassemia √à«¡ (αE/
αE) ®”π«π 14 √“¬ (√âÕ¬≈– 6.8), homozygous Hb E
√à«¡°—∫æ“À– α-thalassemia 1 (βE/βE, αα/- -SEA) ®”π«π
1 √“¬ (√âÕ¬≈– 0.5), homozygous Hb E √à«¡°—∫æ“À–
α-thalassemia 2 (3.7 kb deletion) (βE/βE, αα/-α3.7)
®”π«π 5 √“¬ (√âÕ¬≈– 2.4) ·≈– α-thalassemia / Hb E ∑’Ë
‰¡à¡’ α-thalassemia √à«¡ (αthal/αE) ®”π«π  3 √“¬ (√âÕ¬≈–
1.5) ¥—ß· ¥ß„π µ“√“ß∑’Ë 1 ‚¥¬·µà≈–®’‚π‰∑ªá‰¥â· ¥ß
¢âÕ¡Ÿ≈∑“ß‚≈À‘µ«‘∑¬“‰«â„π µ“√“ß∑’Ë 2

µ“√“ß∑’Ë 1   ®’‚π‰∑ªá∑’Ëµ√«®æ∫„πºŸâ∑’Ë¡’ Hb E ®”π«π 204 √“¬∑’Ë»÷°…“

1. Heterozygous Hb E ( Hb E trait ) EA 145 71.1
2. Heterozygous Hb E with α - thal 1 ( SEA type ) EA 3 1.5
3. Heterozygous Hb E with α - thal 2 (3.7 kb) EA 21 10.3
4. Heterozygous Hb E with α - thal 2 ( 4.2 kb ) EA 3 1.5
5. Heterozygous Hb E with αCS EA 6 2.9
6. Heterozygous Hb E with homozygousα - thal 2 ( 3.7 kb ) EA 1 0.5
7. Heterozygous Hb E with  compound α - thal 2 ( 3.7 kb) / αCS EA 2 1.0
8. Homozygous Hb E EE 14 6.8
9. Homozygous Hb E with α - thal 1 (SEA type) EE 1 0.5
10. Homozygous Hb E with α - thal 2 ( 3.7 kb ) EE 5 2.4
11. β - thalassemia / Hb E EFA 2 1.0

Total 204 100

Genotype Hb type No. %
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«‘®“√≥å·≈– √ÿªº≈°“√»÷°…“
®“°°“√»÷°…“µ—«Õ¬à“ßºŸâ∑’Ë¡’ Hb E ∑’Ë‚√ßæ¬“∫“≈

¡À“√“™π§√»√’∏√√¡√“™ ®”π«π 204 √“¬ ÷́Ëß à«π„À≠à‡ªìπ
æ“À–¢Õß Hb E (√âÕ¬≈– 88.7) π”¡“µ√«®À“¬’π·Ωß
α-thalassemia æ∫«à“‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫º≈°“√»÷°…“„π
°≈ÿà¡ª√–™“°√∑—Ë«‰ª∑’Ë‚√ßæ¬“∫“≈ ß¢≈“π§√‘π∑√å ´÷Ëß‰¥â
√“¬ß“πµ√«®æ∫Õÿ∫—µ‘°“√≥å¢Õß¬’π α-thalassemia 1,
α-thalassemia 2 ·≈– αCS √âÕ¬≈– 4.3, 12.0 ·≈– 5.8
µ“¡≈”¥—∫(8) ®–‡ÀÁπ«à“„π°≈ÿà¡ª√–™“°√∑’Ë¡’ Hb E ∑’Ë∑”°“√
»÷°…“„π§√—Èßπ’È¡’Õ—µ√“°“√µ√«®æ∫¬’π α-thalassemia 1
πâÕ¬°«à“„π°≈ÿà¡ª√–™“°√∑—Ë«‰ª∑’Ë»÷°…“∑’Ë‚√ßæ¬“∫“≈ ß¢≈“
π§√‘π∑√å·≈–πâÕ¬°«à“„π°≈ÿà¡ª√–™“°√∑’Ë¡’  Hb E ∑’Ë‡§¬»÷°…“
‰«â„πª√–™“°√°≈ÿà¡µà“ßÊ„π¿“§µ–«—πÕÕ°‡©’¬ß‡Àπ◊Õ(3-5) ·≈–
¿“§°≈“ß(6) Õ¬à“ß‰√°Áµ“¡∂◊Õ‰¥â«à“¡’Õ—µ√“°“√µ√«®æ∫Õ¬Ÿà„π
‡°≥±å∑’ËµâÕß‡ΩÑ“√–«—ß°“√‡°‘¥‚√§∏“≈—  ’́‡¡’¬™π‘¥√ÿπ·√ß®“°
ºŸâ∑’Ë¡’ Hb E √à«¡°—∫ α-thalassemia 1 ¥â«¬‡™àπ°—π §◊Õ‚√§
β-thalassemia / Hb E ·≈– homozygous α-thalassemia
1 À√◊Õ Hb Bartûs hydrops fetalis ¥â«¬ ´÷Ëß°√≥’À≈—ßπ’È
∑“√°®–¡’Õ“°“√∫«¡πÈ”·≈–‡ ’¬™’«‘µÀ≈—ß§≈Õ¥ ‡ªìπ°“√
 Ÿ≠‡ ’¬Õ¬à“ß¡“°µàÕ§√Õ∫§√—«ºŸâªÉ«¬ ·≈–πÕ°®“°π’È¡“√¥“
∑’Ëµ—Èß§√√¿å¡’‚Õ°“ ‡°‘¥Õ“°“√§√√¿å‡ªìπæ‘…·≈–‡ ’¬™’«‘µ‰¥â
‡™àπ°—π(15)

„π°“√»÷°…“§√—Èßπ’Èº≈°“√»÷°…“∑’Ë‰¥â„πµ—«Õ¬à“ß¥’‡ÕÁπ‡Õ
·µà≈–√“¬  “¡“√∂π”¡“ √ÿª genotype ¢ÕßºŸâ∑’Ë¡’ Hb E ∑’Ë
¡’·≈–‰¡à¡’¬’π α-thalassemia ‰¥â∑—Èß ‘Èπ 11 ·∫∫ ´÷Ëß®–‡ÀÁπ
«à“¡’§«“¡À≈“°À≈“¬¢Õß genotype ‡À¡◊Õπ°—∫∑’Ë¡’√“¬ß“π
„πª√–™“°√°≈ÿà¡µà“ßÊ „π¿“§µ–«—πÕÕ°‡©’¬ß‡Àπ◊Õ¥â«¬
‡™àπ°—π(4,5) ‚¥¬™π‘¥∑’Ë¡’§«“¡™ÿ° Ÿß §◊Õ heterozygous Hb
E √à«¡°—∫ α-thalassemia  2 ™π‘¥ 3.7 kb deletion °“√
æ∫√à«¡°—π¢Õß Hb E ·≈– α-thalassemia π’È∑”„Àâ¡’‡°‘¥
°“√≈¥≈ß¢Õß “¬‚°≈∫‘π∑—Èß “¬ α ·≈– “¬ β ®÷ß∑”„Àâ¡’
 “¬‚°≈∫‘πÕ‘ √–‡À≈◊ÕπâÕ¬°«à“°“√‡ªìπ∏“≈— ´’‡¡’¬™π‘¥„¥
™π‘¥Àπ÷Ëß ∑”„Àâ‡¡Á¥‡≈◊Õ¥·¥ß¡’§«“¡º‘¥ª°µ‘≈¥≈ß °“√∂Ÿ°
∑”≈“¬°Á≈¥≈ß¥â«¬ ®÷ß‡ªìπº≈¥’°«à“°“√‡ªìπæ“À–™π‘¥„¥
™π‘¥Àπ÷Ëß

‡¡◊ËÕ∑”°“√»÷°…“¢âÕ¡Ÿ≈∑“ß‚≈À‘µ«‘∑¬“‰¥â·°à Hb, Hct,
MCV, MCH, MCHC, RDW, Hb typing, ª√‘¡“≥ Hb E
·≈–ª√‘¡“≥ Hb F „πºŸâ∑’Ë¡’ genotype µà“ßÊ ‡æ◊ËÕ‡ªìπ

·π«∑“ß‡∫◊ÈÕßµâπ„π°“√«‘π‘®©—¬·¬°ºŸâ∑’Ë¡’  Hb E √à«¡°—∫
α-thalassemia æ∫«à“ ºŸâ∑’Ë‡ªìπ heterozygous Hb E
√à«¡°—∫æ“À– α-thalassemia 1 ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫ºŸâ∑’Ë‡ªìπ
heterozygous Hb E ∑’Ë‰¡à¡’¬’π α-thalassemia 1 √à«¡ ®–
¡’ª√‘¡“≥ Hb E ∑’Ëµ√«®¥â«¬‡§√◊ËÕß«‘‡§√“–ÀåŒ’‚¡‚°≈∫‘πÕ—µ
‚π¡—µ‘ Hb gold Õ¬Ÿà„π™à«ß√âÕ¬≈– 20.0-21.2 ÷́ËßµË”°«à“ºŸâ∑’Ë
‡ªìπ heterozygous Hb E ∑’Ë‰¡à¡’¬’π α-thalassemia 1  §≈â“¬
°—∫¢âÕ¡Ÿ≈∑’Ë‡§¬¡’√“¬ß“π„π°≈ÿà¡Õ◊ËπÊ(3-6) ∑—Èßπ’È‡ªìπ‡æ√“– “¬
α-globin ®—∫°—∫ “¬ β-globin ∑’Ëª°µ‘‰¥â¥’°«à“ “¬
βE-globin ‡¡◊ËÕ¡’ª√‘¡“≥ “¬ α-globin ≈¥≈ß ®÷ß∑”„Àâª√‘¡“≥
Hb E ≈¥≈ß¥â«¬(16) Õ¬à“ß‰√°Áµ“¡‡¡◊ËÕæ‘®“√≥“„πµ—«Õ¬à“ß∑’Ë
‡ªìπ heterozygous  Hb E  ∑’Ë¡’¬’π  α-thalassemia 2  √à«¡
ª√‘¡“≥ Hb E ‰¡à≈¥µË”≈ß¡“°π—°¥—ß· ¥ß„π µ“√“ß∑’Ë 2
 Õ¥§≈âÕß°—∫∑’Ë‡§¬¡’√“¬ß“π„π°≈ÿà¡Õ◊Ëπ(4,5) ‡π◊ËÕß®“°°“√¡’
ª√‘¡“≥ Hb E ≈¥µË”≈ß°«à“∑’Ë§«√®–‡ªìπ Õ“®¡’ªí®®—¬Õ¬à“ß
Õ◊Ëπ√à«¡¥â«¬ ‡™àπ ¿“«–¢“¥‡À≈Á°(17,18) À√◊Õ„π°√≥’∑’Ë‡ªìπ
‡¥Á°Õ“¬ÿπâÕ¬°«à“ 1 ªï ∑’Ë¬—ß √â“ß “¬ β-globin ‰¥â‰¡à ¡∫Ÿ√≥å
‡ªìπµâπ ¢âÕ¡Ÿ≈®“°°“√»÷°…“„π¿“§„µâπ’È· ¥ß„Àâ‡ÀÁπ«à“
ª√–¡“≥ 1 „π 3 ¢Õßµ—«Õ¬à“ßæ“À– Hb E ∑’Ë¡’ª√‘¡“≥  Hb
E πâÕ¬°«à“√âÕ¬≈– 22.0 ¡’‚Õ°“ ‡ªìπæ“À– Hb E √à«¡°—∫
α-thalassemia 1 ‰¥â  —¥ à«ππ’ÈµË”°«à“∑’Ëæ∫„π°≈ÿà¡ª√–™“°√
¿“§µ–«—πÕÕ°‡©’¬ß‡Àπ◊Õ ´÷Ëß‡§¬¡’√“¬ß“π«à“„π°≈ÿà¡∑’Ë¡’
ª√‘¡“≥ Hb E πâÕ¬°«à“√âÕ¬≈– 25.0 (µ√«®«—¥¥â«¬«‘∏’
microcolumn chromatography) ¡’‚Õ°“ æ∫
α-thalassemia 1 ‰¥âª√–¡“≥ 1 „π 2(19)  à«π„π°≈ÿà¡
homozygous  Hb E π—Èπ  °“√¡’¬’π  α-thalassemia 1 À√◊Õ
α-thalassemia 2 √à«¡ ‰¡à¡’º≈„Àâª√‘¡“≥ Hb E ∑’Ëµ√«®æ∫
·µ°µà“ß°—πÕ¬à“ß™—¥‡®π‡™àπ‡¥’¬«°—∫¢âÕ¡Ÿ≈∑“ß‚≈À‘µ«‘∑¬“
Õ◊ËπÊ¥â«¬  Õ¥§≈âÕß°—∫∑’Ë‡§¬»÷°……‰«â°àÕπ·≈â«(20) Õ¬à“ß‰√
°Áµ“¡‡π◊ËÕß®“°®”π«πµ—«Õ¬à“ß∑’Ë¡’¢âÕ¡Ÿ≈∑“ß‚≈À‘µ«‘∑¬“
§√∫∂â«π„π√“¬∑’Ë¡’ α-thalassemia √à«¡ ¡’®”π«π‰¡à¡“°π—°
®÷ß‰¡à‰¥â∑”°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈∑“ß ∂‘µ‘ ¢âÕ¡Ÿ≈∑—ÈßÀ¡¥π’È
· ¥ß„Àâ‡ÀÁπ«à“°“√„™â¢âÕ¡Ÿ≈∑“ß‚≈À‘µ«‘∑¬“‡æ’¬ßÕ¬à“ß‡¥’¬«
§ß„Àâ°“√«‘π‘®©—¬·¬°¿“«–√à«¡‡À≈à“π’È‰¥â¬“° ¥—ßπ—Èπ„π√“¬∑’Ë
§Ÿà ¡√ ¡’¬’π  α-thalassemia 1 §Ÿà ¡√ Õ’°ΩÉ“¬Àπ÷Ëß∑’Ë¡’  Hb
E ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß„π√“¬∑’Ë¡’ª√‘¡“≥ Hb E πâÕ¬°«à“
√âÕ¬≈– 22.0 ®“°°“√µ√«®«—¥¥â«¬‡§√◊ËÕß¡◊Õ«‘‡§√“–Àå
Œ’‚¡‚°≈∫‘πÕ—µ‚π¡—µ‘ Hb Gold §«√‰¥â√—∫°“√µ√«®¬’π
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α-thalassemia 1 ¥â«¬ ·≈–À“°®”‡ªìπµâÕß„Àâ¢âÕ¡Ÿ≈√«¡‰ª
∂÷ß‚Õ°“ ¢Õß°“√¡’∫ÿµ√‡ªìπ compound heterozygous
α-thalassemia 1 / α-thalassemia 2 À√◊Õ  α-thalassemia
1 / Hb Constant Sprin (Hb H disease) °ÁÕ“®®”‡ªìπ
µâÕßµ√«®À“¬’π α-thalassemia 2 ·≈– αCS „πºŸâ∑’Ë¡’ Hb E
´÷Ëß¡’§Ÿà ¡√ ∑’Ë∑√“∫·≈â««à“¡’¬’π α-thalassemia 1 ¥â«¬∑ÿ°√“¬

°‘µµ‘°√√¡ª√–°“»
°“√»÷°…“§√—Èßπ’È‰¥â√—∫∑ÿπ π—∫ πÿπ®“° ‚§√ß°“√«‘®—¬

∏“≈—  ’́‡¡’¬ »Ÿπ¬å«‘®—¬·≈–æ—≤π“°“√µ√«®«‘π‘®©—¬∑“ßÀâÕß
ªØ‘∫—µ‘°“√∑“ß°“√·æ∑¬å §≥–‡∑§π‘§°“√·æ∑¬å ¡À“«‘∑¬“≈—¬
¢Õπ·°àπ

‡Õ° “√Õâ“ßÕ‘ß
1. Wasi P, Pootrakul S, Pootrakul P, Pravatmuang

P, Winichagoon P, Fucharoen S. Thalassemia in
Thailand. Ann NY Acad Sci 1980; 344: 252-63.

2. Fucharoen S, Winichagoon P. Hemoglobinopathies
in Southeast Asia. Hemoglobin 1987; 11: 65-88.

3. °ÿ≈π¿“  øŸÉ‡®√‘≠, °π°«√√≥ · π‰™¬ ÿ√‘¬“, ≥—∞¬“ ·´à
Õ÷Èß, ®”‡π’¬√ °‘Ëß·°â«,  ÿ¿“æ ∫ÿ≠ “ ·≈–§≥–. ∏“≈— ´’
‡¡’¬·≈–Œ’‚¡‚°≈∫‘πº‘¥ª°µ‘„π°≈ÿà¡§π¬âÕ„π®—ßÀ«—¥
¡À“ “√§“¡·≈–¡ÿ°¥“À“√. «“√ “√‡∑§π‘§°“√·æ∑¬å
2543; 28: 55-61.

4.  Fucharoen G, Sanchaisuriya K, Sae-ung N,
Dangwibul S, Fucharoen S. A simplified screening
strategy for thalassaemia and haemoglobin E in
rural communities in south-east Asia.  Bull World
Health Organ 2004; 82: 364-72.

5. Sanchaisuriya K, Fucharoen G, Sae-ung N,
Jetsrisuparb A, Fucharoen S. Molecular and
hematologic features of hemoglobin E
heterozygotes with different forms of
α− thalassemia in Thailand. Ann Hematol 2003;
82: 612 - 6.

6. °…¡ Õ“¬ÿ°“√, °ÿ≈π¿“ øŸÉ‡®√‘≠,  ÿæ√√≥ øŸÉ‡®√‘≠.
∏“≈—  ’́‡¡’¬·≈–Œ’‚¡‚°≈∫‘πº‘¥ª°µ‘„π°≈ÿà¡≈“«‚ à́ß

®—ßÀ«—¥ ÿæ√√≥∫ÿ√’. «“√ “√‡∑§π‘§°“√·æ∑¬å·≈–
°“¬¿“æ∫”∫—¥  2539; 81: 49-54.

7. ®”πß πæ√—µπå. °“√µ√«®«‘π‘®©—¬∫’µ“∏“≈— ´’‡¡’¬°àÕπ
§≈Õ¥. °“√ª√–™ÿ¡«‘™“°“√∏“≈— ´’‡¡’¬·Ààß™“µ‘ §√—Èß∑’Ë 6,
Õ.À“¥„À≠à ®. ß¢≈“¡ 3-5 æƒ…¿“§¡ 2543.

8. Sriroongrueng W, Pornpatkul  M, Panich V,
Fucharoen  S. α-thalassemia incidence in Southern
Thailand by restriction endonuclease analysis of
globin DNA from placental blood at
Songklanakarind hospital. Southeast Asian  J Trop
Med Public Health 1997; 28(suppl. 3): 93-6.

9.  ÿæ√√≥  øŸÉ‡®√‘≠. °“√‡µ√’¬¡µ—«Õ¬à“ß®’‚π¡‘°¥’‡ÕÁπ‡Õ.„π:
 ÿæ√√≥ øŸÉ‡®√‘≠ (∫√√≥“∏‘°“√) ∏“≈— ´’‡¡’¬∑’Ëæ∫∫àÕ¬
„πª√–‡∑»‰∑¬ µÕπ∑’Ë 2. §≥–‡∑§π‘§°“√·æ∑¬å
¡À“«‘∑¬“¢Õπ·°àπ 2543; 78-81.

10. Panyasai S, Sringam P, Fucharoen G,
Sanchaisuriya K, Fucharoen S. A simplified
screening for α -thalassemia 1 (SEA type) using
a combination of a modified osmotic fragility test
and a direct PCR on whole blood cell lysates.
Acta Haematol 2002; 108: 74 -78.

11. Sae-ung N, Fucharoen G, Sanchaisuriya K,
Fucharoen S. Alpha(0)-thalassemia and related
disorders in northeast Thailand: a molecular and
hematological characterization. Acta Haematol
2007; 117: 78-82.

12.  ÿæ√√≥ øŸÉ‡®√‘≠, °ÿ≈π¿“ øŸÉ‡®√‘≠, ¬ÿ∑∏π“ ‡æÁß·®à¡.
°“√µ√«®Õ—≈ø“∏“≈— ´’‡¡’¬ 2 ™π‘¥ ¥’‡ÕÁπ‡Õ¥’≈’™—π¥â«¬
«‘∏’æ’´’Õ“√å.  «“√ “√‡∑§π‘§°“√·æ∑¬å  2543; 28: 17-
24.

13. Fucharoen S, Fucharoen G, Ratanasiri T,
Jetsrisuparb A, Fukumaki Y. A simple non
radioactive assay for hemoglobin E gene in prenatal
diagnosis. Clin Chim Acta 1994; 229: 197-203.

14. Fucharoen G, Fucharoen S. Rapid and
simultaneous non-adioactive method for detecting
α-thalassemia 1 (SEA type) and Hb Constant
Spring  genes.  Eur J Haematol 1994; 53: 186-7.



39J Med Tech Phy Ther ë Vol.21 No.1 ë JANUARY-APRIL 2009

15. Chui DHK, Waye JS. Hydrops fetalis caused by
α-thalassemia: an emerging health care problem.
Blood 1998; 91: 2213 - 22.

16. Honig GR, Adams JG III.  Human hemoglobin
genetics.  Springer-Verlag 1986; 206-8.

17. Wong JC, Ali MAM. Hemoglobin E disease:
hematological, analytical and biosynthetic studies
in  homozygotes and  double heterozygotes  for
α-thalassemia.  Am J Hematol 1982; 13: 15-21.

18. Wasi P, Disthasongchan P, Na-Nakorn S. The
effect of iron deficiency on the level of
hemoglobins A2 and E. J Lab Clin Med 1968;
71: 85-91.

19. Sanchaisuriya K, Fucharoen G, Sae-ung N,
Jetsrisuparb A, Fucharoen S. Molecular and
hematologic features of Hb E heterozygotes with
α-thalassemia  forms of α-thalassemia in Thailand.
Ann Hematol 2003; 82: 612-6.

20. Fucharoen G, Trithipsombat J, Sirithawee S, Yansri
S, Changtrakul Y, Sanchaisuriya K, et al. Molecular
and hematological profiles of hemoglobin EE
disease with different forms of α-thalassemia. Ann
Hematol 2006; 85: 450-4.



40 «“√ “√‡∑§π‘§°“√·æ∑¬å·≈–°“¬¿“æ∫”∫—¥ ë ªï∑’Ë 21 ©∫—∫∑’Ë 1 ë ¡°√“§¡-‡¡…“¬π 2552

°“√µ√«®«—¥§«“¡ “¡“√∂°“√°àÕ°≈“¬æ—π∏ÿå¢Õß™’« “√®“°‡™◊ÈÕ °ÿ≈∫“´‘≈≈— 
‚¥¬°“√∑¥ Õ∫°“√°≈“¬æ—π∏ÿå¢Õß·∫§∑’‡√’¬´“≈‚¡‡π≈≈“

®ÿ±“√—µπå  ‡°â“‡Õ’È¬π1 , ªí∑¡“«¥’  ∂“«√1, ¡≥±≈ ‡≈‘»§≥“«π‘™°ÿ≈2*

« “ √   “ √
‡∑§π‘§°“√·æ∑¬å·≈–°“¬¿“æ∫”∫—¥
JOURNAL OF MEDICAL TECHNOLOGY AND PHYSICAL THERAPY

π‘æπ∏åµâπ©∫—∫
ORIGINAL ARTICLE

1π—°»÷°…“ª√‘≠≠“µ√’  “¢“‡∑§π‘§°“√·æ∑¬å  ”π—°«‘™“ À‡«™»“ µ√å·≈– “∏“√≥ ÿ¢»“ µ√å
2 “¢“‡∑§π‘§°“√·æ∑¬å  ”π—°«‘™“ À‡«™»“ µ√å·≈– “∏“√≥ ÿ¢»“ µ√å ¡À“«‘∑¬“≈—¬«≈—¬≈—°…≥å π§√»√’∏√√¡√“™  80161
* ºŸâ√—∫º‘¥™Õ∫∫∑§«“¡

∫∑§—¥¬àÕ
‚ª√µ’π™’« “√°÷Ëß∫√‘ ÿ∑∏‘Ï„ππÈ”‡≈’È¬ß‡™◊ÈÕ Brevibacillus  laterosporus SA14, SA15, Bacillus pumilus BA16/2

·≈– Bacillus megaterium BA6 ∑’Ë‡µ√’¬¡‰¥â¥â«¬°“√µ°µ–°Õπ„π 50% ·Õ¡‚¡‡π’¬¡ —́≈‡øµ ¡’§à“§«“¡‡¢â¡¢âπ¢Õß
‚ª√µ’π‡∑à“°—∫ 1.746, 1.188, 0.355 ·≈– 0.242 ¡‘≈≈‘°√—¡µàÕ¡‘≈≈‘≈‘µ√ µ“¡≈”¥—∫ æ∫«à“¡’‡©æ“–™’« “√°÷Ëß∫√‘ ÿ∑∏‘Ï¢Õß Brev.
laterosporus SA1, SA15 ∑’Ë· ¥ßƒ∑∏‘Ï¬—∫¬—Èß Staphylococcus aureus, Salmonella typhimurium TA98, TA100
 à«π “√≈–≈“¬™’« “√°÷Ëß∫√‘ ÿ∑∏‘Ï¢Õß∫“ ‘́≈≈— ™π‘¥Õ◊Ëπ‰¡à· ¥ßƒ∑∏‘Ï¥—ß°≈à“« Õ¬à“ß‰√°Áµ“¡∑’Ë‰µ‡µÕ√å 1:128 ¢Õß “√≈–≈“¬
™’« “√°÷Ëß∫√‘ ÿ∑∏‘Ï¢ÕßπÈ”‡≈’È¬ß‡™◊ÈÕ Brev. laterosporus SA14, SA15 ‰¡à· ¥ßƒ∑∏‘Ï¬—∫¬—Èß°“√‡®√‘≠ Salm. typhimurium
TA98, TA100  ®÷ß‰¥âπ”‰ª∑¥ Õ∫ƒ∑∏‘Ï°àÕ°“√°≈“¬æ—π∏ÿå¥â«¬«‘∏’‡Õ¡ å‰¥â‡™àπ‡¥’¬«°—∫ “√≈–≈“¬™’« “√°÷Ëß∫√‘ ÿ∑∏‘Ï¢Õß Bacillus
spp. Õ◊ËπÊ (B. pumilus BA16/2  ·≈– B. megaterium BA6) æ∫«à“ “√≈–≈“¬™’« “√°÷Ëß∫√‘ ÿ∑∏‘Ï®“°πÈ”‡≈’È¬ß‡™◊ÈÕ¢Õß
∫“´‘≈≈— ∑ÿ°™π‘¥‰¡à· ¥ßƒ∑∏‘Ï°“√°àÕ°≈“¬æ—π∏ÿå ‡¡◊ËÕ„™â‡°≥±å mutagenicity index (MI)   4 Õ¬à“ß‰√°Áµ“¡ §«√¡’°“√π”‰ª
∑¥ Õ∫ƒ∑∏‘Ï°àÕ°“√°≈“¬æ—π∏ÿå°—∫«‘∏’°“√Õ◊ËπÊµàÕ‰ª‡æ◊ËÕ§«“¡ª≈Õ¥¿—¬„π°“√π”‰ª„™âª√–‚¬™πå

§” ”§—≠:  °“√∑¥ Õ∫¥â«¬«‘∏’‡Õ¡ å,  ´“≈‚¡‡π≈≈“‰∑øî¡‘«‡√’Ë¬¡,  ∫“ ‘́≈≈—   ªï™’ å

∫∑π”
®“°§«“¡°â“«Àπâ“∑“ß«‘∑¬“»“ µ√å„π¬ÿ§ªí®®ÿ∫—π ∑”„Àâ¡’

º≈ß“π«‘®—¬¥â“πµà“ßÊ ÕÕ°¡“¡“°¡“¬∑’Ë‡°’Ë¬«¢âÕß°—∫∑“ß¥â“π
Õ“À“√ °“√‡°…µ√ ·≈–Õÿµ “À°√√¡ ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß
°“√«‘®—¬∑“ß¥â“π°“√·æ∑¬å∑’Ëπ—∫«—π®–¡’§«“¡ ”§—≠‡æ‘Ë¡¡“°¢÷Èπ
‡π◊ËÕß®“°¡’Õÿ∫—µ‘°“√≥å°“√‡°‘¥‚√§®“°‡™◊ÈÕ “¬æ—π∏ÿå„À¡à¢÷Èπ
Õ¬à“ßµàÕ‡π◊ËÕß ‡™àπ ‚√§´“√å ·≈–‚√§‰¢âÀ«—¥π° √«¡‰ª∂÷ß
‡™◊ÈÕ “¬æ—π∏ÿå‡¥‘¡∑’Ëæ—≤π“ª√—∫‡ª≈’Ë¬π°≈“¬‡ªìπ‡™◊ÈÕ¥◊ÈÕ¬“ ´÷Ëß
Õ“®¡’§«“¡ —¡æ—π∏å°—∫°“√‡ª≈’Ë¬π·ª≈ß√–¥—∫¬’π∫π “¬

¥’‡ÕÁπ‡ÕÀ√◊Õ∑’Ë‡√’¬°«à“ °“√°≈“¬æ—π∏ÿå(1)  ∑”„Àâ‰¡à “¡“√∂
√—°…“¥â«¬¬“µâ“π®ÿ≈™’æ™π‘¥‡¥‘¡„ÀâÀ“¬‰¥â ®÷ß‰¥â¡’ß“π«‘®—¬
·≈–°“√»÷°…“§âπ§«â“‡æ◊ËÕÀ“µ—«¬“™π‘¥„À¡àÊ ∑’Ë “¡“√∂ÕÕ°
ƒ∑∏‘Ï∑”≈“¬°≈ÿà¡‡™◊ÈÕ¥◊ÈÕ¬“‡æ◊ËÕª√–‚¬™πå„π¥â“π°“√√—°…“
À√◊Õ§«∫§ÿ¡°“√‡°‘¥‚√§ÕÕ°¡“Õ¬à“ßµàÕ‡π◊ËÕß ¡’√“¬ß“π«à“
 “√ªØ‘™’«π–∑’Ëº≈‘µ®“°·∫§∑’‡√’¬ °ÿ≈∫“´‘≈≈— ‡ªìπ·π«∑“ß
‡≈◊Õ°∑“ßÀπ÷Ëß∑’Ëπà“ π„®(2) ·∫§∑’‡√’¬ °ÿ≈∫“ ‘́≈≈— ‡ªìπ
·∫§∑’‡√’¬·°√¡∫«° √Ÿª∑àÕπ ∑’Ë “¡“√∂æ∫°√–®“¬Õ¬Ÿà∑—Ë«‰ª
„π ‘Ëß·«¥≈âÕ¡∑—Èß„π¥‘π·≈–πÈ”  ”À√—∫ ªï™’ å∑’Ë “¡“√∂º≈‘µ
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Detection of mutagenicity of biocompound from Bacillus spp.
by the Salmonella mutagenicity test
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Abstract
The protein concentration of partially purified biocompounds (PPBs) prepared from culture broth of

Brevibacillus  laterosporus SA14, SA15, Bacillus pumilus BA16/2  and Bacillus megaterium BA6 were
1.746, 1.188, 0.355  and 0.242  mg/ml, respectively.  It was found that only PPBs prepared from culture broth
of Brev. laterosporus SA14 and SA15 could inhibit the growth of Staphylococcus aureus, Salmonella typhimurium
TA98 and TA100. However, PPBs prepared from culture broth of SA14 and SA15 at the titer of 1:128 did not
inhibit the growth of TA98 and TA100. The PPBs obtained from all tested Bacillus species were used to
determine the mutagenic properties using Ames test. It was found that all PPBs did not show mutagenic
properties by this Amesû test at the mutagenicity index (MI)   4. However, further tests using other systems
should also be carried out to evaluate its useful safety.

KeyWords:  Amesûtest    Salmonella typhimurium   Bacillus species

 “√ªØ‘™’«π–‰¥â·°à Bacillus subtilis, B. polymyxa, B.
brevis, B. licheniformis, B. circulans, B. cereus, B.
thuringiensis ·≈– Brevibacillus laterosporus ´÷Ëß‡¥‘¡
‡√’¬°«à“ Bacillus laterosporus(3)  ‚¥¬æ∫¡’√“¬ß“π«à“ Brev.
laterosporus  “¡“√∂º≈‘µ “√ªØ‘™’«π–∑’Ë¡’§«“¡ ”§—≠
∑“ß°“√·æ∑¬å ‡™àπ spergualin(4) ·≈– bacithrocins A, B
·≈– C(5) √«¡∂÷ß peptide antibiotic ∑’ËÕÕ°ƒ∑∏‘Ï cyanolytic
activity(6)   πÕ°®“°π’È “¬æ—π∏ÿå SA14 ¢Õß·∫§∑’‡√’¬ Brev.
laterosporus  “¡“√∂º≈‘µ “√ªØ‘™’«π–µâ“π·∫§∑’‡√’¬

°àÕ‚√§„π°≈ÿà¡ methicillin resistant Staphylococcus
aureus (MRSA) ‰¥â¥’°«à“ oxacillin(7) ·≈–¡’§«“¡∑π∑“π
µàÕÕÿ≥À¿Ÿ¡‘  100 Õß»“‡´≈‡ ’́¬  ‰¥âπ“π 15 π“∑’  √«¡∂÷ß
∑π∑“πµàÕ‡Õπ‰´¡å¬àÕ¬‚ª√µ’π™π‘¥µà“ßÊ(8) ¥—ßπ—Èπ®÷ß¡’§«“¡ π„®
π”¡“»÷°…“µàÕ∂÷ßƒ∑∏‘Ï§«“¡‡ªìπæ‘…µàÕ‡´≈≈åπÕ°‡ªÑ“À¡“¬
¥—ß‡™àπƒ∑∏‘Ï°“√°àÕ°≈“¬æ—π∏ÿå∑’Ë¡—°π‘¬¡»÷°…“°—π‚¥¬„™â‡™◊ÈÕ
Salmonella typhimurium TA98 ·≈– TA100 ∑’Ë¡’§«“¡
∫°æ√àÕß∑“ß¥â“π°“√ —ß‡§√“–Àå histidine „Àâ°≈—∫¡“‡®√‘≠‰¥â
„πÕ“À“√‡≈’È¬ß‡™◊ÈÕ∑’Ë‰¡à¡’ à«πº ¡¢Õß histidine ´÷Ëß‡√’¬°«‘∏’
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°“√¥—ß°≈à“««à“°“√∑¥ Õ∫·∫∫‡Õ¡ å (Ames test) À√◊Õ°“√
∑¥ Õ∫°“√°≈“¬æ—π∏ÿå¢Õß·∫§∑’‡√’¬´“≈‚¡‡π≈≈“(9-11) ´÷Ëß
‡ªìπ«‘∏’‡∫◊ÈÕßµâπ∑’Ëπ‘¬¡„™â„π°“√»÷°…“ƒ∑∏‘Ï°àÕ°≈“¬æ—π∏ÿå ∑”‰¥â
ßà“¬·≈–√“§“∂Ÿ° ¡’√“¬ß“π∑’Ë‡°’Ë¬«¢âÕß‡°’Ë¬«°—∫«‘∏’¥—ß°≈à“«„π
°“√»÷°…“ƒ∑∏‘Ï°àÕ°≈“¬æ—π∏ÿå¢Õß “√‡§¡’µà“ßÊ ∑—Èß∑’Ë‡ªìπ “√
 °—¥®“°∏√√¡™“µ‘·≈– “√‡§¡’ —ß‡§√“–Àå(12-16) ß“π«‘®—¬π’È
®÷ß‰¥âπ”«‘∏’°“√∑¥ Õ∫·∫∫‡Õ¡ å¡“»÷°…“ƒ∑∏‘Ï°“√°àÕ°≈“¬
æ—π∏ÿå∑’ËÕ“®¡’Õ¬Ÿà„π “√ªØ‘™’«π–∑’Ëº≈‘µ®“° Bacillus species
(Brev. laterosporus SA14, SA15, B. megaterium BA6
·≈– B. pumilus BA16/2)(7,8,17,18) ‡æ◊ËÕ„Àâ‰¥â¢âÕ¡Ÿ≈§«“¡
‡ªìπæ‘…‡∫◊ÈÕßµâπ‡°’Ë¬«°—∫ “√ªØ‘™’«π–∑’Ëπ”¡“»÷°…“ „π°“√ π”
‰ªæ—≤π“‡ªìπ “√µâπ·∫∫¢Õß°“√º≈‘µ¬“µâ“π®ÿ≈™’æµàÕ‰ª„π
Õπ“§µ

«— ¥ÿ·≈–«‘∏’°“√
1. ·∫§∑’‡√’¬
π”·∫§∑’‡√’¬∑¥ Õ∫ ‰¥â·°à Brevibacillus laterosporus

SA14, SA15(17), Bacillus megaterium BA6 ·≈–
Bacillus pumilus BA16/2(18) ∑’Ë‡°Á∫√—°…“‰«â„π 15%
°≈’‡´Õ√Õ≈∑’ËÕÿ≥À¿Ÿ¡‘ -80 Õß»“‡´≈‡´’¬  ¡“·¬°‡ªìπ‚§‚≈π’
‡¥’Ë¬«‚¥¬¢’¥‡™◊ÈÕ≈ß∫πº‘«Àπâ“Õ“À“√‡≈’È¬ß‡™◊ÈÕ·¢Áß Luria-
Bertani (LB) ®“°π—Èππ”‰ª∫à¡‡≈’È¬ß∑’ËÕÿ≥À¿Ÿ¡‘ 37 Õß»“
‡´≈‡ ’́¬  ‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß ·≈â«·∫àß‡°Á∫‡™◊ÈÕ∑¥ Õ∫
∑—ÈßÀ¡¥≈ß„π 15% °≈’‡´Õ√Õ≈ ‡°Á∫√—°…“‰«â∑’ËÕÿ≥À¿Ÿ¡‘ -80
Õß»“‡´≈‡´’¬ 

π”·∫§∑’‡√’¬¥—™π’ ‰¥â·°à Staphylococcus aureus
TISTR 517, Salmonella typhimurium  “¬æ—π∏ÿå TA 98
·≈– TA100 (§≥–‡«™»“ µ√å‡¢µ√âÕπ ¡À“«‘∑¬“≈—¬¡À‘¥≈)
∑’Ë‡°Á∫√—°…“‰«â„π 15% °≈’‡´Õ√Õ≈ ∑’ËÕÿ≥À¿Ÿ¡‘ -80 Õß»“
‡´≈‡ ’́¬  ¡“·¬°‡ªìπ‚§‚≈π’‡¥’Ë¬« ‚¥¬«‘∏’°“√¢’¥‡™◊ÈÕ≈ß∫π
º‘«Àπâ“Õ“À“√‡≈’È¬ß‡™◊ÈÕ·¢Áß nutrient (NA) ·≈– nutrient
broth No.2 (NB No.2) µ“¡≈”¥—∫ ®“°π—Èππ”‰ª∫à¡‡≈’È¬ß∑’Ë
Õÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡ ’́¬  ‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß ·≈â«·¬°
·∫àß‡°Á∫≈ß„π 15% °≈’‡´Õ√Õ≈ ∑’ËÕÿ≥À¿Ÿ¡‘  -80
Õß»“‡´≈‡´’¬  ‡æ◊ËÕ√Õ°“√∑¥ Õ∫ƒ∑∏‘Ïµâ“π®ÿ≈‘π∑√’¬å·≈–
°“√∑¥ Õ∫·∫∫‡Õ¡ å

Salm. typhimurium  “¬æ—π∏ÿå TA98 ·≈– TA100
∂Ÿ°™—°π”„Àâ‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß≈”¥—∫ ¥’‡ÕÁπ‡Õ„π à«π¢Õß¬’π

histidine (his-) ·∫∫ frameshift mutation ·≈– base pair
substitution µ“¡≈”¥—∫ ∑”„Àâ‰¡à “¡“√∂‡®√‘≠‰¥â„π®“πÕ“À“√
‡≈’È¬ß‡™◊ÈÕ∑’Ë‰¡à¡’ histidine

2. Õ“À“√‡≈’È¬ß‡™◊ÈÕ
Õ“À“√‡≈’È¬ß‡™◊ÈÕ∑’Ë„™â‡æ◊ËÕ‡≈’È¬ß·∫§∑’‡√’¬ Bacillus

species „Àâº≈‘µ “√ªÆ‘™’«π– ‰¥â·°à Luria- Bertani (LB)
Õ“À“√‡≈’È¬ß‡™◊ÈÕ∑’Ë„™â‡æ◊ËÕ°“√∑¥ Õ∫À“§à“§«“¡‡¢â¡¢âπµË” ÿ¥
„π°“√¬—∫¬—Èß°“√‡®√‘≠¢Õß·∫§∑’‡√’¬¥—™π’ ‰¥â·°à Mueller
Hinton (M-H) Agar/Broth  à«π™π‘¥∑’Ë„™â‡æ◊ËÕ∑¥ Õ∫
ƒ∑∏‘Ï°àÕ°≈“¬æ—π∏ÿå ‰¥â·°à Nutrient Broth (NB) No.2
(Oxoid), minimal agar, Vogel Bonner medium E (VB
salt) ·≈– Top agar

3.  “√‡§¡’·≈– “√°àÕ°≈“¬æ—π∏ÿå
 “√‡§¡’ ”§—≠∑’Ë„™â‰¥â·°à sodium phosphate buffer (pH

7.4), sodium dodecyl sulfate (SDS), histidine ·≈– biotin
 à«π “√°àÕ°≈“¬æ—π∏ÿå §◊Õ 4-Nitroquinoline-N-Oxide (4-
NQO: Sigma, USA)

4. °“√‡µ√’¬¡™’« “√°÷Ëß∫√‘ ÿ∑∏‘Ï (partially  purified
biocompounds: PPBs)

4.1 °“√‡µ√’¬¡πÈ”‡≈’È¬ß‡™◊ÈÕ
‡¢’Ë ¬ ‚§‚≈π’ ‡¥’Ë ¬«¢Õß·∫§∑’ ‡ √’ ¬∑¥ Õ∫

(Bacillus species) ≈ß„πÕ“À“√‡≈’È¬ß‡™◊ÈÕ‡À≈« LB ª√‘¡“µ√
5 ¡‘≈≈‘≈‘µ√ „πÀ≈Õ¥·°â«∑√ß ŸßΩ“‡°≈’¬«¢π“¥ 16 x 150
¡‘≈≈‘‡¡µ√ ®“°π—Èππ”‰ª∫à¡‡æ“–‡™◊ÈÕ„πµŸâ∫à¡‡≈’È¬ß·∫∫‡¢¬à“
§«“¡‡√Á«√Õ∫ 150 √Õ∫µàÕπ“∑’ ∑’ËÕÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡ ’́¬ 
‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß ®“°π—Èπ·¬°‡Õ“ “√·¢«π≈Õ¬·∫§∑’‡√’¬
∑¥ Õ∫¡“ª√—∫§«“¡¢ÿàπ„Àâ‡∑’¬∫‡∑à“°—∫ McFarland No. 0.5
·≈â«π” “√·¢«π≈Õ¬‡™◊ÈÕ·µà≈–À≈Õ¥ª√‘¡“µ√ 2% „ à„π
Õ“À“√‡≈’È¬ß‡™◊ÈÕ‡À≈« LB ª√‘¡“µ√ 200 ¡‘≈≈‘≈‘µ√∑’ËÕ¬Ÿà„π¢«¥
Duran ¢π“¥ 500 ¡‘≈≈‘≈‘µ√ π”‰ª∫à¡‡æ“–‡™◊ÈÕ∑’Ë ¿“«–‡¥‘¡
®“°π—Èππ”‰ªªíòπ‡À«’Ë¬ß∑’Ë§«“¡‡√Á«√Õ∫ 10,000 √Õ∫µàÕπ“∑’
π“π 30 π“∑’ ∑’ËÕÿ≥À¿Ÿ¡‘ 4 Õß»“‡´≈‡ ’́¬  ·¬°‡°Á∫ à«π„ 
∑’Ë‡√’¬°«à“πÈ”‡≈’È¬ß‡™◊ÈÕ (culture broth)

4.2 °“√‡µ√’¬¡™’« “√°÷Ëß∫√‘ ÿ∑∏‘Ï
‡µ‘¡ºß·Õ¡‚¡‡π’¬¡´—≈‡øµ [(NH

4
)
2
SO

4
]

§«“¡‡¢â¡¢âπ 50% ¢ÕßπÈ”‡≈’È¬ß‡™◊ÈÕ„π¢âÕ 4.1 ‚¥¬‡µ‘¡≈ß
‰ª§√—Èß≈–‡≈Á°πâÕ¬·≈–°«πµ≈Õ¥‡«≈“∑’ËÕÿ≥À¿Ÿ¡‘ 4
Õß»“‡´≈‡´’¬  ®π≈–≈“¬À¡¥ µ—Èß∑‘Èß‰«âπ“π 24 ™—Ë«‚¡ß ‚¥¬
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°«πªíòπ‡∫“µ≈Õ¥‡«≈“‡ªìπ‡«≈“ 1 §◊π π”‰ªªíòπ‡À«’Ë¬ß∑’Ë
§«“¡‡√Á«√Õ∫ 10,000 √Õ∫/π“∑’ ∑’ËÕÿ≥À¿Ÿ¡‘ 4 Õß»“‡´≈‡´’¬ 
‡ªìπ‡«≈“ 30 π“∑’ ‡°Á∫µ–°Õπ·≈–≈–≈“¬µ–°Õπ¥â«¬
 “√≈–≈“¬ phosphate buffer (pH 7.2) ‚¥¬§àÕ¬Ê ‡µ‘¡
§√—Èß≈– 1 ¡‘≈≈‘≈‘µ√ ®πµ–°Õπ≈–≈“¬À¡¥æÕ¥’ ®“°π—Èπ„Àâ
π”‰ª∑” dialysis „π∂ÿß¢π“¥√Ÿºà“π 3.5 °‘‚≈¥“≈µ—π  ∑’ËÕÿ≥À¿Ÿ¡‘
4 Õß»“‡´≈‡ ’́¬  ‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß  ·≈â«π”‰ªªíòπ‡À«’Ë¬ß
∑’Ë§«“¡‡√Á«√Õ∫ 10,000 √Õ∫/π“∑’ ‡ªìπ‡«≈“ 30 π“∑’
∑’ËÕÿ≥À¿Ÿ¡‘ 4 Õß»“‡´≈‡´’¬  ‡æ◊ËÕ·¬°‡Õ“ à«π∑’Ë‰¡à≈–≈“¬∑‘Èß‰ª
®“°π—Èπ·¬°‡°Á∫ “√≈–≈“¬™’« “√°÷Ëß∫√‘ ÿ∑∏‘Ï (PPBs) ∑’ËÕ¬Ÿà
„π∂ÿß‡æ◊ËÕπ”‰ª«—¥ª√‘¡“≥‚ª√µ’π‚¥¬«‘∏’ Bradford(19) ·≈–
∑¥ Õ∫À“§«“¡‡¢â¡¢âπµË” ÿ¥∑’Ë¡’ƒ∑∏‘Ï¬—∫¬—Èß·∫§∑’‡√’¬·≈–
°“√∑¥ Õ∫·∫∫‡Õ¡ åµàÕ‰ª(10,11)

5. «‘∏’∑¥ Õ∫À“§à“§«“¡‡¢â¡¢âπµË” ÿ¥¢Õß “√≈–≈“¬
PPBs „π°“√¬—∫¬—Èß°“√‡®√‘≠¢Õß·∫§∑’‡√’¬∑¥ Õ∫

„™â«‘∏’ paper disc diffusion ·≈– agar well  diffusion
∑’Ë‰¥â¥—¥·ª≈ß¡“®“° Bauer ·≈–§≥–(20) ¥—ßπ’È ·¬°‡æ“–‡™◊ÈÕ
·∫§∑’‡√’¬¥—™π’∑—ÈßÀ¡¥„πÕ“À“√‡≈’È¬ß‡™◊ÈÕ‡À≈« M-H ∫à¡‡æ“–
‡™◊ÈÕ∑’Ë 37 Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“ 18 ™—Ë«‚¡ß ®“°π—Èππ”
¡“‡®◊Õ®“ß¥â«¬Õ“À“√‡≈’È¬ß‡™◊ÈÕ‡À≈« M-H  ”À√—∫ S. aureus
TISTR 517  à«π TA 98, TA 100 ‡®◊Õ®“ß¥â«¬Õ“À“√
‡≈’È¬ß‡™◊ÈÕ‡À≈« NB No. 2 ·≈–ª√—∫ „Àâ¡’§«“¡¢ÿàπ‡∑’¬∫‡∑à“°—∫
McFarland No. 0.5  ®“°π—Èπ„™â‰¡âæ—π ”≈’ª√“»®“°‡™◊ÈÕ®ÿà¡
 “√·¢«π≈Õ¬‡™◊ÈÕ∑’Ë‡µ√’¬¡‰¥â π”‰ªªÑ“¬„Àâ∑—Ë«≈ß∫πº‘«Àπâ“
¢ÕßÕ“À“√‡≈’È¬ß‡™◊ÈÕ·¢Áß M-H

5.1 Paper disk diffusion
®ÿà¡°√–¥“…°≈¡‡ª≈à“ (blank disc) ¢π“¥‡ âπ

ºà“»Ÿπ¬å°≈“ß 6 ¡‘≈≈‘‡¡µ√ ≈ß„π “√≈–≈“¬ PPBs ∑’Ë‰¥â
∑”°“√‡®◊Õ®“ß‰«â·∫∫ two-fold dilution  ®“°π—Èππ” disc ∑’Ë
®ÿà¡≈ß„π “√≈–≈“¬ PPBs «“ß∫πº‘«Àπâ“Õ“À“√‡≈’È¬ß‡™◊ÈÕ·¢Áß
M-H  ‚¥¬¡’Õ“À“√‡≈’È¬ß‡™◊ÈÕ ·≈–µ—«∑”≈–≈“¬§◊Õ phosphate
buffer pH 7.2 ‡ªìπµ—«§«∫§ÿ¡ «“ß∫πÕ“À“√‡≈’È¬ß‡™◊ÈÕ·¢Áß
¥—ß°≈à“«¥â«¬ ®“°π—Èππ”®“πÕ“À“√‡≈’È¬ß‡™◊ÈÕ∑—ÈßÀ¡¥‰ª∫à¡‡æ“–
‡™◊ÈÕ∑’ËÕÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡ ’́¬  ‡ªìπ‡«≈“ 24 ™¡
¿“¬À≈—ß°“√∫à¡‡æ“–‡™◊ÈÕ„Àâ¥Ÿ«ß„ √Õ∫ disc „Àâ∂◊Õ«à“∑’Ë§«“¡
‡¢â¡¢âπ¥—ß°≈à“«¡’ƒ∑∏‘Ï„π°“√¬—∫¬—Èß°“√‡®√‘≠¢Õß·∫§∑’‡√’¬
∑¥ Õ∫ ·≈–‡≈◊Õ°„™â√–¥—∫§«“¡‡¢â¡¢âπ∑’Ë‰¡à¡’§«“¡‡ªìπæ‘…
µàÕ‡™◊ÈÕ¥—™π’ Salmonella ∑—Èß 2  “¬æ—π∏ÿå (‰¡à‡°‘¥«ß„ √Õ∫

disc) ‰ª∑¥ Õ∫À“ƒ∑∏‘Ï°àÕ°“√°≈“¬æ—π∏ÿå¥â«¬«‘∏’‡Õ¡ å
5.2 Agar well diffusion

‡®“–√Ÿº‘«Àπâ“Õ“À“√‡≈’È¬ß‡™◊ÈÕ·¢Áß M-H À√◊Õ
NB No. 2 ¥â«¬∑‘ªª√“»®“°‡™◊ÈÕ¢π“¥ 1,000 ‰¡‚§√≈‘µ√
„Àâ¡’¢π“¥‡ âπºà“»Ÿπ¬å°≈“ß 6 ¡‘≈≈‘‡¡µ√ ·≈–„™âÀà«ß∂à“¬
‡™◊ÈÕª√“»®“°‡™◊ÈÕ‡¢’Ë¬‡»…«ÿâπ∑’Ë§â“ßÕ¬Ÿà„πÀ≈ÿ¡ÕÕ° ®“°π—Èπ
À¬¥ “√≈–≈“¬ PPBs ∑’Ë‰¥â∑”°“√‡®◊Õ®“ß‰«â·∫∫ two-fold
dilution ≈ß„πÀ≈ÿ¡Ê ≈– 100 ‰¡‚§√≈‘µ√ ‚¥¬À¬¥Õ“À“√
‡≈’È¬ß‡™◊ÈÕ‡À≈« M-H ·≈– NB No. 2 ·≈– phosphate buffer
pH 7.2 ‡ªìπ negative control ®“°π—Èπµ—Èß∑‘Èß‰«â∑’ËÕÿ≥À¿Ÿ¡‘
ÀâÕß®π “√´÷¡‡¢â“‡π◊ÈÕ«ÿâπ®πÀ¡¥ π”®“π‡æ“–‡™◊ÈÕ‰ª∫à¡‡æ“–
‡™◊ÈÕ∑’ËÕÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß   —ß‡°µ
«ß„ ∑’Ë‡°‘¥¢÷Èπ√Õ∫À≈ÿ¡∑¥ Õ∫ „Àâ∂◊Õ«à“∑’Ë§«“¡‡¢â¡¢âπ¥—ß°≈à“«
¡’ƒ∑∏‘Ï„π°“√¬—∫¬—Èß°“√‡®√‘≠¢Õß·∫§∑’‡√’¬∑¥ Õ∫ ·≈–„Àâ
‡≈◊Õ°„™â√–¥—∫§«“¡‡¢â¡¢âπ∑’Ë‰¡à¡’§«“¡‡ªìπæ‘…µàÕ‡™◊ÈÕ¥—™π’
Salmonella ∑—Èß 2  “¬æ—π∏ÿå (‰¡à‡°‘¥«ß„ √Õ∫À≈ÿ¡∑¥ Õ∫)
‰ª∑”°“√∑¥ Õ∫À“ƒ∑∏‘Ï°àÕ°“√°≈“¬æ—π∏ÿå¥â«¬«‘∏’‡Õ¡ å

6. °“√∑¥ Õ∫ƒ∑∏‘Ï°àÕ°≈“¬æ—π∏ÿå¥â«¬«‘∏’‡Õ¡ å
„™â«‘∏’ preincubation ¢Õß°“√∑¥ Õ∫¥â«¬«‘∏’‡Õ¡ å

™π‘¥‰¡à¡’ metabolic activation µ“¡∑’Ë Yahagi ·≈–§≥–21

·π–π”‰«â ‚¥¬π”‡™◊ÈÕ Salm.  typhimurium  “¬æ—π∏ÿå TA98
·≈– TA100 ∑’Ë‡°Á∫‰«â„π 15% °≈’‡´Õ√Õ≈ ∑’ËÕÿ≥À¿Ÿ¡‘ -80
Õß»“‡´≈‡´’¬  ¡“·¬°‡ªìπ‚§‚≈π’‡¥’Ë¬«‚¥¬¢’¥‡™◊ÈÕ≈ß∫π
Õ“À“√‡≈’È¬ß‡™◊ÈÕ·¢Áß NA ́ ÷Ëß‡ªìπ à«πº ¡¢Õß 16% NB No.2
°—∫ 1.5% Agar ®“°π—Èππ”‰ª∫à¡‡≈’È¬ß∑’Ë 37 Õß»“‡´≈‡ ’́¬ 
‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß ®“°π—Èπ ‡¢’Ë¬‚§‚≈π’‡¥’Ë¬«¢Õß‡™◊ÈÕ
∑—Èß Õß “¬æ—π∏ÿåÊ ≈– 5 ‚§‚≈π’ „ à≈ß„πÕ“À“√‡≈’È¬ß‡™◊ÈÕ‡À≈«
NB No.2 ª√‘¡“µ√ 12  ¡‘≈≈‘≈‘µ√ ∑’Ë∫√√®ÿ„πÀ≈Õ¥·°â«Ω“
‡°≈’¬«∑√ß Ÿß¢π“¥ 16 x 150 ¡‘≈≈‘‡¡µ√ π”‰ª∫à¡‡æ“–‡™◊ÈÕ
„πµŸâ∫à¡‡™◊ÈÕ·∫∫‡¢¬à“§«“¡‡√Á«√Õ∫ 150 √Õ∫µàÕπ“∑’
∑’ËÕÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“ 12 ™—Ë«‚¡ß π”¡“
«—¥§à“°“√¥Ÿ¥°≈◊π· ß¢Õß‡™◊ÈÕ∑—Èß Õß “¬æ—π∏ÿå¥â«¬‡§√◊ËÕß
Spectrophotometer (Biosystem BTS-330)  ∑’Ë
§«“¡¬“«§≈◊Ëπ 600 π“‚π‡¡µ√„Àâ¡’§à“°“√¥Ÿ¥°≈◊π· ß
ª√–¡“≥ 0.30 ÷́Ëß¡’ª√‘¡“≥‡™◊ÈÕ 106-108 ‡´≈≈åµàÕ¡‘≈≈‘≈‘µ√

π”µ—«Õ¬à“ß “√≈–≈“¬ PPBs ∑’Ë§«“¡‡¢â¡¢âπ∑’Ë‰¡à¡’
º≈„π°“√¬—∫¬—Èß°“√‡®√‘≠¢Õß‡™◊ÈÕ∑¥ Õ∫ª√‘¡“µ√ 100
‰¡‚§√≈‘µ√„ à„πÀ≈Õ¥ ®“°π—Èπ‡µ‘¡ phosphate buffer (pH
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7.4) ª√‘¡“µ√ 500 ‰¡‚§√≈‘µ√≈ß‰ª ·≈â«„ à‡™◊ÈÕ∑’Ë‡æ“–‰«â
ª√‘¡“µ√ 100 ‰¡‚§√≈‘µ√ ‡¢¬à“„Àâ‡¢â“°—π π”‰ª∫à¡„πµŸâ∫à¡‡™◊ÈÕ
·∫∫‡¢¬à“∑’ËÕÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡ ’́¬  ‡ªìπ‡«≈“ 20 π“∑’
‡¡◊ËÕ§√∫‡«≈“‡µ‘¡ top-agar ∑’Ë¡’ à«πº ¡¢Õß “√≈–≈“¬ 0.5
mM histidine/biotin (histidine/biotin : top agar ‡∑à“°—∫
1:10) ª√‘¡“µ√ 2 ¡‘≈≈‘≈‘µ√ º ¡ à«πº ¡∑—ÈßÀ¡¥„Àâ‡¢â“°—π
‚¥¬‡¢¬à“‡∫“Ê ·≈â«‡∑≈ß∫π®“πÕ“À“√‡≈’È¬ß‡™◊ÈÕ minimal agar
´÷Ëß¡’ à«πº ¡¢Õß agar, VB salt ·≈– 40% Glucose „Àâ
°√–®“¬Õ¬à“ß ¡Ë”‡ ¡Õ∑—Ë«º‘«Àπâ“¢ÕßÕ“À“√‡≈’È¬ß‡™◊ÈÕ ∫à¡®“π
Õ“À“√‡≈’È¬ß‡™◊ÈÕ∑—ÈßÀ¡¥∑’ËÕÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡ ’́¬  ‡ªìπ‡«≈“
48 ™—Ë«‚¡ß ·≈â«π—∫®”π«π revertant colonies ( “¡“√∂
‡®√‘≠‰¥â„π®“π‡æ“–‡™◊ÈÕ∑’Ë‰¡à¡’ histidine) „π®“π∑¥ Õ∫
µ—«Õ¬à“ß “√≈–≈“¬¡’¡“°°«à“ 4 ‡∑à“ ¢Õß spontaneous
colonies ‡∑’¬∫°—∫ negative control  · ¥ß«à“ PPBs πà“®–
¡’ƒ∑∏‘Ï°àÕ°≈“¬æ—π∏ÿå

 ”À√—∫ positive control ∑’Ë¡’‡©æ“– “√°àÕ°≈“¬
æ—π∏ÿåª√–°Õ∫¥â«¬ 4NQO §«“¡‡¢â¡¢âπ 20, 2.0 ·≈– 0.2
‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ ®”π«π 100 ‰¡‚§√≈‘µ√,  phosphate
buffer pH 7.4 ®”π«π 500 ‰¡‚§√≈‘µ√ ·≈–‡™◊ÈÕ 100
‰¡‚§√≈‘µ√  à«π negative control ‡µ√’¬¡‡™àπ‡¥’¬«°—π‚¥¬
¡’Õ“À“√‡≈’È¬ß‡™◊ÈÕ‡À≈« 100 ‰¡‚§√≈‘µ√ ·µà‰¡à¡’ 4-NQO

º≈°“√»÷°…“
 “√≈–≈“¬ PPBs ∑’Ë‡µ√’¬¡‰¥â®“°πÈ”‡≈’È¬ß‡™◊ÈÕ Brev.

laterosporus SA14 ·≈– SA15 Õ“¬ÿ  4 «—π B. megaterium
BA6 Õ“¬ÿ 7 «—π ·≈– B. pumilus BA16/2 Õ“¬ÿ 17 «—π
¡’ª√‘¡“≥‚ª√µ’π‡∑à“°—∫ 1.746, 1.188, 0.242 ·≈– 0.355
¡‘≈≈‘°√—¡/¡‘≈≈‘≈‘µ√ µ“¡≈”¥—∫ ·≈–æ∫«à“‰¡à “¡“√∂∑¥ Õ∫
À“ƒ∑∏‘Ï°àÕ°“√°≈“¬æ—π∏ÿå®“° “√≈–≈“¬ PPBs ¥â«¬«‘∏’‡Õ¡ å
‡π◊ËÕß®“° “√≈–≈“¬ PPBs ¢Õß Bacillus species ¡’ƒ∑∏‘Ï
„π°“√¬—∫¬—Èß°“√‡®√‘≠¢Õß·∫§∑’‡√’¬¥—™π’ Salmonella ®÷ß
µâÕß¡’°“√∑¥ Õ∫À“§«“¡‡¢â¡¢âπ¢Õß “√≈–≈“¬ PPBs ∑’Ë
‰¡à “¡“√∂¬—∫¬—Èß°“√‡®√‘≠¢Õß·∫§∑’‡√’¬¥—™π’¥—ß°≈à“« °≈à“«
§◊Õ‰¡à¡’§«“¡‡ªìπæ‘…µàÕ‡™◊ÈÕ¥—™π’  æ∫«à“ “√≈–≈“¬ PPBs ®“°
‡™◊ÈÕ Brev. laterosporus SA14, SA15 ¡’ƒ∑∏‘Ï¬—∫¬—Èß°“√
‡®√‘≠¢Õß·∫§∑’‡√’¬ Salm. typhimurium  “¬æ—π∏ÿå TA98
·≈– TA100 ÷́ËßµâÕß¡’°“√‡®◊Õ®“ßµàÕ‰ª·∫∫ 2 ‡∑à“ ®πæ∫
«à“∑’Ë‰µ‡µÕ√å∑’Ë‰¡à¡’§«“¡‡ªìπæ‘…µàÕ‡™◊ÈÕ¥—™π’‡∑à“°—∫ 1:128   à«π
 “√≈–≈“¬ PPBs ®“°‡™◊ÈÕ  B.  megaterium BA6 ·≈–
B. pumilus BA16/2 ‰¡à· ¥ßƒ∑∏‘Ï¬—∫¬—Èß°“√‡®√‘≠¢Õß
·∫§∑’‡√’¬ Salm. typhimurium ∑—Èß Õß “¬æ—π∏ÿå ¥—ß· ¥ß
„π µ“√“ß∑’Ë 1 ®“°π—Èπ‰¥âπ” “√≈–≈“¬ PPBs ∑’Ë‰µ‡µÕ√å∑’Ë
‡À¡“– ¡¥—ß°≈à“«‰ª∑¥ Õ∫ƒ∑∏‘Ï°àÕ°≈“¬æ—π∏ÿå¥â«¬«‘∏’‡Õ¡ å
µàÕ‰ª

µ“√“ß∑’Ë 1 ƒ∑∏‘Ï¬—∫¬—Èß°“√‡®√‘≠ Salmonella typhimurium  “¬æ—π∏ÿå TA98 ·≈– TA100 ¢Õß “√≈–≈“¬™’« “√°÷Ëß∫√‘ ÿ∑∏‘Ï
(PPBs) ®“°πÈ”‡≈’È¬ß‡™◊ÈÕ¢Õß Brevibacillus  laterosporus  SA14 ·≈– SA15
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 “√≈–≈“¬ PPBs ∑’Ë‡µ√’¬¡‰¥â®“° Brev. laterosporus
SA14, SA15 ∑’Ë‰µ‡µÕ√å 1:128 B. megaterium BA6 ·≈–
B. pumilus BA16/2 ∑’Ë‰µ‡µÕ√å∑’Ë‰¡à· ¥ßƒ∑∏‘Ï¬—∫¬—Èß°“√‡®√‘≠
TA98 ·≈– TA100 ‡¡◊ËÕπ”¡“∑¥ Õ∫§«“¡ “¡“√∂„π°“√
‡Àπ’Ë¬«π”„Àâ‡°‘¥ revertant colonies ¢Õß·∫§∑’‡√’¬ Salm.

typhimurium (TA98 ·≈– TA100) ¥â«¬«‘∏’‡Õ¡ å  ª√“°Æ
«à“‰¡àæ∫™’« “√°÷Ëß∫√‘ ÿ∑∏‘Ï®“°‡™◊ÈÕ∑¥ Õ∫™π‘¥„¥‡≈¬∑’Ë
 “¡“√∂‡Àπ’Ë¬«π”„Àâ Salm. typhimurium  “¬æ—π∏ÿå TA98
·≈– TA100 ‡°‘¥°“√°≈“¬æ—π∏ÿå°≈—∫‰¥â ¥—ß· ¥ß„π µ“√“ß
∑’Ë 2 ·≈– µ“√“ß∑’Ë 3

µ“√“ß∑’Ë 2 ƒ∑∏‘Ï°àÕ°≈“¬æ—π∏ÿå¢Õß “√≈–≈“¬™’« “√°÷Ëß∫√‘ ÿ∑∏‘Ï (PPBs) ®“°πÈ”‡≈’È¬ß‡™◊ÈÕ Brevibacillus  laterosporus  SA14,
SA15 ·≈– Bacillus pumilus BA16/2 ‡¡◊ËÕ∑¥ Õ∫¥â«¬«‘∏’‡Õ¡ å
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«‘®“√≥å·≈– √ÿªº≈°“√»÷°…“
°“√∑¥ Õ∫ antimicrobial activity ‚¥¬«‘∏’  agar  well

diffusion
·∫§∑’‡√’¬ Bacillus species  “¡“√∂º≈‘µ·≈–ª≈àÕ¬

 “√ªØ‘™’«π–ÕÕ°¡“πÕ°‡´≈≈å(21) ´÷ËßÕÕ°ƒ∑∏‘Ï¬—∫¬—Èß°“√‡®√‘≠
¢Õß·∫§∑’‡√’¬‰¥âÀ≈“¬°≈ÿà¡ ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß„π·∫§∑’‡√’¬
°≈ÿà¡·°√¡∫«° Õ¬à“ß‰√°Áµ“¡æ∫«à“Õß§åª√–°Õ∫∑’Ë‡ªìπ‚§√ß √â“ß
ª°§≈ÿ¡‡´≈≈å¥â“ππÕ°¢Õß·∫§∑’‡√’¬Õ“®∑”„Àâ “√ªØ‘™’«π–
‰¡à∂Ÿ°ª≈¥ª≈àÕ¬ÕÕ°¡“πÕ°‡´≈≈å ¥—ß‡™àπ‚§√ß √â“ßºπ—ß
‡´≈≈å¢Õß·∫§∑’‡√’¬·°√¡≈∫ ÷́Ëß¡’§«“¡ —́∫ ấÕπ¡“°°«à“ºπ—ß
‡´≈≈å¢Õß·∫§∑’‡√’¬·°√¡∫«°(22) ∑”„Àâµ√«®æ∫ “√∑’Ë
∂Ÿ°ª≈¥ª≈àÕ¬ÕÕ°¡“πÕ°‡´≈≈å (‡™àπ exoenzyme/exotoxin)
πâÕ¬°«à“∑’Ëµ√«®æ∫„π·∫§∑’‡√’¬·°√¡∫«° πÕ°®“°π’È°“√¡’
·§ª´Ÿ≈‡¢â“¡“ÀàÕÀÿâ¡µ—«‡´≈≈å°ÁÕ“®∑”„Àâ°“√ª≈àÕ¬ “√ÕÕ°
πÕ°‡´≈≈å‡ªìπ‰ª‰¥â‰¡à ¡∫Ÿ√≥å ‚¥¬ “¡“√∂ —ß‡°µ≈—°…≥–
‚§‚≈π’¢Õß·∫§∑’‡√’¬∑’Ë¡’·§ª´Ÿ≈®–¡’§«“¡‡ªìπ¡Ÿ°‡¬‘È¡¡—π«“«(23)

´÷Ëßæ∫≈—°…≥–¥—ß°≈à“«„π B. megaterium BA6 ·≈– B.
pumilus BA16/2 Õ“®‡ªìπ “‡Àµÿ∑”„Àâ‰¡àµ√«®æ∫ƒ∑∏‘Ï
µâ“π¥—™π’®“°·∫§∑’‡√’¬∑—Èß Õß™π‘¥ ‡¡◊ËÕπ”πÈ”‡≈’È¬ß‡™◊ÈÕÀ√◊Õ
 “√≈–≈“¬ PPBs ®“°πÈ”‡≈’È¬ß‡™◊ÈÕÕ“¬ÿ 4 «—π‰ª∑¥ Õ∫  ´÷Ëß
·µ°µà“ß®“° Brev. laterosporus SA 14 ·≈– SA15 ∑’Ë
„Àâº≈°“√¬—∫¬—Èß°“√‡®√‘≠Õ¬à“ß™—¥‡®π (‚§‚≈π’À¬“∫·≈–‰¡à¡’
·§ª Ÿ́≈) ®÷ß‰¥â‡æ‘Ë¡√–¬–‡«≈“¢Õß°“√∫à¡‡≈’È¬ß Bacillus
(BA6, BA16/2) ÕÕ°‰ªÕ’°‡ªìπ 7 ·≈– 17 «—π ‡æ◊ËÕ„Àâ‡™◊ÈÕ
º≈‘µ™’« “√∑’Ë π„®ÕÕ°¡“πÕ°‡´≈≈å ·µà°Á¬—ß‰¡à “¡“√∂µ√«®
æ∫ƒ∑∏‘Ïµâ“π·∫§∑’‡√’¬¥—™π’®“° “√≈–≈“¬ PPBs ∑’Ë‡µ√’¬¡
®“°πÈ”‡≈’È¬ß‡™◊ÈÕ¢Õß·∫§∑’‡√’¬∑—Èß Õß™π‘¥ ́ ÷ËßÕ“®‡π◊ËÕß¡“®“°
ª√‘¡“≥ “√ªØ‘™’«π–¡’Õ¬Ÿà„πª√‘¡“≥πâÕ¬À√◊Õ§«“¡‰¡à‡ ∂’¬√
¢Õß “√ªØ‘™’«π–∑’Ë·∫§∑’‡√’¬º≈‘µÕÕ°¡“ ´÷ËßµâÕß¡’°“√»÷°…“
µàÕ‰ª·≈–Õ“®µâÕß¡’°“√‡æ‘Ë¡§«“¡‡¢â¡¢âπ¢Õß™’« “√¥â«¬«‘∏’
°“√µà“ßÊ ‡™àπ °“√∑”√–‡À‘¥·Àâß √«¡‰ª∂÷ß„™â “√ °—¥Õ◊ËπÊ
πÕ°‡Àπ◊Õ®“°°“√µ°µ–°Õπ¥â«¬·Õ¡‚¡‡π’¬¡´—≈‡øµ(24)

πÕ°®“°π’È “√≈–≈“¬ PPBs ∑’Ë‡µ√’¬¡‰¥â®“°πÈ”‡≈’È¬ß·∫§∑’‡√’¬
¥â«¬°“√µ°µ–°Õπ¥â«¬ 50% ·Õ¡‚¡‡π’¬¡ —́≈‡øµ ¬—ß§ß
· ¥ßƒ∑∏‘Ïµâ“π·∫§∑’‡√’¬¥—™π’‰¥â‡™àπ‡¥’¬«°—∫πÈ”‡≈’È¬ß‡™◊ÈÕ ®÷ß
§“¥«à“™’« “√∑’ËÕÕ°ƒ∑∏‘ÏªØ‘™’«π–πà“®–‡ªìπ‚ª√µ’π·≈– “¡“√∂
À“§«“¡‡¢â¡¢âπ¢Õß‚ª√µ’π‰¥â‡∑à“°—∫ 1.746, 1.188, 0.242
·≈– 0.355 ¡‘≈≈‘°√—¡µàÕ¡‘≈≈‘≈‘µ√®“° “√≈–≈“¬ PPBs ∑’Ë

‡µ√’¬¡‰¥â®“°πÈ”‡≈’È¬ß‡™◊ÈÕ Brev. laterosporus SA 14,SA15,
B. megaterium BA6 ·≈– B. pumilus BA16/2  µ“¡
≈”¥—∫  ´÷Ëß®–‡ÀÁπ‰¥â«à“ª√‘¡“≥‚ª√µ’π¢Õß “√≈–≈“¬ PPBs
®“°‡™◊ÈÕ BA6 ·≈– BA16/2 ¡’ª√‘¡“≥πâÕ¬¡“° Õ—πÕ“®‡ªìπ
 “‡Àµÿ∑’Ë∑”„Àâ‰¡àµ√«®æ∫ƒ∑∏‘Ïµâ“π·∫§∑’‡√’¬¥—™π’„π°“√
∑¥≈Õßπ’È

°“√∑¥ Õ∫ƒ∑∏‘Ï°àÕ°“√°≈“¬æ—π∏ÿå
‡π◊ËÕß®“° “√≈–≈“¬ PPBs ®“°πÈ”‡≈’È¬ß‡™◊ÈÕ SA14 ·≈–

SA15 · ¥ßƒ∑∏‘Ï¬—∫¬—Èß°“√‡®√‘≠·∫§∑’‡√’¬¥—™π’ Salm.
typhimurium TA98 ·≈– TA100 ÷́Ëß∑”„Àâ‰¡à “¡“√∂À“
ƒ∑∏‘Ï°àÕ°≈“¬æ—π∏ÿå¥â«¬«‘∏’‡Õ¡ å‰¥â ®÷ß®”‡ªìπµâÕßÀ“§à“‰µ‡µ
Õ√å∑’Ë‰¡à„Àâƒ∑∏‘Ï¥—ß°≈à“« æ∫«à“∑’Ë‰µ‡µÕ√å 1:128 ‰¡àæ∫ƒ∑∏‘Ï¬—∫¬—Èß
°“√‡®√‘≠·∫§∑’‡√’¬¥—™π’ Salmonella ®÷ß‡≈◊Õ°§à“‰µ‡µÕ√å
¥—ß°≈à“«·≈–‰µ‡µÕ√å∑’Ë Ÿß¢÷Èπ‰ªÕ’° 3 §à“ (1:256, 1:512 ·≈–
1:1,024) ¡“∑¥ Õ∫ƒ∑∏‘Ï°àÕ°“√°≈“¬æ—π∏ÿå¥â«¬«‘∏’‡Õ¡ å
 à«π “√≈–≈“¬ PPBs ®“°πÈ”‡≈’È¬ß‡™◊ÈÕ BA6 ·≈– BA 16/
2 ‰¡à· ¥ßƒ∑∏‘Ï¬—∫¬—Èß°“√‡®√‘≠·∫§∑’‡√’¬¥—™π’ Salmonella ®÷ß
π”‰ª∑¥ Õ∫ƒ∑∏‘Ï°àÕ°“√°≈“¬æ—π∏ÿå¥â«¬«‘∏’‡Õ¡ å‰¥â‚¥¬‰¡à
µâÕßÀ“§à“‰µ‡µÕ√å

‡¡◊ËÕ‡µ√’¬¡ “√≈–≈“¬ PPBs ®“°πÈ”‡≈’È¬ß·∫§∑’‡√’¬
∑¥ Õ∫ °ÿ≈∫“´‘≈≈— ∑—Èß 4 ™π‘¥ §◊Õ  Brev. laterosporus
SA14, SA15, B. megaterium BA6 ·≈– B. pumilus
BA16/2 „Àâ‰¥â‰µ‡µÕ√å∑’Ë‰¡à¡’ƒ∑∏‘Ï¬—∫¬—ÈßµàÕ·∫§∑’‡√’¬ Salm.
typhimurium TA98 ·≈– TA100 ·≈â«π”¡“»÷°…“À“
ƒ∑∏‘Ï°àÕ°“√°≈“¬æ—π∏ÿå¥â«¬«‘∏’‡Õ¡ å ‚¥¬¥Ÿ‡°≥±å mutagenicity
index (MI) ¡“°°«à“À√◊Õ‡∑à“°—∫ 4 ‡∑à“¢Õß spontaneous
colonies ¢Õß negative control(14, 25)  æ∫«à“ “√≈–≈“¬ PPBs
∑’Ëπ”¡“»÷°…“∑—ÈßÀ¡¥‰¡à· ¥ßƒ∑∏‘Ï „π°“√°àÕ°≈“¬æ—π∏ÿå
Õ¬à“ß‰√°Áµ“¡ —ß‡°µ‡ÀÁπ«à“ª√‘¡“≥¢Õß revertant colonies
∑’Ë≈¥≈ß¢Õß Salm. typhimurium ∑—Èß Õß “¬æ—π∏ÿå‡¡◊ËÕπ”
‰ªº ¡√«¡°—∫  “√≈–≈“¬ PPBs µ“¡«‘∏’∑¥ Õ∫°“√°àÕ
°≈“¬æ—π∏ÿå·∫∫‡Õ¡ å  (µ“√“ß∑’Ë 2) ´÷ËßÕ“®‡ªìπ‰ª‰¥â«à“‰µ‡µ
Õ√å¢Õß “√≈–≈“¬ PPBs ∑’Ëπ”¡“»÷°…“¬—ß§ß· ¥ßƒ∑∏‘Ï
∑”≈“¬·∫§∑’‡√’¬∑’Ëπ”¡“»÷°…“¥â«¬«‘∏’‡Õ¡ å ·≈– “¡“√∂ —ß‡°µ
‡ÀÁπ‰¥â«à“ Salm. typhimurium  “¬æ—π∏ÿå TA98 ¡’°“√
°≈“¬æ—π∏ÿå°≈—∫ ‰¥â¥’°«à“ TA100 (µ“√“ß∑’Ë 2 ·≈– 3)
Õ—πÕ“®‡π◊ËÕß®“° TA98 ¡’°≈‰°°“√°≈“¬æ—π∏ÿå·∫∫
frameshift ∑”„Àâ “¡“√∂· ¥ßÕÕ°∑“ß phenotype ‰¥â



47J Med Tech Phy Ther ë Vol.21 No.1 ë JANUARY-APRIL 2009

Õ¬à“ß‡¥àπ™—¥ ‡¡◊ËÕ¡’°“√°≈“¬æ—π∏ÿå‡°‘¥¢÷Èπ  ́ ÷Ëßµà“ß®“° TA100
∑’Ë¡’°≈‰°°“√°≈“¬æ—π∏ÿå·∫∫ base-pair substitution ∑’Ë¡—°
‰¡àª√“°Ø°“√· ¥ßÕÕ°¢Õß phenotype Õ¬à“ß‡¥àπ™—¥‡¡◊ËÕ
‡°‘¥°“√°≈“¬æ—π∏ÿå°≈—∫ ‡™àπ‡¥’¬«°—∫∑’Ë‰¥â‡§¬¡’√“¬ß“π‰«â„π
°“√«‘®—¬¢Õß Ismene ·≈–§≥–(16)  ∑’Ëæ∫«à“ ’¬âÕ¡∑’Ëπ”‰ª
»÷°…“ƒ∑∏‘Ï°àÕ°≈“¬æ—π∏ÿå¥â«¬«‘∏’‡Õ¡ å  “¡“√∂™—°π” TA98
„Àâ‡°‘¥°“√°≈“¬æ—π∏ÿå°≈—∫¡“°°«à“ TA100 πÕ°®“°π’È¬—ß¡’
√“¬ß“π∑’Ëπ‘¬¡„™â “¬æ—π∏ÿåµà“ßÊ ¢Õß Salmonella ¡“„™â»÷°…“
ƒ∑∏‘Ï°“√°àÕ°≈“¬æ—π∏ÿå¥â«¬«‘∏’‡Õ¡ å (TA97, TA98, TA100,
TA102, TA104, TA535, TA7001-TA7006) ÷́Ëß·µà≈–
 “¬æ—π∏ÿå®–¡’§«“¡‰«µàÕ “√°àÕ°≈“¬æ—π∏ÿå·µà≈–™π‘¥·µ°
µà“ß°—πÕÕ°‰ª(26-28)  ́ ÷Ëß·∫§∑’‡√’¬ “¬æ—π∏ÿå TA 98 ·≈– TA
100 ‡À¡“–·°à°“√π”¡“∑¥ Õ∫ƒ∑∏‘Ï°àÕ°≈“¬æ—π∏ÿå¢Õß “√
ª√–°Õ∫°≈ÿà¡ heterocyclic amines(29) ¥—ßπ—Èπ®÷ß§«√¡’°“√
æ—≤π“ “¬æ—π∏ÿå·≈–§—¥‡≈◊Õ° “¬æ—π∏ÿå¢Õß Salm. typhimurium
„Àâ¡’§«“¡‰«·≈–§«“¡®”‡æ“–µàÕ°“√∑¥ Õ∫¡“°¬‘Ëß¢÷Èπ ‡æ◊ËÕ
ª√–‚¬™πå„π°“√»÷°…“µàÕ‰ª

 “√≈–≈“¬ PPBs ∑’Ëπ”¡“∑¥ Õ∫∑—ÈßÀ¡¥®–‰¡à¡’ƒ∑∏‘Ï
„π°“√°àÕ°≈“¬æ—π∏ÿå‡¡◊ËÕ∑¥ Õ∫¥â«¬«‘∏’‡Õ¡ å∑’Ë‰¡à¡’√–∫∫
‡Õπ‰´¡å°√–µÿâπ “√æ‘… (S9 mix) ®“°µ—∫Àπ ·µà¬—ß‰¡à “¡“√∂
 √ÿª‰¥â·πà™—¥«à“®–‰¡à‡°‘¥°“√™—°π”„Àâ‡°‘¥°“√°àÕ°≈“¬æ—π∏ÿå
‡¡◊ËÕπ”‰ª„™â°—∫ ‘Ëß¡’™’«‘µÕ◊ËπÊ ‡™àπ ¡πÿ…¬åÀ√◊Õ —µ«å ‡æ√“–¡’
√“¬ß“π«à“ “√∫“ß™π‘¥‡¡◊ËÕ∂Ÿ°°√–µÿâπ‚¥¬√–∫∫‡Õπ‰´¡å S9
Õ“®∑”„Àâ¡’°“√‡ª≈’Ë¬π·ª≈ß§ÿ≥ ¡∫—µ‘°àÕ°≈“¬æ—π∏ÿå‰¥â(30-33)

„π°“√»÷°…“§√—ÈßµàÕ‰ª®÷ß§«√¡’°“√π” “√≈–≈“¬ PPBs ‰ª
º ¡°—∫‡Õπ‰´¡å S9 °àÕππ”‰ª∑¥ Õ∫°“√°àÕ°≈“¬æ—π∏ÿå
¥â«¬«‘∏’‡Õ¡ å √«¡∂÷ß°“√π”‰ª∑¥ Õ∫°—∫‡´≈≈å‡æ“–‡≈’È¬ß∑’Ë
„°≈â‡§’¬ß°—∫‡´≈≈å¡πÿ…¬å(15,16)  ‡æ◊ËÕ„Àâ‰¥â¢âÕ¡Ÿ≈ƒ∑∏‘Ï°àÕ°≈“¬
æ—π∏ÿå∑’Ë™—¥‡®π¬‘Ëß¢÷Èπ

°‘µµ‘°√√¡ª√–°“»
ß“π«‘®—¬π’È‰¥â√—∫∑ÿπ π—∫ πÿπ∫“ß à«π®“°ß∫ª√–¡“≥

·ºàπ¥‘π ªïß∫ª√–¡“≥ 2551 (WU51109) ®“°¡À“«‘∑¬“≈—¬
«≈—¬≈—°…≥å ®—ßÀ«—¥π§√»√’∏√√¡√“™ ¢Õ¢Õ∫§ÿ≥ ”π—°«‘™“
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«— ¥ÿÕÿª°√≥å∫“ßÕ¬à“ß„π°“√∑”ß“π«‘®—¬
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∫∑§—¥¬àÕ
°“√„™â°√–· ‰ø∑’Õ’‡ÕÁπ‡Õ  (TENS) ‡æ◊ËÕ°“√√–ß—∫ª«¥∑“ß°“¬¿“æ∫”∫—¥¡’°“√„™âÕ¬à“ß·æ√àÀ≈“¬ ·µà¬—ß‰¡à¡’¢âÕ √ÿª

∂÷ßº≈¢Õß low frequency TENS µàÕ°“√√–ß—∫ª«¥ª√–®”‡¥◊Õπ™π‘¥ª∞¡¿Ÿ¡‘ °“√»÷°…“π’È¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ»÷°…“‡ª√’¬∫‡∑’¬∫
º≈°“√∫√√‡∑“ª«¥ª√–®”‡¥◊Õπ™π‘¥ª∞¡¿Ÿ¡‘√–À«à“ß°“√°√–µÿâπ¥â«¬°√–· ‰øøÑ“ low frequency TENS °—∫¬“∫√√‡∑“ª«¥
∑’Ë„™âª√–®” „πÕ“ “ ¡—§√π—°»÷°…“°“¬¿“æ∫”∫—¥À≠‘ß∑’Ë¡’ ÿ¢¿“æ¥’®”π«π 15 §π Õ“¬ÿ√–À«à“ß 18-22 ªï (‡©≈’Ë¬ 20.1 ± 1.0
ªï) ∑’Ë¡’§à“§–·ππ§«“¡ª«¥‰¡àπâÕ¬°«à“ 8 ·≈–‰¡à¡’§«“¡º‘¥ª°µ‘¢ÕßÕÿâß‡™‘ß°√“π ®—∫ ≈“°·∫àßÕ“ “ ¡—§√‡ªìπ 2 °≈ÿà¡
°≈ÿà¡·√° (8 §π) ‰¥â√—∫ TENS ‡æ◊ËÕ°“√∫√√‡∑“Õ“°“√ª«¥„π‡¥◊Õπ·√° ·≈–‰¥â√—∫¬“„π‡¥◊Õπ∂—¥‰ª  à«πÕ’°°≈ÿà¡ (7 §π) ‰¥â
√—∫¬“‡æ◊ËÕ°“√∫√√‡∑“Õ“°“√ª«¥„π‡¥◊Õπ·√°·≈–‰¥â√—∫ TENS „π‡¥◊Õπ∂—¥‰ª °“√°√–µÿâπ¥â«¬°√–· ‰øøÑ“ TENS ∑”‚¥¬
°“√µ‘¥¢—È«°√–µÿâπ 2 ™ÿ¥ (4 ¢—È«) ∑’Ë∫√‘‡«≥·π« —πÀ≈—ß√–¥—∫ T12-L1  (2 ¢—È«) ·≈– S2-3 (2 ¢—È«) Àà“ß®“°·π« —πÀ≈—ß¢â“ß≈–
3 ‡´πµ‘‡¡µ√ ª√—∫°√–· ‰ø„Àâ¡’™à«ß°√–µÿâπ 200 π“‚π‡¡µ√ §«“¡∂’Ë 4 ‡Œ‘√∑´å √–¥—∫§«“¡·√ß°√–·  Ÿß ÿ¥∑’ËÕ“ “ ¡—§√
∑π‰¥â π“π 30 π“∑’ „π 24 ™—Ë«‚¡ß·√°¢Õß°“√¡’ª√–®”‡¥◊Õπ  à«π°≈ÿà¡‡ª√’¬∫‡∑’¬∫¥”‡π‘π°“√‡À¡◊Õπ∑ÿ°§√—Èß∑’Ëª«¥
ª√–®”‡¥◊Õπ ª√–‡¡‘π§«“¡√Ÿâ ÷°ª«¥¥â«¬ VAS °àÕπ √–À«à“ß ·≈–À≈—ß°“√√—°…“„ππ“∑’∑’Ë 0, 30, 60, 90, 150, 240, 360
µ“¡≈”¥—∫ π”¢âÕ¡Ÿ≈∑—Èß Õß°≈ÿà¡«‘‡§√“–Àå∑“ß ∂‘µ‘ º≈°“√»÷°…“æ∫«à“ §à“§–·ππ§«“¡ª«¥°àÕπ·≈–À≈—ß°√–µÿâπ¥â«¬°√–· ‰øøÑ“
TENS ·≈–„™â¬“ ¡’§à“ 8.87 ± 0.88, 3.33 ± 1.45, 2.67 ± 1.24, 2.60 ± 1.06, 2.67 ± 1.18, 3.13 ± 1.36, 3.36 ±
1.28 ·≈– 7.67 ± 1.50, 3.00 ± 1.13, 2.67 ± 1.23, 2.73 ± 1.22, 2.8 ± 1.37, 3.0 ± 1.46, ·≈– 3.33 ± 1.23
µ“¡≈”¥—∫ πÕ°®“°π’È¬—ßæ∫«à“§à“§–·ππ§«“¡ª«¥√–À«à“ß„ππ“∑’∑’Ë 0 ·≈–π“∑’∑’Ë 30 (À¬ÿ¥°√–µÿâπ‰øøÑ“∑—π∑’/À≈—ß„™â¬“ 30
π“∑’) ¿“¬„π·µà≈–°≈ÿà¡ (∑—Èß°≈ÿà¡∑’Ë„™â TENS ·≈–°≈ÿà¡∑’Ë„™â¬“) ¡’§«“¡·µ°µà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (P < 0.001)
·µà¡’§«“¡·µ°µà“ß°—πÕ¬à“ß‰¡à¡’π—¬ ”§—≠√–À«à“ß°≈ÿà¡  à«π§à“§–·ππ§«“¡ª«¥√–À«à“ßπ“∑’∑’Ë 60, 90, 150, 240 ·≈– 360
∑—Èß„π°≈ÿà¡∑’Ë„™â TENS ·≈–°≈ÿà¡∑’Ë„™â¬“ ¡’§«“¡·µ°µà“ß°—πÕ¬à“ß‰¡à¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (P > 0.05) ∑—Èß¿“¬„π°≈ÿà¡·≈–√–À«à“ß°≈ÿà¡
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The comparative study of pain relief by TENS and analgesic drugs
in primary dysmenorrhea
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2 Division of Physical Therapy, 1Undergraduate Physical Therapy students,  Faculty of Associated Medical Sciences,
  Khon Kaen University
*Corresponding author (e-mail: somch_ra@kku.ac.th)

Abstract
Low frequency TENS is widely used for pain relief in Physical Therapy. However, limited number of

research was found regarding its effect on pain relief in primary dysmenorrhea. The purpose of this study was
to compare the effect of pain relief in primary dysmenorrhea resulting from low frequency TENS and analgesic
drugs. Fifteen healthy female Physical Therapy students, aged 18-22 years (mean 20.1 ± 1.0 years) who always
have dysmenorrheal pain with VAS score more than 8/10 participated in this study. They were randomly
allocated to receive different sequence of the treatments within the first and second periods of dysmenorrhea, i.e.
either taking a course of low frequency TENS and followed by usual analgesic drug or taking usual analgesic
drug and followed by the TENS. The TENS protocol included applying 30 minutes of stimulation with pain
threshold intensity of 200 nm, 4 Hz, TENS in the first 24 hours of dysmenorrheal period. Four electrodes were
placed on the skin 3 cm from midline at T12-L1 and S2-3 paravertebral muscles. The comparative group
included normally used analgesic drug in the same period.  Dysmenorrheal pain, using the VAS scores, at before
and each interval (0, 30, 60, 90, 150, 240 and 360 minutes) after each treatment were recorded. The results
showed that VAS scores before and after in the TENS and drug protocols were 8.87 ± 0.88, 3.33 ± 1.45, 2.67
± 1.24, 2.60 ± 1.06, 2.67 ± 1.18, 3.13 ± 1.36, 3.36 ± 1.28 and 7.67 ± 1.50 , 3.00 ± 1.13, 2.67 ± 1.23, 2.73
± 1.22, 2.8 ± 1.37, 3.0 ± 1.46, and 3.33 ± 1.23, respectively. The VAS scores (within group) was significantly
reduced at 30 minutes as compared to the those at 0 minute in both groups (P < 0.001), whereas the between-
group comparison was found with no significantly different. In addition, the VAS scores at 60, 90, 150, 240
and 360 minutes was no significantly different in either within group or between group comparison (P > 0.05).
It is concluded that low frequency TENS may reduce primary dysmenorrheal pain as much as usual analgesic
drug does.

Keywords:  Dysmenorrhea,  Pain,  TENS
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∫∑π”
Õ“°“√ª«¥ª√–®”‡¥◊Õπª∞¡¿Ÿ¡‘ (Primary dysmenorrhea)

æ∫‰¥â‡ ¡Õ„πÀ≠‘ß«—¬‡®√‘≠æ—π∏ÿå √âÕ¬≈– 50 ¡’Õ“°“√ª«¥
‡ªìπª√–®”∑ÿ°√Õ∫‡¥◊Õπ(1) ‚¥¬‡©æ“– 1-2 «—π·√°¢Õß°“√¡’
ª√–®”‡¥◊Õπ®–¡’Õ“°“√ª«¥Õ¬à“ß√ÿπ·√ß ́ ÷ËßµâÕß∑π∑ÿ°¢å∑√¡“π
·≈–‡ªìπÕÿª √√§µàÕ°“√∑”°‘®°√√¡„π™’«‘µª√–®”«—πÕ¬à“ß¡“°
√âÕ¬≈– 10 µâÕßÀ¬ÿ¥‡√’¬π π—°«‘™“°“√µà“ßª√–‡∑»ª√–¡“≥
‰«â«à“ °“√¢“¥ß“π¥â«¬¿“«–¥—ß°≈à“«π’È¡’∂÷ßªï≈– 140-150
≈â“π™—Ë«‚¡ß ÷́Ëß‡°‘¥º≈‡ ’¬µàÕ¿“«–‡»√…∞°‘®(2) «‘∏’∫√√‡∑“
Õ“°“√ª«¥ª√–®”‡¥◊Õπ∑’Ëπ‘¬¡„™â„πªí®®ÿ∫—π ‰¥â·°à °“√
√—∫ª√–∑“π¥â«¬¬“√–ß—∫ª«¥ ¬“µâ“π°“√Õ—°‡ ∫°≈ÿà¡∑’Ë‰¡à„™à
 ‡µ’¬√Õ¬¥å ¬“§ÿ¡°”‡π‘¥·≈–°“√∫”∫—¥¥â«¬ŒÕ√å‚¡π(1-3) «‘∏’
°“√µà“ßÊ ¥—ß°≈à“«∂÷ß·¡â®– “¡“√∂∫√√‡∑“Õ“°“√ª«¥Õ¬à“ß
‰¥âº≈ ·µà°Á¡—°®– àßº≈‡ ’¬µàÕ°“√∑”ß“π¢Õßµ—∫·≈–‰µ
‡°‘¥°“√ – ¡ “√‡§¡’„π√à“ß°“¬ ‡æ‘Ë¡¿“«–‡ ’Ë¬ßµàÕ‚√§
‡≈◊Õ¥ÕÕ°∑“ß‡¥‘πÕ“À“√ ¡—°‡°‘¥º≈·∑√° ấÕπ §≈◊Ëπ‰ â
Õ“‡®’¬π πÈ”Àπ—°µ—«‡æ‘Ë¡ ·≈–‡æ‘Ë¡§à“„™â®à“¬„π°√≥’∑’Ë®”‡ªìπ
µâÕß„™â¬“µàÕ‡π◊ËÕß‡ªìπ‡«≈“π“π(4-8)

°“√∫√√‡∑“Õ“°“√ª«¥∑“ß°“¬¿“æ∫”∫—¥Õ¬à“ß‰¥âº≈
·≈–‰¡à‡°‘¥º≈·∑√° ấÕπ ‰¥â·°à °“√π«¥ °“√ª√–§∫√âÕπ-‡¬Áπ
°“√√—°…“¥â«¬§≈◊Ëπ·¡à‡À≈Á°‰øøÑ“ ·≈–°“√°√–µÿâπ¥â«¬
°√–· ‰øøÑ“ TENS ‡ªìπµâπ º≈¢Õß°“√°√–µÿâπ¥â«¬°√–· 
‰øøÑ“ TENS µàÕ°“√√–ß—∫ª«¥π—Èπ æ∫«à“ ‰¥â¡’°“√π”¡“„™â
‡æ◊ËÕ°“√√–ß—∫ª«¥ª√–®”‡¥◊Õπª∞¡¿Ÿ¡‘Õ¬à“ß‰¥âº≈(1,9-12) ∑”„Àâ
°≈ÿà¡µ—«Õ¬à“ß∑’Ë¡’Õ“°“√ª«¥ª√–®”‡¥◊Õπ≈¥°“√„™â¬“·≈–¬◊¥
‡«≈“°“√„™â¬“‡©≈’Ë¬π“π∂÷ß 5.9 ™—Ë«‚¡ß(1) °“√»÷°…“¢Õß
Kaplan B ·≈–§≥–(12) æ∫«à“º≈¢Õß TENS  “¡“√∂√–ß—∫
Õ“°“√ª«¥ª√–®”‡¥◊Õπ‰¥âº≈¥’√âÕ¬≈– 30 ‰¥âº≈æÕ„™â√âÕ¬≈–
60 ·≈–‰¡à‰¥âº≈√âÕ¬≈– 10 ‚¥¬‰¡à¡’º≈·∑√°´âÕπ‡°‘¥¢÷Èπ
Õ¬à“ß‰√°Áµ“¡ °Á¬—ß‰¡àæ∫°“√»÷°…“∂÷ßª√– ‘∑∏‘¿“æ¢Õß°“√

√–ß—∫ª«¥¢Õß low frequency TENS µàÕ°“√√–ß—∫ª«¥
ª√–®”‡¥◊Õπ®÷ß∑”„ÀâºŸâ«‘®—¬ π„®»÷°…“ ‚¥¬¡’«—µ∂ÿª√– ß§å
‡æ◊ËÕ»÷°…“‡ª√’¬∫‡∑’¬∫º≈∫√√‡∑“ª«¥ª√–®”‡¥◊Õπ·∫∫ª∞¡¿Ÿ¡‘
√–À«à“ß low frequency TENS ·≈–¬“∫√√‡∑“ª«¥
ª√–®”‡¥◊Õπ∑’Ë„™âª√–®”

«— ¥ÿ·≈–«‘∏’°“√»÷°…“
°≈ÿà¡µ—«Õ¬à“ß‡≈◊Õ°·∫∫‡©æ“–‡®“–®ß®“°Õ“ “¡—§√

π—°»÷°…“°“¬¿“æ∫”∫—¥  ÿ¢¿“æ¥’ ∑’Ë≈ß∑–‡∫’¬π‡√’¬π„πªï
°“√»÷°…“ 2549 ∑’Ë¡’Õ“°“√ª«¥ª√–®”‡¥◊Õπ‡ªìπª√–®”·≈–
¡’§–·ππ§«“¡√Ÿâ ÷°ª«¥ (visual analog score, VAS) ¡“°
°«à“ 8 Õ“¬ÿ‡©≈’Ë¬ 20.1 ± 1.0 ªï (√–À«à“ß 18-22 ªï) ¬‘π¥’
‡¢â“√à«¡µ≈Õ¥‚§√ß°“√ ®”π«π 15 §π ®—∫ ≈“°·∫àß°≈ÿà¡
µ—«Õ¬à“ß‡ªìπ 2 °≈ÿà¡ °≈ÿà¡Àπ÷Ëß®”π«π 8 §π ‰¥â√—∫ TENS
‡æ◊ËÕ°“√∫√√‡∑“Õ“°“√ª«¥„π‡¥◊Õπ·√°·≈–‰¥â√—∫¬“√–ß—∫
ª«¥∑’Ë„™âª√–®”„π‡¥◊Õπ∂—¥‰ª Õ’°°≈ÿà¡Àπ÷Ëß®”π«π 7 §π ‰¥â
√—∫¬“‡æ◊ËÕ°“√∫√√‡∑“Õ“°“√ª«¥∑’Ë„™â‡æ◊ËÕ√–ß—∫ª«¥ª√–®”‡¥◊Õπ
‡ªìπª√–®”„π‡¥◊Õπ·√°·≈–‰¥â√—∫ TENS „π‡¥◊Õπ∂—¥‰ª

°≈ÿà¡∑¥≈Õß∑’Ë‰¥â√—∫°“√°√–µÿâπ¥â«¬°√–· ‰øøÑ“ ®—¥∑à“
„ÀâÕ“ “ ¡—§√πÕπ§«Ë”„π∑à“∑’ËºàÕπ§≈“¬ µ‘¥¢—È«°√–µÿâπ‰øøÑ“
®”π«π 4 ¢—È« ∑’Ë∫√‘‡«≥º‘«Àπ—ß¥â“π¢â“ß≈” —πÀ≈—ß√–¥—∫ T12-
L1 ·≈– S2-3 µ”·Àπàß≈– 2 ¢—È« Àà“ß®“°≈” —πÀ≈—ß¢â“ß≈–
3 ‡´πµ‘‡¡µ√ ª√—∫°√–·  TENS ™à«ß°√–µÿâπ 200
π“‚π‡¡µ√ §«“¡∂’Ë 4 ‡Œ‘√∑´å ®“°‡§√◊ËÕß°√–µÿâπ‰øøÑ“ TENS
(Enraf √ÿàπ ENSTM) √–¥—∫§«“¡·√ß°√–·  Ÿß ÿ¥∑’ËÕ“ “
 ¡—§√ “¡“√∂∑π‰¥â ‡ªìπ‡«≈“ 30 π“∑’ ¿“¬„π 24 ™—Ë«‚¡ß
·√°¢Õß°“√¡’ª√–®”‡¥◊Õπ (√Ÿª∑’Ë 1) ∫—π∑÷°§–·ππ§«“¡√Ÿâ ÷°
ª«¥ VAS °àÕπ √–À«à“ß ·≈–À≈—ß°“√°√–µÿâπ„ππ“∑’∑’Ë 0,
30, 60, 90, 150, 240 ·≈– 360 π“∑’ µ“¡≈”¥—∫
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„π°≈ÿà¡‡ª√’¬∫‡∑’¬∫ ®—¥∑à“„ÀâÕ“ “ ¡—§√πÕπ§«Ë”„π∑à“
∑’ËºàÕπ§≈“¬ „Àâ√—∫ª√–∑“π¬“√–ß—∫ª«¥∑’Ë‡§¬„™â‡ªìπª√–®”
√–À«à“ßª«¥ª√–®”‡¥◊Õπ¿“¬„π 24 ™—Ë«‚¡ß·√°¢Õß°“√¡’
ª√–®”‡¥◊Õπ ∫—π∑÷°§–·ππ§«“¡√Ÿâ ÷°ª«¥ VAS °àÕπ √–À«à“ß
·≈–À≈—ß°“√„™â¬“√–ß—∫ª«¥„ππ“∑’∑’Ë 0, 30, 60, 90, 150,
240 ·≈– 360 π“∑’ µ“¡≈”¥—∫ ‡™àπ‡¥’¬«°—∫°≈ÿà¡∑’Ë°√–µÿâπ
¥â«¬°√–· ‰øøÑ“

‡ª√’¬∫‡∑’¬∫º≈°“√∑¥≈Õß·≈–«‘‡§√“–Àåº≈¥â«¬ ∂‘µ‘
One way repeated ANOVA ®“°‚ª√·°√¡ SPSS v 15.0
‚¥¬°”Àπ¥§à“·Õ≈ø“ (α) ‰«â∑’Ë 0.05 °“√»÷°…“π’È‰¥âºà“π°“√
‡ÀÁπ™Õ∫®“°§≥–°√√¡°“√®√‘¬∏√√¡°“√«‘®—¬„π¡πÿ…¬å
¡À“«‘∑¬“≈—¬¢Õπ·°àπ ≈”¥—∫∑’Ë 4.2.04: 10/2549

º≈°“√»÷°…“
Õ“ “¡—§√∑’Ë¡’Õ“°“√ª«¥ª√–®”‡¥◊Õπ‡ªìπª√–®”®”π«π 15

§π °≈ÿà¡Àπ÷Ëß®”π«π 8 §π ‰¥â√—∫ TENS ‡æ◊ËÕ°“√∫√√‡∑“
Õ“°“√ª«¥„π‡¥◊Õπ·√° ·≈–‰¥â√—∫¬“√–ß—∫ª«¥∑’Ë„™âª√–®”„π
‡¥◊Õπ∂—¥‰ª  à«πÕ’°°≈ÿà¡®”π«π 7 §π ‰¥â√—∫¬“‡æ◊ËÕ°“√∫√√‡∑“
Õ“°“√ª«¥∑’Ë „™â‡æ◊ËÕ√–ß—∫ª«¥ª√–®”‡¥◊Õπ‡ªìπª√–®”„π
‡¥◊Õπ·√°·≈–‰¥â√—∫ TENS „π‡¥◊Õπ∂—¥‰ª

Õ“ “ ¡—§√∑’Ë¡’Õ“°“√ª«¥ª√–®”‡¥◊Õπ∑—Èß 15 §π
 à«π„À≠à¡’Õ“°“√ª«¥µàÕ‡π◊ËÕßµ≈Õ¥‡«≈“ ∫√‘‡«≥∑âÕßπâÕ¬
„π®”π«ππ’È „™â¬“√–ß—∫ª«¥ ibuprofen 3 §π, paracetamol
5 §π, ponstan 7 §π ¥—ß µ“√“ß∑’Ë 1 æ∫«à“§à“§–·ππ
§«“¡ª«¥π“∑’∑’Ë 0, 30, 60, 90, 150, 240 ·≈– 360
¢≥–∂Ÿ°°√–µÿâπ¥â«¬°√–· ‰øøÑ“ TENS ·≈–¢≥–∑’Ë‰¡à‰¥â
√—∫°“√°√–µÿâπ¥â«¬°√–· ‰øøÑ“ TENS (°≈ÿà¡‡ª√’¬∫‡∑’¬∫)
¡’§à“ 8.87 ± 0.88, 3.33 ± 1.45, 2.67 ± 1.24, 2.60 ±
1.06, 2.67 ± 1.18, 3.13 ± 1.36, 3.36 ± 1.28 ·≈–
7.67 ± 1.50, 3.00 ± 1.13, 2.67 ± 1.23, 2.73 ± 1.22,
2.8 ± 1.37, 3.0 ± 1.46, 3.33 ± 1.23 µ“¡≈”¥—∫ (√Ÿª∑’Ë
2) ‡ª√’¬∫‡∑’¬∫§à“§–·ππ§«“¡ª«¥¿“¬„π°≈ÿà¡‡©æ“–„π
π“∑’∑’Ë 0 (‡√‘Ë¡°√–µÿâπ‰øøÑ“/„™â¬“) ·≈–π“∑’∑’Ë 30 (À¬ÿ¥
°√–µÿâπ‰øøÑ“∑—π∑’/À≈—ß„™â¬“ 30 π“∑’) „π·µà≈–°≈ÿà¡ (∑—Èß°≈ÿà¡
∑’Ë „™â TENS ·≈–°≈ÿà¡∑’Ë„™â¬“) æ∫«à“¡’§«“¡·µ°µà“ß°—π
Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (P < 0.001) ·µà¡’§«“¡·µ°µà“ß
°—πÕ¬à“ß‰¡à¡’π—¬ ”§—≠√–À«à“ß°≈ÿà¡  à«π§à“§–·ππ§«“¡
ª«¥√–À«à“ßπ“∑’∑’Ë 60, 90, 150, 240 ·≈– 360 „π°≈ÿà¡∑’Ë
„™â TENS ·≈–°≈ÿà¡∑’Ë„™â¬“ ¡’§«“¡·µ°µà“ß°—πÕ¬à“ß‰¡à¡’π—¬
 ”§—≠∑“ß ∂‘µ‘ (P > 0.05) ∑—Èß¿“¬„π°≈ÿà¡·≈–√–À«à“ß°≈ÿà¡

√Ÿª∑’Ë 1 · ¥ß∑à“πÕπ·≈–°“√µ‘¥¢—È«¢ÕßÕ“ “ ¡—§√„π°“√∑¥≈Õß
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µ“√“ß∑’Ë 1   ¢âÕ¡Ÿ≈‡∫◊ÈÕßµâπ¢ÕßÕ“ “ ¡—§√ µ”·Àπàß∑’Ëª«¥ ·≈–¬“∑’Ë„™â‡æ◊ËÕ°“√√–ß—∫ª«¥

√Ÿª∑’Ë 2 ‡ª√’¬∫‡∑’¬∫§à“§–·ππ§«“¡ª«¥°àÕπ (π“∑’∑’Ë 10) √–À«à“ß (π“∑’∑’Ë 0-30) ·≈–À≈—ß (π“∑’∑’Ë 30-360) °√–µÿâπ¥â«¬
°√–· ‰øøÑ“ TENS ·≈–°≈ÿà¡‡ª√’¬∫‡∑’¬∫∑’Ë„™â¬“∫√√‡∑“Õ“°“√ª«¥ (n=15)
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«‘®“√≥å·≈– √ÿªº≈°“√»÷°…“
®“°°“√»÷°…“Õ“ “ ¡—§√∑’Ë¡’Õ“°“√ª«¥ª√–®”‡¥◊Õπ

®”π«π 15 §π æ∫«à“§à“§–·ππ§«“¡ª«¥π“∑’∑’Ë 0, 30, 60,
90, 150, 240 ·≈– 360 π“∑’ °≈ÿà¡∑’Ë„™â°√–· ‰øøÑ“ TENS
·≈–„™â¬“ ¡’§à“ 8.87 ± 0.88, 3.33 ± 1.45, 2.67 ± 1.24,
2.60 ± 1.06, 2.67 ± 1.18, 3.13 ± 1.36, 3.36 ± 1.28
·≈– 7.67 ± 1.50, 3.00 ± 1.13, 2.67 ± 1.23, 2.73 ±
1.22, 2.8 ± 1.37, 3.0 ± 1.46, 3.33 ± 1.23 µ“¡≈”¥—∫
‡ª√’¬∫‡∑’¬∫§à“§–·ππ§«“¡®Á∫ª«¥π“∑’∑’Ë 0 (‡√‘Ë¡°√–µÿâπ
‰øøÑ“/„™â¬“) ·≈–π“∑’∑’Ë 30 (À¬ÿ¥°√–µÿâπ‰øøÑ“∑—π∑’/À≈—ß„™â
¬“ 30 π“∑’) „π·µà≈–°≈ÿà¡ æ∫«à“ °≈ÿà¡∑’Ë„™â°√–· ‰ø TENS
¡’§–·ππ§«“¡ª«¥πâÕ¬°«à“°≈ÿà¡∑’Ë„™â¬“Õ¬à“ß¡’π—¬ ”§—≠∑“ß
 ∂‘µ‘ (P < 0.001) (√Ÿª∑’Ë 2)  Õ¥§≈âÕß°—∫°“√»÷°…“¢Õß
Lewers D ·≈–§≥–(9) ́ ÷Ëß»÷°…“°“√∫√√‡∑“ª«¥ª√–®”‡¥◊Õπ
™π‘¥ª∞¡¿Ÿ¡‘¥â«¬°√–· ‰ø TENS „π°≈ÿà¡µ—«Õ¬à“ß 21 √“¬
«“ß¢—È«°√–µÿâπ∑’Ë∫√‘‡«≥À≈—ß∑’Ë®ÿ¥Ωíß‡¢Á¡¥â“π´â“¬·≈–¢«“®”π«π
2 ™ÿ¥ 4 ¢—È« (B21, B29) ·≈–∑’Ë ∫√‘‡«≥¢“ 1 ™ÿ¥ 2 ¢—È«
(ST36, SP6) ª≈àÕ¬°√–·  TENS µà“ß™π‘¥°—π °√–µÿâπ
‡ªìπ‡«≈“ 30 π“∑’ ª√–‡¡‘π§«“¡√Ÿâ ÷°ª«¥¥â«¬ VAS ∑’Ë‡«≈“
30, 60, 120, 180 À≈—ß®“°À¬ÿ¥°√–µÿâπ ·≈–‡™â“«—π√ÿàß¢÷Èπ
æ∫«à“°≈ÿà¡∑’Ë„™â TENS  “¡“√∂≈¥ª«¥‰¥âº≈¥’°«à“°≈ÿà¡
§«∫§ÿ¡Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (P < 0.05) ·≈–§«“¡
√Ÿâ ÷°ª«¥‡©≈’Ë¬¢Õß°≈ÿà¡µ—«Õ¬à“ß¡“°°«à“√âÕ¬≈– 50 ≈¥≈ß∑—π∑’
À≈—ß®“°À¬ÿ¥°√–µÿâπ (°√–µÿâπ TENS 30 π“∑’)  Õ¥§≈âÕß°—∫
°“√»÷°…“π’È ́ ÷Ëßæ∫«à“§«“¡√Ÿâ ÷°ª«¥®–≈¥≈ß∑—π∑’‡¡◊ËÕ‡√‘Ë¡°√–µÿâπ
·≈–≈¥≈ßµàÕ‡π◊ËÕß„π 30 π“∑’ ·√°¢Õß°“√°√–µÿâπ (√Ÿª∑’Ë 2)

°≈‰°≈°“√≈¥ª«¥¥â«¬°√–· ‰ø TENS π—Èπ(13) °√–· 
‰øøÑ“ “¡“√∂√–ß—∫§«“¡√Ÿâ ÷°ª«¥‰¥â∑’Ë√–¥—∫‰¢ —πÀ≈—ß
‡π◊ËÕß®“°°√–· ‰øøÑ“‰ª°√–µÿâπ„¬ª√– “∑¢π“¥„À≠à„Àâµ◊Ëπµ—«
‡°‘¥°“√ªî¥ª√–µŸ àßºà“π —≠≠“≥ª√– “∑√—∫§«“¡√Ÿâ ÷°ª«¥
∑’Ë àßºà“π¡“∑“ß„¬ª√– “∑´’‰ª¬—ß ¡Õß∑’Ë∫√‘‡«≥‰¢ —πÀ≈—ß
(gate control theory) ´÷Ëß°√–· ‰ø ¥—ß°≈à“«¡—°‡ªìπ high
frequency TENS πÕ°®“°π—Èπ ¬—ß¡’À≈—°∞“π∑’Ë‡™◊ËÕ‰¥â«à“
°√–· ‰ø TENS ™π‘¥ low frequency TENS ‰ª àß‡ √‘¡
„Àâ√à“ß°“¬‡°‘¥°“√À≈—Ëß “√Ωîòπ¡“°¢÷Èπ (opiate mediated
control theory) ÷́Ëß°“√ √â“ß “√Ωîòπ„π√à“ß°“¬‡ªìπ°≈‰≈
°“√∫”∫—¥À√◊Õ∫√√‡∑“§«“¡ª«¥µ“¡∏√√¡™“µ‘¢Õß√à“ß°“¬(13)

°“√»÷°…“π’È ‰¥â„™â TENS §«“¡∂’Ë 4 ‡Œ√‘∑´å ·≈–ª√—∫

°√–·  Ÿß ÿ¥‡∑à“∑’ËÕ“ “ ¡—§√®–∑π‰¥â®÷ßπà“®– Õ¥§≈âÕß°—∫
∑ƒ…Æ’¢Õß°“√À≈—Ëß “√Ωîòπ¢Õß√à“ß°“¬ πÕ°®“°π—Èπ ¬—ßæ∫«à“
°≈ÿà¡µ—«Õ¬à“ß∑’Ë„™â TENS „π√Õ∫‡¥◊Õπ·√° ·≈–„™â¬“„π
√Õ∫‡¥◊Õπ∂—¥‰ªπ—Èπ §–·ππ§«“¡ª«¥°àÕπ°“√„™â TENS ¡’
§à“ 8.63 ± 0.70 ·≈–°àÕπ°“√„™â¬“ („π√Õ∫‡¥◊Õπ∂—¥‰ª) ¡’
§à“ 6.5 ± 0.71 ÷́Ëß¡’§à“≈¥≈ßÕ¬à“ß™—¥‡®π ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫
°—∫°≈ÿà¡µ—«Õ¬à“ß∑’Ë„™â¬“„π√Õ∫‡¥◊Õπ·√°·≈–„™â TENS „π
√Õ∫‡¥◊Õπ∑’Ë∂—¥‰ª (¡’§à“ 9.14 ± 0.69 ·≈– 9.0 ± 1.0 µ“¡
≈”¥—∫) ´÷ËßÕ“ “ ¡—§√„π®”π«ππ’È∫“ß√“¬¡’§à“§–·ππ§«“¡
ª«¥ Ÿß°«à“‡¥◊Õπ·√° Õ“®‡ªìπ‰ª‰¥â«à“°“√„™â°√–·  TENS
‡æ◊ËÕ°“√√–ß—∫ª«¥π’ÈÕ“® àßº≈„Àâ§«“¡√ÿπ·√ß¢Õß°“√ª«¥
ª√–®”‡¥◊Õπ„π√Õ∫‡¥◊Õπ∂—¥‰ª≈¥≈ß ®÷ß§«√¡’°“√»÷°…“„π
ª√–‡¥Áπ¥—ß°≈à“«‡æ‘Ë¡‡µ‘¡µàÕ‰ª

 “‡Àµÿ ”§—≠¢Õß°“√ª«¥ª√–®”‡¥◊Õπ‡π◊ËÕß®“°ºπ—ß
¡¥≈Ÿ°¡’°“√ √â“ß prostaglandin ÕÕ°¡“¡“°  àßº≈„Àâ‡°‘¥
°“√∫’∫µ—«¢Õß°≈â“¡‡π◊ÈÕ¡¥≈Ÿ°·√ß¢÷Èπ(4) ®πÕ“®‡°‘¥ uterine
ischemia and hypoxia(1) ∑”„Àâ‡°‘¥§«“¡ª«¥∑’Ë√ÿπ·√ß·≈–
∑π∑ÿ°¢å∑√¡“π ∫“ß√“¬Õ“®‡°‘¥Õ“°“√Õ◊ËπÊ√à«¡¥â«¬ ‡™àπ
ª«¥»’√…– §≈◊Ëπ‰ â ∑âÕß‡¥‘π °“√·°âªí≠À“∑’Ë‰¥âº≈¡—°°√–∑”
‚¥¬°“√√—∫ª√–∑“π¬“°≈ÿà¡∑’Ë¡’º≈¬—∫¬—Èß°“√ √â“ß “√ prostag-
landin ‚¥¬µ√ß ÷́Ëß‰¥â·°à ibuprofen(5-6) ·≈– ponstan(7-8)  ́ ÷Ëß
¬“∑—Èß Õß™π‘¥∂÷ß·¡â®– “¡“√∂∫√√‡∑“Õ“°“√ª«¥‰¥â¥’·µà°Á
Õ“®‡°‘¥º≈·∑√°´âÕπµà“ßÊ ‡™àπ ‡°‘¥·º≈„π°√–‡æ“–Õ“À“√
ª«¥À—« ¡÷πßß ÕàÕπ‡æ≈’¬ πÕπ‰¡àÀ≈—∫ µ“æ√à“¡—« À√◊Õ‡°‘¥
Õ“°“√·æâº◊Ëπ§—π‰¥â °“√„™â TENS ∂÷ß·¡â®–‰¡àæ∫À≈—°∞“π
«à“¡’º≈‚¥¬µ√ßµàÕ°“√¬—∫¬—Èß°√–∫«π°“√ √â“ß “√ prostag-
landin ·µà°Á¡’À≈—°∞“π π—∫ πÿπ«à“ “¡“√∂™à«¬√–ß—∫À√◊Õ
∫√√‡∑“§«“¡ª«¥∑’Ë√ÿπ·√ß≈¥§«“¡∑π∑ÿ°¢å∑√¡“π¢ÕßºŸâ∑’Ë
ª«¥ª√–®”‡¥◊Õπ‚¥¬‰¡à‡°‘¥º≈·∑√°´âÕπ„¥Ê(11,12) ¥—ßπ—Èπ
ºŸâ∑’Ëª«¥ª√–®”‡¥◊Õπ√ÿπ·√ß·≈–‰¡àª√– ß§å„™â¬“√–ß—∫ª«¥
À√◊ÕµâÕß°“√≈¥ª√‘¡“≥°“√„™â¬“√–ß—∫ª«¥ À√◊Õ≈¥ªí≠À“
·∑√°´âÕπ®“°º≈¢Õß¬“√–ß—∫ª«¥ °“√„™â TENS ®÷ß‡ªìπ
∑“ß‡≈◊Õ°Àπ÷Ëß ”À√—∫ºŸâ∑’Ë¡’ªí≠À“ dysmennorrhea

°‘µµ‘°√√¡ª√–°“»
§≥–ºŸâ«‘®—¬„§√à¢Õ¢Õ∫§ÿ≥ºŸâ‡¢â“√à«¡‡ªìπÕ“ “¡—§√∑ÿ°∑à“π

∑’Ë‡ ’¬ ≈–‡«≈“Õ—π¡’§à“‡¢â“√à«¡‚§√ß°“√®π∑”„Àâß“π«‘®—¬§√—Èßπ’È
 ”‡√Á®≈ÿ≈à«ß‰ª¥â«¬¥’∑ÿ°ª√–°“√
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Introduction
In Thailand, the number of older people aged 60

years and over is about 10.7 million (15.2%) in 2020(1).
Older people are more prone to diseases, syndromes,
and sickness than other age group of adults. Most of

them have age-related changes such as hearing
impairment, poor vision, arthritis, hypertension, heart
disease, diabetes, and osteoporosis(2). Safe and confident
ambulation is an important aspect of their health. Older
adults frequently complain of feeling unstable on
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Abstract
Falls are an important cause of death for adults aged 65 years and above.  Most preventive strategy studies

of falls have involved exercises to promote strength and balance. However, these exercise programs were
designed by therapists without the elderlyûs participation in designing the programs. The objective of this
research was to study effects of physical therapy program with client-centered approach on functional balance
(Berg Balance Scale and Timed Up and Go Test) in the elderly. A 12-week study was conducted in 9 elders
with fall risks (2 men and 7 women, mean age 77.4 ± 5.8 years) of Samliam 1 community, Khon Kaen
Province. During the first 4 weeks, specific problems relating to functional balance of each subject were
assessed and discussed between the subject and the investigator, after which a physical therapy program with
client-centered approach to improve functional balance was cooperatively designed and individually tailored to
each elder. The subject was then instructed to perform the program for 8 weeks. The subjectûs functional balance
was assessed at baseline and every 4 weeks until the end of the study, and was analyzed using paired t-test. It
was found that the physical therapy program with client-centered approach significantly improved the Berg
Balance Scale (P < 0.05). However, it was observed that changes in the functional balance scores were
frequently influenced by pain at any body part of the subjects but the present study program did not pay much
attention on the issue of pain. Therefore, it is suggested that to improve older peopleû balance, therapists should
widen their approaches to cover other factors relating to balance as much as possible.

Keywords  :  Client-center approach,  Elderly,  Falls

ambulation. The consequence of postural instability is
a fall with concomitant injury.

Falls are an important cause of death for adults
aged 65 years and above. Falls can result in medical
problem such as fracture, painful bruising, and

depression(3). Most studies assessing efficacy of
strategies to prevent falls have involved exercises to
promote strength and balance(4-16). However, these
exercise programs were designed by therapists without
the elderlyûs participation in designing the programs.
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In general, health services may be divided into 2
approaches, client-centered and therapist-centered. The
former approach focuses on requiring attitudinal
changes that reflect a commitment to follow the lead
of the client and to support their vital roles(17), and the
latter imposes on professional decisions(18). The
client-centered approach provides benefits on health
care system by enhancing participation, ownership and
independence of the clients in the community(19-22).
This benefit is in line with the National Health Act,
2550 B.E. (equivalent to 2007 A.D.) which has
emphasized on peopleûs participation in the health care
system of our country.

Because of realizing in the benefit of client-centered
service as well as a need for fall prevention in the
elderly, the investigator was interested in studying a
physical therapy program with client-centered approach
to reduce fall risk factors in the community-dwelling
elderly. The objective of this study was to evaluate
changes in functional balance of the elderly after
participating in the physical therapy program based on
client-centered approach aimed to promote balance.

Materials and Methods
This study was approved by The Khon Kaen

University Ethics Committee for Human Research.
Population
Male and female elders, aged 60 years or older,

of Samliam 1 community, Naimuang Sub-district,
Muang District, Khon Kaen Province, were recruited.
Inclusion criteria were independent ambulation with
or without gait aid, being able to verbally communicate,
and willing to participate and cooperate with the study
procedures. Exclusion criteria were presence of
uncontrolled cardiovascular disorders, total blindness,
impairment of cognitive function, impairment of
neuromuscular function secondary to previously
diagnosed neurological diseases, dizziness and vertigo,

and limited function and mobility by pain, fractures,
joint stiffness, etc.

Measurement instruments
Functional balance was assessed using the Berg

Balance Scale (BBS)(23) and Timed Up and Go Test
(TUGT)(24). The BBS consists of 14 items which require
subjects to maintain positions of varying difficulty by
diminishing the base of support, changing positions,
and performing specific tasks such as turning the trunk,
reaching forward while standing, stepping on a stool,
and retrieving an object from the floor. Each task is
scored on a 5-point scale (0 to 4: 0 = unable to perform,
4 = independent). Fifty-six points are the maximum
score of the test. The score of less than 45 indicates
high risk for falls(25). Minimal changes of 6 points on
the total BBS score reflects the clinical change in
balance(26). Results of 2 reliability studies of this scale
have shown high inter-rater (ICC = 0.98) and
intra-rater (ICC = 0.99) reliability(23,27). For the TUGT,
subjects sat comfortably on a chair, then were asked
to stand up, walk 3 m., turn around, walk back to the
chair and sit down, at their own pace(24). The time
taken to perform the test was measured in seconds.
Subjects repeated the test 3 sessions with 5 minutes
rest between each test, and the average time was used
for analysis. The TUGT has good intra- and inter-rater
reliability of 0.93 and 0.96, respectively(28) and is
correlated highly with scores on the BBS(25).

Procedures
The investigator contacted the Samliam primary

care unit to gather database of resident aged 60 and
older of Samliam 1 community. The functional balance
using the BBS was performed to the elderly who were
eligible to the study. Then, the investigator visited
individual elderly persons whose BBS scores were
less than 45 (indicating the high risk of falling). The
participants then attended the first pre-intervention
assessment involving functional balance tests (the BBS
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and TUGT). These assessments were done at their
residences. Information on age, sex, education, marital
status, health status, daily activity, and fall history in
the past 6 months was recorded through direct
interviews. Four weeks later, the BBS and TUGT were
repeated again (i.e., the second pre-intervention
assessment). During this interval of 4 weeks, the
investigator visited the participants at least 5 days/
week. The purposes of each visit were to cooperatively
assess and discuss about the specific problems relating
to functional balance of each participant. A physical
therapy program to improve functional balance was
cooperatively designed and individually tailored to each
subject. Emphasis was placed on self management and
adjustment to health status.

Immediately after finishing the second
pre-intervention assessment, the participants were
encouraged to practice their physical therapy program
for 4 weeks. The investigator kept visiting each
participant every 2 weeks to encourage the subject to
keep practicing and to offer advice for an advanced
program. The BBS and TUGT were re-assessed at the
fourth week (i.e., the first post-intervention assessment).
The data were fed back to the participants. If necessary,
the program could be revised. After that, the participants
were asked to keep following the program for 4 more
weeks. The investigator visited the elderly once to
keep relationship. After the completion of this last
month of the study, the participants underwent the
second post-intervention assessment for their functional
balance (the BBS and TUGT).

Data analysis
Descriptive statistics were drawn up to describe

the demographic data. The baseline and post-
intervention data for the BBS and TUGT were
compared using paired t-tests. Normality of the data
set was assessed using the Shaprio-Wilk W test. All
analyses in this study were performed using the STATA

statistical software package version 9.0. A value of P
< 0.05 was used to decide the significance for all
analyses.

Results
Subject characteristics
Eleven elders who had BBS scores of less than 45

were invited to enroll in the study. However, 2 persons
were excluded due to aggravated symptoms of diabetes
and gouty arthritis, respectively. Therefore, there were
9 elders participating in the study. The demographic
characteristics of 9 participants (2 men and 7 women)
are outlined in Table 1. Their ages ranged from 67 to
88 years with an average age of 77.4±5.8 years. All
subjects had multiple health problems and used multiple
medications. The subjects had normal vision (with and
without glasses).

Physical Therapy Program
Table 2 summarizes each subjectûs problems

relating to functional balance and physical therapy
program to improve balance. It could be summarized
from Table 2 that, based on the principle of
client-centered approach, the physical therapy program
to improve functional balance in the community-
dwelling elderly mainly consisted of 1) therapeutic
exercises to improve balance and increase muscle
strength as well as flexibility of lower extremity, and
2) superficial heat therapy at pain regions. Balance
exercises were designed based on the BBS items which
were difficult to perform by the subjects such as
standing unsupported with feet together, standing
unsupported one foot in front, reaching forward with
outstretched arm while standing, turning to look behind
over left and right shoulders while standing, and placing
alternate foot on step or stool while standing
unsupported.
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Table 1  Demographic characteristics of subjects (n = 9). F = female, M = male.

F1 88 4 1. Walking 15-20 1. Both eyes dry 1. Amlodipine None
min/day, total 5 m. 2. Hypertension 2. Artificial tear

3. Vitamin
F2 81 5 1. Aerobic exercise 1. Both knee joints 1. Diclofenac One point

30 min/day, pain 2. Ranitidine cane
1 day/week 2. Peptic ulcer
2. House-keeping
1 hr/day
3. Walking 30
min/day, total 10 m.

F3 80 5 1. House-keeping 1. Back and both 1.Amlodipine One point
1 hr/day knee joints pain 2. Glipizide cane
2. Walking 30 2. Diabetes 3. HCTZ
min/day, total 10 m. 3. Hypertension 4. Metformin

4. Peptic ulcer
M4 79 6 1. Bicycling 2-3 1. Diabetes 1. Amlodipine None

hr/day 2. Hypertension 2. Anapril 5
2  Cooking 30 3. ASA gr 1
min/day 4. Glipizide
3. Walking 1 hr/day, 5. HCTZ
total 50 m. 6. Metformin

M578 5 1. Gardening 10 1. Benign prostatic 1. Amlodipine None
min/day hypertrophy 2. ASA gr. 1
2. Walking 15 2. Dyslipidemia 3. Doxazosin
min/day, total 5 m. 3. Hypertension 4. Glipizide

4. Left shoulder 5. Simvastatin
joint pain and
limitation
5. Peptic ulcer

Subject Age No. of Daily Current Medication Gait aid
No. (years) family  activity health

member problem



62 «“√ “√‡∑§π‘§°“√·æ∑¬å·≈–°“¬¿“æ∫”∫—¥ ë ªï∑’Ë 21 ©∫—∫∑’Ë 1 ë ¡°√“§¡-‡¡…“¬π 2552

F6 76 5 1. House-keeping 1. Both knee joints 1. Amlodipine One point
10-15 min/day  pain 2. HCTZ cane
2. Walking 10 2. Hypertension
min/day, 5 m.

F7 75 3 1. Cooking 30 1. Both knee joints 1. Amlodipine None
min/day pain 2. Metformin
2. Walking 30 2. Cataract of both
min/day, total 10 m. eyes

3. Diabetes
4. Hypertension

F8 73 6 1. House-keeping 1. Both knee joints 1. ASA gr.1 One point
10-15 min/day pain 2. Glipizide cane
2. Walking 10 2. Diabetes 3. HCTZ
min/day, total 6 m. 3. Heart disease 4. Prenolol

4. Hypertension 5. çYaa Look Kloné
5. Right hip pain  (herbal tablets)
with radiating to
leg and foot

F9 67 3 1. Aerobic exercise 1. Back pain with 1. Mydoclam None
30 min/day, 2-3 radiating to both legs
days/week 2 Both knee joints pain
2. House-keeping 1 3. Heart disease
hr/day

Subject Age No. of Daily Current Medication Gait aid
No. (years) family  activity health

member problem
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Table 2 Problems relating to functional balance and physical therapy program to improve balance of each
subject (n = 9).  F = female, M = male.

Subject Problems relating to functional balance Physical therapy program
No.

F1 1. Poor functional balance (BBS = 39)
2. Both quadriceps muscles weakness
3. Both calf muscles tightness

F2 1. Poor functional balance (BBS = 37)
2. Both quadriceps muscles weakness
3. Both knee joints pain

1. Balance training 5 times/set, 1 set/day, 1-2 day/
week

- standing unsupported with feet together
- standing unsupported one foot in front
- reaching forward with outstretched arm while

standing
2. Quadriceps muscle exercise 5 times/set, 1 set/day,
1-2 day/week
3. Calf muscle stretching exercise
4. Massage at calf muscles 5-10 min/set, 1-2 set/day,
2-3 days/week
5. Hot pack at calf muscles 20-30 min/day
1. Balance training 5-10 times/set, 2 sets/day, 2-3
days/week

- standing unsupported with feet together
- standing unsupported one foot in front
- reaching forward with outstretched arm while

standing
- pick up object from the floor from a standing

position
- placing alternate foot on step or stool while standing

unsupported
2. Quadriceps muscle exercise 5-10 times/set, 2 sets/
day, 2-3 days/week
3. Hot pack at both knees 20-30 min/day
4. Consulting health personnel at the primary care
unit about knee pain
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1. Balance training 10 times/set, 1 set/day, 3-5 days/
week

- standing unsupported with feet together
- standing unsupported one foot in front
- reaching forward with outstretched arm while

standing
- turning to look behind over left and right shoulders

while standing
2. Quadriceps muscle exercise 10 times/set, 1 set/day,
3-5 days/week
3. Hot pack at back and both knees 20-30 min/day
4. Stretching exercise (knee to chest, trunk rotation 5
times/set, 1 set/day, 2-3 days/week
5. Consulting health personnel at the primary care unit
about knee pain
1. Balance training 5 times/set, 1 set/day, 1-2 day/
week

- standing unsupported with feet together
- standing unsupported one foot in front
- reaching forward with outstretched arm while

standing
1. Balance training 5-10 times/set, 1 set/day, 1-2 day/
week

- standing unsupported with feet together
- standing unsupported one foot in front
- pick up object from the floor from a standing

position
- turning to look behind over left and right shoulders

while standing
2. Quadriceps muscle exercise 5-10 times/set, 1 set/
day, 1-2 day/week
3. Hot pack at left shoulder 20-30 min/day
4. Left shoulder mobilization by the investigator twice
5. Shoulder exercise (flexion, abduction, internal and
external rotation) 5-10 times/set, 1 set/day, 7 days/
week
6. Consulting health  personnel  at the primary care
unit about left shoulder pain and  limitation

F3 1. Poor functional balance (BBS = 40)
2. Both quadriceps muscles weakness
3. Back and both knee joints pain

M4 1. Poor functional balance (BBS = 43)

M5 1. Poor functional balance (BBS = 42)
2. Both quadriceps muscles weakness
3. Left shoulder joint pain and limitation
and pain
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F6 1. Poor functional balance (BBS = 24)
2. Both quadriceps muscles weakness
3. Both knee joints pain

F7 1. Poor functional balance (BBS = 41)
2. Both quadriceps muscles weakness
3. Cataract of both eyes

F8 1. Poor functional balance (BBS = 39)
2. Both gluteus and quadriceps muscles
weakness
3. Both knee joints pain
4. Right hip pain with radiating to leg
and foot

1. Balance training 5-10 times/set, 1 set/day, 1-2 day/
week

- sitting to standing
- standing unsupport
- standing unsupported with feet together
- standing unsupported one foot in front
- turning to look behind over left and right shoulders

while standing
- placing alternate foot on step or stool while standing

unsupported
2. Quadriceps muscle exercise 5-10 times/set, 1 set/
day, 1-2 day/week
3. Hot pack at both knees 20-30 min/day
4. Consulting health  personnel  at the primary care
unit about knee pain
1. Balance training 5-10 times/set, 1 set/day, 2-3 days/
week

- standing unsupported with feet together
- standing unsupported one foot in front
- turning to look behind over left and right shoulders

while standing
- placing alternate foot on step or stool while standing

unsupported
2. Quadriceps muscle exercise 5-10 times/set, 1 set/
day, 2-3 days/week
3. Consulting health personnel at the primary care
unit about cataract
1. Balance training 5-10 times/set, 1 set/day, 1-2 day/
week

- standing unsupported with feet together
- standing unsupported one foot in front
- reaching forward with outstretched arm while

standing
- turning to look behind over left and right shoulders

while standing
- placing alternate foot on step or stool while standing

unsupported
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2. Hip and quadriceps muscle exercise 5-10 times/set,
1 set/day 1-2 day/week
3. Hot pack at both knees 20-30 min/day
4. Consulting health personnel at the primary care
unit about hip and knee pain
1. Balance training 5-10 times/set, 1 set/day, 2-3 days/
week

- standing unsupported with feet together
- standing unsupported one foot in front
- reaching forward with outstretched arm while

standing
- turning to look behind over left and right shoulders

while standing
2. Quadriceps muscle exercise 5-10 times/set, 1 set/
day, 2-3 days/week
3. Hot pack at knees 20-30 min/day
4. Consulting health personnel at the primary care
unit about back and knee pain
5. Consulting physical therapits at Khon Kaen hospital
about back and knee pain

F9 1. Poor functional balance (BBS = 40)
2. Both gluteus and quadriceps muscles
weakness
3. Both knee joints pain
4. Back pain with radiating to both legs

Changes in functional balance
Before determining the effects of a physical therapy

program on functional balance, the 2 pre-intervention
assessment scores was examined. Paired t-tests revealed
no significant differences between the first and second
pre-intervention assessments for the BBS and TUGT
(P > 0.05). However, some health incidents were
reported at the second pre-intervention assessment of
2 participants (F6 and F9), and might affect their
functional balance. Therefore, the average value of
the first and second pre-intervention assessments was
used as baseline scores for the analysis of changes.
The participantís BBS scores at each assessment are

demonstrated in Table 3. When compared with the
mean BBS of the 2 pre-intervention assessments, i.e.
38.4 points, significant increases in the scores were
found at the first and second post-intervention
assessments (P = 0.0001 and 0.03, respectively).
However, these improvements in the BBS did not reflect
clinical changes in the subjectûs functional balance as
changes in the scores were less than 6 points.The
TUGT scores throughout the 12-week study are shown
in Table 4. The average TUGT value of the first and
second pre-intervention assessments was 16.6 seconds.
The physical therapy program with client-centered
approach did not significantly affect the TUGT.
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Table 3    BBS scores. F = female, M = male

F1 39 41 44 36a

F2 37 40 46 45b

F3 40 39c 45 41d

M4 43 41e 45 48
M5 42 43 50 53
F6 24f 33g 34h 37
F7 41 39i 41 42
F8 39 38 45 37j

F9 40 33k 44 47
Median 40 39 45 42
Mean 38.3 38.6 43.8* 42.9**
SD 5.7 3.5 4.4 5.8

2nd

post-intervention

Subject
No.

Assessments (0-56)

1st

pre-intervention
2nd

pre-intervention

1st

post-intervention

a = The subject was still tired after 2-day hospital admission last 2 weeks because of short breathing.
b = The subject reported increased left knee joint pain because of over walking.
c = The subject reported increased both knee joints pain because of running out pain killer medicine.
d = The subject reported pain at right big toe because of stumbling on a stone.
e = The subject had to see a doctor a few weeks ago because of dizziness.
f = The subject reported body ache because of experiencing a fall last 2 weeks.
g = The subject had much recovered from a recent fall.
h = The subject had both ankle and feet edema because of prolonged sitting.
i = The subject was having a cold.
j = The subject reported increased right hip and leg pain but could not specify a reason.
k = The subject reported increased both hips and legs pain because of over house-keeping activity.
*   P = 0.0001, compared with the mean of the 2 pre-intervention assessments
** P = 0.03, compared with the mean of the 2 pre-intervention assessments
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Table 4     TUGT scores. F = female, M = male

2nd

post-intervention

Subject
No.

Assessments (0-56)

1st

pre-intervention
2nd

pre-intervention

1st

post-intervention

F1 24 17 15 17a

F2 22 18 20 17b

F3 16 10c 12 15d

M4 12 10e 13 13
M5 17 15 15 17
F6 27f 21g 27h 29
F7 14 18i 16 13
F8 13 14 14 17j

F9 13 17k 17 15
Median 16 17 15 17
Mean 17.6 15.6 16.6 17
SD 5.5 3.7 4.6 4.8

a = The subject was still tired after 2-day hospital admission last 2 weeks because of short breathing.
b = The subject reported increased left knee joint pain because of over walking.
c = The subject reported increased both knee joints pain because of running out pain killer medicine.
d = The subject reported pain at right big toe because of stumbling on a stone.
e = The subject had to see a doctor a few weeks ago because of dizziness.
f = The subject reported body ache because of experiencing a fall last 2 weeks.
g = The subject had much recovered from a recent fall.
h = The subject had both ankle and feet edema because of prolonged sitting.
i = The subject was having a cold.
j = The subject reported increased right hip and leg pain but could not specify a reason.
k = The subject reported increased both hips and legs pain because of over house-keeping activity.
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Discussion and Conclusion
Two pre-intervention assessments were carried out

in this study with a time interval of 4 weeks. The
purpose for this study design was to ensure that any
changes exhibited in the study would be attributable
to the intervention. Although the analysis showed no
significant differences between the first and second
pre-intervention assessments for functional balance
variables, some health incidents were reported at the
second test of a few participants, and might affect
their balance. The average value of the first and second
pre-intervention assessments was thus used as the
baseline scores for the analysis of changes.

In this study, the physical therapy program with
client-centered approach to improve functional balance
of the elderly was designed for individual participants,
based on the principle of client-centered approach.
Tailoring program to each subjectís specific problems
relating to balance was much considered. According
to the older subjects included in the current study, it
could be summarized that the physical therapy program
with client-centered approach to improve functional
balance of the community-dwelling elderly mainly
consisted of therapeutic exercises to improve balance
and increase muscle strength as well as flexibility of
lower extremity, and thermotherapy using hot pack on
the painful joint.

After completion of the study, a statistical
significance in the BBS score was presented. However,
the mean changes in the BBS scores were less than 6
points which did not reach the clinical important level
in terms of functional balance(26). This result may be
due to ineffectiveness of the program as it was
commented by most participants at the end of the
study.

Since the primary outcome of the study was the
BBS, the physical therapy program was concentrated
on therapeutic exercises to improve balance, leg muscle

strength and flexibility. The BBS items which were
difficult to perform by the subjects were included in
the exercise program. Although the BBS scores were
significantly increased at post-intervention assessments,
considering data of individual participants revealed
that changes in the BBS scores were influenced by
pain at any body part of the subjects. The scores seemed
to be inversely related to the severity of pain reported
by the subjects. Even though pain was a common
health problem of most participants in the study,
unfortunately the investigator did not draw much
attention to pain management for the subjects. Most
participants were suggested to reduce their pain only
by using hot pack, massage, and consulting health
personnel at the primary care unit though they might
need an intensive and specific intervention. Only 1
subject (F9) received proper pain management program
provided by a physical therapist. This may reflect the
investigatorûs viewpoint that our balance scores would
have been improved if we only performed a balance
exercise. In fact, balance or postural stability involves
the complex organization of multiple sensory systems
(somatosensory, visual, and vestibular inputs) that are
related, via the central nervous system, to many muscles
which are part of a multilinked musculoskeletal
system(29). Any problems in joint and muscle will thus
affect balance. As suggested by Poole and colleagues(30),
neck pain in the elderly may contribute to some
disturbance in balance and gait parameters over and
above that which occurs with normal ageing. A recent
study has also revealed that musculoskeletal pain in
the lower body, especially chronic low back, hip and
knee pain, negatively affects the balance ability in the
healthy adults(31). To improve oneûs balance, therapists
need to widen their approach to cover other factors
relating to balance as much as possible. From the
current study, it could be suggested that to improve
the elderís balance, the investigator should pay more
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attention on the issue of pain management, apart from
exercise program in general.

Besides ineffective procedures to relieve pain, the
intensity of exercise program used in the current study
may be too low to affect clinical changes in the BBS.
Based on a previous study(6), an exercise program to
improve functional balance (assessed by the BBS) of
the elderly should be at least 5-10 times/set/activity,
1-2 set/day, and 3 days/week. In this study, most
subjects exercised only 5 times/set/activity, 1 set/day,
and 1 day/week which might not be intense enough to
increase the BBS.

Most participants informed that they did not
regularly perform their physical therapy programs
because of various reasons such as pain at some body
part, being lazy and bored. This may imply that the
program is not interesting enough although attention
was paid specifically to ensure that the subjects would
greatly benefit from the program which was designed
by them with the investigatorûs facilitation. To follow
the principle of a client-centered approach, the
investigator paid much attention on tailoring the
physical therapy program to each subjectûs problems
relating to balance by means of discussion with the
subjects. However, the investigator observed that some
subjects were rarely expressed their ideas and opinions
regarding their programs. They were likely to rely on
the investigatorûs judgment. This may be due to a
typically urban Thai culture that a person tends to
respect professional suggestion rather than their own
ideas. The subjects might adopt a passive role because
they got used to that culture. The other possible
explanation of a low level of participation in developing
the physical therapy program observed in some subjects
is that they are not ready to participate in health services
in a client-centered manner, probably due to old age,
poor health condition, or negative attitude to illness.
The investigator then had to facilitate these subjects

as much as possible to involve in developing their
programs. However, such facilitation may be inadequate
because of the limitations on time and skill as well as
experience in community work of the investigator.
Thus, some subjectûs physical therapy programs were
rather influenced by the investigatorûs suggestion,
leading to a small sense of ownership of the programs
in these subjects. The attraction of the programs may
not be great enough for the subjects to perform the
programs throughout the study period. Therefore, it
could be suggested for further study that therapists
should endeavor to engage clients in decision-making.
They should evaluate a clientûs level of readiness and
tailor interventions for participation accordingly.
Matching an intervention to a clientûs level of readiness
to engage in an activity should be more effective than
the universal application of one particular intervention.

Motivating elders, who mostly have health
problems, to adhere to an activity program is a major
challenge. As presented by Yardley and her
colleagues(32, 33), the positive identity (e.g. interest,
enjoyment) of a training program is a factor for the
elderly to undertake the program. The current studyûs
findings may indicate that it is necessary for unhealthy
elders for having someone to motivate them to follow
a therapy program. In this study, the investigator visited
the participants twice a month to encourage them to
perform their programs. Such visitûs frequency may
not be adequate to affect clinical changes. In real
situation, however, it may not be possible for a
community physical therapist to visit all clients every
week. Participation of family member or caregiver in
a therapy program for the elderly may be necessary.
This claim could be supported by Tepdara and co-
workers(34) who demonstrated that lack of the caregiverûs
participation in rehabilitation teams was a cause of the
inadequate rehabilitation services for stroke patients.

The current study failed to show a significant
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change in the TUGT. A possible explanation for this
finding is that more walking exercise has not been
added in any participantûs physical therapy program.
This may be a consequence of the particular emphasis
only on balance exercise of the investigator, as discussed
above. Although walking was a daily activity of most
participants, its intensity and duration were a little
light. It was also observed that, similar to the BBS,
the TUGT scores were frequently influenced by the
severity of pain at any body part of the participants.
Furthermore, the participants may be worry that they
might fall if they walked fast, thus resulting in a
non-significant change in TUGT score.

Because of the limitation on time, subjects in this
study were recruited only from Samliam 1 community.
This resulted in a sample size of 9 elders participating
in the study. This small sample size may be a cause of
non-significantly statistical and/or clinical results even
though the intervention effects could be available.
Nonetheless, it should be kept in mind that interpretation
of the findings only via statistical means may conceal
some beneficial aspects of the study and should be
cautious. Considering data of each participant may
provide another useful aspect of the findings. As
mentioned earlier, the BBS score of less than 45
indicates high risk for falls(25). Minimal change of 6
points on the total BBS score reflects the genuine
change in functional balance(26). All elders enrolled in
the current study were the high risk of falling group
(BBS<45). After completion of the first month of
physical therapy program, an interesting finding was
revealed. Five participants (F2, F3, M4, M5 and F8)
improved their total BBS scores to be 45 or more,
indicating a decrease in risks of falling. A 6-point or
more change in the BBS was presented in 5 subjects
(F2, F3, M5, F8 and F9). These subjects expressed
that they had tried to follow all items of their physical
therapy programs.

At the final post-intervention assessment, the BBS
scores of some subjects were decreased. This may be
coincidental with an increased pain and sickness. The
participants whose BBS improved from the previous
assessment informed that they always kept exercising
as much as they could. At the end of the study, fall
risks of 4 subjects (F2, M4, M5 and F9) were less as
their BBS scores were greater than 45.

In conclusion, the physical therapy program with
client-centered approach on functional balance in the
elderly significantly improved the BBS of the elderly.
However, it was observed that changes in the functional
balance scores were frequently influenced by pain at
any body part of the subjects but the physical therapy
program did not pay much attention on the issue of
pain. Therefore, it is suggested that to improve older
peopleí balance, therapists should widen their approach
to cover other factors relating to balance as much as
possible.

Acknowledgements
This work was supported by Graduate School and

Faculty of Associated Medical Sciences, Khon Kaen
University. The most sincere thanks are expressed to
all participants and the staff in the Samliam primary
care unit.

Reference
1. Gulsatitporn S.  Physical therapy in the elderly.

2nd ed. Bangkok: Offset Press, 2006.
2. Intaprasert S.  Aging and mental health problems.

Department of Psychiatry, Faculty of Medicine,
Chiangmai University, 2004.

3. American Geriatrics Society, British Geriatrics
Society, and American Academy of Orthopaedic
Surgeons Panel on Falls Prevention.  Guideline
for the prevention of falls in older persons.  J Am
Geriatr Soc 2001; 49: 664-72.



72 «“√ “√‡∑§π‘§°“√·æ∑¬å·≈–°“¬¿“æ∫”∫—¥ ë ªï∑’Ë 21 ©∫—∫∑’Ë 1 ë ¡°√“§¡-‡¡…“¬π 2552

4. Assantachai P, Praditsuwan R, Thamlikitkul V.
The health promotion and prevention of instability
and its complication in the elderly by geriatricians.
Faculty of Medicine Siriraj Hospital, Mahidol
University, Bangkok  2001.

5. Chinsongkram B. Effect of eye-head coordination
exercise on improving balance in Thai elderly
with fall risks.  Khon Kaen: The Graduate School,
Khon Kaen University, 2006.

6. Onla-or S, Saksri P, Chaimongkol N.  Effects of
home exercise and stretching program on balance
ability of elderly women.  J Gerontol Geriatr Med
2004; 5: 11-8.

7. Pallit D. The effects of the program for the
prevention of falling accidents at home among
the elderly in Sriprachan District Suphanburi
Province. The Graduate School, Mahidol
University, Bangkok  2001.

8. Phuthong C. The effect of risk reduction program
on fall prevention behaviors of elderly at home.
The Graduate School, Chulalongkorn University,
Bangkok  2002.

9. Barnett A, Smith B, Lord SR, Williams M,
Baumand A. Community-based group exercise
improves balance and reduces falls in at-risk older
people: a randomised controlled trial.  Age Ageing
2003; 32: 407-14.

10. Eyigor S, Karapolat H, Durmaz B.  Effects of a
group exercise program on the physical performance,
muscle strength and quality of life in older women.
Arch Gerontol Geriatr 2007; 45: 259-71.

11. Lin MR, Wolf SL, Hwang HF, Gong SU, Chen
CY. A randomized, controlled trial of fall
prevention programs and quality of life in older
fallers.  J Am Geriatr Soc 2007; 55: 499-506.

12. Lord SR, Castell S, Corooran J, Dayhew J, Matters
B, Shan A, et al.  The effect of group exercise
trial on physical functioning and falls in frail older

people living in retirement villages: a randomised
controlled trial.  J Am Geriatr Soc 2003; 51:
1685-92.

13. McMurdo ME, Millar AM, Daly F. A randomized
controlled trial of fall prevention strategies in old
peopleûs homes.  Gerontology 2000; 46: 83-7.

14. Nichols JF, Hitzelberger LM, Sherman JG,
Patterson P. Effects of resistance training on
muscular strength and functional abilities of
community-dwelling.  J Ageing Phys Act 1995;
3: 238-50.

15. Rubenstein LZ, Stuck AE.  Preventive home visits
for older people: defining criteria for success.  Age
Ageing 2001; 30: 107-9.

16. Zhang JG, Ishikawa-Takata K, Yamazaki H, Morita
T, Ohta T. The effects of Tai Chi Chuan on
physiological function and fear of falling in the
less robust elderly: an intervention study for
preventing falls. Arch Gerontol Geriatr 2006; 42:
107-16.

17. Brown S, Humphry R, Taylor E.  A model of the
nature of family-therapist relationships:
implications for education. Am J Occup Ther 1997;
51: 597-603.

18. Litchfield R, MacDougall C. Professional issue
for physiotherapist in family-centered and
community-based settings. Aust J Physiother 2002;
48: 105-12.

19. Chuengsatiansup K, Tengrung K, Pinkaew R,
Petchkong W. Community living. Bangkok: Desire,
2002.

20. Japan International Cooperation Agency.  Health
services utilization and pattern of health seeking
behavior of northeast villagers, Thailand.  Khon
Kaen: Community Health Project, 1993.

21. Kategowitt K, Thavondunstid P, Thanyakoop P.
Health seeking behavior of rural villagers: case-
study in 3 villages in the north-east.  Khon Kaen



73J Med Tech Phy Ther ë Vol.21 No.1 ë JANUARY-APRIL 2009

University, Khon Kaen  1998.
22. Yoddumneun-Ettigg B, Kanungsukkasem U,

Sirirassamee B, Kanchanachitra C, Tangchonlatip
K, Khampalikit S. Health behavior: problems,
determinants and direction. Nakhon Pathom: The
Institute for Population and Social Research,
Mahidol University, 1999.

23. Berg K, Wood-Dauphinee S, Williams JI, Gayton
D.  Measuring balance in the elderly: preliminary
development of an instrument. Physiother Can
1989; 41: 304-11.

24. Podsiadlo D, Richardson S.  The timed çUp and
Goé : a test of basic functional mobility for frail
elderly persons. J Am Geriatr Soc 1991; 39: 142-8.

25. Berg KO, Maki BE, Williams JI, Holliday PJ,
Wood-Duaphinee SL. Clinical and laboratory
measures of postural balance in an elderly
population. Arch Phys Med Rehabil 1992; 73:
1073-80.

26. Stevenson TJ.  Detecting change in patients with
stroke using the Berg Balance Scale.Aust J
Physiother 2001; 47: 29-36.

27. Berg KO, Wood-Dauphinee S, Williams JI. The
Balance Scale: reliability assessment for elderly
residents and patients with an acute stroke.  Scand
J Rehabil Med 1995; 27: 27-36.

28. Schoppen T, Boonstra A, Groothoff JW, de Vries
J, Goeken LNH, Eisma WH. The Timed çup and
goé test: reliability and validity in persons with
unilateral lower limb amputation.  Arch Phys Med
Rehabil 1999; 80: 825-8.

29. Patla A, Frank J, Winter D. Assessment of balance
control in the elderly: major issues. Physiother
Can 1990; 42: 89-97.

30. Poole EP, Treleaven J, Jull G. The influence of
neck pain on balance and gait parameters in
community-dwelling elders.  Man Ther 2008; 13:
317-24.

31. Yagci N, Cavlak U, Aslan UB, Akdag B.
Relationship between balance performance and
musculoskeletal pain in lower body comparison
healthy middle aged and older adults.  Arch
Gerontol Geriatr 2007; 45: 109-19.

32. Yardley L, Bishop FL, Beyer N, Hauer K, Kempen
GIJM, Piot-Ziegler C, et al.  Older peopleûs views
of falls-prevention interventions in six European
countries.  Gerontologist 2006; 46: 650-60.

33. Yardley L, Beyer N, Hauer K, McKee K, Ballinger
C, Todd C. Recommendations for promoting the
engagement of older people in activities to prevent
falls.  Qual Saf Health Care 2007; 16: 230-4.

34. Tepdara S, Luevisadpaibul S, Thongmee L,
Tannundaj N, Chaikul P, Siribulpipattana S. The
development of a continuous rehabilitation system
for stroke patients with a cooperation of patients
and their relatives. Thai J Phys Ther 2001; 23:
14-23.



74 «“√ “√‡∑§π‘§°“√·æ∑¬å·≈–°“¬¿“æ∫”∫—¥ ë ªï∑’Ë 21 ©∫—∫∑’Ë 1 ë ¡°√“§¡-‡¡…“¬π 2552

°“√‡ª√’¬∫‡∑’¬∫º≈¢Õß§«“¡√âÕπ√–À«à“ß·ºàπª√–§∫√âÕπ·≈–≈Ÿ°ª√–§∫ ¡ÿπ‰æ√
µàÕ°“√∫√√‡∑“ª«¥·≈–°“√‡ª≈’Ë¬π·ª≈ß∑“ß √’√«‘∑¬“

æ√√≥’  ªñß ÿ«√√≥1*,  ∑°¡≈ °¡≈√—µπå1, «—≥∑π“  »‘√‘∏√“∏‘«—≤πå1, ª√’¥“ Õ“√¬“«‘™“ππ∑å2, Õ√«√√≥ ·´àµ—Ëπ3

« “ √   “ √
‡∑§π‘§°“√·æ∑¬å·≈–°“¬¿“æ∫”∫—¥
JOURNAL OF MEDICAL TECHNOLOGY AND PHYSICAL THERAPY

π‘æπ∏åµâπ©∫—∫
ORIGINAL ARTICLE

1  “¬«‘™“°“¬¿“æ∫”∫—¥ §≥–‡∑§π‘§°“√·æ∑¬å ¡À“«‘∑¬“≈—¬¢Õπ·°àπ
2 ¿“§«‘™“‡«™»“ µ√åøóôπøŸ §≥–·æ∑¬»“ µ√å ¡À“«‘∑¬“≈—¬¢Õπ·°àπ
3 §≥– “∏“√≥ ÿ¢»“ µ√å ¡À“«‘∑¬“≈—¬π‡√»«√
*  ºŸâ√—∫º‘¥™Õ∫∫∑§«“¡

∫∑§—¥¬àÕ
°“√ª√–§∫¥â«¬≈Ÿ°ª√–§∫ ¡ÿπ‰æ√‡ªìπ«‘∏’°“√∫”∫—¥¢Õß·æ∑¬å·ºπ‰∑¬ ÷́Ëßπ”¡“„™â§«∫§Ÿà°—∫°“√π«¥‰∑¬¡“π“π  ”À√—∫

°“√·æ∑¬å·ºπªí®®ÿ∫—π¡’°“√„™â·ºàπª√–§∫√âÕπ„π°“√√—°…“∑“ß°“¬¿“æ∫”∫—¥ §«“¡√âÕπ∑—Èß Õß√Ÿª·∫∫π”¡“„™â√—°…“ºŸâ∑’Ë¡’Õ“°“√
ª«¥°≈â“¡‡π◊ÈÕ·≈–¢âÕµàÕ¢Õß√à“ß°“¬ ‡π◊ËÕß®“°≈Ÿ°ª√–§∫Õ“®¡’º≈¢Õß ¡ÿπ‰æ√√à«¡¥â«¬ ¥—ßπ—Èπ°“√„™â≈Ÿ°ª√–§∫ ¡ÿπ‰æ√·≈–
·ºàπª√–§∫√âÕπÕ“®„Àâº≈≈¥Õ“°“√ª«¥¢Õß°≈â“¡‡π◊ÈÕ‰¥â·µ°µà“ß°—π °“√»÷°…“π’ÈµâÕß°“√‡ª√’¬∫‡∑’¬∫º≈°“√‡ª≈’Ë¬π·ª≈ß
¢Õß√–¥—∫Õ“°“√ª«¥·≈–§à“∑“ß √’√«‘∑¬“√–À«à“ß°“√ª√–§∫·ºàπ√âÕπ·≈–≈Ÿ°ª√–§∫ ¡ÿπ‰æ√„πÕ“ “ ¡—§√ª«¥À≈—ß à«π≈à“ß
·∫∫‰¡à∑√“∫ “‡Àµÿ Õ“ “ ¡—§√‡¢â“√à«¡‚§√ß°“√∑—Èß ‘Èπ 24 §π Õ“¬ÿ‡©≈’Ë¬ 41 ± 8 ªï ‡æ»À≠‘ß 15 §π ·≈–‡æ»™“¬ 9 §π
‰¥â√—∫°“√√—°…“∑’Ë∫√‘‡«≥°≈â“¡‡π◊ÈÕÀ≈—ß 2 √Ÿª·∫∫ §◊Õ «“ß·ºàπª√–§∫√âÕπ·≈–≈Ÿ°ª√–§∫ ¡ÿπ‰æ√ π“π 20 π“∑’ ∑”°“√∑¥≈Õß
Àà“ß°—π 1  —ª¥“Àå «—¥§à“µ—«·ª√ °àÕπ·≈–À≈—ß°“√∑¥≈Õß º≈°“√»÷°…“æ∫«à“ √–¥—∫§«“¡‡®Á∫ª«¥ (visual analog scale;
VAS) ¢ÕßÕ“ “ ¡—§√≈¥≈ßÀ≈—ß‰¥â√—∫·ºàπª√–§∫√âÕπ (§à“‡©≈’Ë¬ VAS ≈¥≈ß 1.36, P < 0.01 ) ·≈–≈Ÿ°ª√–§∫ ¡ÿπ‰æ√
(§à“‡©≈’Ë¬ VAS  ≈¥≈ß 1.03, P < 0.001 ) ∑—Èß Õß«‘∏’ ¡’º≈≈¥ª«¥‰¡à·µ°µà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ πÕ°®“°π’È
Õ—µ√“°“√‡µâπÀ—«„®¢ÕßÕ“ “ ¡—§√∑’Ë„™â≈Ÿ°ª√–§∫ ¡ÿπ‰æ√≈¥≈ß¡“°°«à“°“√√—°…“¥â«¬·ºàπª√–§∫√âÕπÕ¬à“ß¡’π—¬ ”§—≠ ‚¥¬¡’
§à“‡©≈’Ë¬ 4  §√—Èß/π“∑’ (95% CI: -1.13 ∂÷ß -5.3, P < 0.01) ·µà°“√„™â·ºàπª√–§∫√âÕπ∑”„ÀâÕÿ≥À¿Ÿ¡‘º‘«°“¬ Ÿß¡“°°«à“
°“√„™â≈Ÿ°ª√–§∫ ¡ÿπ‰æ√ ¡’§à“‡©≈’Ë¬ 0.49 Õß»“‡´≈‡ ’́¬  (95% CI:  0.06 ∂÷ß 0.91, P < 0.05) ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫¿“¬„π
°≈ÿà¡ √–¥—∫§«“¡√Ÿâ ÷°°¥‡®Á∫‡æ‘Ë¡¢÷Èπ„π°“√√—°…“¥â«¬≈Ÿ°ª√–§∫ ¡ÿπ‰æ√ (§à“‡©≈’Ë¬ 0.85 °‘‚≈°√—¡/µ“√“ß‡¡µ√, P < 0.01)
·≈–¡ÿ¡°“√‡§≈◊ËÕπ‰À«¢ÕßÀ≈—ß‡æ‘Ë¡¢÷ÈπÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘„π°“√„™â·ºàπª√–§∫√âÕπ (§à“‡©≈’Ë¬ 0.49  ‡´πµ‘‡¡µ√, P <
0.001)  º≈°“√»÷°…“§√—Èßπ’È· ¥ß„Àâ‡ÀÁπ«à“ §«“¡√âÕπ∑—Èß Õß√Ÿª·∫∫¡’º≈∑”„ÀâÕ“°“√ª«¥≈¥≈ß‰¡à·µ°µà“ß°—π ·µà°“√„™â≈Ÿ°
ª√–§∫ ¡ÿπ‰æ√¡’º≈∑”„ÀâÕ—µ√“°“√‡µâπÀ—«„®≈¥≈ß ∑—Èßπ’ÈÕ“®‡ªìπº≈®“°°≈‘Ëπ ¡ÿπ‰æ√·≈–°“√°¥§≈÷ß‰ªµ“¡°≈â“¡‡π◊ÈÕÀ≈—ß Õ“®
®– àßº≈∑”„Àâ‡°‘¥°“√ºàÕπ§≈“¬‰¥â¥’°«à“ §≥–ºŸâ«‘®—¬¡’§«“¡§‘¥‡ÀÁπ«à“ §«“¡ –¥«°„π°“√π”‰ª„™â·≈–«— ¥ÿ∑’Ë„Àâ§«“¡√âÕππ“π
®–‡ªìπ ‘Ëß ”§—≠∑’ËºŸâ„™â¡’§«“¡µâÕß°“√ ¥—ßπ—Èπ °“√ª√–¬ÿ°µå√Ÿª·∫∫º≈‘µ¿—≥±å¢Õß°“√ª√–§∫§«“¡√âÕπ¥â«¬ ¡ÿπ‰æ√∑’Ë„Àâ§«“¡
√âÕππ“π°«à“‡¥‘¡ πà“®–‡À¡“– ¡·≈–∑”„Àâ‡°‘¥º≈°“√√—°…“∑’Ë¥’¢÷Èπ

§” ”§—≠:  ≈Ÿ°ª√–§∫ ¡ÿπ‰æ√,  ·ºàπª√–§∫√âÕπ, √–¥—∫§«“¡‡®Á∫¥â«¬ “¬µ“
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A comparative study of heat effect between hot pack and Thai herbal ball
on pain and physiological changes

« “ √   “ √
‡∑§π‘§°“√·æ∑¬å·≈–°“¬¿“æ∫”∫—¥
JOURNAL OF MEDICAL TECHNOLOGY AND PHYSICAL THERAPY

π‘æπ∏åµâπ©∫—∫
ORIGINAL ARTICLE

Punnee Puengsuwan1*, Torkamol Kamolrat1, Wantana Siritaratiwat1, Preeda  Arayauuchanon2, Orawan Saetan3

1 Division of Physical Therapy, Faculty of Associated Medical Sciences,
2 Department of Physical Medicine Rehabilitation, Faculty of Medicine, Khon Kaen University
3 Faculty of Public Health, Naresuan University
* Corresponding author (e-mail: ppunne@kku.ac.th)

Abstract
Heat has been one of the most effective ways to help control pain for thousands of years. Thai herbal ball

(THB) is a traditional Thai therapy for pain reduction.  Hot pack (HP) is one of modalities in physical therapy.
The effect of THB compare with HP is just confirmed.  The aim of this study was to compare the immediate
effects of pain reduction and physiological parameters between the HP and THB in the subject with low back
pain. Twenty-four subjects with low back pain aged 41 ± 8 years were randomized into each condition to
conduct a cross over trial.  All parameters were immediately measured at the baseline and after applications of
the HP and THB on the back muscle for 20 minutes. The results showed that the VAS reduced both in the HP
(1.36, P < 0.01) and THB (1.03, P < 0.001), but no difference was found between conditions.  However, skin
temperature significantly increased more in the HP (mean difference = 0.49 C, 95% CI: 0.06 to 0.91, P < 0.03)
and heart rate significantly reduced more in THB (mean difference = -4 beats/min, 95% CI: -1.13 to -5.37,
P < 0.006).  Moreover, pain pressure threshold and thoracolumbar spine range of motion significantly increased
after the THB and HP, respectively. In conclusion, both modalities have similar effect on pain reduction in
subjects with low back pain. Convenience and extended time of heat therapy are favorable. Thus, application of
these products may be attractive for patients with chronic pain.

Keywords:   Thai herbal ball, Hot pack,  Visual analogue scale (VAS)

∫∑π”
≈Ÿ°ª√–§∫ ¡ÿπ‰æ√ (herbal ball) π‘¬¡π”¡“„™â∫√√‡∑“

Õ“°“√ª«¥‡¡◊ËÕ¬°≈â“¡‡π◊ÈÕµ“¡√à“ß°“¬„π°“√π«¥·ºπ‰∑¬
·≈– ª“ (spa) §«“¡√âÕπ®“°≈Ÿ°ª√–§∫ ¡ÿπ‰æ√·≈–°≈‘Ëπ
¢ÕßπÈ”¡—πÀÕ¡√–‡À¬®“° ¡ÿπ‰æ√‰∑¬Õ“®¡’ à«π∑”„Àâ
∫√√‡∑“Õ“°“√ª«¥‡¡◊ËÕ¬°≈â“¡‡π◊ÈÕ·≈–™à«¬ºàÕπ§≈“¬§«“¡

µ÷ß‡§√’¬¥ °“√„™â≈Ÿ°ª√–§∫ ¡ÿπ‰æ√‡ªìπ§«“¡√Ÿâ∑’Ë∂à“¬∑Õ¥
°—π¡“·µà‚∫√“≥ ¢≥–‡¥’¬«°—πß“π¥â“π°“¬¿“æ∫”∫—¥‡ªìπ
«‘∑¬“»“ µ√å°“√·æ∑¬å·ºπ„À¡à ¡’°“√„™â·ºàπª√–§∫√âÕπ (hot
pack) ´÷Ëß‡ªìπ§«“¡√âÕπ√–¥—∫µ◊Èπ‡™àπ‡¥’¬«°—∫≈Ÿ°ª√–§∫
 ¡ÿπ‰æ√ „™â√—°…“ºŸâªÉ«¬∑’Ë¡’Õ“°“√ª«¥°≈â“¡‡π◊ÈÕ ‡ÕÁπ ·≈–
¢âÕµàÕ √à«¡°—∫°“√√—°…“¥â«¬«‘∏’Õ◊ËπÊ∑“ß°“¬¿“æ∫”∫—¥
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·ºàπª√–§∫√âÕπ™à«¬∫√√‡∑“Õ“°“√ª«¥·≈–§≈“¬§«“¡µ÷ßµ—«
¢Õß°≈â“¡‡π◊ÈÕ  à«π≈Ÿ°ª√–§∫¡’ à«πª√–°Õ∫¢Õß ¡ÿπ‰æ√
À≈“¬™π‘¥∑’Ë¡’ √√æ§ÿ≥„π°“√∫√√‡∑“ª«¥‡¡◊ËÕ¬ ≈¥°“√Õ—°‡ ∫
∫√√‡∑“ø°™È” ∫√√‡∑“Õ“°“√§—π·≈–‡¡Á¥º◊Ëπ§—π ·≈–™à«¬
∫”√ÿßº‘« ‡ªìπ‡Àµÿº≈∑’Ë§π‰∑¬ ¡—¬°àÕπ‡™◊ËÕ∂◊Õ°—π¡“®π∂÷ß
ªí®®ÿ∫—π ·≈–§π‰∑¬‡Õß°Á‡√‘Ë¡µ√–Àπ—°∂÷ß§ÿ≥ª√–‚¬™πå¢Õß
 ¡ÿπ‰æ√‰∑¬„π°“√π”¡“„™â√—°…“‡æ◊ËÕ∑¥·∑π°“√√—°…“·∫∫
·æ∑¬å·ºπªí®®ÿ∫—π ´÷Ëß‡ªìπ°“√ àß‡ √‘¡¿Ÿ¡‘ªí≠≠“‰∑¬„Àâ
æ—≤π“§«“¡√Ÿâ∑’Ë‡ªìπ√Ÿª∏√√¡¬‘Ëß¢÷Èπ

¡πÿ…¬å‰¥âπ”‡Õ“ª√–‚¬™πå¢Õß§«“¡√âÕπ¡“„™â‡æ◊ËÕ°“√√—°…“
¡“π“π·≈â« „π«ß°“√·æ∑¬å‰¥â‡≈◊Õ°‡Õ“§«“¡√âÕπ¡“„™â‡æ◊ËÕ
°“√√—°…“„πÀ≈“°À≈“¬√Ÿª·∫∫ §«“¡√âÕπ “¡“√∂∑”„Àâ
‡π◊ÈÕ‡¬◊ËÕ¢Õß√à“ß°“¬¡’Õÿ≥À¿Ÿ¡‘ Ÿß¢÷Èπ ́ ÷Ëß¡’º≈µàÕ°“√‡ª≈’Ë¬π·ª≈ß
∑“ß √’√«‘∑¬“ 2 ·∫∫ §◊Õ º≈∑’Ë‡°‘¥¢÷Èπ‡©æ“–∑’Ë∫√‘‡«≥∑’Ë√—°…“
·≈–º≈∑’Ë‡°‘¥„π∫√‘‡«≥Õ◊Ëπ º≈‡©æ“–∑’Ë∑”„Àâ‡°‘¥º≈∑“ß°“√
√—°…“¥—ßπ’È ‡æ‘Ë¡°“√‰À≈‡«’¬π‡≈◊Õ¥∫√‘‡«≥º‘«Àπ—ß∑’Ë‰¥â√—∫
§«“¡√âÕπ ®÷ß¡’º≈µàÕ°“√‡§≈◊ËÕπ∑’Ë¢Õß¢Õß‡À≈«„π√à“ß°“¬
‡π◊ÈÕ‡¬◊ËÕ¢Õß√à“ß°“¬ÕàÕππÿà¡ ·≈–Õ—µ√“‡¡·∑∫Õ≈‘´÷¡‡æ‘Ë¡¢÷Èπ
°“√„Àâ§«“¡√âÕπ√à«¡°—∫∑”°“√¬◊¥°≈â“¡‡π◊ÈÕ®–™à«¬‡æ‘Ë¡§«“¡
¬◊¥À¬ÿàπ ≈¥Õ“°“√‡°√Áßµ—«¢Õß°≈â“¡‡π◊ÈÕ ≈¥ª«¥·≈–°“√
Õ—°‡ ∫‡√◊ÈÕ√—ß ‚¥¬ª°µ‘π‘¬¡„™â§«“¡√âÕπµ◊Èπ„π°“√√—°…“
Õ“°“√ª«¥À≈—ß≈à“ß (low-back pain)(1-3) ‡π◊ËÕß®“°¡’√“§“
∂Ÿ°·≈– “¡“√∂π”‰ª„™â∑’Ë∫â“π‰¥â Schmidt  ·≈–§≥–(4) ‰¥â
√“¬ß“πº≈¢Õß·ºàπª√–§∫√âÕπ·≈–‡¬Áπ‡©æ“–∑’Ë (local heat
·≈– cold pack) µàÕÕÿ≥À¿Ÿ¡‘º‘«Àπ—ß∑’Ë¢âÕ‡¢à“ ´÷Ëß»÷°…“‚¥¬
„™â·ºàπª√–§∫√âÕπ‡ªìπ‡«≈“ 20 π“∑’  ¡’º≈∑”„ÀâÕÿ≥À¿Ÿ¡‘
º‘«Àπ—ß‡æ‘Ë¡¢÷ÈπÕ¬à“ß¡’π—¬ ”§—≠ ·≈–‡ªìπº≈¥’µàÕ°“√√—°…“
„πºŸâªÉ«¬ª«¥¢âÕ  ·µà√“¬ß“π¢Õß Weinberger ·≈–§≥–(5)

»÷°…“§«“¡√âÕπº‘«∑’Ë∫√‘‡«≥¢âÕ‡¢à“À≈—ß°“√„™â·ºàπª√–§∫
√âÕπæ∫«à“ Õÿ≥À¿Ÿ¡‘º‘«Àπ—ß∑’Ë¢âÕ‡æ‘Ë¡¢÷ÈπÕ¬à“ß¡’π—¬ ”§—≠
(ª√–¡“≥ 1 Õß»“‡´≈‡ ’́¬ ) ÷́ËßÕ“®∑”„Àâ‡°‘¥°“√Õ—°‡ ∫
¢Õß¢âÕ‰¥â·≈–·π–π”«à“§«√®–µâÕß√–¡—¥√–«—ß„π°“√„™â·ºàπ
ª√–§∫√âÕπ °“√«‘®—¬∑’Ëºà“π¡“»÷°…“°“√„™â·ºàπª√–§∫√âÕπ
√à«¡°—∫‡§√◊ËÕß‰øøÑ“∑’Ë„Àâ§«“¡√âÕπ≈÷° ‡™àπ ‡§√◊ËÕßÕ—≈µ√â“´“«¥å
(ultrasound)(6) ·≈–‡§√◊ËÕß‰¡‚§√‡«ø (microwave)(7) ‡æ◊ËÕ
À«—ßº≈„π°“√√—°…“∑’Ë¥’¢÷Èπ ‚¥¬‡©æ“–Õ“°“√ª«¥  à«πß“π
«‘®—¬‡°’Ë¬«°—∫≈Ÿ°ª√–§∫ ¡ÿπ‰æ√¡’°“√»÷°…“º≈°“√µÕ∫
 πÕß∑“ß √’√«‘∑¬“ æ∫«à“À≈—ß°“√„™â≈Ÿ°ª√–§∫ ¡ÿπ‰æ√

∑”„ÀâÕÿ≥À¿Ÿ¡‘º‘«Àπ—ß·≈–Õ—µ√“°“√‡µâπÀ—«„®‡æ‘Ë¡¢÷Èπ  à«π
§«“¡¥—π‚≈À‘µ≈¥≈ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘„πÕ“ “ ¡—§√
∑’Ë¡’ ÿ¢¿“æ¥’(8) ´÷Ëß°“√‡ª≈’Ë¬π·ª≈ßπ’ÈπâÕ¬¡“°‰¡à¡’º≈‡ ’¬µàÕ
√à“ß°“¬ Õ¬à“ß‰√°Áµ“¡ ¬—ß‰¡àæ∫°“√»÷°…“‡°’Ë¬«°—∫°“√„™â·ºàπ
ª√–§∫√âÕπ·≈–≈Ÿ°ª√–§∫ ¡ÿπ‰æ√∑’Ë¡’µàÕ°“√≈¥ª«¥

§≥–ºŸâ«‘®—¬®÷ß‡ÀÁπ«à“À“°®–æ—≤π“Õß§å§«“¡√Ÿâ∑’Ë¡“®“°
¿Ÿ¡‘ªí≠≠“‰∑¬„Àâ√Ÿâ®—°°—πÕ¬à“ß·æ√àÀ≈“¬ §«√¡’°“√»÷°…“
«‘®—¬¬◊π¬—π∂÷ß √√æ§ÿ≥¢Õß≈Ÿ°ª√–§∫ ¡ÿπ‰æ√„π°“√≈¥ª«¥
„πºŸâªÉ«¬ §≥–ºŸâ«‘®—¬§“¥«à“°“√√—°…“¥â«¬§«“¡√âÕπ·∫∫
·ºàπª√–§∫√âÕπ·≈–≈Ÿ°ª√–§∫ ¡ÿπ‰æ√∑—Èß Õß«‘∏’π’Èπà“®–„Àâ
º≈¥’„π°“√∫√√‡∑“Õ“°“√ª«¥À≈—ß„πºŸâªÉ«¬ª«¥À≈—ß‡√◊ÈÕ√—ß
¥—ßπ—Èπ °“√»÷°…“π’È®÷ß¡’«—µ∂ÿª√– ß§å ‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫º≈
¢Õß§«“¡√âÕπ√–À«à“ß·ºàπª√–§∫√âÕπ·≈–≈Ÿ°ª√–§∫ ¡ÿπ‰æ√
µàÕ°“√‡ª≈’Ë¬π·ª≈ß¢Õß√–¥—∫§«“¡‡®Á∫¥â«¬ “¬µ“ (visual
analogue scale, VAS) «—¥√–¥—∫§«“¡√Ÿâ ÷°°¥‡®Á∫ (pressure
pain threshold, PPT) §«“¡¬◊πÀ¬ÿàπ¢Õß√à“ß°“¬ (body
flexibility) ·≈–º≈°“√‡ª≈’Ë¬π·ª≈ß∑“ß √’√«‘∑¬“„πÕ“ “
 ¡—§√∑’Ë¡’Õ“°“√ª«¥À≈—ß à«π≈à“ß (low back pain)

«— ¥ÿ·≈–«‘∏’°“√»÷°…“
°≈ÿà¡µ—«Õ¬à“ß
Õ“ “ ¡—§√∑’Ë¡’Õ“°“√ª«¥À≈—ß·∫∫‰¡à∑√“∫ “‡Àµÿ (non-

specific low back pain) ‰¥â√—∫°“√µ√«®«‘π‘®©—¬‚¥¬·æ∑¬å
·≈–‰¥â√—∫§”·π–π”„Àâ√—°…“∑“ß°“¬¿“æ∫”∫—¥ Õ“ “ ¡—§√
∑ÿ°§π®–‰¥â√—∫øíß·≈–√—∫‡Õ° “√™’È·®ß«‘∏’∑¥≈ÕßÕ¬à“ß≈–
‡Õ’¬¥∑ÿ°¢—ÈπµÕπ ‰¥â∑√“∫∂÷ßº≈¢â“ß‡§’¬ßÕ—πÕ“®‡°‘¥¢÷Èπ ¢âÕ¥’
¢âÕ‡ ’¬‡∑à“∑’Ë‰¥â¡’°“√»÷°…“∑¥≈Õß·≈â« ¡’Õ“ “ ¡—§√®”π«π
∑—Èß ‘Èπ 24 §π ‰¥â√—∫°“√∑¥≈Õß Õß ¿“«– §◊Õ °“√„™â·ºàπ
ª√–§∫√âÕπ ·≈– ¿“«–≈Ÿ°ª√–§∫ ¡ÿπ‰æ√ °“√»÷°…“§√—Èßπ’È
‰¥âºà“π°“√æ‘®“√≥“®“°§≥–°√√¡°“√®√‘¬∏√√¡°“√«‘®—¬„π
¡πÿ…¬å ¡À“«‘∑¬“≈—¬¢Õπ·°àπ (‡≈¢∑’Ë HE 451010)

¢—ÈπµÕπ°“√∑¥≈Õß
1. §—¥‡≈◊Õ°Õ“ “ ¡—§√∑’Ë¡’Õ“°“√ª«¥À≈—ß ‚¥¬·æ∑¬å

‡ªìπºŸâµ√«®ª√–‡¡‘π√à“ß°“¬
2. Õ“ “ ¡—§√∑’Ë‡¢â“√à«¡‚§√ß°“√«‘®—¬®–‰¥â√—∫§”Õ∏‘∫“¬

∂÷ß¢—ÈπµÕπ·≈–«‘∏’°“√∑¥≈Õßµà“ßÊ Õ¬à“ß≈–‡Õ’¬¥ ·≈–„ÀâºŸâ
‡¢â“√à«¡‚§√ß°“√‡ Á́π™◊ËÕ„π„∫¬‘π¬Õ¡‡¢â“√à«¡‚§√ß°“√
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3. Õ“ “ ¡—§√ ÿà¡®—∫©≈“°‡æ◊ËÕ√—∫≈”¥—∫¢Õß°“√ª√–§∫
¥â«¬ ¿“«–Àπ÷Ëß (·ºàπª√–§∫√âÕπÀ√◊Õ≈Ÿ°ª√–§∫ ¡ÿπ‰æ√)
°àÕπ‡æ’¬ß§√—Èß‡¥’¬« ‚¥¬¡’™à«ßæ—° 1  —ª¥“Àå ·≈â«®÷ß√—∫°“√
ª√–§∫Õ’° ¿“«–Àπ÷Ëß

4. ‡µ√’¬¡·ºàπª√–§∫√âÕπ‚¥¬µâ¡„πÀ¡âÕ hydroculator
∑’ËÕÿ≥À¿Ÿ¡‘ 80 Õß»“‡´≈‡´’¬  °àÕπ∑¥≈Õß 2 ™—Ë«‚¡ß  ·≈–
≈Ÿ°ª√–§∫ ¡ÿπ‰æ√ ¥ ª√–°Õ∫¥â«¬ ‰æ≈ ¢¡‘Èπ™—π ¢¡‘ÈπÕâÕ¬
‡∂“‡ÕÁπÕàÕπ „∫‡ªÑ“ „∫Àπ“¥ º‘«¡–°√Ÿ¥ µ–‰§√â „∫¡–¢“¡
‡°≈◊Õ·°ß °“√∫Ÿ√ ·≈–æ‘¡‡ π π”‰ªπ÷Ëß∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß ÿ¥¢Õß
À¡âÕπ÷Ëß‰øøÑ“°àÕπ°“√∑¥≈Õß 30 π“∑’

5. «—¥§à“µ—«·ª√µà“ßÊ °àÕπ·≈–À≈—ß°“√∑¥≈Õß ¿“«–∑’Ë
1 ·≈– 2

5.1 Visual analogue scale (VAS) ¡’§–·ππ 0
∂÷ß 10 ‚¥¬¢’¥‡ âπµ—¥∫π‡ âπµ√ß¬“« 10 ‡´πµ‘‡¡µ√ ‡æ◊ËÕ
∫Õ°√–¥—∫§«“¡‡®Á∫ª«¥

5.2 Pain pressure threshold (PPT) ∑’Ë∫√‘‡«≥
trigger point ¢ÕßÀ≈—ß à«π≈à“ß ‚¥¬„™â‡§√◊ËÕß«—¥ algometer

5.3 Õÿ≥À¿Ÿ¡‘º‘«°“¬ (skin temperature) ∑’Ë∫√‘‡«≥
À≈—ß à«π≈à“ß (lower back) µ√ß µ”·Àπàß  trigger point

5.4 §«“¡¥—π‚≈À‘µ (blood pressure) ¥â«¬‡§√◊ËÕß
«—¥§«“¡¥—π·∫∫¥‘®‘µÕ≈ (bedside monitor, OPV 1500
lifescope N, Nihon Kohden, Japan) «—¥„π∑à“πÕπÀß“¬
5.5 Õ—µ√“°“√‡µâπÀ—«„® (heart rate) ¢≥–πÕπÀß“¬‚¥¬«—¥
∑’Ëª≈“¬π‘È«™’È

5.6 ¡ÿ¡°“√‡§≈◊ËÕπ‰À«¢ÕßÀ≈—ß (Thoracolumbar
spine range of motion) ‡ªìπ«‘∏’°“√¢Õß Schober ‚¥¬„™â

 “¬«—¥ «—¥§«“¡¬“«À≈—ßµ—Èß·µà √–¥—∫ C7 ∂÷ß S1 ¢≥–
Õ“ “ ¡—§√¬◊πµ√ß·≈–°â¡µ—« (trunk flexion) ¡“°∑’Ë ÿ¥ ‚¥¬
„Àâ‡¢à“‡À¬’¬¥µ√ß ∫—π∑÷°º≈ §à“·µ°µà“ß¢Õß§«“¡¬“«À≈—ß
√–À«à“ß∑à“°â¡µ—«·≈–¬◊πµ√ß

5.7 „ÀâÕ“ “ ¡—§√°√Õ°·∫∫ Õ∫∂“¡§«“¡æ÷ßæÕ„®
„π°“√‰¥â√—∫°“√√—°…“¥â«·ºàπª√–§∫√âÕπ·≈–≈Ÿ°ª√–§∫
 ¡ÿπ‰æ√

°“√‡°Á∫¢âÕ¡Ÿ≈
 ¿“«–∑’Ë 1 §◊Õ ·ºàπª√–§∫√âÕπ ®”π«π 2 ·ºàπ «“ß∑’Ë

∫√‘‡«≥À≈—ß¢ÕßÕ“ “ ¡—§√„π∑à“πÕπ§«Ë” „™â‡«≈“∑—ÈßÀ¡¥ 20
π“∑’ „™âºâ“ÀàÕ·ºàπª√–§∫√âÕπ‡æ◊ËÕ„Àâ√–¥—∫§«“¡√âÕπ‡À¡“– ¡
°—∫Õ“ “ ¡—§√ (√Ÿª∑’Ë 1°)

 ¿“«–∑’Ë 2 §◊Õ ≈Ÿ°ª√–§∫ ¡ÿπ‰æ√ ®”π«π 2 ≈Ÿ° „Àâ
Õ“ “ ¡—§√Õ¬Ÿà„π∑à“πÕπ§«Ë” À¡Õπ«¥·ºπ‰∑¬∑”°“√§≈÷ß
·≈–°¥∑’Ë∫√‘‡«≥À≈—ß¢ÕßÕ“ “ ¡—§√¥â«¬≈Ÿ°ª√–§∫ ¡ÿπ‰æ√
√âÕπ À¡Õπ«¥·ºπ‰∑¬∑¥ Õ∫√–¥—∫§«“¡√âÕπ‚¥¬„™â≈Ÿ°
ª√–§∫ —¡º— ∫π∑âÕß·¢πµ—«‡Õß°àÕπ „™â‡«≈“∑—ÈßÀ¡¥ 20 π“∑’
(√Ÿª∑’Ë 1¢)

°“√«‘‡§√“–Àåº≈
°“√»÷°…“«‘®—¬§√—Èßπ’È‡ªìπ°“√ÕÕ°·∫∫°“√∑¥≈Õß‡ªìπ

Cross over trial ·∫àß°≈ÿà¡Õ“ “ ¡—§√‚¥¬°“√ ÿà¡ „Àâ‰¥â√—∫
≈”¥—∫°“√√—°…“‡ªìπ AB À√◊Õ BA «‘‡§√“–Àåº≈∑“ß ∂‘µ‘‚¥¬„™â
independent ‡ª√’¬∫‡∑’¬∫√–À«à“ß ¿“«– ·≈–„™â dependent
sample t-test ‡ª√’¬∫‡∑’¬∫√–À«à“ß°àÕπ·≈–À≈—ß„π·µà≈–
 ¿“«–‚¥¬°”Àπ¥§à“§«“¡πà“®–‡ªìπ¢Õß§«“¡º‘¥æ≈“¥ (α)
‰«â∑’Ë 5% „™â‚ª√·°√¡ STATA 10

√Ÿª∑’Ë 1  °“√«“ß·ºàπª√–§∫√âÕπ (°) ·≈–°“√ª√–§∫ ¡ÿπ‰æ√ (¢)
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º≈°“√»÷°…“
     ≈—°…≥–æ◊Èπ∞“π¢ÕßÕ“ “ ¡—§√ª«¥À≈—ß à«π≈à“ß∑—ÈßÀ¡¥
24 §π (À≠‘ß 15  §π ·≈– ™“¬ 9 §π) Õ“¬ÿ‡©≈’Ë¬ 41 ± 8
ªï  à«π„À≠à‡ªìπ‡æ»À≠‘ß§‘¥‡ªìπ√âÕ¬≈– 62.5  πÈ”Àπ—°‡©≈’Ë¬
62.5 ± 6.4 °‘‚≈°√—¡ ÷́Ëß¡’§à“¥—™π’¡«≈°“¬ 25.1 ± 1.3
°‘‚≈°√—¡/‡¡µ√2  Õ“ “ ¡—§√¡’Õ“°“√ª«¥À≈—ß§àÕπ¢â“ßπâÕ¬
§à“‡©≈’Ë¬¢Õß√–¥—∫ VAS ¡“°°«à“ 3 §à“√–¥—∫ VAS π’È‡ªìπ
µ—«·ª√ ”§—≠„π°“√»÷°…“«‘®—¬§√—Èßπ’È ®“°°“√«‘‡§√“–Àå§à“
period effect ·≈– carry over effect æ∫«à“°“√√—°…“§√—Èß
·√°‰¡à¡’º≈µàÕ°“√√—°…“¥â«¬«‘∏’∑’Ë Õß µ“√“ß∑’Ë 1 ‡¡◊ËÕ¥Ÿ§à“
‡©≈’Ë¬¢Õß√–¥—∫ VAS ¢ÕßÕ“ “ ¡—§√ª«¥À≈—ß°àÕπ°“√
∑¥≈Õß∑—Èß Õß«‘∏’¡’§à“‡©≈’Ë¬„°≈â‡§’¬ß°—π¡“° ÷́ËßÕ“ “ ¡—§√
ª«¥À≈—ß„π°≈ÿà¡π’È‡ªìπºŸâªÉ«¬‚√§ª«¥À≈—ß‡√◊ÈÕ√—ß·≈–¡’Õ“°“√
§ß∑’Ëµ≈Õ¥ ®“°°“√‡ª√’¬∫‡∑’¬∫°àÕπ·≈–À≈—ß∑¥≈Õß¥â«¬
·ºàπª√–§∫√âÕπ·≈–≈Ÿ°ª√–§∫ ¡ÿπ‰æ√∑”„Àâ√–¥—∫ VAS
≈¥≈ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ 1.36 (P = 0.002) ·≈– 1.03
(P < 0.001) µ“¡≈”¥—∫ ·µà‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°“√√—°…“∑—Èß
 Õß«‘∏’‰¡à¡’§«“¡·µ°µà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ ¥—ß
· ¥ß„π µ“√“ß∑’Ë 2

¢âÕ¡Ÿ≈„πµ“√“ß∑’Ë 1 ·≈– 2 · ¥ß„Àâ‡ÀÁπ«à“ °“√√—°…“
¥â«¬ THB ‡∑à“π—Èπ∑’Ë¡’º≈∑”„Àâ PPT ‡æ‘Ë¡¢÷Èπ 0.85 kg/m2

Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘∑’Ë P = 0.001 ·µà‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫
√–À«à“ß Õß ¿“«–‰¡àæ∫§«“¡·µ°µà“ß°—π  à«π°“√√—°…“¥â«¬
HP ¡ÿ¡°“√‡§≈◊ËÕπ‰À«¢ÕßÀ≈—ß‡æ‘Ë¡¢÷ÈπÕ¬à“ß¡’π—¬ ”§—≠∑“ß
 ∂‘µ‘ §à“‡©≈’Ë¬ 0.49 ‡´πµ‘‡¡µ√ (P < 0.001) ·µà‰¡àæ∫

§«“¡·µ°µà“ß°—∫ THB
®“°°“√‡ª√’¬∫‡∑’¬∫√–À«à“ß Õß«‘∏’ (µ“√“ß∑’Ë 2) „π°“√

√—°…“¥â«¬ THB Õ—µ√“°“√‡µâπÀ—«„®≈¥≈ß¡“°°«à“ HP Õ¬à“ß
¡’π—¬ ”§—≠∑“ß ∂‘µ‘ §à“§«“¡·µ°µà“ß‡©≈’Ë¬ 3.5 §√—Èß/π“∑’
(95% CI: -1.13 ∂÷ß -5.37 §√—Èß/π“∑’, P = 0.006) ·µà
°“√√—°…“¥â«¬ HP ¡’Õÿ≥À¿Ÿ¡‘º‘«°“¬‡æ‘Ë¡¢÷Èπ¡“°°«à“ THB
Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ ‚¥¬§à“§«“¡·µ°µà“ß‡©≈’Ë¬ 0.49
Õß»“‡´≈‡´’¬  (95% CI: 0. 06 ∂÷ß 0.91 Õß»“‡´≈‡´’¬ ,
P = 0.03)

®“°°“√»÷°…“‡ª√’¬∫‡∑’¬∫º≈°“√√—°…“∑—Èß Õß«‘∏’æ∫«à“
Õ“°“√ª«¥À≈—ß¢ÕßÕ“ “ ¡—§√∑’Ë· ¥ß¥â«¬§à“ VAS ≈¥≈ß
·µà∑—Èß Õß«‘∏’‰¡à¡’§«“¡·µ°µà“ß°—π ·≈–§«“¡√âÕπ®“° THB
∑”„ÀâÕ—µ√“°“√‡µâπÀ—«„®≈¥≈ß¡“°°«à“ HP ·µà°“√„™â HP ∑”„Àâ
Õÿ≥À¿Ÿ¡‘º‘«°“¬ Ÿß¡“°°«à“ THB Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘
 ”À√—∫§«“¡¥—π‚≈À‘µ¢ÕßÕ“ “ ¡—§√Õ¬Ÿà„π√–¥—∫ª°µ‘ ·≈–
∑—Èß Õß«‘∏’‰¡àæ∫§«“¡·µ°µà“ß°—π
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µ“√“ß∑’Ë 2 °“√‡ª√’¬∫‡∑’¬∫§«“¡·µ°µà“ß¢Õß√–¥—∫§«“¡ª«¥·≈–§à“∑“ß √’√«‘∑¬“√–À«à“ß°“√„™â·ºàπª√–§∫√âÕπ·≈–≈Ÿ°ª√–§∫
 ¡ÿπ‰æ√„π§πª«¥À≈—ß ®”π«π 24 §π

À¡“¬‡Àµÿ µ“√“ß· ¥ß §à“‡©≈’Ë¬§«“¡·µ°µà“ß¢Õßµ—«·ª√ ‡ª√’¬∫‡∑’¬∫√–À«à“ß Õß«‘∏’
*  À¡“¬∂÷ß P-value < 0.05, **  À¡“¬∂÷ß P-value < 0.01

«‘®“√≥å·≈– √ÿªº≈°“√»÷°…“
®“°º≈°“√∑¥≈Õß· ¥ß„Àâ‡ÀÁπ«à“ °“√√—°…“∑—Èß Õß«‘∏’π’È

„Àâº≈„π°“√≈¥ª«¥‰¥â‰¡à·µ°µà“ß°—π„πÕ“ “ ¡—§√ª«¥À≈—ß
‡¡◊ËÕæ‘®“√≥“√–¥—∫Õ“°“√ª«¥À≈—ß¢ÕßÕ“ “ ¡—§√°àÕπ∑”°“√
∑¥≈Õß¡’Õ“°“√ª«¥‡≈Á°πâÕ¬§à“ VAS Õ¬Ÿà∑’Ë√–¥—∫ 3.43-3.7
Õ“®®–‡ªìπªí®®—¬Àπ÷Ëß∑’Ë∑”„ÀâÕ“ “ ¡—§√√Ÿâ ÷°ª«¥≈¥≈ß‰¡à
¡“°π—° ·≈–æ∫«à“ PPT ‡æ‘Ë¡¢÷ÈπÀ≈—ß®“°∑’ËÕ“ “ ¡—§√‰¥â√—∫
≈Ÿ°ª√–§∫ ¡ÿπ‰æ√ §≥–ºŸâ«‘®—¬¡’§«“¡‡ÀÁπ«à“°“√π«¥À√◊Õ
°¥§≈÷ß∫√‘‡«≥∑’Ëª«¥·≈–º≈¢Õß§«“¡√âÕπ∑”„Àâ§«“¡√Ÿâ ÷°
°¥‡®Á∫¥’¢÷ÈπÀ√◊Õ∑πµàÕ°“√°¥‰¥â¡“°¢÷Èπ Õ∏‘∫“¬‚¥¬∑ƒ…Æ’
gate control ·≈–§«“¡√âÕπ∑’Ë‡æ‘Ë¡¢÷Èπ∑”„Àâ°“√√—∫√Ÿâ§«“¡
‡®Á∫ª«¥≈¥≈ß (heat pain sensitivity)(9)  ∂÷ß·¡â«à“§«“¡∑π
µàÕÕ“°“√‡®Á∫ª«¥®–¥’¢÷Èπ®“°§à“ PPT ∑’Ë Ÿß¢÷Èπ„π ¿“«–∑’Ë‰¥â
√—∫≈Ÿ°ª√–§∫ ¡ÿπ‰æ√ ·µà∑—Èß Õß«‘∏’„Àâº≈„π°“√≈¥Õ“°“√
ª«¥À≈—ß‰¡à·µ°µà“ß°—π

§«“¡√âÕπ¡’º≈∑”„ÀâÕ“°“√ª«¥≈¥≈ß·≈–¬—ß™à«¬„Àâ¡ÿ¡
°“√‡§≈◊ËÕπ‰À«¢ÕßÀ≈—ß‡æ‘Ë¡¢÷Èπ®“°°“√‰¥â√—∫§«“¡√âÕπ·∫∫
·ºàπª√–§∫Õ¬à“ßµàÕ‡π◊ËÕß 20 π“∑’ °“√„Àâ§«“¡√âÕπ∑’ËµàÕ
‡π◊ËÕß·≈–§«“¡√âÕπ°√–®“¬∑—Ë«∑ÿ° à«π∑’Ë«“ß·ºàπª√–§∫√âÕπ

Õ“®®–¥’°«à“°“√„™â≈Ÿ°ª√–§∫ ¡ÿπ‰æ√  à«π°“√„™â≈Ÿ°ª√–§∫
 ¡ÿπ‰æ√¡’°“√¬°≈Ÿ°ª√–§∫¢÷Èπ‡æ◊ËÕ‡ª≈’Ë¬πµ”·Àπàßπ«¥§≈÷ß
µ≈Õ¥‡«≈“ ®÷ß∑”„Àâ‰¥â√—∫§«“¡√âÕπ‰¡à ¡Ë”‡ ¡Õ∑—Ë«·ºàπ
°≈â“¡‡π◊ÈÕÀ≈—ß¢ÕßÕ“ “ ¡—§√ «‘∏’°“√∑’Ëµà“ß°—π‡ªìπ ‘Ëß ”§—≠
®“°√“¬ß“π°“√«‘®—¬¢Õß Funk ·≈–§≥–(10) æ∫«à“§«“¡√âÕπ
®“°·ºàπ√âÕπ™◊Èπ (moist heat pack) ™à«¬∑”„Àâ°≈â“¡‡π◊ÈÕ
hamstring ¬◊¥À¬ÿàπ¢÷Èπ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫°“√¬◊¥°≈â“¡‡π◊ÈÕ
§â“ß‰«â (static passive stretching) · ¥ß«à“ §«“¡√âÕπµ◊Èπ
™à«¬‡æ‘Ë¡§«“¡¬◊¥À¬ÿàπ‰¥â¥’°«à“°“√¬◊¥°≈â“¡‡π◊ÈÕ ·µà¡’∫“ß
°“√»÷°…“∑’Ëæ∫«à“ °“√„™â·ºàπ√âÕπ™◊Èπ ‰¡à¡’º≈µàÕ§«“¡¬◊¥
À¬ÿàπÀ√◊Õ§«“¡¬“«¢Õß°≈â“¡‡π◊ÈÕ hamstring(11,12) ·µà°“√
»÷°…“‡À≈à“π’È∑¥≈Õß„πÕ“ “ ¡—§√ª°µ‘´÷Ëß¡’§«“¡¬◊¥À¬ÿàπ
¢Õß°≈â“¡‡π◊ÈÕª°µ‘·≈–‰¡à¡’ªí≠À“Õ“°“√ª«¥·≈–µ÷ß°≈â“¡
‡π◊ÈÕÀ≈—ß ´÷Ëß·µ°µà“ß°—∫°“√»÷°…“«‘®—¬§√—Èßπ’È Nadler ·≈–
§≥–(13) »÷°…“‡ª√’¬∫‡∑’¬∫°“√ÀàÕ§«“¡√âÕπ (heat wrap) °—∫
„Àâ¬“À≈Õ°„πºŸâªÉ«¬ª«¥À≈—ß à«π≈à“ß‡©’¬∫æ≈—πæ∫«à“ °“√
ÀàÕ§«“¡√âÕπ≈¥ª«¥·≈–Õ“°“√°≈â“¡‡π◊ÈÕµ÷ß·¢Áß ·≈–‡æ‘Ë¡
§«“¡¬◊¥À¬ÿàπ≈”µ—«¥â“π¢â“ß‰¥â¥’°«à“°“√„™â¬“À≈Õ°
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Õ—µ√“°“√‡µâπÀ—«„®¢ÕßÕ“ “ ¡—§√∑’Ë‰¥â√—∫≈Ÿ°ª√–§∫
 ¡ÿπ‰æ√≈¥≈ß¡“°°«à“°“√√—°…“¥â«¬·ºàπª√–§∫√âÕπÕ¬à“ß¡’
π—¬ ”§—≠ ·µà°“√≈¥≈ßª√–¡“≥ 4 §√—Èß/π“∑’ Õ“®®–‰¡à¡’
§«“¡ ”§—≠„π∑“ß§≈‘π‘° „π°“√»÷°…“π’Èæ∫«à“ °“√„™â≈Ÿ°ª√–§∫
 ¡ÿπ‰æ√∑”„ÀâÕ—µ√“°“√‡µâπÀ—«„®≈¥≈ß¡“°°«à“·ºàπª√–§∫
√âÕπ ÷́Ëß‰¥â√—∫§«“¡√âÕπ„π√–¥—∫∑’Ë„°≈â‡§’¬ß°—π·≈–√–¥—∫
§«“¡ª«¥≈¥≈ß‰¡à·µ°µà“ß°—π ≈—°…≥–¢Õß«— ¥ÿ·≈–«‘∏’°“√
∑’Ë·µ°µà“ß°—π¢Õß Õß«‘∏’π’È§◊Õ ≈Ÿ°ª√–§∫ ¡ÿπ‰æ√¡’°≈‘Ëπ¢Õß
 ¡ÿπ‰æ√·≈–«‘∏’°“√π«¥§≈÷ß∫π°≈â“¡‡π◊ÈÕÀ≈—ßπ’ÈÕ“®®–™à«¬
„ÀâÕ“ “ ¡—§√√Ÿâ ÷°ºàÕπ§≈“¬§«“¡µ÷ß‡§√’¬¥¡“°°«à“ ‡Àµÿº≈
∑—Èß Õßª√–°“√π’ÈÕ“®®–∑”„ÀâÕ“ “ ¡—§√√Ÿâ ÷°ºàÕπ§≈“¬‰¥â¥’
°«à“«“ß·ºàπª√–§∫√âÕπ ®÷ß àßº≈∑”„ÀâÕ—µ√“°“√‡µâπÀ—«„®
≈¥≈ß„π¢≥–„™â≈Ÿ°ª√–§∫ ¡ÿπ‰æ√ ®“°°“√ Õ∫∂“¡Õ“ “
 ¡—§√∫“ß à«π¡’§«“¡™Õ∫°≈‘Ëπ¢Õß ¡ÿπ‰æ√  Ÿ¥¥¡·≈â«√Ÿâ ÷°
‚≈àß®¡Ÿ°·≈–ºàÕπ§≈“¬ ºŸâ«‘®—¬§‘¥«à“Õ“®®–‡ªìπº≈¢Õß°≈‘Ëπ
 ¡ÿπ‰æ√µà“ßÊ ∑’Ë‡ªìπ à«πª√–°Õ∫¢Õß≈Ÿ°ª√–§∫  °“√∫”∫—¥
√—°…“¥â«¬°≈‘ËπÀÕ¡®“°πÈ”¡—πÀÕ¡√–‡À¬ ∑’Ë °—¥®“° à«πµà“ßÊ
¢Õßæ◊™ ¡ÿπ‰æ√‡√’¬°«à“  ÿ«§π∏∫”∫—¥ (aromatherapy) ‡ªìπ
«‘∏’°“√√—°…“Õ’°∑“ß‡≈◊Õ°Àπ÷Ëß∑’Ëπ”æ◊™À√◊Õ ¡ÿπ‰æ√∑’Ë¡’°≈‘Ëπ
ÀÕ¡¡“„™âª√–‚¬™πå„π°“√√—°…“∑—Èß∑“ß¥â“π√à“ß°“¬·≈–®‘µ„®
 ÿ«§π∏∫”∫—¥°”≈—ß‡ªìπ∑’Ëπ‘¬¡„πªí®®ÿ∫—π °≈‘ËπÀÕ¡®“°¥Õ°‰¡â
À√◊Õ ¡ÿπ‰æ√∑”„Àâ‡°‘¥§«“¡√Ÿâ ÷°ºàÕπ§≈“¬§«“¡‡§√’¬¥‰¥â ‚¥¬
¡’°“√»÷°…“«‘®—¬¬◊π¬—π ‰¥â·°à Shiina ·≈–§≥–(14) »÷°…“º≈
¢ÕßÕ‚√¡à“‡∑Õ√“ªïòÀ√◊Õ ÿ«§π∏∫”∫—¥¢Õß°≈‘Ëπ≈“‡«π‡¥Õ√å
(lavender aromatherapy) „πºŸâ™“¬Õ“¬ÿ‡©≈’Ë¬ 30 ªï æ∫«à“
√–¥—∫ cortisol „π ’́√—Ë¡≈¥≈ß ÷́Ëß∫àß∫Õ°∂÷ß¡’°“√ºàÕπ§≈“¬
(relaxation) ¥’¢÷Èπ ·≈–§à“ coronary flow velocity reserve
‡æ‘Ë¡¢÷Èπ À≈—ßÕ‚√¡à“‡∑Õ√“ªïò¥â«¬°≈‘Ëπ≈“‡«π‡¥Õ√åÕ“®®–¡’º≈
¥’µàÕ°“√‰À≈‡«’¬π‡≈◊Õ¥∑’Ë‰ª‡≈’È¬ßÀ—«„®„π∑—π∑’ §≥–ºŸâ«‘®—¬
§‘¥«à“‡¡◊ËÕÀ—«„®¡’‡≈◊Õ¥‰ª‡≈’È¬ß¡“°¢÷ÈπÕ“®®–∑”„ÀâÀ—«„®∑”ß“π
(work load) ≈¥≈ß Õ—µ√“°“√‡µâπÀ—«„®πà“®–≈¥≈ß¥â«¬ „π
√“¬ß“π¢Õß Muzzarelli ·≈–§≥–(15) ‰¡àæ∫º≈¢ÕßÕ‚√¡à“
‡∑Õ√“ªïò„π°“√≈¥§«“¡«‘µ°°—ß«≈Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘
·µà¡’√“¬ß“π«à“ºŸâªÉ«¬¡’§«“¡æ÷ßæÕ„®°—∫°≈‘Ëπ≈“‡«π‡¥Õ√å ´÷Ëß
¡’§«“¡ºàÕπ§≈“¬ “¡“√∂ àßº≈„ÀâºŸâªÉ«¬≈¥§«“¡‡§√’¬¥„π
°“√Õ¬Ÿà√—°…“∑’Ë‚√ßæ¬“∫“≈ ®“°°“√∑∫∑«π«√√≥°√√¡¢Õß
Fellowes ·≈–§≥–(16) ‡°’Ë¬«°—∫°“√π«¥·≈–°“√„™âÕ‚√¡à“
‡∑Õ√“ªïò√à«¡°—∫°“√π«¥ „™â‡ªìπ complementary therapy „π
°“√√—°…“Õ“°“√¢ÕßºŸâªÉ«¬¡–‡√Áß √“¬ß“ππ’È‰¥âÕâ“ß∂÷ßª√–‚¬™πå

µàÕ ¿“æ®‘µ„®„π™à«ß —ÈπÊ ́ ÷ËßÕ“®®–¡’º≈µàÕÕ“°“√∑“ß√à“ß°“¬
¥â«¬  à«π°“√√—°…“¥â«¬Õ‚√¡à“‡∑Õ√“ªïò‡ªìπ°“√™à«¬ àß‡ √‘¡º≈
¢Õß°“√π«¥„Àâ¥’¢÷Èπ °“√»÷°…“«‘®—¬„π√–¬–¬“«¢Õß°“√√—°…“
∑’ËµàÕ‡π◊ËÕß¬—ß¡’§«“¡®”‡ªìπÕ¬à“ß¬‘Ëß Õ¬à“ß‰√°Áµ“¡ Õ‚√¡à“‡∑
Õ√“ªïò∑’Ë»÷°…“ à«π„À≠à‡ªìπ°“√„™â°≈‘ËπÀÕ¡®“°¥Õ°‰¡â‡æ◊ËÕ
À«—ßº≈¢Õß°“√ºàÕπ§≈“¬·≈–≈¥§«“¡µ÷ß‡§√’¬¥ °“√„™â
 ¡ÿπ‰æ√‰∑¬‡æ◊ËÕºàÕπ§≈“¬·≈–≈¥§«“¡µ÷ß‡§√’¬¥¬—ß‰¡à¡’
À≈—°∞“π¬◊π¬—π∑’Ë™—¥‡®π ¥—ßπ—Èπ „πÕπ“§µ®÷ß‡ªìπª√–‡¥Áπ∑’Ë
πà“ π„®„π°“√»÷°…“º≈¢Õß‚√¡à“‡∑Õ√“ªïò¢Õß°≈‘Ëπ ¡ÿπ‰æ√‰∑¬
     πÕ°®“°π’È°“√„™â≈Ÿ°ª√–§∫ ¡ÿπ‰æ√√âÕπÕ“®®–¡’§«“¡
¬ÿàß¬“°¡“°°«à“‡æ√“–µâÕßÕ“»—¬À¡Õπ«¥·ºπ‰∑¬ §≈÷ß
≈Ÿ°ª√–§∫‰ªµ“¡ à«πµà“ßÊ ¢Õß√à“ß°“¬  à«π·ºàπª√–§∫√âÕπ
«“ß∫√‘‡«≥∑’ËµâÕß°“√‰¥âπ“πµ“¡∑’ËµâÕß°“√ °“√‰¥â√—∫§«“¡
√âÕπÕ¬à“ßµàÕ‡π◊ËÕßÕ“®®–‡ªìπ ‘Ëß¥’∑’Ë∑”„ÀâºŸâªÉ«¬Õ“°“√ª«¥
≈¥≈ß‰¥âπ“π°«à“ Õ¬à“ß‰√°Áµ“¡ ®“°°“√ Õ∫∂“¡Õ“ “ ¡—§√
„π¥â“π§«“¡æ÷ßæÕ„®æ∫«à“√âÕ¬≈– 70.8 ™Õ∫≈Ÿ°ª√–§∫
 ¡ÿπ‰æ√¡“°°«à“‡æ√“–√Ÿâ ÷° ∫“¬‡¡◊ËÕ¡’§«“¡√âÕπ·≈–·√ß
°¥∫π°≈â“¡‡π◊ÈÕÀ≈—ß‚¥¬‡©æ“–°“√°¥≈ß∫√‘‡«≥ trigger point
·≈–°“√‰¥â°≈‘ËπÀÕ¡¢Õß ¡ÿπ‰æ√∑”„Àâ√Ÿâ ÷°À“¬„® ¥™◊Ëπ

 √ÿª°“√√—°…“Õ“°“√ª«¥À≈—ß¥â«¬·ºàπª√–§∫√âÕπ·≈–
≈Ÿ°ª√–§∫ ¡ÿπ‰æ√√âÕπ„Àâº≈≈¥Õ“°“√ª«¥‰¡à·µ°µà“ß°—π
„πÕ“ “ ¡—§√ª«¥À≈—ß ∂÷ß·¡â«à“§«“¡√âÕπ∑’Ë‰¥â√—∫®“°·ºàπ
ª√–§∫√âÕπ®–∑”„ÀâÕÿ≥À¿Ÿ¡‘º‘«°“¬ Ÿß°«à“·≈–™à«¬„Àâ¡ÿ¡
°“√‡§≈◊ËÕπ‰À«¢ÕßÀ≈—ß¡’§«“¡¬◊¥À¬ÿàπ‰¥â¥’°«à“ ·µà ”À√—∫
°“√√—°…“¥â«¬≈Ÿ°ª√–§∫ ¡ÿπ‰æ√√âÕπ∑’Ë„Àâ°≈‘Ëπ ¡ÿπ‰æ√‰∑¬
Õ“®®–™à«¬∑”„Àâ√Ÿâ ÷°ºàÕπ§≈“¬‰¥â¥’°«à“ §≥–ºŸâ«‘®—¬¡’§«“¡
‡ÀÁπ«à“§«“¡√âÕπ∑—Èß Õß™π‘¥„Àâº≈¥’„π°“√≈¥ª«¥‡À¡◊Õπ°—π
 ‘Ëß ”§—≠∑’Ë§«√§”π÷ß∂÷ß§◊Õ §«“¡ –¥«°„π°“√π”‰ª„™â  √“§“
º≈‘µ¿—≥±å ·≈–°“√„Àâª√–‚¬™πå Ÿß ÿ¥®–‡ªìπ‡Àµÿº≈ ”§—≠
„π°“√µ—¥ ‘π„®π”‰ª„™âµàÕ‰ª ¥—ßπ—Èπ°“√ª√–¬ÿ°µå√Ÿª·∫∫
º≈‘µ¿—≥±å¢Õß≈Ÿ°ª√–§∫ ¡ÿπ‰æ√„Àâ “¡“√∂«“ßµ√ß∫√‘‡«≥
∑’Ë®–√—°…“‰¥âÕ¬à“ßµàÕ‡π◊ËÕß πà“®–‡ªìπ√Ÿª·∫∫∑’Ë‡À¡“– ¡∑’Ë ÿ¥

°‘µµ‘°√√¡ª√–°“»
¢Õ¢Õ∫§ÿ≥ ”π—°ß“π§≥–°√√¡°“√«‘®—¬·Ààß™“µ‘  ∑’Ë‰¥â

„Àâ°“√ π—∫ πÿπß∫ª√–¡“≥„π°“√∑”»÷°…“«‘®—¬§√—Èßπ’È ·≈–
 “¬«‘™“°“¬¿“æ∫”∫—¥ §≥–‡∑§π‘§°“√·æ∑¬å ¡À“«‘∑¬“≈—¬
¢Õπ·°àπ ∑’Ë‰¥â π—∫ πÿπ«— ¥ÿ§√ÿ¿—≥±å·≈– ∂“π∑’Ë„π°“√∑”«‘®—¬
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‡√’¬π ∫√√≥“∏‘°“√«“√ “√‡∑§π‘§°“√·æ∑¬å·≈–°“¬¿“æ∫”∫—¥
‡¡◊ËÕ«—π∑’Ë 30 ¡°√“§¡ 2552 ‰¥â¡’‚Õ°“ ‰ªπ‘‡∑»ß“π·≈–µ√«®‡¬’Ë¬¡π—°»÷°…“‡∑§π‘§°“√·æ∑¬å ¡À“«‘∑¬“≈—¬¢Õπ·°àπ

∑’Ë‰ªΩñ°ªØ‘∫—µ‘ß“πÕ¬Ÿà∑’Ë‚√ßæ¬“∫“≈ ¡‡¥Á®æ√–∫√¡√“™‡∑«’ ≥ »√’√“™“ ®—ßÀ«—¥™≈∫ÿ√’ „πªïπ’È§≥–‡∑§π‘§°“√·æ∑¬å ¡.¢Õπ·°àπ
‰¥â àßπ—°»÷°…“™—Èπªï∑’Ë 4 ‡ªìπºŸâÀ≠‘ß®”π«π 4 §π §◊Õ π. .π‘µ¬“ §â“§ÿâ¡, π. . π‘¿“π¿—∑√ ¬◊ππ“π, π. . «‘¿“æ√ ÕàÕπ≈“ ·≈–
π. . »»‘∏√ §“¥ π‘∑ ¡“Ωñ°ªØ‘∫—µ‘ß“π∑’Ëπ’Ë ‚√ßæ¬“∫“≈ ¡‡¥Á®æ√–∫√¡√“™‡∑«’ ≥ »√’√“™“·Ààßπ’È π—∫‡ªìπ‚√ßæ¬“∫“≈‡°à“·°à
¡’Õ“¬ÿ¡“°°«à“ 100 ªï·≈â« π—∫®“°‰¥â√—∫æ√–√“™∑“π°àÕµ—Èß¢÷Èπ„πªï æ.». 2545 ‚¥¬ ¡‡¥Á®æ√–»√’ «√‘π∑‘√“ ∫√¡√“™‡∑«’
æ√–æ—π«—  “Õ—¬¬‘°“‡®â“ ‡ªìπ‚√ßæ¬“∫“≈„π —ß°—¥¢Õß ¿“°“™“¥‰∑¬‡™àπ‡¥’¬«°—∫‚√ßæ¬“∫“≈®ÿÃ“≈ß°√≥å∑’Ë°√ÿß‡∑æ ·µà¡ÿàß„Àâ
∫√‘°“√∑“ß°“√·æ∑¬å·°àª√–™“™π„π∑âÕß∑’ËΩíòß∑–‡≈µ–«—πÕÕ°¢Õßª√–‡∑» ¡’æ◊Èπ∑’Ëµ‘¥∑–‡≈ ∫√√¬“°“»®÷ß√à¡√◊Ëπ·≈–¡’µâπ‰¡â„À≠à
‡ªìπ®”π«π¡“° ‚√ßæ¬“∫“≈·Ààßπ’È‰¥â¡’°“√æ—≤π“¡“‡ªìπ≈”¥—∫ ªí®®ÿ∫—π‡ªìπ‚√ßæ¬“∫“≈∑—Ë«‰ª¢π“¥ 500 ‡µ’¬ß ¡’∫ÿ§≈“°√
√«¡¡“°°«à“ 1,000 §π ¡’π—°‡∑§π‘§°“√·æ∑¬å√«¡ 12 §π·≈–‡®â“æπ—°ß“π«‘∑¬“»“ µ√å°“√·æ∑¬åÕ’°¡“°°«à“ 30 §π ΩÉ“¬
‡«™»“ µ√å™—π Ÿµ√¡’ §ÿ≥°—≠≠å ‘√‘ ‡®√‘≠∏√√¡‚™§ »‘…¬å‡°à“‡∑§π‘§°“√·æ∑¬å ¡À“«‘∑¬“≈—¬¢Õπ·°àπ ‡ªìπÀ—«Àπâ“ΩÉ“¬ „π°“√
‰ªπ‘‡∑»ß“π§√—Èßπ’È ‰¡à¡’‚Õ°“ ‰¥â‡¢â“æ∫ºŸâÕ”π«¬°“√‚√ßæ¬“∫“≈‡π◊ËÕß®“°µ‘¥√“™°“√∑’ËÕ◊Ëπ ·µà‰¥â‡¢â“æ∫√ÕßºŸâÕ”π«¬°“√‚√ßæ¬“∫“≈
æ.≠.√—µπ“ ·®âß¬Õ¥ ÿ¢ ºŸâ√—°…“√“™°“√·∑πºŸâÕ”π«¬°“√ ‡æ◊ËÕ¢Õ∫§ÿ≥

„π°“√¡“Ωñ°ªØ‘∫—µ‘ß“π§√—Èßπ’È π—°»÷°…“‚™§¥’∑’Ë¡’∑’Ëæ—°√“§“ª√–À¬—¥·≈–ª≈Õ¥¿—¬¿“¬„π‚√ßæ¬“∫“≈‚¥¬¡’π—°»÷°…“ 3 §π
æ—°„π‚√ßæ¬“∫“≈ Õ’° 1 §π‰ªæ—°∫â“π≠“µ‘πÕ°‚√ßæ¬“∫“≈ §ÿ≥°—≠≠å ‘√‘ ‰¥â®—¥„Àâπ—°»÷°…“·¬°Ωñ°‡ªìπ®ÿ¥Ê ≈–ª√–¡“≥ 3
«—π√«¡∑—Èß ‘Èπ 7 ®ÿ¥ ª√–°Õ∫¥â«¬ Àπà«¬™’«‡§¡’§≈‘π‘° Àπà«¬∏π“§“√‡≈◊Õ¥ Àπà«¬®ÿ≈™’««‘∑¬“§≈‘π‘° Àπà«¬¿Ÿ¡‘§ÿâ¡°—π«‘∑¬“
§≈‘π‘° Àπà«¬®ÿ≈∑√√»πå»“ µ√å§≈‘π‘° Àπà«¬ÀâÕßªØ‘∫—µ‘°“√ºŸâªÉ«¬πÕ° ·≈– Àπà«¬‡®“–‡≈◊Õ¥ ·µà≈–®ÿ¥π—°»÷°…“‰¥âΩñ°ªØ‘∫—µ‘
ß“π°—∫µ—«Õ¬à“ß®√‘ß¿“¬„µâ°“√¥Ÿ·≈‡Õ“„®„ à‡ªìπÕ¬à“ß¥’®“°Õ“®“√¬åæ‘‡»… ¡’°“√°”Àπ¥‡ªÑ“À¡“¬„π°“√Ωñ°ß“π„Àâπ—°»÷°…“‰¥â
ªØ‘∫—µ‘®√‘ß ‡™àπ °“√Ωñ°‡®“–‡≈◊Õ¥∑’Ëπ—°»÷°…“µâÕß‡®“–„Àâ‰¥â§√∫ 50 √“¬ ‡ªìπµâπ π—°»÷°…“®÷ß‰¥â√—∫§«“¡√Ÿâ·≈–ª√– ∫°“√≥å
µ√ß§àÕπ¢â“ß¡“°  √–∫∫ß“π™—π Ÿµ√‰¥â√—∫°“√√—∫√Õß¥â“π§ÿ≥¿“æ ª√–°Õ∫¥â«¬ ISO 9002: 1994 ‡¡◊ËÕªï æ.». 2544 ·≈–
ISO 9002 : 2000 „πªï æ.». 2546 ºà“π°“√√—∫√Õß¡“µ√∞“π‚√ßæ¬“∫“≈ (HA) ‚¥¬ ∂“∫—πæ—≤π“·≈–√—∫√Õß§ÿ≥¿“æ
¡“µ√∞“π‚√ßæ¬“∫“≈ „πªï æ.». 2546 ·≈–ªØ‘∫—µ‘ß“π¿“¬„µâ√–∫∫§ÿ≥¿“æµ“¡¡“µ√∞“πß“π‡∑§π‘§°“√·æ∑¬å æ.». 2544
·≈– 2547

®“°°“√‰¥â‡¬’Ë¬¡™¡ÀâÕßªØ‘∫—µ‘°“√·≈–‰¥âæŸ¥§ÿ¬°—∫π—°»÷°…“·≈–Õ“®“√¬åæ‘‡»… ‡ÀÁπ‰¥â™—¥‡®π«à“‚√ßæ¬“∫“≈·Ààßπ’È ‡ªìπ
 ∂“π∑’Ë∑’Ë‡À¡“– ¡ ”À√—∫°“√Ωñ°ß“π¢Õßπ—°»÷°…“ ¡’ÀâÕßªØ‘∫—µ‘°“√·≈–√–∫∫°“√∫√‘À“√®—¥°“√∑’Ë∑—π ¡—¬ ¢π“¥‰¡à„À≠à®π‡°‘π‰ª
 –Õ“¥·≈–‡ªìπ√–‡∫’¬∫ Õ“®“√¬åæ‘‡»…∑ÿ°∑à“π„Àâ°“√µâÕπ√—∫ ¡’Õ—∏¬“»—¬‰¡µ√’ ‡ªìπ¡‘µ√·≈–„Àâ°“√¥Ÿ·≈π—°»÷°…“‡ªìπÕ¬à“ß¥’ ·µà
¡’¢âÕ∑’Ë √ÿª‡ªìπ§«“¡‡ÀÁπµ√ß°—π«à“ πà“‡ ’¬¥“¬∑’Ëπ—°»÷°…“®“° ¡.¢Õπ·°àπ ¡’‡«≈“Ωñ°ß“π∑’Ëπ’Ë —Èπ‡°‘π‰ª °“√®—¥·∫àß„ÀâΩñ°„π
·µà≈–®ÿ¥‡æ’¬ß®ÿ¥≈– 3 «—π ‰¡à‡æ’¬ßæÕµàÕ°“√Ωñ°„Àâ‰¥â√—∫§«“¡√Ÿâ·≈–ª√– ∫°“√≥å∑’Ë‡æ’¬ßæÕ ‡¢â“„®«à“®–‡ªìπ¢âÕ§‘¥‡ÀÁπ∑’Ëµ√ß
°—∫‚√ßæ¬“∫“≈Õ◊ËπÊÕ’°À≈“¬‚√ßæ¬“∫“≈∑’Ë§≥–Õ“®µâÕßπ”°≈—∫‰ªæ‘®“√≥“ª√—∫ª√ÿß√“¬«‘™“ 450 451 °“√Ωñ°ªØ‘∫—µ‘°“√„π
‚√ßæ¬“∫“≈„Àâ‡À¡“– ¡µàÕ‰ª „π™à«ß√–¬–‡«≈“∑’Ë‰ªΩñ°ß“ππ’È ¡’π—°»÷°…“‡∑§π‘§°“√·æ∑¬å®“°®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬·≈–
¡À“«‘∑¬“≈—¬À—«‡©’¬«‡©≈‘¡æ√–‡°’¬√µ‘ ‰ªΩñ°ªØ‘∫—µ‘ß“πÕ¬Ÿà¥â«¬ π—°»÷°…“®“°∑—Èß Õß ∂“∫—π¥—ß°≈à“«π’È ¡’√–¬–‡«≈“„π°“√
Ωñ°ß“ππ“π°«à“π—°»÷°…“®“° ¡.¢Õπ·°àπ ®÷ß‰¥â√—∫ª√– ∫°“√≥å·≈–§«“¡™”π“≠¡“°°«à“
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§«“¡‰«µàÕ “√µâ“π‡™◊ÈÕ√“¢Õß Candida species ∑’Ë·¬°‰¥â®“° sterile sites
¢ÕßºŸâªÉ«¬„π‚√ßæ¬“∫“≈»√’π§√‘π∑√å
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∫∑§—¥¬àÕ
°“√µ√«®À“§à“§«“¡‡¢â¡¢âπµË” ÿ¥∑’Ë¬—∫¬—Èß°“√‡®√‘≠¢Õß‡™◊ÈÕ√“ (Minimum inhibitory concentration : MIC) ·≈–


√Ÿª·∫∫§«“¡‰«µàÕ¬“µâ“π‡™◊ÈÕ√“¢Õß‡™◊ÈÕ Candida species ∑’Ë·¬°‰¥â®“° ‘Ëß àßµ√«® sterile sites ¢ÕßºŸâªÉ«¬„π‚√ßæ¬“∫“≈
»√’π§√‘π∑√å®”π«π 46  isolates ´÷Ëßª√–°Õ∫¥â«¬‡™◊ÈÕ Candida albicans 24 isolates ‡™◊ÈÕ Candida tropicalis 9
isolates ‡™◊ÈÕ Candida parapsilosis, Candida glabata Õ¬à“ß≈– 5 isolates Candida spp. 2 isolates ·≈– C. krusei
1 isolate π”‡™◊ÈÕ∑—ÈßÀ¡¥¡“µ√«®À“§à“ MIC µàÕ¬“µâ“π‡™◊ÈÕ√“ 7 ™π‘¥ ‰¥â·°à amphotericin B, fluconazole, itraconazole,
ketoconazole, flucytosine, voriconazole, ·≈– caspofungin ‚¥¬„™â Sensititre YeastOne „π°“√∑¥ Õ∫ º≈°“√»÷°…“
æ∫«à“‡™◊ÈÕ C. albicans „Àâº≈‰«µàÕ¬“ fluconazole, flucytosine ·≈– voriconazole √âÕ¬≈– 100 ·≈–„Àâº≈‰«µàÕ¬“
itraconazole √âÕ¬≈– 96  ‡™◊ÈÕ Candida spp. Õ◊Ëπ Ê „Àâº≈‰«µàÕ¬“ voriconazole √âÕ¬≈– 100 ‡™àπ°—π ‰«µàÕ¬“ fluconazole,
flucytosine ·≈– itraconazole √âÕ¬≈– 77, 91 ·≈– 55 µ“¡≈”¥—∫  §à“ MIC


50
 ·≈–§à“ MIC


90 
¢Õß‡™◊ÈÕ C. albicans µàÕ¬“


amphotericin B ¡’§à“‡∑à“°—π§◊Õ 0.5 µg/ml µàÕ¬“ fluconazole ‡∑à“°—∫ 0.25 ·≈– 0.5 µg/ml µ“¡≈”¥—∫ µàÕ¬“ itraconazole
‡∑à“°—∫ 0.032 ·≈– 0.064 µg/ml µ“¡≈”¥—∫ µàÕ¬“ ketoconazole ¡’§à“‡∑à“°—π§◊ÕπâÕ¬°«à“ 0.008 µg/ml µàÕ¬“ flucytosine
‡∑à“°—∫ 0.12 ·≈– 0.24 µg/ml µ“¡≈”¥—∫ µàÕ¬“ voriconazole ¡’§à“‡∑à“°—π§◊ÕπâÕ¬°«à“ 0.008 µg/ml ·≈–¬“ caspofungin
¡’§à“‡∑à“°—π§◊Õ 0.064 µg/ml  ”À√—∫‡™◊ÈÕ Candida spp. Õ◊Ëπ Ê „Àâ§à“ MIC


50
 ·≈– MIC


90
 µàÕ¬“ amphotericin B ¡’§à“


‡∑à“°—π§◊Õ 0.5 µg/ml µàÕ¬“ fluconazole ‡∑à“°—∫ 1 ·≈– 16 µg/ml µ“¡≈”¥—∫ ®“°°“√»÷°…“§√—Èßπ’È √ÿª‰¥â«à“¬“∑’Ë¥’∑’Ë ÿ¥§◊Õ
voriconazole ‡æ√“–„Àâº≈‰«√âÕ¬≈– 100 ∑—Èß‡™◊ÈÕ C. albicans ·≈– Candida spp Õ◊Ëπ Ê √Õß≈ß¡“ §◊Õ¬“ flucytosine ·≈–
fluconazole


§” ”§—≠ : °“√∑¥ Õ∫§«“¡‰«µàÕ¬“µâ“π‡™◊ÈÕ√“ §«“¡‡¢â¡¢âπµË” ÿ¥∑’Ë¬—∫¬—Èß°“√‡®√‘≠¢Õß‡™◊ÈÕ Candida albicans, Candida
spp.
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Antifungal susceptibility of Candida species isolated from sterile sites
of patients admitted in Srinagarind hospital
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Sukanya Srigulbutr1, Keskaew Pienthaweechai2,3*, Supaporn Puapermpoonsiri2,3, Chularut Pariyachatigul2,3, Prajuab Chaimanee1


1 Clinical Microbiology Unit, Faculty of Medicine, Srinagarind Hospital, 2 Faculty of Associated Medical Sciences,
  Khon Kaen  University,  3Centre for Research and Development of Medical Diagnostic Laboratories, Khon Kaen
  University
* Corresponding author (e-mail: keskaew@kku.ac.th)


Abstract
The minimum inhibitory concentrations (MIC) and susceptibility patterns of Candida species isolated from


sterile sites of patients in Srinagarind hospital were determined. The 46 isolates of Candida spp. compose of 24
isolates of Candida albicans, 9 isolates of Candida tropicalis, 5 isolates of Candida parapsilosis, 5 isolates of
Candida glabrata; 2 isolates of Candida spp. and 1 isolate of C. krusei. All isolates were tested for MIC
determination against 7 antifungal agents; amphotericin B, fluconazole, itraconazole, ketoconazole, flucytosine,
voriconazole and caspofungin by Sensititre YeastOne colorimetric antifungal panel. All C. albicans isolates
were susceptible to fluconazole, flucytosine and voriconazole whereas 96% of them were susceptible to itraconazole.
Similar results occurred when tested with other Candida spp. All of Candida spp. isolates were susceptible to
voriconazole. Susceptibility to fluconazole, flucytosine and itraconazole were 77%, 91% and 55% respectively.
MIC


50
 and MIC


90 
of C. albicans against amphotericin B were the same concentration at 0.5 µg/ml, fluconazole


were 0.25 and 0.5 µg/ml, itraconazole were 0.032 and 0.064 µg/ml, ketoconazole were the same level at <
0.008 µg/ml; flucytosine were 0.12 and 0.24 µg/ml; voriconazole were the same level at < 0.008 µg/ml and
caspofungin were the same concertration at 0.06 µg/ml. MIC


50
 and MIC


90 
of Candida spp. to amphotericin B


were the same concentration at 0.5 µg/ml; fluconazole were 1 and 16 µg/ml respectively. The results showed
that the first choice of antifungal agents was voriconazole because of 100% susceptibility against both
C. albicans and Candida spp. The second choices were flucytosine and fluconazole.


Key words:  Antifungal susceptibility;  MIC, Candida albicans, Candida spp.
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∫∑π”
„π™à«ß 20 ªï∑’Ëºà“π¡“ Õÿ∫—µ‘°“√≥å¢Õß°“√µ‘¥‡™◊ÈÕ√“„πºŸâ


ªÉ«¬‰¥â‡æ‘Ë¡¢÷Èπ Candida spp. ‡ªìπ “‡Àµÿ ”§—≠Àπ÷Ëß∑’Ë°àÕ„Àâ
‡°‘¥°“√µ‘¥‡™◊ÈÕ·∫∫≈ÿ°≈“¡∑’Ë§ÿ°µ“¡µàÕ ÿ¢¿“æºŸâªÉ«¬
immunocompromised host ºŸâªÉ«¬À≈—ßºà“µ—¥ ºŸâªÉ«¬¡–‡√Áß
∑’Ë‰¥â√—∫°“√√—°…“¥â«¬ “√‡§¡’ (chemotherapy) ·≈–ºŸâªÉ«¬
µ‘¥‡™◊ÈÕ Human immunodeficiency virus ∑”„Àâ‡°‘¥‚√§
µ‘¥‡™◊ÈÕ„π‡≈◊Õ¥·≈–‡ ’¬™’«‘µ„π∑’Ë ÿ¥ Õ—µ√“°“√µ‘¥‡™◊ÈÕ Candida
spp. „π°√–· ‡≈◊Õ¥‰¥â‡æ‘Ë¡¢÷Èπ∑—Ë«‚≈° ®“°°“√»÷°…“¢Õß
Samra ·≈–§≥– æ∫°“√‡ ’¬™’«‘µ®“°°“√µ‘¥‡™◊ÈÕ Candida
albicans „π°√–· ‡≈◊Õ¥ºŸâªÉ«¬¡–‡√ÁßÀ≈—ß°“√ºà“µ—¥„À≠à
√âÕ¬≈– 25-60 ·≈–æ∫°“√µ‘¥‡™◊ÈÕ non-Candida albicans
√âÕ¬≈– 35-65 ‚¥¬∑—Ë«‰ªºŸâªÉ«¬‡À≈à“π’È¡’‚Õ°“  Ÿß∑’Ë®–µ‘¥
‡™◊ÈÕ√“©«¬‚Õ°“ Õ¬Ÿà·≈â« ¥â«¬‡Àµÿπ’È®÷ß¡’°“√„™â¬“µâ“π‡™◊ÈÕ√“
„π°“√√—°…“‡æ‘Ë¡¢÷Èπ‡ªìπº≈„Àâ‡°‘¥‡™◊ÈÕ “¬æ—π∏ÿå∑’Ë¥◊ÈÕ¬“µâ“π
‡™◊ÈÕ√“¡“°¢÷Èπ(1-4) °“√°√–®“¬¢Õß ªï´’ å·≈–§«“¡‰«µàÕ “√
µâ“π‡™◊ÈÕ√“¢Õß‡™◊ÈÕ Candida spp. ®–·µ°µà“ß°—π‰ª„π
·µà≈–ª√–‡∑» ·µà≈–¿Ÿ¡‘¿“§·≈– ∂“∫—π∑’Ë»÷°…“ ¡’Õÿ∫—µ‘°“√≥å
¢Õß°“√¥◊ÈÕ¬“µâ“π‡™◊ÈÕ√“„π Candida spp. ‡æ‘Ë¡¢÷Èπ(5-7)


°“√‡ª≈’Ë¬π·ª≈ß·∫∫·ºπ§«“¡‰«µàÕ¬“µâ“π‡™◊ÈÕ√“∑’Ëæ∫π’È
∑”„ÀâÀâÕßªØ‘∫—µ‘°“√®”‡ªìπµâÕß¡’¢âÕ¡Ÿ≈‡°’Ë¬«°—∫√Ÿª·∫∫¢Õß
§«“¡‰«µàÕ¬“µâ“π‡™◊ÈÕ√“∑’Ë‡ªìπªí®®ÿ∫—π‡æ◊ËÕ„Àâ·æ∑¬å„™â‡ªìπ
·π«∑“ß„π°“√‡≈◊Õ°¬“µâ“π‡™◊ÈÕ√“‡æ◊ËÕ√—°…“ºŸâªÉ«¬‰¥âÕ¬à“ß
‡À¡“– ¡ „πªí®®ÿ∫—π°“√√—°…“‚√§µ‘¥‡™◊ÈÕ√“®–π‘¬¡„™â
anphotericin B, fluconazole ·≈– flucytosine ÷́Ëßæ∫«à“
‰¥âº≈¥’ ·≈–¡’°“√π” extended-spectrum triazoles „À¡à Ê
‡™àπ voriconazole, posaconazole ·≈– ravuconazole
‡¢â“¡“„π‚ª√·°√¡°“√√—°…“‚¥¬‡©æ“–„π Candida spp.
∑’Ë¥◊ÈÕ fluconazole ¥—ßπ—Èπ®÷ß¡’°“√π”¬“‡À≈à“π’È‡¢â“¡“„π™ÿ¥
°“√∑¥ Õ∫§«“¡‰«µàÕ¬“µâ“π‡™◊ÈÕ√“(4,8,9)


„π‚√ßæ¬“∫“≈»√’π§√‘π∑√å¬—ß‰¡à¡’¢âÕ¡Ÿ≈‡°’Ë¬«°—∫§«“¡
‰«µàÕ¬“µâ“π‡™◊ÈÕ√“¢Õß‡™◊ÈÕ Candida spp. ∑’Ë°àÕ‚√§ systemic
candidiasis ºŸâ«‘®—¬®÷ß‰¥â»÷°…“√Ÿª·∫∫§«“¡‰«µàÕ¬“µâ“π‡™◊ÈÕ√“
¢Õß Candida spp. µà“ß Ê ∑’Ëæ∫ ‚¥¬°“√À“§à“ MIC ¢Õß
¬“µâ“π‡™◊ÈÕ√“„π‡™◊ÈÕ Candida spp. ∑’Ë·¬°‰¥â®“° ‘Ëß àßµ√«®
sterile site ¥â«¬ Sensititre YeastOne system ÷́Ëß®–‡ªìπ
ª√–‚¬™πå„Àâ·æ∑¬å„™â‡ªìπ·π«∑“ß„π°“√‡≈◊Õ°¬“µâ“π‡™◊ÈÕ√“
‡æ◊ËÕ√—°…“ºŸâªÉ«¬ candidiasis ·≈–‡ªìπ¢âÕ¡Ÿ≈°“√¥◊ÈÕ¬“µâ“π


‡™◊ÈÕ√“¢Õß‡™◊ÈÕ Candida spp. ∑’Ëæ∫„π‚√ßæ¬“∫“≈
»√’π§√‘π∑√åµàÕ‰ª


«— ¥ÿ·≈–«‘∏’°“√»÷°…“
¬’ µå∑’Ë„™â»÷°…“
‡™◊ÈÕ Candida ∑ÿ° species ∑’Ë·¬°‰¥â®“° ‘Ëß àßµ√«®


sterile sites ¢ÕßºŸâªÉ«¬„π‚√ßæ¬“∫“≈»√’π§√‘π∑√åµ—Èß·µà ‡¥◊Õπ
¡°√“§¡ 2549 ∂÷ß‡¥◊Õπ¡‘∂ÿπ“¬π 2549 ®”π«π 46 isolates
´÷Ëßª√–°Õ∫¥â«¬ C. albicans 24 isolates, C. tropicalis 9
isolates, C. parapsilosis 5 isolates, C. glabrata 5
isolates, C. krusei  1 isolate ·≈– Candida spp. 2
isolates ‚¥¬¡’‡™◊ÈÕ∑’Ë„™â„π°“√§«∫§ÿ¡§ÿ≥¿“æ°“√∑¥ Õ∫§◊Õ
C. parapsilosis ATCC 22019 ·≈– C. krusei ATCC
6258 ‡°Á∫√—°…“‡™◊ÈÕ„ππÈ”°≈—Ëπ‰√â‡™◊ÈÕ∑’Ë -70 Õß»“‡´≈‡ ’́¬ 
®π°«à“®–π”¡“„™â∑¥ Õ∫‚¥¬‡æ“–‡≈’È¬ß‡™◊ÈÕ≈ß∫π Blood agar
Õ∫∑’Ë 35 Õß»“‡´≈‡ ’́¬  π“π 24-48 ™—Ë«‚¡ß‡æ◊ËÕ„Àâ‰¥â‡™◊ÈÕ
∫√‘ ÿ∑∏‘Ï


Õ“À“√‡≈’È¬ß‡™◊ÈÕ·≈–¬“µâ“π‡™◊ÈÕ√“
Sabouraud Dextrose agar (SDA) (Oxoid, Hamshire,


England), Blood agar (BA) (Oxoid, Hamshire,
England), Sensititre YeastOne plates (TREK Diagnostic
System, Cleveland, Ohio, USA) ÷́Ëß·µà≈– plate ®–¡’¬“
µâ“π‡™◊ÈÕ√“ 7 ™π‘¥·≈– dilution range ¥—ßπ’È amphotericin
B 0.008 - 16 µg/ml, fluconazole 0.125-256 µg/ml,
itraconazole 0.008-16 µg/ml, ketoconazole 0.008-16
µg/ml, flucytosine 0.03-64 µg/ml, voriconazole 0.008-
16 µg/ml ·≈– caspofungin 0.008-16 µg/ml


°“√∑¥ Õ∫À“ MIC
∑¥ Õ∫À“ MIC ‚¥¬„™â«‘∏’ Sensititre YeastOne(8,10)


‡µ√’¬¡ inoculum ‚¥¬‡¢’Ë¬‚§‚≈π’¬’ µå 3-5 ‚§‚≈π’®“° BA
≈ßπÈ”°≈—Ëπ‰√â‡™◊ÈÕ 5 ¡‘≈≈‘≈‘µ√ º ¡„Àâ‡¢â“°—π‡ªìπ‡«≈“ 15 «‘π“∑’
ª√—∫§«“¡¢ÿàπ„Àâ‰¥â 0.5 McFarland Standard „™â¥Ÿ¥‡™◊ÈÕ¡“
20 ‰¡‚§√≈‘µ√ „ à„π YeastOne inoculation broth 11
¡‘≈≈‘≈‘µ√ º ¡„Àâ‡¢â“°—π·≈â«¥Ÿ¥‡™◊ÈÕ„ à≈ß„πÀ≈ÿ¡¢Õß
Sensititre YeastOne plate À≈ÿ¡≈– 100 µl Õ∫∑’ËÕÿ≥À¿Ÿ¡‘
35o ‡´≈‡´’¬  π“π 24 ™—Ë«‚¡ß ·≈â«π” Sensititre YeastOne
plate ¡“Õà“πº≈ ‡¡◊ËÕ¡’°“√‡®√‘≠¢Õß¬’ µå„π¬“µâ“π‡™◊ÈÕ√“
®–∑”„Àâ‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß ’Õ‘π¥‘‡§‡µÕ√å®“° ’πÈ”‡ß‘π (blue)
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‰ª‡ªìπ ’·¥ß (red) ·≈–À≈ÿ¡§Õπ‚∑√≈µâÕß„Àâº≈∫«°‡ªìπ ’
·¥ß Õà“π§«“¡‡¢â¡¢âπµË” ÿ¥¢ÕßÀ≈ÿ¡∑’Ë‡™◊ÈÕ∂Ÿ°¬—∫¬—Èß°“√
‡®√‘≠‡ªìπ§à“ MIC ‚¥¬¡’‡™◊ÈÕ¬’ µå C. parapsilosis ATCC
22019 ·≈– C. krusei ATCC 6258 ‡ªìπ‡™◊ÈÕ§«∫§ÿ¡°“√
∑¥ Õ∫


º≈°“√»÷°…“
º≈°“√∑¥ Õ∫§«“¡‰«¢Õß‡™◊ÈÕ Candida ∑—ÈßÀ¡¥µàÕ


¬“µâ“π‡™◊ÈÕ√“ 7 ™π‘¥ ‚¥¬«‘‡§√“–Àå¢âÕ¡Ÿ≈§à“ MIC ¢Õß‡™◊ÈÕ
‡ªìπ 2 °≈ÿà¡ §◊Õ °≈ÿà¡‡™◊ÈÕ C. albicans ·≈–°≈ÿà¡ Candida
spp. ®“°§à“ cut off  ¢Õß MIC ∑’Ë Sensititre YeastOne
System °”Àπ¥„Àâª√–°Õ∫¥â«¬¬“ fluconazole,
itraconazole flucytosine ·≈– voriconazole æ∫«à“‡™◊ÈÕ
C. albicans ∑—Èß 24 isolates (§‘¥‡ªìπ√âÕ¬≈– 100) „Àâº≈
‰«µàÕ¬“ fluconazole, flucytosine ·≈– voriconazole „Àâ
º≈‰«µàÕ¬“ itraconazole 23 isolates (§‘¥‡ªìπ√âÕ¬≈– 96)
 à«π‡™◊ÈÕ Candida spp. Õ◊Ëπ Ê „Àâº≈‰«µàÕ¬“ fluconazole
17 isolates (§‘¥‡ªìπ√âÕ¬≈– 77)  „Àâº≈‰«µàÕ¬“ itraconazole
12 isolates (§‘¥‡ªìπ√âÕ¬≈– 55) ·≈–¥◊ÈÕ¬“ 4 isolates
(§‘¥‡ªìπ√âÕ¬≈– 18)  ”À√—∫¬“ flucytosine „Àâº≈‰« 20
isolates (§‘¥‡ªìπ√âÕ¬≈– 91) ¥◊ÈÕ¬“ 1 isolate (§‘¥‡ªìπ√âÕ¬≈–
4.5) ‡™◊ÈÕ„Àâº≈‰«µàÕ¬“ voriconazole ∑ÿ° isolates
(§‘¥‡ªìπ√âÕ¬≈– 100) √“¬≈–‡Õ’¬¥¥—ß· ¥ß„π µ“√“ß∑’Ë 1  à«π
¬“µâ“π‡™◊ÈÕ√“Õ’° 3 ™π‘¥ §◊Õ amphotericin B, ketoconazole
·≈– caspofungin ¬—ß‰¡à¡’‡°≥±å„π°“√·ª≈º≈ º≈°“√


∑¥ Õ∫§«“¡‰«¢Õß‡™◊ÈÕ Candida µàÕ¬“∑—Èß 3 ™π‘¥π’È· ¥ß
‰«â„π µ“√“ß∑’Ë 2


µ“√“ß∑’Ë 2 · ¥ßº≈ MIC range MIC
50
 ·≈– MIC


90


¢Õß C. albicans ·≈– Candida spp. Õ◊Ëπ Ê µàÕ¬“µâ“π
‡™◊ÈÕ√“ 7 ™π‘¥ „π‡™◊ÈÕ C. albicans º≈ MIC


50
 ·≈– MIC


90


¢Õß¬“ fluconazole, flucytosine, itraconazole ·≈–
voriconazole ¬—ß¡’§à“µË”°«à“ break point ¡“° · ¥ß«à“√âÕ¬≈–
90 ¢Õß‡™◊ÈÕ C. albicans ∑’Ë∑¥ Õ∫¬—ß¡’§«“¡‰«µàÕ¬“∑—Èß 4
™π‘¥π’È  ”À√—∫¬“Õ’° 3 ™π‘¥∑’Ë‰¡à¡’ break point °”Àπ¥„Àâ
§◊Õ amphotericin B, ketoconazole ·≈– caspofungin °Á
¡’§à“ MIC


50 
·≈– MIC


90
 µË” amphotericin B ¡’§à“ MIC


50


‡∑à“°—∫ MIC
90
 §◊Õ 0.5 µg/ml ketoconazole ¡’ MIC


50


‡∑à“°—∫ MIC
90
 §◊Õ < 0.008 µg/ml ·≈– caspofungin


¡’ MIC
50
 ·≈– MIC


90
 ‡∑à“°—π §◊Õ 0.06 µg/ml  à«π„π‡™◊ÈÕ


Candida spp. º≈ MIC
50
 ¢Õß¬“ fluconazole MIC


50
 ·≈–


MIC
90 


¢Õß¬“ flucytosine ·≈–¬“ voviconazole ¬—ßπâÕ¬
°«à“ break point ·µà MIC


90
 ¢Õß¬“ fluconazole §◊Õ 16


µg/ml ́ ÷Ëß‡°‘π break point ∂◊Õ«à“¥◊ÈÕ¬“ MIC
50
 ·≈– MIC


90


¢Õß itraconazole  Ÿß‡°‘π break point  à«π¬“Õ’° 3 ™π‘¥
∑’Ë‰¡à¡’ break point °”Àπ¥„Àâ§◊Õ amphotesin B ¡’§à“ MIC


50


‡∑à“°—∫ MIC
90
 §◊Õ 0.5 µg/ml ¬“ ketoconazole ¡’ MIC


50


= 0.032 µg/ml MIC
90
 = 0.5 µg/ml ¬“ caspofungin ¡’


MIC
50
 = 0.060 µg/ml ·≈– MIC


90
 = 0.5 µg/ml
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«‘®“√≥å·≈– √ÿªº≈°“√»÷°…“
®“°°“√»÷°…“π’È®”π«π‡™◊ÈÕ Candida spp. µà“ß Ê ∑’Ë·¬°


‰¥â®“° ‘Ëß àßµ√«® sterile sites ¢ÕßºŸâªÉ«¬∑’Ë‡¢â“√—∫°“√√—°…“
„π‚√ßæ¬“∫“≈»√’π§√‘π∑√å √–À«à“ß‡¥◊Õπ¡°√“§¡-‡¥◊Õπ
¡‘∂ÿπ“¬π 2549 ®”π«π 24 isolate ®“°∑—Èß ‘Èπ 46 isolates
(§‘¥‡ªìπ√âÕ¬≈– 52) ‡ªìπ C. albicans   à«π∑’Ë‡À≈◊ÕÕ’° 22
isolates (§‘¥‡ªìπ√âÕ¬≈– 48) ‡ªìπ Candida spp. Õ◊Ëπ Ê §◊Õ
C. tropicalis 9 isolates, C. parapsilosis ·≈– C.glabrata
®”π«πÕ¬à“ß≈– 5 isolates ‡™◊ÈÕ∑’Ë¡’®”π«ππâÕ¬ §◊Õ Candida
spp ·≈– C. krusei ®”π«π 2 ·≈– 1 isolate µ“¡≈”¥—∫
C. albicanes ®÷ß‡ªìπ‡™◊ÈÕ©«¬‚Õ°“ ∑’Ëæ∫¡“°∑’Ë ÿ¥∑’Ë‡ªìπ
 “‡Àµÿ°àÕ‚√§ systemic candidiasis „πºŸâªÉ«¬‚√ßæ¬“∫“≈
»√’π§√‘π∑√å ´÷Ëß‰¥âº≈ Õ¥§≈âÕß°—∫°“√ ”√«®·≈–»÷°…“„π
À≈“¬Ê æ◊Èπ∑’Ë∑—Ë«‚≈°∑’Ëæ∫«à“ “¬æ—π∏ÿå∑’Ë ”§—≠„π°“√°àÕ‚√§π’È
§◊Õ C. albicans(1,11) √Õß≈ß¡“ §◊Õ C. tropicalis,
C. parapsilosis, C.guilliermondii ·≈– C. lusitaniae(12,13)


°“√À“ MIC ‚¥¬«‘∏’ Sensititre YeastOne ‡ªìπ«‘∏’∑’Ë
ßà“¬„π°“√∑¥ Õ∫·≈–Õà“πº≈®“°§”·π–π”¢Õß∫√‘…—∑ºŸâº≈‘µ
«à“À“°À≈ÿ¡§«∫§ÿ¡º≈∫«°¬—ß‰¡à¡’°“√‡ª≈’Ë¬π ’À≈—ß®“°Õ∫ 24
™—Ë«‚¡ß°Á„ÀâÕà“πº≈À≈—ß 48 ™—Ë«‚¡ß(10) ®“°°“√»÷°…“§√—Èßπ’È
æ∫«à“¡’‡æ’¬ß 1 „π 46 isolates ‡∑à“π—Èπ∑’ËÀ≈ÿ¡§«∫§ÿ¡
º≈∫«°‡ª≈’Ë¬π ’‡¡◊ËÕÕ∫π“π 48 ™—Ë«‚¡ß


º≈§«“¡‰«¢Õß‡™◊ÈÕ Candida µàÕ¬“µâ“π‡™◊ÈÕ√“µ“¡§à“ cut
off ¢Õß MIC ∑’ËºŸâº≈‘µ°”Àπ¥„Àâ‰¥âº≈«à“‡™◊ÈÕ C. albicans
„Àâº≈‰«√âÕ¬≈– 100 µàÕ¬“ fluconazole, flucytosine ·≈–
voriconazole  à«π itraconazole „Àâº≈‰«µàÕ¬“ª√–¡“≥
√âÕ¬≈– 96 ·≈–‰«·∫∫ S-DD ª√–¡“≥√âÕ¬≈– 4 ‡¡◊ËÕ
‡ª√’¬∫‡∑’¬∫°—∫º≈°“√»÷°…“¢Õß Citak S. ·≈–§≥–(4) ´÷Ëß
∑¥ Õ∫„π‡™◊ÈÕ C. albicans 56 isolates ·≈– Candida
spp. Õ◊Ëπ Ê 13 isolates ·≈– Samra Z. ·≈–§≥–(7) ´÷Ëß
∑¥ Õ∫„π‡™◊ÈÕ C. albicans 63 isolates ·≈– Candida
spp. Õ◊ËπÊ 78 isolates æ∫«à“º≈°“√∑¥ Õ∫§«“¡‰«µàÕ
voriconazole ¡’§«“¡ Õ¥§≈âÕß°—π §◊Õ ¡’§«“¡‰«√âÕ¬≈– 100
·µàº≈°“√»÷°…“¢Õß Citak S ·≈–§≥–æ∫ C. albicans ¥◊ÈÕ
µàÕ fluconazole √âÕ¬≈– 12.5 ·≈– flucytosine √âÕ¬≈–
5.3 º≈°“√»÷°…“¢Õß Samra Z. ·≈–§≥–æ∫«à“ C. albicans
¥◊ÈÕµàÕ fluconazole √âÕ¬≈– 1.6


 à«πº≈°“√»÷°…“§«“¡‰«„π°≈ÿà¡‡™◊ÈÕ Candida spp. Õ◊ËπÊ
æ∫«à“‰«µàÕ¬“ voriconazole √âÕ¬≈– 100 ‡™àπ‡¥’¬«°—∫°“√
»÷°…“¢Õß Citak S. ·≈–§≥–(4) ·≈– Samra Z. ·≈–§≥–(7)


 à«π¬“Õ’° 3 ™π‘¥ §◊Õ fluconazole ‡™◊ÈÕ¡’§«“¡‰«√âÕ¬≈–
77 ·≈–‡ªìπ S-DD √âÕ¬≈– 23 ¬“ itraconazole ‡™◊ÈÕ¡’
§«“¡‰«√âÕ¬≈– 55 ‡ªìπ S-DD √âÕ¬≈– 27 ·≈–¥◊ÈÕ¬“
√âÕ¬≈– 18 ¬“ flucytosine ‡™◊ÈÕ¡’§«“¡‰«√âÕ¬≈– 91 ‡ªìπ
intermediate resistant √âÕ¬≈– 45 ·≈–¥◊ÈÕ¬“√âÕ¬≈– 45


 ”À√—∫¬“ amphotericin B, ketoconazole ·≈–
caspofungin ‰¡à¡’§à“ cut off „Àâ·ª≈º≈®“°∫√‘…—∑ºŸâº≈‘µ
·µà®“°°“√»÷°…“¢Õß Rex ·≈–§≥–(14) √“¬ß“π«à“¬“
amphotericin B §à“ MIC > 0.5 µg/ml πà“®–¥◊ÈÕ¬“
¬“ ketoconazole MIC > 0.125 µg/ml πà“®–¥◊ÈÕ¬“  ·¡â«à“
°“√∑¥ Õ∫§√—Èßπ’È®–‰¥â‡™◊ÈÕ∑’Ë¡“∑¥ Õ∫®”π«π‰¡à¡“°‡∑à“°—∫
°“√∑¥ Õ∫Õ◊Ëπ ·µà°Á‡ªìπ‡™◊ÈÕ∑’Ë·¬°‰¥â®“° sterile site ¢Õß
ºŸâªÉ«¬·≈–¢âÕ¡Ÿ≈∑’Ë‰¥â®“°°“√»÷°…“§√—Èßπ’È°Á “¡“√∂√“¬ß“π
·≈–‡°Á∫‡ªìπ√Ÿª·∫∫§«“¡‰«¢Õß‡™◊ÈÕ Candida µàÕ¬“µâ“π
‡™◊ÈÕ√“™π‘¥µà“ßÊ ‡æ◊ËÕ‡ªìπ¢âÕ¡Ÿ≈√Ÿª·∫∫·°à·æ∑¬å„™â‡ªìπ
·π«∑“ß„π°“√‡≈◊Õ°¬“µâ“π‡™◊ÈÕ√“„π°“√√—°…“ºŸâªÉ«¬„π
‚√ßæ¬“∫“≈»√’π§√‘π∑√å ·µàÕ¬à“ß‰√°Áµ“¡§«√®–‡°Á∫‡™◊ÈÕµàÕ
‰ªÕ’°‡æ◊ËÕ∑¥ Õ∫µàÕ‰ª‡æ◊ËÕ„Àâ‰¥â¢âÕ¡Ÿ≈‡ªìπªí®®ÿ∫—π¡“°∑’Ë ÿ¥


 √ÿª°“√»÷°…“§√—Èßπ’È· ¥ß„Àâ‡ÀÁπ«à“ voriconazole
πà“®–‡ªìπ¬“∑’Ë„™â„π°“√√—°…“‚√§µ‘¥‡™◊ÈÕ Candida „¥Ê ‰¥â¥’
∑’Ë ÿ¥‡¡◊ËÕ‡∑’¬∫°—∫ flucytosine ·≈– fluconazole
°‘µµ‘°√√¡ª√–°“»


§≥–ºŸâ«‘®—¬¢Õ¢Õ∫§ÿ≥ TREK DIAGNOSTIC
SYSTEMS ∑’Ë„Àâ°“√ π—∫ πÿπ„Àâ Sensititre YeastOne
plates ¡“„™â„πß“ππ’È ·≈–§≥–‡∑§π‘§°“√·æ∑¬å µ≈Õ¥®π
»Ÿπ¬å«‘®—¬·≈–æ—≤π“°“√µ√«®«‘π‘®©—¬∑“ßÀâÕßªØ‘∫—µ‘°“√
∑“ß°“√·æ∑¬å (»«ª.) ¡À“«‘∑¬“≈—¬¢Õπ·°àπ ∑’Ë„Àâ°“√
 π—∫ πÿπ°“√»÷°…“π’È πÕ°®“°π’È¢Õ¢Õ∫§ÿ≥‡®â“Àπâ“∑’ËÀπà«¬
®ÿ≈™’««‘∑¬“§≈‘π‘° ‚√ßæ¬“∫“≈»√’π§√‘π∑√å §≥–·æ∑¬»“ µ√å
∑’Ë„Àâ°“√ π—∫ πÿπ°“√‡°Á∫‡™◊ÈÕ∑’Ë„™â„π°“√∑¥ Õ∫§√—Èßπ’È


‡Õ° “√Õâ“ßÕ‘ß
1. Samra Z, Bishara J, Ashkenazi S, Pitlik S,


Weinberger M, Lapidoth M, Yardeni M, Levy I.
Changing distribution of Candida species isolated







30 «“√ “√‡∑§π‘§°“√·æ∑¬å·≈–°“¬¿“æ∫”∫—¥ ë ªï∑’Ë 21 ©∫—∫∑’Ë 1 ë ¡°√“§¡-‡¡…“¬π 2552


from sterile and non-sterile sites in Israel. Eur J
Clin Microbiol Infect Dis 2002; 21: 542-5.


2. Davey KG, Holmes AD, Johnson EM.
Comparative evaluation of fungi tests and broth
microdilution methods for antifungal drug
susceptibility testing of Candida species and
Cryptococcus neoformans. J Clin Microbiol 1998;
36: 926-30.


3. Ruhnke M, Eigler A, Tennagen I, Geiseler B,
Engelmann E, Trautman M. Emergence of
flukonazole resistant strains of Candida albicans
in patients with recurrent oropharyngeal candidosis
and human immunodeficiency virus infection. J
Clin Microbiol 1994; 32 : 2092-8.


4. Citak S, Ozcelik B, Cesur S. In vitro susceptibolity
of Candida species isolated from blood culture to
some antifungal agents. Jpn J Infect Dis 2005;
58: 44-6.


5. Pflaller MA, Messer SA, Houston A, Rangel-
Frausto MS, Wibin T, Blumberg HM, et al.
National epidemiology of mycoses survey: a
multicenter study of strain variation and antifungal
susceptibility among isolates of Candida species.
Diagn Microbiol Infect Dis 1998; 31: 289-96.


6. Pfaller MA, Messer SA, Boyken L, Tendolkar S,
Hollis RJ, Diekema DJ. Geographic variation in
the susceptibilities of invasive isolates of
C. glabrata to seven systemically active antigungal
agents: a global assessment from ARTEMIS
antifungal surveillance program conducted in 2001
and 2002. J  Clin Microbiol 2004; 42: 3142-6.


7. Samra Z, Yardeni M, Peled N, Bishara J. Species
distribution and antifungal susceptibility of
Candida bloodstream isolates in tertiary medical
center in Israel. Eur J Clin Microbiol Infect Dis
2005; 24: 592-5.


8. Pfaller MA, Espinel-Ingraff, Jones RN. Clinical
evaluation of the Sensititre YeastOne colorimetric
antifungal plate for antifungal susceptibility testing
of the new triazoles voriconazole, posaconazole,
and ravuconazole. J Clin Microbiol 2004; 42:
4577-80.


9. Pfaller MA, Boyken L, Hollis RJ, Messer SA,
Tendolker S, Diekema DJ. In Vitro susceptibilities
of clinical isolates of Candida species,
Cryptococcus neoformans, and Aspergillus
species to itraconazole: global survey of 9,359
isolates tested by Clinical and Laboratory Standards
Institute broth microdilution methods. J Clin
Microbiol 2005; 43: 3807-10.


10. Espinel-ingroff A, Warnock DW, Vazquez JA,
Arthinton Skaggs BA. In vitro antifungal
susceptibility methods and clinical implication of
antifungal resistance. Med Mycol 2000; 38: 293-
304.


11. »¡π’¬å »ÿ¢√ÿàß‡√◊Õß.  à“∑“ß°“√·æ∑¬å. „π »¡π’¬å »ÿ¢√ÿàß‡√◊Õß
(∫√√≥“∏‘°“√) ‡™◊ÈÕ√“°àÕ‚√§·≈–‚√§‡™◊ÈÕ√“ ∫√‘…—∑ “√
¡«≈™π®”°—¥: §≥–‡∑§π‘§°“√·æ∑¬å ¡À“«‘∑¬“≈—¬
¡À‘¥≈ 2529; 1/144-9.


12. æ√√≥°√ Õ‘Ë¡«‘∑¬“. ¬’ µå·≈–‚√§∑’Ë‡°‘¥®“°¬’ µå. „π
æ√√≥°√ Õ‘Ë¡«‘∑¬“ (∫√√≥“∏‘°“√) ‡™◊ÈÕ√“°àÕ‚√§„π§π.
∫√‘…—∑ “√¡«≈™π®”°—¥, °√ÿß‡∑æ 2535: 1/59-72.


13. McGinnis MR. Laboratory handbook of medical
mycology. New York : Academic Press, 1980:
387-96.


14. Rex JH, Pfaller MA, Walsh TJ, Chaturvedi V,
Espinel-Ingroff A, Ghannoum MA, et al.
Antifungal susceptibility testing : practical aspects
and current challenges. Clin Microbiol Rev 2001;
14: 643-58.





