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§«“¡ ”§—≠ ·≈–ªí≠À“

°“√ªÑÕß°—π°“√‡°‘¥¡–‡√Áß‚¥¬°“√„™â¬“‡§¡’ªÑÕß°—π
(cancer chemoprevention) ‡ªìπÀ—«¢âÕ∑’Ë‰¥â√—∫§«“¡ π„®
Õ¬à“ß¡“°„πªí®®ÿ∫—π  ∑—Èßπ’È‡π◊ËÕß®“° “‡Àµÿ°“√‡ ’¬™’«‘µ¢Õß
ª√–™“°√„πªí®®ÿ∫—π‡π◊ËÕß®“°°“√‡ªìπ¡–‡√Áß¡’‡æ‘Ë¡¡“°¢÷Èπ
‡√◊ËÕ¬Ê  ∑’Ëæ∫‰¥â∫àÕ¬‰¥â·°à¡–‡√Áß®“°‡´≈≈å∫ÿº‘«‡™àπ ¡–‡√Áß≈”‰ â
√—ß‰¢à ªÕ¥ ‡µâ“π¡ µàÕ¡≈Ÿ°À¡“° µ—∫ÕàÕπ ·≈–∑’Ëæ∫¡“°
∑’Ë ÿ¥„πª√–™“°√¿“§µ–«—πÕÕ°‡©’¬ß‡Àπ◊Õ§◊Õ¡–‡√Áßµ—∫™π‘¥
∑’Ë‡°‘¥°—∫∑àÕ∑“ß‡¥‘ππÈ”¥’ ‚¥¬¡’ ∂‘µ‘∑’Ëæ∫Õÿ∫—µ‘°“√≥å Ÿß ÿ¥
¢Õß‚≈° 1  °“√„™â¬“‡§¡’ªÑÕß°—π (¡–‡√Áß) ‡ªìπ°“√„™â«‘∏’∑“ß
‡¿ —™«‘∑¬“‡æ◊ËÕ∑’Ë®–À¬ÿ¥¬—Èß°√–∫«π°“√°àÕ¡–‡√ÁßµàÕ‡´≈≈åª°µ‘
À√◊Õ∑”„Àâ‡´≈≈åº‘¥ª°µ‘À«π°≈—∫¡“‡ªìπª°µ‘ À√◊Õµ“¬‰ª  °àÕπ
‡´≈≈å¡–‡√Áß®–∫ÿ°√ÿ°·≈–·æ√à°√–®“¬ÕÕ°‰ª  °“√»÷°…“∂÷ß
ª√– ‘∑∏‘º≈·≈–§«“¡‡ªìπ‰ª‰¥â„π°“√„™â„π¡πÿ…¬å¡—°‡√‘Ë¡µâπ
„π —µ«å∑¥≈Õß·≈–‡´≈≈å‡æ“–‡≈’È¬ß∑’Ë‡ªìπ·∫∫®”≈Õß¢Õß
¡–‡√Áß™π‘¥µà“ßÊ  °“√»÷°…“„π¡πÿ…¬å∑’Ë‡ªìπ clinical trial ¢π“¥
„À≠à‰¥âº≈≈—æ∏åÕÕ°¡“∑—Èß‰¥â·≈–‰¡à‰¥âº≈„π°“√ªÑÕß°—π ·≈–
∑’Ëπà“«‘µ°°«à“π—Èπ§◊Õ°“√»÷°…“∑’Ëæ∫«à“°“√„Àâ¬“‡§¡’ªÑÕß°—π
∑”„Àâ‡æ‘Ë¡Õÿ∫—µ‘°“√≥å¢Õß¡–‡√Áß¡“°°«à“ª°µ‘ ‡™àπ°√≥’¢Õß
°“√»÷°…“ Alpha-Tocopherol Beta Carotene Cancer Preven-
tion (ATBC)Trial2, beta Carotene and Retinol Efficacy Trial
(CARET)3 ·≈– Alpha-tocopherol „π°“√ªÑÕß°—π second
primary head and neck cancer4.  º≈°“√»÷°…“∑’Ë·µ°µà“ß°—π
‡™àππ’È∑”„Àâ§«“¡®”‡ªìπ∑’ËµâÕß∑”§«“¡‡¢â“„®„π°√–∫«π°“√
°àÕ¡–‡√Áß∑’Ë∂àÕß·∑â‡ ’¬°àÕπ ∑—Èßπ’È‡æ◊ËÕ∑’Ë®–‰¥â “¡“√∂æ‘ Ÿ®πå
À“‡ªÑ“À¡“¬¢Õß¬“∑’Ë‡À¡“– ¡„π√–¥—∫‚¡‡≈°ÿ≈·≈–√–¥—∫
‡´≈≈å  ‡æ◊ËÕ„Àâ‰¥â¬“∑’Ë¡’ª√– ‘∑∏‘¿“æ·≈–ª≈Õ¥¿—¬„π°“√„™â
‡ªìπ¬“‡§¡’ªÑÕß°—π

°“√‡°‘¥¡–‡√Áß‡ªìπ°√–∫«π°“√‡™‘ß´âÕπ∑’ËÕ“»—¬ªí®®—¬
®”π«π¡“°√à«¡°—π™—°π”„Àâ‡°‘¥º≈ ÿ¥∑â“¬¢÷Èπ ‰¡à‰¥â‡°‘¥¢÷Èπ
®“°§«“¡º‘¥ª°µ‘‡æ’¬ß®ÿ¥„¥®ÿ¥Àπ÷Ëß ·≈–„π™à«ß‡«≈“∑’Ë‡´≈≈å
º‘¥ª°µ‘‡À≈à“π’Èæ—≤π“‰ª §«“¡º‘¥ª°µ‘°Á¡’¡“°À≈“°À≈“¬
·∫∫¬‘Ëß¢÷Èπ  ‡´≈≈åµà“ß™π‘¥°—π§«“¡º‘¥ª°µ‘°ÁÕ“®‰¡à‡À¡◊Õπ°—π
¥—ßπ—Èπ®÷ß¡’‚Õ°“ πâÕ¬¡“°∑’Ë®–‰¥â¬“¡À—»®√√¬å∑’Ë®–‰¥âº≈µàÕ
¡–‡√Áß∑ÿ°™π‘¥ À√◊Õ·¡â¡–‡√Áß™π‘¥‡¥’¬«°—π·µàÕ¬Ÿà„πµà“ß√–¬–
¢Õß‚√§∑’Ëµà“ß°—π ª√– ‘∑∏‘¿“æ¢Õß¬“°ÁÕ“®·µ°µà“ß°—π‰¥â
¥—ßπ—Èπ°“√°”Àπ¥¢Õ∫‡¢µ«à“ª√–™“°√°≈ÿà¡„¥∑’Ë‡À¡“– ¡„π
°“√„™â¬“‡§¡’ªÑÕß°—π®÷ßÕ“®®”‡ªìπ√“¬ß“π ®”π«π¡“°„™â°≈ÿà¡
ª√–™“°√∑’Ë¡’§«“¡‡ ’Ë¬ß Ÿß ‡™àπ „π°“√»÷°…“ ATBC trial ·≈–
CARET 2, 3 „™â°≈ÿà¡§π∑’Ë Ÿ∫∫ÿÀ√’Ë ·≈–°≈ÿà¡§π∑’Ë Ÿ∫∫ÿÀ√’Ë·≈–
∑”ß“π‡°’Ë¬«¢âÕß°—∫·Õ ‡∫ µÕ   ´÷Ëß‡ªìπªí®®—¬‡ ’Ë¬ß ”§—≠
µàÕ¡–‡√ÁßªÕ¥ À√◊Õ°“√»÷°…“∫“ß§√—Èß„™âºŸâªÉ«¬∑’Ë‡ªìπ¡–‡√Áß´÷Ëß
√—∫°“√√—°…“·≈â« ®–ªÑÕß°—π°“√ ‡ªìπ´È” (second primary
cancer)4 ∑—Èßπ’È‡æ√“–°≈ÿà¡ª√–™“°√π’È¡’§«“¡‡ ’Ë¬ßµàÕ°“√‡°‘¥
¡–‡√Áß Ÿß°«à“ª√–™“°√∑—Ë«‰ª¡“° ®÷ß∑”„Àâ “¡“√∂ª√–‡¡‘π
ª√– ‘∑∏‘º≈¢Õß¬“‡§¡’ªÑÕß°—π‰¥â™—¥‡®π¡“°¬‘Ëß¢÷Èπ‚¥¬„™â
®”π«πÕ“ “ ¡—§√∑’Ë‰¡à¡“°π—°  ·¡â°√–π—Èπªí®®ÿ∫—π¬—ß‡™◊ËÕ
«à“°“√‡≈◊Õ°ª√–™“°√‚¥¬æ‘®“√≥“®“° ªí®®—¬‡ ’Ë¬ß∑’Ë‡ªìπ
ªí®®—¬·«¥≈âÕ¡Õ¬à“ß‡¥’¬«πà“®–‰¡à‡æ’¬ßæÕ5  ‡π◊ËÕß®“°¡–‡√Áß
¡’§«“¡À≈“°À≈“¬Õ¬à“ß¡“°·¡â‡ªìπ¡–‡√Áß∑’Ëµ”·Àπàß
‡¥’¬«°—π°Áµ“¡ ™π‘¥¢Õß‡´≈≈åÕ“®·µ°µà“ßµ“¡®ÿ≈°“¬«‘¿“§
√–¬–°“√æ—≤π“ ·≈–°“√· ¥ßÕÕ°¢Õß®’π∫“ß™π‘¥  ´÷ËßÕ“®
¡’§«“¡ ”§—≠µàÕª√– ‘∑∏‘¿“æ¢Õß¬“‡§¡’ªÑÕß°—π∑’Ë®–„™â 5

¥—ßπ—Èπ°“√§—¥‡≈◊Õ°Õ“ “ ¡—§√Õ“®®”‡ªìπ µâÕßæ‘®“√≥“®—¥™—Èπ
(stratification) µ“¡™π‘¥‡π◊ÈÕ‡¬◊ËÕ ‚¥¬„™â‡∑§π‘§ tissue array
√à«¡°—∫„™â‚¡‡≈°ÿ≈∫àß™’È (biomarker) À√◊Õ≈—°…≥–∑“ßæ—π∏ÿ°√√¡
¢ÕßºŸâªÉ«¬·≈–¢Õß‡π◊ÈÕ‡¬◊ËÕ¡–‡√Áßª√–°Õ∫
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°“√°àÕ¡–‡√Áß (Carcinogenesis)

‡π◊ËÕß®“°¡–‡√Áß à«π„À≠à‡°‘¥¢÷Èπ®“°°“√‡Àπ’Ë¬«π”¥â«¬
 “√‡§¡’∑’Ë‰¥â√—∫  “√‡§¡’‡À≈à“π—ÈπÕ“®‰¥â‚¥¬°“√∫√‘‚¿§‡ªìπ
Õ“À“√ À√◊Õ®“°°“√ªπ‡ªóôÕπ ·≈–®“° ‘Ëß·«¥≈âÕ¡   “√‡§¡’
‡°◊Õ∫∑—ÈßÀ¡¥ ¬°‡«âπ∫“ß™π‘¥ ‡™àπ “√ÀπŸ „¬À‘π ¬“√—°…“
¡–‡√Áß∫“ß™π‘¥ ·≈– “√°—¡¡—πµ√—ß ’ ‡ªìπµâπ  “¡“√∂‡Àπ’Ë¬«
π”„Àâ‡°‘¥°√–∫«π°“√°àÕ¡–‡√Áß‰¥â‚¥¬µ√ß   “√‡§¡’Õ◊ËπÊ ¡—°
µâÕß∂Ÿ°‡ª≈’Ë¬π·ª≈ß„ÀâÕ¬Ÿà„π√Ÿª∑’Ë«àÕß‰«∑”ªØ‘°‘√‘¬“°àÕπ ®÷ß
®– “¡“√∂∑”ªØ‘°‘√‘¬“°—∫‚¡‡≈°ÿ≈√à“ß°“¬ 6  °“√‡ª≈’Ë¬π·ª≈ß
‚¡‡≈°ÿ≈¢Õß “√°àÕ¡–‡√Áß∑’Ë¬—ß‰¡à¡’ƒ∑∏‘Ï (procarcinogen) ¡—°
Õ“»—¬‡Õπ‰´¡å„π°≈ÿà¡‡Õπ‰´¡å‡ª≈’Ë¬π·ª≈ß¬“ (drug metabo-
lizing enzyme) ∑’Ë ”§—≠§◊Õ cytochrome P450 (CYP)7,8  ‡π◊ËÕß®“°
°“√°àÕ¡–‡√Áß‡ªìπ°“√‡ª≈’Ë¬π·ª≈ß∑’Ë¡’§«“¡ —́∫ ấÕπ¡“°  ®“°
°“√»÷°…“„π —µ«å∑¥≈Õß∑”„Àâ “¡“√∂·∫àß√–¬–°“√‡°‘¥
¡–‡√Áß‡ªìπÕ¬à“ßπâÕ¬ 3 √–¬– ‰¥â·°à  √–¬–‡√‘Ë¡°àÕµ—«
(Initiation) √–¬– àß‡ √‘¡ (Promotion) ·≈–√–¬–°â“«Àπâ“
(Progression)9 ·µà≈–√–¬–¡’§ÿ≥≈—°…≥– ¡’°“√‡ª≈’Ë¬π·ª≈ß
∑’Ë·µ°µà“ß°—π ‡™àπ¡’°“√ºà“‡À≈à“ (mutation) ¡’°“√‡ª≈’Ë¬π·ª≈ß

«‘∂’°“√ àß —≠≠“≥¿“¬„π‡´≈≈å (signal transduction) °“√
· ¥ßÕÕ°¢Õß®’π·≈–§«“¡«àÕß‰«µàÕªí®®—¬ π—∫ πÿπÀ√◊Õ
¬—∫¬—Èß·µ°µà“ß°—π „π√–¬–‡√‘Ë¡°àÕµ—«  “√°àÕ¡–‡√Áß¡—°∂Ÿ°
‡ª≈’Ë¬π·ª≈ß‚¥¬°≈ÿà¡‡Õπ‰´¡å‡ª≈’Ë¬π·ª≈ß¬“„Àâ‰¥â “√«àÕß‰«
ªØ‘°‘√‘¬“ (reactive metabolite) °àÕπ∑’Ë®–∑”ªØ‘°‘√‘¬“°—∫™’«
‚¡‡≈°ÿ≈ ”§—≠„π‡´≈≈å  ´÷Ëßπ”‰ª Ÿà°“√ºà“‡À≈à“¢Õß DNA „π
¢—ÈπµÕπµàÕ‰ª‡´≈≈å∑’Ë¡’ “√æ—π∏ÿ°√√¡∑’Ëº‘¥ª°µ‘π—Èπ ®–‰¥â√—∫
°“√´àÕ¡·´¡∂â“„Àâ‡«≈“‡æ’¬ßæÕ∑’Ë√–∫∫‡Õπ‰´¡ǻ àÕ¡·´¡ DNA
®–·°â‰¢‰¥â 10  „π¢—ÈπµÕππ’È∂â“√à“ß°“¬‰¥â√—∫ “√‡§¡’∑’Ë àß‡ √‘¡
(promoter)„Àâ‡´≈≈åº‘¥ª°µ‘‡À≈à“π’È§ßÕ¬ŸàµàÕ‰ªÀ√◊Õ‡æ‘Ë¡®”π«π
¢÷Èπ (promoter) ®–∑”„Àâ‡´≈≈å¡’‚Õ°“ ∑«’§«“¡º‘¥ª°µ‘„π
°“√ºà“‡À≈à“‡æ‘Ë¡¡“°¢÷Èπ‡√◊ËÕ¬Ê (progression) ®π∂÷ß¢’¥Àπ÷Ëß∑’Ë
‡´≈≈åº‘¥ª°µ‘π—Èπ “¡“√∂¥”√ßÕ¬Ÿà‰¥âÕ‘ √–À≈ÿ¥æâπ®“°°“√
§«∫§ÿ¡¢Õß‡´≈≈å¢â“ß‡§’¬ßÀ√◊Õ¢Õß√à“ß°“¬  °“√¬—∫¬—Èß°“√‡æ‘Ë¡
®”π«π¢Õß‡´≈≈åº‘¥ª°µ‘ °“√¬—∫¬—Èß°“√ÕÕ°ƒ∑∏‘Ï¢Õß “√
promoter À√◊Õ·¡â°√–∑—Ëß°“√™—°π”„Àâ‡´≈≈åº‘¥ª°µ‘∑’Ë́ àÕ¡·´¡
‰¡à‰¥â„Àâµ“¬‰ª‡Õß (Apoptosis) ®—¥‡ªìπµ”·ÀπàßÀ√◊Õ‡ªÑ“À¡“¬
¢Õß¬“‡§¡’ªÑÕß°—π∑’Ë “¡“√∂ÕÕ°ƒ∑∏‘Ï‰¥âº≈ ¥Ÿ√Ÿª∑’Ë 1

√Ÿª∑’Ë 1. °“√æ—≤π“¢Õß‡´≈≈å Ÿà„π√–¬–µà“ßÊ °àÕπ∑’Ë®–‡°‘¥‡ªìπ¡–‡√Áß ¬“‡§¡’ªÑÕß°—πÕ“®ÕÕ°ƒ∑∏‘Ï‚¥¬¡’°≈‰°¬—∫¬—Èß°“√°àÕ “√
°àÕ¡–‡√Áß ¥â«¬°“√¬—∫¬—Èß‡Õπ‰´¡å‡ª≈’Ë¬π·ª≈ß¬“ phase I ‡ª≈’Ë¬π·ª≈ß “√ procarcinogen ‡ªìπ “√¡’ƒ∑∏‘Ï (reactive metabolite) „π
Õ’°¥â“π°“√°√–µÿâπ‡Õπ‰´¡å‡ª≈’Ë¬π·ª≈ß¬“ phase II „Àâ∑”ß“π¡“°¢÷Èπ‡æ◊ËÕ‡ª≈’Ë¬π·ª≈ß„ÀâÀ¡¥ƒ∑∏‘Ï  „π√–¬– promotion ·≈–
progression  “√°≈ÿà¡ suppressing agent ÕÕ°ƒ∑∏‘Ï‚¥¬¬—∫¬—Èß°“√·∫àß‡´≈≈å  °√–µÿâπ„Àâ‡´≈≈åº‘¥ª°µ‘µ“¬‡Õß (apoptosis) ·≈–°“√
¬—∫¬—Èß°“√∑”ß“π¢Õß COX2 ‡ªìπµâπ (¥—¥·ª≈ß®“° Chen & Kong 2004)
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°≈¬ÿ∑∏¢Õß¬“‡§¡’ªÑÕß°—π

°“√ÕÕ°ƒ∑∏‘Ï¢Õß¬“‡§¡’ªÑÕß°—πÕ“®·∫àß°«â“ßÊ ‰¥â‡ªìπ
°≈ÿà¡∑’Ë¬—∫¬—Èß°“√°àÕÀ√◊Õ°√–µÿâπ„Àâ “√°àÕ¡–‡√Áß„Àâ∑”ªØ‘°‘√‘¬“
°—∫™’«‚¡‡≈°ÿ≈√à“ß°“¬ (Blocking agents) ·≈–°≈ÿà¡∑’Ë¬—∫¬—Èß
°¥°“√æ—≤π“‡´≈≈å¡–‡√Áß (Suppressing agents)11, 12

¬“„π°≈ÿà¡·√°ÕÕ°ƒ∑∏‘Ï‚¥¬°“√¬—∫¬—Èß°“√ √â“ß°“√‡ª≈’Ë¬π·ª≈ß
 “√°àÕ¡–‡√Áß∑’Ë¬—ß‰¡à¡’ƒ∑∏‘Ï (procarcinogen) „Àâ¡’ƒ∑∏‘Ï
À√◊Õ«àÕß‰«µàÕªØ‘°‘√‘¬“¡“°¢÷Èπ ¥â«¬°“√ 1. ¬—∫¬—Èß‡Õπ‰´¡å
‡ª≈’Ë¬π·ª≈ß¬“‡À≈à“π’È‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß‡Õπ‰´¡åµ√–°Ÿ≈ CYP
À√◊Õ  2. ‡Àπ’Ë¬«π”„Àâ‡æ‘Ë¡°“√∑”≈“¬ƒ∑∏‘ÏÀ√◊Õ≈¥§«“¡«àÕß‰«
µàÕªØ‘°‘√‘¬“¢Õß “√°àÕ¡–‡√Áß≈ß‚¥¬°“√ conjugation ¥â«¬
‡Õπ‰´¡å‡ª≈’Ë¬π·ª≈ß¬“√–¬–∑’Ë 2 (phase II enzyme) ‰¥â “√
∑’Ë∂Ÿ°¢—∫ÕÕ°‰¥â‡√Á«¢÷ÈπÀ√◊Õ 3. ‡√àß∑”≈“¬ƒ∑∏‘Ï¢ÕßÕπÿ¡Ÿ≈Õ‘ √–
À√◊Õ “√ electrophile ∑’Ë¡“®“° “√ procarcinogen ‚¥¬‡Õπ‰´¡å
¢Õß√–∫∫µâ“πÕπÿ¡Ÿ≈Õ‘ √– (√Ÿª∑’Ë 1) °≈‰°„π¢—Èππ’È®–¬—∫¬—Èß‰¡à
„Àâ “√«àÕß‰«ªØ‘°‘√‘¬“¡’‚Õ°“ ∑”‚®¡µ’ªØ‘°‘√‘¬“°—∫™’«‚¡‡≈°ÿ≈
 ”§—≠¢Õß‡´≈≈å ´÷Ëß‡ªìπ°“√¬—∫¬—Èß¢—ÈπµÕπ initiation

„π°≈ÿà¡¬“∑’Ë°¥¬—∫¬—Èß°“√æ—≤π“‡´≈≈å¡–‡√Áß‰¥â·°à ¬“∑’Ë
 “¡“√∂¬—∫¬—Èß°√–∫«π°“√ promotion ·≈– progression ¥â«¬
°“√¬—∫¬—Èß°“√‡æ‘Ë¡®”π«π‡´≈≈å ¬—∫¬—Èß°“√ differentiation ‡™àπ
°“√¬—∫¬—Èß°“√ÕÕ°ƒ∑∏‘Ï¢Õß “√°àÕ¡–‡√Áß∑’Ë¡’ƒ∑∏‘Ï‡ªìπ mitogen
¬—∫¬—Èß°√–∫«π°“√„π cell cycle „π‡´≈≈å¡–‡√Áß µ≈Õ¥®π°“√
™—°π”„Àâ‡´≈≈åº‘¥ª°µ‘¥—ß°≈à“«µ“¬≈ß‡Õß (apoptosis)
·≈–Õ“® “¡“√∂„Àâ‡´≈≈åºà“‡À≈à“π—ÈπÀ«π§◊π°≈—∫‡ªìπª°µ‘
πÕ°®“°π—ÈπÕ“®∑”°“√À¬ÿ¥¬—Èß  À√◊Õ™≈Õ°√–∫«π°“√
progression ¢Õß‡π◊ÈÕ‡¬◊ËÕ¡–‡√Áß„Àâ™â“≈ß

¬“¬—∫¬—Èß°“√ √â“ß°àÕ “√°àÕ¡–‡√Áß (Blocking agents)

¬“„π°≈ÿà¡π’È®–ªÑÕß°—π‡´≈≈å‰¡à„Àâ‰¥â√—∫∫“¥‡®Á∫®“° “√
«àÕß‰«ªØ‘°‘√‘¬“∑’Ë √â“ß¢÷Èπ‚¥¬ƒ∑∏‘Ï‡Õπ‰´¡å‡ª≈’Ë¬π·ª≈ß¬“
‡Õπ‰´¡å∑’Ë “¡“√∂ √â“ßÕπÿ¡Ÿ≈«àÕß‰«ªØ‘°‘√‘¬“ª√–°Õ∫¥â«¬
∑—Èß‡Õπ‰´¡å phase I  ‰¥â·°à CYP1A1, CYP1A2, CYP2A6, ·≈–
CYP2A13 ‡ªìπµâπ 8, 13, 14  ·≈–‡Õπ‰´¡å‡ª≈’Ë¬π·ª≈ß¬“ phase
II ∫“ß™π‘¥ ‡™àπ ‡Õπ‰´¡å arylamine N-acetyltransferase-1 (NAT1)
·≈– NAT-2 15  ‡Õπ‰´¡åæ«°π’È®–‡ª≈’Ë¬π·ª≈ß “√·≈–¡’
§«“¡ —¡æ—π∏å°—∫¡–‡√Áß∫“ß™π‘¥ ‡™àπ · ¥ß„πµ“√“ß∑’Ë 1
¥—ßπ—Èπ°“√¬—∫¬—Èß°“√∑”ß“π‡Õπ‰´¡å°≈ÿà¡π’È®÷ß‡ªìπ°“√¬—∫¬—Èß
°“√ √â“ß “√°àÕ¡–‡√Áß„π√à“ß°“¬  „π¢≥–∑’Ë‡Õπ‰´¡å
‡ª≈’Ë¬π ·ª≈ß¬“ Phase II ¡—°¡’∫∑∫“∑„π°“√°”®—¥ƒ∑∏‘Ï
(detoxification) ¢Õß “√À√◊ÕÕπÿ¡Ÿ≈«àÕß‰«ªØ‘°‘√‘¬“„ÀâÀ¡¥ƒ∑∏‘Ï
·≈–™à«¬°“√¢—∫ÕÕ°®“°√à“ß°“¬ µ—«Õ¬à“ß‡™àπ glutathione
S-transferase (GST), UDP-glucuronosyltransferase (UGT),

sulfotransferase (SULT), epoxide hydrolase ·≈– NADPH-
quinone oxidoreductase (NQO1) ‚¥¬∑”ªØ‘°‘√‘¬“™π‘¥
conjugation °—∫ “√µ—«√—∫‡™àπ glutathione, glucuronate,
sulfate, ¡’°“√‡µ‘¡‚¡‡≈°ÿ≈¢ÕßπÈ” (trans-addition) ·≈–°“√
√’¥‘«´å “√ quinones ¥â«¬ 2 Õ‘‡≈Á§µ√Õπ µ“¡≈”¥—∫ ‡ªìπµâπ
°“√‡æ‘Ë¡°“√∑”ß“π¢Õß‡Õπ‰´¡å‡À≈à“π’È®–≈¥‚Õ°“ °“√∑”
ªØ‘°‘√‘¬“¢Õß “√°àÕ¡–‡√Áßæ«°π’È12, 16  πÕ°®“°π’È¬—ß‡æ‘Ë¡
§ÿ≥ ¡∫—µ‘°“√≈–≈“¬πÈ”·≈–‡√àß°“√°”®—¥ÕÕ°®“°√à“ß°“¬
°“√¬—∫¬—Èß “√°àÕ¡–‡√Áß¬—ßÕ“®∑”‰¥â¥â«¬°“√‡æ‘Ë¡°“√∑”ß“π
¢Õß√–∫∫µâ“πÕπÿ¡Ÿ≈Õ‘ √– ‡™àπ ‡Õπ‰´¡åµàÕµâ“πÕÕ°´‘‡¥™—π
(antioxidant enzyme) ‰¥â·°à glutathione S-transferase (GST),
superoxide dismutase (SOD), glutathione reductase, glutamy-
cystein ligase (GCL), heme oxygenase-1 (HO-1) ·≈–∑’Ë‰¡à„™à
‡Õπ‰´¡å ‡™àπ ferritin ·≈– bilirubin ‡ªìπµâπ

 “√‡§¡’®”π«π¡“°‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß “√®“°∏√√¡™“µ‘
°≈ÿà¡ polyphenol, coumarin, ·≈– “√∑’Ë¡’Õ–µÕ¡ sulfur Õ¬Ÿà
¿“¬„π‚¡‡≈°ÿ≈ ‡™àπ isothiocyanate  “√ 2 °≈ÿà¡π’È “¡“√∂
°√–µÿâπ‡æ‘Ë¡°“√· ¥ßÕÕ°·≈–°“√∑”ß“π¢Õß‡Õπ‰´¡å
‡ª≈’Ë¬π·ª≈ß¬“ phase II ·≈–‡Õπ‰´¡åµâ“πÕÕ°´‘‡¥™—π
 “√‡§¡’¥—ß°≈à“«æ∫„πÕ“À“√ª√–‡¿∑º—°·≈–º≈‰¡âµà“ßÊ
®”π«π¡“°  “√∑’Ë¡’°“√»÷°…“°—π¡“°‰¥â·°à curcumin ∑’Ëæ∫
„π¢¡‘Èπ™—π epigallo-catechin gallate (EGCG) ·≈– “√ catechin
Õ◊ËπÊ ´÷Ëß‡ªìπ “√°≈ÿà¡ flavanol „π™“‡¢’¬«  Quercetin ·≈–
rutin 12, 17  æ∫„πæ◊™º≈‰¡â·∑∫∑ÿ°™π‘¥‡™àπ °≈ÿà¡ citrus
( â¡ ¡–π“«) ·≈–¬—ßæ∫„π„∫À¡àÕπ „∫Ω√—Ëß   “√„π°≈ÿà¡∑’Ë‡¢â“
sulfur ‰¥â·°à sulforaphane, phenethyl isothiocyanate (PEITC)
æ∫„πº—°∫√Õ§§Õ√’Ë º—°°–À≈Ë” ·≈–º—°Õ◊ËπÊ (µ“√“ß∑’Ë 2)

µ“√“ß∑’Ë 1  ∫∑∫“∑ drug metabolizing enzyme „π°“√‡ª≈’Ë¬π
 “√°àÕ¡–‡√Áß„Àâ¡’ƒ∑∏‘Ï·≈–µ”·Àπàß¢Õß¡–‡√Áß∑’Ë‡°‘¥

CYP Procarcinogen/

substrate

Cancer site

CYP1A1 Polycyclic aromatic Lung, larynx
hydrocarbon

CYP1A2 Aflatoxin Liver
CYP2A6, CYP2A13 NNN, NNK Lung
CYP2E1 Dimethylnitrosamine, Liver
NAT1, NAT2 Heterocyclic amines Colon, bladder

(IQ, MeIQ), benzidine,
2-AF
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µ“√“ß∑’Ë 2 µ—«Õ¬à“ß “√‡§¡’¡’ƒ∑∏‘Ï‡§¡’ªÑÕß°—πæ∫„πæ◊™º—°∑’Ë¡’ƒ∑∏‘Ï°√–µÿâπ‡Õπ‰´¡å°”®—¥æ‘… (®“°  Chen & Kong 2004)

Class of chemicals Representatives Source

Phenolic Phenols Ferulic acid
Curcumin
EGCG, EGC, EC, ECG
Resveratrol

Rice, fruits,
Ginger, curry
Green tea (Camellia sinensis)
Grape

Flavonoids Quercetin
Genistein
Silymarin

Citrus fruits
Soy bean
Milk thristle

Sulfur-containing Isothiocyanates Allyl isothiocyanate
Benzyl isothiocyanate
Phenethyl isothiocyanate
Sulforaphane

Brussel sprouts
Garden cress
Turnips, watercress
Broccoli

Organosulfur Allicin
Diallyl trisulfide, S-allyl cysteine

Garlic, onion
Garlic, garlic oil

Miscellaneous Indoles Brassinin, indole-3-carbinol Cruciferous vegetables
Diterpenes Cafestol, kahweol Green coffee bean
Coumarins & lactones Coumarins Leguminosae species

Auraptene Citrus species
Inorganic Selenium Meat, wheat, dairy & fish

     °≈‰°°“√ÕÕ°ƒ∑∏‘Ï¢Õß “√‡À≈à“π’È¡’≈—°…≥–√à«¡°—π
À≈“¬ª√–°“√ ‰¥â·°à°“√¡’ƒ∑∏‘Ïµâ“πÕÕ°´‘‡¥™—π‚¥¬µ√ß
‡π◊ËÕß®“°°“√¡’°≈ÿà¡ polyphenolic À√◊Õ‡ªìπ metal chelator ¬—∫¬—Èß
ªØ‘°‘√‘¬“ Fenton „π°“√ √â“ßÕπÿ¡Ÿ≈Õ‘ √–18,19  ¡’ƒ∑∏‘Ï°√–µÿâπ
‡Õπ‰´¡å phase II ¬—∫¬—Èß°“√∑”ß“π¢Õß‡Õπ‰´¡å phase I20

·≈–ƒ∑∏‘Ï°√–µÿâπ‡Õπ‰´¡åµâ“πÕÕ°´‘‡¥™—π∑’Ë°≈à“«¢â“ßµâπ „Àâ
∑”ß“π‡æ‘Ë¡¢÷Èπ π—°«‘∑¬“»“ µ√å12, 16  ‡√’¬° “√¡’ƒ∑∏‘Ï°√–µÿâπ
‡æ‘Ë¡°“√∑”ß“π¢Õß‡Õπ‰´¡å phase II ‡√’¬°«à“ çMonofunctional
induceré „π¢≥–∑’Ë “√∫“ß™π‘¥πÕ°®“°°√–µÿâπ‡Õπ‰´¡å
¥—ß°≈à“«¢â“ßµâπ¬—ß°√–µÿâπ°“√∑”ß“π¢Õß CYP Õ’°¥â«¬
‡√’¬°«à“ çBifunctional induceré   “√ bifunctional inducer ‰¥â·°à
β-naphthoflavone ·≈– indole-3-carbinol  ·¡â§‘¥«à“°“√°√–µÿâπ
CYP1A1 Õ“®®–‡°‘¥º≈‡ ’¬‡æ√“–¡’°“√‡ª≈’Ë¬π·ª≈ß “√°àÕ
¡–‡√Áß„Àâ¡’ƒ∑∏‘Ï‡æ‘Ë¡¢÷Èπ ·µà‡π◊ËÕß®“°‡æ‘Ë¡°“√∑”ß“π¢Õß‡Õπ‰´¡å
phase 2 ·≈–‡Õπ‰´¡åµâ“πÕÕ° ‘́‡¥™—π¡’¡“°°«à“∑”„Àâ “√‡§¡’
æ«°π’È¡’º≈‡ªìπ‡§¡’ªÑÕß°—π   “√‡§¡’À≈“¬™π‘¥‰¥â· ¥ßƒ∑∏‘Ï
ªÑÕß°—π¡–‡√Áß·∫∫µà“ßÊ „π —µ«å∑¥≈Õß ‡™àπ EGCG ªÑÕß°—π
¡–‡√Áßº‘«Àπ—ß µ—∫ ≈”‰ â„À≠à ·≈– forestomach „πÀπŸ21

Sulforaphane  ¬—∫¬—Èß¡–‡√Áß‡µâ“π¡ ¡–‡√Áßº‘«Àπ—ß22  Curcumin

¬—∫¬—Èß¡–‡√Áßµ—∫23 Genistein ¬—∫¬—Èß¡–‡√Áß‡µâ“π¡ µàÕ¡≈Ÿ°À¡“°
º‘«Àπ—ß24, 25  ¬“‡§¡’ªÑÕß°—π∑’Ëπà“ π„®Õ’°™π‘¥§◊Õ Oltipraz ‡ªìπ
 “√ —ß‡§√“–Àå¡’ƒ∑∏‘Ï¬—∫¬—Èß CYP1A ·≈–¬—ß¡’ƒ∑∏‘Ï °√–µÿâπ
‡Õπ‰´¡å·∫∫ monofunctional inducer ‚¥¬°√–µÿâπ‡Õπ‰´¡å
√–¬–∑’Ë 2 ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß GST, NQO1 ·≈– GCL26.  Oltipraz
‡ªìπ¬“‡§¡’ªÑÕß°—π∑’Ë‰¥â∑¥≈Õß clinical trial „π°≈ÿà¡ª√–™“°√
®’πµÕπ„µâªÑÕß°—π¡–‡√Áßµ—∫  ‚¥¬ª√–™“°√°≈ÿà¡ π’È¡’‚Õ°“ 
‰¥â√—∫ “√ aflatoxin  Ÿß °“√»÷°…“æ∫«à“ aflatoxin-albumin
adduct „πæ≈“ ¡“≈¥≈ß  “√‡¡·∑‚∫‰≈∑å aflatoxin M1 ∑’Ë
‡°‘¥®“°ªØ‘°‘√‘¬“ phase 1 ‚¥¬ CYP1A2 ¡’√–¥—∫≈¥≈ß æ√âÕ¡
°—ππ—Èπ√–¥—∫ aflatoxin-mercapturic acid derivative  “√
‡¡·∑‚∫‰≈∑å®“°ªØ‘°‘√‘¬“ phase 2 ‡æ‘Ë¡¢÷Èπ„πªí  “«– 27

°≈‰°√–¥—∫‚¡‡≈°ÿ≈ÿ¢Õß¬“‡§¡’ªÑÕß°—π:   “√‡À≈à“
π’È¡—°ÕÕ°ƒ∑∏‘Ï‚¥¬°“√‡Àπ’Ë¬«π”‡æ‘Ë¡°“√· ¥ßÕÕ°¢Õß®’π
‡Õπ‰´¡å phase 2 ·≈–‡Õπ‰´¡åµâ“πÕÕ°´‘‡¥™—π  ‚¥¬™à«ß
promoter ¢Õß®’π‡À≈à“π’È¡’≈”¥—∫‡∫  ”§—≠∑’Ë‡ªìπ enhancer
sequence ∑’Ë‡√’¬°«à“ çAntioxidant response element À√◊Õ
electrophile response element (ARE /EpRE)12, 16  ¡’º≈‡æ‘Ë¡
°“√· ¥ßÕÕ°¢Õß®’π∑’ËÕ¬Ÿà∂—¥≈ß‰ª Transcription factor ∑’Ë
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•

 ”§—≠∑’Ë “¡“√∂®—∫·≈–°√–µÿâπ ARE/EpRE §◊Õ nuclear factor
erythroid 2p45-related factors 2 (Nrf2)    “√‡§¡’∑’Ë‡ªìπ mono-
functional inducer ¡—° “¡“√∂°√–µÿâπ Nrf2 „Àâ∑”ß“π  ª°µ‘
Nrf2 ®–®—∫°—∫‚ª√µ’π Keap 1 „π cytoplasm ∑”„Àâ‰¡à∑”ß“π
 “√°√–µÿâπ‡À≈à“π’È®–¡’º≈„Àâ Keap 1 ∂Ÿ°ÕÕ° ‘́‰¥ ǻ ∑”„Àâ Nrf2
‡ªìπÕ‘ √– “¡“√∂‡¢â“®—∫°—∫ ARE/EpRE  °“√°√–µÿâπ Nrf2 Õ“®
‡°‘¥¢÷Èπ‰¥âÕ’°«‘∂’∑“ßÀπ÷Ëß§◊Õ∂Ÿ°‡µ‘¡À¡ŸàøÕ ‡øµ  ¥â«¬‡Õπ‰´¡å
phosphatidyl inositol 3-kinase (PI3K), protein kinase C (PKC)
À√◊Õ°≈ÿà¡‡Õπ‰´¡å mitogen activated protein kinase (MAPK) ∑’Ë
∑”ß“π‡ªìπ‡§√◊Õ¢à“¬ cascade ´÷Ëßª√–°Õ∫¥â«¬«‘∂’¬àÕ¬µà“ßÊ
‡™àπ «‘∂’ c-Jun N-terminal kinase (JNK) À√◊Õ extracellular
signal-regulated protein kinase (ERK) ∑”„Àâ Nrf2 À≈ÿ¥‡ªìπ
Õ‘ √–16, 28  “¡“√∂®—∫°—∫ ARE/EpRE ·≈–°√–µÿâπ°“√· ¥ß
ÕÕ°®’π phase 2 ·≈–®’πµâ“πÕÕ°´‘‡¥™—π GSTA, NQO1 ·≈–
HO-1  “√‡§¡’®“°æ◊™À≈“¬™π‘¥ ‡™àπ EGCG, sulforaphane ·≈–
PITC  “¡“√∂°√–µÿâπ JNK, ERK ·≈– p38 MAPK „π HepG2
·≈– HT-29 cell ·≈â«π”‰ª Ÿà°“√°√–µÿâπ‡Õπ‰´¡å√–¬–∑’Ë 2

¬“°¥°“√æ—≤π“‡´≈≈å¡–‡√Áß (Suppressing agents)

°“√ªÑÕß°—π¢—ÈπµÕπ tumor promotion ª√–°Õ∫¥â«¬°“√
™—°π”„Àâ«—Ø®—°√¢Õß‡´≈≈åÀ¬ÿ¥ (cell cycle arrest) ∑”„Àâ‡´≈≈å
µ“¬‡Õß (apoptosis) ·≈–¬—∫¬—Èß°“√ àß —≠≠“≥¿“¬„π‡´≈≈å
∑’Ë∑”„Àâ‡æ‘Ë¡®”π«π‡´≈≈å  °≈‰°°“√ÕÕ°ƒ∑∏‘Ï∑’Ë ”§—≠„π°“√
¬—∫¬—Èß¢—Èππ’È‰¥â·°à  °“√¬—∫¬—Èß°“√∑”ß“π¢Õß cyclooxygenase
2 (COX-2)29-31, ¬—∫¬—Èß°“√°√–µÿâπ¢Õß transcription factor:  acti-
vator protein-1 (AP-1) À√◊Õ nuclear factor-kappa B
(NF-κB)17, 30, 32   “√‡§¡’„πÕ“À“√ ‡§√◊ËÕß¥◊Ë¡ ∑’Ëæ∫„π™’«‘µ
ª√–®”«—π®”π«π¡“°¡’ƒ∑∏‘Ï¬—∫¬—Èß tumor promotion ®÷ßÕ“®
 “¡“√∂„™â‡ªìπ¬“‡§¡’ªÑÕß°—π

 “√°àÕ¡–‡√ÁßÕÕ°ƒ∑∏‘Ï‡ªìπ tumor promoter Õ“®∑”ß“π
‚¥¬°√–µÿâπºà“π«‘∂’∑’ËÀ≈“°À≈“¬¢Õß MAPK ‡™àπ  ERKs, JNKs
·≈– p38 kinases17, 30, 32   “√ phorbol ester (PMA)  “√ÕÕ°
ƒ∑∏‘Ï§≈â“¬ epidermal growth factor (EGF) ·≈– platelet-
derived growth factor (PDGF), ultraviolet (UV), okadaic acid
·≈– “√ÀπŸ  “√°àÕ¡–‡√Áß‡À≈à“π’È·≈– “√Õ◊ËπÊ Õ“®„™â«‘∂’°“√

√Ÿª∑’Ë 2.  · ¥ß«‘∂’∑“ß°“√™—°π” cytoprotective gene (phase 2 enzymes & antioxidative enzymes) ‚¥¬¬“‡§¡’ªÑÕß°—π   “√‡À≈à“
π’ÈÕÕ°ƒ∑∏‘Ï‚¥¬ oxidize À¡Ÿà sulfhydryl ¢Õß Keap1 ∑”„Àâ Nrf2 ∂Ÿ°ª≈àÕ¬‡ªìπÕ‘ √–‰ª – ¡„ππ‘«‡§≈’¬   Nrf2  “¡“√∂∂Ÿ°°√–µÿâπ
¥â«¬°“√ phosphorylation ¥â«¬ PKC, MAPK À√◊Õ PI3K  Nrf2  “¡“√∂‡¢â“ Ÿàπ‘«‡§≈’¬ √«¡°—∫ small Maf protein ‰¥â
complex ∑’Ë “¡“√∂®—∫°—∫ ARE ‡æ‘Ë¡°“√· ¥ßÕÕ°¢Õß®’π cytoprotective ∑—ÈßÀ≈“¬√«¡∑—Èß 26S proteosome  ¡’º≈„Àâ™à«¬°”®—¥æ‘…
¢Õß “√°àÕ¡–‡√Áß ‡æ‘Ë¡°“√‡ª≈’Ë¬π·ª≈ß ‡√àß°“√¢—∫∂à“¬ ‡æ‘Ë¡°“√∑”ß“π¢Õß√–∫∫µàÕµâ“πÕÕ°´‘‡¥™—π (®“° Kwak et al 2004)
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 àß —≠≠“≥¿“¬„π‡´≈≈å∑’Ë®”‡æ“–·≈–·µ°µà“ß°—π‰¥â  °“√π”
 —≠≠“≥¢—Èπ ÿ¥∑â“¬®–°√–µÿâπ transcription factor ∑’Ë ”§—≠
‰¥â·°à AP-1 À√◊Õ NF-κB   “√ tumor promoter Õ“®°√–µÿâπ„Àâ
‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß (transformation) ¢Õß‡´≈≈å ‡æ‘Ë¡®”π«π
·≈–¬—∫¬—Èß apoptosis ¢Õß‡´≈≈åº‘¥ª°µ‘ ¬“‡§¡’ªÑÕß°—π
resveratrol, EGCG, caffeic acid À√◊Õ gingerol ·≈– paradol
( “√‡§¡’®“°¢‘ß) ¡’√“¬ß“π«à“ “¡“√∂¬—∫¬—Èß°“√‡®√‘≠‡µ‘∫‚µ
·≈–™—°π”„Àâ‡´≈≈å¡–‡√Áß‡æ“–‡≈’È¬ß‡°‘¥ apoptosis 33

°“√¬—∫¬—Èß Cyclooxygenase-2 ‡ªìπ°≈‰°¢Õß¬“‡§¡’

ªÑÕß°—π:  ‡Õπ‰´¡å COX ∑”Àπâ“∑’Ë —ß‡§√“–Àå prostaglandin
(PGs) ®“° arachidonic acid ´÷Ëß¡’Àπâ“∑’Ë¿“¬„π‡´≈≈å¡“°¡“¬
‡Õπ‰´¡å¡’ 2 √Ÿª·∫∫§◊Õ COX-1 ´÷Ëß®’π®–· ¥ßÕÕ°·≈–¡’°“√
∑”ß“πµ≈Õ¥‡«≈“‡æ◊ËÕ —ß‡§√“–Àå PGs  ·≈–¡—°‡°’Ë¬«¢âÕß°—∫
°“√∑”ß“πª°µ‘¢Õß√à“ß°“¬ „π¢≥–∑’Ë COX-2 ‡ªìπ®’π∑’Ë∂Ÿ°
‡Àπ’Ë¬«π”„Àâ‡æ‘Ë¡°“√∑”ß“π (inducible) ¥â«¬ —≠≠“≥®“°
¿“«–Õ—°‡ ∫·≈–‡´≈≈å∫“¥‡®Á∫µà“ßÊ ‡™àπ cytokines  “√
mitogen ·≈–‚ª√µ’π®“°®’π oncogene29 ¡’√“¬ß“π¡“°¡“¬
∑’Ëæ∫«à“„π‡π◊ÈÕ‡¬◊ËÕ¡–‡√Áß¡’°“√∑”ß“π¢Õß COX-2 ‡æ‘Ë¡¡“°¢÷Èπ
‡™àπ ¡–‡√Áß¢Õß head and neck, breast, esophagus, colon,
bladder, liver ·≈–√«¡∑—Èß¡–‡√Áß∑àÕ∑“ß‡¥‘ππÈ”¥’ (cholangio-
carcinoma)31, 34, 35   °“√‡æ‘Ë¡°“√· ¥ßÕÕ°¢Õß COX-2 ‡ªìπº≈
®“°§«“¡º‘¥ª°µ‘°“√§«∫§ÿ¡º‘¥ª°µ‘∑—Èß√–¥—∫ transcriptional
·≈– post-transcriptional  ·≈–¡—° —¡æ—π∏å°—∫°“√‡°‘¥ mutation
¢Õß®’π p5336  ¥—ßπ—Èπ °“√‡ ’¬°“√§«∫§ÿ¡¢Õß tumor
suppressor gene ·≈–‡æ‘Ë¡°“√°√–µÿâπ oncogene ¡’º≈‡æ‘Ë¡°“√
∑”ß“π¢Õß COX-2  ´÷Ëß¡’º≈„Àâ √â“ß PGs ÕÕ°¡“®”π«π¡“°
‡π◊ËÕß®“° PGs ‡À≈à“π’È¡’ƒ∑∏‘Ï¡“°¡“¬·≈–‡°’Ë¬«¢âÕß°—∫°“√
°àÕ¡–‡√Áß ‡™àπ °“√°√–µÿâπ„Àâ·∫àß‡´≈≈å ∑”„Àâ‡´≈≈å‡§≈◊ËÕπ∑’Ë 29

·µà¬—∫¬—Èß°“√∑”ß“π¢Õß‡´≈≈å„π√–∫∫Õ‘¡¡Ÿπ‚¥¬≈¥°“√À≈—Ëß
cytokine ·≈–°“√∑”ß“π¢Õß NK cell 37 ¬—∫¬—Èß apoptosis ‚¥¬
°“√‡æ‘Ë¡°“√∑”ß“π¢Õß®’π∑’Ë™à«¬°“√Õ¬Ÿà√Õ¥ Bcl2 ·≈– Akt ·≈–
¬—ß°√–µÿâπ°“√ √â“ßÀ≈Õ¥‡≈◊Õ¥„À¡à (angiogenesis) ‚¥¬‡æ‘Ë¡
VEGF, bFGF ·≈– PDGF38, 39  ¥—ßπ—Èπ°“√¬—∫¬—Èß°“√∑”ß“π¢Õß
COX-2 ®÷ß‡ªìπ«‘∏’°“√ ”§—≠„π°“√¬—∫¬—Èß°√–∫«π°“√ tumor
promotion

°“√¬—∫¬—Èß COX-2 Õ“®∑”‰¥â‚¥¬°“√¬—∫¬—Èß∑’Ë‡Õπ‰´¡å
COX-2 ‚¥¬µ√ß ‡™àπ°“√„™â Non-steroidal antiinflammatory drugs
(NSAIDs) ´÷Ëß¡’√“¬ß“π®”π«π¡“°∑’Ëæ∫«à“°“√„™â NSAIDs ∑’Ë
·¡â·∫∫‰¡à®”‡æ“–µàÕ COX ‡™àπ aspirin À√◊Õ sulindac °Á
 “¡“√∂ªÑÕß°—π¡–‡√Áß≈”‰ â„À≠à°≈ÿà¡ familial adenomatous
polyposis40, 41 ¬“‰¥âº≈¬—∫¬—Èß¡–‡√Áß„π —µ«å∑¥≈ÕßÕ’°À≈“¬
ª√–‡¿∑ °“√¬—∫¬—Èß COX-2 Õ“® “¡“√∂∑”‰¥â‚¥¬°“√¬—∫¬—Èß
°“√ àß —≠≠“≥¿“¬„π‡´≈≈å∑’Ëπ”‰ª Ÿà°“√‡æ‘Ë¡°“√· ¥ßÕÕ°

¢Õß®’π COX-2 „π à«π¢Õß promoter ¢Õß®’π COX-2 ¡’
µ”·Àπàß∑’Ë®—∫¢Õß transcription factor: NF-κB ·≈– cAMP
response element (CRE)   —≠≠“≥°√–µÿâπ®“° oncogne
(growth factor) À√◊Õ°“√Õ—°‡ ∫ (cytokine) ®–°√–µÿâπ COX-2
ºà“π«‘∂’ —≠≠“≥ ”§—≠§◊Õ protein kinase C (PKC) ·≈– Ras-
MAPK  °“√¬—∫¬—Èß°“√ àß —≠≠“≥ MAPK, PKC √«¡∑—Èß°“√
¬—∫¬—Èß°“√°√–µÿâπ NF-κB ·≈– AP-1 ®–¡’º≈¬—∫¬—Èß°“√°√–µÿâπ
COX-2 ‰¥â 17, 30, 32   “√‡§¡’∑’Ë¡’º≈¬—∫¬—Èß°“√°√–µÿâπ NF-κB ¡’
º≈¬—∫¬—Èß°“√· ¥ßÕÕ°¢Õß COX-2 ·≈–¡’º≈≈¥°“√Õ—°‡ ∫
‡™àπ curcumin, vitamin E, quercetin, resveratrol, capsaicin,
caffeic acid phenethyl ester, sulforaphane ‡ªìπµâπ17, 30   “√
‡§¡’ —ß‡§√“–ÀåÕÕ°·∫∫¡“‡æ◊ËÕ¬—∫¬—Èß‡Õπ‰´¡å kinase Õ¬à“ß
®”‡æ“–„π«‘∂’ ‡™àπ ERKs µ—«Õ¬à“ß‡™àπ MEK1/2 inhibitor
PD98059  “√„À¡à‡À≈à“π’È¡’‚Õ°“ „π°“√æ—≤π“µàÕ‰ª‡ªìπ¬“
‡§¡’ªÑÕß°—π

°“√¬—∫¬—Èß —≠≠“≥„π«‘∂’ epideramal growth factor

(EGF) ‡ªìπ°≈‰°¢Õß‡§¡’ªÑÕß°—π: µ—«√—∫µ√–°Ÿ≈ ErbB ‡™àπ
ErbB2 (HER2), ErbB3 (HER3) ·≈– ErbB4 (HER4) ‡ªìπ
receptor tyrosine protein kinase (RTK) °“√ àß —≠≠“≥„π
«‘∂’π’È¡’§«“¡ ”§—≠¡“° ”À√—∫°“√ àß —≠≠“≥„Àâ‡´≈≈å·∫àßµ—«
‡°‘¥ differentiation, transformation, angiogenesis ·≈–
migration30, 31 °≈‰°°“√°√–µÿâπ„π«‘∂’ ErbB receptor ‰¥â·°à  1.
°“√∑”ß“π¢Õß receptor ∑’Ë¡“°‡°‘π‰ª (overexpression)
‡π◊ËÕß®“°°“√ºà“‡À≈à“¢Õß receptor oncogene 2. °“√ºà“‡À≈à“
∑’Ë∑”„Àâ receptor ‡°‘¥ activation ‰¥â‡Õß (‰¡àµâÕß°“√ ligand)
3. °“√ —ß‡§√“–Àå ligand ¡“°º‘¥ª°µ‘‚¥¬°“√°√–µÿâπ oncogene
4. °“√°√–µÿâπºà“π®“° receptor Õ◊ËπÊ ‡´≈≈å¡–‡√ÁßÀ≈“¬
ª√–‡¿∑‡™àπ¡–‡√Áß≈”‰ â„À≠à¡’°“√· ¥ßÕÕ°¢Õß®’π‡À≈à“π’È
¡“°º‘¥ª°µ‘  °“√¬—∫¬—Èß∑’Ë EGF receptor À√◊Õ°“√∑”ß“π
¢Õß‡Õπ‰´¡å¢Õß¡—π tyrosine protein kinase (PTK) À√◊Õ
‡Õπ‰´¡å„π«‘∂’∑’ËÕ¬Ÿà„µâ®“°π—Èπ‡™àπ «‘∂’ Ras, Raf ·≈– MAPK À√◊Õ
«‘∂’ PI3K ·≈– Akt ¡’º≈‡ªìπ¬“‡§¡’ªÑÕß°—π ‡™àπ °“√„™â¬“
EKB-569 ́ ÷Ëß‡ªìπ EGFR inhibitor „π°“√ªÑÕß°—π¡–‡√Áß™àÕßª“°

°“√¬—∫¬—Èß°“√°√–µÿâπ transcription factor : AP-1 ·≈–

NF-κB

 “√°àÕ¡–‡√ÁßÀ≈“¬™π‘¥™—°π”„Àâ‡´≈≈å‡°‘¥‡ª≈’Ë¬π·ª≈ß
„™â«‘∂’µà“ßÊ ‚¥¬ ÿ¥∑â“¬¥â«¬°“√°√–µÿâπ transcription factor :
AP-1 À√◊Õ NF-κB. AP-1 ‡ªìπ transcription factor ª√–°Õ∫
¥â«¬ subunit ∑’Ë‡ªìπ homodimer À√◊Õ heterodimer ¢Õß
‚ª√µ’πµ√–°Ÿ≈ Jun, Fos, ATF ·≈– MAF.  AP-1 §«∫§ÿ¡
°√–∫«π°“√¿“¬„π‡´≈≈å ‰¥â·°à°“√·∫àßµ—« ·≈– apoptosis ·≈–
¡’§«“¡ —¡æ—π∏å°—∫°“√°àÕ¡–‡√Áß„π™à«ß tumor promotion/
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•

progression  °“√¬—∫¬—Èß°“√°√–µÿâπ AP-1 ∑”„Àâ°“√æ—≤π“
¡–‡√Áß∂Ÿ°¬—∫¬—Èß≈ß  „π∑”πÕß‡¥’¬«°—π °“√°√–µÿâπ NF-κB Õ¬à“ß
º‘¥ª°µ‘®–π”‰ª Ÿà°“√‡æ‘Ë¡°“√· ¥ß¢Õß®’π ‡™àπ COX-2 ‡æ‘Ë¡
°“√· ¥ßÕÕ°¢Õß®’π antiapototic ‡™àπ Bcl2-2, Bcl-xL, TNF
receptor-associated factor (TRAF), MnSOD, Cyclin D1, GCL,
c-Myc ·≈–®’πÕ◊ËπÊ ∑’Ë‡°’Ë¬«¢âÕß°—∫°√–∫«π°“√°àÕ¡–‡√Áß  EGFR,
iNOS, VEGF, matrix metalloproteinase-9 ‡ªìπµâπ 17, 32   “√∑’Ë
‡ªìπ tumor promoter ∑’Ë°√–µÿâπ NF-κB ‰¥â·°à phorbol ester
·≈– tumor necrosis factor-α  AP-1 ·≈– NF-κB ‡ªìπ
transcription factor ∑’Ëª√“°Ø¡“°¡“¬„π‡´≈≈å√à“ß°“¬ ™—°π”
„Àâ‡´≈≈å¡’°“√µÕ∫ πÕßµà“ßÊ À≈“°À≈“¬®“°°“√°√–µÿâπ
¥â«¬ —≠≠“≥∑—Èß®“°¿“¬„π·≈–¿“¬πÕ°‡´≈≈å  ¥—ßπ—Èπ
transcription factor π’È®÷ß‡ªìπ‡ªÑ“À¡“¬ ”§—≠¢Õß¬“‡§¡’
ªÑÕß°—π¡–‡√Áß (√Ÿª∑’Ë 3)

 “√∏√√¡™“µ‘∑’Ë¡’ƒ∑∏‘Ï‡§¡’ªÑÕß°—π∑’Ë “¡“√∂ÕÕ°ƒ∑∏‘ÏµàÕ
AP-1 ·≈– NF-κB ‰¥â·°à curcumin, EGCG, gingerol ·≈–
capsaicin   “√¢â“ßµâπ “¡“√∂¬—∫¬—Èß tumor promotion  „π
°“√∑¥ Õ∫°—∫¡–‡√Áßº‘«Àπ—ß  °“√∑“ curcumin ¬—∫¬—Èß PMA
™—°π”°“√°√–µÿâπ AP-1 ·≈– NF-κB ∑’Ëº‘«Àπ—ß42  ‚¥¬°“√
¬—∫¬—Èß°“√ phosphorylation ¢Õß IκB (subunit ∑’Ë‡ªìπ inhibitor

¢Õß NF-κB) ´÷Ëß®–∑”„Àâ NF-κB ‡ªìπÕ‘ √–ÕÕ°ƒ∑∏‘Ï‰¥â  ‚¥¬
°“√¬—∫¬—Èß IKK, ERK1/2 ·≈– p38 MAPK ∑’Ë®–‰ª phosphoryla-
tion µàÕ IκB  Gingerol  “√„π¢‘ß¬—∫¬—Èß AP-1 activation ¥â«¬
PMA ·≈– TNF-α  „π¢≥–∑’Ë capsaicin ¬—∫¬—Èß°“√°√–µÿâπ
NF-κB ¥â«¬°≈‰°§≈â“¬§≈÷ß°—∫ curcumin42 πÕ°®“°π’È “√
∏√√¡™“µ‘‡™àπ EGCG  “√ polyphenol ®“°™“‡¢’¬« ·≈–
genistein ®“°∂—Ë«‡À≈◊Õß “¡“√∂¬—∫¬—Èß°“√°√–µÿâπ NF-κB ®“°
°“√‡Àπ’Ë¬«π”¥â«¬ PMA, UV-B µàÕº‘«Àπ—ß √«¡∑—Èß “¡“√∂
¬—∫¬—Èß°“√°√–µÿâπ AP-1 ¥â«¬30, 43  πÕ°®“°π’È EGCG ·≈–
genistein ¬—ß¬—∫¬—Èß cell cycle ·≈–™—°π” apoptosis „π human
epidermoid carcinoma cell30, 44

‡§¡’ªÑÕß°—π„π¡–‡√Áß∑àÕπÈ”¥’

¡–‡√Áß∑àÕπÈ”¥’„πª√–‡∑»‰∑¬‡™◊ËÕ°—π«à“¡’ “‡ÀµÿÀ≈—°®“°
°“√µ‘¥‡™◊ÈÕæ¬“∏‘„∫‰¡âµ—∫ Opisthorchis viverrini45 ·≈–√à«¡
°—∫ “√°àÕ¡–‡√ÁßÕ◊Ëπ∑’Ë¡’ƒ∑∏‘Ï‡ªìπ tumor promoter °“√»÷°…“
„π —µ«å∑¥≈Õß  “√ nitrosoamine √à«¡°—∫°“√µ‘¥æ¬“∏‘ ¡’º≈
™—°π”„Àâ°àÕ¡–‡√Áß∑àÕπÈ”¥’‰¥âÕ¬à“ß ¡Ë”‡ ¡Õ 46 Õ¬à“ß‰√°Áµ“¡
 “√‡§¡’Õ◊ËπÕ“®¡’ à«π‡°’Ë¬«¢âÕß‰¥â¥â«¬  ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß
°“√ Ÿ∫∫ÿÀ√’Ë  Õ¬à“ß‰√°Áµ“¡À≈—°∞“π∑“ß√–∫“¥«‘∑¬“ ‰¡àæ∫

√Ÿª∑’Ë 3 °“√ÕÕ°ƒ∑∏‘Ï¢Õß “√‡§¡’ªÑÕß°—π®“°æ◊™µàÕ NF-κB ·≈– AP-1.  °“√°√–µÿâπ NF-κB ‡°‘¥‡¡◊ËÕ inhibitory subunit  IκB
∂Ÿ° phosphorylation ∑”„Àâ NF-κB À≈ÿ¥‡ªìπÕ‘ √– “¡“√∂™—°π”°“√· ¥ßÕÕ°¢Õß®’π ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß antiapoptosis genes.
IκB ∂Ÿ° phosphorylation ¥â«¬‡Õπ‰´¡å„π«‘∂’ IKK ·≈– MAPK ‰¥â·°à Erk ·≈–  p38 ·≈–¬—ßºà“π«‘∂’ PI3K   à«π c-Fos ·≈– c-Jun ∑’Ë
ª√–°Õ∫‡ªìπ AP-1 ∂Ÿ°°√–µÿâπ¥â«¬ p38 ·≈– JNK. AP-1  “¡“√∂™—°π”°“√· ¥ßÕÕ°¢Õß®’π antipoptosis ‡™àπ°—π   “√‡§¡’
ªÑÕß°—π®–¬—∫¬—Èß‡Õπ‰´¡å kinase ‡À≈à“π’È‚¥¬¢÷ÈπÕ¬Ÿà°—∫§«“¡‡¢â¡¢âπ·≈–™π‘¥¢Õß‡´≈≈å   ‘Ëß°√–µÿâπ°“√∑”ß“π¢Õß NF-κB ·≈–
AP-1 ‰¥â·°à PMAphorbol ester  ·≈– UV ‡ªìπµâπ
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§«“¡ —¡æ—π∏å¢Õß¡–‡√Áß™π‘¥π’È°—∫°“√ Ÿ∫∫ÿÀ√’ËÀ√◊Õ¥◊Ë¡
·Õ≈°ÕŒÕ≈å 47, 48  πÕ°®“°π’È¿“«–µ‘¥‡™◊ÈÕ‡√◊ÈÕ√—ß·≈–°“√‡°‘¥
endogenous nitrosation ‰¥â√—∫‡ πÕ¢÷Èπ¡“49  ∫∑∫“∑¢Õß
Õπÿ¡Ÿ≈Õ‘ √– nitrogen ·≈– oxygen „π¿“«–∑’Ë¡’°“√Õ—°‡ ∫
‡√◊ÈÕ√—ß‡π◊ËÕß®“°°“√µ‘¥‡™◊ÈÕæ¬“∏‘„∫‰¡âµ—∫‰¥â· ¥ß„πÀπŸ
∑¥≈Õß50 (Õà“π‡æ‘Ë¡∫∑§«“¡‡√◊ËÕß °≈‰°°“√‡°‘¥¡–‡√Áß∑àÕ
πÈ”¥’∑’Ë —¡æ—π∏å°—∫°“√µ‘¥æ¬“∏‘„∫‰¡âµ—∫‚¥¬ºà“π∑“ßÕπÿ¡Ÿ≈
Õ‘ √–  „π©∫—∫‡¥’¬«°—ππ’È)  πÕ°®“°π’È‡π◊ÈÕ‡¬◊ËÕ¡–‡√Áß„πºŸâªÉ«¬
æ∫ over-expression ¢Õß COX-234, 35  πÕ°®“°π’È¬—ßæ∫
over-expression ¢Õß EGFR ∑—Èß„π‡π◊ÈÕ‡¬◊ËÕ·≈–‡´≈≈å¡–‡√Áß
‡æ“–‡≈’È¬ß34 °“√«‘‡§√“–Àå„π‡π◊ÈÕ‡¬◊ËÕ¡–‡√Áß®“°ºŸâªÉ«¬„π§π‰∑¬
≠’ËªÿÉπ·≈– À√—∞æ∫«à“¡’§«“¡ —¡æ—π∏å‡™‘ß∫«°√–À«à“ß°“√
· ¥ßÕÕ°¢Õß COX-2 ·≈– ErbB2 ‚¥¬‰¡à¢÷Èπ°—∫‡™◊ÈÕ™“µ‘·≈–
∂‘Ëπ∞“π¢ÕßºŸâªÉ«¬  °“√· ¥ßÕÕ°¢Õß COX-2 ·≈– ErbB2
 —¡æ—π∏å°—∫√–¬–¢Õß differentiation34, 51 ‚¥¬‡π◊ÈÕ‡¬◊ËÕ§πª°µ‘
¡’°“√· ¥ßÕÕ°¢Õß®’π¥—ß°≈à“«πâÕ¬°«à“¡“°  ‡™àπ‡¥’¬«°—∫
‡π◊ÈÕ‡¬◊ËÕºŸâªÉ«¬ bile duct hyperplasia ·≈– primary sclerosing
cholangitis ´÷Ëß‡ªìπªí®®—¬‡ ’Ë¬ßµàÕ¡–‡√Áß∑àÕπÈ”¥’¡’°“√· ¥ß
ÕÕ°¢Õß COX-2 ·≈– ErbB2  Ÿß°«à“§πª°µ‘¡“°51 °“√∑¥≈Õß
„π‡´≈≈å¡–‡√Áß∑àÕπÈ”¥’‡æ“–‡≈’È¬ßæ∫«à“ NSAIDs ™—°π”„Àâ‡´≈≈å
‡°‘¥ apoptosis ‰¥â40  ¥—ßπ—Èπ COX-2 ·≈– ErbB2 ®÷ß¥Ÿ‡À¡◊Õπ
‡ªìπ‡ªÑ“À¡“¬∑’Ë ”§—≠¢Õß¬“‡§¡’ªÑÕß°—π∑’ËÕ“®¬—∫¬—Èß°“√
æ—≤π“¢Õß‡´≈≈åº‘¥ª°µ‘‰¡à„Àâæ—≤π“µàÕ‰ª‡ªìπ¡–‡√Áß  Õ¬à“ß‰√
°Áµ“¡°“√ „™â NSAID „πª√–™“°√®√‘ß¬—ßµâÕßæ‘®“√≥“ ªí®®—¬
Õ◊ËπÊ ‡™àπ §«“¡§ÿâ¡§à“¢Õßª√– ‘∑∏‘º≈·≈–º≈¢â“ß‡§’¬ß ®“°
¬“·≈–§à“„™â®à“¬∑’Ë‡°‘¥¢÷Èπ  ¥—ß‡™àπ°√≥’¢Õß NSAID „π°“√
ªÑÕß°—π¡–‡√Áß≈”‰ â„À≠à∑’Ë¡’°“√»÷°…“∑’Ë¥’°«à“¡“° ·≈–¡’
À≈—°∞“π∑“ß√–∫“¥«‘∑¬“„πª√–™“°√∑’Ë„™â¬“¡’§«“¡‡ ’Ë¬ß
µàÕ¡–‡√Áß≈¥≈ßÕ¬à“ß™—¥‡®π41, 52, 53 ·µà°√–π—Èπ∑“ß°“√ À√—∞
¬—ß‰¡à‰¥â·π–π”„Àâ„™â¬“¥—ß°≈à“«ªÑÕß°—π  ∑—Èßπ’È‡π◊ËÕß®“°
ªí≠À“º≈¢â“ß‡§’¬ß®“°¬“ ª√– ‘∑∏‘º≈„π°“√√—°…“ª√–™“°√
®”π«π¡“°¬—ß‰¡àÕ“®∑—¥‡∑’¬¡°“√µ√«®¥â«¬°≈âÕß·≈–ºà“µ—¥
ÕÕ°‡¡◊ËÕµ√«®æ∫ „π°√≥’¢Õß¡–‡√Áß∑àÕπÈ”¥’ ¬—ß§ßµâÕß°“√
À≈—°∞“π¢Õß°“√ªÑÕß°—π‚√§‚¥¬ NSAID „π§π πÕ°®“°π’È
µ—«™’È«—¥‡∫◊ÈÕßµâπ∑“ß™’«¿“æ (biomarker) À√◊Õ°“√µ√«®¥â«¬
«‘∏’Õ◊Ëπ∑’Ë¡’ª√– ‘∑∏‘¿“æ·≈–ªØ‘∫—µ‘‰¥â®√‘ß‡æ◊ËÕ∫àß™’Èª√– ‘∑∏‘¿“æ
°“√ªÑÕß°—π  ·¡â serum MUC5AC ®–¡’§«“¡‰«·≈–§«“¡
®”‡æ“–„π¡–‡√Áß∑àÕπÈ”¥’54  ·µàªí®®ÿ∫—π¬—ß‰¡àª√“°Ø«à“¡’
µ—«∫àß™’ÈÀ√◊Õ biomarker ∑’Ëπà“æÕ„®‚¥¬‡©æ“–Õ¬à“ß¬‘ËßºŸâªÉ«¬
„π√–¬–·√°  ‘Ëß∫àß™’È‡∫◊ÈÕßµâπ¡’§«“¡®”‡ªìπÕ¬à“ß¬‘Ëß‡æ◊ËÕ
ª√–‡¡‘πª√– ‘∑∏‘º≈  ·≈–‡æ◊ËÕ§—¥‡≈◊Õ°ª√–™“°√„π°≈ÿà¡‡ ’Ë¬ß
 Ÿß (Õà“π‡æ‘Ë¡‡µ‘¡∫∑§«“¡‡√◊ËÕß Tumor marker in Cholangio-
carcinoma „π©∫—∫‡¥’¬«°—ππ’È)

«‘∂’°“√ªÑÕß°—π∑’Ë‡ÀÁπ‡¥àπ™—¥·µà¬—ß‰¡à —¡ƒ∑∏‘Ï º≈∑’Ë™—¥‡®π
„π∑“ßªØ‘∫—µ‘§◊Õ°“√ªÑÕßªÑÕß°—π°“√µ‘¥‡™◊ÈÕæ¬“∏‘ „∫‰¡âµ—∫
Õÿ∫—µ‘°“√≥å°“√µ‘¥‡™◊ÈÕ¥—ß°≈à“«·¡â«à“®–≈¥≈ß‡π◊ËÕß®“°°“√
„™â¬“∂à“¬¢—∫æ¬“∏‘Ï 55 ·µà ∂‘µ‘Õÿ∫—µ‘°“√≥å¢Õß¡–‡√Áß¬—ßÕ“®
µâÕß√Õ§Õ¬ ·≈–∑’Ëπà“«‘µ°¬‘Ëß¢÷Èπ§◊Õ°“√≈¥°“√µ‘¥‡™◊ÈÕπ—Èπ‡ªìπ
°“√≈¥Õ¬à“ß·∑â®√‘ßÀ√◊Õ‡æ’¬ß‡ªìπ°“√µ‘¥‡™◊ÈÕ´È”´“°„À¡àÀ≈—ß
°“√√—∫ª√–∑“π¬“¢—∫æ¬“∏‘  À≈—°∞“π∑“ß√–∫“¥«‘∑¬“
«‘‡§√“–Àå‰¥â«à“ªí®®—¬∑’ËªÑÕß°—π¡–‡√Áß∑àÕπÈ”¥’‰¥â¥’∑’Ë ÿ¥§◊Õ°“√
∫√‘‚¿§æ◊™º—° ·≈–º≈‰¡â  ºŸâ∑’Ë√—∫ª√–∑“πº—°¡“° (3-4  à«π/«—π)
®–‡ ’Ë¬ßπâÕ¬°«à“ºŸâ∑’Ë√—∫ª√–∑“ππâÕ¬°«à“À√◊Õ‡∑à“ °—∫ 1  à«π
µàÕ«—π°«à“ 10 ‡∑à“48 √“¬ß“π¥—ß°≈à“« Õ¥§≈âÕß·≈–¬◊π¬—π
º≈°“√»÷°…“Õ◊ËπÊ ∑’Ëºà“π¡“∑’Ë»÷°…“„πª√–™“°√‡™◊ÈÕ™“µ‘µà“ßÊ
·≈–„π°“√ªÑÕß°—π¡–‡√ÁßÕ¬à“ß‰¡à®”‡æ“–°—∫°“√∫√‘‚¿§º—°
√«¡Ê41  ·¡â®–‡™◊ËÕ«à“ “√ ”§—≠„πº—°∑’ËÕÕ°ƒ∑∏‘Ï‡ªìπ “√
phenolic, «‘µ“¡‘π  ·≈–∏“µÿ∫“ß™π‘¥∑’Ë¡’ƒ∑∏‘Ï antioxidants ·µà
°“√»÷°…“‚¥¬„™â “√ antioxidants À√◊Õ«‘µ“¡‘π‡¥’Ë¬«Ê À√◊Õ
«‘µ“¡‘πº ¡¡—°‰¥âº≈≈—æ∏å∑’Ëπà“º‘¥À«—ß¡“°°«à“2-4  ¥—ßπ—Èπ®÷ß¬—ß
¡’ ‘Ëß∑’ËµâÕß‡√’¬π√ŸâÕ’°¡“°„π∫∑∫“∑¢Õß “√‡§¡’®“°∏√√¡™“µ‘
·≈– “√‡§¡’Õ◊ËπÊ „π°“√ªÑÕß°—π¡–‡√Áß°àÕπ∑’Ë®–¡“„™â∑“ß§≈‘π‘°
Õ¬à“ß·∑â®√‘ß
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