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‡ªìπ∑’Ë∑√“∫°—π¥’·≈â««à“°“√„™â¬“‡æ◊ËÕ√—°…“‚√§„πºŸâªÉ«¬
·µà≈–√“¬∂÷ß·¡â®–‡ªìπ™π‘¥‡¥’¬«°—π·µàÕ“®„Àâº≈„π°“√√—°…“
∑’Ë·µ°µà“ß°—π ∑—Èßπ’È‡π◊ËÕß®“°§«“¡·µ°µà“ß„π°“√µÕ∫ πÕß
µàÕ¬“¢ÕßºŸâªÉ«¬Õ“®‡ªìπº≈¡“®“°ªí®®—¬µà“ßÊ À≈“¬ªí®®—¬
‡™àπ æ¬“∏‘ √’√«‘∑¬“  ‘Ëß·«¥≈âÕ¡¢ÕßºŸâªÉ«¬ (‡™àπ Õ“À“√
°“√ Ÿ∫∫ÿÀ√’Ë) √«¡∑—Èß≈—°…≥–∑“ßæ—π∏ÿ°√√¡¢ÕßºŸâªÉ«¬ ‡™àπ
§«“¡º‘¥·º°∑“ßæ—π∏ÿ°√√¡¢Õß‡Õπ‰´¡å∑’Ë∑”Àπâ“∑’Ë‡ª≈’Ë¬π·ª≈ß
¬“ (metabolism) À√◊Õ§«“¡º‘¥·º°¢Õß§«“¡‰« (sensitivity)
„π°“√µÕ∫ πÕßµàÕ¬“ ́ ÷Ëß»“ µ√å∑’Ë»÷°…“‡°’Ë¬«°—∫§«“¡ —¡æ—π∏å
√–À«à“ßÕß§åª√–°Õ∫∑“ßæ—π∏ÿ°√√¡°—∫°“√µÕ∫ πÕßµàÕ
¬“À√◊Õ°“√‡°‘¥æ‘…¢Õß¬“π’È‡√’¬°«à“ ‡¿ —™æ—π∏ÿ»“ µ√å
(pharmacogenetics À√◊Õ pharmacogenomics) ´÷Ëß
ªí®®ÿ∫—ππ’È‡¿ —™æ—π∏ÿ»“ µ√å‡ªìπ»“ µ√å·¢πßÀπ÷Ëß∑’Ë‰¥â√—∫
§«“¡ π„®Õ¬à“ß¡“° ‚¥¬‡¿ —™æ—π∏ÿ»“ µ√åπ’È‡ªìπ °“√»÷°…“
§«“¡À≈“°À≈“¬¢Õß≈—°…≥–∑“ßæ—π∏ÿ°√√¡ (genetic
polymorphisms) „π®’‚π¡¡πÿ…¬å∑’Ë‡°’Ë¬«¢âÕß°—∫°√–∫«π°“√
µà“ßÊ ‚¥¬§√Õ∫§≈ÿ¡µ—Èß·µà°“√π”§«“¡√Ÿâ∑“ß¥â“πæ—π∏ÿ»“ µ√å
¡“„™â „π°“√∑”π“¬°“√µÕ∫ πÕßµàÕ¬“ °“√‡≈◊Õ°„™â¬“
·≈–¢π“¥¬“∑’Ë‡À¡“– ¡ °“√§âπÀ“ ·≈–°“√æ—≤π“¬“„À¡à∑’Ë
‡À¡“– ¡‡©æ“–°≈ÿà¡ª√–™“°√ ́ ÷Ëß ‘Ëß‡À≈à“π’È¡“®“°Õß§å§«“¡√Ÿâ
æ◊Èπ∞“π«à“¡πÿ…¬å·µà≈–§π¡’§«“¡·µ°µà“ß¢Õß√À— ¥’‡ÕÁπ‡Õ
„π¬’π∑’Ë‡°’Ë¬«¢âÕß°—∫«‘∂’æ¬“∏‘°”‡π‘¥¢Õß‚√§ (pathogenesis
pathways) ¬’π∑’Ë‡°’Ë¬«¢âÕß°—∫°“√ÕÕ°ƒ∑∏‘Ï¢Õß¬“À√◊Õ
‡¿ —™æ≈»“ µ√å (pharmacodynamic) ·≈–¬’π∑’Ë‡°’Ë¬«¢âÕß°—∫
‡¿ —™®≈π»“ µ√å (pharmacokinetics) °“√∑√“∫§«“¡·µ°µà“ß
‡À≈à“π’È‚¥¬≈–‡Õ’¬¥ ¬àÕ¡®–π”‰ª ŸàÕß§å§«“¡√Ÿâ∑’Ë‡°’Ë¬«¢âÕß°—∫
 “‡Àµÿ¢Õß‚√§ °“√‡≈◊Õ°„™â¬“µ“¡§«“¡‡À¡“– ¡°—∫‚√§
°“√‡≈◊Õ°¢π“¥¬“∑’Ë‡À¡“– ¡  ‡æ◊ËÕ„Àâ‡°‘¥ª√–‚¬™πå„π°“√√—°…“
 Ÿß ÿ¥ ·≈–≈¥Õ“°“√Õ—π‰¡àæ÷ßª√– ß§å®“°°“√„™â¬“°—∫ºŸâªÉ«¬

Õ¬à“ß‰√°Áµ“¡°“√ª√–¬ÿ°µå„™â§«“¡√Ÿâ∑“ß‡¿ —™æ—π∏ÿ»“ µ√å
„π‡«™ªØ‘∫—µ‘ ¡’§«“¡®”‡ªìπÕ¬à“ß¬‘Ëß∑’ËµâÕß¡’°“√»÷°…“«‘®—¬
‡æ‘Ë¡‡µ‘¡‡°’Ë¬«°—∫Õ‘∑∏‘æ≈¢Õß¬’π∑’Ë∑”„Àâ‡°‘¥≈—°…≥–∑“ß§≈‘π‘°
·≈–°“√µÕ∫ πÕßµàÕ¬“ „π·ßà¢Õß§«“¡®”‡æ“–¢Õß§«“¡
·ª√º—π∑“ßæ—π∏ÿ°√√¡„π·µà≈–‡™◊ÈÕ™“µ‘ ‰¡à‡æ’¬ß·æ∑¬å‡∑à“π—Èπ
∑’ËµâÕß¡’°“√ª√—∫µ—«„Àâ∑—π°—∫§«“¡°â“«Àπâ“∑’Ë‡°‘¥¢÷Èπ ∫ÿ§≈“°√
Õ◊ËπÊ ∑“ß “∏“√≥ ÿ¢ √«¡∂÷ßπ—°«‘®—¬ “¢“µà“ßÊ ®”‡ªìπµâÕß
Õ“»—¬§«“¡√Ÿâ∫Ÿ√≥“°“√„π»“ µ√å·µà≈–·¢πß ‡™àπ °“√„™â
§«“¡√Ÿâ∑“ß™’« “√ π‡∑» (bioinformatics) ¡“®—¥‡°Á∫ √«∫√«¡
‡ª√’¬∫‡∑’¬∫  ◊∫§âπ «‘‡§√“–Àå¢âÕ¡Ÿ≈∑“ß™’««‘∑¬“Õ¬à“ß‡ªìπ
√–∫∫ °“√»÷°…“°“√· ¥ßÕÕ°¢Õß¬’π„π√–¥—∫ mRNA ¿“¬„π
‡´≈≈å (transcriptomics) °“√»÷°…“‚ª√µ’‚Õ¡‘° å (proteomics)
„π¥â“π‚§√ß √â“ß ª√–‡¿∑ ª√‘¡“≥ ·≈–Àπâ“∑’Ë¢Õß‚ª√µ’π∑’Ë
·µà≈–‡´≈≈å √â“ß¢÷Èπ √à«¡°—∫»“ µ√å “¢“Õ◊ËπÊ Õ’°®”π«π¡“°
‡™àπ metabolomics, phenomics, infectomics ‡ªìπµâπ ‡æ◊ËÕ„Àâ‰¥â
¡“´÷ËßÕß§å§«“¡√Ÿâ∑’Ë®”‡æ“–¢Õß≈—°…≥–∑“ßæ—π∏ÿ°√√¡„π‡™‘ß
≈÷°®ππ”‰ªª√–¬ÿ°µå„™â„π°“√√—°…“ºŸâªÉ«¬„π‡«™ªØ‘∫—µ‘‰¥â

§«“¡·µ°µà“ß¢Õß≈”¥—∫‡∫ ¢Õß¥’‡ÕÁπ‡Õ„π¡πÿ…¬å
(Variation in human DNA sequence)

®’‚π¡¢Õß¡πÿ…¬åª√–°Õ∫¥â«¬π‘«§≈’‚Õ‰∑¥å®”π«π∂÷ß
3.3X109 π‘«§≈’‚Õ‰∑¥å¥â«¬°—π ÷́Ëß≈”¥—∫¢Õßπ‘«§≈’‚Õ‰∑¥å„π®’‚π¡
¢Õß·µà≈–∫ÿ§§≈Õ“®®–·µ°µà“ß°—π‰¥â ‚¥¬∑’Ë§«“¡·µ°µà“ßπ’È
Õ“®‡ªìπº≈¡“®“°°“√°≈“¬æ—π∏ÿå (mutation) °“√¢“¥À“¬‰ª
(deletion) °“√·∑√° (insertion) ¢Õßπ‘«§≈’‚Õ‰∑¥å À√◊Õ°“√‡æ‘Ë¡
®”π«π¢Õß¬’π∑’Ë¡“°°«à“ª°µ‘ (gene duplication)  Õ¬à“ß‰√°Áµ“¡
§«“¡·µ°µà“ß¢Õß¥’‡ÕÁπ‡Õ∑’Ëæ∫¡“°∑’Ë ÿ¥„π®’‚π¡¢Õß¡πÿ…¬å
®–‡ªìπº≈‡π◊ËÕß¡“®“°°“√°≈“¬æ—π∏ÿå¢Õßπ‘«§≈’‚Õ‰∑¥å
∑’Ëµ”·Àπàß„¥µ”·ÀπàßÀπ÷Ëß∫π “¬¥’‡ÕÁπ‡Õ (single
nucleotide polymorphisms; SNPs) ®“°¢âÕ¡Ÿ≈∑’Ë‰¥â®“°
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‚§√ß°“√®’‚π¡¢Õß¡πÿ…¬åæ∫«à“®–¡’ SNP ‡°‘¥¢÷Èπ∫π “¬
¥’‡ÕÁπ‡Õ‚¥¬‡©≈’Ë¬ª√–¡“≥∑ÿ°Ê 1000 π‘«§≈’‚Õ‰∑¥å  ‚¥¬®–æ∫
SNP ‰¥âÀπ÷Ëß SNP ‚¥¬ SNP π’È®–æ∫‰¥â∑—Èß„π à«π¢Õß¬’π∑’Ë
‰¡à‡°’Ë¬«°—∫°“√∂Õ¥√À— ‚ª√µ’π (untranslated region) À√◊Õ
 à«π∑’Ë‡°’Ë¬«¢âÕß°—∫°“√∂Õ¥√À— ‚ª√µ’π (coding region) SNP
∑’Ë‰¥â√—∫§«“¡ π„®®“°π—°«‘∑¬“»“ µ√å‡ªìπÕ¬à“ß¡“° ‰¥â·°à
SNP ∑’Ëæ∫„π à«π∑’Ë‡°’Ë¬«¢âÕß°—∫°“√∂Õ¥√À— ‚ª√µ’π À√◊Õ∑’Ë
‡√’¬°«à“ cSNP ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß cSNP ∑’Ë®–∑”„Àâ‡°‘¥°“√
‡ª≈’Ë¬π·ª≈ß¢Õßπ‘«§≈’‚Õ‰∑¥å∑’Ëπ”‰ª Ÿà°“√‡ª≈’Ë¬π·ª≈ß¢Õß
°√¥Õ–¡‘‚π (non-synonymous) ∑—Èßπ’È‡π◊ËÕß®“°°“√‡ª≈’Ë¬π·ª≈ß
¢Õß°√¥Õ–¡‘‚πÕ“®¡’º≈µàÕ°“√∑”ß“π¢Õß‚ª√µ’πÀ√◊Õ‡Õπ‰´¡å
∑’Ë¬’ππ—ÈπÊ  —ß‡§√“–Àå¢÷Èπ¡“

ªí®®ÿ∫—ππ—°«‘∑¬“»“ µ√å‡™◊ËÕ«à“¢âÕ¡Ÿ≈·∫∫·ºπ¢Õß SNP
(SNP map) π’È®– “¡“√∂π”‰ª Ÿà°“√§âπæ∫¬’π∑’Ë‡ªìπ “‡Àµÿ¢Õß
‚√§ √«¡∑—Èß “¡“√∂π”‰ª„™â„π°“√∑”π“¬°“√µÕ∫ πÕßµàÕ¬“
À√◊Õ°“√‡°‘¥æ‘…¢Õß¬“„πºŸâªÉ«¬‰¥â ¢âÕ¡Ÿ≈‡À≈à“π’È®–™à«¬„Àâ
·æ∑¬å “¡“√∂«“ß·ºπ°“√√—°…“¥â«¬¬“„πºŸâªÉ«¬‡ªìπ√“¬∫ÿ§§≈
µ“¡≈—°…≥–∑“ßæ—π∏ÿ°√√¡¢ÕßºŸâªÉ«¬‰¥â (personalized
medicine) ªí®®ÿ∫—π¡’°“√æ—≤π“«‘∏’°“√µ√«®«‘π‘®©—¬§«“¡º‘¥
·º°∑“ßæ—π∏ÿ°√√¡∑’Ë “¡“√∂µ√«®‰¥â§√—Èß≈–À≈“¬æ—π SNP
‚¥¬Õ“»—¬‡∑§‚π‚≈¬’ ¡—¬„À¡à ‡™àπ DNA microarray
π—°«‘∑¬“»“ µ√å§“¥°—π«à“„πÕπ“§µÕ—π„°≈âπ’È·æ∑¬åÕ“®®–
®”‡ªìπµâÕß —Ëßµ√«®«‘π‘®©—¬¬’π‡æ◊ËÕÀ“·∫∫·ºπ¢Õß SNP
∑’Ë‡°’Ë¬«¢âÕß°—∫°“√ÕÕ°ƒ∑∏‘ÏÀ√◊Õ°“√‡°‘¥æ‘…¢Õß¬“°àÕπ∑’Ë®–
 —Ëß®à“¬¬“„πºŸâªÉ«¬ ∑—Èßπ’È‡æ◊ËÕ„ÀâºŸâªÉ«¬‰¥â√—∫¬“∑’Ë¡’ª√– ‘∑∏‘¿“æ
„π°“√√—°…“·≈–¡’§«“¡ª≈Õ¥¿—¬ Ÿß ÿ¥

‡¿ —™æ—π∏ÿ»“ µ√å∑’Ë¡’§«“¡ ”§—≠∑“ß‡¿ —™«‘∑¬“·≈–
æ‘…«‘∑¬“1

§«“¡º‘¥·º°∑“ßæ—π∏ÿ°√√¡∑’Ë¡’º≈µàÕ°“√µÕ∫ πÕß
·≈–°“√‡°‘¥æ‘…«‘∑¬“¢Õß¬“ Õ“®·∫àß‰¥â¥—ßπ’È§◊Õ

1. ‡¿ —™æ—π∏ÿ»“ µ√å∑’Ë¡’º≈µàÕ‡¿ —™®≈π»“ µ√å¢Õß
¬“ §«“¡º‘¥·º°∑“ßæ—π∏ÿ°√√¡∑’Ë¡’º≈µàÕ°“√µÕ∫ πÕßµàÕ¬“
™π‘¥π’È®–¡’º≈°√–∑∫µàÕ‡¿ —™®≈π»“ µ√å (pharmacokinetics)
¢Õß¬“ ́ ÷Ëß‚¥¬∑—Ë«‰ª‡ªìπº≈¡“®“°§«“¡º‘¥·º°∑“ßæ—π∏ÿ°√√¡
¢Õß‡Õπ‰´¡å∑’Ë∑”Àπâ“∑’Ë‡ª≈’Ë¬π·ª≈ß¬“ (drug metabolizing
enzyme) ‡™àπ §«“¡º‘¥·º°¢Õß¬’π∑’Ë§«∫§ÿ¡°“√ √â“ß‡Õπ‰´¡å
cytochromes P450 (CYP) §«“¡º‘¥·º°¢Õß¬’π∑’Ë§«∫§ÿ¡
°“√ √â“ß‡Õπ‰´¡å thiopurine S-methyltransferase (TPMT) ‡ªìπ
º≈„Àâ√–¥—∫¢Õß‡¡‡‡∑∫Õ‰≈µå¢Õß¬“„π√Ÿª∑’Ë¡’ƒ∑∏‘Ï (active
metabolite) À√◊Õ√Ÿª∑’Ë‰¡à¡’ƒ∑∏‘Ï (inactive metabolite) „πºŸâªÉ«¬
·µà≈–√“¬·µ°µà“ß°—π´÷Ëß®– àßº≈∑”„Àâ‡°‘¥§«“¡·µ°µà“ß°—π
„π°“√µÕ∫ πÕßÀ√◊Õ°“√‡°‘¥æ‘…¢Õß¬“„πºŸâªÉ«¬

2. ‡¿ —™æ—π∏ÿ»“ µ√å∑’Ë ‰¡à ‡°’Ë¬«¢âÕß°—∫‡¿ —™
®≈π»“ µ√å¢Õß¬“ §«“¡º‘¥·º°∑“ßæ—π∏ÿ°√√¡™π‘¥π’È®–¡’
º≈µàÕ°“√µÕ∫ πÕßÀ√◊Õ°“√‡°‘¥æ‘…¢Õß¬“ ‚¥¬∑’Ë‰¡à¡’º≈
µàÕ°√–∫«π°“√∑“ß‡¿ —™®≈π»“ µ√å¢Õß¬“ µ—«Õ¬à“ß‡™àπ
§«“¡º‘¥·º°∑“ßæ—π∏ÿ°√√¡¢Õß‡Õπ‰´¡å∑’Ë‡ªìπ‡ªÑ“À¡“¬
„π°“√ÕÕ°ƒ∑∏‘Ï¢Õß¬“ À√◊Õ‚ª√µ’π∑’Ë∑”Àπâ“∑’Ë‡°’Ë¬«¢âÕß°—∫
°“√¥Ÿ¥´÷¡¬“ºà“πºπ—ß≈”‰ âÀ√◊Õ°“√¢π àß¬“‡¢â“ Ÿà ¡Õß
À√◊Õ‡π◊ÈÕ‡¬◊ËÕµà“ßÊ

‡¿ —™æ—π∏ÿ»“ µ√å∑’Ë¡’º≈µàÕ‡¿ —™®≈π»“ µ√å¢Õß¬“1

§«“¡º‘¥·º°∑“ßæ—π∏ÿ°√√¡∑’Ë¡’º≈µàÕ‡¿ —™®≈π»“ µ√å
¢Õß¬“ à«π„À≠à®–‡ªìπº≈‡π◊ËÕß¡“®“°§«“¡º‘¥·º°∑“ß
æ—π∏ÿ°√√¡¢Õß‡Õπ‰´¡å∑’Ë∑”Àπâ“∑’Ë‡ª≈’Ë¬π·ª≈ß¬“ (genetic
polymorphism of drug metabolizing enzymes) ´÷Ëß‡Õπ‰´¡å∑’Ë
∑”Àπâ“∑’Ë‡ª≈’Ë¬π·ª≈ß¬“¡’Õ¬ŸàÀ≈“¬™π‘¥¥â«¬°—π ‡™àπ
cytochromes P450 (CYP), UDP-glucuronosyltransferases (UGT),
N-acetyltransferases, thiopurine S-methyltransferase ‡ªìπµâπ

Õ¬à“ß‰√°Áµ“¡‡Õπ‰´¡å∑’Ë¡’∫∑∫“∑ ”§—≠∑’Ë ÿ¥„π°“√
‡ª≈’Ë¬π·ª≈ß¬“ ‰¥â·°à ‡Õπ‰´¡å„π°≈ÿà¡¢Õß cytochromes P450
§«“¡º‘¥·º°∑“ßæ—π∏ÿ°√√¡¢Õß‡Õπ‰´¡å∑’Ë∑”Àπâ“∑’Ë‡ª≈’Ë¬π·ª≈ß
¬“®–¡’º≈µàÕ°“√„™â¬“∑“ß§≈‘π‘°À√◊Õ‰¡à¢÷ÈπÕ¬Ÿà°—∫§ÿ≥ ¡∫—µ‘
¢Õß¬“‡À≈à“π—Èπ ´÷Ëß‰¥â·°à

1. «‘∂’°“√‡ª≈’Ë¬π·ª≈ß¬“„π√à“ß°“¬: ∂â“‡Õπ‰´¡å∑’Ë¡’
§«“¡º‘¥·º°∑“ßæ—π∏ÿ°√√¡‡ªìπ‡Õπ‰´¡åÀ≈—°∑’Ë ”§—≠„π°“√
°”®—¥¬“ÕÕ°®“°√à“ß°“¬ °“√∑’ËºŸâªÉ«¬¡’§«“¡º‘¥·º°∑“ß
æ—π∏ÿ°√√¡¢Õß‡Õπ‰´¡åπ—ÈπÊ ¬àÕ¡ àßº≈Õ¬à“ß¡“°µàÕ√–¥—∫¢Õß
¬“À√◊Õ‡¡·∑∫Õ‰≈µå ¥—ßπ—ÈπºŸâªÉ«¬∑’Ë¡’§«“¡º‘¥·º°¢Õß‡Õπ‰´¡å
π’È®÷ß¡’‚Õ°“ ∑’Ë®–¡’√–¥—∫¬“„π√à“ß°“¬ Ÿß°«à“ª°µ‘·≈–¡’
‚Õ°“ ‡°‘¥æ‘…®“°¬“‡æ‘Ë¡¢÷Èπ „π∑“ßµ√ß°—π¢â“¡∂â“¬“π—Èπ∂Ÿ°
‡ª≈’Ë¬π·ª≈ß„π√à“ß°“¬‚¥¬Õ“»—¬‡Õπ‰´¡åÀ≈“¬™π‘¥ ‡™àπ
CYP3A4, CYP2C19 ·≈– CYP2D6 ·≈–°“√‡ª≈’Ë¬π·ª≈ß¢Õß
¬“π’È‚¥¬‡Õπ‰´¡å CYP ™π‘¥∑’Ë¡’§«“¡º‘¥·º°∑“ßæ—π∏ÿ°√√¡
‡ªìπ‡æ’¬ß«‘∂’√Õß‡∑à“π—Èπ ∂÷ß·¡âºŸâªÉ«¬®–¡’§«“¡º‘¥·º°∑“ß
æ—π∏ÿ°√√¡¢Õß¬’ππ—ÈπÊ °Á®–‰¡à¡’º≈°√–∑∫µàÕ°“√°”®—¥¬“
ÕÕ°®“°√à“ß°“¬¡“°‡∑à“„¥π—°  ∑—Èßπ’È‡π◊ËÕß®“°√à“ß°“¬ “¡“√∂
°”®—¥¬“ÕÕ°‰¥â‚¥¬Õ“»—¬ CYP ™π‘¥Õ◊Ëπ‰¥â

2. ƒ∑∏‘Ï∑“ß‡¿ —™«‘∑¬“¢Õß‡¡·∑∫Õ‰≈µå: ®–µâÕß
æ‘®“√≥“«à“ ‡Õπ‰´¡å∑’Ë¡’§«“¡º‘¥·º°∑“ßæ—π∏ÿ°√√¡¡’∫∑∫“∑
„π°“√ —ß‡§√“–ÀåÀ√◊Õ°”®—¥‡¡·∑∫Õ‰≈µå∑’Ë¡’ƒ∑∏‘Ï∑“ß‡¿ —™«‘∑¬“
À√◊Õ‰¡à πÕ°®“°π’È¬—ßµâÕß§”π÷ß¥â«¬«à“‡¡·∑∫Õ‰≈µå‡À≈à“π—Èπ
¡’§«“¡·√ß (potency) ¡“°À√◊ÕπâÕ¬‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫¬“‡¥‘¡
(parent drug) µ—«Õ¬à“ß‡™àπ codeine ∑’Ë„Àâ‡¢â“‰ª„π√à“ß°“¬
®–∂Ÿ°‡ª≈’Ë¬π‡ªìπ morphine ´÷Ëß¡’ƒ∑∏‘Ï·°âª«¥‰¥â‚¥¬Õ“»—¬
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°“√∑”ß“π¢Õß CYP2D6  ¥—ßπ—ÈπºŸâ∑’Ë¡’°“√∑”ß“π¢Õß CYP2D6
∫°æ√àÕß®–‰¡à “¡“√∂‡ª≈’Ë¬π codeine „ÀâÕ¬Ÿà„π√Ÿª morphine
‰¥â  ¥—ßπ—ÈπºŸâªÉ«¬°≈ÿà¡π’È®÷ß‰¡à‰¥â√—∫ƒ∑∏‘Ï·°âª«¥¢Õß codeine

3. Therapeutic range: ∂â“™à«ß§«“¡‡¢â¡¢âπ¢Õß¬“„π
°√–· ‡≈◊Õ¥∑’Ë„Àâº≈„π°“√√—°…“ (therapeutic range) °«â“ß¡“°
§«“¡·µ°µà“ß¢Õß√–¥—∫¬“∑’Ë‡°‘¥¢÷Èπ∑’Ë‡ªìπº≈®“°°“√∑”ß“π¢Õß
‡Õπ‰´¡å∑’Ë‡ª≈’Ë¬π·ª≈ß¬“Õ“®®–‰¡à¡’º≈°√–∑∫µàÕ°“√√—°…“
‡∑à“„¥π—°  „π∑“ßµ√ß°—π¢â“¡∂â“¬“¡’ therapeutic range ∑’Ë·§∫
§«“¡·µ°µà“ß¢Õß√–¥—∫¬“„π°√–· ‡≈◊Õ¥Õ“®®–¡’º≈Õ¬à“ß
¡“°µàÕ°“√√—°…“À√◊Õ°“√‡°‘¥æ‘…¢Õß¬“‡À≈à“π—Èπ

‡Õπ‰´¡å∑’Ë∑”Àπâ“∑’Ë‡ª≈’Ë¬π·ª≈ß¬“∑’Ë¡’§«“¡º‘¥·º°
æ—π∏ÿ°√√¡∑’Ë¡’§«“¡ ”§—≠∑“ß§≈‘π‘°¡’Õ¬ŸàÀ≈“¬™π‘¥
(µ“√“ß∑’Ë 1)

§«“¡º‘¥·º°∑“ßæ—π∏ÿ°√√¡¢Õß‡Õπ‰´¡å Cytochromes
P450 ∑’Ë¡’§«“¡ ”§—≠∑“ß§≈‘π‘°

CYP2D6  polymorphism
CYP2D6 ‡ªìπ‡Õπ‰´¡å∑’Ë∑”Àπâ“∑’Ë‡ª≈’Ë¬π·ª≈ß¬“À≈“¬Ê

™π‘¥ (µ“√“ß∑’Ë 2) ºŸâªÉ«¬∑’Ë¡’§«“¡∫°æ√àÕß„π°“√∑”ß“π¢Õß
CYP2D6 (Poor metabolizer, PM) ®–¡’√–¥—∫¢Õß¬“‡À≈à“π’È
„π°√–· ‡≈◊Õ¥ Ÿß°«à“ª°µ‘ ·≈–¡’º≈∑”„Àâ°“√µÕ∫ πÕßµàÕ¬“
‡À≈à“π’È‡æ‘Ë¡¢÷Èπ ´÷Ëß∫“ß§√—ÈßÕ“®∂÷ß¢—Èπ∑”„Àâ‡°‘¥æ‘…‰¥â „π∑“ß
µ√ß°—π¢â“¡ºŸâªÉ«¬∑’Ë¡’°“√∑”ß“π¢Õß‡Õπ‰´¡åπ’È Ÿß°«à“ª°µ‘
(Ultra rapid metabolizer, UM) ®–¡’√–¥—∫¬“‡À≈à“π’ÈµË”°«à“ª°µ‘
¡’‚Õ°“ ∑”„Àâ°“√µÕ∫ πÕßµàÕ¬“µË”°«à“ª°µ‘„π°√≥’∑’Ëµ—«¬“
‡Õß‡ªìπµ—«ÕÕ°ƒ∑∏‘Ï ·µà„π°√≥’∑’Ë‡¡·∑∫Õ‰≈µå∑’Ë‡°‘¥¢÷Èππ—Èπ
¡’ƒ∑∏‘Ï„π°“√√—°…“¡“°°«à“µ—«¬“‡¥‘¡ (parent drug) °ÁÕ“®®–
°Á„Àâ¡’ºŸâ∑’Ë‡ªìπ UM ‚Õ°“ ‰¥â√—∫æ‘…‡æ‘Ë¡¢÷Èπ¥â«¬

Designation Prevalence of poor metabolizer Drug substrates

CYP2D6 polymorphism Caucasians 5-10% Debrisoquine
Asians ~1% Sparteine
Thais ~1% Bufuralol

Dextromethorphan
β-Adreneoceptor antagonists
Antiarhythmics
Antidepressants
Neuroleptics, etc

CYP2C9 polymorphism Caucasians < 1% Tolbutamide
Asians < 0-1% (S)-warfarin

Phenytoin
Non-steroidal antiinflamtory drugs

CYP2C19 polymorphism Caucasians 2-5% Mephenytoin
Thais 7-10% Mephobarbital
Other Asians 12-23% Hexobarbital

Diazepam
Omeprazole
Proguanil

N-acetyltransferase 2 polymorphism Caucasians 40-70% Isoniazid
Asians 10-20% Hydralazine

Procainamide
Sulfamethazine
Sulfapyridine
Amonafide

Thiopurine S-methyltransferase Caucasians and Thais 0.3% 6-Mercaptopurine
polymorphism 6-Thioguanine

Azathioprine

µ“√“ß∑’Ë 1  §«“¡º‘¥·º°∑“ßæ—π∏ÿ°√√¡¢Õß‡Õπ‰´¡å∑’Ë∑”Àπâ“∑’Ë‡ª≈’Ë¬π·ª≈ß¬“∑’Ë¡’§«“¡ ”§—≠∑“ß§≈‘π‘°1
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¬’π∑’Ë§«∫§ÿ¡°“√ —ß‡§√“–Àå‡Õπ‰´¡å CYP2D6 ®–Õ¬Ÿà∫π
‚§√‚¡‚´¡§Ÿà∑’Ë 22 ‚¥¬¬’ππ’È®–¡’¢π“¥ª√–¡“≥ 7 Kb  ª√–°Õ∫
¥â«¬ 9 exon ªí®®ÿ∫—πæ∫«à“¬’π CYP2D6 π’È¡’‰¡àπâÕ¬°«à“ 75
allele ¥â«¬°—π (µ“√“ß∑’Ë 3) ‚¥¬∫“ß allele ®–‡ªìπº≈¡“®“°
°“√°≈“¬æ—π∏ÿå À√◊Õ°“√‡°‘¥ frame shift  √«¡∑—Èß‡°‘¥®“°¢“¥
À“¬‰ª (deletion) ¢Õß¬’π CYP2D6 ∑—Èß¬’π ‡ªìπº≈„Àâ‡Õπ‰´¡å
∑’Ë —ß‡§√“–Àå¢÷Èπ¡“‰¡à‡ ∂’¬√ À√◊Õ¡’§«“¡ “¡“√∂„π°“√∑”ß“π
∑’ËµË”°«à“ª°µ‘ À√◊Õ‰¡à¡’°“√ —ß‡§√“–Àå‡Õπ‰´¡å¢÷Èπ¡“‡≈¬ ´÷Ëß
∫ÿ§§≈∑’Ë¡’≈—°…≥–∑“ßæ—π∏ÿ°√√¡¢Õß¬’π CYP2D6 ·∫∫¥—ß°≈à“«
®–®—¥‡ªìπ PM  à«π°√≥’∑’Ë∫ÿ§§≈∫“ß§πÕ“®®–¡’‡Õπ‰´¡å
CYP2D6 ∑’Ë¡’§«“¡ “¡“√∂„π°“√∑”ß“π∑’Ë Ÿß°«à“ª°µ‘  ∑—Èßπ’È
‡π◊ËÕß®“°∫ÿ§§≈°≈ÿà¡π’È¡’®”π«π¬’π CYP2D6 ¡“°°«à“ 1 ™ÿ¥
(copy) ‡™àπ ¡’ CYP2D6*2  2 ™ÿ¥ À√◊Õ 13 ™ÿ¥ ¥—ßπ—Èπ∫ÿ§§≈
°≈ÿà¡π’È®–‡ª≈’Ë¬π·ª≈ß¬“∑’Ë‡ªìπ substrate ¢Õß CYP2D6 ‰¥â
Õ¬à“ß√«¥‡√Á« ‚¥¬Õ“®®–‡√’¬°§π°≈ÿà¡π’È«à“ UM

®“°√“¬ß“π°“√«‘®—¬æ∫«à“§«“¡∂’Ë¢Õß¬’π CYP2D6
allele ∑’Ëæ∫∑—Ë«‰ª„πª√–™“°√·µà≈–‡™◊ÈÕ™“µ‘®–·µ°µà“ß°—π
(µ“√“ß∑’Ë 3)

CYP2C9 polymorphism
CYP2C9 ‡ªìπ‡Õπ‰´¡å∑’Ë ”§—≠„π°“√‡ª≈’Ë¬π·ª≈ß¬“∑’Ë

„™â∑“ß§≈‘π‘°À≈“¬™π‘¥ (µ“√“ß∑’Ë 4)

Antiarrhythmic drugs Antipsychotics
Encainide Aripiprazole
Flecainide Haloperidol
Perhexiline Perphenazine
Propafenone Olanzapine
Spartein Thioridazine

Zuclopenthixol

Antidepressants Antiemetics
Amitriptyline Ondansetron
Clomipramine Tropisetron
Desipramine
Doxepin Miscellaneous
Fluoxetine Codeine
Fluvoxamine Debrisoquine
Maprotiline Dextromethophan
Mianserin Dexfenfluramine
Nortriptyline Phenformin
Paroxetine Tramadol
Valafaxine

β-Adrenoceptor antagonists
Aprenolol
Bupranolol
Carvedilol
Metoprolol
Propranolol
Timolol

µ“√“ß∑’Ë 2 µ—«Õ¬à“ß√“¬™◊ËÕ¬“∑’Ë∂Ÿ°‡ª≈’Ë¬π·ª≈ß‚¥¬‡Õπ‰´¡å
CYP2D61,2

% Allele  Frequency
CYP2D6 allele Mutation Consequence Caucasians Asians Thais Africans

CYP2D6*2xn Gene duplication/ Increased activity 1-5 0-2 3.6 10-16
amplification

*4 Defective splicing Inactive enzyme 12-21 1 1.8 2
*5 Gene deletion No enzyme synthesis 2-7 6 5.4 4
*10 P34S, S486T Decreased activity 1-2 51 37.8 6
*17 T107I, R296C, S486T Decreased activity 0 0 0.01 20-25

µ“√“ß∑’Ë 3 CYP2D6 allele ∑’Ë ”§—≠3, 4

Oral hypoglycemic drugs Miscellaneous
Glipizide Phenytoin
Tolbutamide Warfarin (S-isomer)

Irbesartan
Non-steroidal anti-inflammatory drugs Lorsartan

Diclofenac Torsemide
Ibuprofen
Mefenamic acid
Naproxen
Piroxicam
Tenoxicam

µ“√“ß∑’Ë 4 µ—«Õ¬à“ß√“¬™◊ËÕ¬“∑’Ë∂Ÿ°‡ª≈’Ë¬π·ª≈ß„π√à“ß°“¬
‚¥¬Õ“»—¬‡Õπ‰´¡å CYP2C9 ‡ªìπÀ≈—°1,5

¬’π CYP2C9 ®–Õ¬Ÿà∫π‚§√‚¡‚´¡§Ÿà∑’Ë 10 ª√–°Õ∫¥â«¬
9 exon ‡∑à“∑’Ë¡’√“¬ß“π„πªí®®ÿ∫—πæ∫«à“¬’π CYP2C9 ®–¡’Õ¬Ÿà
¡“°°«à“ 5  allele ¥â«¬°—π (µ“√“ß∑’Ë 5)  ‚¥¬ allele ∑’Ëæ∫¡“°
‰¥â·°à CYP2C9*1, CYP2C9*2 ·≈– CYP2C9*3 ‚¥¬®–æ∫
CYP2C9*2 ‡©æ“–„πª√–™“°√™“«§Õ‡§‡™’¬π‡∑à“π—Èπ ·µà®–
‰¡àæ∫ allele π’È„πª√–™“°√™“«‡Õ‡™’¬   à«π CYP2C9*3 ®–æ∫
∑—Èß„πª√–™“°√™“«§Õ‡§‡™’¬π·≈–™“«‡Õ‡™’¬
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CYP2C19 polymorphism (S-mephenytoin hydroxylase
polymorphism)

§«“¡º‘¥·º°∑“ßæ—π∏ÿ°√√¡¢Õß‡Õπ‰´¡å CYP2C19
‡¥‘¡√Ÿâ®—°°—π„ππ“¡ mephenytoin hydroxylation polymorphism
‡π◊ËÕß®“°¡’Õ“ “ ¡—§√Àπ÷Ëß√“¬∑’Ë¡’Õ“°“√ßà«ßπÕπÕ¬à“ß¡“°
¿“¬À≈—ß‰¥â√—∫¬“·≈–‡¡◊ËÕµ√«®«—¥√–¥—∫¬“„πªí  “«–¢Õß
Õ“ “ ¡—§√√“¬π’Èæ∫«à“¡’ª√‘¡“≥‡¡·∑∫Õ‰≈µå¢Õß¬“§◊Õ
4-hydroxymephenytoin πâÕ¬¡“°  ´÷Ëß‡ªìπº≈‡π◊ËÕß¡“®“°°“√
∑’ËÕ“ “ ¡—§√√“¬π’È¡’§«“¡∫°æ√àÕß¢ÕßªØ‘°‘√‘¬“ hydroxylation
∑”„Àâ‰¡à “¡“√∂‡ª≈’Ë¬π mephenytoin „ÀâÕ¬Ÿà„π√Ÿª hydroxy
metabolite ‰¥â ®“°°“√»÷°…“µàÕ¡“æ∫«à“§«“¡∫°æ√àÕß¢Õß
ªØ‘°‘√‘¬“ hydroxylation ™π‘¥π’È¡’º≈‡©æ“– mephenytoin
∑’ËÕ¬Ÿà„π√Ÿª S-enantiomer ‡∑à“π—Èπ ‰¡à¡’º≈µàÕ R-enantiomer
πÕ°®“°π’È¬—ßæ∫«à“§«“¡∫°æ√àÕß™π‘¥π’È¡’·∫∫·ºπ°“√
∂à“¬∑Õ¥∑“ßæ—π∏ÿ°√√¡·∫∫ autosomal recessive trait ºŸâ∑’Ë¡’
§«“¡∫°æ√àÕß¢ÕßªØ‘°‘√‘¬“ S-mephenytoin hydroxylation
®—¥‡ªìπ PM ¢Õß mephenytoin hydroxylation6 §«“¡™ÿ°¢Õß
ª√–™“°√ PM „π·µà≈–‡™◊ÈÕ™“µ‘®–·µ°µà“ß°—π  ‚¥¬®–æ∫ PM
ª√–¡“≥ 2-6% „πª√–™“°√™“«§Õ‡§‡™’¬π ·≈–ª√–¡“≥
9-23%  „πª√–™“°√™“«‡Õ‡™’¬7, 8

πÕ°®“°®–∑”Àπâ“∑’Ë‡ª≈’Ë¬π·ª≈ß¬“ mephenytoin ·≈â«
CYP2C19 π’È¬—ß‡ªìπ‡Õπ‰´¡å ”§—≠∑’Ë∑”Àπâ“∑’Ë‡ª≈’Ë¬π·ª≈ß¬“
∑’Ë„™â„πªí®®ÿ∫—πÕ’°À≈“¬™π‘¥ (µ“√“ß∑’Ë 6) ¥—ßπ—Èπ§«“¡º‘¥·º°
∑“ßæ—π∏ÿ°√√¡¢Õß‡Õπ‰´¡åπ’È¬àÕ¡ àßº≈µàÕ°“√µÕ∫ πÕß
„π°“√√—°…“ À√◊Õ°“√‡°‘¥Õ“°“√¢â“ß‡§’¬ß/Õ“°“√æ‘…®“°¬“
‡À≈à“π’È¥â«¬

¬’π CYP2C19 ®–Õ¬Ÿà∫π‚§√‚¡‚´¡§Ÿà∑’Ë 10 ª√–°Õ∫¥â«¬
9 exon ®“°°“√«‘‡§√“–Àå≈—°…≥–∑“ßæ—π∏ÿ°√√¡¢Õß¬’π
CYP2C19 „πÕ“ “ ¡—§√∑’Ë‡ªìπ PM  æ∫«à“¡’°“√°≈“¬æ—π∏ÿå
‡°‘¥¢÷Èπ∫πµ”·Àπàßµà“ßÊ ¢Õß¬’π  ∑”„Àâ‰¡à¡’°“√ √â“ß‡Õπ‰´¡å
À√◊Õ‡Õπ‰´¡å CYP2C19 ∑’Ë √â“ß¢÷Èπ¡’§«“¡º‘¥ª°µ‘‰¡à “¡“√∂
∑”ß“π‰¥â¥’‡∑à“∑’Ë§«√ ®“°√“¬ß“π„πªí®®ÿ∫—πæ∫«à“¬’π CYP2C19
¡’Õ¬Ÿà‰¡àπâÕ¬°«à“ 22 allele ¥â«¬°—π ‚¥¬ CYP allele ∑’Ë ”§—≠‰¥â
· ¥ß‰«â„πµ“√“ß∑’Ë 7

CYP2C9 allele Mutation Protein % Allele Frequency
variation Consequence Caucasians Asians Thais Africans

*2 430C>T R144C Decrease activity 11 0 0 4
*3 1705A>C I359L Decrease activity 7 3 4.6 2
*4 1706T>C I359T ? 0 ? ? 0
*5 1080C>G D360E Decrease activity 0 ? ? 1.8
*6 818delA† Frame shift No enzyme synthesis 0 ? ? 0.6
*11 1003C>T R335W Decrease activity 0.4 ? ? 2.7

µ“√“ß∑’Ë 5 CYP2C9  allele ∑’Ë ”§—≠4, 5

Carisopodal Moclobemide
Citalopram Nirvanol
Clomipramine Proguanil
Diazepam Propanolol
Desmethyldiazepam Omeprazole
Hexobarbitone Lansoprazole
Imipramine Rabeprazole
Mephobarbitone

µ“√“ß∑’Ë 6 µ—«Õ¬à“ß¬“∑’Ë∂Ÿ°‡ª≈’Ë¬π·ª≈ß„π√à“ß°“¬‚¥¬
‡Õπ‰´¡å CYP2C197, 8

CYP2C19 allele Major Mutation Consequence
*1 Wild type Normal
*2 681G>A splicing defect

No enzyme activity
*3 636G>A, 991A>G W212X; I331V

No enzyme activity

µ“√“ß∑’Ë 7 √“¬≈–‡Õ’¬¥¢Õß CYP2C19  alleles ∑’Ë ”§—≠
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 ”À√—∫„π™“«‡Õ‡™’¬æ∫«à“√âÕ¬≈– 75-80 ¢Õßª√–™“°√
∑’Ë‡ªìπ PM ‡ªìπº≈®“°°“√¡’¬’π‡ªìπ·∫∫ CYP2C19*2  à«π∑’Ë
‡À≈◊ÕÕ’°√âÕ¬≈– 20-25 ‡ªìπº≈®“°°“√¡’¬’π·∫∫ CYP2C19*3
·µà ”À√—∫ª√–™“°√™“«§Õ‡§‡™’¬π∑’Ë‡ªìπ PM ®–æ∫ allele
∑—Èß Õß·∫∫π’È‡æ’¬ß√âÕ¬≈– 86-87 ‡∑à“π—Èπ ®“°√“¬ß“π°“√«‘®—¬
‡¡◊ËÕ‡√Á«Ê π’È¬—ßæ∫«à“§«“¡∂’Ë¢Õß CYP2C19 PM ·≈– CYP2C19*2
·≈– CYP2C19*3 variant allele „πª√–™“°√™“«‰∑¬¡’§à“
µË”°«à“ª√–™“°√‡Õ‡™’¬Õ◊ËπÊ ¡“° (µ“√“ß∑’Ë 8)

§«“¡º‘¥·º°∑“ßæ—π∏ÿ°√√¡¢Õß‡Õπ‰´¡å Thiopurine
S-methyltransferase polymorphism

Thiopurine S-methyltransferase (TPMT) ‡ªìπ‡Õπ‰´¡å∑’ËÕ¬Ÿà
„π‚´‚µæ≈“ ´÷¡ ∑”Àπâ“∑’Ë ”§—≠„π°“√‡ª≈’Ë¬π·ª≈ß¬“„π
°≈ÿà¡ thiopurine À≈“¬™π‘¥ ‡™àπ 6-mercaptopurine (6-MP) ·≈–
6-thioguanine (´÷Ëß¬“∑’Ëπ‘¬¡„™â„π°“√√—°…“‚√§¡–‡√Áß∫“ß™π‘¥
‡™àπ acute lymphoblastic leukemia) √«¡∑—Èß azathioprine ´÷Ëß

‡ªìπ¬“∑’Ëπ‘¬¡„™â„π°“√√—°…“‚√§∑’Ë‡°‘¥®“°§«“¡º‘¥ª°µ‘¢Õß
√–∫∫¿Ÿ¡‘§ÿâ¡°—π (autoimmune disease) ·≈–‚√§∑“ß‡¥‘πÕ“À“√
Õ—°‡ ∫ (inflammatory bowel diseases) πÕ°®“°π’È¬—ßπ‘¬¡„™â
‡ªìπ¬“°¥¿Ÿ¡‘§ÿâ¡°—π„πºŸâªÉ«¬∑’Ë‰¥â√—∫°“√ª≈Ÿ°∂à“¬Õ«—¬«–9, 10

¬“„π°≈ÿà¡ thiopurine ‡¡◊ËÕ„Àâ‡¢â“‰ª„π√à“ß°“¬®–∂Ÿ°
‡ª≈’Ë¬π·ª≈ß‚¥¬Õ“»—¬‡Õπ‰´¡åÀ≈—° ‰¥â·°à hypoxanthine
guanine phosphorybosyltransferase (HGPRT), thiopurine
S-methyltransferase (TPMT) ·≈– xanthine oxidase (√Ÿª∑’Ë 1)
‚¥¬‡Õπ‰´¡å HGPRT ®–∑”Àπâ“∑’Ë‡ª≈’Ë¬π thiopurine „ÀâÕ¬Ÿà
„π√Ÿª thioguanine nucleotide (TGN) ´÷Ëß‡ªìπ‡¡·∑∫Õ‰≈µå∑’Ë¡’
ƒ∑∏‘Ï∑“ß‡¿ —™«‘∑¬“‚¥¬®–ÕÕ°ƒ∑∏‘Ï¬—∫¬—Èß°“√ √â“ß DNA ¢Õß
‡´≈≈å  „π∑“ßµ√ß°—π¢â“¡‡Õπ‰´¡å TPMT ·≈–‡Õπ‰´¡å xanthine
oxidase ®–∑”Àπâ“∑’Ë‡ª≈’Ë¬π thiopurine „ÀâÕ¬Ÿà„π√Ÿª‡¡·∑∫Õ‰≈µå
∑’Ë‰¡à¡’ƒ∑∏‘Ï∑“ß‡¿ —™«‘∑¬“ ∂÷ß·¡â¬“°≈ÿà¡π’È®–¡’ª√– ‘∑∏‘¿“æ
„π°“√√—°…“¥’ ·µà®–µâÕß„™â¥â«¬§«“¡√–¡—¥√–«—ß‡æ√“–‡ªìπ¬“
∑’Ë¡’¥√√™π’§«“¡ª≈Õ¥¿—¬ (therapeutic index) µË” ´÷ËßÕ“°“√

Population PM % Allele frequency
*1 *2 *3

Thais 9.2 68 29 3
Chinese-Han 19.8 56 37 7
Filipinos 22.6 54 39 7
Indonesians 15.4 nd nd nd
Japanese 18.8 58 29 13
Korean 12.6 68 21 11
European 2.0 87 13 0
American 6.0 75 25 0
African-American 2.0 85 13 0

µ“√“ß∑’Ë 8 ‡ª√’¬∫‡∑’¬∫§«“¡∂’Ë¢Õß PM ·≈–§«“¡∂’Ë ¢Õß alleles ¢Õß CYP2C19 „πª√–™“°√‡™◊ÈÕ™“µ‘µà“ßÊ7, 8

√Ÿª∑’Ë 1  «‘∂’°“√‡ª≈’Ë¬π·ª≈ß·≈–°≈‰°°“√ÕÕ°ƒ∑∏‘Ï¢Õß azathioprine ·≈– 6-mercaptopurine „π√à“ß°“¬
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‰¡àæ÷ßª√– ß§åÀ√◊ÕÕ“°“√æ‘…∑’Ë ”§—≠ §◊Õƒ∑∏‘Ï°¥°“√∑”ß“π
¢Õß‰¢°√–¥Ÿ°∑’ËÕ“®√ÿπ·√ß∂÷ß¢—Èπ∂÷ß·°à™’«‘µ‰¥â‚¥¬‡©æ“–
‡¡◊ËÕ„™â¬“π’È„πºŸâªÉ«¬∑’Ë¡’°“√∑”ß“π¢Õß‡Õπ‰´¡å TPMT µË”
∑—Èßπ’È ‡π◊ËÕß®“°‡π◊ÈÕ‡¬◊ËÕ∑’Ë‡°’Ë¬«¢âÕß°—∫°“√ √â“ß‡¡Á¥‡≈◊Õ¥
(hematopoietic tissues) ®–‰¡à¡’‡Õπ‰´¡å xanthine oxidase
¥—ßπ—Èπ TPMT ®÷ß‡ªìπ‡Õπ‰´¡åÀ≈—°‡æ’¬ß‡Õπ‰´¡å‡¥’¬«∑’Ë∑”Àπâ“∑’Ë
°”®—¥¬“‡À≈à“π’ÈÕÕ°®“°√à“ß°“¬ ¥—ßπ—ÈπºŸâ∑’Ë¡’§«“¡ “¡“√∂
°“√∑”ß“π¢Õß‡Õπ‰´¡å TPMT µË”®÷ß¡’‚Õ°“ ‰¥â√—∫æ‘…®“°
°“√°¥°“√∑”ß“π¢Õß‰¢°√–¥Ÿ°¢Õß¬“°≈ÿà¡π’È Ÿß°«à“ª°µ‘ 9, 10

®“°°“√»÷°…“„πª√–™“°√™“«§Õ‡§‡´’¬π°≈ÿà¡„À≠à
æ∫«à“ §«“¡ “¡“√∂„π°“√∑”ß“π¢Õß‡Õπ‰´¡å TPMT
„π‡¡Á¥‡≈◊Õ¥·¥ß„πÕ“ “ ¡—§√·µà≈–§π®–·µ°µà“ß°—π ‚¥¬
¡’‚§âß¢Õß°“√°√–®“¬‡ªìπ·∫∫ trimodal distribution ‚¥¬Õ“®
·∫àßª√–™“°√ÕÕ°‰¥â 3 °≈ÿà¡¥—ßπ’È §◊Õ ª√–¡“≥√âÕ¬≈– 89
¢Õßª√–™“°√®–‡ªìπ°≈ÿà¡∑’Ë¡’°“√∑”ß“π¢Õß‡Õπ‰´¡å∑’Ë§àÕπ¢â“ß
 Ÿß (>9.5 U/ml RBC) ª√–¡“≥√âÕ¬≈– 10.7 ¢Õßª√–™“°√
®–‡ªìπ°≈ÿà¡∑’Ë¡’°“√∑”ß“π¢Õß‡Õπ‰´¡åª“π°≈“ß (6-9.5 U/ml)
RBC)  à«π∑’Ë‡À≈◊Õª√–¡“≥√âÕ¬≈– 0.3 ®–¡’°“√∑”ß“π¢Õß
‡Õπ‰´¡å∑’ËµË”¡“°

¬’π∑’Ë§«∫§ÿ¡°“√ √â“ß‡Õπ‰´¡å  TPMT ®–Õ¬Ÿà∫π‚§√‚¡‚´¡
§Ÿà∑’Ë 6 ¡’¢π“¥ª√–¡“≥ 34 kb ª√–°Õ∫¥â«¬ 10 exon ·µà¡’
‡æ’¬ß 8 exon ‡∑à“π—Èπ∑’Ë∑”Àπâ“∑’Ë§«∫§ÿ¡°“√ √â“ß‚ª√µ’π
®“°¢âÕ¡Ÿ≈„πªí®®ÿ∫—πæ∫«à“¬’π TPMT  ®–Õ¬Ÿà¡“°«à“ 25  allele
÷́Ëß à«π„À≠à®–‡ªìπº≈¡“®“°°“√°≈“¬æ—π∏ÿå¢Õßπ‘«§≈’‚Õ‰∑¥å

„π à«π¢Õß¬’π∑’Ë‡ªìπ coding region πÕ°®“°π’È¬—ßæ∫«à“¡’§«“¡
º‘¥·º°¢Õß¬’π TPMT  ‡°‘¥¢÷Èπ„π à«π¢Õß intron ·≈– promoter
Õ’°¥â«¬  ”À√—∫ mutant allele ∑’Ëæ∫¡“°∑’Ë ÿ¥„πª√–™“°√
™“«§Õ‡§‡´’¬π ‰¥â·°à TPMT  *3A ®–¡’°“√°≈“¬æ—π∏ÿå‡°‘¥¢÷Èπ„π
exon 7 ∑”„Àâ¡’°“√‡ª≈’Ë¬π·ª≈ß¢Õß°√¥Õ–¡‘‚πµ”·Àπàß∑’Ë 154
®“° alanine ‡ªìπ threonine ·≈– exon ∑’Ë 10 ∑”„Àâ¡’°“√
‡ª≈’Ë¬π·ª≈ß¢Õß°√¥Õ–¡‘‚πµ”·Àπàß∑’Ë 240 ®“° tyrosine ‡ªìπ
cysteine „π∑“ßµ√ß°—π¢â“¡ª√–™“°√‡Õ‡´’¬®–‰¡àæ∫ TPMT 3A

·µà®–æ∫‡©æ“– TPMT*3C ‚¥¬ allele π’È§≈â“¬§≈÷ß°—∫ TPMT*3A
·µà®–¡’°“√°≈“¬æ—π∏ÿå‡°‘¥¢÷Èπ„π exon 10 ‡∑à“π—Èπ ‡Õπ‰´¡å∑’Ë
 —ß‡§√“–Àå®“° TPMT*3A ·≈– TPMT*3C π’È®–∂Ÿ°∑”≈“¬
„π√à“ß°“¬¥â«¬Õ—µ√“∑’Ë‡√Á«°«à“ª°µ‘ √«¡∑—Èß¡’§«“¡ “¡“√∂
„π°“√∑”ß“π∑’Ë≈¥≈ß°«à“ª°µ‘9 §«“¡∂’Ë¢Õß¬’π TPMT ™π‘¥
µà“ßÊ „πª√–™“°√·µà≈–‡™◊ÈÕ™“µ‘®–·µ°µà“ß°—π (µ“√“ß∑’Ë 9)

§«“¡ ”§—≠∑“ß§≈‘π‘°9, 10

6-MP ·≈– 6-thioguanine ‡ªìπ¬“À≈—°∑’Ë„™â„π°“√√—°…“
‚√§¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“« ‡™àπ acute lymphoblastic leukemia
(ALL)  à«π azathioprine ®–π‘¬¡„™â‡ªìπ¬“°¥¿Ÿ¡‘§ÿâ¡°—π„π
ºŸâªÉ«¬∑’Ë‰¥â√—∫°“√ª≈Ÿ°∂à“¬Õ«—¬«–·≈–ºŸâªÉ«¬∑’Ë¡’§«“¡º‘¥ª°µ‘
¢Õß√–∫∫¿Ÿ¡‘§ÿâ¡°—π (autoimmune disorders) ‡™àπ lupus
erythematosus, rheumatoid arthritis, chronic active hepatitis,
ulcerative colitis ·≈– Crohnûs disease ®“°°“√»÷°…“æ∫«à“
ºŸâªÉ«¬∑’Ë¡’‡Õπ‰´¡å TPMT ∑’Ë¡’§«“¡ “¡“√∂„π°“√∑”ß“π∑’ËµË”
∂â“‰¥â√—∫¬“„π°≈ÿà¡ thiopurine „π¢π“¥ª°µ‘®–¡’‚Õ°“ ‡°‘¥æ‘…
¢Õß¬“°≈ÿà¡π’È∑’Ë§àÕπ¢â“ß√ÿπ·√ß ‚¥¬‡©æ“–º≈°¥°“√∑”ß“π
¢Õß‰¢°√–¥Ÿ°´÷ËßÕ“®∑”„ÀâºŸâªÉ«¬∂÷ß·°à™’«‘µ‰¥â   à«πºŸâªÉ«¬
∑’Ë¡’°“√∑”ß“π¢Õß‡Õπ‰´¡å TPMT ∑’Ë Ÿß ∂â“‰¥â√—∫¬“„π°≈ÿà¡
thiopurine „π¢π“¥ª°µ‘®–∑”„Àâº≈„π°“√√—°…“‰¡à¥’‡∑à“∑’Ë§«√
∑—Èßπ’È‡π◊ËÕß®“°¡’√–¥—∫¬“„π√à“ß°“¬∑’ËµË”‡°‘π‰ª  ¥—ßπ—Èπ‡æ◊ËÕ
„ÀâºŸâªÉ«¬„™â¬“„π°≈ÿà¡ thiopurine Õ¬à“ß¡’ª√– ‘∑∏‘¿“æ·≈–
ª≈Õ¥¿—¬ Ÿß ÿ¥ ·æ∑¬å§«√®–µâÕß∑”°“√µ√«®§«“¡ “¡“√∂
„π°“√∑”ß“π¢Õß‡Õπ‰´¡åπ’È°àÕπ∑’Ë®– —Ëß®à“¬¬“„ÀâºŸâªÉ«¬ ‚¥¬
Õ“®∑”‰¥â‚¥¬°“√µ√«®§«“¡ “¡“√∂„π°“√∑”ß“π¢Õß‡Õπ‰´¡å
„π‡¡Á¥‡≈◊Õ¥·¥ß (phenotype) À√◊Õµ√«®≈—°…≥–∑“ßæ—π∏ÿ°√√¡
(genotype) ¢Õß¬’π TPMT ¢ÕßºŸâªÉ«¬ ·≈–∂â“æ∫«à“ºŸâªÉ«¬¡’
‡Õπ‰´¡å TPMT ∑’Ë§«“¡ “¡“√∂„π°“√∑”ß“π∑’ËµË”¡“° À√◊Õ
¡’≈—°…≥–∑“ßæ—π∏ÿ°√√¡¢Õß¬’π TPMT ‡ªìπ·∫∫ homozygous
mutant allele §«√ª√—∫≈¥¢π“¥¢Õß¬“„Àâ‡À¡“– ¡‡æ◊ËÕ§«“¡
ª≈Õ¥¿—¬¢ÕßºŸâªÉ«¬

Ethnic % Allele frequency
N *1 *2 *3A *3C

Thais 400 95.0 0 0 5.0
Chinese 384 97.7 0 0 2.3
Japanese 1044 98.4 0 0 1.6
South-West Asians 198 99.0 0 1.0 0
American Caucasians 564 96.4 0.2 0.32 0.2
British Caucasians 398 94.7 0.5 4.5 0.3
N : number of observed alleles

µ“√“ß∑’Ë 9 §«“¡∂’Ë¢Õß¬’π TPMT ™π‘¥µà“ßÊ „πª√–™“°√·µà≈–‡™◊ÈÕ™“µ‘ 11
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