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°“√¬—∫¬—Èß‡Õπ‰´¡å‰∑‚√´‘‡π ¢Õß “√ª√–°Õ∫‡§Õ√å§‘«¡‘πÕ¬¥å
®“°ºß¢¡‘Èπ™—π (Curcuma longa Linn.)
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∫∑§—¥¬àÕ

 “√ª√–°Õ∫‡§Õ√å§‘«¡‘πÕ¬¥å ‡ªìπ “√∑’Ë °—¥‰¥â®“°ºß¢Õß‡Àßâ“¢¡‘Èπ™—π (Curcuma longa Linn.)
´÷Ëß‡ªìπ “√ª√–°Õ∫®”æ«°‰¥‡øÕ√Ÿ‚≈Õ‘≈¡’‡∑π ª√–°Õ∫¥â«¬ “√øïπÕ≈‘° 3 ™π‘¥ §◊Õ ‡§Õ√å§‘«¡‘π ¥’‡¡∑Õ°-
´’‡§Õ√å§‘«¡‘π ·≈–∫’ ¥’‡¡∑Õ°´’‡§Õ√å§‘«¡‘π º≈°“√«‘®—¬æ∫«à“ ‡§Õ√å§‘«¡‘π¡’ƒ∑∏‘Ï„π°“√¬—∫¬—Èß‡Õπ‰´¡å
‰∑‚√´‘‡π ¥’∑’Ë ÿ¥ √Õß≈ß¡“ §◊Õ ¥’‡¡∑Õ°´’‡§Õ√å§‘«¡‘π ‚¥¬¡’§à“ IC50 ‡∑à“°—∫ 22.0 ·≈– 35.05 ‰¡‚§√°√—¡/
¡‘≈≈‘≈‘µ√ µ“¡≈”¥—∫  à«π∫’ ¥’‡¡∑Õ°´’‡§Õ√å§‘«¡‘π¡’ƒ∑∏‘Ï¬—∫¬—Èß‡Õπ‰´¡å‰∑‚√ ‘́‡π ∑’ËÕàÕπ¡“°
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Tyrosinase Inhibitory Activity of Curcuminoids from
Powder of Turmeric (Curcuma longa Linn.)

Patcharee Khunlad*, Yongyuth Tundulawessa, Thararat Supasiri
and Waradoon Chutrtong

ABSTRACT

The curcuminoids, diferuloylmethane compounds which were extracted from powder
of turmeric (Curcuma longa Linn.) composed of three phenolic compounds: Curcumin,
Demethoxycurcumin and Bisdemethoxycurcumin. Curcumin and Demethoxycurcumin displayed
tyrosinase inhibitory activity at IC50 22.0 and 35.05 µg/mL, respectively. The Bisdemethoxycurcumin
was less effective inhibitory in tyrosinase activity.
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∫∑π”
‡Õπ‰´¡å‰∑‚√´‘‡π  (tyrosinase) ‡ªìπ‡Õπ‰´¡å∑’Ë¡’∑Õß·¥ß‡ªìπÕß§åª√–°Õ∫ ´÷Ëßæ∫‰¥â∑—Èß„π

 ‘Ëß¡’™’«‘µ¢π“¥‡≈Á° æ◊™ ·≈– —µ«å „π ‘Ëß¡’™’«‘µ·µà≈–™π‘¥‡Õπ‰´¡å‰∑‚√´‘‡π ®–¡’∫∑∫“∑·µ°µà“ß°—πÕÕ°‰ª
‚¥¬‡Õπ‰´¡åπ’È®–∑”Àπâ“∑’Ë„π°“√‡√àßªØ‘°‘√‘¬“ hydroxylation ¢Õß “√ª√–°Õ∫‰∑‚√ ’́π‰ª‡ªìπ o-diphenols
·≈–ªØ‘°‘√‘¬“ oxidation ¢Õß o-diphenols ‰ª‡ªìπ o-quinones ‡ªìπ¢∫«π°“√ª°µ‘„π°“√ —ß‡§√“–Àå
 “√ª√–°Õ∫‡¡≈“π‘π (melanin) ∑’Ë‡ªìπ√ß§«—µ∂ÿ„π√Ÿª ’πÈ”µ“≈À√◊Õ ’¥”„π ‘Ëß¡’™’«‘µ [1] ¥—ß√Ÿª∑’Ë 1

√Ÿª∑’Ë 1 °“√ —ß‡§√“–Àå‡¡≈“π‘π [2]

 ”À√—∫„π¡πÿ…¬å‡Õπ‰´¡å‰∑‚√´‘‡π ®–∑”Àπâ“∑’Ë„π°“√ √â“ß‡¡≈“π‘π ́ ÷Ëß®–æ∫¡“°∑’Ë∫√‘‡«≥º‘«Àπ—ß
∑”Àπâ“∑’Ë„π°“√ª°ªÑÕß√à“ß°“¬®“° ‘Ëß·«¥≈âÕ¡ °“√¡’‡¡≈“π‘π¡“ – ¡∑’Ëº‘«Àπ—ß¡“°®–∑”„Àâº‘«Àπ—ß à«ππ—Èπ
¡’ ’§≈È” ‡√’¬°«à“ hyperpigmentation [3] „π°ÿâß ªŸ ·≈–·¡≈ßµà“ßÊ ‡Õπ‰´¡åπ’È®–∑”Àπâ“∑’Ë„π°√–∫«π°“√
 √â“ß‡ª≈◊Õ°·¢ÁßÀ≈—ß¡’°“√≈Õ°§√“∫ ∑”„Àâ°√–¥Õß¢Õß —µ«å‡À≈à“π’È¡’ ’§≈È” [4]  à«π„πº—°·≈–º≈‰¡âÀ≈“¬™π‘¥
‡Õπ‰´¡å‰∑‚√ ‘́‡π ‡ªìπµ—«°“√∑’Ë∑”„Àâ‡°‘¥ ’πÈ”µ“≈ ∑”„ÀâÕ“¬ÿ°“√‡°Á∫¢Õßº≈‘µ¿—≥±åº—°·≈–º≈‰¡â∑’Ëºà“π
°√–∫«π°“√·ª√√Ÿª¢—ÈπµË” —Èπ≈ß [3]

¥—ßπ—Èπ°“√¬—∫¬—Èß‡Õπ‰´¡å‰∑‚√´‘‡π  ®÷ß‡ªìπ°“√ªÑÕß°—π°“√ —ß‡§√“–Àå‡¡≈“π‘π‰¥â∑—Èß„πº—° º≈‰¡â
 —µ«å·≈–„π¡πÿ…¬å ´÷Ëß®–π”‰ª Ÿà°“√æ—≤π“¬“√—°…“‚√§ √«¡∑—Èß°“√∑”º≈‘µ¿—≥±å‡§√◊ËÕß ”Õ“ß‡æ◊ËÕº‘«¢“«‰¥â

ªí®®ÿ∫—π “√ —ß‡§√“–Àå∑’Ë„™â„πº≈‘µ¿—≥±å¢®—¥ ’º‘«¡’À≈“¬ª√–‡¿∑ ·µà “√∑’Ë¡’ƒ∑∏‘Ï¬—∫¬—Èß‡Õπ‰´¡å
‰∑‚√´‘‡π  À√◊Õ¬—∫¬—Èß°“√ √â“ß‡¡Á¥ ’‡¡≈“π‘π®–π‘¬¡π”¡“„™â„πº≈‘µ¿—≥±å¢®—¥ΩÑ“·≈–∑”„Àâº‘«¢“« (whiten-
ing agent) ‡π◊ËÕß®“°¢®—¥ ’º‘«‰¥â¥’°«à“™π‘¥Õ◊Ëπ √«¡∑—Èß„™â‰¥âº≈¥’„π‡«≈“∑’Ëπ“π°«à“ ‚¥¬ “√∑’Ëπ‘¬¡π”¡“„™â„π
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º≈‘µ¿—≥±å¢®—¥ΩÑ“·≈–∑”„Àâº‘«¢“« ‰¥â·°à °√¥‚§®‘° (kojic acid) °√¥Õ–‡´‡≈Õ‘° (azelaic acid) Õ“√å∫Ÿµ‘π
(arbutin) «‘µ“¡‘π´’·≈–Õπÿæ—π∏å  “√ °—¥®“°ªÕ “ (paper mulberry) ·≈–°≈“∫√‘¥‘π (glabridin) ÷́Ëß‡ªìπ
 “√ °—¥®“°√“°™–‡Õ¡ (licorice extract) [5]

°“√»÷°…“«‘®—¬π’È¡’®ÿ¥¡ÿàßÀ¡“¬„π°“√»÷°…“‚§√ß √â“ß¢Õß “√ª√–°Õ∫‡§Õ√å§‘«¡‘πÕ¬¥å·≈–°“√
»÷°…“ƒ∑∏‘Ï¬—∫¬—Èß‡Õπ‰´¡å‰∑‚√ ‘́‡π ¢Õß “√ °—¥À¬“∫™—Èπ‡¡∑“πÕ≈·≈– “√∫√‘ ÿ∑∏‘Ï·µà≈–™π‘¥´÷Ëß¬—ß‰¡à
ª√“°Ø√“¬ß“π™—¥‡®π

‡§Õ√å§‘«¡‘πÕ¬¥å ‡ªìπ “√∑’Ë °—¥‰¥â®“°ºß¢Õß‡Àßâ“¢¡‘Èπ™—π (Curcuma longa Linn.) ‡ªìπ “√
®”æ«° Diferuloylmethane ´÷Ëß¡’≈—°…≥–‡ªìπº≈÷° ’‡À≈◊Õß‡¢â¡ – ¡Õ¬Ÿà„π‡´≈≈åæ“‡√π‰§¡“¢Õß™—Èπ
§Õ√å‡∑Á°´å„π‡Àßâ“ ‡ªìπ “√∑’Ë¡’°≈‘Ëπ·≈–§ÿ≥ ¡∫—µ‘‡©æ“–µ—« ‰¡à≈–≈“¬πÈ” ·µà≈–≈“¬‰¥â¥’„π·Õ≈≈°ÕŒÕ≈å
ª√–°Õ∫¥â«¬ “√øïπÕ≈‘° 3 ™π‘¥ [6-8] (√Ÿª∑’Ë 2) ‰¥â·°à

1. Curcumin ¡’™◊ËÕ‡√’¬°µ“¡‚§√ß √â“ß‡§¡’«à“ 1,6-Heptadiene-3,5-dione,1,7-bis(4-hydroxy-
3-methoxyphenyl) ¡’ Ÿµ√‚¡‡≈°ÿ≈‡ªìπ C21H20O6 ¡’πÈ”Àπ—°‚¡‡≈°ÿ≈ 368.39 ‡ªìπº≈÷°¢π“¥‡≈Á° ’ â¡ªπ
πÈ”µ“≈ ¡’®ÿ¥À≈Õ¡‡À≈«ª√–¡“≥ 183 Õß»“‡´≈‡´’¬ 

2. Demethoxycurcumin ¡’™◊ËÕ‡√’¬°µ“¡‚§√ß √â“ß‡§¡’«à“ 1,6-Heptadiene-3,5-dione,1-(4-
hydroxy-3-methoxyphenyl)-7-(4-hydroxyphenyl) ¡’ Ÿµ√‚¡‡≈°ÿ≈‡ªìπ C20H18O5 º≈÷°¡’ ’‡À≈◊Õß
¡’®ÿ¥À≈Õ¡‡À≈«ª√–¡“≥ 168 Õß»“‡´≈‡´’¬ 

3. Bisdemethoxycurcumin ¡’™◊ËÕ‡√’¬°µ“¡‚§√ß √â“ß‡§¡’«à“ 1,6-Heptadiene-3,5-dione,
1,7-bis(4-hydroxyphenyl) ¡’ Ÿµ√‚¡‡≈°ÿ≈‡ªìπ C19H16O4 º≈÷°¡’ ’‡À≈◊Õß‡¢â¡ ¡’®ÿ¥À≈Õ¡‡À≈«ª√–¡“≥
224 Õß»“‡´≈‡´’¬ 

√Ÿª∑’Ë 2 ‚§√ß √â“ß¢Õß “√ª√–°Õ∫‡§Õ√å§‘«¡‘πÕ¬¥å

¡’√“¬ß“π°“√»÷°…“ƒ∑∏‘Ï∑“ß‡¿ —™«‘∑¬“¢Õß¢¡‘Èπ™—π∑—Èß„π·≈–µà“ßª√–‡∑»¡“°¡“¬ ‡™àπ ƒ∑∏‘Ï
µâ“π°“√Õ—°‡ ∫ (anti-inflammatory) [9, 10] ƒ∑∏‘Ïµâ“π°“√‡°‘¥·º≈„π°√–‡æ“–Õ“À“√ (antipeptic ulcer)
[11] ƒ∑∏‘Ïµâ“π‡™◊ÈÕ·∫§∑’‡√’¬ (anti-bacterial) [12, 13] ƒ∑∏‘Ïµâ“π‡™◊ÈÕ√“ (anti-fungal) [13, 14]
ƒ∑∏‘Ïµâ“π°“√‡°‘¥‡π◊ÈÕßÕ°·≈–ƒ∑∏‘Ïµâ“πÕπÿ¡Ÿ≈Õ‘ √– (anti-tumor and antioxidant activity) [15] ƒ∑∏‘Ï
µâ“π‡´≈≈å¡–‡√Áß (anti-cancer) [16] πÕ°®“°π’È¬—ßæ∫«à“ “√ °—¥®“°‡Àßâ“¢¡‘Èπ™—π‰¡à¡’ƒ∑∏‘Ï°àÕ„Àâ‡°‘¥°“√
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°≈“¬æ—π∏ÿå ·µà¡’ƒ∑∏‘Ïµâ“π°“√°≈“¬æ—π∏ÿå (anti-mutagenic) [17] ·≈–®“°°“√∑¥ Õ∫§«“¡‡ªìπæ‘…
(toxicity) [18] æ∫«à“ºß¢¡‘Èπ„π¢π“¥ 2.5 ·≈– 5.0 °√—¡/°‘‚≈°√—¡/«—π ∑”„ÀâÕ—µ√“°“√‡®√‘≠‡µ‘∫‚µ·≈–
°“√°‘πÕ“À“√¢ÕßÀπŸ‡æ»ºŸâ≈¥≈ß‡≈Á°πâÕ¬·µà‰¡à¡’º≈µàÕÀπŸ‡æ»‡¡’¬ √«¡∑—Èß‰¡àæ∫§«“¡º‘¥ª°µ‘¢Õß§à“∑“ß
‚≈À‘µ«‘∑¬“À√◊Õ™’«‡§¡’ ·≈–‰¡à∑”„Àâ‡°‘¥æ¬“∏‘ ¿“æµàÕÕ«—¬«–¿“¬„π¢ÕßÀπŸ∑—Èß 2 ‡æ»

 ”À√—∫°“√∑¥ Õ∫ƒ∑∏‘Ï¬—∫¬—Èß‡Õπ‰´¡å‰∑‚√ ‘́‡π ¢Õß “√ª√–°Õ∫‡§Õ√å§‘«¡‘πÕ¬¥å ´÷Ëß‡ªìπ
 “√ °—¥®“°‡Àßâ“¢¡‘Èπ™—π®–„™â«‘∏’ Dopachrome method ‚¥¬„™â “√≈–≈“¬ L-DOPA ‡ªìπ “√µ—Èßµâπ
 “√π’È®–∂Ÿ°ÕÕ° ‘́‰¥ å‡ªìπ Dopachrome intermediate ‚¥¬°“√∑”ß“π¢Õß‡Õπ‰´¡å‰∑‚√ ‘́‡π  ´÷Ëß “√
¥—ß°≈à“«®–¥Ÿ¥°≈◊π· ß„π™à«ß∑’Ë¡Õß‡ÀÁπ (Visible light, 400-700 nm)

 “√ª√–°Õ∫‡§Õ√å§‘«¡‘πÕ¬¥å®“°‡Àßâ“¢¡‘Èπ™—π ¡’§ÿ≥ ¡∫—µ‘„π°“√¬—∫¬—Èß‡Õπ‰´¡å‰∑‚√ ‘́‡π 
´÷Ëß®–∑”„Àâ Dopachrome intermediate ‰¡à “¡“√∂‡°‘¥¢÷Èπ‰¥â ‡π◊ËÕß®“° “√ª√–°Õ∫‡§Õ√å§‘«¡‘πÕ¬¥å¡’
§ÿ≥ ¡∫—µ‘„π°“√∂Ÿ°ÕÕ° ‘́‰¥ å‰¥â‡√Á«°«à“ ∑”„Àâ “√ Dopachrome ≈¥µË”≈ß ‚¥¬„π°“√∑¥≈Õßπ’È®–«—¥§à“
°“√¥Ÿ¥°≈◊π· ß¢Õß Dopachrome ∑’Ë§«“¡¬“«§≈◊Ëπ 492 π“‚π‡¡µ√ ¥â«¬‡§√◊ËÕß Microplate Reader [2]

«‘∏’°“√∑¥≈Õß
°“√ °—¥ “√∫√‘ ÿ∑∏‘Ï®“°ºß¢¡‘Èπ

π”ºß¢Õß‡Àßâ“¢¡‘Èπ™—π∑’Ë ÿà¡´◊ÈÕ®“°√â“π®”Àπà“¬ ¡ÿπ‰æ√ (‡¡…“¬π 2550) 1 °‘‚≈°√—¡ ·™à„π
µ—«∑”≈–≈“¬‡Œ°‡´π (commercial grade) 1.5 ≈‘µ√ ‡ªìπ‡«≈“ 7 «—π π” “√≈–≈“¬∑’Ë‰¥â¡“°√Õß°“°∑’Ë
‡À≈◊Õπ”‰ª·™à„π‡Œ°‡´πÕ’° 2 §√—Èß °√Õß “√≈–≈“¬™—Èπ‡Œ°‡´πÕÕ° π”°“°∑’Ë‡À≈◊Õ®“°°“√·™à¥â«¬‡Œ°‡´π
¡“·™à¥â«¬µ—«∑”≈–≈“¬‡¡∑“πÕ≈ (commercial grade) 3 §√—Èß ‡™àπ‡¥’¬«°—∫°“√ °—¥¥â«¬‡Œ°‡´π √–‡À¬
‡¡∑“πÕ≈ÕÕ°¥â«¬‡§√◊ËÕß rotary evaporator (Buchi Rotavapor R-114) ‰¥â “√ °—¥À¬“∫™—Èπ‡¡∑“πÕ≈
·∫àß “√ °—¥À¬“∫ 1 °√—¡ ¡“·¬°¥â«¬‚§√¡“‚∑°√“øï·∫∫‡¬◊ËÕ∫“ß∑’Ë‡§≈◊Õ∫¥â«¬´‘≈‘°“‡®≈ (silica gel 60
GF254, Batch No. 1298230, Merck, Germany) ‚¥¬„™â “√≈–≈“¬‰¥§≈Õ‚√¡’‡∑π-‡¡∑“πÕ≈Õ—µ√“ à«π
95: 5 ‡ªìπ‡ø ‡§≈◊ËÕπ∑’Ë ¢Ÿ¥·∂∫ “√·µà≈–·∂∫∑’Ë¥Ÿ¥°≈◊π· ßÕ—≈µ√“‰«‚Õ‡≈µ„π™à«ß§«“¡¬“«§≈◊Ëπ 254
·≈– 366 π“‚π‡¡µ√ ≈–≈“¬ “√∑’Ë‡§≈◊Õ∫Õ¬Ÿà∫πµ—«¥Ÿ¥´—∫´‘≈‘°“‡®≈¥â«¬‡Õ∑‘≈Õ–´‘‡µµ (analytical grade,
Merck, Germany) °√Õß ‘́≈‘°“‡®≈ÕÕ° ·≈â«π” “√≈–≈“¬∑’Ë°√Õß‰¥â‰ª√–‡À¬·Àâß ·≈–π”‰ªµ°º≈÷°´È”
¥â«¬‡¡∑“πÕ≈ (analytical grade, Merck, Germany) ®–‰¥â “√∫√‘ ÿ∑∏‘Ï π” “√∫√‘ ÿ∑∏‘Ï∑’Ë·¬°‰¥â¡“À“
®ÿ¥À≈Õ¡‡À≈«¥â«¬‡§√◊ËÕßÀ“®ÿ¥À≈Õ¡‡À≈« (Griffin, UK) ·≈–π”‰ª∑”°“√«‘‡§√“–Àå‚¥¬«‘∏’∑“ß ‡ª°‚∑√ ‚§ªï
(spectroscopy) ‰¥â·°à Nuclear Magnetic Resonance Spectrometer (Bruker Avance 300,
Switzerland)

°“√∑¥ Õ∫°“√¬—∫¬—Èß‡Õπ‰´¡å‰∑‚√´‘‡π 
°“√‡µ√’¬¡ “√≈–≈“¬∑’Ë„™â∑¥ Õ∫
™—Ëß “√ °—¥À¬“∫  “√ °—¥∫√‘ ÿ∑∏‘Ï ·≈–°√¥‚§®‘° (Acros Organics, Belgium) 1 ¡‘≈≈‘°√—¡

≈–≈“¬„π‡¡∑“πÕ≈ (Analytical grade, Merck, Germany) 5 ¡‘≈≈‘≈‘µ√ ·≈â«∑”°“√‡®◊Õ®“ß®π‰¥â “√
∑¥ Õ∫ (test sample) ∑’Ë¡’§«“¡‡¢â¡¢âπ 150, 100, 70, 50, 30, 10, 5 ·≈– 1 ‰¡‚§√°√—¡/¡‘≈≈‘≈‘µ√
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 “√≈–≈“¬∑’Ë„™â∑¥ Õ∫ª√–°Õ∫¥â«¬
 “√≈–≈“¬ sodium phosphate buffer (pH 6.8) §«“¡‡¢â¡¢âπ 20 ¡‘≈≈‘‚¡≈“√å
 “√≈–≈“¬‡Õπ‰´¡å‰∑‚√´‘‡π  (Sigma Chemical Co Ltd., Germany) §«“¡‡¢â¡¢âπ 50

Àπà«¬/¡‘≈≈‘≈‘µ√
 “√≈–≈“¬ L-DOPA (Acros Organics, Belgium) §«“¡‡¢â¡¢âπ 0.85 ¡‘≈≈‘‚¡≈“√å

°“√∑¥ Õ∫°“√¬—∫¬—Èß‡Õπ‰´¡å‰∑‚√´‘‡π ¢Õß°√¥‚§®‘°·≈– “√ °—¥
‡µ‘¡ “√≈–≈“¬∑’Ë„™â∑¥ Õ∫≈ß„πÀ≈ÿ¡¢Õß Microtiter plate ‚¥¬·∫àß™ÿ¥∑¥ Õ∫‡ªìπ 4 ™ÿ¥

¥—ßµ“√“ß∑’Ë 1

µ“√“ß∑’Ë 1 · ¥ß™ÿ¥∑¥ Õ∫°“√¬—∫¬—Èß‡Õπ‰´¡å‰∑‚√ ‘́‡π 

™ÿ¥∑¥ Õ∫ 20 mM phosphate tyrosinase solution test sample methanol
buffer pH 6.8 (50 units/mL)

™ÿ¥ a (control) 120 µL 40 µL - 20 µL
™ÿ¥ b (blank of control) 160 µL - - 20 µL
™ÿ¥ c (test sample) 120 µL 40 µL 20 µL -
™ÿ¥ d (blank of test sample) 160 µL - 20 µL -

º ¡ “√„π·µà≈–À≈ÿ¡„Àâ‡¢â“°—π ·≈–∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 28 Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“ 10 π“∑’
®“°π—Èπ‡µ‘¡ “√≈–≈“¬ L-DOPA §«“¡‡¢â¡¢âπ 0.85 ¡‘≈≈‘‚¡≈“√å ®”π«π 20 ‰¡‚§√≈‘µ√ ≈ß„π∑ÿ°À≈ÿ¡
∑‘Èß‰«â 20 π“∑’ ·≈â««—¥§à“°“√¥Ÿ¥°≈◊π· ß∑’Ë 492 π“‚π‡¡µ√ [2] ¥â«¬‡§√◊ËÕß Microplate Reader (Multiskan
EX, Finland)

§”π«≥√âÕ¬≈–¢Õß°“√¬—∫¬—Èß‡Õπ‰´¡å‰∑‚√ ‘́‡π  (% tyrosinase inhibition) ®“° Ÿµ√

% tyrosinase inhibition =
(A›B)›(C›D)

Ó 100
(A›B)

‡¡◊ËÕ A §◊Õ §à“°“√¥Ÿ¥°≈◊π· ß‡¡◊ËÕ‰¡à¡’ “√∑¥ Õ∫·µà¡’‡Õπ‰´¡å
B §◊Õ §à“°“√¥Ÿ¥°≈◊π· ß‡¡◊ËÕ‰¡à¡’ “√∑¥ Õ∫·≈–‰¡à¡’‡Õπ‰´¡å
C §◊Õ §à“°“√¥Ÿ¥°≈◊π· ß‡¡◊ËÕ¡’ “√∑¥ Õ∫·≈–‡Õπ‰´¡å
D §◊Õ §à“°“√¥Ÿ¥°≈◊π· ß‡¡◊ËÕ¡’ “√∑¥ Õ∫·µà‰¡à¡’‡Õπ‰´¡å

À“§à“ IC50 ¢Õß “√∑¥ Õ∫µàÕ‡Õπ‰´¡å‰∑‚√´‘‡π  ‚¥¬°“√ √â“ß°√“ø· ¥ß§«“¡ —¡æ—π∏å
√–À«à“ß√âÕ¬≈–¢Õß°“√¬—∫¬—Èß‡Õπ‰´¡å‰∑‚√´‘‡π °—∫§«“¡‡¢â¡¢âπµà“ßÊ ¢Õß “√∑¥ Õ∫∑’Ë‡«≈“ 20 π“∑’
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º≈°“√∑¥≈Õß
º≈°“√ °—¥ “√∫√‘ ÿ∑∏‘Ï®“°ºß¢¡‘Èπ

º≈°“√ °—¥ºß¢¡‘Èπ™—π¥â«¬‡¡∑“πÕ≈‰¥â “√ °—¥À¬“∫Àπ—° 49.95 °√—¡ ·≈–‡¡◊ËÕπ” “√ °—¥
À¬“∫ 1 °√—¡ ¡“ °—¥·¬° “√∫√‘ ÿ∑∏‘Ï‚¥¬«‘∏’‚§√¡“‚∑°√“øï·∫∫‡¬◊ËÕ∫“ß·≈–µ°º≈÷°´È”¥â«¬‡¡∑“πÕ≈‰¥â
 “√∫√‘ ÿ∑∏‘Ï 3 ™π‘¥ §◊Õ  “√∫√‘ ÿ∑∏‘Ï 1 (Curcumin) ‡ªìπº≈÷°√Ÿª‡¢Á¡ ’ â¡ªππÈ”µ“≈ ¡’®ÿ¥À≈Õ¡‡À≈«
182-183 Õß»“‡´≈‡ ’́¬  Àπ—° 335.8 ¡‘≈≈‘°√—¡ (Rf = 0.57, ‰¥§≈Õ‚√¡’‡∑π: ‡¡∑“πÕ≈; 95: 5)  “√∫√‘ ÿ∑∏‘Ï
2 (Demethoxycurcumin) ‡ªìπº≈÷° ’‡À≈◊Õß ¡’®ÿ¥À≈Õ¡‡À≈« 167-169 Õß»“‡´≈‡´’¬  Àπ—° 98.6 ¡‘≈≈‘°√—¡
(Rf = 0.33, ‰¥§≈Õ‚√¡’‡∑π: ‡¡∑“πÕ≈; 95: 5)  “√∫√‘ ÿ∑∏‘Ï 3 (Bisdemethoxycurcumin) ‡ªìπº≈÷°
¡’ ’‡À≈◊Õß‡¢â¡ ¡’®ÿ¥À≈Õ¡‡À≈« 224-226 Õß»“‡´≈‡´’¬  Àπ—° 100.5 ¡‘≈≈‘°√—¡ (Rf = 0.25, ‰¥§≈Õ
‚√¡’‡∑π: ‡¡∑“πÕ≈; 95: 5) º≈°“√«‘‡§√“–Àå¥â«¬‡∑§π‘§ Nuclear Magnetic Resonance Spectrometer
(NMR) ¢Õß “√∫√‘ ÿ∑∏‘Ï∑—Èß 3 ™π‘¥ ª√“°Ø 1H-NMR spectrum (CD3OD, 300 MHz) ¥—ß√Ÿª∑’Ë 3, 4
·≈– 5

√Ÿª∑’Ë 3 1H-NMR spectrum (CD3OD, 300 MHz) ¢Õß “√∫√‘ ÿ∑∏‘Ï 1
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√Ÿª∑’Ë 4 1H-NMR spectrum (CD3OD, 300 MHz) ¢Õß “√∫√‘ ÿ∑∏‘Ï 2

√Ÿª∑’Ë 5 1H-NMR spectrum (CD3OD, 300 MHz) ¢Õß “√∫√‘ ÿ∑∏‘Ï 3
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µ“√“ß∑’Ë 2 ¢âÕ¡Ÿ≈ 13C-NMR ·≈– 1H-NMR ¢Õß “√∫√‘ ÿ∑∏‘Ï 1 ·≈– Curcumin [19]

C-position
13C-NMR (ppm) 1H-NMR (ppm)

 “√∫√‘ ÿ∑∏‘Ï 1a Curcuminb [19]  “√∫√‘ ÿ∑∏‘Ï 1a Curcuminb [19]
1 46.09 100.9 1.73 (s, 2H) 5.98 (s,1H)

2, 2′ 181.88 183.2 - 16.41 (d,1H)
3, 3′ 119.37 121.1 5.05 (d, J=15.6 Hz, 2H) 6.71 (d, J=16 Hz, 2H)
4, 4′ 139.23 140.7 5.99 (d, J=15.6 Hz, 2H) 7.60 (d, J=16 Hz, 2H)
5, 5′ 125.69 126.4 - -
6, 6′ 108.86 111.4 5.63 (s, 2H) 7.33 (d, J=1.8 Hz, 2H)
7, 7′ 146.53 148.0 - -

8, 8′-OH 147.58 149.4 - 8.2 (s, 2H)
9, 9′ 113.68 115.7 5.24 (d, J=7.5 Hz, 2H) 6.89 (d, J=8 Hz, 2H)

10, 10′ 121.21 123.1 5.53 (d, J=7.5 Hz, 2H) 7.19 (dd, J9,10 =8 Hz,
J6,10 =1.8 Hz, 2H)

7, 7′-OCH3 53.57 55.7 2.28 (s, 6H) 3.92 (s, 6H)

À¡“¬‡Àµÿ: a ∫—π∑÷°„π CD3OD (300 MHz)
b ∫—π∑÷°„π DMSO-d6 (50 MHz)
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µ“√“ß∑’Ë 3 · ¥ß¢âÕ¡Ÿ≈ 13C-NMR ·≈– 1H-NMR ¢Õß “√∫√‘ ÿ∑∏‘Ï 2 ·≈– Demethoxycurcumin [19]

C-position
13C-NMR (ppm) 1H-NMR (ppm)

 “√∫√‘ ÿ∑∏‘Ï 2a DMCb [19]  “√∫√‘ ÿ∑∏‘Ï 2a DMCb [19]

1 46.07 100.9 1.77 (s, 2H) 6.02 (s,1H)

2, 2′ 181.78, 181.99 183.2, 183.1 - -
3, 3′ 119.34, 119.08 121.1, 120.8 5.08 (d, J=15 Hz, 1H), 6.67 (d, J=15.8 Hz, 2H)

5.05 (d, J=15 Hz, 1H)
4, 4′ 138.96, 139.18 140.7, 140.4 6.09 (d, J=15 Hz, 2H) 7.53 (d, J=15.8 Hz, 2H)
5, 5′ 125.09, 125.68 126.4, 125.8 - -
6, 6′ 128.23, 108.82 111.2, 130.4 5.95 (d, J=7.6 Hz, 1H), 7.31 (d, J=1.6 Hz, 2H)

5.67 (s, 1H)
7, 7′ 113.97, 147.54 148.0, 115.7 5.28 (d, J=7.6 Hz, 1H), - -

8, 8′-OH 158.17, 146.50 149.8, 159.8 - -
9, 9′ 113.97, 113.65 115.9, 115.7 5.28 (d, J=7.6 Hz, 2H) 6.81 (d, J=8.3 Hz, 2H)

10, 10′ 128.23, 121.18 123.2, 123.1 5.95 (d, J=7.6 Hz, 1H), 7.19 (dd, J9,10=8.3 Hz,
5.56 (d, J=7.6 Hz, 1H) J6,10=1.6 Hz, 2H)

7′-OCH3 53.54 55. 7 2.37 (s, 3H) 3.82 (s, 3H)

À¡“¬‡Àµÿ: a ∫—π∑÷°„π CD3OD (300 MHz)
b DMC = Demethoxycurcumin; ∫—π∑÷°„π DMSO-d6 (50 MHz)
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µ“√“ß∑’Ë 4 · ¥ß¢âÕ¡Ÿ≈ 13C-NMR ·≈– 1H-NMR ¢Õß “√∫√‘ ÿ∑∏‘Ï 3 ·≈– Bisdemethoxycurcumin [19]

C-position 13C-NMR (ppm) 1H-NMR (ppm)

 “√∫√‘ ÿ∑∏‘Ï 3a BDMCb [19]  “√∫√‘ ÿ∑∏‘Ï 3a BDMCb [19]

1 46.08 100.9 1.79 (d, J=12.2 Hz, 2H) 5.99 (s, 1H)
2, 2′ 181.92 183.2 - -
3, 3′ 119.09 121.1 5.05 (d, J=15.8 Hz, 2H) 6.67 (d, J=15.8 Hz, 2H)
4, 4′ 138.93 140.1 6.03 (d, J=15.8 Hz, 2H) 7.61 (d, J=15.8 Hz, 2H)
5, 5′ 125.12 126.8 - -
6, 6′ 128.22 130.0 5.95 (d, J=8.4 Hz, 2H) 7.57 (d, J=8.5 Hz, 2H)
7, 7′ 113.98 115.9 5.28 (d, J=8.3 Hz, 2H) 6.91 (d, J=8.5 Hz, 2H)

8, 8′-OH 158.17 159.7 - -
9, 9′ 113.98 115.9 5.28 (d, J=8.3 Hz, 2H) 6.91 (d, J=8.5 Hz, 2H)

10, 10′ 128.22 130.0 5.95 (d, J=8.4 Hz, 2H) 7.57 (d, J=8.5 Hz, 2H)

À¡“¬‡Àµÿ: a ∫—π∑÷°„π CD3OD (300 MHz)
b BDMC = Bisdemethoxycurcumin; ∫—π∑÷°„π DMSO-d6 (50 MHz)

®“°µ“√“ß∑’Ë 2, 3 ·≈– 4  “√∫√‘ ÿ∑∏‘Ï 1, 2 ·≈– 3 æ∫§à“ δ ¢Õß 13C-NMR (300 MHz,
CD3OD) ∑’Ë 46.06, 46.07 ·≈– 46.08 µ“¡≈”¥—∫ ÷́Ëß‡ªìπ™π‘¥§“√å∫Õπ·∫∫‡¡∑’≈’π (methylene
carbon) ‚¥¬·µ°µà“ß®“°º≈°“√«‘®—¬∑’Ëºà“π¡“∑’Ëæ∫§à“ δ ∑’Ë 100.9 (50 MHz, DMSO-d6) [19]
´÷Ëß‡ªìπ™π‘¥§“√å∫Õπ·∫∫‰«π‘≈ (vinyl carbon) ‡æ√“–‡°‘¥ Tautomerization ®“°‚§√ß √â“ß·∫∫§’‚µ
(keto-form) ‡ªìπ‚§√ß √â“ß·∫∫Õ’πÕ≈ (enol form) ¥—ß√Ÿª∑’Ë 6

keto-form enol-form

√Ÿª∑’Ë 6 °“√‡°‘¥ tautomerization ¢Õß “√ª√–°Õ∫‡§Õ√å§‘«¡‘πÕ¬¥å
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µ“√“ß∑’Ë 5 °“√¬—∫¬—Èß‡Õπ‰´¡å‰∑‚√´‘‡π ¢Õß “√ °—¥À¬“∫  “√∫√‘ ÿ∑∏‘Ï ·≈–°√¥‚§®‘°

§«“¡‡¢â¡¢âπ °“√¬—∫¬—Èß‡Õπ‰´¡å‰∑‚√´‘‡π  (%) (x̄  ± SD, n=3)

(µg/mL)  “√ °—¥À¬“∫  “√∫√‘ ÿ∑∏‘Ï 1  “√∫√‘ ÿ∑∏‘Ï 2  “√∫√‘ ÿ∑∏‘Ï 3 °√¥‚§®‘°

150 91.26 ± 4.43 -4.48 ± 2.11 70.84 ± 1.54 10.61 ± 2.23 78.34 ± 2.53
100 88.51 ± 2.87 82.78 ± 3.51 62.72 ± 1.94 14.71 ± 4.52 69.51 ± 2.90
70 75.17 ± 3.64 78.41 ± 2.77 55.73 ± 1.65 16.20 ± 3.35 66.49 ± 1.94
50 60.00 ± 2.39 71.85 ± 3.52 52.93 ± 0.90 15.08 ± 4.47 58.47 ± 1.77
30 48.51 ± 2.11 55.20 ± 2.13 48.91 ± 0.77 15.83 ± 2.81 55.76 ± 2.02
10 41.15 ± 2.87 41.58 ± 3.27 47.43 ± 0.77 27.74 ± 3.59 50.82 ± 1.45
5 39.77 ± 2.11 29.51 ± 2.15 45.58 ± 0.65 28.12 ± 3.41 42.42 ± 3.14
1 36.09 ± 3.98 24.33 ± 3.06 43.93 ± 1.72 27.02 ± 3.41 26.81 ± 2.44

º≈°“√∑¥ Õ∫°“√¬—∫¬—Èß‡Õπ‰´¡å‰∑‚√ ‘́‡π 

∑”°“√∑¥ Õ∫°“√¬—∫¬—Èß‡Õπ‰´¡å‰∑‚√ ‘́‡π ¢Õß “√ °—¥·≈–°√¥‚§®‘°∑’Ë§«“¡‡¢â¡¢âπµà“ßÊ 8
§«“¡‡¢â¡¢âπ‡æ◊ËÕÀ“§à“°“√¬—∫¬—Èß‡Õπ‰´¡å‰∑‚√´‘‡π  (µ“√“ß∑’Ë 5) ·≈–§à“ IC50 ¢Õß “√∑¥ Õ∫ (√Ÿª∑’Ë 7)

√Ÿª∑’Ë 7 °√“ø§«“¡ —¡æ—π∏å√–À«à“ß√âÕ¬≈–¢Õß°“√¬—∫¬—Èß‡Õπ‰´¡å‰∑‚√´‘‡π °—∫§«“¡‡¢â¡¢âπµà“ßÊ ¢Õß “√∑¥ Õ∫
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 √ÿªº≈°“√∑¥≈Õß
°“√·¬° “√∫√‘ ÿ∑∏‘Ï®“° “√ °—¥À¬“∫™—Èπ‡¡∑“πÕ≈¢Õßºß¢¡‘Èπ™—π¥â«¬«‘∏’‚§√¡“‚∑°√“øï·∫∫

‡¬◊ËÕ∫“ß‚¥¬„™â “√≈–≈“¬‰¥§≈Õ‚√¡’‡∑πµàÕ‡¡∑“πÕ≈ Õ—µ√“ à«π 95: 5 ‡ªìπ‡ø ‡§≈◊ËÕπ∑’Ë ‰¥â “√∫√‘ ÿ∑∏‘Ï 3
™π‘¥ §◊Õ  “√∫√‘ ÿ∑∏‘Ï 1 (Curcumin)  “√∫√‘ ÿ∑∏‘Ï 2 (Demethoxycurcumin) ·≈–  “√∫√‘ ÿ∑∏‘Ï 3
(Bisdemethoxycurcumin) §‘¥‡ªìπ√âÕ¬≈– 33.58, 9.86 ·≈– 10.05 µ“¡≈”¥—∫ ®“°º≈°“√∑¥ Õ∫ƒ∑∏‘Ï
¬—∫¬—Èß‡Õπ‰´¡å‰∑‚√´‘‡π ¢Õß “√∫√‘ ÿ∑∏‘Ï∑—Èß 3 ™π‘¥ æ∫«à“ “√∫√‘ ÿ∑∏‘Ï 1 ·≈– 2 ¡’§à“ IC50 ‡∑à“°—∫ 22.0 ·≈–
35.05 ‰¡‚§√°√—¡/¡‘≈≈‘≈‘µ√ µ“¡≈”¥—∫ ÷́Ëß IC50 ¢Õß “√∫√‘ ÿ∑∏‘Ï 1 ¡’§à“„°≈â‡§’¬ß°—∫∑’Ë Shirota ·≈–§≥–
‡§¬√“¬ß“π‰«â [20] (IC50 = 17.4 ‰¡‚§√°√—¡/¡‘≈≈‘≈‘µ√) ‚¥¬ “√∫√‘ ÿ∑∏‘Ï 1 ·≈– 2 ¡’ƒ∑∏‘Ï¬—∫¬—Èß‡Õπ‰´¡å
‰∑‚√ ‘́‡π ÕàÕπ°«à“°√¥‚§®‘°‡≈Á°πâÕ¬ (IC50 = 8.8 ‰¡‚§√°√—¡/¡‘≈≈‘≈‘µ√) ·µà¡’ƒ∑∏‘Ï·√ß°«à“Õ“√å∫Ÿµ‘π¡“°
(IC50 = 1,687 ‰¡‚§√°√—¡/¡‘≈≈‘≈‘µ√) [2]  à«π “√∫√‘ ÿ∑∏‘Ï 3 ¡’ƒ∑∏‘Ï¬—∫¬—Èß‡Õπ‰´¡å‰∑‚√´‘‡π ∑’ËÕàÕπ¡“°
®“°°“√∑¥≈Õßπ’Èæ∫«à“ “√ª√–°Õ∫‡§Õ√å§‘«¡‘πÕ¬¥å®“°‡Àßâ“¢¡‘Èπ™—π ¡’§ÿ≥ ¡∫—µ‘„π°“√¬—∫¬—Èß‡Õπ‰´¡å
‰∑‚√´‘‡π  ‚¥¬®–«àÕß‰«µàÕ‡Õπ‰´¡å‰∑‚√´‘‡π ¡“°°«à“‰∑‚√´’π [20] ∑”„Àâ dopachrome intermediate
‰¡à “¡“√∂‡°‘¥¢÷Èπ‰¥â  “√ Dopachrome ®÷ß≈¥µË”≈ß ®“°°“√∑¥≈Õß™’È„Àâ‡ÀÁπ∂÷ß§«“¡ ”§—≠¢ÕßÀ¡Ÿà OCH3

∑’Ëµ”·Àπàß 7 ·≈– 7′ „π‚§√ß √â“ß¢Õß “√ª√–°Õ∫‡§Õ√å§‘«¡‘πÕ¬¥å (√Ÿª∑’Ë 2)  “√∑’Ë¡’ OCH3 ¡“°°≈ÿà¡®–¡’
º≈µàÕ°“√¬—∫¬—Èß‡Õπ‰´¡å‰∑‚√´‘‡π ¡“°  “√∫√‘ ÿ∑∏‘Ï 1 ®÷ß¡’ƒ∑∏‘Ï¬—∫¬—Èß Ÿßµà“ß®“° “√∫√‘ ÿ∑∏‘Ï 2 ·≈– 3

 “√ª√–°Õ∫‡§Õ√å§‘«¡‘πÕ¬¥å‡À≈à“π’È‡ªìπ “√∑’Ë¡’‚§√ß √â“ß‰¡à‡ ∂’¬√  “¡“√∂‡°‘¥¢∫«π°“√
tautomerization ®“° “√‚§√ß √â“ß·∫∫§’‚µ (keto-form) ‡ª≈’Ë¬π‡ªìπ·∫∫Õ’πÕ≈ (enol-form) ®÷ß∑”„Àâ
‚§√ß √â“ß¢Õß “√ª√–°Õ∫‡À≈à“π’È¡’ ’‡À≈◊Õß‡¢â¡®—¥∂÷ß ’‡À≈◊ÕßÕàÕπ °“√æ—≤π“ “√ª√–°Õ∫µ√–°Ÿ≈π’È‡ªìπ
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