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∫∑§—¥¬àÕ

ªí®®ÿ∫—π “√ °—¥®“°Õ‘π∑π‘≈πÈ”À√◊Õμ–·∫° (Banaba or Queenûs flower) ∂Ÿ°π”¡“„™â
ª√–‚¬™πå„π¥â“π«‘∑¬“»“ μ√å ÿ¢¿“æ·≈–‡«™»“ μ√å‡§√◊ËÕß ”Õ“ßÕ¬à“ß¡“°°“√∑√“∫ƒ∑∏‘Ï§«“¡‡ªìπæ‘…
¢Õß “√ °—¥®÷ß‡ªìπ‡√◊ËÕß ”§—≠ °“√»÷°…“§√—Èßπ’È ®÷ß»÷°…“ƒ∑∏‘Ï§«“¡‡ªìπæ‘…¢Õß “√ °—¥Õ‘π∑π‘≈πÈ”μàÕ
‡´≈≈å‡¡≈“‚π¡“¢Õß§π„πÀ≈Õ¥∑¥≈Õß ‚¥¬∑”°“√∑¥ Õ∫ƒ∑∏‘Ï¢Õß “√ °—¥Õ‘π∑π‘≈πÈ”μàÕ‡´≈≈å‡¡≈“‚π¡“
∑’Ë∂Ÿ°‡≈’È¬ß„πÕ“À“√™π‘¥ ¥’‡ÕÁ¡Õ’‡ÕÁ¡ (DMEM, dulbeccoûs modified eagle medium) ∑’Ë¡’ à«πº ¡¢Õß
´’√—Ë¡≈Ÿ°«—« 10% (10% of fetal bovine serum) ·≈–‡´≈≈å∂Ÿ°‡≈’È¬ßÕ¬Ÿà„π®“πÀ≈ÿ¡ 96 À≈ÿ¡ (96-well
tissue culture plate) ∑’ËÕÿ≥À¿Ÿ¡‘ 37 Õß»“ ·≈–¡’°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å 5% „π°“√∑¥ Õ∫„™â®”π«π
‡´≈≈å 4X104 ‡´≈≈åμàÕÀ≈ÿ¡ ·≈–∑¥ Õ∫°—∫ “√ °—¥Õ‘π∑π‘≈πÈ”∑’Ë§«“¡‡¢â¡¢âπ 125 -2000 μg/ml
(‡®◊Õ®“ß„πÕ—μ√“ à«π 1 : 2) ‚¥¬Àπ÷Ëß§«“¡‡¢â¡¢âπ∂Ÿ°∑¥ Õ∫μàÕ‡´≈≈å ’ËÀ≈ÿ¡ ‡ªìπ‡«≈“ 24, 48, 72 ™—Ë«‚¡ß
‚¥¬‡´≈≈åμ“¬∂Ÿ°≈â“ßÕÕ°·≈–‡´≈≈å∑’Ë¡’™’«‘μ∂Ÿ°¬âÕ¡¥â«¬ ’§√‘ μÕ≈ ‰«‚Õ‡≈μ (crystal violet) ·≈–«—¥§à“
¥Ÿ¥°≈◊π· ß (OD, optical density) ∑’Ë§«“¡¬“«§≈◊Ëπ 560 π“‚π‡¡μ√ §à“ OD ∑’Ë«—¥‰¥â®–‡ªìπ —¥ à«π
°—∫®”π«π‡´≈≈å∑’Ë¡’™’«‘μ ·≈–∂Ÿ°π”¡“«‘‡§√“–Àåƒ∑∏‘Ï§«“¡‡ªìπæ‘…¢Õß “√∑’Ë∑”„Àâ‡´≈≈åμ“¬À√◊Õ¬—∫¬—Èß‡´≈≈å
¡’™’«‘μ 50% (EC

50
, effective concentration inhibitory 50% of cell viability) º≈°“√»÷°…“æ∫«à“ §à“

EC
50
 ¢Õß “√ °—¥Õ‘π∑π‘≈πÈ” ∑’Ë‡«≈“ 24, 48 ·≈– 72 ™—Ë«‚¡ß ‡∑à“°—∫ 400, 230, 150 μg/ml μ“¡≈”¥—∫
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·π«∑“ß„π§«“¡ª≈Õ¥¿—¬∑’Ë®–π” “√ °—¥π’È ‰ªæ—≤π“º≈‘μ¿—≥±åμà“ßÊ  ”À√—∫ ÿ¢¿“æ·≈–‡§√◊ËÕß ”Õ“ß
μàÕ‰ª

§” ”§—≠ : °“√∑¥ Õ∫æ‘… Õ‘π∑π‘≈πÈ” ‡´≈≈å‡¡≈“‚π¡“

Abstract

Extracts of banaba or queen crape myrtle from Lagerstroemia speciosa (L.) Pers
have been useful in health science and cosmetic science. In this study, the cytotoxicity of
extracts from banaba were tested against a melanoma cell line from human skin. Melanoma
cells were cultured in dulbeccoûs modified eagle Medium (DMEM) supplemented with 10%
fetal bovine serum (FBS) in 96-well tissue culture plates. Melanoma cells, the cell numbers of
4X104 cells/well were cultured in each well of 96-well plate overnight at 37 ÌC with 5 % CO

2
.

The concentrations of banabaûs extracts were 125 - 2000 mg/ml (in ratios of 1:2) and one
concentration of each extract was added in quadruplicate wells and incubated for 24, 48, and
72 hours. After that dead cells were washed and the remaining cells were stained with crystal
violet and determined the absorbance of optical density at 560 nm (OD 560 nm) by microplate
reader. The percentage of cell viability was calculated from OD and the EC

50
 (effective

concentration that inhibit/kill 50% of cell viability) of extracts was analysed from percents of
cell viability. Results of cytotoxic test showed that EC

50
 of extracts against cells after 24, 48,

and 72 hour were 400, 230, 150 μg/ml,respectively. This EC
50
 indicates the cytotoxic activity

of banabaûs extracts against human melanoma cells that is useful for safety in development
of healt and cosmetic products.

Keywords : Lagerstroemia speciosa (L.) Pers, cytotoxicity, banaba, melanoma cells

∫∑π”

ªí®®ÿ∫—π¡’º≈‘μ¿—≥±å‡æ◊ËÕ ÿ¢¿“æ·≈–º≈‘μ¿—≥±å‡§√◊ËÕß ”Õ“ßÀ≈“¬™π‘¥∑’Ëπ”¡“„™â„π§π∑’Ë¡’
 à«πª√–°Õ∫∑’Ë‰¥â®“° “√ °—¥æ◊™ ¡ÿπ‰æ√ (Gonzales et al., 2006) ¥—ßπ—Èπ§«“¡ª≈Õ¥¿—¬„π°“√π”
 “√ °—¥®“°æ◊™ ¡ÿπ‰æ√¡“„™â„π§π®÷ß‡ªìπ‡√◊ËÕß ”§—≠ ®÷ßμâÕß¡’«‘∏’°“√∑¥ Õ∫§ÿ≥ ¡∫—μ‘¢Õß “√‡À≈à“π—Èπ
‡æ◊ËÕ§«“¡ª≈Õ¥¿—¬‚¥¬‡©æ“–°“√∑¥ Õ∫§«“¡‡ªìπæ‘…¢Õß “√´÷Ëß¡’§«“¡ ”§—≠¡“° „π°“√∑¥ Õ∫§«“¡
‡ªìπæ‘…¢Õß “√¡’À≈“¬«‘∏’ ‡™àπ °“√∑¥ Õ∫‚¥¬„™â —μ«å∑¥≈Õß °“√∑¥ Õ∫‚¥¬„™â‡´≈≈å‡æ“–‡≈’È¬ß ‡ªìπμâπ
°“√π”‡´≈≈å¢Õß§π¡“‡æ“–‡≈’È¬ß„πÀ≈Õ¥∑¥≈Õß‡æ◊ËÕ„™â∑¥ Õ∫§ÿ≥ ¡∫—μ‘¢Õß “√À√◊Õ§«“¡‡ªìπæ‘…¢Õß “√
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‡ªìπ«‘∏’∑’Ëªí®®ÿ∫—π‡≈◊Õ°„™â∑¥ Õ∫ ¡“°°«à“∑’Ë®–∑¥ Õ∫„π —μ«å∑¥≈Õß (McKim et al., 2012; Ribeiro et
al., 2012) ‡™àπ ∑¥ Õ∫„πÀπŸ ‡π◊ËÕß®“°°“√∑¥ Õ∫„π —μ«å∑¥≈Õß∂Ÿ°®”°—¥À√◊Õ¡’¢âÕ°”Àπ¥„π°“√ªØ‘∫—μ‘
Õ¬à“ß‡¢â¡ß«¥∑“ß¥â“π®√‘¬∏√√¡ ·≈–¡’§à“„™â®à“¬ Ÿß °“√∑¥ Õ∫§«“¡‡ªìπæ‘…¢Õß “√‚¥¬∑¥ Õ∫°—∫‡´≈≈å
‡æ“–‡≈’È¬ß„πÀ≈Õ¥∑¥≈Õß ®÷ß‡ªìπ∑’Ë¬Õ¡√—∫ ·≈–¡’°“√æ—≤π“∑¥ Õ∫°—∫‡´≈≈å‰¥âÀ≈“¬™π‘¥ ´÷Ëß‡ªìπ¢âÕ¥’
¢Õß«‘∏’π’È ‡π◊ËÕß®“° “¡“√∂‡≈◊Õ°™π‘¥¢Õß‡´≈≈å∑’Ë®–„™â∑¥ Õ∫‰¥â‡À¡“– ¡°—∫ƒ∑∏‘Ï¢Õß “√ °—¥ μ—«Õ¬à“ß‡´≈≈å
¢Õß§π∑’Ë∂Ÿ°‡æ“–‡≈’È¬ß‰¥â„πÀ≈Õ¥∑¥≈Õß ‰¥â·°à ‡´≈≈å‡§Õ√“μ‘‚π‰´∑å (keratinocyte) ‡´≈≈å‡¡≈“‚π¡“
(melanoma) ‡´≈≈å‡¬◊ËÕ∫ÿº‘« (epithelium cells) ‡ªìπμâπ ·≈–‡´≈≈å‡æ“–‡≈’È¬ß∫“ß™π‘¥ “¡“√∂‡æ“–‡≈’È¬ß
„πÀ≈Õ¥∑¥≈Õß‰¥âμ≈Õ¥°“≈ (cell lines) (Vunjak-Novakovic & Freshney, 2006)

„πªí®®ÿ∫—π¡’°“√π” “√ °—¥®“°μâπ Lagestroemia speciosa (L.) Pers ÷́Ëß¡’™◊ËÕ “¡—≠‡√’¬°«à“
μ–·∫°¥” À√◊Õ Õ‘π∑π‘≈πÈ” (banaba À√◊Õ queenûs flower) ¡“„™âª√–‚¬™πå‡°’Ë¬«°—∫ ÿ¢¿“æÀ≈“¬™π‘¥
‚¥¬ “√ °—¥∑’Ë‰¥â®“°μâπÕ‘π∑π‘≈πÈ” ¡’ “√À≈“¬™π‘¥ ‰¥â·°à triterpene, corosolic acid, 31-norlagerenol
acetate ·≈– sitosterol acetate ‡ªìπμâπ ´÷Ëß “√ °—¥®“°Õ‘π∑π‘≈πÈ”¡’ƒ∑∏‘Ï≈¥√–¥—∫πÈ”μ“≈„π‡≈◊Õ¥ μâ“π
°“√Õ—°‡ ∫ μâ“π‡™◊ÈÕ®ÿ≈‘π∑√’¬å ‡ªìπ·Õπμ‘ÕÕ° ‘́‡¥âπ∑å ·≈–μâ“π‡´≈≈å¡–‡√Áß (Liu et al., 2001; Faruk et al.,
2002; Ragasa et al., 2005; Kim et al., 2012) ®“°§ÿ≥ ¡∫—μ‘¢Õß “√ °—¥∑’Ë¡’ƒ∑∏‘ÏÀ≈“¬¥â“π ®÷ß¡’
°“√π” “√ °—¥®“°æ◊™ ¡ÿπ‰æ√™π‘¥π’È¡“„™â‡ªìπ “√ ”§—≠À√◊Õ à«πª√–°Õ∫¢Õßº≈‘μ¿—≥±å‡§√◊ËÕß ”Õ“ß
·≈–º≈‘μ¿—≥±å‡æ◊ËÕ ÿ¢¿“æ

®“°°“√»÷°…“¢Õßπ—°«‘®—¬°≈ÿà¡Õ◊Ëπ ‰¥âπ”‡´≈≈å‡¡≈“‚π¡“ ¡“„™â»÷°…“ƒ∑∏‘Ï¢Õß “√ ”§—≠∑“ß
‡§√◊ËÕß ”Õ“ß ·≈–∑“ß‡¿ —™ (McKim et al., 2012; Ribeiro et al., 2012) °“√»÷°…“§√—Èßπ’È ®÷ß π„®∑’Ë
®–»÷°…“ƒ∑∏‘Ï§«“¡‡ªìπæ‘…¢Õß “√ °—¥®“°μâπÕ‘π∑π‘≈πÈ”μàÕ‡´≈≈å‡¡≈“‚π¡“¢Õß§π (human melanoma
cell line, C32) (Chen, 1978; Chen & Shaw, 1973) ‡æ◊ËÕ§«“¡ª≈Õ¥¿—¬„π°“√π” “√ °—¥Õ‘π∑π‘≈πÈ”
‰ª„™âª√–‚¬™πå ”À√—∫°“√æ—≤π“º≈‘μ¿—≥±å‡æ◊ËÕ ÿ¢¿“æÀ√◊Õ‡§√◊ËÕß ”Õ“ßμàÕ‰ª

«—μ∂ÿª√– ß§å

‡æ◊ËÕ∑¥ Õ∫ƒ∑∏‘Ï§«“¡‡ªìπæ‘…¢Õß “√ °—¥Õ‘π∑π‘≈πÈ”μàÕ‡´≈≈å‡¡≈“‚π¡“¢Õß§π„πÀ≈Õ¥∑¥≈Õß
·≈–»÷°…“≈—°…≥–‡´≈≈åμ“¬∑’Ë‡°‘¥®“°ƒ∑∏‘Ï¢Õß “√ °—¥Õ‘π∑π‘≈πÈ”

Õÿª°√≥å·≈–«‘∏’°“√∑¥≈Õß

1.  “√ °—¥ ¡ÿπ‰æ√
 “√ °—¥®“°μâπÕ‘π∑π‘≈πÈ” (Lagestroemia speciosa (L.) Pers) ‰¥â√—∫§«“¡Õπÿ‡§√“–Àå®“°

∫√‘…—∑ §Õ ¡’‡∑§ ®”°—¥ ‚¥¬∂Ÿ°≈–≈“¬·≈–‡μ√’¬¡„Àâ¡’§«“¡‡¢â¡¢âπ‡∑à“°—∫ 10,000 μg/ml ¥â«¬Õ“À“√
‡≈’È¬ß‡´≈≈å∑’Ë¡’ ¥’‡ÕÁ¡‡Õ ‚Õ (DMSO, dimethyl sulfonyloxide) 1% ·≈–π”¡“∑”„Àâª≈Õ¥‡™◊ÈÕ‚¥¬ºà“π
°“√°√Õß¥â«¬·ºàπ°√Õß¢π“¥ 0.2 ‰¡‚§‡¡μ√
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2. °“√‡æ“–‡≈’È¬ß‡´≈≈å‡¡≈“‚π¡“
‡´≈≈å‡¡≈“‚π¡“¢Õß§π (‰¥â√—∫§«“¡°√ÿ≥“®“° ».¥√. √—™π’¬å Õÿ¥¡· ß‡æÁ™√ ¿“§«‘™“æ¬“∏‘

™’««‘∑¬“ §≥–«‘∑¬“»“ μ√å ¡À“«‘∑¬“≈—¬¡À‘¥≈) ∂Ÿ°‡æ“–‡≈’È¬ß„πÀ≈Õ¥∑¥≈Õß∑’Ë¡’Õ“À“√™π‘¥ ¥’‡ÕÁ¡Õ’‡ÕÁ¡
(DMEM, dulbeccoûs modified eagle medium) ∑’Ë¡’ à«πº ¡¢Õß´’√—Ë¡≈Ÿ°«—« 10% (10% of fetal
bovine serum) ·≈–∂Ÿ°Õ∫„πμŸâÕ∫∑’ËÕÿ≥À¿Ÿ¡‘ 37 ÌC ∑’Ë¡’°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å (CO

2
) 5% ¡’°“√„Àâ

Õ“À“√·°à‡´≈≈åÕ¬à“ß ¡Ë”‡ ¡Õ∑ÿ°Ê 2 «—π·≈–‡´≈≈å®–μâÕß∂Ÿ° subculture ∑ÿ°Ê  —ª¥“Àå‡æ◊ËÕ„Àâ ‰¥â‡´≈≈å∑’Ë
¡’§ÿ≥¿“ææ√âÕ¡„™âß“π·≈–ª≈Õ¥®“°°“√μ‘¥‡™◊ÈÕ·∫§∑’‡√’¬·≈–‡™◊ÈÕ√“ ( ”À√—∫ÀâÕßªØ‘∫—μ‘°“√‡æ“–‡≈’È¬ß
‡´≈≈å‰¥â√—∫§«“¡Õπÿ‡§√“–Àå„Àâ‡¢â“‰ª„™âÀâÕßªØ‘∫—μ‘°“√∑’Ë ¿“§«‘™“æ¬“∏‘™’««‘∑¬“ §≥–«‘∑¬“»“ μ√å
¡À“«‘∑¬“≈—¬¡À‘¥≈)

°“√‡≈’È¬ß‡´≈≈å‡¡≈“‚π¡“„π®“πÀ≈ÿ¡ 96 À≈ÿ¡ (96-well plate) ‚¥¬‡≈’È¬ß‡´≈≈å∑’Ë®”π«π‡´≈≈å
2,500, 5,000, 10,000, 20,000, 40,000, 80,000 ‡´≈≈åμàÕÀ≈ÿ¡„πÕ“À“√‡≈’È¬ß‡´≈≈å DMEM 10% FBS
∂Ÿ°‡≈’È¬ß‰«â∑’ËÕÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡ ’́¬  ∑’Ë¡’ª√‘¡“≥§“√å∫Õπ‰¥ÕÕ°‰´¥å 5% „π‡«≈“ 24, 48 ·≈–
72 ™—Ë«‚¡ß æ√âÕ¡°—∫∑”°“√ —ß‡°μ°“√‡®√‘≠¢Õß‡´≈≈å¿“¬„μâ°≈âÕßÀ—«°≈—∫ (inverted microscope)
À≈—ß®“°π—Èπ «—¥ª√‘¡“≥‡´≈≈å‚¥¬°“√¬âÕ¡¥â«¬ ’§√‘ ∑Õ≈‰«‚Õ‡≈μ (crystal violet) ·≈–π”‰ª«—¥§à“ OD
(optical density, §à“°“√¥Ÿ¥°≈◊π· ß∑’Ë§≈◊Ëπ· ß 560 nm) ¥â«¬‡§√◊ËÕß‰¡‚§√‡æ≈∑√’‡¥Õ√å (microplate
reader√ÿàπ GLOMAX multi detection system‰¥â√—∫§«“¡Õπÿ‡§√“–Àå®“°ÀâÕßªØ‘∫—μ‘°“√«‘®—¬«—≥‚√§ Àπà«¬
«‘®—¬™’«‚¡‡≈°ÿ≈∑“ß°“√·æ∑¬å »Ÿπ¬åæ—π∏ÿ«‘»«°√√¡·≈–‡∑§‚π‚≈¬’™’«¿“æ·Ààß™“μ‘  ”π—°ß“πæ—≤π“
«‘∑¬“»“ μ√å·≈–‡∑§‚π‚≈¬’·Ààß™“μ‘) ·≈–π”§à“ OD ¡“«‘‡§√“–Àå°“√‡®√‘≠¢Õß‡´≈≈å

3. °“√∑¥ Õ∫ƒ∑∏‘Ï§«“¡‡ªìπæ‘…
‡´≈≈å‡¡≈“‚π¡“∂Ÿ°π”¡“„™â∑¥ Õ∫ƒ∑∏‘Ï§«“¡‡ªìπæ‘… (cytotoxic test) ¢Õß “√ °—¥Õ‘π∑π‘≈πÈ”

‚¥¬«‘∏’∑¥ Õ∫¥—ßπ’È ‡´≈≈å∂Ÿ°‡≈’È¬ß„π¿“™π–®“πÀ≈ÿ¡96 À≈ÿ¡∑’Ë¡’Õ“À“√·≈–ª≈Õ¥‡™◊ÈÕ‡ªìπ‡«≈“ 1 «—π À≈—ß
®“°π—Èπ‡μ√’¬¡ “√∑’Ë®–∑¥ Õ∫∑’Ë§«“¡‡¢â¡¢âπμà“ß Ê ‚¥¬°“√∑”„Àâ‡®◊Õ®“ß„πÕ—μ√“ à«π 1 : 10 ‡∑à“¢Õßª√‘¡“μ√
¡’¥—ßπ’È 0.1, 1, 10, 100, 1000 μg/ml ·≈– ‡®◊Õ®“ß„πÕ—μ√“ à«π 1 : 2 ‡∑à“¢Õßª√‘¡“μ√ ¥—ßπ’È 125, 250,
500, 1000, 2000 μg/ml °“√‡μ√’¬¡ “√μâÕß∑”‚¥¬«‘∏’∑’Ëª≈Õ¥‡™◊ÈÕ π” “√∑’Ë¡’§«“¡‡¢â¡¢âπμà“ß Ê ¡“„ à
„πÀ≈ÿ¡∑’Ë¡’‡´≈≈å‡®√‘≠Õ¬Ÿà À≈—ß®“°π—Èπ‡≈’È¬ß‡´≈≈åμàÕ„πμŸâÕ∫ Õÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡´’¬ ∑’Ë¡’°ä“´
§“√å∫Õπ‰¥ÕÕ°‰´¥å 5% ‡ªìπ‡«≈“ 24, 48 ·≈– 72 ™—Ë«‚¡ß ‡æ◊ËÕÀ“§«“¡“‡¢â¡¢âπ¢Õß “√·≈–√–¬–‡«≈“
∑’Ë “√ÕÕ°ƒ∑∏‘Ï¡’º≈∑”„Àâ‡´≈≈åμ“¬À√◊Õ¬—∫¬—Èß°“√‡®√‘≠¢Õß‡´≈≈å ‡´≈≈å∑’Ëμ“¬∂Ÿ°¥Ÿ¥ÕÕ° ‡À≈◊Õ·μà‡´≈≈å∑’Ë¡’
™’«‘μÕ¬Ÿà„π®“πÀ≈ÿ¡ π”‡´≈≈å∑’Ë‡À≈◊Õ¡“¬âÕ¡¥â«¬ ’§√‘ μÕ≈ ‰«‚Õ‡≈μ (crystal violet) ·≈–≈–≈“¬ ’ π”¡“
«—¥ ’¥â«¬‡§√◊ËÕß‰¡‚§√‡æ≈∑√’‡¥Õ√å π”º≈∑’Ë ‰¥â¡“«‘‡§√“–ÀåÀ“§à“ EC

50
 (effective concentration

inhibitory 50% of cell viability) À¡“¬∂÷ß∑’Ë√–¥—∫§«“¡‡¢â¡¢âπ¢Õß “√∑’Ë∑”„Àâ‡´≈≈åμ“¬À√◊Õ§«“¡¡’™’«‘μ
¢Õß‡´≈≈å≈¥≈ß 50% ‚¥¬‡ª√’¬∫‡∑’¬∫°—∫À≈ÿ¡∑’Ë‡´≈≈å∂Ÿ°‡≈’È¬ß„πÕ“À“√∑’Ë‰¡à¡’ “√ °—¥ (Tengchaisri et al.,
1998; Freshney, 1987)
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4. °“√»÷°…“≈—°…≥–√Ÿª√à“ß¢Õß‡´≈≈åμ“¬
π”‡´≈≈å∑’Ë∂Ÿ°∑¥ Õ∫°—∫ “√ °—¥¡“»÷°…“√Ÿª√à“ß≈—°…≥–¢Õß‡´≈≈å∑’Ë¬—ß¡’™’«‘μÕ¬Ÿà·≈–‡´≈≈åμ“¬

‚¥¬°“√¬âÕ¡¥â«¬ ’∑√‘·æπ∫≈Ÿ (trypan blue) ·≈–¬âÕ¡¥â«¬ ’·¥ªïô DAPI (4,6-Diamidin-2-Phenylindol
Dihydrochlorid) ‡æ◊ËÕ¥Ÿ≈—°…≥–π‘«‡§≈’¬ ¢Õß‡´≈≈å∑’Ë·μ°μà“ß¢Õß‡´≈≈å∑’Ë¡’™’«‘μ·≈–‡´≈≈åμ“¬À≈—ß®“°
‡´≈≈å∂Ÿ°∑¥ Õ∫°—∫ “√ °—¥Õ‘π∑π‘≈∑’Ë§«“¡‡¢â¡¢âπ 500 μg/ml ‡ªìπ‡«≈“ 24, 48 ·≈– 72 ™—Ë«‚¡ß ‡´≈≈å
∂Ÿ°·∫àß‡ªìπ Õß à«π ‚¥¬‡´≈≈å à«π·√°∂Ÿ°¬âÕ¡¥â«¬ ’∑√‘·æπ∫≈Ÿ À¬¥‡´≈≈å∫π ‰≈¥å¥Ÿ¿“¬„μâ°≈âÕß®ÿ≈∑√√»πå
‡æ◊ËÕπ—∫®”π«π‡´≈≈å∑’Ë¬—ß¡’™’«‘μ·¬°®“°‡´≈≈åμ“¬ ·≈–‡´≈≈å à«π∑’Ë Õß∂Ÿ°¬âÕ¡¥â«¬ ’·¥ªïô ¥Ÿ¿“¬„μâ°≈âÕß
®ÿ≈∑√√»πå‡√◊Õß· ß∑’Ë§«“¡¬“«§≈◊Ëπ· ß 430 nm (Tengchaisri et al., 1998) ‡æ◊ËÕ¥Ÿ≈—°…≥–π‘«‡§≈’¬ 
¢Õß‡´≈≈åμ“¬·≈–‡´≈≈å∑’Ë¡’™’«‘μ

5. °“√«‘‡§√“–Àå¢âÕ¡Ÿ≈
§à“ OD (optical density) ∑’Ë«—¥‰¥â®“°º≈°“√∑¥≈Õß∂Ÿ°π”¡“§‘¥«‘‡§√“–ÀåÀ“‡ªÕ√å‡´Áπ¢Õß

§«“¡¡’™’«‘μ¢Õß‡´≈≈å (% of cell viability) ‚¥¬‡ª√’¬∫‡∑’¬∫°—∫À≈ÿ¡∑’Ë‡´≈≈å∂Ÿ°∑¥ Õ∫°—∫ “√ °—¥
Õ‘π∑π‘≈πÈ”°—∫‡´≈≈å∑’Ë∂Ÿ°‡≈’È¬ß„πÕ“À“√∑’Ë‰¡à¡’ “√∑¥ °—¥Õ‘π∑π‘≈πÈ”·≈â«®÷ßπ”º≈¢Õß‡ªÕ√å‡´Áπ¢Õß§«“¡¡’
™’«‘μ¢Õß‡´≈≈å¡“ √â“ß°√“ø‡æ◊ËÕ«‘‡§√“–ÀåÀ“§à“ EC

50 
¢Õß “√ °—¥Õ‘π∑π‘≈πÈ”À¡“¬∂÷ß∑’Ë√–¥—∫§«“¡‡¢â¡¢âπ

¢Õß “√ °—¥∑’Ë∑”„Àâ‡´≈≈åμ“¬À√◊Õ§à“§«“¡¡’™’«‘μ¢Õß‡´≈≈å≈¥≈ß 50% ‡æ◊ËÕ„™â„π°“√·ª≈º≈°“√∑¥≈Õß

 Ÿμ√°“√À“

‡ªÕ√å‡´Áπ¢Õß§«“¡¡’™’«‘μ¢Õß‡´≈≈å = §à“ OD ¢Õß‡´≈≈å„πÀ≈ÿ¡∑’Ë∑¥ Õ∫°—∫ “√ X 100
(% of cell viability) §à“ OD ¢Õß‡´≈≈å„πÀ≈ÿ¡∑’Ë‰¡à¡’ “√

º≈°“√∑¥≈Õß

°“√‡≈’È¬ß®”π«π‡´≈≈å‡¡≈“‚π¡“∑’Ë‡À¡“– ¡„π®“πÀ≈ÿ¡
®“°°“√‡≈’È¬ß‡´≈≈å‡¡≈“‚π¡“„π®“πÀ≈ÿ¡ 96 À≈ÿ¡ ∑’Ë®”π«π‡´≈≈å‡√‘Ë¡μâπ¥—ßπ’È 2.5x103, 5x103,

1x104, 2x104, 4x104 ·≈– 8x104 ‡´≈≈åμàÕÀ≈ÿ¡ ¥—ß· ¥ß„π¿“æ∑’Ë 1‡¡◊ËÕ‡≈’È¬ß‡´≈≈å‡ªìπ‡«≈“ 72 ™—Ë«‚¡ß
æ∫«à“®”π«π‡´≈≈å‡√‘Ë¡μâπ 2x103, 5x103, ·≈– 1x104 ‡´≈≈åμàÕÀ≈ÿ¡ ¡’°“√‡®√‘≠¢Õß‡´≈≈åπâÕ¬‡¡◊ËÕ
‡ª√’¬∫‡∑’¬∫ ®”π«π‡´≈≈å‡√‘Ë¡μâπ 4x104 ‡´≈≈åμàÕÀ≈ÿ¡ ¡’°“√‡®√‘≠‡æ‘Ë¡®”π«π 80-100% „π¢≥–∑’ËÀ≈ÿ¡
‡√‘Ë¡μâπ®”π«π‡´≈≈å 8x104 ‡´≈≈åμàÕÀ≈ÿ¡ ¡’°“√‡®√‘≠¢Õß‡´≈≈å·≈–¡’‡´≈≈å∫“ß à«πμ“¬ ”À√—∫¿“æ∑’Ë 2
· ¥ßº≈°“√«‘‡§√“–Àå°√“ø°“√‡æ‘Ë¡®”π«π¢Õß‡´≈≈å„π√–¬–‡«≈“ 24, 48 ·≈– 72 ™—Ë«‚¡ß ∑’Ë·ª√º—πμ“¡§à“
OD (optical density) æ∫«à“®”π«π‡´≈≈å‡√‘Ë¡μâπ 4x104 ‡´≈≈åμàÕÀ≈ÿ¡¡’‡´≈≈å‡æ‘Ë¡®”π«π‚¥¬«—¥§à“ OD ‰¥â
0.487±0.049 (§à“‡©≈’Ë¬±SD) ∑’Ë 24 ™—Ë«‚¡ß ·≈–‡¡◊ËÕ§√∫‡«≈“ 48 ·≈– 72 ™—Ë«‚¡ß‡´≈≈å¡’®”π«π‡æ‘Ë¡¢÷Èπ
·ª√º—πμ“¡§à“ OD ¥—ßπ’È 0.861±0.152 ·≈– 1.376±0.027 μ“¡≈”¥—∫ ®–‡ÀÁπ‰¥â«à“®”π«π‡´≈≈å∑’Ë 4x104
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‡´≈≈åμàÕÀ≈ÿ¡‡ªìπ®”π«π‡´≈≈å‡√‘Ë¡μâπ∑’Ë‡À¡“– ¡‡π◊ËÕß®“°‡´≈≈å‡®√‘≠‰¥âæÕ‡À¡“–°—∫æ◊Èπ∑’Ë„πÀ≈ÿ¡ ·≈–
‰¡àæ∫‡´≈≈åμ“¬ ®÷ß∂Ÿ°‡≈◊Õ°π”¡“„™â„π°“√∑¥ Õ∫ƒ∑∏‘Ï¢Õß “√ °—¥μàÕ‰ª

¿“æ∑’Ë 1 °“√‡®√‘≠¢Õß‡´≈≈å∑’Ë®”π«π‡´≈≈å„π®“πÀ≈ÿ¡ 96 À≈ÿ¡ ‡ªìπ‡«≈“ 72 ™—Ë«‚¡ß¥Ÿ¿“¬„μâ
°≈âÕß®ÿ≈∑√√»πåÀ—«°≈—∫∑’Ë°”≈—ß¢¬“¬ X 200
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Optical dencity (OD)

¿“æ∑’Ë 2 ®”π«π‡´≈≈å∑’Ë‡À¡“– ¡∑’Ë∂Ÿ°‡≈’È¬ß„π®“πÀ≈ÿ¡ 96 À≈ÿ¡‡ªìπ‡«≈“ 24, 48, 72 ™—Ë«‚¡ß
§à“‡©≈’Ë¬¢Õß§à“¥Ÿ¥°≈◊π· ß (optical density) ± §à“‡∫’Ë¬ß‡∫π¡“μ√∞“π
‚¥¬§”π«≥®“° “¡°“√∑¥≈Õß

°“√∑¥ Õ∫§«“¡‡ªìπæ‘…¢Õß “√ °—¥Õ‘π∑π‘≈πÈ”μàÕ‡´≈≈å‡¡≈“‚π¡“
°“√∑¥ Õ∫ƒ∑∏‘Ï¢Õß “√ °—¥Õ‘π∑π‘≈πÈ”μàÕ‡´≈≈å‡¡≈“‚π¡“ „π¿“æ∑’Ë 3 · ¥ßƒ∑∏‘Ï¢Õß “√ °—¥

Õ‘π∑π‘≈πÈ”∑’Ë∂Ÿ°‡®◊Õ®“ß„πÕ—μ√“ à«π 1 : 10 (0.1-1000 μg/ml) ´÷Ëß∂Ÿ°≈–≈“¬„π “√¥’‡ÕÁ¡‡Õ ‚Õ∑’Ë§«“¡
‡¢â¡¢âπ 0.00001 - 0.1% ·≈–∑¥ Õ∫‡ªìπ‡«≈“ 24, 48 ·≈– 72 ™—Ë«‚¡ß ®“°¿“æ∑’Ë 3 (A) º≈°“√∑¥ Õ∫
æ∫«à“ ‡´≈≈å∑’ËÕ¬Ÿà„πÀ≈ÿ¡∑’Ë¡’ “√ °—¥Õ‘π∑π‘≈πÈ”∑’Ë§«“¡‡¢â¡¢âπ 0.1 - 10 μg/ml ‡¡◊ËÕ‡«≈“ºà“π‰ª 24, 48
·≈– 72 ™—Ë«‚¡ß §à“§«“¡¡’™’«‘μ¢Õß‡´≈≈åÕ¬Ÿà√–À«à“ß 89±13 - 110±10% ‡¡◊ËÕ‡∑’¬∫°—∫§à“§«“¡¡’™’«‘μ
¢Õß‡´≈≈å„πÀ≈ÿ¡∑’Ë‰¡à¡’Õ‘π∑π‘≈πÈ” ´÷Ëß· ¥ß«à“ “√ °—¥Õ‘π∑π‘≈πÈ”∑’Ë§«“¡‡¢â¡¢âπ 0.1 - 10 μg/ml ‰¡àƒ∑∏‘Ï
§«“¡‡ªìπæ‘…μàÕ‡´≈≈å „π¢≥–∑’Ë√–¥—∫§«“¡‡¢â¡¢âπ 100 μg/ml §à“§«“¡¡’™’«‘μ¢Õß‡´≈≈å≈¥≈ß‡À≈◊Õ
68±6% ‡¡◊ËÕ‡«≈“ºà“π‰ª 72 ™—Ë«‚¡ß·≈–∑’Ë√–¥—∫§«“¡‡¢â¡¢âπ 1000 μg/ml §à“§«“¡¡’™’«‘μ¢Õß‡´≈≈å
≈¥≈ß‡À≈◊Õ 39±6, 17±9 ·≈– 6±5% ‡¡◊ËÕ‡«≈“ºà“π‰ª 24, 48 ·≈– 72 ™—Ë«‚¡ßμ“¡≈”¥—∫ ¥—ß· ¥ß„π
¿“æ∑’Ë 3 (A) · ¥ß„Àâ‡ÀÁπ«à“ƒ∑∏‘Ï§«“¡‡ªìπæ‘…¢Õß “√ °—¥Õ‘π∑π‘≈πÈ”Õ¬Ÿà∑’Ë§«“¡‡¢â¡¢âπ√–À«à“ß 100 -
1000 μg/ml „π¢≥–∑’Ë “√¥’‡ÕÁ¡‡Õ ‚ÕÕ¬à“ß‡¥’¬«∑’Ë§«“¡‡¢â¡¢âπ√–À«à“ß 0.00001 - 0.1% æ∫«à“º≈°“√
∑¥ Õ∫°—∫‡´≈≈å§à“§«“¡¡’™’«‘μ¢Õß‡´≈≈åÕ¬Ÿà∑’Ë 97±6 - 102±5% ‡¡◊ËÕ‡«≈“ºà“π‰ª 24, 48 ·≈– 72 ™—Ë«‚¡ß

Time (hars)
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· ¥ß„Àâ‡ÀÁπ«à“¥’‡ÕÁ¡‡Õ ‚Õ∑’Ë√–¥—∫§«“¡‡¢â¡¢âπ 0.00001 - 0.1% ‰¡à¡’ƒ∑∏‘Ï„π°“√≈¥§à“§«“¡¡’™’«‘μ¢Õß
‡´≈≈å‡¡◊ËÕ‡∑’¬∫°—∫‡´≈≈å„πÀ≈ÿ¡∑’Ë‰¡à¡’ “√¥’‡ÕÁ¡‡Õ ‚Õ¥—ß· ¥ß„π¿“æ∑’Ë 3 (B) ¥—ßπ—Èπº≈°“√∑¥ Õ∫π’È
‡ªìπ°“√· ¥ßº≈¢Õßƒ∑∏‘Ï§«“¡‡ªìπæ‘…¢Õß “√ °—¥Õ‘π∑π‘≈πÈ”Õ¬à“ß™—¥‡®π

®“°°“√∑¥ Õ∫ƒ∑∏‘Ï¢Õß “√ °—¥Õ‘π∑π‘≈πÈ”μàÕ‡´≈≈å‡¡≈“‚π¡“∑’Ë§«“¡‡¢â¡¢âπ 100 ·≈–
1000 μg/ml ∑’Ë‡«≈“ 24, 48 ·≈– 72 ™—Ë«‚¡ß º≈°“√∑¥ Õ∫æ∫«à“ “√ °—¥Õ‘π∑π‘≈πÈ”∑’Ë§«“¡‡¢â¡¢âπ
1,000 μg/ml ¡’º≈∑”„Àâ‡´≈≈åμ“¬μ—Èß·μà 24 ™—Ë«‚¡ß „π¢≥–∑’Ë§«“¡‡¢â¡¢âπ 100 μg/ml ‰¡à¡’º≈∑”„Àâ
‡´≈≈åμ“¬À√◊Õ¬—∫¬—Èß°“√‡®√‘≠¢Õß‡´≈≈å‡¡◊ËÕ‡«≈“ºà“π‰ª 24 ·≈– 48 ™—Ë«‚¡ß·μà∑’Ë‡«≈“ 72 ™—Ë«‚¡ßæ∫«à“
‡´≈≈å°“√‡®√‘≠πâÕ¬°«à“‚¥¬‡ª√’¬∫‡∑’¬∫°—∫‡´≈≈å„πÀ≈ÿ¡∑’Ë∂Ÿ°‡≈’È¬ß„πÕ“À“√ (DMEM, 10% FBS) ∑’Ë‰¡à¡’
 “√Õ‘π∑π‘≈πÈ”¥—ß· ¥ß„π¿“æ∑’Ë 4
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¿“æ∑’Ë 3 ƒ∑∏‘Ï¢Õß “√ °—¥Õ‘π∑π‘≈πÈ” A)  “√ °—¥Õ‘π∑π‘≈πÈ”‡®◊Õ®“ß∑’ËÕ—μ√“ à«πÀπ÷ËßμàÕ ‘∫ ·≈–
B) ¥’‡ÕÁ¡‡Õ ‚Õ (DMSO) ‡®◊Õ®“ß∑’ËÕ—μ√“ à«πÀπ÷ËßμàÕ ‘∫μàÕ‡´≈≈å‡¡≈“‚π¡“‡ªìπ√–¬–‡«≈“
24 48 ·≈– 72 ™—Ë«‚¡ß§à“‡©≈’Ë¬¢Õß‡ªÕ√å‡´Áπμå¢Õß§à“§«“¡¡’™’«‘μ¢Õß‡´≈≈å
(% of cell viability) ± §à“‡∫’Ë¬ß‡∫π¡“μ√∞“π ‚¥¬§”π«≥®“° “¡°“√∑¥≈Õß

B

A
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¿“æ∑’Ë 4 ¿“æ‡´≈≈å‡¡≈“‚π¡“∑’Ë‡≈’È¬ß„πÕ“À“√ (DMEM 10% FBS) ∑’Ë¡’·≈–‰¡à¡’ “√ °—¥Õ‘π∑π‘≈πÈ”
¥Ÿ¿“¬„μâ°≈âÕß®ÿ≈∑√√»πåÀ—«°≈—∫∑’Ë°”≈—ß¢¬“¬ X 200

°“√∑¥ Õ∫ “√Õ‘π∑π‘≈πÈ”‡æ◊ËÕÀ“§à“ EC
50
 (effective concentration inhibitory 50% of cell

viability) §◊Õ°“√À“§«“¡‡¢â¡¢âπ¢Õß “√ °—¥Õ‘π∑π‘≈πÈ”∑’Ë¡’ƒ∑∏‘Ï§«“¡‡ªìπæ‘…∑”„Àâ‡´≈≈åμ“¬À√◊Õ≈¥§à“
§«“¡¡’™’«‘μ¢Õß‡´≈≈å‡À≈◊Õ 50% ®“°°“√∑¥ Õ∫ “√Õ‘π∑π‘≈πÈ”∑’Ë∂Ÿ°‡®◊Õ®“ß 1 : 10 „π¢â“ßμâπ∑√“∫«à“
ƒ∑∏‘Ï¢Õß “√ °—¥Õ‘π∑π‘≈πÈ”Õ¬Ÿà√–À«à“ß§«“¡‡¢â¡¢âπ 100 - 1000 μg/ml ¥—ßπ—Èπ®÷ß∑”°“√∑¥ Õ∫‚¥¬
°“√‡®◊Õ®“ß “√„πÕ—μ√“ à«π 1 : 2 ¥—ßπ’È 125, 250, 500, 1000 ·≈– 2000 μg/ml ·≈–π”§«“¡‡¢â¡¢âπ
¥—ß°≈à“«¡“∑¥ Õ∫°—∫‡´≈≈å‡ªìπ‡«≈“ 24, 48 ·≈– 72 ™—Ë«‚¡ß º≈°“√∑¥ Õ∫æ∫«à“ƒ∑∏‘Ï§«“¡‡ªìπæ‘…¢Õß
 “√ °—¥Õ‘π∑π‘≈πÈ”‚¥¬°“√«‘‡§√“–ÀåÀ“§à“ EC

50
 ∑’Ë‡«≈“ 24, 48 ·≈– 72 ™—Ë«‚¡ß ¡’§à“‡∑à“°—∫ 400, 230

·≈– 130 μg/ml μ“¡≈”¥—∫ ¥—ß· ¥ß„π¿“æ∑’Ë 5 (A) πÕ°®“°π’È ‰¥â∑”°“√∑¥ Õ∫ƒ∑∏‘Ï¢Õß “√¥’‡ÕÁ¡‡Õ ‚Õ
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∑’Ë§«“¡‡¢â¡¢âπ 0.0125 - 0.2% ÷́Ëß‡ªìπ√–¥—∫§«“¡‡¢â¡¢âπ∑’Ë„™â≈–≈“¬ “√Õ‘π∑π‘≈πÈ”„π°“√∑¥ Õ∫§√—Èßπ’È
º≈°“√∑¥ Õ∫æ∫«à“∑’Ë√–¥—∫§«“¡‡¢â¡¢âπ¢Õß “√≈–≈“¬¥’‡ÕÁ¡‡Õ ‚Õ 0.0125 - 0.2% μàÕ‡´≈≈å‡¡≈“‚π¡“
‰¡à¡’º≈≈¥§«“¡¡’™’«‘μ¢Õß‡´≈≈åÀ√◊Õ§à“§«“¡¡’™’«‘μ‡∑à“°—∫ 100% ‡¡◊ËÕ‡∑’¬∫°—∫‡´≈≈å„πÀ≈ÿ¡∑’Ë∂Ÿ°‡≈’È¬ß„π
Õ“À“√∑’Ë‰¡à¡’ “√¥’‡ÕÁ¡‡Õ ‚Õ‡¡◊ËÕ‡«≈“ºà“π‰ª 24, 48 ·≈– 72 ™—Ë«‚¡ß ¥—ß· ¥ß„π¿“æ∑’Ë 5 (B) ¥—ßπ—Èπ
º≈°“√≈¥§à“§«“¡¡’™’«‘μ¢Õß‡´≈≈åÀ√◊Õ∑”„Àâ‡´≈≈åμ“¬π—Èπ‡°‘¥®“°ƒ∑∏‘Ï§«“¡‡ªìπæ‘…¢Õß “√Õ‘π∑π‘≈πÈ”

A

B

¿“æ∑’Ë 5 ƒ∑∏‘Ï¢Õß “√ °—¥Õ‘π∑π‘≈πÈ”Õ—μ√“ à«πÀπ÷ËßμàÕ Õß∑¥ Õ∫°—∫‡´≈≈å‡¡≈“‚π¡“ º≈°“√«‘‡§√“–Àå
∑’Ë‡«≈“ 24 48 ·≈– 72 ™—Ë«‚¡ß§à“ EC

50 
‡∑à“°—∫ 400 μg/ml (≈Ÿ°»√ ’øÑ“) 230 μg/ml

(≈Ÿ°»√ ’·¥ß) ·≈– 130 μg/ml (≈Ÿ°»√ ’‡¢’¬«) μ“¡≈”¥—∫ B) ƒ∑∏‘Ï¢Õß “√¥’‡ÕÁ¡‡Õ ‚Õ (DMSO)
∑’Ë§«“¡‡¢â¡¢âπ√–À«à“ß 0.0125-0.2%, §à“‡©≈’Ë¬¢Õß‡ªÕ√å‡´Áπμå¢Õß§à“§«“¡¡’™’«‘μ¢Õß‡´≈≈å
(% of cell viability) ± §à“‡∫’Ë¬ß‡∫π¡“μ√∞“π §”π«≥®“° “¡°“√∑¥≈Õß
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°“√μ“¬¢Õß‡´≈≈å‡¡≈“‚π¡“‡°‘¥®“°ƒ∑∏‘Ï¢Õß “√ °—¥Õ‘π∑π‘≈πÈ”
®“°°“√∑¥ Õ∫ƒ∑∏‘Ï¢Õß “√ °—¥Õ‘π∑π‘≈πÈ”∑’Ë§«“¡‡¢â¡¢âπ 500 μg/ml ‡ªìπ‡«≈“ 24, 48,

72 ™—Ë«‚¡ß‡´≈≈å∑’Ë¡’™’«‘μ∂Ÿ°«—¥‚¥¬°“√¬âÕ¡¥â«¬ ’∑√‘ª·æπ∫≈Ÿ (trypan blue) ·≈–«‘‡§√“–Àå‡ªìπ§à“§«“¡
¡’™’«‘μ¢Õß‡´≈≈å (cell viability) ¥—ß· ¥ß„πμ“√“ß∑’Ë 1 ®–‡ÀÁπ«à“ ‡ªÕ√å‡´Áπμå§«“¡¡’™’«‘μ¢Õß‡´≈≈å≈¥≈ß
‡¡◊ËÕ‡«≈“‡æ‘Ë¡®“° 24 ™—Ë«‚¡ß ∂÷ß 72 ™—Ë«‚¡ß πÕ°®“°π’È ‰¥â¬âÕ¡‡´≈≈å¥â«¬ ’·¥ªïô (DAPI, 4, 6-Diamidin-
2-Phenylindol Dihydrochlorid) ÷́Ëß‡ªìπ ’¬âÕ¡π‘«‡§≈’¬ ¢Õß‡´≈≈å ¥—ß· ¥ß„π¿“æ∑’Ë 6 ®–‡ÀÁπ‰¥â«à“
 “√ °—¥Õ‘π∑π‘≈πÈ”¡’ƒ∑∏‘Ï∑”„Àâ‡´≈≈åμ“¬·∫∫Õ–æÕæ‚μ´‘  (apoptosis) ‚¥¬‡´≈≈å∑’Ëμ“¬¡’≈—°…≥–¢Õß
π‘«‡§≈’¬ À¥μ—«·≈–¢π“¥‡≈Á°≈ß (¿“æ∑’Ë 6, ≈Ÿ°»√™’È) „π¢≥–∑’Ë “√≈–≈“¬¥’‡ÕÁ¡‡Õ ‚Õ∑’Ë§«“¡‡¢â¡¢âπ 0.1%
·≈–‡´≈≈å∑’Ë∂Ÿ°‡≈’È¬ß„πÕ“À“√ (DMEM 10% FBS) ‰¡àæ∫‡´≈≈åμ“¬·∫∫Õ–æÕæ‚μ ‘́ 

μ“√“ß∑’Ë 1 ‡ªÕ√å‡´Áπμå°“√¡’™’«‘μ¢Õß‡´≈≈åÀ≈—ß®“°∂Ÿ°‡≈’È¬ß„πÕ“À“√∑’Ë¡’ à«πº ¡¢Õß “√ °—¥Õ‘π∑π‘≈πÈ”

% of cell viability*

24 ™—Ë«‚¡ß 48 ™—Ë«‚¡ß 72 ™—Ë«‚¡ß

DMEM, 10% FBS 100 100 100
Õ‘π∑π‘≈πÈ” 500 μg/ml 60.3 ± 7 25.7 ± 5 18.5 ± 4

DMSO 0.1 % 100 ± 5 100 ± 6 98 ± 7

*§à“‡©≈’Ë¬¢Õß‡ªÕ√å‡´Áπμå¢Õß§à“§«“¡¡’™’«‘μ¢Õß‡´≈≈å (% of cell viability) ± §à“‡∫’Ë¬ß‡∫π¡“μ√∞“π
 ‚¥¬§”π«≥®“° “¡°“√∑¥≈Õß
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¿“æ∑’Ë 6  ¿“æ‡´≈≈åμ“¬¢Õß‡´≈≈å‡¡≈“‚π¡“®“°ƒ∑∏‘Ï¢Õß “√ °—¥Õ‘π∑π‘≈πÈ” ‡´≈≈å∑’Ëμ“¬
¡’≈—°…≥–°“√μ“¬·∫∫ Õ–æÕæ‚μ´‘  (apoptosis) π‘«‡§≈’¬ ¢Õß‡´≈≈å¢π“¥‡≈Á°≈ß
(≈Ÿ°»√™’È) ¥Ÿ¿“¬„μâ°≈âÕß®ÿ≈∑√√»πå‡√◊Õß· ß∑’Ë°”≈—ß¢¬“¬ X 400

«‘®“√≥åº≈°“√∑¥≈Õß

„π°“√»÷°…“°“√∑¥ Õ∫ƒ∑∏‘Ï¢Õß “√ °—¥Õ‘π∑π‘≈πÈ”μàÕ‡´≈≈å‡¡≈“‚π¡“„™â«‘∏’°“√∑¥ Õ∫
ƒ∑∏‘Ï§«“¡‡ªìπæ‘… (cytotoxicity assay) μàÕ‡´≈≈å„πÀ≈Õ¥∑¥≈Õß À≈—°°“√∑”ß“π¢Õß «‘∏’°“√∑¥ Õ∫
ƒ∑∏‘Ï§«“¡‡ªìπæ‘…§◊Õ‡´≈≈å´÷Ëß¬—ß¡’™’«‘μÕ¬Ÿà À√◊Õ¬—ß¡’‡¡μ“∫Õ≈‘´÷¡ (metabolically active) ‡∑à“π—Èπ∑’Ë∂Ÿ°¬âÕ¡
 ’§√‘ ∑Õ≈ ‰«‚Õ‡≈∑ (crystal violet) ÷́Ëß¡’ ’¡à«ßπÈ”‡ß‘π·≈–¡’§«“¡ “¡“√∂¥Ÿ¥°≈◊π· ß Ÿß ÿ¥∑’Ë§«“¡¬“«
™à«ß§≈◊Ëπª√–¡“≥ 560 nm (Tengchaisri et al., 1998) §à“°“√¥Ÿ¥°≈◊π· ß‡ªìπ —¥ à«π‚¥¬μ√ß°—∫§«“¡
‡¢â¡¢Õß ’¡à«ßπÈ”‡ß‘π Õ—π·ª√º—π‚¥¬μ√ß°—∫®”π«π‡´≈≈å∑’Ë¡’™’«‘μ ¥—ßπ—Èπ ®÷ß “¡“√∂«—¥®”π«π‡´≈≈å∑’Ë¡’™’«‘μÕ¬Ÿà
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¢âÕ¥’¢Õß«‘∏’π’È  “¡“√∂∑”‰¥âßà“¬·≈– –¥«° ‰¡à¡’ “√∑’Ë°àÕ„Àâ‡°‘¥Õ—πμ√“¬ ‡™àπ  “√°—¡¡—πμ¿“æ√—ß ’ ‡ªìπμâπ
·≈–√“§“‰¡à Ÿß πÕ°®“°π’È  ’§√‘ ∑Õ≈‰«‚Õ‡≈∑ “¡“√∂∂Ÿ°‡°Á∫‰«â ‰¥âπ“π ·≈–ª√–¬ÿ°μå„™â„π°“√»÷°…“„π
‡´≈≈å™π‘¥Õ◊ËπÊ ‰¥â ‡¡◊ËÕ‡∑’¬∫°—∫«‘∏’Õ◊ËπÊ ∑’Ë„™â°“√»÷°…“ƒ∑∏‘Ï§«“¡‡ªìπæ‘…¢Õß “√ ‡™àπ MTT (3-4,
5-dimethylthiazol-2yl)-2,5-diphenyl tetrazolium romide test) ·≈– MTS (3-(4,5-dimethylthiazol-
2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium) ‡ªìπμâπ ´÷Ëß¡’¢âÕ®”°—¥§◊Õ
¢—ÈπμÕπ¡’À≈“¬¢—ÈπμÕπ  “√ø≈ŸÕÕ‡√ ‡´âπ À√◊Õ “√∑’Ë„™â¡’ƒ∑∏‘Ï°àÕ¡–‡√Áß´÷Ëß‡ªìπÕ—πμ√“¬ ·≈–√“§“·æß
(Mosmann, 1983; Denizot & Lang,1986; Cory et al., 1991, Mao et al., 2012) „πªï §.». 2012 ‰¥â
¡’°“√»÷°…“ƒ∑∏‘Ï§«“¡‡ªìπæ‘…¢Õß “√ °—¥Õ‘π∑π‘≈πÈ” æ∫«à“ ƒ∑∏‘Ï§«“¡‡ªìπæ‘…¢Õß “√ °—¥Õ‘π∑π‘≈πÈ”
∑¥ Õ∫°—∫‡´≈≈å 3T3-L1 adipocytes æ∫«à“ “√¡’ƒ∑∏‘Ï§«“¡‡ªìπæ‘…μàÕ‡´≈≈å 50% ∑’Ë§«“¡‡¢â¡¢âπ 2154
microg/ml (Kesavanarayanan et al., 2012). ®“°°“√ ◊∫§âπ æ∫«à“ ¡’°“√»÷°…“ƒ∑∏‘Ï¢Õß “√ °—¥
Õ‘π∑π‘≈πÈ”μàÕ‡´≈≈å‡æ“–‡≈’È¬ß¢Õß§π§àÕπ¢â“ßπâÕ¬ ¥—ßπ—Èπ„π°“√»÷°…“§√—Èßπ’È®÷ß¡’«—μ∂ÿª√– ß§å‡æ◊ËÕæ—≤π“
«‘∏’°“√∑¥ Õ∫ƒ∑∏‘Ï§«“¡‡ªìπæ‘…¢Õß “√ °—¥Õ‘π∑π‘≈πÈ”μàÕ‡´≈≈å‡¡≈“‚π¡“ ‚¥¬ª√–¬ÿ°μå°“√‡æ“–‡≈’È¬ß
‡´≈≈å„π®“πÀ≈ÿ¡ 96 À≈ÿ¡ (96-well tissue culture plate) ‡æ◊ËÕ„™â∑¥ Õ∫ƒ∑∏‘Ï§«“¡‡ªìπæ‘…¢Õß “√‰¥â
®”π«π¡“°·μà„™â‡´≈≈å®”π«ππâÕ¬ ·≈–‡ªìπ°“√‡æ‘Ë¡»—°¬¿“æ°“√∑¥ Õ∫·≈–≈¥°“√„™â∑√—æ¬“°√„ÀâπâÕ¬≈ß

 ”À√—∫°“√∑¥ Õ∫ƒ∑∏‘Ï¢Õß “√ °—¥Õ‘π∑π‘≈πÈ”μàÕ‡´≈≈å‡¡≈“‚π¡“ æ∫«à“ §à“ EC
50
 ‡∑à“°—∫ 400,

230, 130 μg/ml ∑’Ë‡«≈“ 24, 48, ·≈– 72 ™—Ë«‚¡ß μ“¡≈”¥—∫· ¥ß„Àâ‡ÀÁπ«à“ƒ∑∏‘Ï¢Õß “√ °—¥∑’Ë¡’º≈μàÕ
§«“¡¡’™’«‘μ¢Õß‡´≈≈å¢÷ÈπÕ¬Ÿà°—∫√–¬–‡«≈“°“√∑¥ Õ∫ ‡¡◊ËÕ‡æ‘Ë¡‡«≈“°“√∑¥ Õ∫ “√®–ÕÕ°ƒ∑∏‘Ï·√ß¡“°¢÷Èπ
π—ÈπÀ¡“¬∂÷ß√–¥—∫§«“¡‡¢â¡¢âπ¢Õß “√∑’Ë„™â≈¥≈ß ´÷Ëß¢âÕ¡Ÿ≈æ◊Èπ∞“ππ’È®–‡ªìπª√–‚¬™πå„π°“√π”‰ªª√–¬ÿ°μå
·≈–æ—≤π“º≈‘μ¿—≥±åμàÕ‰ª

 √ÿªº≈°“√∑¥≈Õß

 “√ °—¥Õ‘π∑π‘≈πÈ”‡ªìπ “√∑’Ë∂Ÿ°π”‰ª„™âª√–‚¬™πåÀ≈“¬¥â“π √«¡∑—Èß¥â“π ÿ¢¿“æ·≈–§«“¡ß“¡
¥—ßπ—Èπ®÷ß¡’§«“¡ ”§—≠„π°“√∑¥ Õ∫ƒ∑∏‘Ï§«“¡‡ªìπæ‘…¢Õß “√ °—¥°àÕππ”‰ª„™â ‡æ◊ËÕ§«“¡ª≈Õ¥¿—¬μàÕºŸâ„™â
°“√∑¥ Õ∫ƒ∑∏‘Ï§«“¡‡ªìπæ‘…¢Õß “√ °—¥∑’Ë„™â„π°“√»÷°…“§√—Èßπ’È‡ªìπ«‘∏’∑¥ Õ∫∑’ËªØ‘∫—μ‘‰¥â ‰¡à¬ÿàß¬“° ‚¥¬
ª√–¬ÿ°μå°“√∑¥ Õ∫„π®“πÀ≈ÿ¡ 96 À≈ÿ¡´÷Ëß„™â®”π«π‡´≈≈åπâÕ¬·μà “¡“√∂∑¥ Õ∫μ—«Õ¬à“ß “√‡æ‘Ë¡¢÷Èπ
·≈–°“√„™â ’§√‘ ∑Õ≈ ‰«‚Õ‡≈μ (crystal violet) ¬âÕ¡‚ª√μ’π¢Õß‡´≈≈ǻ ÷Ëß¡’√“§“∂Ÿ°·≈–‰¡à‡ªìπÕ—πμ√“¬μàÕºŸâ„™â

„π°“√∑¥ Õ∫À“ƒ∑∏‘Ï¢Õß “√ °—¥Õ‘π∑π‘≈πÈ”μàÕ‡´≈≈å‡¡≈“‚π¡“¢Õß§π ®“°°“√»÷°…“‰¥â∑”°“√
∑¥≈ÕßÀ“ª√‘¡“≥‡´≈≈å∑’Ë‡À¡“– ¡ ‡æ◊ËÕ∑’Ë®–π”‰ª„™â„π°“√∑¥ Õ∫ƒ∑∏‘Ï¢Õß “√ ‚¥¬„π°“√∑¥ Õ∫ƒ∑∏‘Ï
§«“¡‡ªìπæ‘…¢Õß “√ °—¥∑’Ë§«“¡‡¢â¡¢âπμà“ßÊ „π‡«≈“∑’Ë 24, 48 ·≈– 72 ™—Ë«‚¡ß º≈∑’Ë‰¥â®“°“√∑¥≈Õß
À“§«“¡‡¢â¡¢âπ¢Õß “√∑’Ë¡’ƒ∑∏‘Ï§«“¡‡ªìπæ‘…‚¥¬«‘‡§√“–Àå®“°§à“ EC

50 
À√◊Õ¡’ƒ∑∏‘Ï∑’Ë∑”„Àâ§«“¡¡’™’«‘μ¢Õß

‡´≈≈å (cell viability) ≈¥≈ß 50% ®“°°“√»÷°…“æ∫«à“  “√ °—¥Õ‘π∑π‘≈πÈ”¡’§à“ EC
50
 ‡∑à“°—∫ 400, 230,

130 μg/ml ∑’Ë‡«≈“ 24, 48, ·≈– 72 ™—Ë«‚¡ß μ“¡≈”¥—∫„π¢≥–∑’Ë “√  ¥’‡ÕÁ¡‡Õ ‚Õ (DMSO) ∑’Ë„™â‡ªìπ
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μ—«∑”≈–≈“¬ “√ °—¥Õ‘π∑π‘≈πÈ” ‰¥â∂Ÿ°π”¡“∑¥ Õ∫‡™àπ°—π æ∫«à“ ¥’‡ÕÁ¡‡Õ ‚Õ∑’Ë§«“¡‡¢â¡¢âπ¡“°°«à“ 1%
¡’ƒ∑∏‘Ï∑’Ë∑”„Àâ§«“¡¡’™’«‘μ¢Õß‡´≈≈å≈¥≈ß ∑’Ë‡«≈“ 24, 48, ·≈– 72 ™—Ë«‚¡ß ·μà∑’Ë§«“¡‡¢â¡¢âππâÕ¬°«à“ 1%
¥’‡ÕÁ¡‡Õ ‚Õ‰¡à¡’ƒ∑∏‘Ï∑”„Àâ§«“¡¡’™’«‘μ¢Õß‡´≈≈å≈¥≈ß ´÷Ëß„π°“√»÷°…“§√—Èßπ’È ‰¥â „™â§«“¡‡¢â¡¢âπ¢Õß
¥’‡ÕÁ¡‡Õ ‚ÕπâÕ¬°«à“ 1% ¥—ßπ—Èπƒ∑∏‘Ï§«“¡‡ªìπæ‘…¢Õß “√ °—¥∑’Ë¡’º≈μàÕ‡´≈≈å‡¡≈“‚π¡“ ‡°‘¥®“°ƒ∑∏‘Ï¢Õß
 “√ °—¥Õ‘π∑π‘≈πÈ” ‰¡à‰¥â‡°‘¥®“°¥’‡ÕÁ¡‡Õ ‚Õ

¢âÕ‡ πÕ·π–

1. °“√»÷°…“ƒ∑∏‘Ï¢Õß “√ °—¥ ¡ÿπ‰æ√„π¥â“πÕ◊ËπÊ ·≈–°“√∑¥ Õ∫¢Õß “√ °—¥ ¡ÿπ‰æ√μàÕ
‡´≈≈åÀ≈“¬™π‘¥‡æ‘Ë¡¢÷Èπ

2.  “√∑’Ë®–∂Ÿ°π”¡“∑¥ Õ∫‡ªìπ™π‘¥ºß®– “¡“√∂ª√—∫√–¥—∫§«“¡‡¢â¡¢âπ‰¥â‚¥¬‰¡à¡’ƒ∑∏‘Ï¢Õß
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