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¢Õß “√ °—¥À¬“∫°≈ÿà¡ xanthone ®“°‡ª≈◊Õ°¡—ß§ÿ¥µàÕ‡´≈≈å¡–‡√ÁßµàÕ¡≈Ÿ°À¡“° PC-3 ´÷Ëßæ∫«à“ “√ °—¥
À¬“∫°≈ÿà¡ xanthone ®“°‡ª≈◊Õ°¡—ß§ÿ¥ “¡“√∂¶à“‡´≈≈å¡–‡√ÁßµàÕ¡≈Ÿ°À¡“° PC-3  ‚¥¬¡’§à“ IC50 ∑’Ë 10
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xanthone ®“°‡ª≈◊Õ°¡—ß§ÿ¥Õ“®‡°‘¥¢÷Èπºà“π death receptor pathway
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Cytotoxicity and Apoptotic Induction Mechanism by
Mangosteen Extract in Prostate Cancer Cells
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ABSTRACT

Prostate cancer is commonly diagnosed in men, since chemotherapeutic are quite
limited due to high cost and side effects therefore, phytochemical therapy might be the choice
for prostate cancer treatment. The objective of this project was to study the effect of xanthone
isolated from pericarp of mangosteen (Garcinia mangostana Linn.) on cytotoxicity in prostate
cancer PC-3 cells. The result showed that xanthone induced cytotoxic effect with IC50 at 10µg/
ml. The viability assay showed a time-dose dependent growth inhibitory effect. Hoechst 33342
nuclear staining and nucleosomal DNA gel electrophoresis revealed that xanthone could induce
nuclear condensation and DNA fragmentation, typically seen in apoptosis. In addition expression
of caspase-3 and caspase-8 were detected indicating the apoptosis induction of PC-3 cells by
xanthone extract occurs via death receptor pathway.
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∫∑π”
„πªí®®ÿ∫—π¡–‡√Áß®—¥«à“‡ªìπ‚√§∑’Ë‡ªìπªí≠À“ ÿ¢¿“æ∑’Ë ”§—≠¬‘Ëß ‚¥¬æ∫«à“¡’ºŸâªÉ«¬¥â«¬‚√§¡–‡√Áß

‡æ‘Ë¡¢÷Èπ‡ªìπ 9 ≈â“π§π ·≈–§“¥°“√≥å«à“®–‡æ‘Ë¡¢÷Èπ‡ªìπ 15 ≈â“π§π „πªï æ.». 2563 ÷́ËßºŸâªÉ«¬ à«π„À≠à
‡ªìπª√–™“°√„π°≈ÿà¡ª√–‡∑»°”≈—ßæ—≤π“·≈–„πª√–‡∑»‰∑¬ ‚√§¡–‡√Áß®—¥«à“‡ªìπ “‡Àµÿ¢Õß°“√‡ ’¬™’«‘µ∑’Ë
 ”§—≠‚√§Àπ÷Ëß [1]  “‡Àµÿ¢Õß°“√‡°‘¥‚√§¡–‡√Áßπ—Èπ‡°‘¥¢÷Èπ‰¥â®“°À≈“¬Ê ªí®®—¬ ∑—Èßªí®®—¬®“°¿“¬πÕ°√à“ß°“¬
‡™àπ  “√°àÕ¡–‡√Áß∑’Ëªπ‡ªóôÕπ„πÕ“À“√ Õ“°“» ‡§√◊ËÕß¥◊Ë¡ ¬“√—°…“‚√§ °“√‰¥â√—∫√—ß ’ ‡™◊ÈÕ‰«√—  ‡™◊ÈÕ·∫§∑’‡√’¬
·≈–ªí®®—¬¿“¬„π√à“ß°“¬ ‡™àπ §«“¡º‘¥ª°µ‘∑“ßæ—π∏ÿ°√√¡ §«“¡∫°æ√àÕß¢Õß√–∫∫¿Ÿ¡‘§ÿâ¡°—π ·≈–¿“«–
∑ÿæ‚¿™π“ ‡ªìπµâπ ´÷Ëß‚√§¡–‡√Áß™π‘¥‡¥’¬«°—πÕ“®‡°‘¥‰¥â®“° “‡Àµÿµà“ßÊ °—π ‡π◊ËÕß®“°„π·µà≈–™ÿ¡™π¡’
 ‘Ëß·«¥≈âÕ¡∑’Ëµà“ß°—π ·≈–°“√‰¥â√—∫ªí®®—¬‡ ’Ë¬ßÀ≈“¬Ê Õ¬à“ß√«¡°—π®–∑”„Àâ‡°‘¥‡ªìπ‚√§¡–‡√Áß‰¥â‡√Á«¢÷Èπ
 àßº≈„ÀâÕ—µ√“°“√‡ ’Ë¬ßµàÕ°“√‡ªìπ‚√§¡–‡√Áß‡æ‘Ë¡¡“°¢÷Èπµ“¡‰ª¥â«¬ ‚√§¡–‡√Áß„π√–¬–·√° “¡“√∂√—°…“„Àâ
À“¬‰¥â ‚¥¬°“√ºà“µ—¥À√◊Õ°“√©“¬√—ß ’ (radiotherapy) ·µà¡—°‰¡à§àÕ¬‰¥âº≈ ‡π◊ËÕß®“°ºŸâªÉ«¬ à«π„À≠à®–
∑√“∫«à“µπ‡Õß‡ªìπ‚√§¡–‡√Áß°ÁµàÕ‡¡◊ËÕ¡’°“√·æ√à°√–®“¬¢Õß‡´≈≈å¡–‡√Áß‰ª¬—ßÕ«—¬«–µà“ßÊ ·≈â« ¥—ßπ—Èπ®÷ß
®”‡ªìπµâÕßÕ“»—¬°“√√—°…“¥â«¬‡§¡’∫”∫—¥ (chemotherapy) À√◊Õ„™â°“√√—°…“¥â«¬‡§¡’∫”∫—¥√à«¡°—∫°“√√—°…“
«‘∏’Õ◊Ëπ [2] ´÷Ëß¬“‡§¡’∫”∫—¥πÕ°‡Àπ◊Õ®“°®–∑”≈“¬‡´≈≈å¡–‡√Áß·≈â«¬—ß∑”≈“¬‡´≈≈åª°µ‘∑’ËÕ¬Ÿà¢â“ß‡§’¬ß¥â«¬
 àßº≈∑”„ÀâºŸâ‡¢â“√—∫°“√√—°…“‡°‘¥Õ“°“√¢â“ß‡§’¬ß®“°°“√√—°…“ ÷́Ëßº≈¢â“ß‡§’¬ß¢Õß°“√√—°…“¥â«¬‡§¡’∫”∫—¥
æ∫‰¥âÀ≈“¬Õ“°“√ ‚¥¬§«“¡√ÿπ·√ß·≈–Õ“°“√¢â“ß‡§’¬ß®–¢÷ÈπÕ¬Ÿà°—∫™π‘¥¢Õß¬“‡§¡’∫”∫—¥·≈–ªØ‘°‘√‘¬“µÕ∫
 πÕßµàÕ¬“¢Õß√à“ß°“¬ºŸâªÉ«¬∑’Ë‡¢â“√—∫°“√√—°…“ [3] º≈¢â“ß‡§’¬ß∑’Ë‡°‘¥¢÷Èππ—Èπ àßº≈„ÀâºŸâªÉ«¬‚√§¡–‡√ÁßÀ≈“¬
√“¬‰¡à¬Õ¡‡¢â“√—∫°“√√—°…“ ∑”„Àâ‚√§¡–‡√Áß·æ√à°√–®“¬‰ª‡√◊ËÕ¬Ê ·≈–∑”„ÀâºŸâªÉ«¬‡ ’¬™’«‘µ„π∑’Ë ÿ¥

ªí®®ÿ∫—π¡’À≈“¬ß“π«‘®—¬∑’Ë»÷°…“‡°’Ë¬«°—∫ “√ °—¥®“°æ◊™‡æ◊ËÕæ—≤π“‡ªìπ¬“µâ“π¡–‡√Áß ‚¥¬
‡ªÑ“À¡“¬¢Õß°“√æ—≤π“¬“µâ“π¡–‡√Áßπ—ÈπµâÕß°“√„Àâ¬“¡’º≈°√–∑∫µàÕ‡´≈≈åª°µ‘„°≈â‡§’¬ßπâÕ¬∑’Ë ÿ¥ ¥—ßπ—Èπ
°≈‰°∑’Ë‰¥â√—∫§«“¡ π„®„πªí®®ÿ∫—π∑’ËµâÕß°“√„Àâ‡ªìπ‡ªÑ“À¡“¬¢Õß¬“ §◊Õ °“√°√–µÿâπ„Àâ‡´≈≈å¡–‡√Áßµ“¬¥â«¬
°√–∫«π°“√ apoptosis ÷́Ëß®–‰¡à∑”„Àâ‡´≈≈å¢â“ß‡§’¬ß‡°‘¥°“√Õ—°‡ ∫‡À¡◊Õπ°—∫∑’Ëæ∫„π°“√µ“¬·∫∫
necrosis [4]  ”À√—∫°“√°√–µÿâπ„Àâ‡°‘¥°√–∫«π°“√ apoptosis π—Èπ‡°‘¥¢÷Èπ‰¥â®“° 2 °≈‰° §◊Õ mitochondrial
pathway ·≈– death receptor pathway ‚¥¬®“°√“¬ß“π«‘®—¬∑’Ëºà“π¡“æ∫«à“  “√ °—¥®“°∏√√¡™“µ‘π—Èπ
 “¡“√∂°√–µÿâπ°√–∫«π°“√ apoptosis ‰¥â„π∑—Èß Õß°≈‰°¥—ß°≈à“« [5] ´÷Ëß‡ªìπ∑’Ëπà“ π„®·≈–¡’§«“¡‡ªìπ‰ª
‰¥â«à“ “√ °—¥®“°æ◊™º—° º≈‰¡â ∫“ß™π‘¥ “¡“√∂π”¡“æ—≤π“ ª√—∫ª√ÿß ®π “¡“√∂π”¡“„™â‡ªìπ¬“√—°…“‚√§
¡–‡√Áß‰¥â æ◊™∑’Ë¡’°“√»÷°…“·≈â«æ∫«à“¡’ “√∑’ËÕÕ°ƒ∑∏‘Ïµâ“π¡–‡√Áß‰¥â„π√–¥—∫¥’¡’Õ¬ŸàÀ≈“¬™π‘¥ ‡™àπ
 “√ curcumin ·≈– curcuminoid ∑’Ë °—¥®“°¢¡‘Èπ™—π [6] πÕ°®“°π—Èπæ◊™·≈–º≈‰¡âÕ◊ËπÊ °Á¡’ƒ∑∏‘Ï
„π°“√µâ“π¡–‡√Áß‰¥â‡™àπ°—π  ”À√—∫ “√ °—¥®“°æ◊™∑’Ë¡’°“√π”¡“„™â‡ªìπ¬“„πªí®®ÿ∫—π ‰¥â·°à Vincristine ·≈–
Vinsblastine ∑’Ë °—¥‰¥â®“°µâπ·æßæ«¬Ω√—Ëß∂Ÿ°π”¡“„™â√—°…“¡–‡√Áß™π‘¥ Hodgkinûs lymphoma ·≈–
non-Hodgkinûs lymphoma [7] ·≈– “√ Taxol ∑’Ë °—¥®“°µâπ¬‘« (Taxus brevifolia) π”¡“„™â‡ªìπ¬“√—°…“
¡–‡√ÁßªÕ¥·≈–¡–‡√Áß‡µâ“π¡ [8] ‡ªìπµâπ πÕ°®“°π’È¬—ß¡’ “√ °—¥®“°æ◊™Õ’°™π‘¥∑’Ëπà“ π„® §◊Õ  “√„π°≈ÿà¡
xanthone ∑’Ë °—¥®“°‡ª≈◊Õ°¡—ß§ÿ¥ ‚¥¬ “√ °—¥°≈ÿà¡ xanthone ¡’°“√ÕÕ°ƒ∑∏‘Ï∑“ß™’«¿“æÀ≈“¬Õ¬à“ß
∑—Èß°“√¬—∫¬—Èß°“√‡®√‘≠¢Õß·∫§∑’‡√’¬ [9, 10] ¡’ƒ∑∏‘Ï‡ªìπ “√µâ“πÕπÿ¡Ÿ≈Õ‘ √– [11, 12] ≈¥°“√Õ—°‡ ∫ [13]
·≈–¬—ß “¡“√∂¬—∫¬—Èß°“√‡®√‘≠‡µ‘∫‚µ¢Õß‡´≈≈å¡–‡√ÁßÀ≈“¬™π‘¥ √«¡∑—Èß‡´≈≈å¡–‡√ÁßµàÕ¡≈Ÿ°À¡“°¥â«¬ [14]
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ß“π«‘®—¬§√—Èßπ’È¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ»÷°…“°“√ÕÕ°ƒ∑∏‘Ï¢Õß “√ °—¥°≈ÿà¡ xanthone ∑’Ë‰¥â®“°
‡ª≈◊Õ°¡—ß§ÿ¥„π°“√‡ªìπ “√µâ“π¡–‡√Áß √«¡∑—Èß°≈‰°∑’Ë∑”„Àâ‡´≈≈å¡–‡√Áßµ“¬¥â«¬°√–∫«π°“√ apoptosis
‚¥¬‡≈◊Õ°„™â‡´≈≈å¡–‡√ÁßµàÕ¡≈Ÿ°À¡“°„π°“√∑¥≈Õß ‡π◊ËÕß®“°‡ªìπ¡–‡√Áß∑’Ëæ∫‰¥â∫àÕ¬„πª√–‡∑»‰∑¬ ·≈–¡’
Õ—µ√“°“√‡°‘¥‚√§‡æ‘Ë¡¡“°¢÷ÈπÕ¬à“ßµàÕ‡π◊ËÕß

«‘∏’°“√∑¥≈Õß
‡´≈≈å¡–‡√Áß·≈– “√ °—¥À¬“∫°≈ÿà¡ xanthone ®“°‡ª≈◊Õ°¡—ß§ÿ¥∑’Ë„™â„π°“√∑¥≈Õß

‡´≈≈å¡–‡√ÁßµàÕ¡≈Ÿ°À¡“° PC-3 ‰¥â¡“®“° ∂“∫—π ATCC (Cat.No. CRL-1435)
 “√ °—¥À¬“∫°≈ÿà¡ xanthone ®“°‡ª≈◊Õ°¡—ß§ÿ¥‰¥â√—∫®“°¿“§«‘™“‡§¡’ §≥–«‘∑¬“»“ µ√å

¡À“«‘∑¬“≈—¬»√’π§√‘π∑√«‘‚√≤ ´÷Ëß °—¥¥â«¬‡Õ∑∏‘≈Õ–´‘‡µµ∑’ËÕÿ≥À¿Ÿ¡‘ 50 Õß»“‡´≈‡ ’́¬  [15]

°“√‡æ‘Ë¡®”π«π‡´≈≈å¡–‡√ÁßµàÕ¡≈Ÿ°À¡“° PC-3
‡≈’È¬ß‡´≈≈å¡–‡√ÁßµàÕ¡≈Ÿ°À¡“° PC-3 „πÕ“À“√‡≈’È¬ß‡´≈≈å RPMI 1640 ∑’Ë‡µ‘¡ fetal bovine

serum ‡¢â¡¢âπ 10% „π culture flask ¢π“¥ 25 µ“√“ß‡´πµ‘‡¡µ√ ∫à¡„πµŸâ‡æ“–‡≈’È¬ß‡´≈≈å∑’ËÕÿ≥À¿Ÿ¡‘ 37
Õß»“‡´≈‡´’¬  ª√‘¡“≥§“√å∫Õπ‰¥ÕÕ°‰´¥å 5% µ√«®¥Ÿ°“√‡®√‘≠¢Õß‡´≈≈å¿“¬„µâ°≈âÕß®ÿ≈∑√√»πå®π‡´≈≈å
‡®√‘≠‡µÁ¡ culture plate ·≈â«®÷ß¢¬“¬‡æ‘Ë¡®”π«π‡´≈≈å‚¥¬„™â “√≈–≈“¬ trypsin/ EDTA pH 7.3

°“√∑¥ Õ∫§«“¡‡ªìπæ‘…¢Õß “√ °—¥À¬“∫°≈ÿà¡ xanthone ®“°‡ª≈◊Õ°¡—ß§ÿ¥
„™â‡´≈≈å¡–‡√ÁßµàÕ¡≈Ÿ°À¡“° PC-3 ®”π«πª√–¡“≥ 2 Ó 104 ‡´≈≈å „πÕ“À“√‡≈’È¬ß‡´≈≈å RPMI

1640 ª√‘¡“µ√ 100 ‰¡‚§√≈‘µ√ µàÕÀ≈ÿ¡¢Õß 96 well culture plate ∫à¡‰«â„πµŸâ‡æ“–‡≈’È¬ß‡´≈≈å∑’ËÕÿ≥À¿Ÿ¡‘
37 Õß»“‡´≈‡´’¬  ª√‘¡“≥§“√å∫Õπ‰¥ÕÕ°‰´¥å 5% ‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß À≈—ß®“°π—Èπ¥Ÿ¥Õ“À“√‡≈’È¬ß‡´≈≈å
RPMI 1640 ÕÕ° ·≈â«‡µ‘¡ “√ °—¥À¬“∫°≈ÿà¡ xanthone ®“°‡ª≈◊Õ°¡—ß§ÿ¥„πÕ“À“√‡≈’È¬ß‡´≈≈å RPMI 1640
∑’Ë§«“¡‡¢â¡¢âπµà“ßÊ ¥—ßπ’È

§«“¡‡¢â¡¢âπ 0.5 ¡‘≈≈‘°√—¡µàÕ¡‘≈≈‘≈‘µ√
§«“¡‡¢â¡¢âπ 50 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ ∫à¡‰«â„πµŸâ‡æ“–‡≈’È¬ß‡´≈≈å
§«“¡‡¢â¡¢âπ 5 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ ∑’ËÕÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡´’¬ 
§«“¡‡¢â¡¢âπ 0.5 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ ‡ªìπ‡«≈“ 2 ∂÷ß 4 ™—Ë«‚¡ß
§«“¡‡¢â¡¢âπ 50 π“‚π°√—¡µàÕ¡‘≈≈‘≈‘µ√
§«“¡‡¢â¡¢âπ 5 π“‚π°√—¡µàÕ¡‘≈≈‘≈‘µ√
∑¥ Õ∫§«“¡ “¡“√∂„π°“√∑”≈“¬‡´≈≈å¡–‡√ÁßµàÕ¡≈Ÿ°À¡“°¥â«¬«‘∏’ MTT [16] ‡æ◊ËÕµ√«®À“

‡´≈≈å∑’Ë¬—ß¡’™’«‘µ ‚¥¬«—¥§«“¡‡¢â¡¢Õß ’∑’Ë‡°‘¥¢÷Èπ¥â«¬‡§√◊ËÕß microplate reader ∑’Ë§«“¡¬“«§≈◊Ëπ 595
π“‚π‡¡µ√ ´÷Ëß§«“¡‡¢â¡¢Õß ’®– —¡æ—π∏å°—∫®”π«π‡´≈≈å∑’Ë¬—ß¡’™’«‘µ ®“°π—Èππ”§à“°“√¥Ÿ¥°≈◊π· ß∑’Ë‰¥â‰ª
À“§à“ IC50

}
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°“√∑¥≈ÕßÀ“§«“¡‡¢â¡¢âπ·≈–‡«≈“∑’Ë‡À¡“– ¡¢Õß “√ °—¥À¬“∫°≈ÿà¡ xanthone ®“°‡ª≈◊Õ°¡—ß§ÿ¥„π
°“√¶à“‡´≈≈å¡–‡√Áß

„™â‡´≈≈å¡–‡√ÁßµàÕ¡≈Ÿ°À¡“° PC-3 ®”π«πª√–¡“≥ 2 x 106 ‡´≈≈å „πÕ“À“√‡≈’È¬ß‡´≈≈å
RPMI 1640 ª√‘¡“µ√ 2 ¡‘≈≈‘≈‘µ√µàÕÀ≈ÿ¡¢Õß 6 well culture plate ∫à¡‰«â„πµŸâ‡æ“–‡≈’È¬ß‡´≈≈å∑’ËÕÿ≥À¿Ÿ¡‘
37 Õß»“‡´≈‡´’¬  ª√‘¡“≥§“√å∫Õπ‰¥ÕÕ°‰´¥å 5% ‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß À≈—ß®“°π—Èπ¥Ÿ¥Õ“À“√‡≈’È¬ß‡´≈≈å
RPMI 1640 ÕÕ° ·≈â«‡µ‘¡ “√ °—¥À¬“∫°≈ÿà¡ xanthone ®“°‡ª≈◊Õ°¡—ß§ÿ¥„πÕ“À“√‡≈’È¬ß‡´≈≈å RPMI
1640 ‚¥¬„™â§à“ IC50 ∑’Ë‰¥â¡“„™âÕâ“ßÕ‘ß„π°“√ª√—∫§à“§«“¡‡¢â¡¢âπ‡ªìπ 0, 10, 20, 30, 40 ·≈– 50
‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ (1-5 ‡∑à“ ¢Õß§à“ IC50) ∫à¡‰«â„πµŸâ‡æ“–‡≈’È¬ß‡´≈≈å∑’ËÕÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡ ’́¬ 
·≈–ª√‘¡“≥§“√å∫Õπ‰¥ÕÕ°‰´¥å∑’Ë 5% ‡ªìπ‡«≈“ 0, 3, 6, 9, 12 ·≈– 24 ™—Ë«‚¡ß ®“°π—Èππ”‡´≈≈å¡“¬âÕ¡
¥â«¬ ’¬âÕ¡ trypan blue Õ—µ√“ à«π 1: 1 π—∫®”π«π‡´≈≈å∑’Ë¡’™’«‘µ‡ª√’¬∫‡∑’¬∫°—∫§«“¡‡¢â¡¢âπ·≈–‡«≈“
∑’Ë„™â∑¥ Õ∫ ‡æ◊ËÕ∑’Ë®–À“§«“¡‡¢â¡¢âπ·≈–‡«≈“∑’Ë‡À¡“– ¡¢Õß “√ °—¥À¬“∫°≈ÿà¡ xanthone ®“°‡ª≈◊Õ°
¡—ß§ÿ¥∑’Ë„™â„π°“√¶à“‡´≈≈å¡–‡√Áß

°“√‡ª≈’Ë¬π·ª≈ß√Ÿª√à“ß¢Õß π‘«‡§≈’¬ 
„™â “√ °—¥À¬“∫°≈ÿà¡ xanthone ®“°‡ª≈◊Õ°¡—ß§ÿ¥„πÕ“À“√‡≈’È¬ß‡´≈≈å RPMI 1640 ∑’Ë§«“¡

‡¢â¡¢âπ 30, 40, ·≈– 50 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ ‡µ‘¡≈ß„π 6 well culture plate ∑’Ë¡’‡´≈≈å¡–‡√ÁßµàÕ¡
≈Ÿ°À¡“° PC-3 ®”π«πª√–¡“≥ 2 Ó 106 ‡´≈≈åµàÕÀ≈ÿ¡ ®“°π—Èπ∫à¡‰«â„πµŸâ‡æ“–‡≈’È¬ß‡´≈≈å∑’ËÕÿ≥À¿Ÿ¡‘ 37
Õß»“‡´≈‡ ’́¬  ª√‘¡“≥§“√å∫Õπ‰¥ÕÕ°‰´¥å 5% ·≈â«µ√«®¥Ÿ°“√‡ª≈’Ë¬π·ª≈ß¢Õß‡´≈≈å¿“¬„µâ°≈âÕß
®ÿ≈∑√√»πå∑’Ë‡«≈“ 3 ·≈– 6 ™—Ë«‚¡ß ·≈–∑”°“√‡°Á∫‡´≈≈å∑’Ë™à«ß‡«≈“π—ÈπÊ π”‡´≈≈å∑’Ë‰¥â¬âÕ¡¥â«¬ ’¬âÕ¡
Hoechst 33342 ª√‘¡“µ√ 5 ‰¡‚§√≈‘µ√ ‡ªìπ‡«≈“ 10 π“∑’ ‡¡◊ËÕ§√∫‡«≈“ªíòπ≈â“ß‡´≈≈å¥â«¬ 1X PBS ®”π«π
2 §√—Èß ·≈â«®÷ßµ√«®¥Ÿ√Ÿª√à“ß≈—°…≥–¢Õßπ‘«‡§≈’¬ ∫π·ºàπ ‰≈¥å¿“¬„µâ°≈âÕß®ÿ≈∑√√»πå·∫∫ fluorescence [17]

°“√·µ°À—°¢Õß DNA (DNA fragmentation)
‡µ‘¡ “√ °—¥À¬“∫°≈ÿà¡ xanthone ®“°‡ª≈◊Õ°¡—ß§ÿ¥„πÕ“À“√‡≈’È¬ß‡´≈≈å RPMI 1640 ∑’Ë

§«“¡‡¢â¡¢âπ 20, 30, 40, ·≈– 50 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ ≈ß„π 6 well culture plate ∑’Ë¡’‡´≈≈å¡–‡√Áß
µàÕ¡≈Ÿ°À¡“° PC-3 ®”π«πª√–¡“≥ 2  x 106 ‡´≈≈åµàÕÀ≈ÿ¡ ∫à¡‰«â„πµŸâ‡æ“–‡≈’È¬ß‡´≈≈å∑’ËÕÿ≥À¿Ÿ¡‘ 37
Õß»“‡´≈‡´’¬  ª√‘¡“≥§“√å∫Õπ‰¥ÕÕ°‰´¥å 5% ‡ªìπ‡«≈“ 5 ™—Ë«‚¡ß  °—¥ DNA ¥â«¬ phenol chloroform
®“°π—Èπ∑”°“√µ√«® Õ∫¢π“¥¢Õß™‘Èπ DNA ‚¥¬«‘∏’ agarose gel electrophoresis [18]

°“√· ¥ßÕÕ°¢Õß‡Õπ‰´¡å caspase ‚¥¬«‘∏’ Western blotting
„™â‡´≈≈å¡–‡√ÁßµàÕ¡≈Ÿ°À¡“° PC-3 ®”π«πª√–¡“≥ 1 Ó 106 ‡´≈≈å „πÕ“À“√‡≈’È¬ß‡´≈≈å

RPMI 1640 ª√‘¡“µ√ 2 ¡‘≈≈‘≈‘µ√ µàÕÀ≈ÿ¡¢Õß 6 well culture plate ∫à¡‰«â„πµŸâ‡æ“–‡≈’È¬ß‡´≈≈å∑’ËÕÿ≥À¿Ÿ¡‘
37 Õß»“‡´≈‡´’¬  ª√‘¡“≥§“√å∫Õπ‰¥ÕÕ°‰´¥å 5% ‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß ‡¡◊ËÕ§√∫‡«≈“¥Ÿ¥Õ“À“√‡≈’È¬ß‡´≈≈å
RPMI 1640 ÕÕ°·≈â«‡µ‘¡ “√ °—¥À¬“∫°≈ÿà¡ xanthone ®“°‡ª≈◊Õ°¡—ß§ÿ¥„πÕ“À“√‡≈’È¬ß‡´≈≈å RPMI
1640 ∫à¡‰«â„πµŸâ‡æ“–‡≈’È¬ß‡´≈≈åµàÕ‡ªìπ‡«≈“ 3 ™—Ë«‚¡ß ·≈â«®÷ßµ√«®¥Ÿ°“√‡ª≈’Ë¬π·ª≈ß¢Õß‡´≈≈å¿“¬„µâ
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°≈âÕß®ÿ≈∑√√»πå ®“°π—Èπ‡°Á∫‡´≈≈å·≈â«≈â“ß¥â«¬ PBS ∑”„Àâ‡´≈≈å·µ°¥â«¬°“√∫¥ ·≈â«®÷ßªíòπ·¬°∑’Ë
500Óg ∑’ËÕÿ≥À¿Ÿ¡‘ 4 Õß»“‡´≈‡ ’́¬  ‡ªìπ‡«≈“ 10 π“∑’ π” supernatant  à«πÀπ÷Ëß¡“µ√«®¥Ÿ§«“¡
‡¢â¡¢âπ¢Õß‚ª√µ’π‚¥¬«‘∏’ Bradford Õ’° à«ππ”‰ª·¬°‚ª√µ’π∫π 15% SDS-PAGE (Sodium Dodecyl
Sulfate Polyacrylamide Gel Electrophoresis) ºà“π°√–· ‰øøÑ“∑’Ë 130 ‚«≈µå ¬â“¬‚ª√µ’π®“° gel
≈ß Ÿà PVDF membrane (polyvinylidene fluoride) ºà“π°√–· ‰øøÑ“∑’Ë 100 ‚«≈µå ‡ªìπ‡«≈“ 2 ™—Ë«‚¡ß
®“°π—Èππ” PVDF membrane ·™à 5% π¡ „π PBS ∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß‡ªìπ‡«≈“ 1 ™—Ë«‚¡ß ·≈â«≈â“ß¥â«¬ PBS
‡ªìπ‡«≈“ 10 π“∑’ ∫à¡ PVDF membrane ¥â«¬ anti-caspase-3 ∑’ËÕÿ≥À¿Ÿ¡‘ 4 Õß»“‡´≈‡ ’́¬ π“π¢â“¡§◊π
·≈â«≈â“ß¥â«¬ PBS ®”π«π 3 §√—Èß §√—Èß≈– 10 π“∑’ π”‰ª∫à¡„π anti-Mouse IgG, HRP-linked Antibody
‡®◊Õ®“ß„πÕ—µ√“ à«π 1 µàÕ 10,000 „π “√≈–≈“¬  2.5% π¡ „π PBS ∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß‡ªìπ‡«≈“ 1 ™—Ë«‚¡ß
·≈â«≈â“ß¥â«¬ PBS ®”π«π 3 §√—Èß §√—Èß≈– 10 π“∑’ ®“°π—Èπµ√«®À“·∂∫‚ª√µ’π ‚¥¬Õ“»—¬‡∑§π‘§
Autoradiography „π°√≥’¢Õß caspase-8 ·≈– caspase-9 „™â«‘∏’°“√‡¥’¬«°—π ‡æ’¬ß·µà‡ª≈’Ë¬π primary
antibody ∑’Ë®”‡æ“–µàÕ caspase-8 ·≈– caspase-9

º≈°“√∑¥≈Õß
§«“¡‡ªìπæ‘…¢Õß “√ °—¥À¬“∫°≈ÿà¡ xanthone ®“°‡ª≈◊Õ°¡—ß§ÿ¥ µàÕ‡´≈≈å¡–‡√ÁßµàÕ¡≈Ÿ°À¡“° PC-3

À≈—ß®“°∑¥ Õ∫§«“¡‡ªìπæ‘…µàÕ‡´≈≈å¡–‡√ÁßµàÕ¡≈Ÿ°À¡“°¢Õß “√ °—¥À¬“∫°≈ÿà¡ xanthone
®“°‡ª≈◊Õ°¡—ß§ÿ¥æ∫«à“ “√ °—¥À¬“∫°≈ÿà¡ xanthone ®“°‡ª≈◊Õ°¡—ß§ÿ¥ “¡“√∂¶à“‡´≈≈å¡–‡√ÁßµàÕ¡≈Ÿ°À¡“°
PC-3 ‰¥â∑’Ë§à“ IC50 ∑’Ë 10 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ ®“°‚ª√·°√¡ GraphPad Prism Version 3.03
(√Ÿª∑’Ë 1)

√Ÿª∑’Ë 1 · ¥ß§«“¡ “¡“√∂¢Õß “√ °—¥À¬“∫°≈ÿà¡ xanthone „π°“√¶à“‡´≈≈å¡–‡√ÁßµàÕ¡≈Ÿ°À¡“° PC-3
‚¥¬‡ª√’¬∫‡∑’¬∫§«“¡‡¢â¡¢âπ¢Õß “√ °—¥À¬“∫°≈ÿà¡ xanthone ®“°‡ª≈◊Õ°¡—ß§ÿ¥µàÕ√âÕ¬≈–¢Õß
‡´≈≈å∑’Ë¡’™’«‘µ À≈—ß®“°‰¥â√—∫ “√ °—¥À¬“∫°≈ÿà¡ xanthone ®“°‡ª≈◊Õ°¡—ß§ÿ¥®–‰¥â§à“ IC50 (§«“¡
‡¢â¡¢âπ¢Õß “√∑’Ë “¡“√∂¶à“‡´≈≈å¡–‡√ÁßµàÕ¡≈Ÿ°À¡“° PC-3 ‰¥â 50%)
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§«“¡‡¢â¡¢âπ·≈–‡«≈“∑’Ë‡À¡“– ¡„π°“√¶à“‡´≈≈å¡–‡√Áß¢Õß “√ °—¥À¬“∫°≈ÿà¡ xanthone ®“°‡ª≈◊Õ°¡—ß§ÿ¥
°“√∑¥≈Õß‡æ◊ËÕÀ“§«“¡‡¢â¡¢âπ·≈–‡«≈“∑’Ë‡À¡“– ¡„π°“√¶à“‡´≈≈å¡–‡√Áß æ∫«à“ ∑’Ë§«“¡‡¢â¡¢âπ

¢Õß “√ °—¥À¬“∫°≈ÿà¡ xanthone ®“°‡ª≈◊Õ°¡—ß§ÿ¥ ∑’Ë 30, 40 ·≈– 50 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√  “¡“√∂
∑”≈“¬‡´≈≈å¡–‡√Áß‰¥â¥’„π™à«ß‡«≈“ 3 ∂÷ß 6 ™—Ë«‚¡ß ·≈–À≈—ß®“°‡«≈“ 6 ™—Ë«‚¡ß‰ª·≈â« æ∫«à“ Õ—µ√“°“√µ“¬
¢Õß‡´≈≈å¡–‡√Áß®–‡°‘¥¢÷Èπ‰¥â™â“≈ß (√Ÿª∑’Ë 2)

√Ÿª∑’Ë 2 º≈¢Õß§«“¡‡¢â¡¢âπ¢Õß “√ °—¥À¬“∫°≈ÿà¡ xanthone ®“°‡ª≈◊Õ°¡—ß§ÿ¥ ·≈–‡«≈“∑’Ë‡À¡“– ¡
„π°“√¶à“‡´≈≈å¡–‡√ÁßµàÕ¡≈Ÿ°À¡“° PC-3 ≥ ™à«ß‡«≈“µà“ßÊ ÷́Ëßª√—∫§à“§«“¡‡¢â¡¢âπ®“°§à“ IC50

¢Õß “√ °—¥À¬“∫°≈ÿà¡ xanthone ®“°‡ª≈◊Õ°¡—ß§ÿ¥‰¥â∑’Ë§«“¡‡¢â¡¢âπ 0, 10, 20, 30, 40 ·≈– 50
‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ ∑’Ë‡«≈“ 0, 3, 6, 9, 12 ·≈– 24 ™—Ë«‚¡ß

°“√»÷°…“°“√‡°‘¥ apoptosis „π‡´≈≈å¡–‡√ÁßµàÕ¡≈Ÿ°À¡“° PC-3 ∑’Ë∂Ÿ°‡Àπ’Ë¬«π”‚¥¬ “√ °—¥À¬“∫°≈ÿà¡
xanthone ®“°‡ª≈◊Õ°¡—ß§ÿ¥

°“√‡ª≈’Ë¬π·ª≈ß√Ÿª√à“ß¢Õßπ‘«‡§≈’¬ 
À≈—ß®“°∫à¡‡´≈≈å¥â«¬ “√ °—¥À¬“∫°≈ÿà¡ xanthone ®“°‡ª≈◊Õ°¡—ß§ÿ¥‰¥â 3 ™—Ë«‚¡ß æ∫«à“ ‡´≈≈å

¡–‡√Áß‡√‘Ë¡¡’°“√‡ª≈’Ë¬π·ª≈ß√Ÿª√à“ß¢Õßπ‘«‡§≈’¬ ‰ª„π√Ÿª·∫∫¢Õß°“√‡°‘¥ apoptosis ‚¥¬π‘«‡§≈’¬ ®–‡√‘Ë¡
¡’°“√À¥µ—«·≈–¡’°“√√«¡µ—«°—π¢Õß chromatin (chromatin condensation) ∑”„Àâ‡´≈≈å¡’¢π“¥‡≈Á°≈ß
·≈–¡’°“√√«¡µ—«°—π¢Õß chromatin ¿“¬„π‡´≈≈å ‚¥¬§«“¡‡¢â¡¢âπ “√ °—¥À¬“∫°≈ÿà¡ xanthone
®“°‡ª≈◊Õ°¡—ß§ÿ¥∑’Ë 30 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ µ√«®æ∫«à“¡’‡´≈≈å∑’Ë¡’¢π“¥‡≈Á°≈ß·≈–¡’°“√√«¡µ—«°—π¢Õß
chromatin ‡ªìπ®”π«π¡“° ·≈–‡ÀÁπ‰¥â™—¥‡®π∑’Ë‡«≈“ 3 ·≈– 6 ™—Ë«‚¡ß (√Ÿª∑’Ë 3B ·≈– 3C) ‡¡◊ËÕ‡ª√’¬∫
‡∑’¬∫°—∫‡´≈≈å¡–‡√ÁßµàÕ¡≈Ÿ°À¡“° PC-3 ∑’Ë‰¡à‰¥â√—∫ “√ °—¥À¬“∫°≈ÿà¡ xanthone ®“°‡ª≈◊Õ°¡—ß§ÿ¥
´÷Ëß„™â‡ªìπ control (√Ÿª∑’Ë 3A) §«“¡‡¢â¡¢âπ “√ °—¥À¬“∫°≈ÿà¡ xanthone ®“°‡ª≈◊Õ°¡—ß§ÿ¥∑’Ë 40 ‰¡‚§√°√—¡
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µàÕ¡‘≈≈‘≈‘µ√ ¬—ß “¡“√∂µ√«®æ∫‡´≈≈å∑’Ë¡’¢π“¥‡≈Á°≈ß·≈–¡’°“√√«¡µ—«°—π¢Õß chromatin ‡°‘¥¢÷Èπ ·µà
µ√«®æ∫‰¥âπâÕ¬°«à“§«“¡‡¢â¡¢âπ “√ °—¥À¬“∫°≈ÿà¡ xanthone ®“°‡ª≈◊Õ°¡—ß§ÿ¥∑’Ë 30 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√
‚¥¬∑’Ë‡«≈“ 3 ™—Ë«‚¡ß µ√«®æ∫‡´≈≈å∑’Ë¡’¢π“¥‡≈Á°≈ß·≈–¡’°“√√«¡µ—«°—π¢Õß chromatin ‰¥â ·≈–‡ÀÁπ‰¥â
™—¥‡®π (√Ÿª∑’Ë 3D) ·µà∑’Ë‡«≈“ 6 ™—Ë«‚¡ß µ√«®æ∫‡´≈≈å∑’Ë¡’¢π“¥‡≈Á°≈ß·≈–¡’°“√√«¡µ—«°—π¢Õß chromatin
‰¥â≈¥≈ß ·≈–‡ÀÁπ‰¥â‰¡à™—¥‡®π (√Ÿª∑’Ë 3E) §«“¡‡¢â¡¢âπ “√ °—¥À¬“∫°≈ÿà¡ xanthone ®“°‡ª≈◊Õ°¡—ß§ÿ¥∑’Ë
50 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ µ√«®æ∫‡´≈≈å∑’Ë¡’¢π“¥‡≈Á°≈ß·≈–¡’°“√√«¡µ—«°—π¢Õß chromatin ‡°‘¥¢÷Èπ ·µà
µ√«®æ∫‰¥â‡≈Á°πâÕ¬·≈–‡ÀÁπ‰¥â‰¡à™—¥‡®π (√Ÿª∑’Ë 3F ·≈– 3G) · ¥ß«à“ ≥ ™à«ß‡«≈“ 3 ∂÷ß 6 ™—Ë«‚¡ß ‡ªìπ
™à«ß‡«≈“∑’Ë “√ °—¥À¬“∫°≈ÿà¡ xanthone ®“°‡ª≈◊Õ°¡—ß§ÿ¥  “¡“√∂°√–µÿâπ„Àâ‡´≈≈å‡°‘¥°√–∫«π°“√ apoptosis
‰¥â¥’∑’Ë ÿ¥ ‚¥¬∑’Ë§«“¡‡¢â¡¢âπ¢Õß “√ °—¥∑’Ë‡À¡“– ¡∑’Ë ÿ¥ §◊Õ §«“¡‡¢â¡¢âπ∑’Ë 30 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√
·≈–æ∫«à“ ‡¡◊ËÕ§«“¡‡¢â¡¢âπ∑’Ë¡“°°«à“ 30 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ ‡´≈≈å®–∂Ÿ°∑”≈“¬Õ¬à“ß√«¥‡√Á« ®÷ßµ√«®
æ∫‡´≈≈å∑’Ë°”≈—ß‡°‘¥°√–∫«π°“√ apoptosis ‰¥â≈¥≈ß æ∫‰¥â‡æ’¬ß‡»…¢Õß‡´≈≈å∑’Ë∂Ÿ°∑”≈“¬‰ª·≈â«

√Ÿª∑’Ë 3 °“√‡ª≈’Ë¬π·ª≈ßπ‘«‡§≈’¬ ¢Õß‡´≈≈å¡–‡√ÁßµàÕ¡≈Ÿ°À¡“° PC-3 ∑’Ë§«“¡‡¢â¡¢âπ ·≈–‡«≈“µà“ßÊ
A §◊Õ ‡´≈≈å¡–‡√ÁßµàÕ¡≈Ÿ°À¡“° PC-3 ∑’Ë‰¡à‰¥â√—∫ “√ °—¥À¬“∫°≈ÿà¡ xanthone ®“°‡ª≈◊Õ°¡—ß§ÿ¥

´÷Ëß„™â‡ªìπ control
B ∑’Ë§«“¡‡¢â¡¢âπ 30 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ ‡«≈“ 3 ™—Ë«‚¡ß
C ∑’Ë§«“¡‡¢â¡¢âπ 30 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ ‡«≈“ 6 ™—Ë«‚¡ß
D ∑’Ë§«“¡‡¢â¡¢âπ 40 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ ‡«≈“ 3 ™—Ë«‚¡ß
E ∑’Ë§«“¡‡¢â¡¢âπ 40 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ ‡«≈“ 6 ™—Ë«‚¡ß
F ∑’Ë§«“¡‡¢â¡¢âπ 50 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ ‡«≈“ 3 ™—Ë«‚¡ß
G ∑’Ë§«“¡‡¢â¡¢âπ 50 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ ‡«≈“ 6 ™—Ë«‚¡ß
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°“√µ√«® Õ∫°“√·µ°À—°¢Õß DNA (DNA fragmentation)
§«“¡‡¢â¡¢âπ¢Õß “√ °—¥À¬“∫°≈ÿà¡ xanthone ®“°‡ª≈◊Õ°¡—ß§ÿ¥∑’Ë “¡“√∂µ√«®æ∫°“√·µ°À—°

¢Õß DNA ‰¥â §◊Õ §«“¡‡¢â¡¢âπ¢Õß “√ °—¥À¬“∫°≈ÿà¡ xanthone ®“°‡ª≈◊Õ°¡—ß§ÿ¥∑’Ë 30 ·≈– 40 ‰¡‚§√
°√—¡µàÕ¡‘≈≈‘≈‘µ√ ‚¥¬§«“¡‡¢â¡¢âπ¢Õß “√ °—¥À¬“∫°≈ÿà¡ xanthone ®“°‡ª≈◊Õ°¡—ß§ÿ¥∑’Ë 30 ‰¡‚§√°√—¡µàÕ
¡‘≈≈‘≈‘µ√ æ∫°“√·µ°À—°¢Õß DNA ‰¥â™—¥‡®π∑’Ë ÿ¥ ‚¥¬°“√·µ°À—°∑’Ë‡°‘¥¢÷Èπ‡ªìπ‰ªÕ¬à“ß¡’√–‡∫’¬∫·≈–™‘Èπ
DNA æ∫‰¥âÀ≈“¬¢π“¥ ∑”„Àâ‡°‘¥ band ∑’Ë¡’≈—°…≥–§≈â“¬¢—Èπ∫—π‰¥‡√’¬°«à“ DNA ladder ÷́Ëß‡ªìπ√Ÿª·∫∫
¢Õß°“√‡°‘¥ apoptosis (√Ÿª∑’Ë 4) · ¥ß«à“ “√ °—¥À¬“∫°≈ÿà¡ xanthone ®“°‡ª≈◊Õ°¡—ß§ÿ¥ “¡“√∂°√–µÿâπ
„Àâ‡´≈≈å¡–‡√ÁßµàÕ¡≈Ÿ°À¡“° PC-3 ‡°‘¥°√–∫«π°“√ apoptosis ‰¥â ‚¥¬∑’Ë§«“¡‡¢â¡¢âπ 30 ‰¡‚§√°√—¡µàÕ
¡‘≈≈‘≈‘µ√ æ∫°“√·µ°À—°¢Õß™‘Èπ DNA ∑’Ë‡°‘¥®“°πâÕ¬∂÷ß¡“°∑’Ë ÿ¥  à«π∑’Ë§«“¡‡¢â¡¢âπ 40 ‰¡‚§√°√—¡µàÕ
¡‘≈≈‘≈‘µ√ ·≈–§«“¡‡¢â¡¢âπ 50 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ æ∫°“√·µ°À—°¢Õß™‘Èπ DNA ‰¥â≈¥≈ß ‡π◊ËÕß®“°
‡´≈≈å∫“ß à«π‰¥âºà“π°√–∫«π°“√ apoptosis ‰ª·≈â« ®÷ßµ√«®æ∫‰¥â≈¥≈ß

√Ÿª∑’Ë 4 °“√·µ°À—°¢Õß DNA (DNA fragmentation) „π‡´≈≈å¡–‡√ÁßµàÕ¡≈Ÿ°À¡“° PC-3 ´÷Ëß∑”°“√ °—¥
DNA ®“°‡´≈≈å¡–‡√ÁßµàÕ¡≈Ÿ°À¡“° PC-3 ®”π«πª√–¡“≥ 2 Ó 106 ‡´≈≈å ‡≈π∑’Ë 1 §◊Õ 1 kb
ladder DNA ‡≈π∑’Ë 2-5 · ¥ß°“√·µ°À—°¢Õß DNA ∑’Ë§«“¡‡¢â¡¢âπ 20, 30, 40 ·≈– 50
‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ µ“¡≈”¥—∫
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°“√· ¥ßÕÕ°¢Õß‡Õπ‰´¡å caspase ‚¥¬«‘∏’ Western bloting
À≈—ß®“°∫à¡‡´≈≈å¥â«¬ “√ °—¥À¬“∫°≈ÿà¡ xanthone ®“°‡ª≈◊Õ°¡—ß§ÿ¥‡ªìπ‡«≈“ 3 ™—Ë«‚¡ß·≈â«

π”‰ªµ√«® Õ∫À“§«“¡®”‡æ“–¢Õß‚ª√µ’πµàÕ anti-caspase-3, anti-caspase-8 ·≈– anti-caspase-9
‚¥¬«‘∏’ Western blotting æ∫«à“ “¡“√∂µ√«®æ∫·∂∫‚ª√µ’π∑’Ë¡’§«“¡®”‡æ“–µàÕ anti-caspase-3
(√Ÿª∑’Ë 5A) ·≈– anti-caspase-8 (√Ÿª∑’Ë 5B) ‚¥¬ªØ‘°‘√‘¬“¢Õß anti-caspase-3 ∑’Ë®—∫°—∫·∂∫¢Õß·Õπµ‘‡®π
∑’Ë¡’πÈ”Àπ—°‚¡‡≈°ÿ≈ª√–¡“≥ 32 °‘‚≈¥“≈µ—π ´÷Ëß‡ªìπ¢π“¥¢Õß procaspase-3 ·≈–æ∫ªØ‘°‘√‘¬“¢Õß
anti-caspase-3 ∑’Ë®—∫°—∫·∂∫¢Õß·Õπµ‘‡®π∑’Ë¡’πÈ”Àπ—°‚¡‡≈°ÿ≈ª√–¡“≥ 19 ·≈– 20 °‘‚≈¥“≈µ—π ‡ªìπ
¢π“¥¢Õß cleaved caspase-3 ‚¥¬∑’Ë§«“¡‡¢â¡¢âπ 30 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ µ√«®æ∫ªØ‘°‘√‘¬“¢Õß
anti-caspase-3 ‰¥â¡“°∑’Ë ÿ¥ (√Ÿª∑’Ë 5A)  à«πªØ‘°‘√‘¬“¢Õß anti-caspase-8 ∑’Ë®—∫°—∫·∂∫¢Õß·Õπµ‘‡®π
∑’Ë¡’πÈ”Àπ—°‚¡‡≈°ÿ≈ª√–¡“≥ 55 °‘‚≈¥“≈µ—π ‡ªìπ¢π“¥¢Õß anti-caspase-8 ·≈–æ∫ªØ‘°‘√‘¬“¢Õß
anti-caspase-8 ∑’Ë®—∫°—∫·∂∫¢Õß·Õπµ‘‡®π∑’Ë¡’πÈ”Àπ—°‚¡‡≈°ÿ≈ª√–¡“≥ 43 ·≈– 44 °‘‚≈¥“≈µ—π ´÷Ëß‡ªìπ
¢π“¥¢Õß cleaved caspase-3 ‚¥¬∑’Ë§«“¡‡¢â¡¢âπ 30 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ µ√«®æ∫ªØ‘°‘√‘¬“¢Õß
anti-caspase-3 ‰¥â¡“°∑’Ë ÿ¥ ·≈–∑’Ë§«“¡‡¢â¡¢âπ 50 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ æ∫‡æ’¬ß caspase-8 ·µà
‰¡àæ∫ pro-caspase-8 Õ“®‡ªìπ‰ª‰¥â«à“∑’Ë§«“¡‡¢â¡¢âπ¥—ß°≈à“« °√–∫«π°“√ apoptosis ‡°‘¥¢÷ÈπÕ¬à“ß√«¥‡√Á«
¡’º≈∑”„Àâ‡´≈≈åµ“¬Õ¬à“ß√«¥‡√Á« ´÷Ëß‡«≈“∑’Ëµ√«® Õ∫°√–∫«π°“√‡°‘¥ apoptosis ‰¥â¥”‡π‘π¡“„π√–¬–∑’Ë
procaspase-8 ∂Ÿ°µ—¥ à«π prodomain ‰ª ·≈â«‡ª≈’Ë¬π‡ªìπ caspase-8 ®πÀ¡¥ (√Ÿª∑’Ë 5B) · ¥ß«à“
°≈‰°°“√‡°‘¥ apoptosis „π‡´≈≈å¡–‡√ÁßµàÕ¡≈Ÿ°À¡“° PC-3 ∑’Ë∂Ÿ°°√–µÿâπ¥â«¬ “√ °—¥À¬“∫°≈ÿà¡
xanthone ∑’Ë °—¥‰¥â®“°‡ª≈◊Õ°¡—ß§ÿ¥Õ“®‡°‘¥ºà“π death receptor pathway

√Ÿª∑’Ë 5 °“√· ¥ßÕÕ°¢Õß‡Õπ‰´¡å caspase-3 ·≈– caspase-8 „π‡´≈≈å¡–‡√ÁßµàÕ¡≈Ÿ°À¡“° PC-3
∑’Ë§«“¡‡¢â¡¢âπ 30 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√, 40 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ ·≈– 50 ‰¡‚§√°√—¡µàÕ
¡‘≈≈‘≈‘µ√ ‚¥¬ A §◊Õ °“√· ¥ßÕÕ°¢Õß‡Õπ‰´¡å caspase-3 ·≈– B §◊Õ °“√· ¥ßÕÕ°¢Õß‡Õπ‰´¡å
caspase-8
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 √ÿª·≈–«‘®“√≥åº≈°“√∑¥≈Õß
®“°°“√∑¥ Õ∫§«“¡‡ªìπæ‘…µàÕ‡´≈≈å¡–‡√ÁßµàÕ¡≈Ÿ°À¡“°¢Õß “√ °—¥À¬“∫°≈ÿà¡ xanthone ∑’Ë

 °—¥‰¥â®“°‡ª≈◊Õ°¡—ß§ÿ¥ ‚¥¬„™â‡´≈≈å¡–‡√ÁßµàÕ¡≈Ÿ°À¡“° PC-3 ‡ªìπµ—«·∑π¢Õß‡´≈≈å¡–‡√ÁßµàÕ¡≈Ÿ°À¡“°
‰¥â§à“ IC50 ∑’Ë 10 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ ÷́Ëß· ¥ß„Àâ‡ÀÁπ«à“ “√ °—¥À¬“∫°≈ÿà¡ xanthone ®“°‡ª≈◊Õ°
¡—ß§ÿ¥ “¡“√∂¶à“‡´≈≈å¡–‡√ÁßµàÕ¡≈Ÿ°À¡“°‰¥â„π√–¥—∫∑’Ëπà“æÕ„® ·≈–‡¡◊ËÕπ”¢âÕ¡Ÿ≈§à“ IC50 ¢â“ßµâπ¡“ª√—∫
‡æ◊ËÕÀ“™à«ß‡«≈“∑’Ë “√ °—¥ “¡“√∂¶à“‡´≈≈å¡–‡√Áß‰¥â¥’∑’Ë ÿ¥ æ∫«à“ “√ °—¥ “¡“√∂¶à“‡´≈≈å¡–‡√Áß‰¥â¥’∑’Ë ÿ¥∑’Ë
™à«ß‡«≈“ 3 ∂÷ß 6 ™—Ë«‚¡ß ∑’Ë§«“¡‡¢â¡¢âπ 30, 40 ·≈– 50 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ ‡π◊ËÕß®“°„π√–¬–‡«≈“ 3
∂÷ß 6 ™—Ë«‚¡ß ®”π«π‡´≈≈å≈¥≈ßÕ¬à“ß√«¥‡√Á«À≈—ß®“°‡´≈≈å¡–‡√ÁßµàÕ¡≈Ÿ°À¡“° PC-3 ∂Ÿ°‡Àπ’Ë¬«π”‚¥¬ “√
 °—¥À¬“∫°≈ÿà¡ xanthone ®“°‡ª≈◊Õ°¡—ß§ÿ¥ ·≈–≈¥≈ßÕ¬à“ß™â“Ê ‡¡◊ËÕºà“π™à«ß‡«≈“ 6 ™—Ë«‚¡ß‰ª·≈â«
¥—ßπ—Èπ„π°“√∑¥≈Õß®÷ßπ”‡´≈≈å¡–‡√ÁßµàÕ¡≈Ÿ°À¡“° PC-3 ∑’Ë∂Ÿ°‡Àπ’Ë¬«π”‚¥¬ “√ °—¥À¬“∫°≈ÿà¡ xanthone
®“°‡ª≈◊Õ°¡—ß§ÿ¥∑’Ë§«“¡‡¢â¡¢âπ 30, 40 ·≈– 50 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ ¡“µ√«® Õ∫√Ÿª·∫∫°“√µ“¬
¢Õß‡´≈≈å∑’Ë‡°‘¥¢÷Èπ ‚¥¬§“¥«à“≈—°…≥–°“√µ“¬∑’Ë‡°‘¥¢÷Èπ®–‡ªìπ°“√µ“¬·∫∫ apoptosis [7]

„π°“√µ√«® Õ∫√Ÿª·∫∫°“√µ“¬¢Õß‡´≈≈å¡–‡√ÁßµàÕ¡≈Ÿ°À¡“° PC-3 ‚¥¬°“√µ√«® Õ∫
≈—°…≥–°“√‡ª≈’Ë¬π·ª≈ß¢Õßπ‘«‡§≈’¬ ´÷Ëß∂Ÿ°¬âÕ¡¥â«¬ Hoechst 33342 æ∫‡´≈≈å¡–‡√ÁßµàÕ¡≈Ÿ°À¡“°
PC-3 ∑’Ë¡’¢π“¥∑’Ë‡≈Á°≈ß ‡π◊ËÕß¡“®“°°“√∑’Ë¡’°“√À¥µ—«¢Õß chromatin „ππ‘«‡§≈’¬  ·≈–®—∫µ—«°—π·πàπ
®π°≈“¬‡ªìπ°âÕπ ´÷Ëß‡ªìπº≈¡“®“°°“√‡Àπ’Ë¬«π”¢Õß “√ °—¥À¬“∫°≈ÿà¡ xanthone ®“°‡ª≈◊Õ°¡—ß§ÿ¥
‚¥¬°“√‡ª≈’Ë¬π·ª≈ß¢Õßπ‘«‡§≈’¬ „π≈—°…≥–¥—ß°≈à“«‡ªìπ¢—ÈπµÕπ·√°Ê ¢Õß°√–∫«π°“√ apoptosis
´÷Ëß„π°“√‡ª≈’Ë¬π·ª≈ß‰ª„π√Ÿª·∫∫¢Õß°“√µ“¬·∫∫ apoptosis ¢—ÈπµàÕ‰ª §◊Õ °“√∑’Ë membrane ¢Õß‡´≈≈å
®–‡°‘¥°“√‡À’Ë¬«ΩÉÕ≈ß (membrane blebbing) ·≈–ÀàÕÀÿâ¡ chromatin ·≈– “√µà“ßÊ „π‡´≈≈å∑’ËÀ¥µ—«≈ß
·≈â«√«¡µ—«°—π‡ªìπ°âÕπ (apoptotic body) [7] ‚¥¬æ∫°“√‡ª≈’Ë¬π·ª≈ß¢Õßπ‘«‡§≈’¬ ‰¥â¡“°∑’Ë ÿ¥
∑’Ë§«“¡‡¢â¡¢âπ 30 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ ·≈–æ∫°“√‡ª≈’Ë¬π·ª≈ß¢Õßπ‘«‡§≈’¬ ‰¥â∫â“ß∑’Ë§«“¡‡¢â¡¢âπ
40 ·≈– 50 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ ´÷Ëß‡ªìπ‰ª‰¥â«à“ ∑’Ë§«“¡‡¢â¡¢âπ 40 ·≈– 50 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√
‡´≈≈å¡–‡√Áß∂Ÿ°°√–µÿâπ„Àâ¡’°“√µ“¬Õ¬à“ß√«¥‡√Á« ∑”„Àâ ≥ ‡«≈“‡¥’¬«°—π∑’Ë§«“¡‡¢â¡¢âπ 30 ‰¡‚§√°√—¡µàÕ
¡‘≈≈‘≈‘µ√ æ∫‡´≈≈å‡¢â“ Ÿà√–¬–·√°Ê ¢Õß°“√µ“¬·∫∫ apoptosis ‰¥â¡“° „π¢≥–∑’Ë§«“¡‡¢â¡¢âπ 40 ·≈–
50 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√π—Èπ ‡´≈≈å‰¥â‡¢â“ Ÿà√–¬–À≈—ßÊ ¢Õß°“√µ“¬·∫∫ apoptosis ·≈â« ·≈–∫“ß‡´≈≈å‰¥â
µ“¬·≈– ≈“¬µ—«‰ª·≈â«

„π°“√µ√«® Õ∫√Ÿª·∫∫°“√µ“¬¢Õß‡´≈≈å¡–‡√ÁßµàÕ¡≈Ÿ°À¡“° PC-3 ‚¥¬°“√µ√«® Õ∫
≈—°…≥–°“√·µ°À—°¢Õß™‘Èπ DNA (DNA fragmentation) æ∫«à“§«“¡‡¢â¡¢âπ¢Õß “√ °—¥À¬“∫°≈ÿà¡
xanthone ®“°‡ª≈◊Õ°¡—ß§ÿ¥∑’Ë 30, 40 ·≈– 50 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ µ√«®æ∫°“√·µ°À—°¢Õß DNA ‡ªìπ
™‘ÈπÊ „π≈—°…≥–¢—Èπ∫—π‰¥ (DNA ladder) ‚¥¬°“√·µ°À—°¢Õß™‘Èπ DNA ∑’Ëµ√«®æ∫Õ“®‡°‘¥®“°°“√∑’Ë
DNA ∂Ÿ°¬àÕ¬‡ªìπ∑àÕπ —ÈπÊ ‚¥¬ endonuclease ÷́Ëß‡ªìπ¢—ÈπµÕπÀπ÷Ëß„π°“√‡°‘¥ apoptosis „π√–¬–·√°
´÷Ëß®–‡°‘¥¢÷Èπ‡ªìπ√–¬–∑’Ë®–‡°‘¥¢÷Èπæ√âÕ¡Ê °—∫°“√À¥µ—«¢Õß chromatin ‚¥¬∑’Ë “¬ DNA ®–∂Ÿ°¬àÕ¬„Àâ‡ªìπ
 “¬ —ÈπÊ ‚¥¬ endonuclease [7] „π°“√µ√«® Õ∫ ®÷ßÕ“»—¬‡∑§π‘§ agarose gel electrophoresis ‡æ◊ËÕ
·¬°‡Õ“ “¬ DNA ∑’Ë∂Ÿ°¬àÕ¬ÕÕ°®“°°—π ∑”„Àâ‡ÀÁπ≈—°…≥–∑’Ë‡√’¬°«à“ DNA ladder ∫π gel ‚¥¬æ∫°“√
·µ°À—°¢Õß™‘Èπ DNA ‰¥â¡“°∑’Ë§«“¡‡¢â¡¢âπ 30 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ ·≈–æ∫‰¥â‡≈Á°πâÕ¬∑’Ë§«“¡‡¢â¡¢âπ
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40 ·≈– 50 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ ´÷Ëß‡ªìπ‰ª‰¥â«à“ ∑’Ë§«“¡‡¢â¡¢âπ 40 ·≈– 50 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√π—Èπ
‡´≈≈å∫“ß à«π‰¥âµ“¬·≈– ≈“¬µ—«‰ª·≈â« ®÷ß‰¡à “¡“√∂µ√«®æ∫™‘Èπ DNA ‰¥â

„π°“√µ√«® Õ∫°≈‰°°“√‡°‘¥ apoptosis ¢Õß‡´≈≈å¡–‡√ÁßµàÕ¡≈Ÿ°À¡“° PC-3 À≈—ß®“°∂Ÿ°
°√–µÿâπ„Àâ‡°‘¥ apoptosis ‚¥¬ “√ °—¥À¬“∫°≈ÿà¡ xanthone ®“°‡ª≈◊Õ°¡—ß§ÿ¥‡ªìπ‡«≈“ 3 ™—Ë«‚¡ß ·≈â«
µ√«® Õ∫°“√· ¥ßÕÕ°¢Õß‡Õπ‰´¡å cysteine protease ∑’Ë¡’™◊ËÕ«à“ caspase [18] ´÷Ëß‡ªìπ‚ª√µ’π®”‡æ“–∑’Ë
®–æ∫‰¥â„π¢—ÈπµÕπ°“√‡°‘¥ apoptosis ‡∑à“π—Èπ ‚¥¬Õ“»—¬‡∑§π‘§ Western blotting µ√«®æ∫ªØ‘°‘√‘¬“
¢Õß anti-caspase-3 ∑’Ë®—∫°—∫·∂∫¢Õß‚ª√µ’π∑’Ë¡’πÈ”Àπ—°‚¡‡≈°ÿ≈ª√–¡“≥ 32 °‘‚≈¥“≈µ—π ´÷Ëß‡ªìπ¢π“¥
¢Õß procaspase-3 ·≈–æ∫ªØ‘°‘√‘¬“¢Õß anti-caspase-3 ∑’Ë®—∫°—∫·∂∫¢Õß·Õπµ‘‡®π∑’Ë¡’πÈ”Àπ—°‚¡‡≈°ÿ≈
ª√–¡“≥ 19 ·≈– 20 °‘‚≈¥“≈µ—π ´÷Ëß‡ªìπ¢π“¥¢Õß cleaved caspase-3 ‚¥¬∑’Ë§«“¡‡¢â¡¢âπ 30 ‰¡‚§√°√—¡
µàÕ¡‘≈≈‘≈‘µ√ µ√«®æ∫ªØ‘°‘√‘¬“¢Õß anti-caspase-3 ‰¥â¡“°∑’Ë ÿ¥

ªØ‘°‘√‘¬“¢Õß anti-caspase-8 ∑’Ë®—∫°—∫·∂∫¢Õß·Õπµ‘‡®π∑’Ë¡’πÈ”Àπ—°‚¡‡≈°ÿ≈ª√–¡“≥ 55 °‘‚≈-
¥“≈µ—π ´÷Ëß‡ªìπ¢π“¥¢Õß procaspase-8 ·≈–æ∫ªØ‘°‘√‘¬“¢Õß anti-caspase-8 ∑’Ë®—∫°—∫·∂∫¢Õß·Õπµ‘‡®π
∑’Ë¡’πÈ”Àπ—°‚¡‡≈°ÿ≈ª√–¡“≥ 43 ·≈– 44 °‘‚≈¥“≈µ—π ´÷Ëß‡ªìπ¢π“¥¢Õß cleaved caspase-3 ‚¥¬∑’Ë
§«“¡‡¢â¡¢âπ 30 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ µ√«®æ∫ªØ‘°‘√‘¬“¢Õß anti-caspase-3 ‰¥â¡“°∑’Ë ÿ¥ ·≈–
∑’Ë§«“¡‡¢â¡¢âπ 50 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√æ∫‡æ’¬ß caspase-8 ·µà‰¡àæ∫ pro-caspase-8 Õ“®‡ªìπ‰ª‰¥â«à“
≥ ∑’Ë§«“¡‡¢â¡¢âπ¥—ß°≈à“« °√–∫«π°“√‡°‘¥ apoptosis ‡°‘¥¢÷ÈπÕ¬à“ß√«¥‡√Á« ¡’º≈∑”„Àâ‡´≈≈åµ“¬Õ¬à“ß
√«¥‡√Á« ÷́Ëß ≥ ‡«≈“∑’Ëµ√«® Õ∫°√–∫«π°“√‡°‘¥ apoptosis ‰¥â¥”‡π‘π¡“„π√–¬–∑’Ë procaspase-8
∂Ÿ°µ—¥ à«π prodomain ‰ª ·≈â«‡ª≈’Ë¬π‡ªìπ caspase-8 ®πÀ¡¥ [19]

®“°°“√µ√«® Õ∫°“√· ¥ßÕÕ°¢Õß‡Õπ‰´¡å cysteine protease æ∫ªØ‘°‘√‘¬“¢Õß caspase-3
·≈–ªØ‘°‘√‘¬“¢Õß caspase-8 ‡∑à“π—Èπ ´÷Ëßº≈∑’Ë‰¥â„πß“π«‘®—¬π’È·µ°µà“ß®“°ß“π«‘®—¬∑’Ëºà“π¡“∑’Ëæ∫«à“°≈‰°°“√
‡°‘¥ apoptosis ‡´≈≈å¡–‡√ÁßµàÕ¡≈Ÿ°À¡“° PC-3 ∑’Ë∂Ÿ°‡Àπ’Ë¬«π”¥â«¬ 3,3û-diindolylmethane ‡°‘¥ºà“π  mi-
tochondrial pathway ‚¥¬µ√«®æ∫ caspase-3 ·≈– caspase-9 [14] ´÷Ëßß“π«‘®—¬π’Èµ√«®æ∫‡æ’¬ß°“√
· ¥ßÕÕ°¢Õß caspase-3 ·≈– caspase-8 ®÷ß¡’§«“¡‡ªìπ‰ª‰¥â«à“ °“√‡°‘¥ apoptosis ¢Õß‡´≈≈å¡–‡√ÁßµàÕ¡
≈Ÿ°À¡“° PC-3 πÕ°®“°®–‡°‘¥ºà“π mitochondrial pathway ·≈â«¬—ßÕ“® “¡“√∂‡°‘¥ apoptosis ºà“π∑“ß
death receptor pathway ‰¥âÕ’°¥â«¬

®“°º≈°“√µ√«® Õ∫°“√· ¥ßÕÕ°¢Õß‡Õπ‰´¡å cysteine protease · ¥ß„Àâ‡ÀÁπ«à“°≈‰°°“√‡°‘¥
apoptosis ¢Õß‡´≈≈å¡–‡√ÁßµàÕ¡≈Ÿ°À¡“° PC-3 ∑’Ë∂Ÿ°°√–µÿâπ‚¥¬ “√ °—¥À¬“∫°≈ÿà¡ xanthone ®“°‡ª≈◊Õ°
¡—ß§ÿ¥¡’§«“¡‡ªìπ‰ª‰¥â∑’Ë®–‡°‘¥ºà“π∑“ß death receptor pathway ÷́Ëß§«√¡’°“√µ√«® Õ∫‡æ‘Ë¡‡µ‘¡ §◊Õ
§«√∑”°“√µ√«®À“°“√· ¥ßÕÕ°¢Õß cytochrom c ‡æ◊ËÕ¬◊π¬—πº≈∑’Ë™—¥‡®π®“°º≈°“√∑¥≈Õß„πß“π«‘®—¬π’È
æ∫ “√ °—¥À¬“∫°≈ÿà¡ xanthone ®“°‡ª≈◊Õ°¡—ß§ÿ¥¬—ß “¡“√∂¶à“‡´≈≈å¡–‡√ÁßµàÕ¡≈Ÿ°À¡“° PC-3 ‰¥â‡™àπ°—π
‚¥¬∑’Ë‡´≈≈å¡–‡√ÁßµàÕ¡≈Ÿ°À¡“° PC-3 ‡ªìπ‡´≈≈å¡–‡√ÁßµàÕ¡≈Ÿ°À¡“°∑’Ë‡ªìπ high metastasis potential
´÷Ëß‡ªìπ¡–‡√ÁßµàÕ¡≈Ÿ°À¡“°∑’Ë√ÿπ·√ß∑’Ë ÿ¥„π°≈ÿà¡¡–‡√ÁßµàÕ¡≈Ÿ°À¡“° ‚¥¬¡’º≈°√–∑∫°—∫‡´≈≈åª°µ‘ (gingival
cell) πâÕ¬¡“° (§à“ IC50 ¡“°°«à“ 500 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√) ‡¡◊ËÕ “√ °—¥À¬“∫°≈ÿà¡ xanthone ®“°
‡ª≈◊Õ°¡—ß§ÿ¥ “¡“√∂¶à“‡´≈≈å¡–‡√ÁßµàÕ¡≈Ÿ°À¡“° PC-3 ‰¥â ®÷ß¡’§«“¡‡ªìπ‰ª‰¥â∑’Ë‡´≈≈å¡–‡√ÁßµàÕ¡≈Ÿ°À¡“°
™π‘¥Õ◊Ëπ®–∂Ÿ°¶à“‰¥â¥â«¬ “√ °—¥À¬“∫°≈ÿà¡ xanthone ®“°‡ª≈◊Õ°¡—ß§ÿ¥‰¥â‡™àπ°—π
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®“°ß“π«‘®—¬π’È¡’¢âÕ‡ πÕ·π–«à“§«√π” “√ °—¥À¬“∫°≈ÿà¡ xanthone ®“°‡ª≈◊Õ°¡—ß§ÿ¥∑’Ë‰¥â‰ª
∑¥≈Õß„π —µ«å∑¥≈Õß‡æ◊ËÕ¬◊π¬—πª√– ‘∑∏‘¿“æ¢Õß “√ °—¥∑’Ë °—¥‰¥â πÕ°®“°π’È§«√∑”°“√∑¥ Õ∫√à«¡°—∫¬“
µâ“π¡–‡√ÁßÀ√◊Õ “√ °—¥Õ◊Ëπ‡æ◊ËÕµ√«® Õ∫º≈¢â“ß‡§’¬ß∑’ËÕ“®‡°‘¥¢÷Èπ‡¡◊ËÕ¡’°“√æ—≤π“ “√ °—¥®“°‡ª≈◊Õ°¡—ß§ÿ¥
‰ª‡ªìπ¬“∑’Ë„™â„π°“√√—°…“‚√§¡–‡√ÁßµàÕ‰ª

°‘µµ‘°√√¡ª√–°“»
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