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∫∑§—¥¬àÕ
°“√»÷°…“‚ª√µ’π∑’Ë °—¥®“°‡¡≈Á¥¡–√–®’π (Momordica charantia L.) ∑’Ë‡æ“–ª≈Ÿ°„πª√–‡∑»‰∑¬ ®–ª√–°Õ∫

¥â«¬‚ª√µ’π∑’Ë¡’¢π“¥µà“ßÊ °—π ÷́Ëß¡’‚ª√µ’π∑’Ë‡ªìπ‚ª√µ’πÀ≈—°‰¥â·°à ‚ª√µ’π∑’Ë¡’¢π“¥ª√–¡“≥ 30 kDa ‡¡◊ËÕπ”‰ª·¬°

¥â«¬ Resource S ·≈–µ“¡¥â«¬ Superdex 200 HR10/30 ‚¥¬„™â‡§√◊ËÕß Fast Protein Liquid Chromatography

·≈–»÷°…“§ÿ≥ ¡∫—µ‘µà“ßÊ æ∫«à“ ‚ª√µ’π∑’Ë¡’¢π“¥ 30 kDa π’È®–‡ªìπ‰°≈‚§‚ª√µ’π ∑’Ë¡’§à“ Isoelectric point (pI)

¡“°°«à“ 8.4 ́ ÷Ëß‡¡◊ËÕ»÷°…“ƒ∑∏‘Ï¬—∫¬—Èß‡´≈≈å¡–‡√Áß¥â«¬‡´≈≈å L929 (mouse fibroblasts) ¡’§à“ IC
50

 ‡∑à“°—∫ 1.7 ‰¡‚§√°√—¡/

¡‘≈≈‘≈‘µ√ ‚¥¬®–¬—∫¬—Èß‡´≈≈å¡–‡√Áßºà“π°√–∫«π°“√ apoptosis ¥â«¬°“√«‘‡§√“–Àå°“√·µ° ≈“¬¢Õß DNA ·≈–

°“√‡ª≈’Ë¬π·ª≈ß√Ÿª√à“ß¢Õß‡´≈≈å

§” ”§—≠: ¡–√–®’π  Õ–æÕæ‚∑´‘   ‚ª√µ’πµâ“π¡–‡√Áß

«“√ “√‡¿ —™»“ µ√åÕ’ “π 2552; 5(1): 82-90

Abstract
Protein extraction from bitter melon (Momordica charantia L.) cultivated in Thailand composed of amount

of different proteins. The major protein was 30 kDa in size.  For this study, we purified the proteins by using

Resource S (ion exchange column) and following by Superdex 200 HR10/30 (gel filtration) equipped with an

FPLC apparatus. They were glycoproteins with  Isoelectric point (pI)>8.4 and molecular weights of approximately

30 kDa. Both possessed potent anticancer activity against L929 (mouse fibroblasts) at the IC
50

 of 1.7 µg/ml

possibly via apoptotic pathways determined by DNA fragmentation and cellsû morphology change methods.

Keywords: Bitter melon, Momordica charantia, Apoptosis, Anticancer protein
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∫∑π”
¡–√–®’π‡ªìπæ◊™Õ“À“√·≈–æ◊™ ¡ÿπ‰æ√ ∑’Ë¡’°“√

‡æ“–ª≈Ÿ°„πª√–‡∑»∑“ß‡¢µ√âÕπ ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß

ª√–‡∑»‰∑¬ ¡–√–∂Ÿ°π”¡“„™â‡ªìπ ¡ÿπ‰æ√„π°“√

‡µ√’¬¡‡ªìπ¬“æ◊Èπ∫â“π ∑—Èß‡æ◊ËÕ°“√√—°…“‚√§µà“ß Ê ‡™àπ

‚√§‡∫“À«“π ‚√§‰¢¢âÕÕ—°‡ ∫ ‚√§°√–‡æ“–Õ“À“√Õ—°‡ ∫

Õ’°∑—Èß¬—ß¡’º≈°√–µÿâπ√–∫∫¿Ÿ¡‘§ÿâ¡°—π¢Õß√à“ß°“¬ ·≈–

§«∫§ÿ¡√–∫∫πÈ”µ“≈„π‡≈◊Õ¥µ≈Õ¥®π°“√§«∫§ÿ¡‰¢¡—π

µà“ßÊ ¢Õß√à“ß°“¬ ́ ÷Ëß¡’°“√∑¥ Õ∫„πÀπŸ∑¥≈Õß¥â«¬°“√

°√–µÿâπ„Àâ¡’√–¥—∫°≈Ÿ‚§ „π‡≈◊Õ¥ Ÿß ·≈â«®÷ß„Àâ “√ °—¥

¥â«¬‡¡∑“πÕ≈®“°¡–√– æ∫«à“ “√ °—¥¥—ß°≈à“«¡’ƒ∑∏‘Ï

™à«¬√—°…“ ¡¥ÿ≈¢Õß°≈Ÿ‚§ „ÀâÕ¬Ÿà„π ¿“«–ª°µ‘ ™à«¬≈¥

√–¥—∫ triglyceride ·≈–≈¥√–¥—∫ LDL ·≈–‡æ‘Ë¡√–¥—∫ HDL

„πÀπŸ∑¥≈Õß∑’Ë°√–µÿâπ„Àâ‡°‘¥‚√§‡∫“À«“π (Ahmed et al.,

2001; Chaturvedi et al., 2004; Chaturvedi, 2005)

·≈–¡’ƒ∑∏‘Ïµâ“π°“√Õ—°‡ ∫¢Õß°√–‡æ“–Õ“À“√„πÀπŸ∑’Ë∂Ÿ°

°√–µÿâπ¥â«¬ indomethacin (Dengiz et al., 2005)

√«¡∂÷ß∑’Ë¡’ “‡Àµÿ®“° Helicobacter pylori (Yesilada et al.,

1999)  à«π°“√»÷°…“ “√ °—¥‚ª√µ’π®“°‡¡≈Á¥¡–√–

æ∫«à“¡’ƒ∑∏‘Ï¬—∫¬—Èß‡´≈≈å¡–‡√Áßµà“ßÊ ‡™àπ promyelocytic

leukemia (HL-60) (Kim et al., 2002) ·≈– human

bladder carcinoma (Battelli et al., 1996) ¥â«¬°≈‰°

°“√‡°‘¥°√–∫«π°“√ apoptosis „π‡´≈≈å¡–‡√Áß‡À≈à“π’È ·≈–

¬—ßæ∫«à“ ‚ª√µ’π°≈ÿà¡π’È¡’ƒ∑∏‘Ïµâ“π‰«√— ™π‘¥µà“ßÊ ¥â«¬

‡™àπ HIV (Huang et al., 1995) ‡ªìπµâπ

®“°°“√»÷°…“§ÿ≥ ¡∫—µ‘¢Õß‚ª√µ’π∑’Ë °—¥‰¥âπ’È

æ∫«à“ ¡’‚ª√µ’π„π°≈ÿà¡ ribosome-inactivating proteins

„πª√‘¡“≥¡“° ·≈–¬—ßª√–°Õ∫¥â«¬‚ª√µ’π„π°≈ÿà¡Õ◊ËπÊ

Õ’°À≈“¬™π‘¥ ‡ªìπµâπ ‚ª√µ’π∑’Ë ”§—≠·≈–¡’ª√‘¡“≥¡“°

´÷Ëß·¬°‰¥â®“°‡¡≈Á¥¡–√– §◊Õ MAP30 (Bourinbaiar

et al., 1996), charantin (Parkash et al., 2002), alpha

momorcharin (Ng et al., 1994), gamma-momorcharin

(Pu et al., 1996), momordin a (Yoshinobu et al.,

1991) ·≈– b ‡ªìπµâπ πÕ°®“°π’È¬—ßæ∫‚ª√µ’π∑’Ë‡ªìπ

‡Õπ‰´¡å peroxidase (MCP) ´÷Ëß °—¥‰¥â®“°º≈¡–√–

¡’ƒ∑∏‘Ï¬—∫¬—Èß°“√Õ—°‡ ∫ºà“π°“√¢—¥¢«“ß°“√µÕ∫ πÕß

¢Õß√–∫∫¿Ÿ¡‘§ÿâ¡°—π (Ou et al., 2003) ¥â«¬ ®“°°“√

»÷°…“§√—Èßπ’È®–·¬°‚ª√µ’π®“°‡¡≈Á¥¡–√–‡æ◊ËÕ»÷°…“

§ÿ≥ ¡∫—µ‘¢Õß‚ª√µ’π∑’Ë¡’ƒ∑∏‘Ï¬—∫¬—Èß‡´≈≈å ·≈–À“√–¥—∫

§«“¡‡¢â¡¢âπ„π°“√¬—∫¬—Èß‡´≈≈å µ≈Õ¥®πµ‘¥µ“¡°≈‰°

°“√∑”≈“¬‡´≈≈å‡À≈à“π’È ‡æ◊ËÕ®–æ—≤π“ ◊∫‡π◊ËÕßµàÕ‰ª

„π°“√»÷°…“°“√¬—∫¬—Èß‡´≈≈å¡–‡√Áß·≈–„™â‡ªìπ¬“µâ“π¡–‡√Áß

µàÕ‰ªÕ’°¥â«¬

«‘∏’¥”‡π‘π°“√«‘®—¬
1. «— ¥ÿ·≈–‡§√◊ËÕß¡◊Õ

1.1 ‡¡≈Á¥¡–√–®’π (Momordica charantia L.)

 ÿ°®“° «π„π®—ßÀ«—¥ππ∑∫ÿ√’ „π√–À«à“ß‡¥◊Õπ¡°√“§¡-

æƒ…¿“§¡ 2544

1.2 ‡´≈≈å L929 (mouse fibroblasts)

1.3  “√‡§¡’ ‰¥â·°à Polyacrylamide gel,

ethidium bromide, disodium hydrogen phosphate,

sodium acetate, Tris-HCl, NaCl ·≈– EDTA ‡ªìπ™π‘¥

AR grade  à«πÕ“À“√‡≈’È¬ß‡´≈≈å DMEM, fetal bovine

serum, bovine serum albumin (BSA) ‡ªìπº≈‘µ¿—≥±å

¢Õß Gibco ª√–‡∑» À√—∞Õ‡¡√‘°“ MTT [3-(4, 5-

dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium

bromide], Hoechst˙ dye 33342, Coomassei blue

·≈– “√≈–≈“¬ Periodic Acid Schiffûs reagent (PAS)

‡ªìπº≈‘µ¿—≥±å¢Õß Sigma ª√–‡∑» À√—∞Õ‡¡√‘°“

2. °“√ °—¥‚ª√µ’π®“°‡¡≈Á¥¡–√–

·¬°‡Õ“‡¡≈Á¥¡–√–∑’Ë·°àÀ√◊Õ ÿ° ·≈–π”¡“ °—¥

¥â«¬ “√≈–≈“¬ 10 mM sodium phosphate buffer pH

6.3 ∑’Ëº ¡¥â«¬ 0.15 M NaCl (Buffer A) „πÕ—µ√“ à«π

1 g ‡¡≈Á¥µàÕ “√≈–≈“¬ 2 mL π”‰ªªíòπ∫¥º ¡„Àâ‡¢â“°—π

¥â«¬ homogenizer π“π 5 π“∑’ ∑’ËÕÿ≥À¿Ÿ¡‘ 4oC ·≈–

π”‰ªªíòπº ¡„Àâ‡¢â“°—π¥â«¬ magnetic stirrer ∑’ËÕÿ≥À¿Ÿ¡‘

4oC µàÕπ“π 1 ™—Ë«‚¡ß °√Õß·¬°‡Õ“‡©æ“– “√ –≈“¬

ºà“πºâ“¢“«∫“ß·≈– centrifuge ∑’Ë 12,000 xg π“π 10

π“∑’ π” “√≈–≈“¬„  à«π∫π∑’Ë‰¥â‰ªºà“π°√–∫«π°“√

dialysis ‡æ◊ËÕ·¬°‡Õ“ “√≈–≈“¬‡°≈◊Õ·≈–‚ª√µ’π¢π“¥

‡≈Á°ÕÕ°®“° “√≈–≈“¬ „π “√≈–≈“¬ 10 mM acetate

buffer pH 4.5 (Buffer B) ·≈–π” “√≈–≈“¬∑’Ë‰¥â‰ª·¬°

¥â«¬‡§√◊ËÕß FPLC

3. °“√·¬°‚ª√µ’π¥â«¬ FPLC (Fast proteins liquid

chromatography) (Amersham pharmacia, USA)

π” “√≈–≈“¬‚ª√µ’π∑’Ë °—¥‰¥â¡“·¬°µàÕ¥â«¬

‡§√◊ËÕß FPLC ‚¥¬„™â cationic-exchange column À√◊Õ
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ResourceTM S ¥â«¬°“√‡æ‘Ë¡ª√‘¡“≥ “√≈–≈“¬¢Õß 0.5

M NaCl ®“° 0 - 100% „π “√≈–≈“¬ 10 mM acetate

buffer pH 4.5 ÷́Ëßµ√«®«—¥ª√‘¡“≥‚ª√µ’π¥â«¬· ß∑’Ë

§«“¡¬“«§≈◊Ëπ 280 nm ·≈–‡°Á∫ “√≈–≈“¬‚ª√µ’π∑’Ë‰¥â

„π·µà≈–™à«ßª√‘¡“≥ 1 mL ®“°π—Èππ” “√≈–≈“¬∑’Ë¡’

§«“¡ Ÿß¢Õß°√“ø (peak) ‰ª·¬°µàÕ¥â«¬°“√·¬°µ“¡

¢π“¥À√◊Õ gel filtration ‚¥¬„™â SuperdexTM 200 HR

10/30 „π “√≈–≈“¬ 10 mM acetate buffer pH 4.5

‡°Á∫ “√≈–≈“¬∑’Ë¡’ª√‘¡“≥‚ª√µ’π Ÿßµ“¡°√“ø¥â«¬™ÿ¥

‡°Á∫ “√≈–≈“¬ Fraction collector

4. °“√µ√«®«‘‡§√“–Àå§ÿ≥ ¡∫—µ‘¢Õß “√≈–≈“¬

‚ª√µ’π

4.1 °“√µ√«®«‘‡§√“–Àåª√‘¡“≥‚ª√µ’π¥â«¬

Bradford micro-assay

π” “√≈–≈“¬‚ª√µ’π∑’Ë·¬°‰¥â¡“∑”°“√«‘‡§√“–Àå

ª√‘¡“≥„π 96 micro-well plates ‚¥¬π” “√≈–≈“¬

‚ª√µ’π¡“∑”„Àâ‡®◊Õ®“ß·∫∫≈”¥—∫¢—Èπ„πÕ—µ√“ à«π 1:10

‚¥¬„™â BSA ‡ªìπ “√≈–≈“¬‚ª√µ’π¡“µ√∞“π‡ª√’¬∫‡∑’¬∫

¥â«¬°“√ √â“ß ’°—∫ “√≈–≈“¬ Bradford ·≈–π”‰ª«—¥§à“

§«“¡ “¡“√∂„π°“√¥Ÿ¥°≈◊π· ß¥â«¬∑’Ë§«“¡¬“«§≈◊Ëπ

595 nm ¥â«¬‡§√◊ËÕß microplate reader (Bio-Rad, USA.

model 3600)

4.2 °“√«‘‡§√“–Àå¡«≈‚¡‡≈°ÿ≈ (molecular

weight) ·≈–§ÿ≥ ¡∫—µ‘°“√‡ªìπ‰°≈‚§‚ª√µ’π

(glycoproteins)

π” “√≈–≈“¬‚ª√µ’π∑’Ë·¬°‰¥â¡“«‘ ‡§√“–Àå

À“¢π“¥¡«≈‚¡‡≈°ÿ≈ ·≈–‰°≈‚§‚ª√µ’π ‚¥¬«‘∏’ SDS-

PAGE electrophoresis (BioRad, USA) ¥â«¬°“√‡µ√’¬¡

™ÿ¥·¬°‚ª√µ’π¥â«¬Õ’‡≈°‚µ√‚ø√’´‘ ·π«µ—Èß„Àâ¡’§«“¡

‡¢â¡¢âπ¢Õß·ºàπ‚æ≈’Õ–§√‘≈“¡“¬ (Polyacrylamide)

12% SDS-PAGE ∑’Ë°√–· ‰øøÑ“§ß∑’Ë 70 ‚«≈∑å π“π

1.5 ™—Ë«‚¡ßÀ√◊Õ 16.5% SDS-PAGE ∑’Ë 10 mA π“π

10-12 ™—Ë«‚¡ß ‚¥¬„™â “√≈–≈“¬‚ª√µ’π‡ª√’¬∫‡∑’¬∫

 “√≈–≈“¬‚ª√µ’π¡“µ√∞“π®”π«π 2 ™ÿ¥ ·≈–‡¡◊ËÕºà“π

°√–· ‰øøÑ“·≈â« π”·ºàπ‚æ≈’Õ–§√‘≈“¡“¬¡“µ—¥·∫àß

µ—«Õ¬à“ß∑—Èß  2  ™ÿ¥ÕÕ°®“°°—π·≈–π”‰ª¬âÕ¡¥â«¬ “√≈–≈“¬

Coomassei blue 1 ™ÿ¥  à«π™ÿ¥∑’Ë 2 π”‰ª¬âÕ¡¥â«¬

 “√≈–≈“¬ Periodic Acid Schiffûs reagent (PAS) ‡¡◊ËÕ

¬âÕ¡ ’∑—Èß Õß™π‘¥·≈â«π”·ºàπ‚æ≈’Õ–§√‘≈“¡“¬∑—Èß Õß

¡“‡∑’¬∫°—π ‡æ◊ËÕ„Àâ∑√“∫∂÷ß¢π“¥¢Õß‰°≈‚§‚ª√µ’π·≈–

∑√“∫∂÷ß¡«≈‚¡‡≈°ÿ≈¢Õß‚ª√µ’ππ—Èπ¥â«¬

4.3 °“√«‘‡§√“–Àå Isoelectric focusing

electrophoresis (IEF) À√◊Õ§à“ pI (Isoelectric point)

¢Õß‚ª√µ’π¥â«¬‡§√◊ËÕß PhastSystemTM (Amersham

pharmacia, USA)

π” “√≈–≈“¬‚ª√µ’π∑’Ë·¬°‰¥â¡“«‘‡§√“–Àå§à“ pI

¢Õß‚ª√µ’π  ¥â«¬°“√„™â·ºàπ‚æ≈’Õ–§√‘≈“¡“¬ ”‡√Á®√Ÿª·∫∫

IEF 3-9  ́ ÷Ëß„™â ”À√—∫«‘‡§√“–Àå§à“ pI π”‰ªµ‘¥µ—Èß∫π¥â«¬

‡§√◊ËÕß PhastSystemTM ·≈–À¬¥„ à “√≈–≈“¬¥â«¬™ÿ¥„ à

 “√≈–≈“¬‚ª√µ’π‡∑’¬∫°—∫ “√≈–≈“¬¡“µ√∞“π ·≈–‡ªî¥

‡§√◊ËÕß„Àâ°√–· ‰øøÑ“ºà“π‡æ◊ËÕ·¬°µ“¡§à“ Iso-electric

focusing ¢Õß‚ª√µ’π

4.4 °“√µ√«®«‘‡§√“–Àå§«“¡ “¡“√∂¬—∫¬—Èß

‡´≈≈å¡–‡√Áß

‡µ√’¬¡‡´≈≈å‡æ“–‡≈’È¬ß∑’Ë„™â„π°“√∑¥ Õ∫ §◊Õ

L929 (mouse fibroblasts) ‡µ‘¡ “√≈–≈“¬‡´≈≈å≈ß„π

96 micro-well plates „Àâ¡’§«“¡‡¢â¡¢âπ¢Õß‡´≈≈å 2.0 x

106 ‡´≈≈å/À≈ÿ¡ (100 µL) ·≈–π”‰ª∫à¡‡æ“–„πµŸâ CO
2

incubator (Contherm, New Zealand) ∑’Ë¡’ CO
2
 5%

∑’ËÕÿ≥À¿Ÿ¡‘ 37oC π“π 18-24 ™—Ë«‚¡ß ‡¡◊ËÕ‡´≈≈å‡°“–µ‘¥

·≈â«„Àâ‡µ‘¡ “√≈–≈“¬‚ª√µ’π∑’Ë„™â∑¥ Õ∫  ́ ÷Ëß¡’°“√‡®◊Õß®“ß

≈”¥—∫¢—Èπ„πÕ—µ√“ à«π 1:10 ≈ß‰ªª√‘¡“≥ 50 µL

·≈–π”‰ª∫à¡‡æ“–µàÕ„πµŸâ CO
2
 incubator ∑’ËÕÿ≥À¿Ÿ¡‘ 37oC

π“π 18-24 ™—Ë«‚¡ß ∑”°“√¬âÕ¡ ’ MTT (Mosmann,

1983; Nishimura et al., 2007) ‚¥¬‡µ‘¡ “√≈–≈“¬ MTT

(1 µg/mL) ª√‘¡“≥ 50 µL ∫à¡‡æ“–µàÕ„πµŸâ CO
2

incubator ∑’ËÕÿ≥À¿Ÿ¡‘ 37oC π“π 3-5 ™—Ë«‚¡ß ·≈–∑”°“√

µ√«®«—¥§«“¡ “¡“√∂„π°“√¥Ÿ¥°≈◊π· ß∑’Ë§«“¡¬“«§≈◊Ëπ

570 nm ¥â«¬‡§√◊ËÕß microplate reader ·≈–§”π«≥À“§à“

§«“¡‡¢â¡¢âπ¢Õß “√≈–≈“¬‚ª√µ’π∑’Ë∑”„Àâ‡´≈≈åµ“¬ 50%

4.5 °“√µ√«®«‘‡§√“–Àå°≈‰°°“√¬—∫¬—Èß‡´≈≈å

¡–‡√Áß¥â«¬°“√ —ß‡°µ°“√‡ª≈’Ë¬π·ª≈ß√Ÿª√à“ß·≈–

°“√¬âÕ¡ ’

‡µ√’¬¡‡´≈≈å‡æ“–‡≈’È¬ß∑’Ë„™â„π°“√∑¥ Õ∫§◊Õ

L929 (mouse fibroblasts) ‡µ‘¡ “√≈–≈“¬‡´≈≈å≈ß„π 24

microwell plates ‚¥¬„Àâ¡’§«“¡‡¢â¡¢âπ¢Õß‡´≈≈å 2.5 x

105 ‡´≈≈å/À≈ÿ¡ ·≈–π”‰ª∫à¡‡æ“–„πµŸâ CO
2
 incubator

∑’Ë¡’ CO
2
 5% ∑’ËÕÿ≥À¿Ÿ¡‘ 37oC π“π 18-24 ™—Ë«‚¡ß

®”π«π 2 ™ÿ¥ ‡¡◊ËÕ‡´≈≈å‡°“–µ‘¥·≈â«„Àâ‡µ‘¡ “√≈–≈“¬
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‚ª√µ’π∑’Ë„™â∑¥ Õ∫„π√–¥—∫§«“¡‡¢â¡¢âπ∑’Ë∑”„Àâ‡´≈≈åµ“¬

50% ·≈–π”‰ª∫à¡‡æ“–µàÕ„πµŸâ CO
2
 incubator ∑’ËÕÿ≥À¿Ÿ¡‘

37oC π“π 12 ·≈– 24 ™—Ë«‚¡ß  —ß‡°µ°“√≥å‡ª≈’Ë¬π·ª≈ß

¢Õß‡´≈≈å‡æ“–‡≈’È¬ß ·∫àß 1 ™ÿ¥ ¡“¬âÕ¡¥â«¬ “√≈–≈“¬ ’

Hoechst˙ dye 33342 (Kim et al., 2008; Wu et al.,

2004) (1  µg/mL ¢Õß bisbenzimide dye „π “√≈–≈“¬

Hankûs balanced salt) ·≈–π”‰ª∫à¡‡æ“–µàÕ„πµŸâ CO
2

incubator ∑’ËÕÿ≥À¿Ÿ¡‘ 37oC π“π 15 π“∑’  à«πÕ’°™ÿ¥Àπ÷Ëß

®–¬âÕ¡¥â«¬ ethidium bromide ‚¥¬‡µ‘¡‡Õ∑“πÕ≈·≈–π”

‰ª·™à∑’Ë -20oC π“π 1 ™—Ë«‚¡ß À≈—ß®“°π—Èπ‡µ‘¡ “√≈–≈“¬

RNAse (10 µg/mL) π“π 30 π“∑’ ¬âÕ¡¥â«¬ “√≈–≈“¬

ethidium bromide (Jerome et al., 2000) (10 µg/mL)

π“π 5 π“∑’·≈–≈â“ß¥â«¬ “√≈–≈“¬ phosphate buffer

pH 6.3 °àÕππ”‡´≈≈å∑’Ë¬âÕ¡ ’∑—Èß Õß™ÿ¥‰ªµ√«®«‘‡§√“–Àå

°“√‡ª≈’Ë¬π·ª≈ß√Ÿª√à“ß¢Õß‡´≈≈å¿“¬„µâ°≈âÕß®ÿ≈∑√√»πå

·∫∫ fluorescence ·≈–∂à“¬¿“æ°“√‡ª≈’Ë¬π·ª≈ß¢Õß

‡´≈≈å

4.6 °“√µ√«®«‘‡§√“–Àå°≈‰°°“√¬—∫¬—Èß‡´≈≈å

¡–‡√Áß¥â«¬°√–∫«π°“√ Apoptosis

‡ªìπ«‘∏’°“√«‘‡§√“–Àå‡æ◊ËÕ¥Ÿ°“√‡°‘¥°√–∫«π°“√

·µ° ≈“¬¢Õß “√æ—π∏ÿ°√√¡ (DNA fragmentation)

(Mullauer et al., 2009; Zhang et al., 2004) ‡µ√’¬¡

‡´≈≈å‡æ“–‡≈’È¬ß∑’Ë„™â„π°“√∑¥ Õ∫§◊Õ L929 (mouse

fibroblasts) ‡µ‘¡ “√≈–≈“¬‡´≈≈å≈ß„π 6 micro-well

plates ‚¥¬„Àâ¡’§«“¡‡¢â¡¢âπ¢Õß‡´≈≈å 6.0 x 106 ‡´≈≈å/

À≈ÿ¡ ·≈–π”‰ª∫à¡‡æ“–„πµŸâ CO
2
 incubator ∑’Ë¡’ CO

2
 5%

∑’ËÕÿ≥À¿Ÿ¡‘ 37oC π“π 18-24 ™—Ë«‚¡ß ‡¡◊ËÕ‡´≈≈å‡°“–µ‘¥

·≈â«„Àâ‡µ‘¡ “√≈–≈“¬‚ª√µ’π∑’Ë„™â∑¥ Õ∫„π√–¥—∫§«“¡

‡¢â¡¢âπ∑’Ë∑”„Àâ‡´≈≈åµ“¬¡“°°«à“ 50% ·≈–π”‰ª∫à¡‡æ“–

µàÕ„πµŸâ CO
2
 incubator ∑’ËÕÿ≥À¿Ÿ¡‘ 37oC π“π 12 ·≈–

24 ™—Ë«‚¡ß  —ß‡°µ°“√≥å‡ª≈’Ë¬π·ª≈ß¢Õß‡´≈≈å‡æ“–‡≈’È¬ß

≈â“ß‡°Á∫‡´≈≈å¥â«¬ “√≈–≈“¬ phosphate buffer pH

6.3 ¡“ centrifuge ∑’Ë 10,000 xg π“π 5 π“∑’ ·≈–

π”¡“¬àÕ¬¥â«¬ “√≈–≈“¬ lysis buffer (100 mM Tris-

HCl pH8.0, 100 mM NaCl and 10 mM EDTA)

·≈– RNase (10 µg/mL) ∑’Ë 50oC π“π 2 ™—Ë«‚¡ß

‡µ‘¡ “√≈–≈“¬ proteinase K (20 µg/mL) π” “√≈–≈“¬

‡´≈≈å∑’Ë‰¥â¡“ °—¥¥â«¬ “√≈–≈“¬ chloroform/isoamyl

alcohol („πÕ—µ√“ à«π 24:1, v/v) 600 µL ·≈–

centrifuge ·¬°‡Õ“ “√≈–≈“¬„  à«π∫π∑’Ë 10,000 xg

π“π 5 π“∑’ ®“°π—Èππ”‰ª·¬° DNA ∫π 2% agarose

gel electrophoresis (BioRad, USA) ∑’Ë 100 V

π“π 2 ™—Ë«‚¡ß ·≈–¬âÕ¡¥â«¬ ethidium bromide π“π

5 π“∑’ ·≈â«π”‰ª∂à“¬¿“æ·ºàπ agarose gel ¿“¬„µâ

· ßÕ—≈µ√“‰«‚Õ‡≈µ

º≈°“√»÷°…“«‘®—¬
®“°¿“æ SDS-PAGE electrophoresis

¢Õß “√≈–≈“¬‚ª√µ’π∑’Ë °—¥®“°‡¡≈Á¥¡–√–®’π (√Ÿª∑’Ë 1)

®–‡ÀÁπ‰¥â«à“ ¡’‚ª√µ’π¢π“¥·µ°µà“ß°—πÕ¬à“ß¡“°¡“¬

·≈–¡’‚ª√µ’πÀ≈—°∑’Ë ”§—≠ ‰¥â·°à ‚ª√µ’π∑’Ë¡’¢π“¥ 30 kDa

·≈–‚ª√µ’π¢π“¥ 45 kDa ·≈–‡¡◊ËÕ·¬° “√≈–≈“¬‚ª√µ’π

‚¥¬„™â cationic-exchange column chromatography

∑”„Àâ‰¥â°√“ø· ¥ß‚ª√µ’π„π·µà≈–™à«ß∑’Ë·µ°µà“ß°—π

¥—ß√Ÿª∑’Ë 2 ÷́Ëß®–‡ÀÁπ‰¥â«à“ ‚ª√µ’π∑’Ë fraction ∑’Ë 13

¡’§«“¡‡¢â¡¢âπ Ÿß ÿ¥ ´÷Ëß®–π”‰ª·¬°µàÕ¥â«¬ Gel filtration

¥â«¬ SuperdexTM 200 HR 10/30 ‡æ◊ËÕ·¬°‚ª√µ’π

„π “√≈–≈“¬µ“¡¡«≈‚¡‡≈°ÿ≈¢Õß‚ª√µ’ππ—Èπ ÷́Ëß‡¡◊ËÕ

·¬°ºà“π·≈â«‰¥â “√≈–≈“¬‚ª√µ’π∫√‘ ÿ∑∏‘Ï¥—ß√Ÿª∑’Ë 3

‡¡◊ËÕπ” “√≈–≈“¬‚ª√µ’π∑’Ë‰¥â¡“∑”°“√»÷°…“

§ÿ≥ ¡∫—µ‘µà“ßÊ æ∫«à“ ‚ª√µ’ππ’È¡’¢π“¥ª√–¡“≥ 30 kDa

·≈–¡’§ÿ≥ ¡∫—µ‘‡ªìπ‰°≈‚§‚ª√µ’π¥â«¬°“√‡°‘¥ ’·¥ß

‡¡◊ËÕ¬âÕ¡¥â«¬ Periodic Acid Schiffûs reagent (PAS)

(Cadot et al., 2006) ·≈–π”‰ª«‘‡§√“–ÀåÀ“§à“ pI ¥â«¬

PhastSystemTM ‰¥â§à“¡“°°«à“ 8.4 ‡¡◊ËÕ‡∑’¬∫°—∫ “√

≈–≈“¬‚ª√µ’π¡“µ√∞“π  ́ ÷Ëß‡¡◊ËÕπ”‰ª»÷°…“°“√¬—∫¬—Èß‡´≈≈å

L929 (mouse fibroblasts) ‚¥¬«‘∏’ MTT ®–‰¥â§à“§«“¡

‡¢â¡¢âπ∑’Ë∑”„Àâ‡´≈≈åµ“¬ 50% ‡∑à“°—∫ 1.7 µg/mL ·≈–

µ√«® Õ∫°√–∫«π°“√¬—∫¬—Èß‡´≈≈åπ’È¥â«¬°≈‰°°“√‡°‘¥

apoptosis ®–‡ÀÁπ°“√‡ª≈’Ë¬π·ª≈ß¢Õß‡´≈≈å L929

‡ªìπ‡´≈≈å°≈ÿà¡ fibroblast ÷́Ëß„π ¿“«–ª°µ‘®–¡’≈—°…≥–

¬“«§≈â“¬°√– «¬  ‡¡◊ËÕ —¡º— À√◊Õ√—∫‡Õ“ “√≈–≈“¬‚ª√µ’π

‡¢â“ Ÿà‡´≈≈å∑”„Àâ‡°‘¥°“√À¥µ—« —Èπ≈ß ·≈–¡’°“√À¥‡¢â“¢Õß

ºπ—ß‡´≈≈å (bebbing) ∑’Ë‡ªìπ¢—ÈπµÕπÀπ÷Ëß¢Õß°“√µ“¬·∫∫

apoptosis (Meshkini et al., 2009; Tavakkol-Afshari

et al., 2008) ¥—ß√Ÿª∑’Ë 4

 à«π‡´≈≈å∑’Ë¬âÕ¡¥â«¬ ethidium bromide ´÷Ëß®–¡’

°“√‡¢â“‡°“–·≈–®—∫µ—«°—∫ DNA ¢Õß ethidium bromide

´÷Ëß‡ªìπ “√∑’Ë‡√◊Õß· ß ‡¡◊ËÕ¡Õßºà“π°≈âÕß®ÿ≈∑√√»πå·∫∫

fluorescence ®–¡’°“√‡√◊Õß· ß ’·¥ß¢Õß “√æ—π∏ÿ°√√¡
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√Ÿª∑’Ë 4 °“√‡°‘¥ apoptosis ‚¥¬‡´≈≈å®–À¥µ—«≈ß (100X)

apoptosis (100X) (A = ‡´≈≈åª°µ‘, B = ‡´≈≈å∑’Ë¡’

°“√‡ª≈’Ë¬π·ª≈ß√Ÿª√à“ß, D = apoptotic body)

√Ÿª∑’Ë 6 °“√¬âÕ¡ ’¥â«¬ Hoechst˙ dye 33342 ¥Ÿ‡´≈≈å

apoptosis (100X) (A = ‡´≈≈åª°µ‘, C = ‡´≈≈å∑’Ë

‡°‘¥ chromatin condensation, D = apoptotic body)

√Ÿª∑’Ë 5 °“√¬âÕ¡ ’¥â«¬ ethidium bromide ¥Ÿ‡´≈≈å (A = ‡´≈≈å

ª°µ‘, C = ‡´≈≈å∑’Ë‡°‘¥ chromatin condensation,

D = apoptotic body)

√Ÿª∑’Ë 7 °“√‡°‘¥ DNA fragmentation ¥â«¬

«‘∏’ agarose gel electrophoresis

À√◊Õ‚§√‚¡‚´¡„ππ‘«‡§≈’¬ ™—¥‡®π¢÷Èπ ‡π◊ËÕß®“°¡’°“√≈¥

µ—« —Èπ≈ß ÷́Ëß‡ªìπ¢—ÈπµÕπÀπ÷Ëß¢Õß°√–∫«π°“√ apoptosis

·≈–∫“ß‡´≈≈å¡’°“√·µ° ≈“¬µ—« ‡ªìπ™‘Èπ¢π“¥‡≈Á°¢Õß

 “¬‚§√‚¡‚´¡ ¥—ß√Ÿª∑’Ë 5  ·≈–√Ÿª∑’Ë 6 ‡ªìπ√Ÿªπ‘«‡§≈’¬ 

¢Õß‡´≈≈å∑’Ë¡’°“√‡ª≈’Ë¬π·ª≈ß„π à«π‚§√‚¡‚´¡ ®“°‡´≈≈å

∑’Ë¬âÕ¡µ‘¥ ’‰¡à™—¥‡®π ‡π◊ËÕß®“° “¬‚§√‚¡‚´¡„π ¿“æ

ª°µ‘®–¡’°“√§≈“¬µ—«‡ªìπ “¬¬“« ÷́Ëß ’ Hoechst

‡°“–Õ¬Ÿà°—∫ DNA ∑’Ë¡’°“√§≈“¬µ—«ÕÕ°®÷ß∑”„Àâ‡ÀÁπ°“√

‡√◊Õß· ß¢Õß ’ Hoechst µË” ‡¡◊ËÕ‡´≈≈å‡¢â“ Ÿà°√–∫«π°“√

apoptosis ®–‡°‘¥°“√À¥µ—«‡ªìπ‚§√‚¡‚´¡®÷ß∑”„Àâ‡°‘¥

‡ªìπ°≈ÿà¡°âÕπ¢Õß ’∑’Ë¡’°“√‡√◊Õß· ß «à“ß¢÷Èπ ·≈–‡¡◊ËÕ

¡’°“√·µ° ≈“¬¢Õß “¬æ—π∏ÿ°√√¡À√◊Õ‚§√‚¡‚´¡ ®–‡ÀÁπ

‡ªìπ°≈ÿà¡¢Õß “√æ—π∏ÿ°√√¡¢π“¥‡≈Á°Ê ·¬°ÕÕ°®“°°—π

πÕ°®“°π’È°“√«‘‡§√“–Àå¥â«¬«‘∏’°“√µ√«®°“√·µ° ≈“¬

¢Õß “¬æ—π∏ÿ°√√¡¥â«¬«‘∏’ DNA fragmentation π—Èπ

®–æ∫°“√‡°‘¥≈—°…≥–∑’Ë‡√’¬°«à“ DNA Ladder (Lopez

et al., 2002) ´÷Ëß‡°‘¥®“°°“√·µ°‡ªìπ™‘ÈπÀ√◊Õ “¬

DNA ∑’Ë¡’¢π“¥ —ÈπÊ ∑’Ë‡°‘¥¢÷Èπ„π°√–∫«π°“√ apoptosis

¥—ß√Ÿª∑’Ë 7

Õ¿‘ª√“¬º≈·≈– √ÿª
°“√ °—¥‚ª√µ’π®“°‡¡≈Á¥¡–√–®’π∑”„Àâ‰¥â‚ª√µ’π

µà“ßÊ ®“°‡¡≈Á¥ ÿ°¢Õß¡–√– ¥â«¬°“√„™â “√≈–≈“¬ 10

mM sodium phosphate buffer pH 6.3 ´÷Ëß‡¡◊ËÕπ”‰ª„™â

„π°“√·¬°‚ª√µ’πµ“¡§ÿ≥ ¡∫—µ‘§«“¡‡ªìπ°√¥-¥à“ß

¢Õß‚ª√µ’π À√◊Õª√–®ÿ¢Õß‚ª√µ’ππ—Èπ¥â«¬ cationic-

exchange column chromatography ´÷Ëß “¡“√∂®—∫

‚ª√µ’π∑’Ë¡’ª√–®ÿ∫«°‰«â‰¥â ·≈–‡¡◊ËÕ„Àâª√‘¡“≥ 0.5 M NaCl
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‡æ‘Ë¡¡“°¢÷Èπ„π√–∫∫ ®–∑”„Àâ “¡“√∂·¬°‚ª√µ’πµ“¡

ª√‘¡“≥ª√–®ÿ∫π‚ª√µ’π·≈–‡°‘¥°“√·¬°‚ª√µ’π∑’Ë¡’

ª√–®ÿµà“ß°—πÕÕ°®“°°—π‰¥â ‚¥¬æ∫«à“„π fraction ∑’Ë 13

(√Ÿª∑’Ë 2) ¡’ª√‘¡“≥‚ª√µ’π Ÿß∑’Ë ÿ¥ ·≈–‡¡◊ËÕπ”‰ªºà“π Gel

filtration column chromatography ‚¥¬Õ“»—¬§ÿ≥ ¡∫—µ‘

¢Õß‚ª√µ’πµ“¡§«“¡·µ°µà“ß¢Õß¡«≈‚¡‡≈°ÿ≈‚ª√µ’π

·µà≈–™π‘¥ ∑”„Àâ‡ÀÁπ‰¥â«à“ ¡’‚ª√µ’π‡æ’¬ß™π‘¥‡¥’¬«„π

 “√≈–≈“¬π—Èπ¥—ß√Ÿª∑’Ë 2 ´÷Ëß‡¡◊ËÕπ”‰ª«‘‡§√“–Àå§ÿ≥ ¡∫—µ‘

¢Õß‚ª√µ’ππ—Èπæ∫«à“ ‡ªìπ‰°≈‚§‚ª√µ’π∑’Ë¡«≈‚¡‡≈°ÿ≈

¢π“¥ 30 kDa ·≈–¡’§à“ pI > 8.4 ÷́Ëß‡ªìπ§ÿ≥ ¡∫—µ‘¢Õß

‚ª√µ’π„π°≈ÿà¡ ribosome inactivating proteins (Barbieri

et al., 1993) ¥—ßπ—Èπ‚ª√µ’π∑’Ë‰¥â®“°°“√ °—¥·¬°¥—ß∑’Ë

°≈à“«¡“·≈â« πà“®–‡ªìπ‚ª√µ’π„π°≈ÿà¡ ribosome

inactivating proteins ¥â«¬

°“√»÷°…“§«“¡‡ªìπæ‘…¢Õß‚ª√µ’π∑’Ë °—¥·¬°

‰¥â®“°‡¡≈Á¥¡–√–µàÕ‡´≈≈å L929 ‡æ◊ËÕÀ“§à“‡¢â¡¢âπ

¢Õß‚ª√µ’π∑’Ë∑”„Àâ‡´≈≈åµ“¬ 50% ‚¥¬¡’§à“‡∑à“°—∫ 1.7

µg/mL ®“°§à“¥—ß°≈à“«∑”„Àâ∑√“∫«à“  “√≈–≈“¬‚ª√µ’ππ’È

 “¡“√∂¬—∫¬—Èß°“√‡®√‘≠¢Õß‡´≈≈å L929 ‰¥â¥’∑—Èß∑’Ë„™â

§«“¡‡¢â¡¢âπ¢Õß‚ª√µ’π„π√–¥—∫µË” ‡æ’¬ß√–¥—∫‰¡‚§√°√—¡

‡∑à“π—Èπ ·µà‡¡◊ËÕ»÷°…“°≈‰°°“√µ“¬¢Õß‡´≈≈å®“°°“√

 —ß‡°µ°“√≥å‡ª≈’Ë¬π·ª≈ß√Ÿª√à“ßæ∫«à“ ‡´≈≈å∫“ß à«π‡¢â“

 Ÿà°√–∫«π°“√µ“¬·∫∫ apoptosis ·≈–‡¡◊ËÕ∑”°“√¬âÕ¡ ’

‡æ◊ËÕ¥Ÿ°“√‡ª≈’Ë¬π·ª≈ß¢Õß‡´≈≈åæ∫«à“ ¡’°“√‡°‘¥¢—ÈπµÕπ

À¥µ—«¢Õß “¬‚§√‚¡‚´¡∑’Ë‡√’¬°«à“ DNA condensation

(Nadova et al., 2008) ´÷Ëß —ß‡°µ‡ÀÁπ‰¥â®“°°“√¬âÕ¡ ’

∑’Ë‡√◊Õß· ß¢Õß‚§√‚¡‚´¡√Ÿª∑’Ë 5 ·≈–√Ÿª∑’Ë 6 πÕ°®“°π’È

¬—ßæ∫«à“ ‡´≈≈å L929 ‡¢â“ Ÿà°√–∫«π°“√µ“¬·∫∫

apoptosis ®“°°“√√—∫‚ª√µ’π ®“°°“√∑’Ë‡´≈≈å∫“ß‡´≈≈å

‡°‘¥°“√·µ°¢Õß‚§√‚¡‚´¡ÕÕ°‡ªìπ™‘Èπ‡≈Á°Ê ·≈–‡°‘¥

apoptotic body (Yang et al., 2006) ´÷Ëß®–∑”°“√

µ√«®«‘‡§√“–Àå‡æ◊ËÕ¬◊π¬—π°“√µ“¬¢Õß‡´≈≈å¥â«¬°√–∫«π°“√

apoptosis ®“°°“√‡°‘¥ DNA fragmentation „π°“√·¬°

¥â«¬ agarose gel electrophoresis (Xiao et al., 2008)

®“°°“√»÷°…“¥—ß°≈à“«∑”„Àâ∑√“∫«à“ ‰°≈‚§‚ª√µ’π

∑’Ë·¬°‰¥â®“°‡¡≈Á¥¡–√–®’π ´÷Ëß¡’¢π“¥ 30 kDa ·≈–¡’ pI

¡“°°«à“ 8.4 ¡’ƒ∑∏‘Ï¬—∫¬—Èß°“√‡®√‘≠¢Õß‡´≈≈å L929 ‚¥¬

ºà“π°√–∫«π°“√µ“¬·∫∫ apoptosis ¥—ßπ—Èπ®÷ß‡ªìπ∑’Ëπà“

 π„®Õ¬à“ß¬‘Ëß„π°“√π”‚ª√µ’ππ’È‰ª»÷°…“·≈–æ—≤π“‡ªìπ

 “√µâ“π‡π◊ÈÕßÕ°À√◊Õ‡´≈≈å¡–‡√Áß∑¥·∑π°“√„™â¬“∑’Ë‡ªìπ

 “√‡§¡’ ´÷ËßÕ“®°àÕ„Àâ‡°‘¥Õ—πµ√“¬·≈–≈¥°“√∑”‡¢â“¬“∑’Ë

‡ªìπ “√‡§¡’®“°µà“ßª√–‡∑»‡æ◊ËÕ¡“„™â„π°“√√—°…“‚√§π’È
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