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The determination on mutagenicity of nitrite treated extracts
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∫∑§—¥¬àÕ

«—μ∂ÿª√– ß§å¢Õß°“√»÷°…“π’È‡æ◊ËÕ»÷°…“°“√°àÕ°≈“¬æ—π∏ÿå¢Õß “√ °—¥æ◊™ ¡ÿπ‰æ√ 17 ™π‘¥ (18 μ—«Õ¬à“ß) ‰¥â·°à

¡–¢“¡ªÑÕ¡ ∫Õ√–‡æÁ¥ ‡Àß◊Õ°ª≈“À¡Õ¥Õ°¡à«ß °√–‡∑’¬¡ øÑ“∑–≈“¬‚®√ À≠â“ªí°°‘Ëß ‡ÀÁ¥À≈‘π®◊Õ ¢‘ß ¢’È‡À≈Á°

 –‡¥“ ¡–·«âß‡§√◊Õ ¡–·«âßμâπ ¡–√–¢’Èπ° (º≈) ¡–√–¢’Èπ° (‡∂“) ≈Ÿ°„μâ„∫ º—°‡ªì¥·¥ß ¥Õ° “¬πÈ”º÷Èß À≠â“·Àâ«À¡Ÿ

·≈–»÷°…“ “√ °—¥ ¡ÿπ‰æ√∑’Ë∑”ªØ‘°‘√‘¬“‰π‰μ√∑å °≈“¬‡ªìπ “√‡§¡’æ«° “√ª√–°Õ∫ nitroso ∑”„Àâ‡°‘¥°“√

°àÕ°≈“¬æ—π∏ÿå™π‘¥°“√‡≈◊ËÕπ¢Õß‡∫  (frameshift mutation) ‚¥¬°“√∑¥ Õ∫‡Õ¡ å (Ames test) „™â·∫§∑’‡√’¬

Salmonella typhimurium TA98 ‚¥¬π” ¡ÿπ‰æ√ 17 ™π‘¥ (18 μ—«Õ¬à“ß) ¡“ °—¥‚¥¬„™âμ—«∑”≈–≈“¬ 2 ™π‘¥ §◊Õ

πÈ”·≈–‡Õ∑“πÕ≈ π” “√ °—¥¡“∑¥ Õ∫ƒ∑∏‘Ï°àÕ°≈“¬æ—π∏ÿå‚¥¬∑”ªØ‘°‘√‘¬“°—∫‰π‰μ√∑å ®“°π—Èπ∑¥ Õ∫‚¥¬«‘∏’

‡Õ¡ å ‚¥¬„™â§«“¡‡¢â¡¢âπ¢Õß “√∑’Ë 1.3, 2.5, 5 ·≈– 10 ¡‘≈≈‘°√—¡/®“πÕ“À“√‡≈’È¬ß‡™◊ÈÕ ‡æ◊ËÕÀ“§«“¡ —¡æ—π∏å

√–À«à“ß§«“¡‡¢â¡¢âπ¢Õß “√∑’Ë∑¥ Õ∫ °—∫®”π«π‚§‚≈π’¢Õß·∫§∑’‡√’¬∑’Ë‡®√‘≠¢÷Èπ æ∫«à“ “√ °—¥πÈ”·≈– “√

 °—¥‡Õ∑“πÕ≈¢Õß ¡ÿπ‰æ√ ∑’Ë‰¡à∑”ªØ‘°‘√‘¬“°—∫‰π‰μ√∑å‰¡à· ¥ßƒ∑∏‘Ï°àÕ°≈“¬æ—π∏ÿå ·μà‡¡◊ËÕ ¡ÿπ‰æ√∑”

ªØ‘°‘√‘¬“°—∫‰π‰μ√∑å„π ¿“«–°√¥ (§à“æ’‡Õ™ 3-3.5) ∑’ËÕÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“ 4 ™—Ë«‚¡ß  “√

 °—¥‡Õ∑“πÕ≈¢Õß ¡ÿπ‰æ√‡°◊Õ∫∑ÿ°μ—«Õ¬à“ß ¬°‡«âπ≈Ÿ°„μâ„∫·≈–¡–√–¢’Èπ° (º≈) · ¥ßƒ∑∏‘Ï°àÕ°≈“¬æ—π∏ÿåÕ¬à“ß™—¥‡®π

´÷Ëß‡ªìπ°“√°≈“¬æ—π∏ÿå™π‘¥°“√‡≈◊ËÕπ¢Õß‡∫  ·≈– “√ °—¥πÈ”¢Õß ¡ÿπ‰æ√ 4 ™π‘¥ ‰¥â·°à ∫Õ√–‡æÁ¥ ¢‘ß ¢’È‡À≈Á°

·≈–¡–√–¢’Èπ° (‡∂“) · ¥ßƒ∑∏‘Ï°àÕ°≈“¬æ—π∏ÿå·∫∫ÕàÕπ
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∫∑π”

ªí®®ÿ∫—π¡’°“√»÷°…“«‘®—¬‡æ◊ËÕπ”æ◊™ ¡ÿπ‰æ√¡“

„™â‡ªìπ¬“·∑π¬“·ºπªí®®ÿ∫—π ‡æ◊ËÕÀ≈’°‡≈’Ë¬ßº≈¢â“ß

‡§’¬ß¢Õß¬“·ºπªí®®ÿ∫—π ·≈–π”‰ª„™âª√–‚¬™πå‡ªìπ

Õ“À“√ „™â‡μ√’¬¡‡ªìπ‡§√◊ËÕß¥◊Ë¡ „™â‡ªìπÕ“À“√‡ √‘¡

‡ªìπ à«πª√–°Õ∫„π‡§√◊ËÕß ”Õ“ß „™â·μàß°≈‘Ëπ ·μàß ’

Õ“À“√·≈–¬“ μ≈Õ¥®π„™â‡ªìπ¬“¶à“·¡≈ß ®–‡ÀÁπ‰¥â

«à“ ¡ÿπ‰æ√‡ªìπ∑’ËμâÕß°“√∑—Èß„π√–¥—∫ª√–‡∑»·≈–

√–¥—∫‚≈°  ¡ÿπ‰æ√®÷ß‡ªìπ∑“ß‡≈◊Õ° ”§—≠„π°“√

√—°…“À√◊Õ∫√√‡∑“‚√§ ”À√—∫§π„π¬ÿ§ªí®®ÿ∫—π  ¡ÿπ

‰æ√∫“ß™π‘¥‰¥âºà“π°“√»÷°…“ƒ∑∏‘Ï∑“ß‡¿ —™«‘∑¬“

·≈–∑¥ Õ∫§«“¡‡ªìπæ‘…Õ¬à“ß·πà„®°àÕπ∑’Ë®–º≈‘μ

‡ªìπ¬“√—°…“‚√§ Õ¬à“ß‰√°Áμ“¡¬—ß§ß¡’ ¡ÿπ‰æ√‰∑¬

Õ’°®”π«π¡“°∑’Ë‰¡à¡’¢âÕ¡Ÿ≈°“√∑¥ Õ∫∑“ßæ‘…«‘∑¬“

°àÕπ∑’Ë®–π” ¡ÿπ‰æ√‰ª„™âª√–‚¬™πå‰¥âÕ¬à“ßª≈Õ¥¿—¬

μ≈Õ¥®π°“√»÷°…“∂÷ß‚Õ°“ ∑’ËÕ“®®–‡°‘¥æ‘…®“°

 ¡ÿπ‰æ√ „π°√≥’∑’Ë ¡ÿπ‰æ√Õ“®∑”ªØ‘°‘√‘¬“°—∫ “√

‡§¡’∫“ßμ—«„πÕ“À“√·≈â«°≈“¬‡ªìπ “√æ‘…¢÷Èπ ´÷Ëß

 ¡ÿπ‰æ√∫“ß™π‘¥ª√–°Õ∫¥â«¬ “√Õ—≈§“≈Õ¬¥å ´÷Ëß

‡ªìπ°≈ÿà¡¢Õß “√∑’Ë¡’»—°¬¿“æ∑’Ë®–°àÕæ‘…‡¡◊ËÕ¡’°“√

∫√‘‚¿§¡“°‡°‘π‰ª‰¥â ¡’°“√»÷°…“∂÷ß “√æ‘…„π ¡ÿπ‰æ√

‡™àπ ≈Ÿ°®—π∑πå (nutmeg) Õ∫‡™¬≈—ß°“ (Ceylon

cinnamon) °“πæ≈Ÿ (clove) æ◊™μ√–°Ÿ≈æ√‘°‰∑¬ (piper)

·≈–‚ ¡ (ginseng) æ∫«à“§«“¡‡ªìπæ‘…¢Õß “√ °—¥

∑’Ë‰¥â®“°Õ∫‡™¬≈—ß°“π—Èπ · ¥ßƒ∑∏‘Ï°àÕ°≈“¬æ—π∏ÿå

(mutagenicity) ‡¡◊ËÕ∑¥≈Õß„™â„π Bacillus subtilis ́ ÷Ëß

‡ªìπ°“√»÷°…“º≈°√–∑∫¢Õß “√‡§¡’μàÕ¥’‡ÕÁπ‡Õ

(Ungsurungsie et al., 1984) πÕ°®“°π—Èπ “√ °—¥®“°

°“πæ≈Ÿ ‡ª≈◊Õ°Õ∫‡™¬ ‰¥â· ¥ß»—°¬¿“æ„π°“√°àÕ

°≈“¬æ—π∏ÿå ‡¡◊ËÕ∑¥ Õ∫√–¬– —Èπ‚¥¬«‘∏’‡Õ¡ å „π

‡§√◊ËÕß‡∑»μ√–°Ÿ≈æ√‘°‰∑¬π—Èπ ¡’ “√Õ—≈§“≈Õ¬¥å∑’Ë

 ”§—≠°≈ÿà¡Àπ÷Ëß§◊Õ ‰ª‡ªÕ√’π (piperine)  “¡“√∂

ABSTRACT

The objective of this study is to investigate the mutagenicity of 17 herb extracts (18 samples), including

Phyllanthus emblica Linn., Tinospora crispa Linn., Acanthus ilicifolius Linn., Allium sativum Linn.,

Andrographis paniculata Wall. Ex Nees, Murdannia loriformis (Hassk.), Ganoderma lucidum (Fr.) Karst.,

Zingiber officinale Roscoe, Cassia siamea Britt., Azadirachta indica, Solanum trilobatum Linn., Solanum

indicum Linn., Momordica charantia Linn., Phyllanthus amarus Schum&Thonn., Alternanthera bettzickiana

(Regel) Nichols., Lonicera japonica Thumb, and Cyperus rotundus Linn. The herbs were extracted using two

different solvents, water and ethanol, and were treated with nitrite to observe mutagen expression as nitroso

compound corresponding to frameshift mutation. The extracts from both treated solvents at concentration

of 1.3, 2.5, 5 and 10 mg/plate were subjected to Ames test. The growth of Salmonella typhimurium TA98

was displayed as the indicator to detect the mutagenicity. The results showed that there was no mutagenic

activity from the herb extracts without sodium nitrite treatment. However, after being treated with nitrite

in an acidic condition (pH 3-3.5) at 37 °C for 4 h, almost of the ethanol extracts showed direct mutagenic

activity towards the bacteria except the extracts from Phyllanthus amarus Schum&Thonn. and Momordica

charatia Linn. The water extracts from Tinospora crispa Linn., Zingiber officinale Roscoe, Cassia siamea

Britt., and Momordica charatia Linn. expressed low level of mutagenic activity.

§” ”§—≠:  ƒ∑∏‘Ï°àÕ°≈“¬æ—π∏ÿå, æ◊™ ¡ÿπ‰æ√, °“√∑¥ Õ∫‡Õ¡ å

Keywords:  mutagenicity, herbs, Ames test
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∑”„ÀâÀπŸ‡ªìπÀ¡—π ‡π◊ËÕß®“°æ∫«à“∑”„Àâ‡´≈≈å¢Õß

¡¥≈Ÿ°∑”ß“πº‘¥ª°μ‘ (Piyachaturawat et al.,1982)

 ”À√—∫§«“¡‡ªìπæ‘…Õ¬à“ß‡©’¬∫æ≈—π¢Õß‰ª‡ªÕ√’ππ—Èπ

‰¥â¡’°“√∑¥ Õ∫·≈â«„π —μ«å∑¥≈ÕßÀ≈“¬™π‘¥

(Piyachaturawat et al., 1982) πÕ°®“°π’È‚ ¡μ—ß°ÿ¬ ́ ÷Ëß

¡—°„™â‡ªìπÕß§åª√–°Õ∫¢Õß¬“∫”√ÿß‚≈À‘μ μ√’π—Èπ

°Á‰¥â∂Ÿ°∑¥ Õ∫æ∫«à“¡’ƒ∑∏‘Ï°àÕ°≈“¬æ—π∏ÿåÕàÕπÊ „π

·∫§∑’‡√’¬ ‡™àπ‡¥’¬«°—∫ƒ∑∏‘Ï°“√∑”≈“¬¥’‡ÕÁπ‡Õ ·≈–

¬—ß¡’√“¬ß“π∑’Ëæ∫«à“‡§√◊ËÕß‡∑»∫“ß™π‘¥‚¥¬‡©æ“–≈Ÿ°

®—π∑πå·≈–æ√‘°‰∑¬π—Èπ ∑”ªØ‘°‘√‘¬“°—∫‡°≈◊Õ‰π‰μ√∑å

„π ¿“«–°√¥ ‰¥â “√‡§¡’∑’Ë¡’ƒ∑∏‘Ï°àÕ°≈“¬æ—π∏ÿå ‡¡◊ËÕ

∑¥ Õ∫¥â«¬«‘∏’‡Õ¡ å (Namiki et al.,1984)  ”À√—∫„π

ß“π«‘®—¬π’È‰¥âπ”æ◊™ ¡ÿπ‰æ√ „π°≈ÿà¡¬“Õ“¬ÿ«—≤π–

°√–μÿâπ¿Ÿ¡‘§ÿâ¡°—π ·≈–∑”„Àâ‡®√‘≠Õ“À“√ ‰¥â·°à

¡–¢“¡ªÑÕ¡ ∫Õ√–‡æÁ¥ ‡Àß◊Õ°ª≈“À¡Õ¥Õ°¡à«ß

À≠â“·Àâ«À¡Ÿ º—°‡ªì¥·¥ß °√–‡∑’¬¡ øÑ“∑–≈“¬‚®√

À≠â“ªí°°‘Ëß ‡ÀÁ¥À≈‘π®◊Õ ¡–√–¢’Èπ° (º≈) ¡–√–¢’Èπ°

(‡∂“) ¥Õ° “¬πÈ”º÷Èß ≈Ÿ°„μâ„∫ ¢‘ß „∫¢’È‡À≈Á° „∫ –‡¥“

¡–·«âß‡§√◊Õ ¡–·«âßμâπ ¡“»÷°…“∂÷ß‚Õ°“ °“√‡°‘¥

æ‘…¢Õßæ◊™ ¡ÿπ‰æ√‡À≈à“π’È ‚¥¬‡©æ“–‡¡◊ËÕ∑”

ªØ‘°‘√‘¬“°—∫‰π‰μ√∑å ‡æ◊ËÕ‡ªìπª√–‚¬™πåμàÕºŸâ∫√‘‚¿§

·≈–°“√»÷°…“„π¢—Èπ¢Õß —μ«å∑¥≈ÕßμàÕ‰ª

Õÿª°√≥å·≈–«‘∏’°“√

‡μ√’¬¡μ—«Õ¬à“ßæ◊™ ¡ÿπ‰æ√

π”æ◊™ ¡ÿπ‰æ√∑’Ë§—¥‡≈◊Õ°‰«â 17 ™π‘¥ (18

μ—«Õ¬à“ß) §◊Õ ¡–¢“¡ªÑÕ¡ ∫Õ√–‡æÁ¥ ‡Àß◊Õ°ª≈“

À¡Õ¥Õ°¡à«ß °√–‡∑’¬¡ øÑ“∑–≈“¬‚®√ À≠â“ªí°°‘Ëß

‡ÀÁ¥À≈‘π®◊Õ º≈¡–√–¢’Èπ°/‡∂“¡–√–¢’Èπ° ¢‘ß „∫¢’È‡À≈Á°

„∫ –‡¥“ ¡–·«âß‡§√◊Õ ¡–·«âßμâπ ≈Ÿ°„μâ„∫ º—°‡ªì¥·¥ß

¥Õ° “¬πÈ”º÷Èß ·≈– À≠â“·Àâ«À¡Ÿ ¡“§—¥‡≈◊Õ° ‘Ëßªπ

‡ªóôÕπÕÕ° ·≈–∫¥„Àâ‡ªìπºß≈–‡Õ’¬¥ ‚¥¬„™â‡§√◊ËÕß

∫¥Õ“À“√¢π“¥„À≠à

 °—¥æ◊™ ¡ÿπ‰æ√μ—«Õ¬à“ß¥â«¬πÈ”

π” ¡ÿπ‰æ√∑’Ë∫¥‡ªìπºßπÈ”Àπ—° 10 °√—¡ „ à

≈ß„π¢«¥√Ÿª™¡æŸà¢π“¥ 250 ¡‘≈≈‘≈‘μ√ ‡μ‘¡πÈ”°≈—Ëπ

ª√‘¡“μ√100 ¡‘≈≈‘≈‘μ√ ‡¢¬à“„πÕà“ßπÈ”§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘

∑’Ë 80 Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“ 2 ™—Ë«‚¡ß ®“°π—Èπ

°√Õß “√ °—¥¥â«¬ºâ“¢“«∫“ßºà“π‡§√◊ËÕß°√Õß ·≈–

ª√—∫ª√‘¡“μ√‡ªìπ 100 ¡‘≈≈‘≈‘μ√ ‡°Á∫∑’ËμŸâ -70 Õß»“

‡´≈‡´’¬ 

 °—¥æ◊™ ¡ÿπ‰æ√μ—«Õ¬à“ß¥â«¬‡Õ∑“πÕ≈ 95%

π” ¡ÿπ‰æ√∑’Ë∫¥‡ªìπºßπÈ”Àπ—° 6 °√—¡ „ à≈ß

„π¢«¥√Ÿª™¡æŸà¢π“¥ 250 ¡‘≈≈‘≈‘μ√ ‡μ‘¡‡Õ∑“πÕ≈

95% ª√‘¡“μ√100 ¡‘≈≈‘≈‘μ√ ‡¢¬à“‡ªìπ‡«≈“ 1 ™—Ë«‚¡ß

®“°π—Èπ°√Õß “√ °—¥ ¡ÿπ‰æ√∑—ÈßÀ¡¥¥â«¬°√–¥“…

°√Õß‡∫Õ√å 4 ºà“π‡§√◊ËÕß°√Õß ·≈–π” “√ °—¥ ¡ÿπ

‰æ√∑—ÈßÀ¡¥ ‰ª√–‡À¬μ—«∑”≈–≈“¬ÕÕ°¥â«¬‡§√◊ËÕß

rotary evaporator ¿“¬„μâ§«“¡¥—πμË” Õÿ≥À¿Ÿ¡‘ 40

Õß»“‡´≈‡´’¬  ®“°π—ÈπÀ“§à“πÈ”Àπ—° “√ °—¥ ≈–≈“¬

 “√ °—¥‚¥¬„™â dimethyl sulfoxide (DMSO) „Àâ‰¥â

§«“¡‡¢â¡¢âπ∑’Ë 0.1 ¡‘≈≈‘°√—¡/‰¡‚§√≈‘μ√ ¢Õß ¡ÿπ

‰æ√ °—¥∑—ÈßÀ¡¥ ‡°Á∫ “√ °—¥„π¢«¥·°â« ’™“ ∑’ËμŸâ

-20 Õß»“‡´≈‡´’¬ 

°“√∑¥ Õ∫ƒ∑∏‘Ï°àÕ°≈“¬æ—π∏ÿå¢Õß “√ °—¥ ¡ÿπ‰æ√

‡μ‘¡μ—«Õ¬à“ß “√ °—¥ ¡ÿπ‰æ√ª√‘¡“μ√ 13, 25,

50, 100 ‰¡‚§√≈‘μ√ „πÀ≈Õ¥∑¥≈Õß ®“°π—Èπ‡μ‘¡

∫—ø‡øÕ√å (0.1M phosphate buffer) „Àâ‰¥âª√‘¡“μ√

 ÿ¥∑â“¬ 1000 ‰¡‚§√≈‘μ√ ·≈–‡μ‘¡‡™◊ÈÕ·∫§∑’‡√’¬

Salmonella typhimurium TA98 ∑’Ë‡æ“–‰«â ‡ªìπ‡«≈“

16 ™—Ë«‚¡ßÀ≈Õ¥≈– 100 ‰¡‚§√≈‘μ√π”‰ª‡¢¬à“„π

Õà“ßπÈ”§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘∑’Ë 37 Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“

20 π“∑’ ®“°π—Èππ” top agar ª√‘¡“μ√ 100 ¡‘≈≈‘≈‘μ√

¡“‡μ‘¡ 0.5 M L-histidine.HCl/0.5 mM biotin ª√‘¡“μ√

10 ¡‘≈≈‘≈‘μ√ ·≈â«®÷ßπ”‰ª„ à„πÀ≈Õ¥∑¥≈Õß∑’Ë‡¢¬à“

·≈â« 20 π“∑’ À≈Õ¥≈– 2 ¡‘≈≈‘≈‘μ√ ‡¢¬à“„Àâ‡¢â“°—π

‡∑≈ß∫πº‘«Àπâ“Õ“À“√‡≈’È¬ß‡™◊ÈÕ„π®“π‡æ“–‡™◊ÈÕ π”

‡¢â“μŸâ∫à¡‡™◊ÈÕ Õÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“ 48

™—Ë«‚¡ß ·≈–π—∫®”π«π‚§‚≈π’°≈“¬æ—π∏ÿå∑’Ë‡®√‘≠¢÷Èπ
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°“√∑¥ Õ∫ƒ∑∏‘Ï°àÕ°≈“¬æ—π∏ÿå¢Õß “√ °—¥ ¡ÿπ‰æ√

‚¥¬∑”ªØ‘°‘√‘¬“°—∫‰π‰μ√∑å

„ àμ—«Õ¬à“ß “√ °—¥ ¡ÿπ‰æ√ª√‘¡“μ√ 100

‰¡‚§√≈‘μ√„πÀ≈Õ¥∑¥≈Õß ‚¥¬„™â “√°àÕ°≈“¬

æ—π∏ÿå¡“μ√∞“π 1-aminopyrine (1-AP) ·∑πμ—«Õ¬à“ß

 “√ °—¥ ¡ÿπ‰æ√ª√‘¡“μ√ 10 ‰¡‚§√≈‘μ√ ‡ªìπ positive

control ·≈–„™âμ—«∑”≈–≈“¬ “√ °—¥ (πÈ” À√◊Õ DMSO)

ª√‘¡“μ√ 100 ‰¡‚§√≈‘μ√ ‡ªìπ negative control

®“°π—Èπ‡μ‘¡°√¥‰Œ‚¥√§≈Õ√‘° 0.2 πÕ√å¡Õ≈ „Àâ

ª√‘¡“μ√ ÿ¥∑â“¬‡ªìπ 1000 ‰¡‚§√≈‘μ√ ‡æ◊ËÕ∑”„Àâ

√–∫∫¡’§à“§«“¡‡ªìπ°√¥¥à“ß„π™à«ß 3.0-3.5 ®“°π—Èπ

‡μ‘¡‚´‡¥’¬¡‰π‰μ√∑å 2 ‚¡≈“√å À≈Õ¥≈– 250 ‰¡‚§√≈‘μ√

‡¢¬à“∑’ËÕÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“ 4 ™—Ë«‚¡ß

·≈â«π”‰ª·™àπÈ”·¢Áß‡ªìπ‡«≈“ 1 π“∑’ ‡æ◊ËÕÀ¬ÿ¥ªØ‘°‘√‘¬“

‡μ‘¡·Õ¡‚¡‡π’¬¡´—≈ø“‡¡μ (ammonium sulfamet) 2

‚¡≈“√å À≈Õ¥≈– 250 ‰¡‚§√≈‘μ√ π”‰ª·™à„ππÈ”·¢Áß

10 π“∑’ ‰¥â nitrosation product π”‰ª∑¥ Õ∫¥â«¬

«‘∏’‡Õ¡ å

°“√∑¥ Õ∫‚¥¬«‘∏’‡Õ¡ å

π” nitrosation product ª√‘¡“μ√ 13, 25, 50,

100 ‰¡‚§√≈‘μ√ ¡“‡μ‘¡∫—ø‡øÕ√å (0.1 M phosphate

buffer) „Àâ‰¥âª√‘¡“μ√ ÿ¥∑â“¬ 1000 ‰¡‚§√≈‘μ√

·≈–‡μ‘¡‡™◊ÈÕ·∫§∑’‡√’¬ S. typhimurium TA98 ∑’Ë‡æ“–

‰«â ‡ªìπ‡«≈“ 16 ™—Ë«‚¡ß À≈Õ¥≈– 100 ‰¡‚§√≈‘μ√

‡¢¬à“∑’ËÕÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡ ’́¬  ‡ªìπ‡«≈“ 20 π“∑’

·≈â«º ¡ top agar À≈Õ¥≈– 2 ¡‘≈≈‘≈‘μ√ (top agar

ª√‘¡“μ√ 100 ¡‘≈≈‘≈‘μ√ º ¡°—∫ 0.5 M L-histidine.HCl/

0.5 mM biotin ª√‘¡“μ√ 10 ¡‘≈≈‘≈‘μ√) ‡¢¬à“„Àâ‡¢â“°—π

‡∑≈ß∫πº‘«Àπâ“Õ“À“√‡≈’È¬ß‡™◊ÈÕ„π®“π‡æ“–‡™◊ÈÕ„Àâ

 à«πº ¡°√–®“¬ ¡Ë”‡ ¡Õ π”‡¢â“μŸâ∫à¡‡™◊ÈÕ∑’ËÕÿ≥À¿Ÿ¡‘

37 Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“ 48 ™—Ë«‚¡ß π—∫®”π«π

‚§‚≈π’°≈“¬æ—π∏ÿå∑’Ë‡®√‘≠¢÷Èπ

°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈·≈–°“√·ª≈º≈

º≈°“√∑¥≈Õß· ¥ß‡ªìπ®”π«π‚§‚≈π’∑’Ë°≈“¬

æ—π∏ÿåμàÕ®“πÕ“À“√‡≈’È¬ß‡™◊ÈÕ ´÷Ëß®–„™â¢π“¥§«“¡‡¢â¡

¢âπ∑’Ë 1.3, 2.5, 5.0, ·≈–10 ¡‘≈≈‘°√—¡/®“πÕ“À“√

‡≈’È¬ß‡™◊ÈÕ ·≈–À“§à“‡©≈’Ë¬®“°°“√∑¥≈Õß È́” 2 §√—Èß §√—Èß≈–

2 ®“π‡≈’È¬ß‡™◊ÈÕ „π·μà≈–¢π“¥§«“¡‡¢â¡¢âπ∑’Ëμà“ß°—π

¢Õß ¡ÿπ‰æ√μ—«Õ¬à“ß ‚¥¬¡’À≈—°°“√Õ∏‘∫“¬º≈°“√

∑¥≈Õß‡æ◊ËÕ«‘‡§√“–Àå«à“ “√ °—¥ ¡ÿπ‰æ√¡’ƒ∑∏‘Ï°àÕ

°≈“¬æ—π∏ÿå¥—ßπ’È

1. ¡’§«“¡ —¡æ—π∏å√–À«à“ß§«“¡‡¢â¡¢âπ¢Õß

 “√∑’Ë∑¥ Õ∫ °—∫®”π«π‚§‚≈π’∑’Ë‡®√‘≠¢÷Èπ «à“‡ªìπ dose

response relationship §◊Õ ‡¡◊ËÕ§«“¡‡¢â¡¢âπ¢Õß “√

‡æ‘Ë¡¢÷Èπ ®–æ∫«à“®”π«π‚§‚≈π’°≈“¬æ—π∏ÿå‡æ‘Ë¡¢÷Èπ

2. ¡’μ—«Õ¬à“ß Õ¬à“ßπâÕ¬ 2 §«“¡‡¢â¡¢âπ ∑’Ë

∑”„Àâ®”π«π·∫§∑’‡√’¬∑’Ë°≈“¬æ—π∏ÿå ¡’®”π«π¡“°°«à“

®”π«π∑’Ë°≈“¬æ—π∏ÿåμ“¡∏√√¡™“μ‘

3. ¡’μ—«Õ¬à“ß Õ¬à“ßπâÕ¬ 1 §«“¡‡¢â¡¢âπ ∑’Ë

∑”„Àâ®”π«π·∫§∑’‡√’¬°≈“¬æ—π∏ÿå¡“°°«à“ 2 ‡∑à“

¢Õß°“√°≈“¬æ—π∏ÿåμ“¡∏√√¡™“μ‘

º≈°“√∑¥≈Õß

°“√∑¥ Õ∫ƒ∑∏‘Ï°àÕ°≈“¬æ—π∏ÿå‚¥¬«‘∏’‡Õ¡ å¢Õßæ◊™

 ¡ÿπ‰æ√ 17 ™π‘¥ (18 μ—«Õ¬à“ß)  °—¥¥â«¬πÈ”∑—Èß∑’Ë∑”

ªØ‘°‘√‘¬“°—∫‰π‰μ√∑å·≈–‰¡à∑”ªØ‘°‘√‘¬“°—∫‰π‰μ√∑å

‡¡◊ËÕπ” “√ °—¥æ◊™ ¡ÿπ‰æ√¥â«¬πÈ”∑’Ë∑”

ªØ‘°‘√‘¬“°—∫‰π‰μ√∑å ·≈–‰¡à∑”ªØ‘°‘√‘¬“°—∫‰π‰μ√∑å

∑’Ë§«“¡‡¢â¡¢âπμà“ßÊ §◊Õ 1.3, 2.5, 5 ·≈– 10 ¡‘≈≈‘°√—¡/

®“πÕ“À“√‡≈’È¬ß‡™◊ÈÕ ¡“∑¥ Õ∫ƒ∑∏‘Ï°àÕ°≈“¬æ—π∏ÿå

‚¥¬«‘∏’‡Õ¡ å æ∫«à“ “√ °—¥ ¡ÿπ‰æ√¥â«¬πÈ”∑’Ë‰¡à∑”

ªØ‘°‘√‘¬“°—∫‰π‰μ√∑å „Àâº≈‰¡àμà“ß®“° negative control

§◊Õ ‰¡à¡’ƒ∑∏‘Ï°àÕ°≈“¬æ—π∏ÿå ¢≥–∑’Ë “√ °—¥ ¡ÿπ‰æ√

¥â«¬πÈ”∑’Ë∑”ªØ‘°‘√‘¬“°—∫‰π‰μ√∑å¢Õß∫Õ√–‡æÁ¥ ¢‘ß

¢’È‡À≈Á° ·≈–¡–√–¢’Èπ° (‡∂“) „Àâ®”π«π‚§‚≈π’ 49±5,

43±3, 58±2, 44±4 μ“¡≈”¥—∫  “√ °—¥ ¡ÿπ‰æ√¥â«¬

πÈ”¢Õß ¡ÿπ‰æ√∑—Èß 4 ™π‘¥π’È · ¥ßƒ∑∏‘Ï°àÕ°≈“¬

æ—π∏ÿå·∫∫ÕàÕπ ¥—ß· ¥ßº≈μ“¡μ“√“ß∑’Ë 1 ‡π◊ËÕß®“°

¡’Õ¬à“ßπâÕ¬ 1 §«“¡‡¢â¡¢âπ∑’Ë∑”„Àâ®”π«π·∫§∑’‡√’¬

°≈“¬æ—π∏ÿå¡“°°«à“ 2 ‡∑à“ ¢Õß°“√°≈“¬æ—π∏ÿåμ“¡
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∏√√¡™“μ‘ (negative control) ́ ÷Ëß¡’®”π«π‚§‚≈π’‡∑à“°—∫

15±5

°“√∑¥ Õ∫ƒ∑∏‘Ï°àÕ°≈“¬æ—π∏ÿå‚¥¬«‘∏’‡Õ¡ å¢Õß “√

 °—¥æ◊™ ¡ÿπ‰æ√ 17 ™π‘¥ (18 μ—«Õ¬à“ß) ¥â«¬‡Õ∑“π

Õ≈ 95 % ∑—Èß∑’Ë∑”ªØ‘°‘√‘¬“°—∫‰π‰μ√∑å·≈–‰¡à∑”

ªØ‘°‘√‘¬“°—∫‰π‰μ√∑å

‡¡◊ËÕπ” “√ °—¥ ¡ÿπ‰æ√¥â«¬‡Õ∑“πÕ≈ 95 %

∑’Ë∑”ªØ‘°‘√‘¬“°—∫‰π‰μ√∑å ·≈–‰¡à∑”ªØ‘°‘√‘¬“°—∫‰π

‰μ√∑å ∑’Ë§«“¡‡¢â¡¢âπμà“ßÊ §◊Õ 1.3, 2.5, 5 ·≈– 10

¡‘≈≈‘°√—¡/®“πÕ“À“√‡≈’È¬ß‡™◊ÈÕ ¡“∑¥ Õ∫ƒ∑∏‘Ï°àÕ

°≈“¬æ—π∏ÿå‚¥¬«‘∏’‡Õ¡ å æ∫«à“ “√ °—¥ ¡ÿπ‰æ√¥â«¬

‡Õ∑“πÕ≈ 95 % ∑’Ë‰¡à∑”ªØ‘°‘√‘¬“°—∫‰π‰μ√∑å ‰¡à

· ¥ßƒ∑∏‘Ï°àÕ°≈“¬æ—π∏ÿå ‡¡◊ËÕ‡∑’¬∫°—∫°“√∑¥≈Õß§«∫§ÿ¡

‡π◊ËÕß®“°‰¡àæ∫ “√ °—¥ ¡ÿπ‰æ√„¥ ∑’Ë∑”„Àâ®”π«π

·∫§∑’‡√’¬°≈“¬æ—π∏ÿå¡“°°«à“ 2 ‡∑à“ ¢Õß°“√

°≈“¬æ—π∏ÿåμ“¡∏√√¡™“μ‘ (negative control) ´÷Ëß¡’

®”π«π‚§‚≈π’‡∑à“°—∫10±3 ¢≥–∑’Ë “√ °—¥ ¡ÿπ‰æ√

¥â«¬‡Õ∑“πÕ≈ 95 % ∑’Ë∑”ªØ‘°‘√‘¬“°—∫‰π‰μ√∑å æ∫

«à“ “√ °—¥ ¡ÿπ‰æ√‡°◊Õ∫∑ÿ°™π‘¥ ¬°‡«âπ≈Ÿ°„μâ„∫

·≈–¡–√–¢’Èπ° (º≈) ∑’Ë· ¥ßƒ∑∏‘Ï°àÕ°≈“¬æ—π∏ÿåÕ¬à“ß

™—¥‡®π ‚¥¬∫Õ√–‡æÁ¥„Àâ®”π«π‚§‚≈π’ Ÿß ÿ¥§◊Õ 418±6

√Õß≈ß¡“§◊Õ °√–‡∑’¬¡„Àâ®”π«π‚§‚≈π’ 150±12 ·≈–

¡–·«âßμâπ„Àâ®”π«π‚§‚≈π’ 145±18 ∑’Ëπà“ —ß‡°μ§◊Õ

‡°‘¥ª√“°Ø°“√≥å partial killing effect §◊Õ  “√ °—¥

 ¡ÿπ‰æ√¥â«¬‡Õ∑“πÕ≈∑’Ë∑”ªØ‘°‘√‘¬“°—∫‰π‰μ√∑å

 “¡“√∂¶à“‡´≈≈å·∫§∑’‡√’¬μ“¬∑’Ë§«“¡‡¢â¡¢âπ Ÿß ´÷Ëß

æ∫„π¡–¢“¡ªÑÕ¡ ≈Ÿ°„μâ„∫ ·≈–¢’È‡À≈Á°∑’Ë§«“¡‡¢â¡

¢âπ 2.5 ·≈– 5 ¡‘≈≈‘°√—¡/®“πÕ“À“√‡≈’È¬ß‡™◊ÈÕ

πÕ°®“°π—Èπ¬—ßæ∫°“√‡°‘¥ killing effect §◊Õ‰¡àæ∫

‡™◊ÈÕ¢÷Èπ‡≈¬„π¢’È‡À≈Á°∑’Ë§«“¡‡¢â¡¢âπ 10 ¡‘≈≈‘°√—¡/®“π

Õ“À“√‡≈’È¬ß‡™◊ÈÕ (μ“√“ß∑’Ë 1)

«‘®“√≥åº≈°“√∑¥≈Õß

®“°°“√∑¥≈Õß· ¥ß„Àâ‡ÀÁπ«à“ “√ °—¥πÈ” ·≈–

 “√ °—¥‡Õ∑“πÕ≈¢Õßæ◊™ ¡ÿπ‰æ√∑—Èß 18 μ—«Õ¬à“ß

‰¡à· ¥ßƒ∑∏‘Ï°àÕ°≈“¬æ—π∏ÿå  ‡¡◊ËÕ∑¥ Õ∫¥â«¬

S. typhimurium TA 98 „π√–∫∫∑’Ë‰¡àμâÕß°“√°“√

°√–μÿâπ®“°‡Õπ‰´¡å∑’Ë °—¥®“°μ—∫ÀπŸ π—Ëπ§◊Õ “√

 °—¥πÈ”¢Õß ¡ÿπ‰æ√‰¡à¡’º≈∑”„Àâ‡°‘¥°“√°≈“¬æ—π∏ÿå

·≈– “√ °—¥¢Õß ¡ÿπ‰æ√∑—Èß 18 μ—«Õ¬à“ß‰¡à· ¥ß

∫∑∫“∑‡ªìπ “√∑’Ë¡’ƒ∑∏‘Ï°àÕ°≈“¬æ—π∏ÿå™π‘¥μ√ß (direct

mutagen) ·≈–‡¡◊ËÕπ” “√ °—¥ ¡ÿπ‰æ√ ¡“∑¥ Õ∫

°“√‡°‘¥æ‘…¿“¬À≈—ß∑’Ëºà“π°“√∑”ªØ‘°‘√‘¬“°—∫‰π‰μ√∑å

„π ¿“«–‡≈’¬π·∫∫°√–‡æ“–Õ“À“√ (æ’‡Õ™ 3-3.5) æ∫«à“

 “√ °—¥πÈ”¢Õß ¡ÿπ‰æ√ 4 μ—«Õ¬à“ß ‰¥â·°à ∫Õ√–‡æÁ¥

¢‘ß „∫¢’È‡À≈Á° ·≈–¡–√–¢’Èπ° (‡∂“) · ¥ßƒ∑∏‘Ï°àÕ

°≈“¬æ—π∏ÿå·∫∫ÕàÕπ „π¢≥–∑’Ë “√ °—¥‡Õ∑“πÕ≈

¢Õß ¡ÿπ‰æ√‡°◊Õ∫∑—ÈßÀ¡¥ ¬°‡«âπ ¡–√–¢’Èπ° (º≈)

·≈–≈Ÿ°„μâ„∫ · ¥ßƒ∑∏‘Ï°àÕ°≈“¬æ—π∏ÿåÕ¬à“ß™—¥‡®π‡¢â“

μ“¡À≈—°‡°≥±å §◊Õ ®”π«π‚§‚≈π’∑’Ë°≈“¬æ—π∏ÿåμàÕ

®“πÕ“À“√‡≈’È¬ß‡™◊ÈÕ ·ª√º—πμ“¡§«“¡‡¢â¡¢âπ¢Õß “√

 °—¥ ¡ÿπ‰æ√  “√ °—¥ ¡ÿπ‰æ√Õ¬à“ßπâÕ¬ 2 §«“¡

‡¢â¡¢âπ ¡’®”π«π‚§‚≈π’¡“°°«à“®”π«π‚§‚≈π’∑’Ë

°≈“¬æ—π∏ÿåμ“¡∏√√¡™“μ‘ ·≈– “√ °—¥ ¡ÿπ‰æ√Õ¬à“ß

πâÕ¬ 1 §«“¡‡¢â¡¢âπ¡’®”π«π‚§‚≈π’∑’Ë°≈“¬æ—π∏ÿå¡“°

°«à“ 2 ‡∑à“¢Õß°“√°≈“¬æ—π∏ÿåμ“¡∏√√¡™“μ‘

º≈°“√∑¥≈Õßπ’È∫“ß à«π Õ¥§≈âÕß°—∫ß“π

«‘®—¬¢Õß™π‘æ√√≥ (2533) §◊Õ “√ °—¥®“° ¡ÿπ‰æ√

øÑ“∑–≈“¬‚®√ ·≈–À≠â“·Àâ«À¡Ÿ ¡’ƒ∑∏‘Ï°àÕ°≈“¬æ—π∏ÿå

À≈— ß ® “°ºà “π°“√∑”ªØ‘ °‘ √‘ ¬ “°— ∫‰π‰μ√∑å „π

°√–∫«π°“√ nitrosation „π ¿“«–‡≈’¬π·∫∫

°√–‡æ“–Õ“À“√ (æ’‡Õ™ 3-3.5) ‚¥¬‰¡à¡’√–∫∫

‡Õπ‰´¡å°√–μÿâπ “√æ‘… ‡¡◊ËÕ∑¥ Õ∫¥â«¬‡™◊ÈÕ

S. typhimurium TA98 (μ√«®«—¥ “√°àÕ°≈“¬æ—π∏ÿå

™π‘¥ frameshift mutagen) ·≈– TA100 (μ√«®«—¥

 “√°àÕ°≈“¬æ—π∏ÿå™π‘¥ base-pair substitute mutagen)

·μà‡¡◊ËÕ∑¥ Õ∫„π ¿“«–∑’Ë¡’√–∫∫‡Õπ‰´¡å°√–μÿâπ

 “√æ‘… °≈—∫æ∫«à“ƒ∑∏‘Ï°àÕ°≈“¬æ—π∏ÿå∑’Ë‡°‘¥¢÷Èππ—Èπ

ÕàÕπ°”≈—ß≈ß  à«π “√ °—¥¢‘ßπ—Èπ‰¥â√“¬ß“π«à“ ‰¡à¡’

ƒ∑∏‘Ï°àÕ°≈“¬æ—π∏ÿåÀ≈—ß∑”ªØ‘°‘√‘¬“°—∫‰π‰μ√∑å ¢≥–

∑’Ë„πß“π«‘®—¬π’Èæ∫«à“  “√ °—¥‡Õ∑“πÕ≈¢Õß¢‘ß· ¥ß
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ƒ∑∏‘Ï°àÕ°≈“¬æ—π∏ÿå·∫∫ÕàÕπ À≈—ß®“°ºà“π°“√∑”

ªØ‘°‘√‘¬“°—∫‰π‰μ√∑å ÷́Ëß§“¥«à“‡ªìπ “‡Àμÿ‡π◊ËÕß®“°

§«“¡‡¢â¡¢âπ¢Õß “√ °—¥‡Õ∑“πÕ≈¢Õß¢‘ß∑’Ë„™â

∑¥ Õ∫„πß“π«‘®—¬¢Õß™π‘æ√√≥ (2533) π—Èπ μË”°«à“

¢π“¥∑’Ë„™â„πß“π«‘®—¬π’È∂÷ß 40 ‡∑à“ Õ¬à“ß‰√°Áμ“¡

 “√ °—¥¢‘ß„πμ—«∑”≈–≈“¬‡Œ°‡´π· ¥ßƒ∑∏‘Ï°àÕ

°≈“¬æ—π∏ÿåÀ≈—ßªØ‘°‘√‘¬“°—∫‰π‰μ√∑å ‡¡◊ËÕ∑¥ Õ∫¥â«¬

‡™◊ÈÕ S. typhimurium TA100 (™π‘æ√√≥, 2533) ·≈–

ß“π«‘®—¬¢Õß Chavalittumrong et al. (1997) ∑’Ë»÷°…“

§«“¡‡ªìπæ‘…¢Õß∫Õ√–‡æÁ¥°Á„Àâº≈∑”πÕß‡¥’¬«°—π

§◊Õæ∫«à“∫Õ√–‡æÁ¥‰¡à¡’ƒ∑∏‘Ï°àÕ°≈“¬æ—π∏ÿå‚¥¬μ—«¡—π‡Õß

·μàÀ“°π”‰ª∑”ªØ‘°‘√‘¬“°—∫‰π‰μ√∑å°Á®–°≈“¬‡ªìπ

 “√∑’Ë¡’ƒ∑∏‘Ï°àÕ°≈“¬æ—π∏ÿå‡°‘¥¢÷Èπ

 “√ °—¥πÈ”¢Õß„∫¢’È‡À≈Á°¡’ƒ∑∏‘Ï°àÕ°≈“¬æ—π∏ÿå

™π‘¥ÕàÕπ  à«π “√ °—¥‡Õ∑“πÕ≈¢Õß„∫¢’È‡À≈Á°¡’

ƒ∑∏‘Ï°àÕ°≈“¬æ—π∏ÿå ·≈–ƒ∑∏‘Ï¶à“‡´≈≈å (partial killing

effect) ¡’√“¬ß“π«‘®—¬æ∫«à“  “√ °—¥‡¡∑“πÕ≈¢Õß

„∫¢’È‡À≈Á°‰¡à¡’§«“¡‡ªìπæ‘…°—∫‡´≈≈å¡–‡√Áß (Raji cells)

μ“√“ß∑’Ë 1 º≈°“√∑¥ Õ∫‡Õ¡ å¢Õß “√ °—¥ ¡ÿπ‰æ√ 17 ™π‘¥ (18 μ—«Õ¬à“ß) ∑’Ë °—¥¥â«¬πÈ”·≈–‡Õ∏“πÕ≈∑’Ë

§«“¡‡¢â¡¢âπ Ÿß ÿ¥§◊Õ 10 ¡‘≈≈‘°√—¡/®“πÕ“À“√‡≈’È¬ß‡™◊ÈÕ ∑—Èß∑’Ë∑”ªØ‘°‘√‘¬“°—∫‰π‰μ√∑å·≈–‰¡à∑”

ªØ‘°‘√‘¬“°—∫‰π‰μ√∑å ‚¥¬æ‘®“√≥“®“°§à“‡©≈’Ë¬®”π«π‚§‚≈π’∑’Ë°≈“¬æ—π∏ÿåμàÕ®“π‡≈’È¬ß‡™◊ÈÕ

™π‘¥æ◊™ ¡ÿπ‰æ√ ®”π«π‚§‚≈π’°≈“¬æ—π∏ÿå/®“πÕ“À“√‡≈’È¬ß‡™◊ÈÕ

 °—¥¥â«¬πÈ” ‰¡à∑”  °—¥¥â«¬πÈ” ∑”  °—¥¥â«¬‡Õ∏“πÕ≈  °—¥¥â«¬‡Õ∏“πÕ≈

ªØ‘°‘√‘¬“°—∫‰π‰μ√∑å ªØ‘°‘√‘¬“°—∫‰π‰μ√∑å ‰¡à∑”ªØ‘°‘√‘¬“°—∫‰π‰μ√∑å ∑”ªØ‘°‘√‘¬“°—∫‰π‰μ√∑å

¡–¢“¡ªÑÕ¡ 24±3 19±6 11±3 9±3 pk

∫Õ√–‡æÁ¥ 19±2 49±5 33±7 418±6

‡Àß◊Õ°ª≈“À¡Õ¥Õ°¡à«ß 17±4 23±6 36±5 100±18

°√–‡∑’¬¡ 23±3 25±4 28±4 150±12

øÑ“∑–≈“¬‚®√ 20±5 31±7 27±1 67±11

À≠â“ªí°°‘Ëß 28±7 21±4 35±7 128±12

‡ÀÁ¥À≈‘π®◊Õ 19±6 21±7 34±5 108±7

¢‘ß 20±3 43±3 16±7 44±5

„∫¢’È‡À≈Á° 23±3 58±2 0±0 k

„∫ –‡¥“ 23±9 33±10 28±2 93±23

¡–·«âß‡§√◊Õ 24±5 26±10 30±6 102±13

¡–·«âßμâπ 20±6 21±4 37±4 145±18

º≈¡–√–¢’Èπ° 22±5 31±1 27±3 30±5

‡∂“¡–√–¢’Èπ° 23±6 44±4 29±3 58±9

≈Ÿ°„μâ„∫ 23±7 37±4 16±4 14±3 pk

º—°‡ªì¥·¥ß 27±5 23±7 33±4 121±13

¥Õ° “¬πÈ”º÷Èß 21±3 36±2 21±3 49±8

À≠â“·Àâ«À¡Ÿ 21±8 30±5 33±4 80±13

Negative control 15±5 17±8 10±3 18±4

Positive control ND 919±143 ND 977±73

À¡“¬‡Àμÿ ND = ‰¡à‰¥â∑”°“√∑¥ Õ∫ pk = partial killing effect, k = killing effect
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(Murakami et al., 1993) ·μàæ∫«à“  “√∫“√“§Õ≈®“°

„∫ÕàÕπ¢Õß¢’È‡À≈Á°‡ªìπæ‘…μàÕ‡´≈≈å P19 embryonal

carcinoma cells ‚¥¬¡’§à“ IC50 ∑’Ë 0.57, 0.62, 0.53 ·≈–

0.43 ¡‘≈≈‘‚¡≈“√å ∑’Ë‡«≈“ 36, 48, 60 ·≈– 72 ™—Ë«‚¡ß

μ“¡≈”¥—∫ À≈—ß®“°‰¥â√—∫ “√¥—ß°≈à“« (Permtermsin

et al., 2002) ÷́Ëß‡ªìπª√–‚¬™πå„π·ßà¢Õß°“√»÷°…“À“

 “√¶à“‡´≈≈å¡–‡√Áß ∂÷ß·¡â«à“ “√ °—¥¥—ß°≈à“«®–¡’

ƒ∑∏‘Ï¶à“‡´≈≈å¡–‡√Áß°Áμ“¡ °“√»÷°…“§«“¡ª≈Õ¥¿—¬„π

°“√„™â ¡ÿπ‰æ√°Á¬—ß§ß®”‡ªìπ À“° “√ °—¥¥—ß°≈à“«

¡’ƒ∑∏‘Ï¶à“‡´≈≈å¡–‡√Áß·≈–¶à“‡´≈≈åª°μ‘ ‡™àπ ‡´≈≈å

¿Ÿ¡‘§ÿâ¡°—π¥â«¬ ‚Õ°“ ∑’Ë®–π”‰ª„™âª√–‚¬™πå„π·ßà

μâ“π¡–‡√Áß°Á®–≈¥≈ß

 “√ °—¥‡Õ∑“πÕ≈¢Õß¡–¢“¡ªÑÕ¡¡’ƒ∑∏‘Ï°àÕ

°≈“¬æ—π∏ÿå·∫∫ÕàÕπ ·≈–ƒ∑∏‘Ï¶à“‡´≈≈å (partial killing

effect) ´÷Ëß¡’º≈ Õ¥§≈âÕß°—∫ß“π«‘®—¬∑’Ëæ∫«à“

 “√ °—¥πÈ”¢Õßº≈¡–¢“¡ªÑÕ¡ ‡¡◊ËÕ∑”°“√∑¥ Õ∫°—∫

cells-L929 æ∫«à“¡’§«“¡‡ªìπæ‘…μàÕ‡´≈≈åÕ¬à“ßÕàÕπ

‚¥¬¡’§à“ IC50 ‡∑à“°—∫ 16.5 ‰¡‚§√°√—¡/¡‘≈≈‘≈‘μ√ (Jose

et al., 2001) ·≈– “√ °—¥º≈¡–¢“¡ªÑÕ¡¥â«¬

Õ–´‘‚μπ §≈Õ‚√øÕ√å¡ πÈ” §«“¡‡¢â¡¢âπ 0.1 ¡‘≈≈‘≈‘μ√/

®“πÕ“À“√‡≈’È¬ß‡™◊ÈÕ (Grover and Kaur, 1989)

 “¡“√∂μâ“π°“√°àÕ°≈“¬æ—π∏ÿåμàÕ‡™◊ÈÕ S. typhimurium

TA97, TA100 ‰¥â ´÷Ëß∂Ÿ°‡Àπ’Ë¬«π”„Àâ‡°‘¥°“√°àÕ

°≈“¬æ—π∏ÿå¥â«¬ “√ sodium azide ·≈– NPD (4-nitro-

s-phenylenediamine)

®“°°“√»÷°…“π’È· ¥ß„Àâ‡ÀÁπ™—¥«à“ ¡ÿπ‰æ√

‡°◊Õ∫∑—ÈßÀ¡¥∂Ÿ° nitrosation ∑”„Àâ‡°‘¥ “√„À¡à∑’Ë¡’

ƒ∑∏‘Ï°àÕ°≈“¬æ—π∏ÿå ‡¡◊ËÕ„™â°√¥‡°≈◊Õ‡ªìπ ¿“«–·«¥≈âÕ¡

„π°√≥’∑’Ë‰¡à¡’√–∫∫°√–μÿâπ¥â«¬‡Õπ‰´¡å®“°μ—∫ÀπŸ

 “¡“√∂ √ÿª‰¥â«à“ ªØ‘°‘√‘¬“μàÕ°—π√–À«à“ß ¡ÿπ‰æ√

‰∑¬°—∫‰π‰μ√∑åπ—Èπ ‡°‘¥ “√°àÕ°≈“¬æ—π∏ÿå ´÷Ëß∫“ß

™π‘¥À√◊Õ à«π„À≠àÕ“®‡ªìπ “√ª√–°Õ∫ nitroso ∑’Ë

 “¡“√∂®—∫μ—«°—∫Àπà«¬æ—π∏ÿ°√√¡¢Õß·∫§∑’‡√’¬ °àÕ

„Àâ‡°‘¥°“√°≈“¬æ—π∏ÿå„π S. typhimurium TA98 ·ª≈

º≈‰¥â«à“ “√°àÕ°≈“¬æ—π∏ÿå∑’Ë‡°‘¥¢÷Èππ—Èπ ‡ªìπ “√°àÕ

°≈“¬æ—π∏ÿå·∫∫ frameshift mutagen ‡π◊ËÕß®“°

S. typhimurium TA98 ∑’Ë„™âπ’È ‡ªìπ “¬æ—π∏ÿå∑’Ë¡’°“√

°≈“¬æ—π∏ÿå·∫∫ frameshift mutagen ∂÷ß·¡â«à“§«“¡

‡ªìπæ‘…∑’Ë‡°‘¥¢÷Èππ’È®–∫Õ°§à“‡ªìπª√‘¡“≥‰¡à‰¥â ·μà°Á

®—¥«à“ “√ °—¥æ◊™ ¡ÿπ‰æ√π—Èπ¡’æ‘…„π√–¥—∫¬’π

Õ¬à“ß‰√°Áμ“¡ ®“°¢âÕ¡Ÿ≈ß“π«‘®—¬¢Õß™π‘æ√√≥ (2533)

¡’¢âÕπà“ —ß‡°μ§◊Õ  “√°àÕ°≈“¬æ—π∏ÿå∑’Ë‡°‘¥¢÷Èπ®“°ªØ‘°‘√‘¬“

nitrosation π—Èπ ®–¡’ƒ∑∏‘Ï≈¥≈ß¿“¬À≈—ß∑’Ë∑”ªØ‘°‘√‘¬“

°—∫‡Õπ‰´¡å®“°μ—∫ÀπŸ π—Ëπ· ¥ß„Àâ‡ÀÁπ«à“‡Õπ‰´¡å

®“°μ—∫ ¡’ƒ∑∏‘Ï„π°“√∑”„Àâ “√°àÕ°≈“¬æ—π∏ÿå∑’Ë‡°‘¥¢÷Èπ

π—Èπ ≈¥§«“¡√ÿπ·√ß≈ß ®“°ß“π«‘®—¬π’È √ÿª‰¥â«à“æ◊™

 ¡ÿπ‰æ√∑—Èß 17 ™π‘¥ (18 μ—«Õ¬à“ß) ‰¡à¡’ƒ∑∏‘Ï°àÕ

°≈“¬æ—π∏ÿå‚¥¬μ—«‡Õß ·μà¡’»—°¬¿“æ„π°“√°àÕ°≈“¬

æ—π∏ÿå‰¥â ∂â“‰¥â√—∫°“√°√–μÿâπ®“° “√ª√–‡¿∑‰π‰μ√∑å

¥—ßπ—Èπ«‘∏’∑’Ë¥’∑’Ë ÿ¥„π°“√≈¥§«“¡‡ ’Ë¬ßμàÕ°“√ —¡º— 

°—∫ “√°àÕ°≈“¬æ—π∏ÿå §◊Õ æ¬“¬“¡À≈’°‡≈’Ë¬ßÕ“À“√∑’Ë

¡’‡°≈◊Õ‰π‡μ√μÀ√◊Õ‰π‰μ√∑å‡¡◊ËÕ∫√‘‚¿§æ◊™ ¡ÿπ‰æ√

¥—ß°≈à“«

 √ÿªº≈°“√∑¥≈Õß

°“√ª√–‡¡‘π§«“¡‡ªìπæ‘…‚¥¬«‘∏’√–¬– —Èπ ¢Õß

 “√ °—¥πÈ”·≈– “√ °—¥‡Õ∑“πÕ≈¢Õßæ◊™ ¡ÿπ‰æ√∑—Èß

18 μ—«Õ¬à“ß ‰¥â·°à ¡–¢“¡ªÑÕ¡ ∫Õ√–‡æÁ¥ ‡Àß◊Õ°

ª≈“À¡Õ¥Õ°¡à«ß °√–‡∑’¬¡ øÑ“∑–≈“¬‚®√ À≠â“ªí°°‘Ëß

‡ÀÁ¥À≈‘π®◊Õ ¢‘ß ¢’È‡À≈Á°  –‡¥“ ¡–·«âß‡§√◊Õ ¡–·«âßμâπ

¡–√–¢’Èπ° (º≈) ¡–√–¢’Èπ° (‡∂“) ≈Ÿ°„μâ„∫ º—°‡ªì¥·¥ß

¥Õ° “¬πÈ”º÷Èß À≠â“·Àâ«À¡Ÿ æ∫«à“ ‰¡à¡’ƒ∑∏‘Ï°àÕ

°≈“¬æ—π∏ÿå ‡¡◊ËÕ∑¥ Õ∫¥â«¬ S. typhimurium TA98

„π√–∫∫∑’Ë‰¡àμâÕß°“√°“√°√–μÿâπ®“°‡Õπ‰´¡å

π—Ëπ°Á§◊Õ “√ °—¥¢Õß ¡ÿπ‰æ√∑—Èß 18 μ—«Õ¬à“ß‰¡à

· ¥ß∫∑∫“∑‡ªìπ “√°àÕ°≈“¬æ—π∏ÿå ™π‘¥ frameshift

mutation

‡¡◊ËÕπ” “√ °—¥ ¡ÿπ‰æ√¡“∑¥ Õ∫°“√‡°‘¥æ‘…

¿“¬À≈—ß∑’Ëºà“π°“√∑”ªØ‘°‘√‘¬“°—∫‰π‰μ√∑å „π ¿“«–

‡≈’¬π·∫∫°√–‡æ“–Õ“À“√ (æ’‡Õ™ 3-3.5) æ∫«à“  “√

 °—¥πÈ”¢Õß ¡ÿπ‰æ√ 4 μ—«Õ¬à“ß ‰¥â·°à ∫Õ√–‡æÁ¥ ¢‘ß

„∫¢’È‡À≈Á° ·≈–¡–√–¢’Èπ° (‡∂“) · ¥ßƒ∑∏‘Ï°àÕ°≈“¬
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æ—π∏ÿå·∫∫ÕàÕπ „π¢≥–∑’Ë “√ °—¥‡Õ∑“πÕ≈¢Õß ¡ÿπ

‰æ√‡°◊Õ∫∑—ÈßÀ¡¥ ¬°‡«âπ ¡–√–¢’Èπ° (º≈) ·≈–≈Ÿ°

„μâ„∫ · ¥ßƒ∑∏‘Ï°àÕ°≈“¬æ—π∏ÿåÕ¬à“ß™—¥‡®π ́ ÷Ëß √ÿª‰¥â«à“

 “√ °—¥πÈ”®“°æ◊™ ¡ÿπ‰æ√ 18 μ—«Õ¬à“ß ¡’‚Õ°“ ∑’Ë

®–∑”ªØ‘°‘√‘¬“°—∫‰π‰μ√∑å ·≈â«‡°‘¥‡ªìπ “√°àÕ°≈“¬

æ—π∏ÿå 22 ‡ªÕ√å‡´Áπμå  à«π “√ °—¥‡Õ∑“πÕ≈¡’

‚Õ°“ ∑’Ë®–∑”ªØ‘°‘√‘¬“°—∫‰π‰μ√∑å ·≈â«‡°‘¥‡ªìπ “√

°àÕ°≈“¬æ—π∏ÿå 89 ‡ªÕ√å‡ Á́πμå

‡Õ° “√Õâ“ßÕ‘ß

™π‘æ√√≥ ‡Õ’Ë¬¡«√æß…å. 2533. º≈¢Õß “√°—π‡ ’¬‰π

‰μ√∑åμàÕƒ∑∏‘Ï°àÕ°≈“¬æ—π∏ÿå¢Õß¬“ ¡ÿπ‰æ√‰∑¬

´÷Ëß∑¥ Õ∫‚¥¬„™â‡Õ¡ å‡∑ μå. «‘∑¬“π‘æπ∏å

¡À“«‘∑¬“≈—¬¡À‘¥≈.
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