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∫∑§—¥¬àÕ
ß“π«‘®—¬π’È¡ÿàß‡πâπ»÷°…“ª√‘¡“≥¢Õß “√°àÕ¡–‡√Áß°≈ÿà¡‚æ≈’‰´§≈‘°Õ–‚√¡“µ‘°‰Œ‚¥√§“√å∫Õπ (PAHs) ·≈–

§«“¡‡ªìπæ‘…µàÕ‡´≈≈å®“° “√ °—¥¢ÕßπÈ”¡—π∑Õ¥´È” ‡¡◊ËÕª√‘¡“≥√âÕ¬≈–¢Õß§à“‚æ≈“√å√«¡ (Total polar compounds,

%TPC) ‡æ‘Ë¡¢÷Èπ‚¥¬»÷°…“„π‡´≈≈å‡æ“–‡≈’È¬ß (HepG2) ∑”°“√∑¥ Õ∫„ππÈ”¡—πæ◊™ Õß™π‘¥ §◊ÕπÈ”¡—π∂—Ë«‡À≈◊Õß (SBO)

·≈–πÈ”¡—πª“≈å¡ (PO) ‚¥¬°“√∑Õ¥∑’ËÕÿ≥À¿Ÿ¡‘ 165 Õß»“‡´≈‡´’¬  «—¥ %TPC ¥â«¬«‘∏’¡“µ√∞“π IUPAC 2.507

«—¥ª√‘¡“≥ PAHs ‚¥¬‡∑§π‘§°“√ °—¥¥â«¬µ—«∑”≈–≈“¬·≈–«‘‡§√“–Àåª√‘¡“≥¥â«¬‡∑§π‘§·°ä ‚§√¡“‚∑°√“øï (GC)

‡ª√’¬∫‡∑’¬∫°—∫ PAHs ¡“µ√∞“π 18 µ—« «—¥§«“¡‡ªìπæ‘…µàÕ‡´≈≈å‚¥¬¥Ÿ°“√¡’™’«‘µ√Õ¥¢Õß‡´≈≈å (MTT assay) ·≈–

°“√‡°‘¥‰¡‚§√π‘«‡§≈’¬  (Micronucleus assay) ®“°°“√»÷°…“æ∫«à“‰¡àæ∫ PAHs „π “√ °—¥¢ÕßπÈ”¡—π∂—Ë«‡À≈◊Õß∑’Ë¡’

%TPC πâÕ¬°«à“ 25 „ππÈ”¡—πª“≈å¡µ√«®æ∫ fluorene, phenanthrene ·≈– anthracene ∑’Ë %TPC 20.30 ·≈–

§à“ %TPC ∑’Ë Ÿß¢÷Èπ ∫àß™’È∂÷ßª√‘¡“≥¢Õß PAHs ·≈–ª√‘¡“≥√–¥—∫ %TPC ¢ÕßπÈ”¡—π∑’Ë°ÆÀ¡“¬°”Àπ¥§◊Õ‰¡à‡°‘π√âÕ¬≈–

25 §«“¡‡ªìπæ‘…µàÕ‡´≈≈å¢Õß “√ °—¥πÈ”¡—πª“≈å¡∑¥ Õ∫¬◊π¬—π¥â«¬«‘∏’ MTT assay ∑’Ë‡«≈“ 48 ·≈– 72 ™—Ë«‚¡ß

æ∫«à“∑”„Àâ°“√¡’™’«‘µ√Õ¥¢Õß‡´≈≈å≈¥≈ß·≈–®“°¢âÕ¡Ÿ≈°“√∑¥ Õ∫§«“¡‡ªìπæ‘…∑“ßæ—π∏ÿ°√√¡  “√ °—¥®“°πÈ”¡—π

∂—Ë«‡À≈◊Õß·≈–πÈ”¡—πª“≈å¡∑’Ë %TPC 39.66 ·≈– 29.54 µ“¡≈”¥—∫ ∑”„Àâ‡°‘¥‰¡‚§√π‘«‡§≈’¬ ‡æ‘Ë¡¢÷ÈπÕ¬à“ß¡’π—¬

 ”§—≠∑“ß ∂‘µ‘ ®“°¢âÕ¡Ÿ≈°“√»÷°…“π’Èæ∫«à“ª√‘¡“≥ “√°àÕ¡–‡√Áß°≈ÿà¡ PAHs æ∫ Ÿß¢÷Èπ‡¡◊ËÕ§à“ %TPC  Ÿß¢÷Èπ·≈– “√ °—¥

®“°πÈ”¡—π∑—Èß Õß™π‘¥¡’§«“¡‡ªìπæ‘…µàÕ‡´≈≈å·≈–æ‘…∑“ßæ—π∏ÿ°√√¡‡¡◊ËÕ‡´≈≈å‰¥â√—∫ —¡º—  ¥—ßπ—Èπ°“√»÷°…“§√—Èßπ’È®÷ßπà“∑’Ë

®–„Àâ¢âÕ¡Ÿ≈∑’Ë¡’ª√–‚¬™πå„π°“√√≥√ß§å‡æ◊ËÕªÑÕß°—π°“√‰¥â√—∫ “√æ‘…Õ—π‰¡àæ÷ßª√– ß§å®“°πÈ”¡—π∑Õ¥ È́”∑’Ë‡ ◊ËÕ¡§ÿ≥¿“æ

·°àºŸâ∫√‘‚¿§

§” ”§—≠:  æ‘…µàÕ‡´≈≈å æ‘…∑“ßæ—π∏ÿ°√√¡ πÈ”¡—πª√ÿßÕ“À“√∑Õ¥´È”

«“√ “√‡¿ —™»“ µ√åÕ’ “π 2552; 5(3): 235-242
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∫∑π”
Õ“À“√®”æ«°∑Õ¥‡ªìπÕ“À“√ª√–‡¿∑Àπ÷Ëß∑’Ë‰¥â√—∫

§«“¡π‘¬¡‚¥¬∑—Ë«‰ª ‡æ√“–®–¡’°≈‘ËπÀÕ¡·≈–√ ™“µ‘

™«π√—∫ª√–∑“π  °√√¡«‘∏’°“√ª√ÿßÕ“À“√™π‘¥π’ÈµâÕßÕ“»—¬

«—µ∂ÿ¥‘∫À≈—°∑’Ë ”§—≠§◊ÕπÈ”¡—πµà“ßÊ ∑’Ë„™â„π°“√∑Õ¥

°√–∫«π°“√∑Õ¥πÈ”¡—πª√ÿßÕ“À“√∑’Ëºà“π§«“¡√âÕπ Ÿß

∑”„Àâ¡’°“√‡ª≈’Ë¬π·ª≈ß∑“ß°“¬·≈–∑“ß‡§¡’∑’ËÕ“®°àÕ„Àâ

‡°‘¥ “√Õ—πµ√“¬µàÕ ÿ¢¿“æ¢Õßµ—«ºŸâº≈‘µ‡Õß·≈–ºŸâ∫√‘‚¿§

‚¥¬‡©æ“–πÈ”¡—π∑’Ë¡’°“√π”°≈—∫¡“„™â´È”À√◊Õ∑’Ë‡√’¬°«à“

πÈ”¡—π∑Õ¥ È́” πÈ”¡—π‡À≈à“π’ÈÕ“®‡ ◊ËÕ¡§ÿ≥¿“æ·≈–‡°‘¥

 “√æ‘…À≈“¬™π‘¥ – ¡„ππÈ”¡—π ∫“ß™π‘¥¡’§ÿ≥ ¡∫—µ‘

°àÕ°≈“¬æ—π∏ÿå (mutagens) ∫“ß™π‘¥‡ªìπ “√°àÕ¡–‡√Áß

(carcinogens) À“°π”°≈—∫¡“„™â “√æ‘…®–ªπ‡ªóôÕπ‰ª°—∫

Õ“À“√∑’Ë√—∫ª√–∑“π∑”„Àâ‡°‘¥º≈√â“¬‚¥¬µ√ßµàÕ ÿ¢¿“æ

πÈ”¡—π‡ª√’¬∫‡ ¡◊Õπµ—«π”§«“¡√âÕπÀ“°‰¥â√—∫

Õÿ≥À¿Ÿ¡‘ Ÿß‡ªìπ‡«≈“π“π®–‡°‘¥°“√‡ ◊ËÕ¡ ¿“æ æ∫ “√

°àÕ¡–‡√Áß ‡™àπ Õ—≈¥’‰Œ¥å (aldehydes), ¡“‚≈π‰¥Õ—≈¥’‰Œ¥å

(malondialdehyde; MDA), 4-‰Œ¥√Õ° ’́-2-‚ππ’πÕ≈

(trans-4-hydroxy-2-nonenal; HNE), ‚æ≈’‰´§≈‘°

Õ–‚√¡“µ‘°‰Œ‚¥√§“√å∫Õπ (polycyclic aromatic

hydrocarbons; PAHs) ‚¥¬‡©æ“– “√°≈ÿà¡ PAHs

‡ªìπ “√æ‘…°≈ÿà¡„À≠à·≈–¡’§«“¡‡ªìπæ‘…√â“¬·√ß¡“°

 à«π„À≠à‡ªìπ “√‡Àπ’Ë¬«π”°“√°≈“¬æ—π∏ÿå·≈– “√°àÕ¡–‡√Áß

PAHs ‡ªìπ “√‰¡à¡’¢—È« (non-polar) ¥—ßπ—Èπ®÷ß≈–≈“¬‰¥â

¥’„ππÈ”¡—π·≈–‰¢¡—π ≈–≈“¬‰¥âπâÕ¬„ππÈ” ®÷ß – ¡Õ¬Ÿà„π

√à“ß°“¬‰¥âπ“π·≈–¢—∫ÕÕ°®“°√à“ß°“¬‰¥â¬“°  ¡’‚§√ß √â“ß

ª√–°Õ∫¥â«¬«ß‡∫π´’πµ—Èß·µà 2 «ß¢÷Èπ‰ª®—¥‡√’¬ß‡ªìπ

‡ âπµ√ß‡ªìπ¡ÿ¡À√◊Õ‡ªìπ°≈ÿà¡¡’‡©æ“–Õ–µÕ¡¢Õß‰Œ‚¥√‡®π

·≈–§“√å∫Õπ ‡°‘¥®“°°√–∫«π°“√‡º“‰À¡â∑’Ë‰¡à ¡∫Ÿ√≥å

¢Õß∂à“πÀ‘π πÈ”¡—π ·°Á  ‰¡â·≈–«—µ∂ÿÕ‘π∑√’¬åµà“ßÊ

(Hodgeson, 1990)  ‡¢â“ Ÿà√à“ß°“¬¡’ 3 ∑“ß§◊Õ ∑“ßªÕ¥

‚¥¬°“√À“¬„® √–∫∫∑“ß‡¥‘πÕ“À“√‚¥¬°“√°‘πÕ“À“√∑’Ë

ªπ‡ªóôÕπ·≈–∑“ßº‘«Àπ—ß‡¡◊ËÕ —¡º—  ‘Ëß·«¥≈âÕ¡∑’Ë¡’ PAHs

ªπ‡ªóôÕπ (Ramesh et al., 2004)  „ππÈ”¡—π∑Õ¥´È”¬—ßæ∫

 “√ MDA ÷́Ëß‡ªìπ “√ª√–°Õ∫Õ—≈¥’‰Œ¥å∑’Ë¡’§«“¡ “¡“√∂

„π°“√·æ√àºà“π‡¢â“ Ÿà‡´≈≈å‰¥âßà“¬·≈–‡¢â“∑”≈“¬‡´≈≈å

·≈–¥’‡ÕÁπ‡Õ∑”„Àâ‡´≈≈å‡°‘¥§«“¡‡ ’¬À“¬À√◊Õ‡ ’¬ ¿“æ

(Halliwell and Gutteridge, 1998)  ∑”„Àâ‡°‘¥¡–‡√Áß

∫πº‘«Àπ—ß¢ÕßÀπŸ∑¥≈Õß °“√‡®√‘≠‡µ‘∫‚µº‘¥ª°µ‘  ≈”‰ â

∑”ß“πº‘¥ª°µ‘ µ—∫·≈–‰µ‚µ ‚≈À‘µ®“ß «‘µ“¡‘πÕ’„π‡≈◊Õ¥

·≈–µ—∫≈¥≈ß ·≈–Õ“®∑”„ÀâÕπÿ¡Ÿ≈Õ‘ √–‡æ‘Ë¡¢÷Èπ∑”„Àâ‡°‘¥

Abstract
This study aimed to investigate the formation of polycyclic aromatic hydrocarbons (PAHs) and

cytotoxicity of extracts from repeatedly fried cooking oils. Special focus was on the correlation between the level
of total polar compounds (TPCs) and toxicity to the hepatoma cell line (HepG2). Soybean (SBO) and palm
(PO) oil samples were prepared by frying dough at high temperature (165oC), and periodically determining
%TPCs by the standard IUPAC 2.507 method. Analysis of PAHs was carried out by liquid extraction followed by
gas chromatography (GC), using PAHs mixed consisting of 18 PAHs compounds as standards. Cytotoxicities
were measured using cell viability (MTT assay) and micronucleus assays. Results showed undetectable levels
of PAHs in frying SBO at %TPCs less than 25%. By comparing fluorene, phenanthrene and anthracene were
detected in PO at 20.30% and higher, indicating the formation of PAHs in PO when its %TPCs were close to or
exceeding the legal limitation of 25%. Cytotoxicity of extracts from repeated frying PO was confirmed by the
reduction of cell viability at 48 and 72 hours incubation. Formation of micronucleus gradually increased with
increases in %TPCs, and reached significant levels at 39.66%TPCs and 29.54%TPCs for SBO and PO,
respectively. Results from this study suggest that carcinogenic PAHs form when cooking oils are repeatedly
used. This is the case for higher %TPCs especially. These findings may aid campaigns for consumer protection

against toxic substances generated from repeatedly used cooking oil.

Keywords:  Cytotoxicity, Genotoxicity, Repeatedly fried cooking oils

IJPS 2009: 5(3): 235-242
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æ‘…µàÕ‡´≈≈å‡√’¬°«à“ ¿“«–‡§√’¬¥ÕÕ°´‘‡®π (oxidative

stress)

πÈ”¡—πª√ÿßÕ“À“√∑Õ¥´È”∑’Ë‡ ◊ËÕ¡§ÿ≥¿“æ∑—Èß∑“ß

°“¬¿“æ·≈–∑“ß‡§¡’ ∑”„Àâ‡°‘¥°“√ – ¡¢Õß “√‚æ≈“√å

„ππÈ”¡—π¡“°¢÷Èπ ª√‘¡“≥√âÕ¬≈– “√‚æ≈“√å√«¡„ππÈ”¡—π

(Total polar compounds) ‡ªìπ§à“∑’Ë∫àß∫Õ°∂÷ß§ÿ≥¿“æ

¢ÕßπÈ”¡—πµ—«Àπ÷Ëß∑’Ë‡ªìπ∑’Ë¬Õ¡√—∫∑’Ë ÿ¥ ‚¥¬µ“¡°ÆÀ¡“¬

ª√–°“»°√–∑√«ß “∏“√≥ ÿ¢ (©∫—∫ 283) æ.». 2547

°”Àπ¥‰«â‰¡à„Àâ‡°‘π√âÕ¬≈– 25 ¢ÕßπÈ”Àπ—°πÈ”¡—π ·µà°“√

«—¥§à“ª√‘¡“≥√âÕ¬≈– “√‚æ≈“√å√«¡„ππÈ”¡—π‰¡à‰¥â™’È«—¥

§«“¡‡ªìπæ‘…¢ÕßπÈ”¡—π  ¥—ßπ—ÈπºŸâ«‘®—¬§“¥«à“„ππÈ”¡—π∑Õ¥

´È”∑’Ë¡’√–¥—∫§à“‚æ≈“√å Ÿß¢÷Èπ®–¡’°“√ – ¡¢Õß “√æ‘…

Õ—π‡π◊ËÕß®“°°“√‡ª≈’Ë¬π·ª≈ß∑“ß‡§¡’¡“°¢÷Èπ‡™àπ°—π

ß“π«‘®—¬§√—Èßπ’È®÷ß π„®∑’Ë®–»÷°…“º≈§«“¡‡ªìπæ‘…µàÕ

‡´≈≈å¢Õß “√æ‘…∑’Ëµ°§â“ß„ππÈ”¡—π∑Õ¥´È”∑’Ë¡’√âÕ¬≈–

 “√‚æ≈“√å√«¡„ππÈ”¡—π Ÿß¢÷Èπ·≈–»÷°…“ª√‘¡“≥ “√°≈ÿà¡

PAHs „ππÈ”¡—π∑Õ¥ È́”∑’Ë√–¥—∫ª√‘¡“≥ “√‚æ≈“√å„ππÈ”¡—π

µà“ß°—π ‚¥¬¡ÿàßª√–‡¥Áπ‰ª∑’Ë°“√µ√«®«—¥§«“¡‡ªìπæ‘…

µàÕ‡´≈≈å (cytotoxicity) ·≈–§«“¡‡ªìπæ‘…∑“ßæ—π∏ÿ°√√¡

(genotoxicity) ‡æ◊ËÕ®–π”¢âÕ¡Ÿ≈‰ª„™â‡ªìπª√–‚¬™πå

„π°“√»÷°…“§«“¡‡ªìπæ‘…®“°°“√„™âπÈ”¡—π∑Õ¥´È”µàÕ‰ª

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

Standard PAHs (∫√‘…—∑ SUPELCO ª√–‡∑»

 À√—∞Õ‡¡√‘°“) Fetal bovine serum (FBS) (∫√‘…—∑

GIBCO Auckland ª√–‡∑» À√—∞Õ‡¡√‘°“), Dulbelcoûs

Modified Eagie Medium (DMEM) (∫√‘…—∑ GIBCO

ª√–‡∑» À√—∞Õ‡¡√‘°“), Pennicillin streptromycin

(∫√‘…—∑ GIBCO ª√–‡∑» À√—∞Õ‡¡√‘°“), Trypsin EDTA

(∫√‘…—∑ GIBCO ª√–‡∑»·§π“¥“), Phosphate buffer

saline (PBS), 3-(4,5-dimethythiazol-2-y)-2,5-

diphenyltettrazolium bromide (MTT) (∫√‘…—∑ Eugene,

Oregon ª√–‡∑» À√—∞Õ‡¡√‘°“), Dimethyl Sulfoxide

(DMSO) (∫√‘…—∑ Sigma-Aldrich  Laborachemikaline

GmbH ª√–‡∑»‡¬Õ√¡—ππ’), cytochalasin B (∫√‘…—∑

MERCKS ª√–‡∑»‡¬Õ√¡—ππ’), Giemsa stain (∫√‘…—∑

MERCKS ª√–‡∑»‡¬Õ√¡—ππ’), Glacial acetic acid

(∫√‘…—∑ CARLO ERBA ª√–‡∑»‡¬Õ√¡—ππ’) ‡§√◊ËÕß¡◊Õ

«‘∑¬“»“ µ√å∑’Ë„™â„π°“√∑¥ Õ∫º≈ Microplate reader

√ÿàπ 680 (∫√‘…—∑ Bio-rad  ª√–‡∑» À√—∞Õ‡¡√‘°“) CO
2

Incubator JENCONS-PLS (∫√‘…—∑‡¥≈µ“ ·≈Á∫∫Õ√“µÕ√’Ë

®”°—¥ ª√–‡∑»‰∑¬) ‡§√◊ËÕß Gas Chromatography

√ÿàπ HP 6890 (∫√‘…—∑ Hewlett Packard  ª√–‡∑» À√—∞

Õ‡¡√‘°“)

°“√‡µ√’¬¡µ—«Õ¬à“ßπÈ”¡—π

‡µ√’¬¡µ—«Õ¬à“ßπÈ”¡—π∑Õ¥ È́”„Àâ‰¥â§à“√âÕ¬≈–

 “√‚æ≈“√å√«¡ (Total polar compounds) ‡∑à“°—∫ 9-16,

17-24 ·≈–∑’Ë√âÕ¬≈– 25-40  ‚¥¬‡√‘Ë¡®“°°“√π«¥·ªÑß

°—∫πÈ”„Àâ‡¢â“‡ªìπ‡π◊ÈÕ‡¥’¬«°—π‚¥¬„™â‡«≈“ª√–¡“≥ 15 π“∑’

Õ—µ√“ à«π·ªÑßµàÕπÈ” §◊Õ ·ªÑß “≈’ 1 kg µàÕπÈ” 500 mL

‡¡◊ËÕ·ªÑß‡Àπ’¬«‰¥â∑’Ëªíôπ‡ªìπ·ºàπ·∫πÊ ‡ âπºà“»Ÿπ¬å°≈“ß

ª√–¡“≥ 1 π‘È« º÷Ëß≈¡æ—°‰«â  ‡∑πÈ”¡—π 5 L ≈ß„π°√–∑–

µ—Èß‰ø 15 π“∑’ «—¥Õÿ≥À¿Ÿ¡‘‰¥â 165 oC ‡√‘Ë¡∑Õ¥

§«“¡√âÕπ¢≥–∑Õ¥«—¥‰¥â 180+10 oC „™â‡«≈“„π°“√∑Õ¥

®”π«π 2 ™—Ë«‚¡ß ‡ √Á®·≈â«ªî¥‰ø∑‘Èß‰«â∫π‡µ“Õ’° 1 ™—Ë«‚¡ß

·≈â«‡°Á∫„π¢«¥ ’πÈ”µ“≈®”π«π 60 mL ‡æ◊ËÕπ”‰ªµ√«®

«—¥§à“√âÕ¬≈– “√‚æ≈“√å√«¡∑”‡™àππ’È∑ÿ°«—π‡ªìπ‡«≈“ 9 «—π

‚¥¬‰¡à¡’°“√°√Õß·≈–‡µ‘¡πÈ”¡—π„À¡à

°“√«‘‡§√“–Àåª√‘¡“≥ “√‚æ≈“√å√«¡ (%Total

polar compounds; %TPCs)

°“√«‘‡§√“–Àåª√‘¡“≥ %TPCs „™â«‘∏’ IUPAC

2.507 (Dobarganes et al.,  2000) ‡µ√’¬¡§Õ≈—¡πå‚¥¬

Õÿ¥ª≈“¬ §Õ≈—¡πå¥â«¬ ”≈’®“°π—Èπ‰≈àÕ“°“»„π§Õ≈—¡πå

¥â«¬ “√≈–≈“¬ elution solvent 1 (Petroleum ether:

Diethyl ether, Õ—µ√“ à«π 9:1) ª√‘¡“µ√ 5 mL ‡µ‘¡ silica

gel 3 g ‡§“–‡∫“Ê „Àâ silica gel °√–®“¬µ—« ¡Ë”‡ ¡Õ

·≈â«®÷ß‡µ‘¡ sodium sulphate anhydrous 1 g ∫π™—Èπ¢Õß

silica gel ‡µ‘¡µ—«Õ¬à“ßπÈ”¡—π 1 g µ“¡¥â«¬ elution

solvent 1 ª√‘¡“µ√ 60 mL ·≈â«‰¢ “√≈–≈“¬∑‘Èß (non-

polar) ¥â«¬Õ—µ√“ 1.5 mL/min ‡¡◊ËÕ elution solvent 1

À¬ÿ¥‰À≈‡µ‘¡ elution solvent 2 (Diethyl ether) ª√‘¡“µ√

50 mL (polar) ·≈–‡°Á∫≈ß„π¢«¥°âπ°≈¡∑’Ë™—ËßπÈ”Àπ—°·≈â«

π”¢«¥°âπ°≈¡√–‡À¬·Àâß·≈â«®÷ßÕ∫∑’ËÕÿ≥À¿Ÿ¡‘ 96 oC ‡ªìπ

‡«≈“ 30 π“∑’ ∑‘Èß„Àâ‡¬Áπ∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß ∫—π∑÷°πÈ”Àπ—°

¢«¥°âπ°≈¡π”‰ª§”π«≥

°“√§”π«≥√âÕ¬≈– “√‚æ≈“√å√«¡ (%TPC)

%TPC =  (Mp/M) x 100

Mp =  πÈ”Àπ—° polar fraction (g)

              M      =  πÈ”Àπ—°µ—«Õ¬à“ßπÈ”¡—π (g)
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°“√ °—¥ “√ PAHs ®“°µ—«Õ¬à“ßπÈ”¡—π

™—Ëßµ—«Õ¬à“ßπÈ”¡—πª√‘¡“µ√ 30 g ≈–≈“¬„π

n-Heptane 20 mL ·≈â«∫√√®ÿ„π°√«¬·¬° (separatory

funnel)  °—¥ “√≈–≈“¬πÈ”¡—π¥â«¬ DMSO 15 π“∑’

¥â«¬‡§√◊ËÕß‡¢¬à“Õ—µ‚π¡—µ‘ À≈—ß®“°π—Èπ§àÕ¬Ê ‡µ‘¡πÈ”

60 mL ≈ß„π “√≈–≈“¬πÈ”¡—π·≈â«∑”°“√ °—¥ È́”¥â«¬

cyclohexane ®”π«π 150 mL 15 π“∑’ ¥â«¬‡§√◊ËÕß‡¢¬à“

Õ—µ‚π¡—µ‘ ≈â“ß¥â«¬πÈ”ª√‘¡“µ√®”π«π 100 mL ∑‘Èß‰«â®π

 “√≈–≈“¬·¬°™—Èπ‰¢ à«ππÈ”∑‘Èß ¢—ÈπµÕππ’È∑” Õß§√—Èß

√–‡À¬®π‡À≈◊Õ cyclohexane ª√–¡“≥ 20 mL ®÷ßπ”‰ª

ºà“π§Õ≈—¡πå‡æ◊ËÕ„Àâµ—«Õ¬à“ß –Õ“¥¢÷Èπ  °“√‡µ√’¬¡§Õ≈—¡πå

‡æ◊ËÕ∑”„Àâµ—«Õ¬à“ß –Õ“¥¢÷Èπ‚¥¬„™â§Õ≈—¡πå¢π“¥ 20x2.2

cm ∑’Ë∫√√®ÿ silica gel 5 g ·≈– sodium sulfate anhydrous

1 °√—¡ ‡µ‘¡ cyclohexane 10 mL ·≈– dichloromethane

5 mL ‰¢∑—Èß Õß à«ππ’È∑‘Èß®πÀ¡¥ ∫√√®ÿ “√≈–≈“¬≈ß

„π§Õ≈—¡πå·≈â«®÷ß‡µ‘¡ cyclohexane 10 mL ·≈–

dichloromethane 5 mL √–‡À¬„Àâ·Àâß·≈â«≈–≈“¬¥â«¬

acetonitrile 1 mL ∑”°“√∑¥≈Õß´È” 10 §√—Èß‡°Á∫ à«π

acetonitrile ∑—ÈßÀ¡¥√«¡°—π‡°Á∫‰«â„πÕÿ≥À¿Ÿ¡‘ -20 oC

‡æ◊ËÕ√Õ∑”°“√∑¥ Õ∫

°“√«‘‡§√“–Àåª√‘¡“≥ PAHs ¥â«¬‡∑§π‘§ Gas

Chromatography

«‘∏’«‘‡§√“–Àå¥—¥·ª≈ß®“°«‘∏’«‘‡§√“–Àå¢Õß Howard

(Howard et al., 1994) „™â§Õ≈—¡πå Phenomenex ZB-5

30 m x 0.25 mm Õÿ≥À¿Ÿ¡‘§Õ≈—¡πå‡√‘Ë¡µâπ∑’Ë 130 oC

‡æ‘Ë¡Õÿ≥À¿Ÿ¡‘  4 oC/min ®π∂÷ß 290 oC µ√«®«—¥ “√∑’Ë

·¬°‰¥â¥â«¬ Flame Ionization Detection (FID) ∑’ËÕÿ≥À¿Ÿ¡‘

300 oC ‚¥¬¡’Õÿ≥À¿Ÿ¡‘ Injector 200 oC ©’¥ “√¡“µ√∞“π

√«¡ª√–°Õ∫¥â«¬ “√¡“µ√∞“π PAHs 18 µ—«∑’Ë∑√“∫

§«“¡‡¢â¡¢âπ·πàπÕπ‚¥¬„π spit mode 10:1 §”π«≥

ª√‘¡“≥ “√ PAHs „πµ—«Õ¬à“ß “√ °—¥®“°°√“ø¡“µ√∞“π

∑’Ë§«“¡‡¢â¡¢âπµà“ß Ê

°“√»÷°…“§«“¡‡ªìπæ‘…µàÕ‡´≈≈å (Cytotoxic

assay; MTT assay)

‡≈’È¬ß‡´≈≈å HepG2 „π 96 well plate (ª√‘¡“≥

104 cells/well) „πÕ“À“√‡≈’È¬ß DMEM √à«¡°—∫ 10% FBS

≈–≈“¬ “√ °—¥∑¥ Õ∫„π DMSO (‰¡à‡°‘π 0.2%) ·≈–

‡µ‘¡„πÕ“À“√‡≈’È¬ß‡´≈≈å„π§«“¡‡¢â¡¢âπ¢Õß “√ °—¥∑’Ë

µâÕß°“√ ∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 37 oC (5% CO
2
) µ“¡‡«≈“∑’Ë

°”Àπ¥ §◊Õ∑’Ë 24, 48 ·≈– 72 ™—Ë«‚¡ß ∑”°“√≈â“ß‡´≈≈å

·≈–‡µ‘¡ “√≈–≈“¬ MTT (5 mg/mL) ∑‘Èß‰«â 30 π“∑’

À≈—ß®“°π—Èπ¥Ÿ¥‡Õ“ “√≈–≈“¬ÕÕ°·≈â«‡µ‘¡√âÕ¬‡ªÕ√å‡´Áπµå

DMSO 150 µL/well π”‰ª«—¥°“√¥Ÿ¥°≈◊π· ß¥â«¬

‡§√◊ËÕß¡◊Õ ‡ª°‚µ√‚ø‚µ¡‘‡µÕ√å§«“¡¬“«§≈◊Ëπ 550 nm

§”π«≥À“‡ªÕ√å‡´Áπµå cell viability ®“°®”π«π‡´≈≈å∑’Ë

‡À≈◊ÕÀ≈—ß®“°∑¥ Õ∫°—∫ “√ °—¥

°“√∑¥ Õ∫§«“¡‡ªìπæ‘…∑“ßæ—π∏ÿ°√√¡¥â«¬

«‘∏’‰¡‚§√π‘«‡§≈’¬  (Isabelle et al., 2003)

‡≈’È¬ß‡´≈≈å  Hep G2 „π 6-well plate (5x105

cells/well) ∑”°“√∑¥ Õ∫°—∫ “√ °—¥∑’Ë≈–≈“¬„π DMSO

·≈–∫à¡‡´≈≈å‡ªìπ‡«≈“ 20 ™—Ë«‚¡ß ‡¡◊ËÕ§√∫‡«≈“ ¥Ÿ¥ DMEM

‡°à“∑‘Èß ≈â“ß¥â«¬ PBS ®”π«π 1 mL ‡µ‘¡ DMEM „À¡à∑’Ë¡’

CytochalacinB (4.5 µg/mL) ∫à¡„πµŸâÕ∫‡≈’È¬ß‡´≈≈å‡ªìπ

‡«≈“ 30 ™—Ë«‚¡ß ‡¡◊ËÕ§√∫°”Àπ¥‡«≈“∫à¡„πµŸâÕ∫‡≈’È¬ß‡´≈≈å

90 π“∑’ „ à DMEM „À¡à·≈– PBS Õ—µ√“ à«π 1:1 ®”π«π

2 mL ∫à¡„πµŸâÕ∫‡≈’È¬ß‡´≈≈å 1.5 ™—Ë«‚¡ß ¥Ÿ¥ DMEM

‡°à“∑‘Èß„ à Trypsin ‡µ‘¡ 1 mL ¥Ÿ¥∑‘Èß∑—π∑’ „ à DMEM

∑’Ë‰¡à¡’´’√—Ë¡ 1 mL º ¡„Àâ‡¢â“°—π·≈â«¥Ÿ¥„ àÀ≈Õ¥æ≈“ µ‘°

¢π“¥‡≈Á° ‡µ‘¡ “√≈–≈“¬ fixative (acetic acid: ethanol,

1:1 v/v) 1 mL ªíòπ‡À«’Ë¬ß 400 rpm 5 π“∑’ ¥Ÿ¥ à«π

„ ∑‘Èß “√≈–≈“¬ ‡µ‘¡ fixative 2 mL ∑‘Èß‰«â 15 π“∑’

ªíòπ‡À«’Ë¬ß 400 rpm Õ’°§√—Èß‡ªìπ‡«≈“ 5 π“∑’ ¥Ÿ¥ à«π„ 

∑‘Èß‡µ‘¡ fixative æÕ ¡§«√·≈â«À¬¥≈ß·ºàπ ‰≈¥åµ“°‰«â

∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß®π·Àâß ¬âÕ¡¥â«¬ May-Grunwald diluted

1:1 (v/v) Sorensen buffer pH 7 ‡ªìπ‡«≈“ 8 π“∑’

·≈â«¬âÕ¡¥â«¬ Giemsa diluted 1:1 (v/v)  Sorensen

buffer pH 7 ‡ªìπ‡«≈“ 25 π“∑’ ‡ √Á®·≈â«∑‘Èß„Àâ·Àâß∑’Ë

Õÿ≥À¿Ÿ¡‘ÀâÕß 24 ™—Ë«‚¡ß ·≈â«π—∫‡´≈≈å‡∑’¬∫°—∫ Blank

control

«‘‡§√“–Àå∑“ß ∂‘µ‘

π”¢âÕ¡Ÿ≈∑’Ë‰¥â®“°º≈°“√∑¥≈Õß¡“∑¥ Õ∫∑“ß

 ∂‘µ‘ Statistical analysis ‚¥¬„™â‚ª√·°√¡ Sigma stat

∑¥ Õ∫ §«“¡·µ°µà“ß∑“ß ∂‘µ‘¥â«¬ one way ANOVA

º≈°“√»÷°…“«‘®—¬
º≈°“√«—¥ª√‘¡“≥√âÕ¬≈– “√‚æ≈“√å√«¡

πÈ”¡—πª“≈å¡„À¡à·≈–πÈ”¡—π∂—Ë«‡À≈◊Õß„À¡àÀ√◊Õ

πÈ”¡—π∑’Ë‰¡à‰¥âºà“π°“√∑Õ¥ ¡’§à“√âÕ¬≈– “√‚æ≈“√å√«¡

‡∑à“°—∫ 8.45 ·≈– 3.53 µ“¡≈”¥—∫ „π°“√»÷°…“§√—Èßπ’È

°”Àπ¥§à“√âÕ¬≈– “√‚æ≈“√å√«¡‡ªìπ™à«ß∑’Ë√âÕ¬≈– 9-16,
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17-24 ·≈– 25-40 ®“°°“√µ‘¥µ“¡«—¥§à“√âÕ¬≈– “√

‚æ≈“√å¢Õßµ—«Õ¬à“ßπÈ”¡—πæ∫«à“πÈ”¡—πª“≈å¡¡’§à“‚æ≈“√å

‡√‘Ë¡µâπ Ÿß°«à“πÈ”¡—π∂—Ë«‡À≈◊ÕßπÈ”¡—πæ◊™∑—Èß Õß™π‘¥¡’°“√

‡ª≈’Ë¬π·ª≈ß§à“‚æ≈“√åµ“¡‡«≈“∑Õ¥‰¡à‡∑à“°—π ‚¥¬πÈ”¡—π

∂—Ë«‡À≈◊Õß¡’°“√‡ª≈’Ë¬π·ª≈ß‡√Á«°«à“ ¥—ß· ¥ß„πµ“√“ß∑’Ë 1

πÈ”¡—πª“≈å¡∑Õ¥∑’Ë™—Ë«‚¡ß 1, 10 ·≈– 15 ¡’§à“√âÕ¬≈–

 “√‚æ≈“√å√«¡‡∑à“°—∫ 10.46, 20.31 ·≈– 29.54

µ“¡≈”¥—∫ „π¢≥–∑’ËπÈ”¡—π∂—Ë«‡À≈◊Õß¡’§à“√âÕ¬≈– “√‚æ≈“√å

√«¡∑’Ë 20.86 ¿“¬„π‡«≈“ 7 ™—Ë«‚¡ß·≈–¿“¬„π‡«≈“ 13

™—Ë«‚¡ß¡’§à“ Ÿß∂÷ß 39.66

º≈°“√«‘‡§√“–Àåª√‘¡“≥ PAHs

°“√«‘‡§√“–Àåª√‘¡“≥ PAHs ‚¥¬°“√‡ª√’¬∫‡∑’¬∫

°“√ª√“°Ø¢Õß —≠≠“≥∑’Ë§à“ Retention time (Rt)

µ“¡∑’Ëª√“°Ø¢Õß “√¡“µ√∞“π PAHs ®“°π—Èπ§”π«≥

ª√‘¡“≥‡∑’¬∫°—∫ “√¡“µ√∞“π PAHs æ∫«à“„ππÈ”¡—π

∑—Èß Õß™π‘¥πÈ”¡—π„À¡à∑’Ë¬—ß‰¡àºà“π°“√∑Õ¥ (blank

control) ‰¡àæ∫ —≠≠“≥¢Õß PAHs ¥—ßµ—«Õ¬à“ß√Ÿª∑’Ë 1 (A)

·≈– “√ °—¥πÈ”¡—π∑Õ¥´È”®–ª√“°Ø —≠≠“≥¢Õß PAHs

·µà≈–§à“ ¥—ßµ—«Õ¬à“ß‚§√¡“‚µ·°√¡¥—ß√Ÿª∑’Ë 1 (B)

º≈°“√«‘‡§√“–Àåª√‘¡“≥ PAHs ¢ÕßπÈ”¡—π∑—Èß Õß

™π‘¥æ∫«à“‡¡◊ËÕπÈ”¡—π∑Õ¥´È”∑’Ë¡’§à“√âÕ¬≈–¢Õß “√‚æ≈“√å

∑—ÈßÀ¡¥ Ÿß¢÷Èπ ª√‘¡“≥ PAHs ∑’Ëµ√«®æ∫®– Ÿß¢÷Èπ ‚¥¬

πÈ”¡—π∂—Ë«‡À≈◊Õß∑’Ë§à“√âÕ¬≈– TPC 39.66 µ√«®æ∫ Total

PAHs 22.23 µg/kg πÈ”¡—πª“≈å¡∑’Ë§à“√âÕ¬≈–¢Õß “√

‚æ≈“√å∑—ÈßÀ¡¥ 20.30 µ√«®æ∫ Total PAHs 11.99 µg/

kg πÈ”¡—πª“≈å¡∑’Ë§à“√âÕ¬≈–¢Õß “√‚æ≈“√å∑—ÈßÀ¡¥ 29.53

µ√«®æ∫ Total PAHs 31.49 µg/kg  ¥—ß· ¥ß„πµ“√“ß∑’Ë 2

√Ÿª∑’Ë 1 µ—«Õ¬à“ß‚§√¡“‚µ·°√¡¢Õß “√ °—¥®“°πÈ”¡—π
‡¡◊ËÕ∑”°“√«‘‡§√“–Àå¥â«¬«‘∏’ Gas chromatography
‚§√¡“‚µ·°√¡¢Õß “√ PAHs ®“°°“√ °—¥µ—«Õ¬à“ß

πÈ”¡—π„À¡à (A) ·≈–πÈ”¡—π∑Õ¥´È” (B)

º≈°“√∑¥ Õ∫§«“¡‡ªìπæ‘…µàÕ‡´≈≈å¢Õß “√

„ππÈ”¡—π∑Õ¥´È”¥â«¬«‘∏’ MTT

∑”°“√∑¥ Õ∫§«“¡‡ªìπæ‘…‚¥¬„™â√–¬–‡«≈“„π
‡«≈“°“√∑¥ Õ∫ “√°—∫‡´≈≈å 24, 48 ·≈– 72 ™—Ë«‚¡ß
‡¡◊ËÕ∑¥ Õ∫‡´≈≈å°—∫ “√ °—¥πÈ”¡—πª“≈å¡ (P) ‚¥¬ P1=
%TPC 8.45, P2 = %TPC 10.46, P3 = %TPC 20.30
·≈– P4 = %TPC 29.53 µ“¡≈”¥—∫ æ∫«à“√âÕ¬≈–
°“√¡’™’«‘µ√Õ¥¢Õß‡´≈≈å≈¥≈ß‡¡◊ËÕ‡∑’¬∫°—∫ control DMSO
·≈–¡’§à“·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘∑’Ë‡«≈“ 48 ·≈–
72 ™—Ë«‚¡ß p<0.001

‡¡◊ËÕ∑¥ Õ∫‡´≈≈å°—∫ “√ °—¥πÈ”¡—π∂—Ë«‡À≈◊Õß (S)
‚¥¬ S1 = %TPC 3.53, S2 = %TPC 9.94, S3 = %TPC
20.86 ·≈– S4 = %TPC 39.66 µ“¡≈”¥—∫æ∫«à“ √âÕ¬≈–
°“√¡’™’«‘µ√Õ¥¢Õß‡´≈≈å≈¥≈ß‡¡◊ËÕ‡∑’¬∫°—∫ control DMSO
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º≈°“√∑¥ Õ∫§«“¡‡ªìπæ‘…µàÕ¬’π¥â«¬«‘∏’

Micronucleus assay

°“√‡°‘¥ Micronucleus (MN) ¢Õß‡´≈≈å∑’Ëºà“π
°“√∑¥ Õ∫ “√ °—¥®“°πÈ”¡—πº≈√âÕ¬≈–°“√‡°‘¥‰¡‚§√
π‘«‡§≈’¬ µàÕ‰∫π‘«‡§≈’¬ ‡∑’¬∫°—∫ Positive control
(Aflatoxin B1, AFB1) §«“¡‡¢â¡¢âπ 1 ¡‘≈≈‘°√—¡µàÕ
¡‘≈≈‘≈‘µ√ ‡æ√“– AFB1 ¡’§ÿ≥ ¡∫—µ‘‡ªìπ “√°àÕ¡–‡√Áß·≈–
„Àâº≈‡°‘¥ Micronucleus Õ¬à“ß™—¥‡®π º≈√âÕ¬≈–°“√‡°‘¥
®”π«π‰¡‚§√π‘«‡§≈’¬ µàÕ‰∫π‘«‡§≈’¬  Positive control
·≈– “√ °—¥®“°πÈ”¡—πª“≈å¡°—∫‡´≈≈å æ∫«à“‡¡◊ËÕ§à“√âÕ¬≈–
 “√‚æ≈“√å√«¡¢ÕßπÈ”¡—π Ÿß¢÷Èπ °“√‡°‘¥‰¡‚§√π‘«‡§≈’¬ 
®–‡æ‘Ë¡¢÷Èπ·≈–  P1 °—∫ P2 ¡’§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠
∑“ß ∂‘µ‘‡¡◊ËÕ‡∑’¬∫°—∫ P3 ·≈– P4 ¥—ß· ¥ß„π√Ÿª∑’Ë 4

º≈√âÕ¬≈–°“√‡°‘¥®”π«π‰¡‚§√π‘«‡§≈’¬ µàÕ‰ª
π‘«‡§≈’¬  positive control (Aflatoxin B1, AFB1) ‡™àπ
‡¥’¬«°—∫πÈ”¡—πª“≈å¡ æ∫«à“‡¡◊ËÕ§à“√âÕ¬≈– “√‚æ≈“√å√«¡
¢ÕßπÈ”¡—π Ÿß¢÷Èπ°“√‡°‘¥‰¡‚§√π‘«‡§≈’¬ ®–‡æ‘Ë¡¢÷Èπ·≈–
S1 ®–¡’§«“¡ —¡æ—π∏åÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘‡¡◊ËÕ‡∑’¬∫

°—∫ S4 ¥—ß· ¥ß„π√Ÿª∑’Ë 5

Õ¿‘ª√“¬º≈·≈– √ÿª
º≈°“√»÷°…“‡µ√’¬¡µ—«Õ¬à“ßπÈ”¡—π¥Ÿ§«“¡ —¡æ—π∏å

¢Õß√âÕ¬≈–¢Õß “√‚æ≈“√å√«¡°—∫‡«≈“„π°“√∑Õ¥ æ∫«à“

‡¡◊ËÕ∑Õ¥·ªÑß‚¥¬„™âπÈ”¡—π Õß™π‘¥ §◊Õ πÈ”¡—π∂—Ë«‡À≈◊Õß

·≈–πÈ”¡—πª“≈å¡ πÈ”¡—π∑—Èß Õß™π‘¥®–‰¥â§à“√âÕ¬≈–¢Õß

 “√‚æ≈“√å√«¡ Ÿß¢÷Èπ‡¡◊ËÕ„™â‡«≈“∑Õ¥π“π¢÷Èπ · ¥ß«à“

§«“¡√âÕπ¡’º≈„π°“√‡ª≈’Ë¬π·ª≈ß‚§√ß √â“ß∑“ß‡§¡’¢Õß

πÈ”¡—π  ∑”„Àâ‡°‘¥ “√∑’Ë¡’ª√–®ÿ·≈– “√æ‘…∑’Ë‰¡àæ÷ßª√– ß§å

 àßº≈„Àâ‡°‘¥°“√‡ ◊ËÕ¡ ¿“æ¢ÕßπÈ”¡—π  ¬‘ËßÀ“°„™â‡«≈“∑Õ¥

π“π®– “¡“√∂ —ß‡°µ·≈– —¡º— ‰¥â∂÷ß°“√‡ª≈’Ë¬π·ª≈ß

∑“ß°“¬¿“æ¢ÕßπÈ”¡—π §◊Õ  ’¢ÕßπÈ”¡—π®–‡ª≈’Ë¬π‰ª¡’

 ’‡¢â¡¢÷Èπ §«—π·≈–¡’°≈‘Ëπ‡À¡Áπ‡æ‘Ë¡¢÷Èπ §à“√âÕ¬≈–¢Õß “√

‚æ≈“√å√«¡¢ÕßπÈ”¡—π∂—Ë«‡À≈◊Õß·≈–πÈ”¡—πª“≈å¡®–‡°‘π 25

„™â‡«≈“„π°“√∑Õ¥ 13 ·≈–15 ™—Ë«‚¡ßµ“¡≈”¥—∫  √âÕ¬≈–
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¢Õß “√‚æ≈“√å√«¡∑’Ë«—¥‰¥â §◊Õ 39.66+1.056 ·≈–

29.54+2.234 æ‘ —¬§à“‡∫’Ë¬ß‡∫π¡“µ√∞“π —¡æ—∑∏åÕ¬Ÿà

√–À«à“ß 0.36-7.56 °“√‡µ√’¬¡πÈ”¡—π„π°“√∑¥≈Õßπ’È

‡≈◊Õ°„™â°“√∑Õ¥·ªÑß‡æ√“–µâÕß°“√À≈’°‡≈’Ë¬ß§«“¡ °ª√°

·≈– ‘Ëß√∫°«π®“°°“√∑Õ¥Õ“À“√®”æ«°‡π◊ÈÕ —µ«å ·≈–

µâÕß°“√°”Àπ¥§à“√âÕ¬≈– “√‚æ≈“√å√«¡„Àâ¡’§«“¡„°≈â‡§’¬ß

°—π®÷ß°”Àπ¥§à“‡ªìπ™à«ßÊ ·µà‡π◊ËÕß®“°Õ—µ√“‡√Á«„π°“√

‡æ‘Ë¡¢Õß “√‚æ≈“√å„ππÈ”¡—π∑—Èß Õß™π‘¥‰¡à‡∑à“°—π¥—ßπ—Èπ

®÷ß∑”„Àâº≈°“√„™â‡«≈“„π°“√∑Õ¥‰¡à‡∑à“°—π

°“√À“ª√‘¡“≥ PAHs ¢ÕßπÈ”¡—π∑—Èß Õß™π‘¥

æ∫«à“‡¡◊ËÕπÈ”¡—π∑Õ¥´È”∑’Ë¡’§à“√âÕ¬≈–¢Õß “√‚æ≈“√å√«¡

 Ÿß¢÷Èπ ª√‘¡“≥ PAHs ∑’Ëµ√«®æ∫®– Ÿß¢÷Èπ (µ“√“ß∑’Ë 2)

§«“¡ —¡æ—π∏å‡ªìπ‡ âπµ√ß¡’§à“√–À«à“ß 0.990 - 0.999

°√“ø¡“µ√∞“π∑’Ë¡’§«“¡‡ªìπ‡ âπµ√ßÕ¬Ÿà„π™à«ß 2.0 - 200

ng/µL √âÕ¬≈–¢Õß°“√ °—¥‰¥âÕ¬Ÿà„π™à«ß 0.89 - 84.63

®“°º≈°“√∑¥≈Õß· ¥ß«à“‡¡◊ËÕπÈ”¡—π‰¥â√—∫§«“¡√âÕπ Ÿß

‡ªìπ‡«≈“π“ππÕ°®“°®–‡°‘¥ “√‚æ≈“√å‡æ‘Ë¡¢÷Èπ·≈â«

¬—ß “¡“√∂∑”„Àâ‡°‘¥ “√°àÕ¡–‡√Áß°≈ÿà¡ PAHs ®“°°“√

∑¥≈Õßæ∫«à“ª√‘¡“≥ PAHs ∑’Ëµ√«®æ∫‡æ‘Ë¡¢÷Èπµ“¡

§à“√âÕ¬≈–¢Õß “√‚æ≈“√å√«¡ ÷́Ëß Õ¥§≈âÕß°—∫°“√»÷°…“

ª√‘¡“≥ PAHs „ππÈ”¡—π∑Õ¥´È”∑’Ë¡’ —¡æ—π∏å°—∫‡«≈“

„π°“√∑Õ¥ (Manoj et al., 2006)

®“°º≈°“√∑¥≈Õß§«“¡‡ªìπæ‘…µàÕ‡´≈≈å‚¥¬„™â

‡´≈≈å‡æ“–‡≈’È¬ß HepG2 ‡¡◊ËÕ‰¥â√—∫ “√ °—¥®“°πÈ”¡—π

∑Õ¥´È”·≈â«∑¥ Õ∫§«“¡‡ªìπæ‘…µàÕ‡´≈≈å¥â«¬«‘∏’  MTT

assay ´÷Ëß¡’§«“¡ —¡æ—π∏å°—∫°“√∑”ß“π‡Õπ‰´¡å¿“¬„π

‰¡‚µ√§Õπ‡¥√’¬¢Õß‡´≈≈å æ∫«à“πÈ”¡—π∑—Èß Õß™π‘¥∑’Ë¡’

§à“√âÕ¬≈–¢Õß “√‚æ≈“√å√«¡ Ÿß¢÷Èπ®– àßº≈„Àâ√âÕ¬≈–°“√

¡’™’«‘µ√Õ¥¢Õß‡´≈≈å HepG2 ≈¥≈ß · ¥ß«à“‡¡◊ËÕ√âÕ¬≈–

¢Õß “√‚æ≈“√å√«¡ Ÿß¢÷Èπ®–∑”„ÀâπÈ”¡—π‡°‘¥°“√‡ ◊ËÕ¡ ¿“æ

·≈–‡°‘¥°“√ – ¡¢Õß “√æ‘…∑’Ë¡’Õ—πµ√“¬µàÕ‡´≈≈å ‚¥¬

‡´≈≈å∑’Ë∑¥ Õ∫°—∫ “√ °—¥∑’Ë‰¥â®“°πÈ”¡—πª“≈å¡∑’Ë§à“

√âÕ¬≈–¢Õß “√‚æ≈“√å‡°‘π 25 ∑’Ë‡«≈“ 48 ·≈– 72 ™—Ë«‚¡ß

¡’§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ p<0.001

· ¥ß«à“ “√∑’Ë °—¥‰¥â¡’§«“¡æ‘…µàÕ‡´≈≈å‡æ√“– “¡“√∂

∑”„Àâ‡´≈≈åµ“¬‰¥â‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ‡∑’¬∫°—∫‡´≈≈å∑’Ë∑¥ Õ∫°—∫

DMSO„πª√‘¡“≥∑’Ë‰¡à‡ªìπæ‘…µàÕ‡´≈≈å  “√ °—¥®“°πÈ”¡—π

∑”„Àâ‡´≈≈åµ“¬‰¥âÕ“®‡°‘¥®“°°“√‡¢â“∑”≈“¬‚¥¬µ√ß®“°

§«“¡·√ß¢Õß “√À√◊ÕÕ“®∑”„Àâ‡°‘¥¿“«–‡§√’¬¥ÕÕ° ‘́‡®π

‚¥¬‰ª‡Àπ’Ë¬«π”„Àâ‡°‘¥Õπÿ¡Ÿ≈Õ‘ √–∑’Ë à«πµà“ßÊ ¢Õß‡´≈≈å

∑”„Àâ‡´≈≈å‡ ’¬À“¬À√◊Õ‡ ’¬ ¿“æ (Halliwell and

Gutteridge,1998) „π°√≥’°“√∑¥ Õ∫°—∫ “√ °—¥

πÈ”¡—π∂—Ë«‡À≈◊Õßæ∫«à“¿“¬À≈—ß°“√∫à¡‡´≈≈å‡ªìπ‡«≈“ 72

™—Ë«‚¡ß ®”π«π‡´≈≈å°≈—∫¡’®”π«π Ÿß¢÷ÈπÕ“®· ¥ß∂÷ß

°“√·∫àßµ—«‡æ‘Ë¡®”π«π¢Õß‡´≈≈å∑’Ë¡’™’«‘µ√Õ¥®π‰¥â®”π«π

‡´≈≈å∑’Ë Ÿß°«à“°“√∫à¡‡æ“–°—∫ “√ °—¥‡ªìπ‡«≈“ 24 À√◊Õ

48 ™—Ë«‚¡ß Õ¬à“ß‰√°Áµ“¡ ª√“°Ø°“√≥å¥—ß°≈à“«‰¡àæ∫

„π°“√∑¥ Õ∫¥â«¬ “√ °—¥®“°πÈ”¡—πª“≈å¡∑’Ë¬—ß§ß· ¥ß

®”π«π‡´≈≈å∑’Ë≈¥≈ß‡¡◊ËÕ√–¬–‡«≈“°“√∫à¡‡´≈≈åπ“π¢÷Èπ

®“°º≈°“√∑¥ Õ∫¬—ß‰¥â· ¥ß«à“‡«≈“„π°“√∑¥ Õ∫

®–¡’º≈µàÕ°“√‡°‘¥æ‘…µàÕ‡´≈≈å¥â«¬ ‡æ√“–πÕ°®“°§«“¡

‡¢â¡¢âπ¢Õß “√æ‘…∑’Ë °—¥‰¥âÕ“®®–‰¥âª√‘¡“≥‰¡à‡∑à“°—π

‡æ√“–°“√∑¥≈Õßπ’È„™â§à“‚æ≈“√å‡ªìπµ—«·∫àß°≈ÿà¡¢ÕßπÈ”¡—π

´÷Ëß§à“‚æ≈“√å‡ªìπ‡æ’¬ß§à“∑’Ë∫Õ°∂÷ß°“√‡ ◊ËÕ¡ ¿“æ¢Õß

πÈ”¡—π‡∑à“π—Èπ ‰¡à‰¥â∫ß™’È∂÷ß§à“§«“¡‡ªìπæ‘…µàÕ‡´≈≈å

‚¥¬µ√ß ‡«≈“®–¡’º≈‡æ√“–°“√∑¥≈Õßπ’È “¡“√∂∑’Ë®–

∑”„Àâ‡´≈≈å‰¥â√—∫ “√∑’ËµâÕß°“√∑¥ Õ∫‰¥â‚¥¬≈–≈“¬

„π DMSO „π√âÕ¬≈–∑’Ë‰¡à Ÿß‡°‘π°«à“§«“¡‡¢â¡¢âπ¢Õß

DMSO ∑’Ë‰¡à‡ªìπÕ—πµ√“¬µàÕ‡´≈≈å §◊Õ‰¡à‡°‘π√âÕ¬≈– 0.2

(≥—∞∂“°√≥å, 2550) ¥—ßπ—ÈπÀ“° “√∑’Ë °—¥‰¥â¡’§«“¡‡ªìπ

æ‘…πâÕ¬À√◊Õ¡’°“√°≈‰°°“√‡°‘¥æ‘…∑’Ë¬“«π“π  ¬àÕ¡ àßº≈

„Àâ‡°‘¥§«“¡§≈“¥‡§≈◊ËÕπ¢Õßº≈°“√∑¥≈Õß  ‚¥¬‡¡◊ËÕ

 “√æ‘…¡’§«“¡‡¢â¡¢âππâÕ¬‡¡◊ËÕ„™â‡«≈“∑¥ Õ∫¬“«π“π¢÷Èπ

‡´≈≈åÕ“®¡’°“√‡®√‘≠‡µ‘∫‚µ¢÷ÈπÕ’° ∑”„Àâº≈°“√∑¥ Õ∫

§≈“¥‡§≈◊ËÕπ‰¥â  ¥—ßπ—Èπ®÷ß§«√∑”°“√∑¥ Õ∫«‘∏’Õ◊ËπÊ §«∫§Ÿà

‰ª¥â«¬‡æ◊ËÕ§«“¡¡—Ëπ„®„πº≈°“√∑¥≈Õß

®“°º≈°“√∑¥ Õ∫§«“¡‡ªìπæ‘…∑“ßæ—π∏ÿ°√√¡

¢Õß‡´≈≈å ‡¡◊ËÕ‰¥â∑¥ Õ∫‡´≈≈å°—∫ “√ °—¥®“°πÈ”¡—π∑Õ¥

´È”¥â«¬«‘∏’‰¡‚§√π‘«‡§≈’¬  ´÷Ëß¡’§«“¡ —¡æ—π∏å°—∫°“√

º‘¥ª°µ‘À√◊Õ‡ ’¬À“¬µàÕ¥’‡ÕÁπ‡Õæ∫«à“πÈ”¡—π∂—Ë«‡À≈◊Õß

·≈–πÈ”¡—πª“≈å¡∑’Ë¡’§à“√âÕ¬≈–¢Õß “√‚æ≈“√å√«¡ Ÿß¢÷Èπ

√âÕ¬≈–°“√‡°‘¥‰¡‚§√π‘«‡§≈’¬ ¢Õß‡´≈≈å HepG2

®–‡æ‘Ë¡¢÷Èπ·≈–∑’Ë√–¥—∫§à“√âÕ¬≈–¢Õß “√‚æ≈“√å√«¡ Ÿß

‡°‘π√âÕ¬≈– 25 ®–¡’§«“¡ —¡æ—π∏åÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘

p<0.001·≈– p<0.05 µ“¡≈”¥—∫ ´÷Ëß· ¥ß„Àâ‡ÀÁπ«à“

‡¡◊ËÕπÈ”¡—π∑’Ë¡’§à“√âÕ¬≈–¢Õß “√‚æ≈“√å√«¡ Ÿß¢÷Èπ §«“¡

‡ªìπæ‘…∑“ßæ—π∏ÿ°√√¡°Á®– Ÿß¢÷Èπ¥â«¬

®“°º≈°“√∑¥≈Õß· ¥ß„Àâ‡ÀÁπ«à“ “√∑’Ë °—¥‰¥â

®“°πÈ”¡—π∑Õ¥´È”π—Èπ ¡’§«“¡‡ªìπæ‘…´÷Ëß¡’ —¡æ—π∏å°—∫

§à“√âÕ¬≈–¢Õß “√‚æ≈“√å√«¡‡æ√“–¡’§«“¡‡ªìπæ‘…µàÕ
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°≈‰°°“√∑”ß“π¢Õß‡´≈≈å∑”„Àâ‡´≈≈å‡°‘¥§«“¡‡ ’¬À“¬

À√◊Õ‡ ’¬ ¿“æ®π‡°‘¥°“√µ“¬¢Õß‡´≈≈å„π∑’Ë ÿ¥ æ‘ Ÿ®πå

„Àâ‡ÀÁπ™—¥¬‘Ëß¢÷Èπ‡¡◊ËÕ∑¥ Õ∫§«“¡‡ªìπæ‘…∑“ßæ—π∏ÿ°√√¡

æ∫«à“ “¡“√∂ √â“ß§«“¡‡ ’¬À“¬µàÕ¥’‡ÕÁπ‡Õ·≈–∑”„Àâ

‡°‘¥§«“¡º‘¥ª°µ‘¢Õß‚§√‚¡‚´¡ ‚¥¬«—¥ª√‘¡“≥‡´≈≈å∑’Ë

‡°‘¥§«“¡‡ ’¬À“¬¢Õßπ‘«‡§≈’¬ „π¢—ÈπµÕπ°“√·∫àß‡´≈≈å

‡¡◊ËÕ‡°‘¥§«“¡‡ ’¬À“¬∑“ßæ—π∏ÿ°√√¡¢÷ÈπÀ“°√–∫∫°“√

®—¥°“√¢Õß√à“ß°“¬‰¡à “¡“√∂√—°…“‰¥â Õ“®∑”„Àâ‡°‘¥

§«“¡º‘¥ª°µ‘À√◊Õ°“√‡°‘¥¡–‡√Áß„π∑’Ë ÿ¥

°‘µµ‘°√√¡ª√–°“»
¢Õ¢Õ∫§ÿ≥∫—≥±‘µ«‘∑¬“≈—¬¡À“«‘∑¬“≈—¬¢Õπ·°àπ

∑’Ë‰¥â¡Õ∫∑ÿπÕÿ¥Àπÿπ·≈– àß‡ √‘¡°“√∑”«‘∑¬“π‘æπ∏å ·≈–

§≥–‡¿ —™»“ µ√å∑’Ë‰¥â¡Õ∫∑ÿπ àß‡ √‘¡∫—≥±‘µ»÷°…“

µ≈Õ¥°“√»÷°…“

‡Õ° “√Õâ“ßÕ‘ß
≥—∞∂“°√≥å √—ß √âÕ¬. º≈‡æ‘Ë¡¿“«–ÕÕ°´‘‡¥™—π·≈–º≈≈¥
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¡–‡√Áßµ—∫™π‘¥ HepG2 ∑’Ë∂Ÿ°‡Àπ’Ë¬«π”„Àâ‡°‘¥

¿“«–‡§√’¬¥ÕÕ°´‘‡¥™—π¥â«¬Õ–ø≈“∑Õ° ‘́π∫’«—π
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