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∫∑§—¥¬àÕ
ß“π«‘®—¬π’È‡ªìπ°“√»÷°…“°“√«‘‡§√“–Àåª√‘¡“≥ “√°àÕ¡–‡√Áß 2 ™π‘¥ §◊Õ  “√ª√–°Õ∫¡“≈Õπ

‰¥Õ—≈¥’‰Œ¥å (MDA) ·≈– 5-‰Œ¥√Õ°´’‡¡∑‘≈-2-‡øÕ√åøî«√—≈¥’‰Œ¥å (HMF) æ√âÕ¡°—π ‚¥¬„πß“π«‘®—¬π’È®–Õ“»—¬

°“√∑”Õπÿæ—π∏å√–À«à“ß MDA ·≈– HMF °—∫  “√≈–≈“¬°√¥‰∑‚Õ∫“√å∫‘∑Ÿ√‘° (TBA) ·≈â«®÷ß«‘‡§√“–Àå¥â«¬

‡∑§π‘§‚§√¡“‚∑°√“øï¢Õß‡À≈« ¡√√∂π– Ÿß‚¥¬„™â√–∫∫√’‡«‘√å ‡ø ‚§√¡“‚∑°√“øï ´÷Ëß‰¥â∑”°“√»÷°…“

 ¿“«–μà“ßÊ „π°“√·¬° ‰¥â·°à Õß§åª√–°Õ∫¢Õß«—Ø¿“§‡§≈◊ËÕπ∑’Ë Õ—μ√“°“√‰À≈¢Õß«—Ø¿“§‡§≈◊ËÕπ∑’Ë pH

„π°“√·¬°Õÿ≥À¿Ÿ¡‘·≈–√–¬–‡«≈“„π°“√‡μ√’¬¡Õπÿæ—π∏å  ·≈–§«“¡‡¢â¡¢âπ¢Õß TBA ∑’Ë„™â„π°“√‡μ√’¬¡Õπÿæ—π∏å

∑—Èßπ’È‰¥âμ√«®«—¥ “√∑—Èß Õß‚¥¬‰¥‚Õ¥·Õ‡√¬å∑’Ë§«“¡¬“« 530 nm ·≈– 448 nm μ“¡≈”¥—∫ æ∫«à“

 ¿“«–∑’Ë‡À¡“– ¡ ‰¥â·°à Õß§åª√–°Õ∫¢Õß«—Ø¿“§‡§≈◊ËÕπ∑’Ë∑’Ë‡ªìπ‡¡∑“πÕ≈μàÕøÕ ‡øμ∫—æ‡øÕ√å∑’Ë 40:60

(v/v) Õ—μ√“°“√‰À≈¢Õß«—Ø¿“§‡§≈◊ËÕπ∑’ËÕ¬Ÿà∑’Ë 1.0 mL/min ·≈– pH ¢ÕßøÕ ‡øμ∫—æ‡øÕ√å∑’Ë 6.5  ‚¥¬„™â

40 mM TBA „π°“√‡μ√’¬¡Õπÿæ—π∏å∑’ËÕÿ≥À¿Ÿ¡‘ 25 ÌC ‡ªìπ‡«≈“ 150 π“∑’ ´÷Ëß ¿“«–¥—ß°≈à“« “¡“√∂μ√«®

«‘‡§√“–Àå HMF ·≈– MDA ‰¥â∑’Ë‡«≈“ 2.6 ·≈– 3.4 π“∑’ μ“¡≈”¥—∫ πÕ°®“°π’È¬—ß‰¥â»÷°…“§«“¡‡À¡“– ¡

¢Õß«‘∏’°“√«‘‡§√“–Àå “√∑—Èß Õß„πμ—«Õ¬à“ßπ¡ ‚¥¬°“√À“§à“¢’¥®”°—¥μË” ÿ¥„π°“√μ√«®«—¥ (LOD) ¢’¥®”°—¥μË” ÿ¥

„π∑’Ë “¡“√∂«‘‡§√“–Àåª√‘¡“≥‰¥â (LOQ) ·≈–√âÕ¬≈–°“√§◊π°≈—∫ ´÷Ëß«‘∏’°“√∑’Ëæ—≤π“¢÷Èπ¡’§à“¢Õß LOD

¢Õß MDA ·≈– HMF Õ¬Ÿà∑’Ë (S/N = 3) 0.01 nmol/ml ·≈– 0.30 nmol/mL μ“¡≈”¥—∫  §à“ LOQ ¢Õß MDA

·≈– HMF Õ¬Ÿà∑’Ë (S/N = 10) 0.07 nmol/mL ·≈– 2.38 nmol/mL μ“¡≈”¥—∫  „π°“√«‘‡§√“–Àå MDA
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·≈– HMF „πμ—«Õ¬à“ßπ¡æ√âÕ¡¥◊Ë¡æ∫«à“ §à“‡©≈’Ë¬¢Õß√âÕ¬≈à–°“√§◊π°≈—∫¢Õß«‘∏’°“√´÷Ëß∑¥ Õ∫

¡’§à“ 75.71% ·≈– 107.51%, §à“‡∫’Ë¬ß‡∫π¡“μ√∞“π (%RDS) ‡©≈’Ë¬Õ¬Ÿà∑’Ë 8.5% ·≈– 6.2% μ“¡≈”¥—∫

´÷Ëß¢âÕ¡Ÿ≈∑’Ë‰¥â®“°ß“π«‘®—¬π’È¬—ß “¡“√∂π”‰ªª√–¬ÿ°μå„™â ”À√—∫«‘‡§√“–Àåª√‘¡“≥ MDA ·≈– HMF æ√âÕ¡°—π

‰¥â„πμ—«Õ¬à“ßº≈‘μ¿—≥±åÕ◊ËπÊ μàÕ‰ª

§” ”§—≠: ¡“≈Õπ‰¥Õ—≈¥’‰Œ¥å  5-‰Œ¥√Õ°´’‡¡∑‘≈-2-‡øÕ√åøî«√—≈¥’‰Œ¥å  °√¥‰∑‚Õ∫“√å∫‘∑Ÿ√‘°

Abstract
The optimal conditions for simultaneous analysis of malondialdehyde and

hydroxymethylfurfuraldehyde contents were investigated. Both substance are claimed to be carcinogenic

substances in several foods. In this research, the derivertized substances of malondialdehyde and

hydroxymethylfurfuraldehyde were prepared with 2-thiobarbituric acid. Then those derivertized substances

were separated and analyzed theirs content by reverse phase high performance chromatographic technique.

The optimized parameters such as mole ratio of mobile phase, flow rate, pH, temperature, time

and reagent concentration were studied and detected both substance by diode array detector

at 530 and 448 nm, respectively. The optimum condition showed that  the ratio between methanol

and phosphate buffer (pH 6.5)  was 40 : 60 (v/v). The flow rate was controlled at 1.0 ml/min.

The derivertized substances were prepared  by 40 mM thiobarbituric acid as the reagent to react

with both substances at 25  ÌC for 150 min. Both derivatived substances showed different color, so

derivative compounds were separated and identified at retention time 2.6 and 3.4 min,respectively.

The result of validate method for analysis both substances in milk sample including LOD

and LOQ showed that LOD (S/N = 3) and LOQ (S/N = 10) of MDA ware 0.01 nmol/ml and

0.07 nmol/ml, respectively. The LOD in HMF analysis  was 0.30 nmol/ml and LOQ was 2.38 nmol/

ml. The recoveries (%) of MDA and HMF were 75.7% and 107.5%, respectively. The relative

standard deviation (%RSD) of both compounds were 8.5 and 6.2%, respectively. These methods

were successfully developed for the determination of HMF and MDA in drinking milk samples and can be

applied for detection in several samples.

Keywords: malondialdehyde, hydroxymethylfurfuraldehyde, Thiobarbituric acid

∫∑π”
ªØ‘°‘√‘¬“≈‘ªî¥‡ªÕ√åÕÕ°´‘‡¥™—π  ‡ªìπªØ‘°‘√‘¬“

 ”§—≠∑’Ë “¡“√∂‡°‘¥¢÷Èπ‰¥â„πÕ“À“√∑’Ë¡’‰¢¡—π‡ªìπ

Õß§åª√–°Õ∫ ´÷Ëßº≈¢ÕßªØ‘°‘√‘¬“π’È®–∑”„Àâ‡°‘¥ “√

º≈‘μ¿—≥±åμà“ßÊ À≈“¬™π‘¥∑’Ë‡ªìπμ—«°“√ ”§—≠

∑’Ë∑”„Àâ‡°‘¥‚√§·≈–æ—≤π“°“√¢Õß‚√§ ‡™àπ ‚√§À—«„®

‚√§§«“¡¥—π‚≈À‘μ Ÿß ‚√§‡∫“À«“π  „πªï §.». 1998

°≈ÿà¡«‘®—¬¢Õß Lawrence ‰¥â∑”°“√»÷°…“º≈

¢Õß°“√‡°‘¥ªØ‘°‘√‘¬“≈‘ªî¥‡ªÕ√åÕÕ°´‘‡¥™—π·≈â«

Õ“®∑”‡°‘¥ “√°àÕ¡–‡√Áß §◊Õ ¡“≈Õπ‰¥·Õ≈¥’‰Œ¥å

(malondialdehyde; MDA) ‚¥¬‡¡◊ËÕ√à“ß°“¬‰¥â√—∫

MDA ‡¢â“‰ª®– àßº≈„Àâ‰ª∑”„Àâ‡°‘¥°“√∑”≈“¬
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‚§√ß √â“ß¢Õß “√ª√–°Õ∫∑“ßæ—π∏ÿ°√√¡ Õ¬à“ß‡™àπ

2'-deoxyguanosine  ®π‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß

‚§√ß √â“ß‡ªìπ “√ª√–°Õ∫„À¡à∑’Ë‡√’¬°«à“ M
1
G

(3-(2-deoxy-β-D-erythro pentofuranosyl)

pyrimido[1,2-∝]purin-10(3H)) [1]  ¥—ß· ¥ß

„π¿“æ∑’Ë 1

¿“æ∑’Ë 1 · ¥ßº≈¢Õß¡“≈Õπ‰¥·Õ≈¥’‰Œ¥å ∑’Ë‡¢â“‰ª∑”≈“¬ “√ª√–°Õ∫æ—π∏ÿ°√√¡„π√à“ß°“¬

∑’Ë¡“: Lawrence, J.M. (2002). Oxy radicals, lipid peroxidation and DNA damage. Toxicology.

181-182, 219-222.

´÷Ë ßº≈¢Õß°“√‡ª≈’Ë¬π·ª≈ß‚§√ß √â“ß

¢Õß “√ª√–°Õ∫æ—π∏ÿ°√√¡®÷ßπ”¡“´÷Ëß§«“¡º‘¥ª°μ‘

∑“ßæ—π∏ÿ°√√¡μà“ßÊ ∑’Ë‡°‘¥¢÷Èπ¡“°¡“¬‚¥¬‡©æ“–

Õ¬à“ß¬‘Ëß°“√‡°‘¥‚√§¡–‡√Áß ‚√§À—«„® ‚√§§«“¡¥—π

‚≈À‘μ Ÿß ·≈–‚√§‡∫“À«“π ¥—ßπ—Èπ°“√«‘‡§√“–Àå

ª√‘¡“≥¢Õßº≈‘μº≈∑’Ë‡°‘¥¢÷Èπ®“°ªØ‘°‘√‘¬“≈‘ªî¥‡ªÕ√å

ÕÕ° ‘́ ‡ ¥™— π®÷ ß „ ™â ‡ ªì π¥— ™π’ ™’È «— ¥º≈¢Õß°“√

∂Ÿ°ÕÕ° ‘́‡¥™—π®“°Õπÿ¡Ÿ≈Õ‘ √–‰¥â ‡π◊ËÕß®“° MDA π—Èπ

‡ªìπº≈‘μº≈Àπ÷Ëß∑’Ë ‡°‘¥®“°ªØ‘°‘√‘¬“≈‘ªî¥‡ªÕ√å

ÕÕ°´‘‡¥™—π  ¥—ßπ—Èπ°“√«‘‡§√“–ÀåÀ“ª√‘¡“≥¢Õß MDA

®÷ß‡ªìπÕ’°«‘∏’Àπ÷Ë ß∑’Ëπ‘¬¡„™â „π°“√μ√«®«—¥º≈

¢Õß°“√‡°‘¥ÕÕ° ‘́‡¥™—π®“°Õπÿ¡Ÿ≈Õ‘ √–‰¥â πÕ°®“°π’È

¡“≈Õπ‰¥·Õ≈¥’‰Œ¥å¬—ß “¡“√∂∑”ªØ‘°‘√‘¬“°—∫

 “√ª√–°Õ∫®”æ«°‡Õ¡’πª∞¡¿Ÿ¡‘„πÕß§åª√–°Õ∫

¢Õß apoprotein B-100 ´÷Ëß∑”Àπâ“∑’Ë≈”‡≈’¬ß‰¢¡—π

‰ª¬—ßÕ«—¬«–À√◊Õ‡π◊ÈÕ‡¬◊ËÕ  ∑”„Àâ apoprotein B-100

∂Ÿ°‡ª≈’Ë¬π·ª≈ß‰ª®π‰¡à “¡“√∂≈”‡≈’¬ß‰¢¡—π‰¥â

‡°‘¥°“√ – ¡¢Õß‰¢¡—π„π‡ âπ‡≈◊Õ¥®π‡°‘¥‡ªìπ

¿“«–À≈Õ¥‡≈◊Õ¥·¥ß·¢Áß·∫∫ atherosclerosis [2]

´÷Ë ß ‡ ªì π “ ‡Àμÿ  ”§—≠¢Õß°“√ ‡°‘ ¥ ‚ √§À— « „ ®

·≈–À≈Õ¥‡≈◊Õ¥ Õ¬à“ß‡™àπ ‚√§À≈Õ¥‡≈◊Õ¥À—«„® (coronary

heart disease) ‚√§¢ÕßÀ≈Õ¥‡≈◊Õ¥·¥ß à«πª≈“¬

(peripheral arterial disease) ‚√§À≈Õ¥‡≈◊Õ¥ ¡Õß

(cerebrovascular disease)

ªØ‘°‘√‘¬“‡¡≈≈“√å¥ (Maillard reaction)

‡ªìπªØ‘°‘√‘¬“°“√‡°‘¥ “√ ’πÈ”μ“≈·∫∫‰¡à„™â‡Õπ‰´¡å

∑’Ë “¡“√∂‡°‘¥¢÷Èπ‰¥â„πÕ“À“√ ´÷ËßªØ‘°‘√‘¬“‡¡≈≈“√å¥

¡’¢—ÈπμÕπ‡°‘¥¢÷ÈπÀ≈“¬¢—ÈπμÕπ ‚¥¬º≈‘μ¿—≥±å

 ÿ ¥∑â “¬∑’Ë ‰¥â ‡ªì π “√ ’πÈ”μ“≈∑’Ë ¡’ ‰π ‚μ√ ‡®π

‡ªìπÕß§åª√–°Õ∫‡√’¬°«à“ ç‡¡≈“πÕ¬¥‘πé (melanoidins)

[3] ªØ‘°‘√‘¬“π’È¡’§«“¡ ”§—≠μàÕÕ“À“√∫“ßª√–‡¿∑

‡™àπ¢π¡Õ∫ §“√“‡¡≈ ∑Õøøïò ‡ªìπμâπ ∑—Èßπ’È‡æ√“–

∑”„Àâ‡°‘¥ ’πÈ”μ“≈„πÕ“À“√¥—ß°≈à“«·≈–πà“∫√‘‚¿§

¬°μ—«Õ¬à“ß‡™àπ °“√º≈‘μ¢π¡ªíß ™“ °“·ø
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·≈–Õ“À“√Õ∫¬à“ß [4] ·μàÕ¬à“ß‰√°Áμ“¡ªØ‘°‘√‘¬“π’È°Á¡’

¢â Õ ‡ ’ ¬§◊ Õ∑”„Àâ§ÿ≥§à “∑“ß‚¿™π“°“√≈¥≈ß

À√◊Õ∂â“Õ“À“√π—Èπ‡°‘¥ ’πÈ”μ“≈¡“°‡°‘π‰ª°Á‰¡àπà“

∫√‘‚¿§ ´÷Ëß ’πÈ”μ“≈„πÕ“À“√∑’Ë¡“°‡°‘π‰ª°ÁÕ“®

∫àß∫Õ°‰¥â∂÷ß«à“Õ“À“√π—Èπ‰¥â‡ ◊ËÕ¡§ÿ≥¿“æÕ¬à“ß‡™àπ

º≈‘μ¿—≥±åÕ“À“√®”æ«° πÈ”º≈‰¡â ·ªÑß π¡ºß ‰¢àºß

·¬¡ ·≈–‡¬≈≈’Ë [5] ´÷Ëß∂â“Õ“À“√π—Èπ¡’‚ª√μ’π Ÿß

·≈–‰¥â√—∫§«“¡√âÕπ Ÿß¥â«¬º≈‘μ¿—≥±å∑’Ë‡°‘¥¢÷Èπ°ÁÕ“®

‡ªìπ “√°àÕ¡–‡√Áß ‚¥¬ “√º≈‘μ¿—≥±å™π‘¥Àπ÷Ëß

¢ÕßªØ‘°‘√‘¬“‡¡≈≈“√å¥∑’Ë ”§—≠·≈–‡ªìπ “√°àÕ¡–‡√Áß

§◊Õ 5-‰Œ¥√Õ° ’́‡¡∑‘≈-2-‡øÕ√åøî«√—≈ (5-

hydroxymethyl-2-furfural; HMF) [6]

‚¥¬ HMF  “¡“√∂æ∫‰¥â„πÕ“À“√À≈“¬™π‘¥ ¥—ßπ—Èπ

°“√μ√«®«—¥ HMF ®÷ß “¡“√∂„™â‡ªìπ¥—™π’™’È«—¥°“√

‡ ◊ËÕ¡ ¿“æ¢ÕßÕ“À“√‰¥â‡™àπ°—π Õ¬à“ß‡™àπ πÈ”º÷Èß

´÷Ëß„πª√–‡∑»·∂∫∑«’ª¬ÿ‚√ª ‡™àπ ª√–‡∑»‡¬Õ√¡—π

‡∫≈‡¬’¬¡ Õ‘μ“√’ ÕÕ ‡μ√’¬  ‡ªπ ®–¡’°ÆÀ¡“¬

§«∫§ÿ¡‚¥¬¡’‡°≥±å°”Àπ¥„ÀâπÈ”º÷È ß¡’ª√‘¡“≥

¢Õß 5-‰Œ¥√Õ°´’‡¡∑‘≈-2-‡øÕ√åøî«√—≈ ‰¥â‰¡à‡°‘π 15

¡‘≈≈‘°√—¡/°‘‚≈°√—¡ [7] (AOAC. 2000: 44)

 à«π„πª√–‡∑»‰∑¬π—Èπ®–¡’°“√°”Àπ¥„ÀâπÈ”º÷Èß

¡’ “√π’È‰¥â‰¡à‡°‘π 80 ¡‘≈≈‘°√—¡/°‘‚≈°√—¡

®–‡ÀÁπ‰¥â«à“ ∑—ÈßªØ‘°‘√‘¬“≈‘ªî¥‡ªÕ√åÕÕ° ‘́‡¥™—π

·≈–ªØ‘°‘√‘¬“‡¡≈≈“√å¥  “¡“√∂‡°‘¥¢÷Èπ‡Õß‰¥â„π

º≈‘μ¿—≥±åÕ“À“√ ®÷ß¡’§«“¡‡ªìπ‰¥â∑’Ë®–¡’‚Õ°“ 

μ√«®æ∫ “√ ¡“≈Õπ‰¥·Õ≈¥’‰Œ¥å ·≈– 5-‰Œ¥√Õ°

´’‡¡∑‘≈-2-‡øÕ√åøî«√—≈ ‰¥âæ√âÕ¡°—π   ́ ÷Ëß “√¥—ß°≈à“«

πÕ°®“°®–∑”„Àâ≈—°…≥–¢Õß ’·≈–°≈‘Ëπ¢ÕßÕ“À“√

∑’Ë ‰¡àπà“™«π„Àâ∫√‘ ‚¿§·≈â« ¬— ß¡’º≈∑”„Àâ ‡°‘¥

 “√ª√–°Õ∫∑’Ë‡ªìπÕ—πμ√“¬μàÕ√à“ß°“¬¢ÕßºŸâ∫√‘‚¿§

‰¥â [8] ¥—ßπ—Èπ „πß“π«‘®—¬π’È®÷ß π„®∑’Ë®–æ—≤π“

«‘∏’°“√«‘‡§√“–Àåª√‘¡“≥ “√¡“≈Õπ‰¥·Õ≈¥’‰Œ¥å

·≈– 5-‰Œ¥√Õ°´’‡¡∑‘≈-2-‡øÕ√åøî«√—≈ æ√âÕ¡°—π

‚¥¬Õ“»—¬°“√∑”Õπÿæ—π∏å°—∫°√¥ 2-‰∑‚Õ∫“√å∫‘∑ÿ√‘°

(2-thiobarbituric acids; TBA) °—∫μ—«Õ¬à“ß

∑’Ëμ°μ–°Õπ‚ª√μ’πÕÕ°‰ª·≈â« ´÷Ëß‡ªìπ∑’Ë√Ÿâ®—°„π™◊ËÕ

∑’Ë‡√’¬°«à“ çTBA reaction substanceé (TBARS)

À√◊Õ TBA [9] ·≈â«∑”°“√«‘‡§√“–ÀåÕπÿæ—π∏å¢Õß

 “√ª√–°Õ∫∑—Èß Õß¥â«¬‡∑§π‘§¢Õß‚§√¡“‚∑°√“øï

¢Õß‡À≈« ¡√√∂π– Ÿß (high performance liquid

chromatography; HPLC) ÷́Ëß®–∑”„Àâ™à«¬≈¥

ª√‘¡“≥¢Õßμ—«∑”≈–≈“¬ ≈¥‡«≈“„π°“√«‘‡§√“–Àå

≈¥§à“„™â®à“¬∑’Ë„™â„π°“√«‘‡§√“–Àå ´÷Ëß‡¡◊ËÕÀ“ ¿“«–

∑’Ë‡À¡“– ¡ ”À√—∫°“√«‘‡§√“–Àå‰¥â·≈â«®÷ßπ”«‘∏’°“√

∑’Ëæ—≤π“¢÷Èπ‰ª∑¥ Õ∫À“ ¡“≈Õπ‰¥·Õ≈¥’‰Œ¥å

·≈– 5-‰Œ¥√Õ° ’́‡¡∑‘≈-2-‡øÕ√åøî«√—≈ „πμ—«Õ¬à“ßπ¡

æ∫«à“ “¡“√∂„Àâº≈°“√«‘‡§√“–Àå‡ªìπ∑’Ëπà“æ÷ßæÕ„®

«—μ∂ÿª√– ß§å¢Õß°“√«‘®—¬
1. ‡æ◊ËÕ»÷°…“ ¿“«–∑’Ë ‡À¡“– ¡„π°“√

«‘‡§√“–Àåª√‘¡“≥Õπÿæ—π∏å¢Õß “√ª√–°Õ∫ MDA

·≈– HMF ¥â«¬‡∑§π‘§¢Õß‚§√¡“‚∑°√“øï¢Õß‡À≈«

 ¡√√∂π– Ÿß

1.1 Õ—μ√“ à«π¢Õßμ—«∑”≈–≈“¬∑’Ë„™â

‡ªìπ‡ø ‡§≈◊ËÕπ∑’Ë

1.2 Õ—μ√“°“√‰À≈¢Õß‡ø ‡§≈◊ËÕπ∑’Ë

1.3 pH ∑’Ë„™â„π°“√·¬°

1.4 Õÿ≥À¿Ÿ¡‘∑’Ë„™â„π°“√‡μ√’¬¡Õπÿæ—π∏å

1.5 √–¬–‡«≈“„™â„π°“√‡μ√’¬¡Õπÿæ—π∏å

1.6 §«“¡‡¢â¡¢âπ¢Õß√’‡Õ‡®πμå∑’Ë„™â„π

°“√‡μ√’¬¡Õπÿæ—π∏å

2. ‡æ◊ËÕ»÷°…“ª√– ‘∑∏‘¿“æ¢Õß«‘∏’°“√

«‘‡§√“–Àå∑’Ëæ—≤π“¢÷Èπ

Õÿª°√≥å„π°“√«‘®—¬

 “√‡§¡’

 “√¡“μ√∞“π 5-hydroxymethyl-2-furfural,

5-thiobarbituric acid, 1,1,3,3-tetraethoxypropane

(≈–≈“¬„π 1%HCl ®–‰¥â “√≈–≈“¬ MDA),

di-Sodium hydrogen phosphate anhydrous

·≈– trichloroacetic acid ®“°∫√‘…—∑ Fluka

(AR ‡°√¥) disodium hydrogen phosphate

·≈– sodium dihydrogen phosphate ®“°∫√‘…—∑

Sigma (AR ‡°√¥) μ—«∑”≈–≈“¬ methanol

®“°∫√‘…—∑ Merck (HPLC ‡°√¥)
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Õÿª°√≥å·≈–‡§√◊ËÕß¡◊Õ

‡§√◊ËÕß‚§√¡“‚∑√°√“øï¢Õß‡À≈« ¡√√∂π– Ÿß

®“°∫√‘…—∑ Hewlett-Packard √ÿàπ HP 1100

‚¥¬„™â§Õ≈—¡πå C18 (Eclipse XDB 5 μm ¢π“¥ 4.6

150 mm) ·≈–„™âμ—«μ√«®«—¥·∫∫‰¥‚Õ¥Õ–‡√¬å

(diode array), ‡§√◊ËÕßº≈‘μπÈ”ª√“»®“°‰ÕÕÕπ®“°

∫√‘…—∑ Siemens √ÿàπ LaboStar, ‡§√◊ËÕß¬Ÿ«’-«‘ ‘‡∫‘≈

 ‡ª°‚∑√‚ø‚μ¡‘‡μÕ√å √ÿàπ UV-2401 PC ®“°∫√‘…—∑

Shimadzu, ‡§√◊ËÕß™—ËßÕ¬à“ß≈–‡Õ’¬¥ 4 μ”·Àπàß

®“°∫√‘…—∑ Mettier Toledo √ÿàπ AB104-S, ‡§√◊ËÕß‡¢¬à“

√ÿàπ Vortex-genie 2 ®“°∫√‘…—∑ Scientific Industries,

‡§√◊ËÕß Centrifuge √ÿàπ Zentrifugen EBA 8S ®“°∫√‘…—∑

Ilettich, ‡§√◊ËÕß Water bath ®“°∫√‘…—∑ Memmert,

Syringe Filters PTFE membrane ¢π“¥ 0.45

‰¡§√Õπ ®“°∫√‘…—∑ International scientific

«‘∏’¥”‡π‘π°“√«‘®—¬
μÕπ∑’Ë 1 °“√»÷°…“À“ ¿“«–∑’Ë‡À¡“– ¡

„π°“√«‘‡§√“–Àå (¥—¥·ª≈ß®“° [10] ·≈– [11])

°“√À“ ¿“«–∑’Ë ‡À¡“– ¡π’È ®–∑”°“√

∑¥ Õ∫‚¥¬‡μ√’¬¡ “√≈–≈“¬¡“μ√∞“π HMF

§«“¡‡¢â¡¢âπ 198 nmol/ml ∑’Ëº ¡√«¡°—∫

 “√≈–≈“¬¡“μ√∞“π MDA §«“¡‡¢â¡¢âπ 25 nmol/

ml  ·≈â«π”‰ª∑”°—∫ “√≈–≈“¬ TBA ‡¡◊ËÕ‡μ√’¬¡

Õπÿæ—π∏å‰¥â·≈â«®–π” “√≈–≈“¬∑’Ë‰¥â‰ª∑”°“√

‡´πμ‘øî«®å∑’Ë 4000 rpm ‡ªìπ‡«≈“ 10 π“∑’ ·≈â«®÷ß

∑”°“√°√Õß¥â«¬ Syringe Filters PTFE membrane

¢π“¥ 0.45 ‰¡§√Õπ Õ’°§√—Èß°àÕπ∑’Ë®–π”‰ª

«‘‡§√“–Àåª√‘¡“≥¢Õß “√ª√–°Õ∫∑—Èß Õß¥â«¬

‡§√◊ËÕß‚§√¡“‚∑√°√“øï¢Õß‡À≈« ¡√√∂π– Ÿß

‚¥¬μ‘¥μ“¡°“√‡ª≈’Ë¬π·ª≈ß —≠≠“≥¢Õßμ—«μ√«®

«—¥™π‘¥‰¥‚Õ¥Õ–‡√¬å∑’Ë§«“¡¬“«§≈◊Ëπ 448 nm

·≈– 530 nm ∫—π∑÷°‚§√¡“‚∑·°√¡∑’Ë‰¥â‡æ◊ËÕ„™â

„π°“√∑¥ Õ∫À“ ¿“«–μà“ßÊ ∑’Ë‡À¡“– ¡ ”À√—∫

„™â„π°“√«‘‡§√“–Àåª√‘¡“≥ HMF √«¡°—∫ MDA ¥—ßπ’È

Õß§åª√–°Õ∫¢Õß«—Ø¿“§‡§≈◊ËÕπ∑’Ë Õ—μ√“°“√‰À≈

¢Õß«—Ø¿“§‡§≈◊ËÕπ∑’Ë  pH ∑’Ë„™â„π°“√·¬° Õÿ≥À¿Ÿ¡‘

∑’Ë„™â„π°“√‡μ√’¬¡Õπÿæ—π∏å √–¬–‡«≈“∑’Ë„™â„π°“√

‡μ√’¬¡Õπÿæ—π∏å §«“¡‡¢â¡¢âπ¢Õß√’‡Õ‡®πμå∑’Ë„™â

„π°“√‡μ√’¬¡Õπÿæ—π∏å

μÕπ∑’Ë 2 ‡æ◊ËÕ»÷°…“ª√– ‘∑∏‘¿“æ¢Õß

«‘∏’°“√«‘‡§√“–Àå∑’Ëæ—≤π“¢÷Èπ

‡μ√’¬¡ “√≈–≈“¬¡“μ√∞“π HMF ∑’Ë™à«ß

§«“¡‡¢â¡¢âπ 0.00 - 6.34 nmol/mL ∑’Ëº ¡√«¡

°—∫ “√≈–≈“¬¡“μ√∞“π MDA ∑’Ë™à«ß§«“¡‡¢â¡¢âπ

0.00 - 0.80 nmol/mL ·≈â«∑”°“√«‘‡§√“–Àå

Õπÿæ—π∏å¢Õß “√∑—Èß Õß¥â«¬‡∑§π‘§‚§√¡“‚∑√°√“øï

¢Õß‡À≈« ¡√√∂π– Ÿß·≈–∫—π∑÷°‚§√¡“‚∑·°√¡∑’Ë‰¥â

‡æ◊ËÕπ”‰ª √â“ß°√“ø¡“μ√∞“π√–À«à“ß§«“¡‡¢â¡¢âπ

°—∫§à“¢Õßæ◊Èπ∑’Ë„μâæ’§ —≠≠“≥∑’Ë‰¥â ‡æ◊ËÕ»÷°…“§«“¡

‡ªìπ‡ âπμ√ß¢Õß§«“¡ —¡æ—π∏å¥—ß°≈à“« æ√âÕ¡∑—ÈßÀ“

§à“¢Õß§«“¡‡¢â¡¢âπμË” ÿ¥∑’Ëμ√«®«—¥‰¥â (LOD; S/N

=3) ·≈–§à“¢Õß§«“¡‡¢â¡¢âπμË” ÿ¥∑’Ë«‘‡§√“–Àå‰¥â

(LOD; S/N =5) ́ ÷Ëß®–∑”°“√∫—π∑÷°º≈¢Õß —≠≠“≥

(S/N) ∑’Ë‰¥â®“°°“√«—¥¢Õß “√≈–≈“¬ Blank

®”π«π 5 §√—Èß

μàÕ¡“°Á®–∑”°“√À“§à“¢Õß√âÕ¬≈–°“√§◊π

°≈—∫, %RSD ·≈– %CV ¢Õß‡∑§π‘§∑’Ëæ—≤π“¢÷Èπ

‚¥¬∑¥ Õ∫°—∫μ—«Õ¬à“ßπ¡æ√âÕ¡¥◊Ë¡„π∑âÕßμ≈Õ¥

‚¥¬ªî‡ªμμ—«Õ¬à“ßπ¡æ√âÕ¡¥◊Ë¡∑’Ë‰¥â∑”°“√‡μ‘¡ “√

¡“μ√∞“π HMF ·≈– “√¡“μ√∞“π MDA ®”π«π

5 μ—«Õ¬à“ß  „Àâ¡’§«“¡‡¢â¡¢âπ§«“¡‡¢â¡¢âπ 80 nmol/

mL ·≈–  10 nmol/mL μ“¡≈”¥—∫ ª√‘¡“μ√ 2 ml

≈ß„πÀ≈Õ¥∑¥≈Õß·≈â«®–‡μ‘¡ 1% trichloroacetic

acid ≈ß‰ªÕ’° 2 mL ®“°π—Èπ®–π” “√≈–≈“¬

μ—«Õ¬à“ß‰ª∑”°“√‡´πμ‘øî«®å∑’Ë 4000 rpm ‡ªìπ‡«≈“

10 π“∑’ ‡æ◊ËÕ·¬°μ–°Õπ‚ª√μ’πÕÕ° ·≈â«®÷ßπ”

 “√≈–≈“¬„ ¥â“π∫π¡“∑”°“√°√Õß¥â«¬ Syringe

Filters PTFE membrane ¢π“¥ 0.45 ‰¡§√Õπ

Õ’°§√—Èß°àÕπ∑’Ë®–π”‰ª‡μ√’¬¡Õπÿæ—π∏å·≈–«‘‡§√“–Àå

ª√‘¡“≥¢Õß “√ª√–°Õ∫∑—Èß Õß¥â«¬‡§√◊ËÕß‚§√¡“‚∑√°√“øï

¢Õß‡À≈« ¡√√∂π– Ÿß ‡æ◊ËÕ§”π«≥À“§à“¢Õß√âÕ¬≈–
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°“√§◊π°≈—∫ (%Recovery) , %RSD ¢Õß‡∑§π‘§

∑’Ëæ—≤π“¢÷Èπ

º≈°“√«‘®—¬
μÕπ∑’Ë 1 °“√»÷°…“À“ ¿“«–∑’Ë‡À¡“– ¡

„π°“√«‘‡§√“–Àå

°“√∑¥ Õ∫ “√ª√–°Õ∫®”æ«°·Õ≈¥’‰Œ¥å

¥â«¬ “√≈–≈“¬¢Õß TBA À√◊Õ∑’Ëπ‘¬¡‡√’¬°°—π«à“

TBA-assay π—Èπ ¡—°„™â∑—Ë«‰ª„π°“√√–∫ÿ∂÷ßªØ‘°‘√‘¬“

≈‘ªî¥ÕÕ° ‘́‡¥™—π„πÕ“À“√ ́ ÷Ëß∑”„Àâ‡°‘¥ MDA ¢÷Èπ®“°

º≈¢Õß°“√ ≈“¬μ—«¢Õß°√¥‰¢¡—π‰¡àÕ‘Ë¡μ—«∑’Ë¡’

æ—π∏–§ŸàÀ√◊Õæ—π∏– “¡„πÕß§åª√–°Õ∫ ‚¥¬‡¡◊ËÕ∑”

ªØ‘°‘√‘¬“°—∫ MDA ·≈â«®–„Àâ chromophore ∑’Ë‡ªìπ

 ’™¡æŸ·≈–¡’§à“°“√¥Ÿ¥°≈◊π· ß Ÿß ÿ¥∑’Ë§«“¡¬“«§≈◊Ëπ

532 nm (λ
max

= 532, TBARS
532

) [11]  πÕ°®“°π’È

2-‰∑‚Õ∫“√å∫‘∑ÿ√‘° ¬—ß “¡“√∂‡°‘¥ªØ‘°‘√‘¬“°—∫

·Õ≈¥’‰Œ¥å™π‘¥Õ◊ËπÊ ·≈â«„Àâ chromophore ∑’Ë‡ªìπ

 ’‡À≈◊Õß·≈–¡’§à“°“√¥Ÿ¥°≈◊π· ß Ÿß ÿ¥∑’Ë§«“¡¬“«

§≈◊Ëπ 455 nm (λ
max

= 455, TBARS
448

) [12] Õ¬à“ß‡™àπ

∑’Ë‡°‘¥°—∫ HMF ‚¥¬ ‡ª°μ√—¡∑’Ë‰¥â®“°°“√«—¥¥â«¬

‡§√◊ËÕß¬Ÿ«’-«‘´‘‡∫‘≈  ‡ª°‚μ‚ø‚μ¡‘‡μÕ√å ¥—ß· ¥ß

„π¿“æ∑’Ë 2 ‚¥¬æ∫«à“Õπÿæ—π∏å¢Õß MDA ®–¡’

§à“°“√¥Ÿ¥°≈◊π· ß∑’Ë 530 nm ·≈– HMF ®–¡’

§à“°“√¥Ÿ¥°≈◊π· ß∑’Ë 448 nm

¿“æ∑’Ë 2  ‡ª°μ√—¡¢ÕßÕπÿæ—π∏å¢Õß MDA ·≈– HMF ∑’Ëºà“π°“√∑”ªØ‘°‘√‘¬“°—∫ 2-‰∑‚Õ∫“√å∫‘∑ÿ√‘°

1.1 Õß§åª√–°Õ∫¢Õß«—Ø¿“§‡§≈◊ËÕπ∑’Ë

°“√»÷°…“º≈¢ÕßÕß§åª√–°Õ∫¢Õß«—Ø¿“§

‡§≈◊ËÕπ∑’ËμàÕº≈√Ÿª√à“ßÀπâ“μ“¢Õßæ’§ —≠≠“≥¢Õß

Õπÿæ—π∏å ·≈–√–¬–‡«≈“√’‡∑π™—π¢ÕßÕπÿæ—π∏å π—Èπ®–

∑”°“√∑¥ Õ∫‚¥¬„™â‡ø ‡§≈◊ËÕπ∑’Ë„πÕ—μ√“ à«π

¢Õß‡¡∑“πÕ≈μàÕøÕ ‡øμ∫—ø‡øÕ√å∑’Ë§«“¡‡¢â¡¢âπ

10 mM ∑’Ë™à«ßμ—Èß·μà 45:55, 40:50 35:75

·≈– 30:70 (methanol:phosphate buffer, v/v)

·≈–∑”°“√»÷°…“∑’ËÕ—μ√“ à«π·∫∫ isocratic elution

´÷Ëß„™â ¿“«–‡∫◊ÈÕßμâπ„π°“√∑¥ Õ∫ (20mM TBA,

Õÿ≥À¿Ÿ¡‘ 50  ÌC π“π 60 π“∑’, øÕ ‡øμ∫—æ‡øÕ√å

pH 6.5, ·≈–„™âÕ—μ√“°“√‰À≈∑’Ë 1.0 mL/min)

®“°º≈°“√»÷°…“æ∫«à“ Õß§åª√–°Õ∫¢Õß«—Ø¿“§

‡§≈◊Ë Õπ∑’Ë¡’º≈μàÕ√Ÿª√à “ß¢Õßæ’§∑’Ë ‡°‘¥¢÷Èπ®“°

°√–∫«π°“√·¬°Õ¬à“ß™—¥‡®π ‚¥¬‡¡◊ËÕ°”Àπ¥„Àâ

Õß§åª√–°Õ∫¢Õß«—Ø¿“§‡§≈◊ËÕπ∑’Ë„Àâ¡’‡ªÕ√å‡´πμå

¢Õß‡¡∑“πÕ≈∑’Ë Ÿß  ®–æ∫«à“æ’§ —≠≠“≥¢Õß “√

¡“μ√∞“π¢Õß∑—Èß MDA ·≈– HMF ¬—ß‰¡à “¡“√∂

·¬°μ—«ÕÕ°®“° “√√∫°«π‰¥â™—¥‡®π ·μà‡¡◊ËÕ≈¥

Õß§åª√–°Õ∫¢Õß«—Ø¿“§‡§≈◊ËÕπ∑’Ë„Àâ¡’‡ªÕ√å‡´πμå

¢Õß‡¡∑“πÕ≈≈¥≈ß®–∑”„Àâæ’§ —≠≠“≥¢Õß “√

¡“μ√∞“π¢Õß∑—Èß “¡“√∂·¬°μ—«ÕÕ°®“° “√

√∫°«π‰¥â ‚¥¬‚§√¡“‚∑·°√¡∑’Ë∑”°“√»÷°…“· ¥ß

„π¿“æ∑’Ë 3
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¿“æ∑’Ë 3 ‚§√¡“‚∑·°√¡∑’Ë‰¥â®“°°“√»÷°…“Õß§åª√–°Õ∫¢Õß«—Ø¿“§‡§≈◊ËÕπ∑’Ë

°   ·∑π   Õß§åª√–°Õ∫‡¡∑“πÕ≈μàÕøÕ ‡øμ∫—ø‡øÕ√å„πÕ—μ√“ à«π 45:55 v/v

¢   ·∑π   Õß§åª√–°Õ∫‡¡∑“πÕ≈μàÕøÕ ‡øμ∫—ø‡øÕ√å„πÕ—μ√“ à«π 40:60 v/v

§   ·∑π   Õß§åª√–°Õ∫‡¡∑“πÕ≈μàÕøÕ ‡øμ∫—ø‡øÕ√å„πÕ—μ√“ à«π 35:65 v/v

ß   ·∑π   Õß§åª√–°Õ∫‡¡∑“πÕ≈μàÕøÕ ‡øμ∫—ø‡øÕ√å„πÕ—μ√“ à«π 30:70 v/v

®“°¿“æª√–°Õ∫ 3 æ∫«à“ ‚§√¡“‚∑·°√¡

∑’Ë “¡“√∂·¬°æ’§ —≠≠“≥ “√√∫°«πÕÕ°®“°

æ’§ —≠≠“≥¢ÕßÕπÿæ—π∏å®“° “√¡“μ√∞“π∑—Èß Õß

‰¥â¥’∑’Ë ÿ¥ ‡¡◊ËÕ‡≈◊Õ°„™âÕß§åª√–°Õ∫¢Õß«—Ø¿“§

‡§≈◊ËÕπ∑’Ë„πÕ—μ√“ à«πμ—«∑”≈–≈“¬¢Õß‡¡∑“πÕ≈

μàÕøÕ ‡øμ∫—æ‡øÕ√å ‡∑à“°—∫ 40:60 (¢)

·≈–‡¡◊ËÕ∑”°“√»÷°…“º≈®“°Õß§åª√–°Õ∫¢Õß«—Ø¿“§

‡§≈◊ËÕπ∑’Ë∑’Ë¡’º≈μàÕ§à“√–¬–‡«≈“√’‡∑π™—π (retention

time) ¥—ß· ¥ß„π¿“æª√–°Õ∫∑’Ë  4 æ∫«à“

‡¡◊ËÕ∑”°“√≈¥Õß§åª√–°Õ∫¢Õß‡¡∑“πÕ≈∑’Ë„™â‡μ√’¬¡

«—Ø¿“§‡§≈◊ËÕπ∑’Ë„ÀâμË”≈ß§à“¢Õß√–¬–‡«≈“√’‡∑π™—π

®“°Õπÿæ—π∏å¢Õß¡“≈Õπ‰¥Õ—≈¥’‰Œ¥å·≈–‰Œ¥√Õ° ’́

‡¡∑‘≈ ‡øÕ√åøî«√“≈¥’ ‰Œ¥å®–‡æ‘Ë¡ Ÿ ß¢÷Èπ ‡√◊Ë Õ¬Ê

·≈–∑”„Àâ‡«≈“∑’Ë„™â„π°√–∫«π°“√«‘‡§√“–Àå¡“°¢÷Èπ

´÷Ëß∑’ËÕß§åª√–°Õ∫¢Õß«—Ø¿“§‡§≈◊ËÕπ∑’Ë¢Õß‡¡∑“πÕ≈

μàÕøÕ ‡øμ∫—æ‡øÕ√å‡∑à“°—∫ 40:60  „Àâ§à“√–¬–‡«≈“

√’‡∑π™—π¢ÕßÕπÿæ—π∏å∑—Èß ÕßÕ¬Ÿà„π™à«ß‡À¡“– ¡

¿“æ∑’Ë 4 º≈¢Õß°“√»÷°…“º≈®“°Õß§åª√–°Õ∫¢Õß«—Ø¿“§‡§≈◊ËÕπ∑’Ë∑’Ë¡’º≈μàÕ§à“√–¬–‡«≈“√’‡∑π™—π
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1.2 Õ—μ√“°“√‰À≈¢Õß«—Ø¿“§‡§≈◊ËÕπ∑’Ë

°“√»÷°…“Õ—μ√“ à«π°“√‰À≈¢Õß‡ø ‡§≈◊ËÕπ∑’Ë

´÷Ë ß‚¥¬®–∑”°“√»÷°…“„π™à«ßÕ—μ√“°“√‰À≈∑’Ë

0.3 mL/min ®π∂÷ß 1.2 mL/min ∑’Ë¡’º≈μàÕ

√–¬–‡«≈“√’‡∑π™—π¢ÕßÕπÿæ—π∏å ¥—ß· ¥ß„π¿“æ∑’Ë 5

¿“æ∑’Ë 5 º≈¢ÕßÕ—μ√“°“√‰À≈¢Õß«—Ø¿“§‡§≈◊ËÕπ∑’Ë∑’Ë¡’º≈μàÕ √–¬–‡«≈“√’‡∑π™—π ¢Õß “√Õπÿæ—π∏å∑—Èß Õß

‚¥¬∑—Ë«‰ª°“√‡æ‘Ë¡Õ—μ√“°“√‰À≈¢Õß«—Ø¿“§

‡§≈◊ËÕπ∑’Ë®–¡’ à«π™à«¬≈¥√–¬–‡«≈“„π°“√™– “√

≈ß∑”„Àâ°“√«‘ ‡§√“–Àå¡’§«“¡√«¥‡√Á«¡“°¢÷Èπ

‡Àμÿº≈‡π◊ËÕß®“°‚¡‡≈°ÿ≈¢Õß “√∑’ËμâÕß°“√«‘‡§√“–Àå

‡°‘¥°“√ àßºà“π¡«≈ √–À«à“ß«—Ø¿“§§ß∑’Ë°—∫«—Ø¿“§

‡§≈◊ËÕπ∑’Ë≈¥≈ß ∑”„Àâ°“√‡°‘¥ ¡¥ÿ≈¢ÕßÕ—πμ√°‘√‘¬“

°“√°√–®“¬μ—« (Distribution Coefficient, K) √–À«à“ß

‚¡‡≈°ÿ≈¢Õß “√∑’ËμâÕß°“√«‘‡§√“–Àå°—∫«—Ø¿“§§ß∑’Ë

·≈–«—Ø¿“§‡§≈◊ËÕπ∑’Ë≈¥≈ßμ“¡‰ª¥â«¬  àßº≈∑”„Àâ

„Àâ§à“°“√‡≈◊Õ°≈¥≈ß·≈–§à“°“√·¬°°Á≈¥≈ßμ“¡‰ª

¥â«¬

®“°º≈°“√∑¥≈Õßπ’Èæ∫«à“ °“√‡æ‘Ë¡Õ—μ√“

°“√‰À≈ àßº≈„ÀâÕπÿæ—π∏å∑—Èß Õß∂Ÿ°™–ÕÕ°¡“‡√Á«¬‘Ëß¢÷Èπ

¥—ß· ¥ß„π¿“æ∑’Ë 5 ·μà°“√‡æ‘Ë¡Õ—μ√“°“√‰À≈ Ÿß

¢Õß«—Ø¿“§‡§≈◊ËÕπ∑’Ë„Àâ Ÿß¢÷Èπ ®–∑”„Àâæ’§ —≠≠“≥

®“°‚§√¡“‚∑·°√¡¢Õß “√∑—È ß™π‘¥¡’ ‚Õ°“ 

°“√´âÕπ∑—∫°—π‰¥â πÕ°®“°π’È¬—ß àßº≈„Àâ·√ß¥—π„π√–∫∫

 Ÿß¢÷Èπ®π‡°‘π‰ª„π√–∫∫∑’Ë„™âÕ—μ√“°“√‰À≈ ŸßÊ ¥—ßπ—Èπ

„πß“π«‘®—¬π’È®÷ß‡≈◊Õ°„™âÕ—μ√“°“√‰À≈¢Õß«—Ø¿“§

‡§≈◊ËÕπ∑’Ë∑’Ë 1.0 mL/min ‡ªìπ ¿“«–∑’Ë‡À¡“– ¡

¢Õß√–∫∫

1.3 pH ∑’Ë„™â„π°“√·¬°

°“√»÷°…“º≈¢Õß pH ∑’Ë„™â„π°“√·¬°®–

∑¥ Õ∫®“°°“√‡μ√’¬¡ “√≈–≈“¬øÕ ‡øμ∫—ø‡øÕ√å

∑’Ë∑”°“√‡μ√’¬¡„Àâ¡’™à«ß¢Õß pH ∑’Ë 6.0 - 7.5 ·≈â«

®÷ßπ”øÕ ‡øμ∫—ø‡øÕ√å∑’Ë pH ∑’ËμâÕß°“√∑¥ Õ∫¡“

„™â‡ªìπ à«πº ¡¢Õß‡ø ‡§≈◊ËÕπ∑’Ë„π°√–∫«π°“√

«‘‡§√“–Àå·≈–μ‘¥μ“¡·≈–μ‘¥μ“¡§à“¢Õßæ◊Èπ∑’Ë„μâæ’§

¢Õß —≠≠“≥°“√«‘‡§√“–Àå∑’Ë‰¥â¥—ß· ¥ß„π¿“æ∑’Ë 6
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¿“æ∑’Ë 6  º≈ pH ∑’Ë¡’μàÕ°“√«‘‡§√“–Àå “√Õπÿæ—π∏å®“° MDA ·≈– “√Õπÿæ—π∏å®“° HMF

º≈°“√»÷°…“æ∫«à“§à“¢Õß pH ∑’Ë 6.5

‡ªìπ ¿“«–¢Õß pH ¢ÕßøÕ ‡øμ∫—ø‡øÕ√å∑’Ë‡À¡“– ¡

‡π◊Ë Õß®“°„Àâ§à “æ◊È π∑’Ë „μâæ’§¢Õß —≠≠“≥°“√

«‘‡§√“–Àå¢ÕßÕπÿæ—π∏å¢Õß HMF ¡’¡“°∑’Ë ÿ¥

„π¢≥–∑’Ë§à“æ◊Èπ∑’Ë„μâæ’§¢Õß —≠≠“≥°“√«‘‡§√“–Àå

¢ÕßÕπÿæ—π∏å¢Õß¡“≈Õπ‰¥·Õ≈¥’‰Œ¥å ‡ÀÁπ°“√

‡ª≈’Ë¬π·ª≈ß∑’Ë‰¡à™—¥‡®π ´÷Ëß· ¥ß„Àâ‡ÀÁπ«à“Õπÿæ—π∏å

¢Õß MDA ¡’§«“¡‡ ∂’¬√μàÕ°“√‡ª≈’Ë¬π·ª≈ß

§à“¢Õß pH ¡“°°«à“ Õπÿæ—π∏å¢Õß HMF ¥—ßπ—Èπ§à“¢Õß

pH ∑’Ë‡À¡“– ¡®÷ß§«√Õ¬Ÿà∑’Ëª√–¡“≥ 6.5

1.4 Õÿ≥À¿Ÿ¡‘∑’Ë„™â„π°“√‡μ√’¬¡Õπÿæ—π∏å

‡π◊ËÕß®“°°“√‡μ√’¬¡Õπÿæ—π∏å à«π¡“°μâÕß

Õ“»—¬æ≈—ßß“π§«“¡√âÕπ‡¢â“™à«¬„π°“√∑”ªØ‘°‘√‘¬“

¥—ßπ—Èπ®÷ß‰¥â™à«ß¢ÕßÕÿ≥À¿Ÿ¡‘∑’Ë„™â„π°“√‡μ√’¬¡Õπÿæ—π∏å

‚¥¬®–∑”°“√»÷°…“∑’Ë™à«ßÕÿ≥À¿Ÿ¡‘μ—Èß·μà 25  ÌC › 90  ÌC

·≈–‡¡◊ËÕ‡μ√’¬¡Õπÿæ—π∏å‰¥â·≈â«®”π”‰ª«‘‡§√“–Àå

À“ª√‘¡“≥¢Õß MDA ·≈– HMF μ“¡· ¥ß

„π¿“æ∑’Ë 7

¿“æ∑’Ë 7  °“√»÷°…“º≈¢ÕßÕÿ≥À¿Ÿ¡‘„π°“√‡μ√’¬¡Õπÿæ—π∏å∑’Ë¡’º≈μàÕ —≠≠“≥¢Õß°“√«‘‡§√“–Àå “√Õπÿæ—π∏å∑—Èß Õß

º≈°“√»÷°…“æ∫«à“ —≠≠“≥¢Õß HMF

¡’·π«‚πâ¡≈¥≈ßÕ¬à“ß¡“°μ“¡Õÿ≥À¿Ÿ¡‘∑’Ë‡æ‘Ë¡¡“°¢÷Èπ

Õ“®‡ªìπº≈¡“®“°°“√∑’Ë HMF ‡°‘¥°“√ ≈“¬μ—«

‡π◊ËÕß®“°§«“¡√âÕπ ´÷Ëß Õ¥§≈âÕß°—∫ß“π«‘®—¬¢Õß

Girisuta ·≈–§≥–„πªï §.». 2006 ∑’Ë»÷°…“®≈π»“ μ√å

°“√‡ª≈’Ë¬π·ª≈ß¢Õß HMF ‰ª‡ªìπ°√¥≈‘«Ÿ≈‘π‘°

‚¥¬„™â TBA-Assay ∑¥ Õ∫ [13] ‚¥¬ª√‘¡“≥

HMF ≈ß≈¥‰ª‡√◊ËÕ¬Ê ‡¡◊ËÕ∑”°“√‡æ‘Ë¡Õÿ≥À¿Ÿ¡‘
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®÷ß‡ªìπ “‡Àμÿ°“√≈¥≈ß¢Õß —≠≠“≥ „π¢≥–∑’Ë

 —≠≠“≥¢Õß MDA ¡’·π«‚πâ¡§ß∑’Ë ¥—ßπ—Èπ ¿“«–

¢ÕßÕÿ≥À¿Ÿ¡‘„π°“√‡μ√’¬¡Õπÿæ—π∏å∑’Ë‡À¡“– ¡®÷ßÕ¬Ÿà

∑’Ë 25  ÌC

1.5 √–¬–‡«≈“„™â„π°“√‡μ√’¬¡Õπÿæ—π∏å

„π°“√‡μ√’¬¡Õπÿæ—π∏å ®–∑”°“√À“√–¬–

‡«≈“∑’Ë MDA ·≈– HMF ∑”ªØ‘°‘√‘¬“°—∫ TBA

‡ √Á® ‘Èπ ‚¥¬„π°“√»÷°…“º≈¢Õß√–¬–‡«≈“„π°“√

‡μ√’¬¡Õπÿæ—π∏å®–∑”°“√‡°Á∫ “√≈–≈“¬ ’¢Õß

Õπÿæ—π∏å∑’Ë°”≈—ß∑”°“√‡μ√’¬¡Õ¬Ÿà∑ÿ°Ê 10 π“∑’

·≈â«∑”°“√«‘‡§√“–Àåª√‘¡“≥¢Õß “√ª√–°Õ∫∑—Èß Õß

‚¥¬º≈°“√»÷°…“¥—ß· ¥ß„π¿“æ∑’Ë 8

¿“æ∑’Ë 8 °“√»÷°…“º≈¢Õß√–¬–‡«≈“„π°“√‡μ√’¬¡Õπÿæ—π∏å∑’Ë¡’º≈μàÕ —≠≠“≥¢Õß°“√«‘‡§√“–Àå “√Õπÿæ—π∏å∑—Èß Õß

®“°¿“ææ∫«à“‡¡◊ËÕ ‡«≈“„π°“√‡μ√’¬¡

Õπÿæ—π∏å‡æ‘Ë¡¡“°¢÷Èπ —≠≠“≥°“√«‘‡§√“–Àå°Á‡æ‘Ë¡

¡“°¢÷Èπ¥â«¬ ´÷Ëß· ¥ß«à“¡’°“√‡°‘¥Õπÿæ—π∏å®“° “√

μ—ÈßμâπÕ¬à“ßμàÕ‡π◊ËÕß ·μà‡¡◊ËÕ‡«≈“ºà“π‰ª∑’Ë™à«ß‡«≈“

ª√–¡“≥ 150 π“∑’ Õ—μ√“°“√‡æ‘Ë¡¢÷Èπ¢Õß —≠≠“≥

°“√«‘‡§√“–Àå¡’·π«‚πâ¡≈¥≈ß®π‡°◊Õ∫§ß∑’Ë ¥—ßπ—Èπ

√–¬–‡«≈“∑’Ë‡À¡“– ¡ ”À√—∫°“√‡μ√’¬¡Õπÿæ—π∏å¢Õß

¢Õß MDA ·≈– HMF ®÷ßÕ¬Ÿà∑’Ë‡«≈“μ—Èß·μà 150 π“∑’

‡ªìπμâπ‰ª

1.6 §«“¡‡¢â¡¢âπ¢Õß√’‡Õ‡®πμå∑’Ë„™â

„π°“√‡μ√’¬¡Õπÿæ—π∏å

§«“¡‡¢â¡¢âπ¢Õßª√‘¡“≥ “√≈–≈“¬ TBA

´÷Ëß„™â‡ªìπ√’‡Õ‡®πμå„π°“√‡μ√’¬¡Õπÿæ—π∏å°Á‡ªìπ

ªí®®—¬∑’Ë ”§—≠‡π◊ËÕß®“° àßº≈μàÕÕ—μ√“°“√‡°‘¥

Õπÿæ—π∏å„π·ßà¢Õß “√°”Àπ¥ª√‘¡“≥ ´÷Ëß®–∑”°“√

»÷°…“‚¥¬‡μ√’¬¡ “√≈–≈“¬ TBA ∑’Ë§«“¡‡¢â¡¢âπ

∑’Ë·μ°μà“ß°—π§◊Õ 10 mM 20 mM 30 mM

·≈– 40 mM ·≈â«®÷ßπ”‰ª„™â„π°“√‡μ√’¬¡Õπÿæ—π∏å

°—∫ “√ª√–°Õ∫ MDA ·≈– HMF ·≈â«®÷ß»÷°…“

 —≠≠“≥°“√«‘‡§√“–Àå∑’Ë‰¥â ´÷Ëßº≈°“√»÷°…“æ∫«à“

§à“¢Õßæ◊Èπ∑’Ë„μâæ’§ —≠≠“≥¡’°“√‡ª≈’Ë¬π·ª≈ß∑’Ë‡æ‘Ë¡¢÷Èπ

μ“¡§«“¡‡¢â¡¢âπ¢Õß TBA ‚¥¬®–¢÷Èπ 40mM

´÷Ëß‡ªìπ§«“¡‡¢â¡¢âπ∑’ËÕ‘Ë¡μ—« (‰¡à “¡“√∂‡μ√’¬¡

≈–≈“¬„Àâ¡’§«“¡‡¢â¡¢âπ‰¥â¡“°°«à“π’È) ¥—ß· ¥ß

„π¿“æ∑’Ë 9
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¿“æ∑’Ë 9  °“√»÷°…“º≈¢Õß§«“¡‡¢â¡¢âπ TBA ∑’Ë¡’º≈μàÕ —≠≠“≥¢Õß°“√«‘‡§√“–Àå “√Õπÿæ—π∏å∑—Èß Õß

¥—ßπ—Èπ‡¡◊ËÕ°”Àπ¥Õ—μ√“ à«π¢Õß‡ø 

‡§≈◊ËÕπ∑’Ë·≈–Õ—μ√“°“√‰À≈¢Õß‡ø ‡§≈◊ËÕπ∑’Ë‡∑à“°—∫

40:60 ·≈– -1.0 ml/min §à“ pH ¢ÕßøÕ ‡øμ∫—ø

‡øÕ√å‡∑à“ 6.5 „™âÕÿ≥À¿Ÿ¡‘·≈–√–¬–‡«≈“„π°“√

‡μ√’¬¡Õπÿæ—π∏å∑’Ë 25 ÌC ‡ªìπ‡«≈“ 180 π“∑’

·≈–„™â§«“¡‡¢â¡¢âπ¢Õß√’‡Õ‡®πμå∑’Ë 40mM ®–∑”„Àâ

 “¡“√∂∑”°“√·¬°Õπÿæ—π∏å¢Õß HMF ·≈– TBA

ÕÕ°®“° “√√∫°«π‰¥â∑’Ë‡«≈“ª√–¡“≥ 2.6 ·≈– 3.4

π“∑’μ“¡≈”¥—∫ ‚§√¡“‚∑√·°√¡∑’Ë∑¥≈Õß‰¥â„™â‡«≈“

„π°“√«‘‡§√“–Àå‡æ’¬ß 6 π“∑’ μàÕÀπ÷Ëßμ—«Õ¬à“ß

∑’Ë„™â«‘‡§√“–Àå

μÕπ∑’Ë 2 ‡æ◊ËÕ»÷°…“ª√– ‘∑∏‘¿“æ¢Õß

«‘∏’°“√«‘‡§√“–Àå∑’Ëæ—≤π“¢÷Èπ

‡¡◊ËÕ∑√“∫ ¿“«–∑’Ë‡À¡“– ¡ ”À√—∫‡∑§π‘§

∑’Ë∑¥≈Õß„πß“π«‘®—¬π’È ®÷ß‰¥â∑”°“√ √â“ß ¡°“√

°√“ø¢Õß “√¡“μ√∞“π„π°“√«—¥ª√‘¡“≥¡“≈Õπ

‰¥Õ—≈¥’‰Œ¥å·≈–‰Œ¥√Õ°´’‡¡∑‘≈‡øÕ√åøî«√—≈¥’‰Œ¥å

æ√âÕ¡°—π„πμ—«Õ¬à“ßπÈ”π¡æ√âÕ¡¥◊Ë¡ ‡π◊ËÕß®“°

ª√‘¡“≥ “√ª√–°Õ∫∑—Èß Õßæ∫„πμ—«Õ¬à“ß¡’πâÕ¬¡“°

¥—ßπ—Èπ®÷ß‡ªìπμâÕß∑”°“√ √â“ß°√“ø¡“μ√∞“π„À¡à„Àâ

¡’§«“¡‡¢â¡¢âπ™à«ßμË” §◊Õ §«“¡‡¢â¡¢âπ¢Õß “√

¡“μ√∞“π¡“≈Õπ‰¥Õ—≈¥’‰Œ¥å „π™à«ß 0.2 nmol/ml

®π∂÷ß 0.8 nmol/ml ·≈–§«“¡‡¢â¡¢âπ¢Õß “√

¡“μ√∞“π‰Œ¥√Õ°´’‡¡∑‘≈‡øÕ√åøî«√“≈¥’‰Œ¥å „π™à«ß

1.58 nmol/ml  ®π∂÷ß 6.34 nmol/ml

´÷ËßÀ≈—ß®“°∑”°“√«‘‡§√“–Àå “√¡“μ√∞“π

∑—Èß Õß¥â«¬‡∑§π‘§‡§√◊ËÕß‚§√¡“‚∑°√“øï¢Õß‡À≈«

 ¡√√∂π– Ÿß·≈â« ®÷ß‰¥âπ”‚§√¡“‚∑·°√¡∑’Ë‰¥â

®“°°“√«‘‡§√“–Àå “√¡“μ√∞“π„π™à«ß¥—ß°≈à“«‰ª

§”π«≥À“§«“¡ —¡æ—π∏å√–À«à“ß™à«ß§«“¡‡¢â¡¢âπ

°—∫ —≠≠“≥∑’Ë‰¥â®“°°“√«‘‡§√“–Àå‡æ◊ËÕπ”‰ª √â“ß

 ¡°“√°√“ø¢Õß “√¡“μ√∞“π∑—Èß Õß ¥—ß· ¥ß

„π¿“æª√–°Õ∫∑’Ë 10

P1-69 8/14/12, 9:02 AM24



25

«“√ “√¡À“«‘∑¬“≈—¬»√’π§√‘π∑√«‘‚√≤ ( “¢“«‘∑¬“»“ μ√å·≈–‡∑§‚π‚≈¬’)              ªï∑’Ë 4 ©∫—∫∑’Ë 8 °√°Æ“§¡ - ∏—π«“§¡ 2555

¿“æ∑’Ë 10 °√“ø§«“¡ —¡æ—π∏å√–À«à“ß™à«ß§«“¡‡¢â¡¢âπ°—∫ —≠≠“≥∑’Ë‰¥â®“°°“√«‘‡§√“–Àå¥â«¬‡∑§π‘§

‡§√◊ËÕß ‚§√¡“‚∑°√“øï¢Õß‡À≈« ¡√√∂π– Ÿß

°   ·∑π   °√“ø¡“μ√∞“π¢ÕßÕπÿæ—π∏å¢Õß “√ª√–°Õ∫ HMF

¢   ·∑π   °√“ø¡“μ√∞“π¢ÕßÕπÿæ—π∏å¢Õß “√ª√–°Õ∫ MDA

®“°¿“æª√–°Õ∫ 20 ®–‡ÀÁπ«à“ ®“°°√“ø

§«“¡ —¡æ—π∏å√–À«à“ß™à«ß§«“¡‡¢â¡¢âπ°—∫ —≠≠“≥

∑’Ë‰¥â®“°°“√«‘‡§√“–Àå ‚¥¬ “√ª√–°Õ∫‰Œ¥√Õ°

´’ ‡¡∑‘≈‡øÕ√åøî«√“≈¥’‰Œ¥å ¡’ ¡°“√‡ âπμ√ß

Y = 9.9473X + 2.6533 ¡’§à“ —¡ª√– ‘∑∏‘Ï À —¡æ—π∏å

R2 = 0.9899  à«π “√ª√–°Õ∫¡“≈Õπ‰¥Õ—≈¥’‰Œ¥å

¡’ ¡°“√‡ âπμ√ß§◊Õ Y = 71.475X + 0.3134

¡’§à“ —¡ª√– ‘∑∏‘Ï À —¡æ—π∏å R2 = 0.9995

·≈–‡¡◊ËÕπ”‰ªÀ“§à“¢Õß¢’¥®”°—¥μË” ÿ¥∑’Ë “¡“√∂μ√«®«—¥

‰¥â (LOD) ·≈–§à“¢’¥®”°—¥μË” ÿ¥∑’Ë “¡“√∂

«‘‡§√“–Àå‰¥â (LOQ) æ∫«à“‡∑§π‘§∑’Ëæ—≤π“¢÷Èππ’È„Àâ§à“

LOD ¢ÕßÕπÿæ—π∏å®“° MDA ·≈– HMF ‡∑à“°—∫ 0.01

nmol/ml ·≈– 0.30 nmol/ml μ“¡≈”¥—∫  ·≈–„Àâ§à“

LOQ ¢ÕßÕπæ—π∏å®“° MDA ·≈– HMF ‡∑à“°—∫ 0.07

nmol/ml ·≈– 2.38 nmol/ml μ“¡≈”¥—∫

°“√§”π«≥À“§à“¢Õß√âÕ¬≈–°“√§◊π°≈—∫

‚¥¬®–∑”°“√∑¥ Õ∫‚¥¬Õ“»—¬°“√«—¥ —≠≠“≥

°“√«‘ ‡§√“–Àå¢Õßμ—«Õ¬à“ßπ¡∑’Ë¡’°“√‡μ‘¡ “√

¡“μ√∞“π≈ß‰ª‡∑’ ¬∫ —≠≠“≥∑’Ë ‰¥â ® “° “√

¡“μ√∞“π∑’Ë§«“¡‡¢â¡¢âπ∑’Ë ‡μ‘¡≈ß‰ª¥—ß°≈à“«

À√◊Õ‡√’¬°«à“°“√∑” spike ®“°º≈°“√∑¥≈Õßæ∫«à“

§à“¢Õß√âÕ¬≈–°“√§◊π°≈—∫¢ÕßÕπÿæ—π∏å®“° MDA

·≈– HMF Õ¬Ÿà∑’Ë 75.71%  ·≈– 107.51% μ“¡≈”¥—∫

‚¥¬μ—«Õ¬à“ß‚§√¡“‚∑·°√¡∑’Ë„™â„π°“√»÷°…“§à“¢Õß

√âÕ¬≈–°“√§◊π°≈—∫ ®–· ¥ß¥—ß¿“æª√–°Õ∫∑’Ë 11

 ”À√—∫°“√»÷°…“§«“¡·¡àπ¬”¢Õß«‘∏’ ®–Õ“»—¬°“√

«—¥μ—«Õ¬à“ßπ¡ È́”°—π®”π«π 5 §√—Èß ‚¥¬º≈°“√

∑¥ Õ∫æ∫«à“ «‘∏’°“√π’È¡’§à“§«“¡·¡àπ¬”‚¥¬· ¥ß

º≈„π√Ÿª¢Õß %RSD ‚¥¬¢ÕßÕπÿæ—π∏å®“° MDA

Õ¬Ÿà∑’Ë 8.5 ·≈–Õπÿæ—π∏å®“° HMF Õ¬Ÿà∑’Ë 6.2
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¿“æ∑’Ë 11 ·ºπ¿“æ· ¥ß‚§√¡“‚∑·°√¡· ¥ß‚§√¡“‚∑·°√¡ ¥—ßπ’È

° ·∑π ‚§√¡“‚∑·°√¡∑’Ë‰¥â®“°μ—«Õ¬à“ßπ¡æ√âÕ¡¥◊Ë¡™π‘¥æ“ ‡®Õ√å‰√∑å √ ®◊¥

¢ ·∑π ‚§√¡“‚∑·°√¡ “√≈–≈“¬º ¡¢Õß “√¡“μ√∞“π MDA  ·≈– “√¡“μ√∞“π HMF

§ ·∑π ‚§√¡“‚∑·°√¡∑’Ë‰¥â®“°μ—«Õ¬à“ßπ¡æ√âÕ¡¥◊Ë¡™π‘¥æ“ ‡®Õ√å‰√∑å √ ®◊¥∑’Ë¡’°“√‡μ‘¡ “√≈–≈“¬º ¡¢Õß

 “√¡“μ√∞“π MDA ·≈– “√¡“μ√∞“π HMF ≈ß‰ª

 √ÿª·≈–Õ¿‘ª√“¬º≈
ß“π«‘®—¬π’È‡ªìπ°“√π”‡ πÕ«‘∏’∑’Ëæ—≤π“¢÷Èπ

‡æ◊ËÕ„™â ”À√—∫«‘‡§√“–Àåª√‘¡“≥¢Õß “√ª√–°Õ∫

 Õß™π‘¥‰¥â·°à MDA ·≈– HMF ´÷Ëß‡ªìπ “√ª√–°Õ∫

∑’Ë‡°’Ë¬«¢âÕß°—∫°√–∫«π°“√‡ ◊ËÕ¡ ¿“æ¢ÕßÕ“À“√

πÕ°®“°π’È “√ª√–°Õ∫¥—ß°≈à“«¬—ß¡’æ‘…μàÕ√–∫∫

√à “ß°“¬¢Õß¡πÿ…¬å „π°“√ ‡ªìπ “√°àÕ¡– ‡√Á ß

´÷ËßÀ≈—ß®“°∑”°“√»÷°…“ ¿“«–∑’Ë‡À¡“– ¡·≈â«æ∫«à“

‡∑§π‘§∑’Ëæ—≤π“¢÷Èππ’È “¡“√∂„™â«‘‡§√“–Àå “√ª√–°Õ∫

MDA ·≈– HMF ‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ¡’§«“¡∂Ÿ°μâÕß

·≈–·¡àπ¬” Ÿß Õ’°∑—Èß¬—ß≈¥§à“„™â®à“¬®“°°“√

«‘‡§√“–Àå∑’Ë¡“°°«à“Àπ÷Ëßª√–∫«π°“√ ·≈–„™â‡«≈“

 —Èπ„π°“√«‘ ‡§√“–Àå¥â«¬‡§√◊ËÕß‚§√¡“‚∑°√“øï

¢Õß‡À≈« ¡√√∂π– Ÿß‡æ’¬ß 6 π“∑’ ‚¥¬‡∑§π‘§

∑’Ëæ—≤π“¢÷Èππ’È “¡“√∂π”‰ªª√–¬ÿ°μå„™â ”À√—∫

μ— «Õ¬à “ ßÕ“À“√·≈–μ— «Õ¬à “ ß∑“ß™’ «¿“æ‰¥â

‡æ◊ËÕª√–‚¬™πå„π°“√§«∫§ÿ¡·≈–∫àß∫Õ°∂÷ß§ÿ≥¿“æ

¢ÕßÕ“À“√„πÕÿμ “À°√√¡‰¥â¥â«¬
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