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Abstract

This project has investigated simultaneous screening enzyme inhibitors using flow injection fluorescence

spectroscopy and chemometric method to resolve fluorescence strongly overlapping spectra. The dual screening assay

has been based on flow injection analysis methodology, with immobilized enzyme on solid phase reactors, i.e. alkaline

protease and alkaline phosphatase respectively, to investigate enzyme inhibitors, namely 3-nitrophenylboronic acid and

sodium orthovanadate. The excitation-emission fluorescence spectra are strongly overlapped, which do not permit their

direct determination without previous separation by conventional methodologies. Here, a method is proposed for the

determination of these chemicals by the use of a chemometric technique: a full-spectrum multivariate calibration method,

partial least-squares (PLS-1). The experimental calibration set was designed with 13 samples. The concentrations were

varied between 1-5 microgram per milliliter (µg/ml) for 3-nitrophenylboronic acid and 0.05-0.45 µg/ml for sodium ortho-

vanadate. The emission fluorescence spectra were recorded between 495-594 nanometers, and analyzed with

Unscrambler software, using PLS-1 and full cross validation. The correlation coefficients were 0.990833 for 3-nitro-

phenylboronic acid and 0.998771 for sodium orthovanadate. For external validation, another set of 10 samples was used.

The satisfactory results were obtained. The actual and predicted were consistent for most of the mixtures tested. All the

predicted concentrations were 98-103% and 93-105% for their actual concentrations for 3-nitrophenylboronic acid and

sodium orthovanadate respectively.

Keywords : Chemometrics; enzyme inhibitors; flow injection analysis; fluorescence spectroscopy; PLS-1

___________________________________

* To whom correspondence should be addressed. E-mail: supaporn_kow@hotmail.com, Tel. & Fax 0 2201 7219
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∫∑§—¥¬àÕ

ß“π«‘®—¬π’È‰¥â∑”°“√æ—≤π“√–∫∫°“√µ√«® Õ∫‡∫◊ÈÕßµâπ¢Õß “√¬—∫¬—Èß‡Õπ‰´¡å 2 ™π‘¥ ‰¥â·°à 3-‰π‚µ√‡øππ‘≈

‚∫‚√π‘°·Õ´‘¥·≈–‚´‡¥’¬¡ÕÕ‚∏«“π“‡¥µÕ¬à“ßµàÕ‡π◊ËÕß‚¥¬„™â‡∑§π‘§‚ø≈Õ‘π‡®Á°™—πø≈ŸÕÕ√‘‡¡∑√’ ·≈–§’‚¡‡¡µ√‘° å‡æ◊ËÕ

·°âªí≠À“°“√‡À≈◊ËÕ¡´âÕπ°—πÕ¬à“ß¡“°¢Õßø≈ŸÕÕ‡√ ‡´π´å ‡ª§µ√—¡ °“√∑¥ Õ∫„™â‡∑§π‘§‚ø≈Õ‘π‡®Á°™—πæ√âÕ¡¥â«¬

√’·Õ§‡µÕ√å´÷Ëß¡’ “√¢Õß·¢Áß∑’ËÕ‘¡‚¡∫‘‰≈´å¥â«¬‡Õπ‰´¡å 2 ™π‘¥ §◊Õ Õ—≈§“‰≈πå‚ª√µ’‡Õ ·≈–Õ—≈§“‰≈πåøÕ ø“‡∑ ´÷ËßµàÕ°—π

·∫∫Õπÿ°√¡  ‡ª§µ√—¡∑’Ë‰¥â¡’°“√‡À≈◊ËÕ¡´âÕπ°—πÕ¬à“ß¡“°´÷Ëß‰¡à “¡“√∂∑”°“√∑¥ Õ∫‰¥â‚¥¬µ√ß¥â«¬«‘∏’ª°µ‘‚¥¬ª√“»

®“°°“√∑”°“√·¬° “√°àÕπ ·µà„π∑’Ëπ’È “¡“√∂·°âªí≠À“‰¥â‚¥¬„™â‡∑§π‘§∑“ß§’‚¡‡¡µ√‘° å‡∑§π‘§Àπ÷Ëß´÷Ëß‡ªìπ«‘∏’°“√‡ª√’¬∫

‡∑’¬∫¡“µ√∞“πÀ≈“¬µ—«·ª√∑’Ë„™â∑—Èß ‡ª§µ√—¡„π°“√«‘‡§√“–Àå∑¥ Õ∫ ‰¥â·°à æ“√å‡™’¬≈≈’  ·§«å (PLS-1) ™ÿ¥°“√‡∑’¬∫

¡“µ√∞“π∑’Ë„™âª√–°Õ∫¥â«¬ 13 µ—«Õ¬à“ß ´÷Ëß¡’§«“¡‡¢â¡¢âπ¢Õß 3-‰π‚µ√‡øππ‘≈‚∫‚√π‘°·Õ´‘¥ „π™à«ß 1-5 ‰¡‚§√°√—¡

µàÕ¡‘≈≈‘≈‘µ√ ·≈–‚´‡¥’¬¡ÕÕ‚∏«“π“‡¥µ „π™à«ß 0.05-0.45 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ ∑”°“√∫—π∑÷°§«“¡‡¢â¡ø≈ŸÕÕ‡√ ‡´π´å

¢Õß ‡ª§µ√—¡ “√º ¡„π™à«ß§«“¡¬“«§≈◊Ëπ√–À«à“ß 495-594 π“‚π‡¡µ√ ·≈–«‘‡§√“–Àå¥â«¬Õ—π ·§√¡‡∫≈Õ√å´Õ√åø·«√å ‚¥¬

„™â PLS-1 ·≈– ‡∑§π‘§øÿ≈§√Õ «“≈‘‡¥™—π (FCV) ‰¥â§à“ —¡ª√– ‘∑∏‘Ï À —¡æ—π∏å (r) = 0.990833 ·≈– 0.998771  ”À√—∫

3-‰π‚µ√‡øππ‘≈‚∫‚√π‘°·Õ´‘¥·≈–‚´‡¥’¬¡ÕÕ‚∏«“π“‡¥µ µ“¡≈”¥—∫  ”À√—∫°“√µ√«® Õ∫°“√„™â‰¥â¢Õß«‘∏’„™â¢Õßº ¡Õ’°

™ÿ¥Àπ÷Ëß ®”π«π 10 µ—«Õ¬à“ß ´÷Ëß„Àâº≈°“√∑¥≈Õß‡ªìπ∑’Ëπà“æÕ„® §à“∑’Ë‰¥â®“°°“√∑”π“¬¡’§à“„°≈â‡§’¬ß°—∫§à“®√‘ß ‚¥¬

§«“¡‡¢â¡¢âπ¢Õß§à“∑’Ë∑”π“¬‰¥âÕ¬Ÿà„π™à«ß 98-103% ·≈– 93-105% ¢Õß§«“¡‡¢â¡¢âπ®√‘ß¢Õß3-‰π‚µ√‡øππ‘≈‚∫‚√π‘°·Õ´‘¥

·≈–‚´‡¥’¬¡ÕÕ‚∏«“π“‡¥µ µ“¡≈”¥—∫

§” ”§—≠ : §’‚¡‡¡µ√‘° å µ—«¬—∫¬—Èß‡Õπ‰´¡å °“√«‘‡§√“–Àå¥â«¬‡∑§π‘§‚ø≈Õ‘π‡®Á°™—π ø≈ŸÕÕ‡√ ‡´π´å ‡ª°‚∑ ‚§ªï

°“√∂¥∂Õ¬·∫∫æ“‡™’¬≈‡≈  ·§«å

§”π”

‡∑§π‘§‚ø≈Õ‘π‡®Á°™—πø≈ŸÕÕ√‘ ‡¡∑√’ ‡ªìπ«‘∏’

∑¥ Õ∫∑’Ëπ‘¬¡°—πÕ¬à“ß·æ√àÀ≈“¬„πÀ≈“°À≈“¬ “¢“

«‘™“ ‡™àπ  ‘Ëß·«¥≈âÕ¡ ™’«‡§¡’ ·≈–¬“ ‡ªìπµâπ ‡π◊ËÕß®“°

‡ªìπ‡∑§π‘§∑’Ë¡’ ¿“æ‰« Ÿß ª≈Õ¥¿—¬ ßà“¬µàÕ°“√„™â §à“

„™â®à“¬‰¡à Ÿß¡“°π—° ·≈–¬—ßµàÕæà«ß‰¥â°—∫Õ’°À≈“¬‡∑§π‘§

Õ¬à“ß‰√°Áµ“¡ “√∑’Ë∂Ÿ°«‘‡§√“–Àå¥â«¬‡∑§π‘§π’È¡—°¡’·∂∫

 ‡ª°µ√—¡∑’Ë§àÕπ¢â“ß°«â“ß®÷ß¡’·π«‚πâ¡∑’Ë®–´âÕπ‡À≈◊ËÕ¡

°—π (overlapped) ‡¡◊ËÕ«‘‡§√“–ÀåÀ≈“¬Õß§åª√–°Õ∫æ√âÕ¡Ê

°—π ∑”„ÀâµâÕß∑”°“√·¬°¥â«¬‡∑§π‘§µà“ßÊ °àÕπ À√◊Õ

Õ“®µâÕß„™â«‘∏’∑’Ë‡©æ“–‡®“–®ß Ÿß¢÷Èπ∑”„Àâ‡ ’¬‡«≈“·≈–

§à“„™â®à“¬‡æ‘Ë¡¢÷Èπ °“√∑¥ Õ∫‚¥¬∑—Ë«‰ª‡ªìπ°“√∑¥ Õ∫

‡æ’¬ß 1 Õß§åª√–°Õ∫µàÕ 1 °“√∑¥ Õ∫·µà„πÀ≈“¬Ê

°√≥’ ‡™àπ °“√µ√«® Õ∫‡∫◊ÈÕßµâπ¢Õß¬“ (drug screening)

‡ªìπµâπ °“√∑¥ Õ∫ “√ 2 µ—« À√◊Õ ¡“°°«à“Õ¬à“ßµàÕ

‡π◊ËÕßπ—∫«à“¡’¢âÕ¥’¡“°¡“¬∑—Èßª√–À¬—¥‡«≈“·≈–§à“„™â®à“¬

«‘∏’°“√Àπ÷Ëß∑’Ë “¡“√∂„™â„π°“√·°â‰¢ªí≠À“°“√∑¥ Õ∫

 ‡ª§µ√—¡∑’Ë́ âÕπ‡À≈◊ËÕ¡·≈–°“√∑¥ Õ∫À≈“¬Õß§åª√–°Õ∫

Õ¬à“ßµàÕ‡π◊ËÕß §◊Õ °“√„™â‡∑§π‘§Àπ÷Ëß¢Õß§’‚¡‡¡µ√‘° å

(Chemometrics) ‰¥â·°à ‡∑§π‘§°“√‡∑’¬∫¡“µ√∞“πÀ≈“¬

µ—«·ª√ (Multivariate calibration) ´÷Ëß‡ªìπ‡∑§π‘§∑’Ë¡’§«“¡

 “¡“√∂„π°“√∑”π“¬§«“¡‡¢â¡¢âπ¢Õß “√‰¥âπà“‡™◊ËÕ∂◊Õ

·≈–∂Ÿ°µâÕß‚¥¬ª√“»®“°°“√„™â∑—Èß§«“¡ Ÿß¢Õßæ’§ ·≈–

 ÿ¿“æ√ ‚§â«πƒ¡‘µ√1 James N. Miller2

1 °√¡«‘∑¬“»“ µ√å∫√‘°“√ 2 Department of Chemistry, Loughborough University, UK
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æ◊Èπ∑’Ë¢Õßæ’§ 1 ªí®®ÿ∫—π«‘∏’°“√‡∑’¬∫¡“µ√∞“πÀ≈“¬

µ—«·ª√®—¥‡ªìπ‡∑§π‘§∑’Ë¥’∑’Ë ÿ¥«‘∏’Àπ÷Ëß„π°“√À“§«“¡‡¢â¡

¢âπ¢Õß¢Õßº ¡∑’Ë´—∫´âÕπ´÷Ëß¡’ ‡ª§µ√—¡¢Õß “√∑¥ Õ∫

„π™à«ß§«“¡¬“«§≈◊Ëπ„°≈â‡§’¬ß°—π ´÷Ëß¢âÕ¥’À≈—°¢Õß

‡∑§π‘§π’È §◊Õ ∑”„Àâ°“√∑¥ Õ∫‡√Á«¢÷Èπ‡π◊ËÕß®“°‰¡àµâÕß∑”

¢—ÈπµÕπ°“√·¬°¢Õßº ¡°àÕπ∑”°“√«‘‡§√“–Àå2 °“√‡∑’¬∫

¡“µ√∞“πÀ≈“¬µ—«·ª√¡’¡“°¡“¬À≈“¬‡∑§π‘§3 PCR

(Principal component regression) ·≈– PLS (Partial

least-squares regression) ‡ªìπ‡∑§π‘§∑’Ë„™â°—πÕ¬à“ß°«â“ß

¢«“ß∑—Èß„π∑“ß‡§¡’‡¿ —™ °“√‡°…µ√·≈– ‘Ëß·«¥≈âÕ¡

‡ªìπµâπ ‡∑§π‘§ PLS ‰¥â∂Ÿ°æ—≤π“¢÷Èπ‚¥¬ Wold4 ·≈–

µàÕ¡“¡’°“√π”‰ª„™âª√–‚¬™πåÕ¬à“ß¡“°¡“¬ PLS π—Èπ

µà“ß®“° PCR µ√ß∑’Ë‡ªìπ‡∑§π‘§∑’Ë„™â∑—Èß¢âÕ¡Ÿ≈¢Õß ‡ª§µ√—¡

·≈–¢âÕ¡Ÿ≈§«“¡‡¢â¡¢âπ„π°“√«‘‡§√“–Àå PLS ¡’ 2 √Ÿª·∫∫

§◊Õ PLS-1 ·≈– PLS-2 PLS-1 π—Èπ§≈â“¬°—∫PCR §◊Õ®–

∑”°“√§”π«≥®”π«π¢Õßªí®®—¬À≈—° (Number of princi-

pal components or factors, PCs) ∑’Ë‡À¡“– ¡ ‡æ’¬ßÕß§å

ª√–°Õ∫‡¥’¬«„π·µà≈–§√—Èß¢Õß°“√§”π«≥ ·µà PLS-2 ®–

„™â∑ÿ°Õß§åª√–°Õ∫Õ¬à“ßµàÕ‡π◊ËÕß PLS-1 ·≈– PCR ‡ªìπ

‡∑§π‘§∑’Ë„Àâº≈°“√∑¥ Õ∫„°≈â‡§’¬ß°—π‡ªìπ à«π„À≠à5,6

·µà°“√∑¥≈Õß¢Õß De Jong7 ·≈– Ragno8 æ∫«à“ PLS-1

„Àâº≈°“√∑”π“¬∑’Ë¥’°«à“ PCR ‚¥¬‡©æ“–„π°√≥’∑’Ë¡’

°“√´âÕπ‡À≈◊ËÕ¡¢Õß ‡ª§µ√—¡‡ªìπÕ¬à“ß¡“° ¥—ßπ—Èπ„π

ß“π«‘®—¬π’È®–„™â‡©æ“–‡∑§π‘§ PLS-1 ‡∑à“π—Èπ «‘∏’°“√‡∑’¬∫

¡“µ√∞“πÀ≈“¬µ—«·ª√®–¢÷ÈπÕ¬Ÿà°—∫§ÿ≥¿“æ¢Õßµ—«Õ¬à“ß

·≈–µ—«·ª√µà“ßÊ ∑’Ë‰¥â®“°µ—«Õ¬à“ß ¥—ßπ—Èπ®–µâÕß∑”°“√

·ª√º≈¢Õß°√“ø‡∑’¬∫¡“µ√∞“π°àÕπ∑’Ë®–„™â„π°“√

∑”π“¬§«“¡‡¢â¡¢âπ¢Õß “√∑¥ Õ∫ °“√∑¥ Õ∫°“√

„™â‰¥â¢Õß«‘∏’ (Method validation) ∂Ÿ°„™â‡æ◊ËÕµ√«® Õ∫

§«“¡„™â‰¥â¢Õß√Ÿª·∫∫°“√‡∑’¬∫¡“µ√∞“π (Calibration

model) ∂â“√Ÿª·∫∫¢Õß°“√„™â‰¥â·µ°µà“ß°—πÕ¬à“ß¡’π—¬

 ”§—≠µàÕ¿“æ·∫∫°“√‡∑’¬∫¡“µ√∞“π · ¥ß«à“°“√

∑”π“¬∑’Ë‡°‘¥¢÷ÈπÕ“®‰¡àπà“‡™◊ËÕ∂◊Õ ·≈–‡æ◊ËÕ∑”„Àâ¿“æ·∫∫

°“√‡∑’¬∫¡“µ√∞“π‡À¡“– ¡µàÕ°“√∑”π“¬°àÕπ∑’Ë®–„™â

°√“ø‡∑’¬∫¡“µ√∞“π ®–µâÕß∑”°“√‡≈◊Õ°®”π«π¢Õß

PCs ∑’Ë‡À¡“– ¡ µ—«·ª√ (variables) ∑’Ë„™â ·≈–°”®—¥

µ—«Õ¬à“ß∑’Ë‰¡àÕ¬Ÿà„π‡°≥±å (outliers) ÕÕ°°àÕπ «—µ∂ÿª√– ß§å

¢Õßß“π«‘®—¬π’È‡æ◊ËÕª√–‡¡‘π§à“§«“¡‡ªìπ‰ª‰¥â¢Õß°“√„™â

‡∑§π‘§°“√‡∑’¬∫¡“µ√∞“πÀ≈“¬µ—«·ª√ ‰¥â·°à PLS-1

 ”À√—∫°“√µ√«® Õ∫‡∫◊ÈÕßµâπ¢Õßµ—«¬—∫¬—Èß‡Õπ‰´¡å

Õ¬à“ßµàÕ‡π◊ËÕß‚¥¬‡∑§π‘§‚ø≈Õ‘π‡®Á°™—πø≈ŸÕÕ√‘‡¡∑√’‚¥¬

„™âÕ‘¡‚¡∫‘‰≈ ǻ‡Õπ‰´¡å√’·Õ§‡µÕ√å

«— ¥ÿ Õÿª°√≥å·≈–«‘∏’°“√

1. °“√‡µ√’¬¡√’·Õ§‡µÕ√å ∑”‚¥¬Õ‘¡‚¡∫‘‰≈´å-

‡Õπ‰´¡å ‰¥â·°à Õ—≈§“‰≈πå‚ª√µ’‡Õ  (Alkaline protease,

AlkP) ·≈– Õ—≈§“‰≈πåøÕ ø“‡∑  (Alkaline phosphatase,

AP) ∫π “√æ¬ÿß™’«¿“æ‡æ’¬´Õ—≈µ√â“≈‘ß§å (Pierce UltraLink

Biosupport medium) µ“¡§Ÿà¡◊Õ¢Õß∑“ß∫√‘…—∑9 ·≈–∫√√®ÿ

≈ß„π§Õ≈—¡πå·°â«¢π“¥ 3.0 x 2.5 ‡´πµ‘‡¡µ√

2. °“√‡µ√’¬¡ “√≈–≈“¬µ—Èßµâπ (substrates)

‰¥â·°à ∫Õ¥’ªï‡Õø·Õ≈-Õ—≈ø“‡§´’π§Õπ®Ÿ‡°µ (Bodipy FL-

α -casein conjugates) ·≈– ø≈ŸÕÕ‡√ ´’π‰¥øÕ ‡øµ

(Fluorescein di-phosphate, FDP) ∑”µ“¡§Ÿà¡◊Õ¢Õß∑“ß

∫√‘…—∑10,11  “√µ—Èßµâπ∑—Èß§Ÿàπ’È„Àâø≈ŸÕÕ‡√ ‡´π´åµË” ·µà

 “¡“√∂„™â‡Õπ‰´¡å∑’Ë‡À¡“– ¡ ‰¥â·°à Õ—≈§“‰≈πå‚ª√µ’‡Õ 

·≈–Õ—≈§“‰≈πåøÕ ø“‡∑  ∑”ªØ‘°‘√‘¬“„π ¿“«–∑’Ë

‡À¡“– ¡12 ∑”„Àâ‰¥â “√∫Õ¥’ªï‡Õø·Õ≈ ·≈–ø≈ŸÕÕ‡√ ´’π

µ“¡≈”¥—∫ ´÷Ëß‡ªìπ “√∑’Ë„Àâø≈ŸÕÕ‡√ ‡´π´å Ÿß  Ÿµ√‚§√ß √â“ß

¢Õß “√ø≈ŸÕÕ‡√ ´’π ·≈–∫Õ¥’ªï‡Õø·Õ≈ · ¥ß„π¿“æ∑’Ë

1 (a) ·≈– (b) µ“¡≈”¥—∫

¿“æ∑’Ë 1 ‚§√ß √â“ß·≈–§ÿ≥ ¡∫—µ‘¢Õß ø≈ŸÕÕ‡√ ´’π (a) ·≈–∫Õ¥’ªï‡Õø·Õ≈ (b) 10

λex = 504 nm, λem = 513 nm, MW = 502.32λex = 494 nm, λem = 520 nm, MW = 389.4

(a) (b)
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3. °“√«—¥ø≈ŸÕÕ‡√ ‡´π´å „™âø≈ŸÕÕ‡√ ‡´π´å

 ‡ª§‚∑¡‘‡µÕ√å ¬’ËÀâÕ Hitachi √ÿàπ F-4500 ·∂∫§«“¡°«â“ß

¢Õß excitation ·≈– emission = 10 π“‚π‡¡µ√ „™â time

scan mode ¥â«¬§«“¡¬“«§≈◊Ëπ¢Õß excitation ·≈–

emission = 480 π“‚π‡¡µ√ ·≈– 514 π“‚π‡¡µ√

µ“¡≈”¥—∫ ·¡π‘‚ø≈¥å ”À√—∫°“√µ√«® Õ∫ “√¬—∫¬—Èß

‡Õπ‰´¡åÕ¬à“ßßà“¬∑’Ë„™â„πß“π«‘®—¬π’È· ¥ß„π¿“æ∑’Ë 2

§“√å∫Õ‡πµ∫—ø‡øÕ√å ∑’Ë¡’§«“¡‡¢â¡¢âπ 0.02 ¡‘≈≈‘‚¡≈“√å

∑’Ë§«“¡‡ªìπ°√¥‡∫  8.5 ∂Ÿ°ªíö¡Õ¬à“ß™â“Ê ¥â«¬Õ—µ√“‡√Á«

1.2 ¡‘≈≈‘≈‘µ√µàÕπ“∑’ ºà“π√’·Õ§‡µÕ√å 2 µ—« §◊Õ √’·Õ§‡µÕ√å

∑’Ë¡’ “√∑’ËÕ‘¡‚¡∫‘‰≈´å ¥â«¬ AlkP ·≈– √’·Õ§‡µÕ√å∑’Ë¡’

 “√∑’ËÕ‘¡‚¡∫‘‰≈´å ¥â«¬ AP µ“¡≈”¥—∫ ‚¥¬µàÕ·∫∫

Õπÿ°√¡ (¿“æ∑’Ë 3) ´÷Ëß·™àÕ¬Ÿà„πÕà“ß¢Õß‡§√◊ËÕßÕ—ß‰ÕπÈ”

∑’ËÕÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡´’¬ 

¿“æ∑’Ë 2 ·ºπ¿“æ· ¥ß·¡π‘‚ø≈¥å ”À√—∫°“√µ√«® Õ∫ “√¬—∫¬—Èß‡Õπ‰´¡å¥â«¬‚ø≈Õ‘π‡®Á°™—π A = ∫—ø‡øÕ√å, B = ªíö¡, C = Õ‘π‡®Á°™—π«“≈å«,

D = ‡Õπ‰´¡å√’·Õ°‡µÕ√å, E = ‡§√◊ËÕßÕ—ßπÈ”§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘, F = ø≈ŸÕÕ‡√ ‡´π´å ‡ª°‚∑¡‘‡µÕ√å ·≈– G =  “√≈–≈“¬∑’ËµâÕß°“√∑‘Èß

¿“æ∑’Ë 3 √’·Õ§‡µÕ√å∑’ËÕ‘¡‚¡∫‘‰≈´å ¥â«¬ AlkP ·≈– AP µ“¡≈”¥—∫

´÷ËßµàÕ·∫∫Õπÿ°√¡

®“°π—Èπ “√≈–≈“¬∑’Ë„™â„π°“√∑¥≈Õßª√–°Õ∫¥â«¬

 “√µ—Èßµâπ 2 µ—« §◊Õ ∫Õ¥’ªï‡Õø·Õ≈-Õ—≈ø“‡§´’π§Õπ®Ÿ‡°µ

∑’Ë¡’§«“¡‡¢â¡¢âπ 4 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√, ø≈ŸÕÕ‡√ ´’π

‰¥øÕ ‡øµ ∑’Ë¡’§«“¡‡¢â¡¢âπ 0.5 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√

·≈– “√¬—∫¬—Èß‡Õπ‰´¡å 2 µ—« §◊Õ 3-‰π‚µ√‡øππ‘≈‚∫‚√π‘°

‡Õ´‘¥ (3-Nitrophenylboronic acid, 3-NPBA) ∑’Ë¡’§«“¡‡¢â¡

¢âπ√–À«à“ß 1-5 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ ·≈– ‚´‡¥’¬¡

ÕÕ‚∏«“π“‡¥µ (Sodium orthovanadate, VI) ∑’Ë¡’§«“¡‡¢â¡¢âπ

√–À«à“ß 0.05-0.45 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√  “√∑—Èß 4 π’È®–

∂Ÿ°©’¥‡¢â“ Ÿà√–∫∫ºà“πÕ‘π‡®Á°™—π«“≈å« æ√âÕ¡ sample loop

¢π“¥ 50 ‰¡‚§√≈‘µ√ ·≈–µ—«Õ¬à“ß‡À≈à“π’È®–‰À≈ºà“π

√’·Õ§‡µÕ√å∑—Èß Õß‰ª¬—ßø≈ŸÕÕ‡√ ‡´π´å¥’‡∑§‡µÕ√å À≈—ß®“°

°“√©’¥ “√≈–≈“¬ ‡ªìπ‡«≈“ 22 «‘π“∑’ ∑”°“√À¬ÿ¥ªíö¡

¥â«¬¡◊Õ (manual) ·≈–∫—π∑÷°ø≈ŸÕÕ‡√ ‡´π´å ‡ª§µ√—¡

∑—Èß ‡ª§µ√—¡ (495-594 π“‚π‡¡µ√) ¢âÕ¡Ÿ≈¢Õß ‡ª§µ√—¡

®–∂Ÿ°∫—π∑÷°„π¿“æ¢Õß ASCII format ·≈â«®÷ß·ª≈ß‡ªìπ

‡ÕÁ°‡´≈‰ø≈å °àÕπ∑’Ë®–∑”°“√«‘‡§√“–Àå¥â«¬‚ª√·°√¡

Õ—π ·§√¡‡∫≈Õ√å (Unscrambler) °√“ø∑—ÈßÀ¡¥∑’Ë‰¥â®“°Õ—π

 ·§√¡‡∫≈Õ√ǻ Õ√åø·«√å®–· ¥ß°√“ø°“√‡∑’¬∫¡“µ√∞“π

‡ªìπ ’øÑ“·≈–°“√∑¥ Õ∫§«“¡„™â‰¥â¢Õß°√“ø®–‡ªìπ

 ’™¡æŸ ™à«ß§«“¡‡¢â¡¢âπ∑’Ë‡≈◊Õ°¡“π’ÈÕ¬Ÿà„π™à«ß°√“ø‡∑’¬∫

¡“µ√∞“π∑’Ë‡ªìπ‡ âπµ√ß (Linear calibration range) ¢Õß

 “√º ¡∑’Ë„™â„πß“π«‘®—¬π’È °“√À“§«“¡‡À¡“– ¡¢Õß

¿“æ·∫∫°“√‡∑’¬∫¡“µ√∞“π®–„™â‡∑§π‘§ PLS-1 ·≈–

FCV (Full cross validation) ‡æ◊ËÕ«‘‡§√“–Àå ‡ª§µ√—¡¢Õß

µ—«Õ¬à“ß·≈–§”π«≥§«“¡‡¢â¡¢âπ¢Õß 3-‰π‚µ√‡øππ‘≈

‚∫‚√π‘°·Õ´‘¥ ·≈–‚´‡¥’¬¡ÕÕ‚∏«“π“‡¥µ„π¢Õßº ¡
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º≈°“√∑¥≈Õß·≈–°“√«‘®“√≥å

1. °“√®—¥°“√¢âÕ¡Ÿ≈ ‡ª§µ√—¡¥â«¬ PLS-1

Õß§åª√–°Õ∫¢Õß “√º ¡„πµ—«Õ¬à“ß¢Õß™ÿ¥°“√‡∑’¬∫

¡“µ√∞“π (calibration set) 13 µ—«Õ¬à“ß · ¥ß„πµ“√“ß∑’Ë 1

·≈–‰¥Õ–·°√¡¢Õß “√º ¡· ¥ß„π¿“æ∑’Ë 4 PLS-1 ‡ªìπ

‡∑§π‘§∑’Ë«‘‡§√“–Àå‡æ’¬ß 1 Õß§åª√–°Õ∫„π·µà≈–§√—Èß

«‘∏’°“√‡≈◊Õ°®”π«πÕß§åª√–°Õ∫À√◊Õªí®®—¬À≈—° (PCs)

∑’Ë‡À¡“– ¡‡ªìπ ‘Ëß®”‡ªìπ‡æ◊ËÕ„Àâ PLS-1  “¡“√∂∑”π“¬

‰¥âÕ¬à“ß∂Ÿ°µâÕß ·≈–‡≈◊Õ°‰¥âÀ≈“¬«‘∏’13 ·µà„π∑’Ëπ’È®–„™â

‡æ’¬ß§à“§«“¡·ª√ª√«π¢Õß°“√„™â‰¥â¢Õß Y ∑’Ë§ß‡À≈◊Õ

(Residual Y validation variance, RYVV) „π°“√æ‘®“√≥“

®”π«π∑’Ë‡À¡“– ¡¢Õß PCs FCV ‡ªìπ‡∑§π‘§∑’Ë‡Õ“µ—«

 —ß‡°µÿÕÕ°∑’≈–µ—«·≈–„™â à«π∑’Ë ‡À≈◊Õ∑”°√“ø‡∑’¬∫

¡“µ√∞“π ·≈–∑”Õ¬à“ßπ’È‰ª®π§√∫∑ÿ°µ—« —ß‡°µ „π∑’Ëπ’È

„™â 13  ‡ª§µ√—¡‡ªìπ™ÿ¥°“√‡∑’¬∫¡“µ√∞“π ¥—ßπ—Èπ 12

 ‡ª§µ√—¡®–∂Ÿ°„™â‡æ◊ËÕ°“√∑”°√“ø‡∑’¬∫¡“µ√∞“πÀ√◊Õ

„™â„π°“√∑”π“¬§«“¡‡¢â¡¢âπ‚¥¬∑’Ë§«“¡‡¢â¡¢âπ¢Õßµ—«

∑¥ Õ∫„πµ—«Õ¬à“ß®–∂Ÿ°‡Õ“ÕÕ° 1 §√—Èß ‡¡◊ËÕ°√“ø§à“°“√

∑”π“¬‡∑’¬∫°—∫§«“¡‡¢â¡¢âπ¢Õß°“√«—¥ ”À√—∫·µà≈–

Õß§åª√–°Õ∫ ®–‰¥â °Õ√å°√“ø (Score plot) √Ÿ∑¡’π ·§«√å

(Root mean square, RMSE) RYVV ·≈– —¡ª√– ‘∑∏‘Ï

 À —¡æ—π∏å (correlation coefficient, r) ‡æ◊ËÕ· ¥ß∂÷ß§à“

§«“¡§≈“¥‡§≈◊ËÕπ‡©≈’Ë¬„π°“√«‘‡§√“–Àå·≈–§ÿ≥¿“æ

¢Õß§«“¡‡À¡“– ¡¢Õß¢âÕ¡Ÿ≈µàÕ‡ âπµ√ß∑’Ë∂Ÿ°§”π«≥

‚¥¬Õ—π ·§√¡‡∫≈Õ√å´Õ√åø·«√å14 ¥—ß· ¥ß„π¿“æ∑’Ë 5

·≈– 6

µ“√“ß∑’Ë 1 Õß§åª√–°Õ∫¢Õß¢Õßº ¡„πµ—«Õ¬à“ß¢Õß™ÿ¥°“√‡∑’¬∫¡“µ√∞“π

µ—«Õ¬à“ß §«“¡‡¢â¡¢âπ¢Õß 3-‰π‚µ√‡øππ‘≈‚∫‚√π‘°·Õ´‘¥, §«“¡‡¢â¡¢âπ¢Õß ‚´‡¥’¬¡ÕÕ‚∏«“π“‡¥µ,
µg/ml ,µg/ml

1 3 0.25
2 5 0.45
3 4 0.15
4 1 0.05
5 5 0.25
6 1 0.45
7 5 0.05
8 3 0.45
9 3 0.05
10 2 0.15
11 1 0.25
12 2 0.35
13 4 0.35

¿“æ∑’Ë 4 ‰¥Õ–·°√¡¢Õß “√º ¡„π™ÿ¥°“√‡∑’¬∫¡“µ√∞“π®“°

Õß§åª√–°Õ∫„πµ“√“ß∑’Ë 1

▲

[3-NPBA]
µg/ml
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¿“æ∑’Ë 5 °√“ø¢Õß™ÿ¥‡∑’¬∫¡“µ√∞“π¢Õß‚´‡¥’¬¡ÕÕ‚∏«“π“‡¥µ

®“°°“√«‘‡§√“–Àå¥â«¬Õ—π ·§√¡‡∫≈Õ√å‚¥¬„™â PLS-1

·≈– FCV

¿“æ∑’Ë 6 °√“ø¢Õß™ÿ¥‡∑’¬∫¡“µ√∞“π¢Õß 3-‰π‚µ√‡øππ‘≈

‚∫‚√π‘°·Õ´‘¥ ®“°°“√«‘‡§√“–Àå¥â«¬Õ—π ·§√¡‡∫≈Õ√å

‚¥¬„™â PLS-1 ·≈– FCV

®“°¿“æ∑’Ë 5  °Õ√å°√“ø ”À√—∫™ÿ¥‡∑’¬∫¡“µ√∞“π¢Õß

‚´‡¥’¬¡ÕÕ‚∏«“π“‡¥µ ‚¥¬„™âPLS-1 ·≈– FCV · ¥ß„Àâ

‡ÀÁπ«à“¢âÕ¡Ÿ≈∑—ÈßÀ¡¥¢Õßµ—«Õ¬à“ßÕ¬Ÿà„π™à«ß¿“æ·∫∫

‡©≈’Ë¬¢Õß¢âÕ¡Ÿ≈ X §à“ RYVV · ¥ß PCs ‡ªìπ 3 ¥—ßπ—Èπ®–

„™â§à“π’È„π°“√∑”π“¬µàÕ‰ª §à“ RMSE ∑’Ë 3PCs π—Èπ§àÕπ

¢â“ßµË” (0.006  ”À√—∫ RMSE ¢Õß°“√‡∑’¬∫¡“µ√∞“π,

RMSEC ·≈– 0.02  ”À√—∫ RMSE ¢Õß°“√µ√«® Õ∫

§«“¡„™â‰¥â, RMSEP)  à«π§à“ r = 0.998771 ¥—ßπ—Èπ®“°º≈

°“√∑¥≈Õß∑’Ë‰¥âπ’È· ¥ß„Àâ‡ÀÁπ«à“™ÿ¥°“√‡∑’¬∫¡“µ√∞“ππ’È

„Àâ¿“æ·∫∫ PLS-1 ∑’Ë¥’  “¡“√∂π”‰ª„™â„π¢—ÈπµÕπ°“√

∑”π“¬‰¥â Õ¬à“ß‰√°Áµ“¡ „π¿“æ∑’Ë 6 ‰¥â§à“ r ‡æ’¬ß

0.973940 ·≈–§à“ RMSE °Á§àÕπ¢â“ß Ÿß (0.29  ”À√—∫

RMSEC ·≈– 0.44  ”À√—∫ RMSEP) ·≈–§à“ RYVV ¢Õß

µ—«Õ¬à“ß∑’Ë 13 ·µ°µà“ß®“°µ—«Õ¬à“ßÕ◊ËπÊ Õ¬à“ß‡ÀÁπ‰¥â

™—¥‡®π (¿“æ∑’Ë 7) ¥—ßπ—Èπµ—«Õ¬à“ßπ’È®÷ß®—¥‡ªìπµ—«Õ¬à“ß∑’Ë‰¡à

‡¢â“‡°≥±å (outlier) ®÷ßµâÕß°”®—¥ÕÕ°®“°™ÿ¥‡∑’¬∫

¡“µ√∞“ππ’È ·≈â«®÷ß∑”°“√§”π«≥Õ’°§√—ÈßÀπ÷Ëß ´÷Ëß®“°

°“√§”π«≥æ∫«à“‰¥âº≈°“√∑¥ Õ∫∑’Ë¥’¢÷Èπ¥—ß· ¥ß„π

¿“æ∑’Ë 8 §à“ RYVV · ¥ß§à“ PCs ∑’Ë‡À¡“– ¡ = 2 ·≈–

RMSE ∑’Ë PCs = 2 ¥’¢÷Èπ¡“° Õ’°∑—Èß§à“ r  Ÿß¢÷Èπ¥â«¬

(0.990833) ®÷ß„™â™ÿ¥‡∑’¬∫¡“µ√∞“π∑’Ëª√—∫·≈â«π’È„π°“√

∑”π“¬µàÕ‰ª

2. °“√∑”π“¬·≈–§à“°“√‡∫’Ë¬ß‡∫π (Prediction

and deviations)

‡æ◊ËÕ∑¥ Õ∫§«“¡‡À¡“– ¡·≈–°“√„™â‰¥â¢Õß

«‘∏’ ®÷ß‡µ√’¬¡¢Õßº ¡®”π«π 10 µ—«Õ¬à“ß „Àâ¡’§«“¡‡¢â¡¢âπ

¢Õß∑—Èß 2 Õß§åª√–°Õ∫ (3-‰π‚µ√‡øππ‘≈‚∫‚√π‘°·Õ´‘¥

·≈– ‚´‡¥’¬¡ÕÕ‚∏«“π“‡¥µ) ∑’Ë§«“¡‡¢â¡¢âπ√–¥—∫‰¡‚§√

°√—¡µàÕ¡‘≈≈‘≈‘µ√ „π√–¥—∫§«“¡‡¢â¡¢âπµà“ßÊ (· ¥ß„π

µ“√“ß∑’Ë 2)

¿“æ∑’Ë 7 °√“ø¢Õß§«“¡·ª√ª√«π¢Õßµ—«Õ¬à“ß∑’Ë§ß‡À≈◊Õ ”À√—∫°“√µ√«® Õ∫µ—«Õ¬à“ß∑’Ë‰¡à‡¢â“‡°≥±å¢Õß 3-‰π‚µ√‡øππ‘≈‚∫‚√π‘°·Õ´‘¥
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¿“æ∑’Ë 8 °√“ø¢Õß™ÿ¥‡∑’¬∫¡“µ√∞“π∑’Ë‰¡à¡’ outlier ¢Õß 3-‰π‚µ√ ‡øππ‘≈‚∫‚√π‘°·Õ´‘¥ ®“°°“√«‘‡§√“–Àå¥â«¬Õ—π ·§√¡‡∫≈Õ√å

®“°º≈°“√∑¥≈Õß„πµ“√“ß∑’Ë 3 ·≈–¿“æ∑’Ë 10

®–‡ÀÁπ‰¥â«à“§à“∑’Ë‰¥â®“°°“√∑”π“¬¡’§à“„°≈â‡§’¬ß°—π‡ªìπ

Õ¬à“ß¡“°°—∫§à“®√‘ß ‚¥¬§«“¡‡¢â¡¢âπ¢Õß§à“∑’Ë∑”π“¬‰¥â

Õ¬Ÿà„π™à«ß 98-103% ·≈– 93-105% ¢Õß§«“¡‡¢â¡¢âπ®√‘ß

¢Õß 3-‰π‚µ√‡øππ‘≈‚∫‚√π‘°·Õ´‘¥ ·≈–‚´‡¥’¬¡ÕÕ

‚∏«“π“‡¥µ µ“¡≈”¥—∫ §à“°“√‡∫’Ë¬ß‡∫πÕ¬Ÿà  „π™à«ß 10%

 ”À√—∫∑—Èß 3-‰π‚µ√‡øππ‘≈‚∫‚√π‘°·Õ´‘¥ ·≈–‚´‡¥’¬¡

ÕÕ‚∏«“π“‡¥µ ¬°‡«âπ µ—«Õ¬à“ß∑’Ë 5 (23%)  ”À√—∫ 3-‰π‚µ√

‡øππ‘≈‚∫‚√π‘°·Õ´‘¥ ·≈–µ—«Õ¬à“ß∑’Ë 7 (34%)  ”À√—∫

‚´‡¥’¬¡ÕÕ‚∏«“π“‡¥µ º≈°“√∑¥≈Õß∑’Ë‰¥âπ—∫‡ªìπ∑’Ë

πà“æÕ„®‡π◊ËÕß®“° ‡ª§µ√—¡¢Õß∫Õ¥’ªï ·≈–ø≈ŸÕÕ‡√ ´’π

¡’°“√‡À≈◊ËÕ¡´âÕπ°—π¡“° (· ¥ß„π¿“æ∑’Ë 9) ·≈–«—µ∂ÿª√– ß§å

¢Õßß“π«‘®—¬π’È°Á‡æ’¬ß‡æ◊ËÕ°“√µ√«® Õ∫‡∫◊ÈÕßµâπ (Screening)

‡∑à“π—Èπ

µ“√“ß∑’Ë 2 §«“¡‡¢â¡¢âπ¢Õß “√º ¡ (3-‰π‚µ√‡øππ‘≈‚∫‚√π‘°·Õ´‘¥, 3-NPBA ·≈– ‚´‡¥’¬¡ÕÕ‚∏«“π“‡¥µ, VI) ∑’Ë„™â„π™ÿ¥

¢âÕ¡Ÿ≈ ”À√—∫°“√∑”π“¬

µ—«Õ¬à“ß §«“¡‡¢â¡¢âπ¢Õß 3-NPBA, µg/ml §«“¡‡¢â¡¢âπ¢Õß VI, µg/ml

1 3 0.25

2 5 0.45

3 4 0.15

4 5 0.25

5 1 0.45

6 2 0.35

7 5 0.05

8 4 0.35

9 2 0.25

10 4 0.45
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µ“√“ß∑’Ë 3 º≈°“√«‘‡§√“–Àå¥â«¬Õ—π ·§√¡‡∫≈Õ√å ”À√—∫ 3-‰π‚µ√‡øππ‘≈‚∫‚√π‘°·Õ´‘¥ (3-NPBA) ·≈–‚´‡¥’¬¡ÕÕ‚∏«“π“‡¥µ

(VI) ¥â«¬ PLS-1 ·≈– FCV

µ—«Õ¬à“ß [§à“®√‘ß], [§à“®“°°“√∑”π“¬], % °“√‡∫’Ë¬ß‡∫π % Recovery

µg/ml µg/ml

3-NPBA VI 3-NPBA VI 3-NPBA VI 3-NPBA VI

1 3.00 0.25 2.97 0.25 9.2 7.5 99.0 100.8

2 5.00 0.45 4.94 0.46 4.5 3.6 98.8 102.2

3 4.00 0.15 3.99 0.15 5.9 10.1 99.9 99.3

4 5.00 0.25 4.91 0.26 4.3 6.3 98.3 105.2

5 1.00 0.45 1.03 0.44 23.1 3.7 103.4 100.4

6 2.00 0.35 1.96 0.35 10.2 5.0 98.0 100.3

7 5.00 0.05 5.09 0.05 4.7 34.4 101.8 93.3

8 4.00 0.35 4.09 0.36 5.4 4.4 102.3 103.1

9 2.00 0.25 2.06 0.25 9.9 8.6 102.9 100.8

10 4.00 0.45 4.11 0.43 5.8 3.7 102.8 96.4

¿“æ∑’Ë 9  ‡ª°µ√—¡∑’Ë´âÕπ‡À≈◊ËÕ¡°—π¢Õß∫Õ¥’ªï‡Õø·Õ≈ ·≈–ø≈ŸÕÕ‡√ ´’π
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 √ÿª

ªí®®ÿ∫—π§’‚¡‡¡µ√‘° å‰¥â∂Ÿ°æ—≤π“∑—Èß∑“ß∑ƒ…Æ’

·≈–‡∑§π‘§°“√„™âÕ¬à“ß°«â“ß¢«“ß„πÀ≈“¬ “¢“ ‚¥¬‡©æ“–

‡§¡’«‘‡§√“–Àå15-17 ∫àÕ¬§√—Èß∑’Ëø≈ŸÕÕ‡√ ‡´π´å ‡ª§µ√—¡¡’

°“√´âÕπ‡À≈◊ËÕ¡°—π‡ªìπÕ¬à“ß¡“° ∑”„ÀâµâÕß‡ ’¬‡«≈“·≈–

§à“„™â®à“¬„π°“√·¬° “√°àÕπ°“√∑¥ Õ∫ ·µà‡∑§π‘§°“√

‡∑’¬∫¡“µ√∞“πÀ≈“¬µ—«·ª√ ‡™àπ PLS-1 ´÷Ëß‡ªìπ‡∑§π‘§∑’Ë

„™â∑—Èß ‡ª§µ√—¡„π°“√«‘‡§√“–Àå‡ªìπ‡∑§π‘§Àπ÷Ëß∑’Ë “¡“√∂

∑”°“√∑¥ Õ∫¢Õßº ¡À≈“¬Õß§åª√–°Õ∫Õ¬à“ßµàÕ‡π◊ËÕß

‚¥¬‰¡à®”‡ªìπµâÕß∑”°“√·¬° “√ÕÕ°®“°°—π°àÕπ √–∫∫

∑’Ëæ—≤π“¢÷Èπ„πß“π«‘®—¬π’È‡ªìπ√Ÿª·∫∫∑’Ëßà“¬´÷Ëß “¡“√∂®–

æ—≤π“‰¥âÕ’°¡“°‚¥¬„™â‡§√◊ËÕß¡◊Õ∑’Ë‡À¡“– ¡ ‡™àπ √–∫∫

‚ø≈Õ‘π‡®Á°™—πÕ“®„™â√–∫∫Õ—µ‚π¡—µ‘·∑π°“√„™â¡◊Õ ´÷Ëß®–

™à«¬≈¥§«“¡§≈“¥‡§≈◊ËÕπ¢Õß°“√∑¥ Õ∫‰¥â‡π◊ËÕß®“°

°“√„™â√–∫∫°“√©’¥ “√·≈–°“√À¬ÿ¥ªíö¡·∫∫Õ—µ‚π¡—µ‘

 “¡“√∂™à«¬„Àâ°“√®—∫ (capture)  ‡ª§µ√—¡¢Õß “√º ¡

‰¥â∂Ÿ°µâÕß·≈–·¡àπ¬”¡“°¬‘Ëß¢÷Èπ Õ¬à“ß‰√°Áµ“¡√–∫∫°“√

∑¥ Õ∫‡∫◊ÈÕßµâπ¢Õß “√¬—∫¬—Èß‡Õπ‰´¡åÕ¬à“ßµàÕ‡π◊ËÕß‚¥¬

„™â‚ø≈Õ‘π‡®Á°™—πø≈ŸÕÕ√‘‡¡∑√’·≈– PLS-1 ∑’Ë„™â„πß“π«‘®—¬π’È

„Àâº≈‡ªìπ∑’Ëπà“æÕ„® ·≈–°“√∑”π“¬„Àâº≈°“√∑¥≈Õß∑’Ë¥’

À“°¡’°“√æ—≤π“·≈–ª√—∫ª√ÿßµàÕ‰ª®–‡ªìπª√–‚¬™πå

Õ¬à“ß¡“°µàÕ°“√∑¥ Õ∫¢Õßº ¡À≈“¬Õß§åª√–°Õ∫∑’Ë¡’

°“√´âÕπ‡À≈◊ËÕ¡¢Õß ‡ª°µ√—¡ Ÿß ·≈– “¡“√∂π”‰ª

æ—≤π“„π°“√µ√«® Õ∫‡∫◊ÈÕßµâπ ”À√—∫ drug candidates

À√◊Õ¢∫«π°“√µ√«® Õ∫‡∫◊ÈÕßµâπ„πÕÿµ “À°√√¡µà“ßÊ

¿“æ∑’Ë 10 °“√‡ª√’¬∫‡∑’¬∫º≈°“√∑”π“¬°—∫§à“®√‘ß (a) 3-‰π‚µ√‡øππ‘≈‚∫‚√π‘°·Õ´‘¥ ·≈– (b) ‚´‡¥’¬¡ÕÕ‚∏«“π“‡¥µ

■ §à“®“°°“√∑”π“¬ ■■ §à“®√‘ß µ—«Õ¬à“ß
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