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∫∑§—¥¬àÕ

™ÿ¥μ√«®·∫∫·∂∫ ’ (Lateral flow immunochromatographic strip tests: LFICS) ‡ªìπ™ÿ¥
μ√«®∑’Ë∑”ß“π‚¥¬°“√·¬° “√∑’ËμâÕß°“√μ√«®ÕÕ°®“° “√º ¡ √à«¡°—∫ªØ‘°‘√‘¬“√–À«à“ß·Õπμ‘∫Õ¥’°—∫·Õπμ‘‡®π
À√◊Õ√–À«à“ß°√¥π‘«§≈’Õ‘° ∫π‡¡¡‡∫√π ”À√—∫„™âμ√«® Õ∫ “√μà“ßÊ ‡™àπ ŒÕ√å‚¡π ‡ªª‰∑¥å ‡§√◊ËÕßÀ¡“¬¡–‡√Áß
®ÿ≈‘π∑√’¬å ·≈– “√æ‘… ™ÿ¥μ√«®ª√–‡¿∑π’È¡’¢âÕ¥’À≈“¬ª√–°“√ ‡™àπ §à“„™â®à“¬μË” „™âßà“¬‚¥¬‰¡àμâÕß
Õ“»—¬§«“¡™”π“≠ ∑”‰¥âπÕ° ∂“π∑’Ë·≈–∑√“∫º≈√«¥‡√Á« À≈—°°“√∑”ß“π¢Õß™ÿ¥μ√«®·∫∫·∂∫ ’ 3 √Ÿª
·∫∫À≈—°∑’Ë„™âÕπÿ¿“§π“‚π∑Õß§”‡ªìπμ—«· ¥ßº≈ §◊Õ sandwich, competitive ·≈–·∫∫μ√«®·Õπμ‘∫Õ¥’
™ÿ¥μ√«®·∫∫·∂∫ ’¡’¢âÕ®”°—¥„π·ßà§«“¡‰«´÷Ëß¢÷Èπ°—∫·√ß®—∫¢Õß·Õπμ‘∫Õ¥’ °“√√«¡ªØ‘°‘√‘¬“ polymerase chain
reaction √Ÿª·∫∫μà“ßÊ °—∫™ÿ¥μ√«®∑”„Àâ “¡“√∂μ√«® Õ∫ ‘Ëß¡’™’«‘μμà“ßÊ ¥â«¬§«“¡‰« Ÿß·≈–∑√“∫º≈‡√Á«¢÷Èπ
°“√ª√—∫ª√ÿß™ÿ¥μ√«®‡æ◊ËÕ‡æ‘Ë¡§«“¡‰«„π√Ÿª·∫∫μà“ßÊ ‰¥â·°à double gold labeling, silver enhancing,
enzyme labeling À√◊Õ·∑π∑’ËÕπÿ¿“§π“‚π∑Õß§”¥â«¬ “√μà“ßÊ ‡™àπ carbon nanotube, carbon nanoparticle,
quantum dot ·≈– magnetic nanoparticle ‡ªìπμâπ °“√ª√—∫ª√ÿß‡À≈à“π’ÈÕ“®μâÕß„™â‡§√◊ËÕßÕà“π·≈–
«‘‡§√“–Àåº≈‡æ‘Ë¡¢÷Èπ ·μà¥â«¬‡∑§‚π‚≈¬’¢Õß‚∑√»—æ∑å‡§≈◊ËÕπ∑’Ë Õ“®ª√—∫ª√ÿß„Àâ “¡“√∂„™â√à«¡°—∫™ÿ¥μ√«®
´÷Ëß®–™à«¬„Àâ°“√„™â™ÿ¥μ√«®·∫∫·∂∫ ’ ”À√—∫μ√«® ‘Ëßμà“ßÊ ∑”‰¥â°«â“ß¢«“ß
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Rapid Lateral Flow Immunochromatographic Strip
Tests (LFICS): Principle and Modifications

Parin Chaivisuthangkura, Siwaporn Longyant, Pradit Wangman and
Paisarn Sithigorngul*

ABSTRACT

Lateral flow immunochromatographic strip tests (LFICS) is a chromatographic
system based on separation of analyte in the mixture through the reaction between antibody and
antigen or between nucleic acids on the membrane. LFICS has been developed for detection of
various molecules such as hormones, peptides, cancer markers, microorganism, toxins, drugs,
pesticides, etc. LFICS has many advantages in terms of low cost, rapid and visual results.
The operation is simple and can be performed on site by unskilled personnel with low cost
and minimal labor. Principles of three formats including sandwich, competitive and antibody
detection LFICSs using nanogold particles as reporter are described. The detection sensitivity of
LFICS is mainly limited by antibody affinity. Different types of polymerase chain reactions have
been combined successfully with LFICS for highly sensitive and rapid detection of PCR
products from various organisms. Other modifications of LFICS using dual gold labeling, silver
enhancing, enzyme labeling or replacement of nanogold particle with carbon nanotube, carbon
nanoparticle, quantum dot and magnetic nanoparticle are promising tools to increase the sensitivity
of LFICS. Even though, some modifications may need additional strip reader and analytical
equipment, the improvement of mobile phone technology would assist the widely use of LFICS
for detection of various molecules.
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∫∑π”
°“√μ√«® “√„π “√º ¡∑’Ëª–ªπÕ¬Ÿà°—∫ “√μà“ßÊ ‡æ◊ËÕ°“√μ√«® Õ∫§ÿ≥¿“æ ‘Ëß·«¥≈âÕ¡ °“√

«‘‡§√“–ÀåÕ“À“√ √«¡∂÷ß°“√«‘π‘®©—¬‚√§ ®”‡ªìπμâÕßÕ“»—¬«‘∏’°“√μà“ßÊ „π°“√·¬°∑”„Àâ∫√‘ ÿ∑∏‘Ï·≈–°“√
«‘‡§√“–Àåμ√«® “√¥â«¬«‘∏’°“√μà“ßÊ ÷́ËßμâÕßÕ“»—¬‡∑§π‘§°“√«‘‡§√“–Àå¥â«¬«‘∏’·≈–‡§√◊ËÕß¡◊Õ∑’Ë¡’§«“¡ —́∫´âÕπ
μà“ßÊ ‡™àπ gas chromatography mass spectrophometry (GC/MS), ultra high performance liquid
chromatography tandem mass spectrophometry (LC/MS/MS), high pressure liquid chromatography
(HPLC), enzyme-linked immunosorbent assay (ELISA) ·≈– biosensor œ≈œ ‡æ◊ËÕ„™â„π°“√·¬°·≈–
μ√«®®—∫‚¡‡≈°ÿ≈∑’Ë¡’§ÿ≥ ¡∫—μ‘‡©æ“– ‡∑§π‘§∑—ÈßÀ¡¥π’È¡’§«“¡‡©æ“–‡®“–®ß·≈–¡’§«“¡≈–‡Õ’¬¥ÕàÕπ ®”‡ªìπ
μâÕß„™â‡§√◊ËÕß¡◊Õ´÷Ëß¡’√“§“·æß «‘∏’°“√∑’Ë´—∫´âÕπ ∫ÿ§≈“°√∑’Ë‡™’Ë¬«™“≠ ·≈–¡—°„™â‡«≈“§àÕπ¢â“ß¡“°

™ÿ¥μ√«®·∫∫·∂∫ ’À√◊Õ Lateral flow immunochromatographic strip tests (LFICS) ‡ªìπ
™ÿ¥μ√«®∑’Ëª√–°Õ∫¥â«¬√–∫∫ chromatography ∫π nitrocellulose membrane  ”À√—∫·¬° “√∑’ËμâÕß°“√
μ√«® (analyte) ∑’ËÕ¬Ÿà„π “√º ¡ ºπ«°°—∫ªØ‘°‘√‘¬“√–À«à“ß·Õπμ‘∫Õ¥’°—∫·Õπμ‘‡®π À√◊Õ√–À«à“ß nucleic
acid ∑”„Àâ “¡“√∂μ√«® “√∑’ËμâÕß°“√‰¥â LFICS ‡ªìπ™ÿ¥μ√«®·∫∫„™âßà“¬∑’Ë “¡“√∂„™â‰¥â‚¥¬∫ÿ§§≈∑—Ë«‰ª LFICS
™ÿ¥·√°∑’Ëæ—≤π“ ”‡√Á® ‰¥â·°à ™ÿ¥°“√∑¥ Õ∫°“√μ—Èß§√√¿å‡æ◊ËÕμ√«®À“ human chorionic gonadotropin (hCG)
¢Õß¡πÿ…¬å„πªí  “«–‰¥â√—∫°“√æ—≤π“¢÷Èπ„πªï æ.». 2519 [1] ·≈–º≈‘μÕÕ°®”Àπà“¬§√—Èß·√°‚¥¬ Uniliver
„πª√–‡∑» À√“™Õ“≥“®—°√„πªï æ.». 2527 [2] ÷́Ëß„πªí®®ÿ∫—π¬—ß¡’°“√„™â™ÿ¥μ√«®°—π·æ√àÀ≈“¬¡’¡Ÿ≈§à“„π
ªï 2559 ª√–¡“≥ 4675 M $ US ªí®®ÿ∫—π¡’°“√æ—≤π“ LFICS √Ÿª·∫∫μà“ßÊ  ”À√—∫°“√μ√«®®—∫‚¡‡≈°ÿ≈
™π‘¥μà“ßÊ Õ¬à“ß°«â“ß¢«“ß ‡™àπ ŒÕ√å‚¡π peptide ‡§√◊ËÕßÀ¡“¬¡–‡√Áß (cancer markers) ®ÿ≈‘π∑√’¬å  “√æ‘…
¬“‡ æ¬åμ‘¥  “√°”®—¥»—μ√Ÿæ◊™ œ≈œ °“√„™â LFICS ¡’¢âÕ‰¥â‡ª√’¬∫À≈“¬ª√–°“√„π·ßà∑’Ë “¡“√∂∑√“∫º≈
Õ¬à“ß√«¥‡√Á« §à“„™â®à“¬μË” °“√¥”‡π‘π°“√∑”‰¥âßà“¬ ·≈– “¡“√∂∑”°“√∑¥ Õ∫‰¥â‚¥¬∫ÿ§≈“°√∑’Ë‰¡à¡’∑—°…–
πÕ°®“°π’È¬—ß “¡“√∂μ√«®®—∫ “√À≈“¬™π‘¥‰¥â„π‡«≈“Õ—π√«¥‡√Á«¥â«¬μâπ∑ÿπ∑’ËμË” ·≈–„™â·√ßß“ππâÕ¬∑’Ë ÿ¥
Õ¬à“ß‰√°Áμ“¡ LFICS ‰¡à “¡“√∂μÕ∫ πÕßμàÕ°“√„™âß“π∫“ßÕ¬à“ß‰¥â ‡π◊ËÕß®“° “¡“√∂„Àâ¢âÕ¡Ÿ≈‡æ’¬ß„π
‡™‘ß§ÿ≥¿“æ (¡’/‰¡à¡’) À√◊Õ°÷Ëß‡™‘ßª√‘¡“≥  ”À√—∫ª√–¡“≥§«“¡‡¢â¡¢âπ§√à“«Ê ¢Õß “√∑’Ëμ√«®‡∑à“π—Èπ ‚¥¬ LFICS
 à«π„À≠à∑’Ë„™âÕ¬Ÿà„πªí®®ÿ∫—π®–„™âÕπÿ¿“§π“‚π∑Õß§” (gold nanoparticle = AuNP) ¢π“¥‡ âπºà“π
»Ÿπ¬å°≈“ßª√–¡“≥ 20-30 nm ‡ªìπμ—«√“¬ß“πº≈ ÷́Ëß„Àâ§«“¡‡¢â¡¢Õß ’‰¡à‡¢â¡¡“° ‡ªìπº≈„Àâ§«“¡‰«
(sensitivity) „π§«“¡ “¡“√∂„π°“√μ√«®¢Õß LFICS μË”‰ª¥â«¬  ”À√—∫¢âÕ¥’·≈–¢âÕ‡ ’¬¢Õß LFICS  √ÿª
‚¥¬≈–‡Õ’¬¥¥—ß μ“√“ß∑’Ë 1
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∫∑§«“¡π’È„π™à«ß·√°‡ªìπ°“√Õ∏‘∫“¬À≈—°°“√æ—≤π“ LFICS √Ÿª·∫∫¡“μ√∞“π ®”π«π 3 ·∫∫
∑’Ë„™âÕ¬Ÿà∑—Ë«‰ª §◊Õ sandwich LFICS, competitive LFICS  ”À√—∫μ√«® “√μà“ßÊ ·≈– LFICS  ”À√—∫
°“√μ√«®À“·Õπμ‘∫Õ¥’‡æ◊ËÕμ√«®°“√μÕ∫ πÕß¢Õß√–∫∫¿Ÿ¡‘§ÿâ¡°—π ‡π◊ËÕß®“° LFICS ‡ªìπ°“√μ√«®
ªØ‘°‘√‘¬“√–À«à“ß·Õπμ‘∫Õ¥’°—∫·Õπμ‘‡®π‚¥¬¡’ AuNP ‡ªìπμ—«· ¥ßº≈ (reporter) ‰¡à¡’°“√¢¬“¬ —≠≠“≥
§«“¡‰«¢Õß™ÿ¥μ√«®·∫∫ LFICS ∑—Èß 3 √Ÿª·∫∫ ®÷ß¡’¢âÕ®”°—¥ ¢’Èπ°—∫·√ß®—∫ (affinity) ¢Õß·Õπμ‘∫Õ¥’
¥—ßπ—Èπ„πμÕπ∑â“¬¢Õß∫∑§«“¡®–‡ªìπ°“√Õ∏‘∫“¬∂÷ß·π«∑“ß°“√æ—≤π“ À√◊Õ°“√ª√—∫ª√ÿß¥â«¬«‘∏’°“√μà“ßÊ
¡“‡ √‘¡‡æ◊ËÕ„Àâ™ÿ¥μ√«®¡’§«“¡‰«∑’Ë Ÿß¢÷Èπ √«¡∑—Èß°“√„™â LFICS √à«¡°—∫‡∑§π‘§ polymerase chain reaction
(PCR) ‡æ◊ËÕ “¡“√∂„™âμ√«® PCR product ∑’Ë‡°‘¥¢÷Èπ‰¥âÕ¬à“ß√«¥‡√Á«

À≈—°°“√æ—≤π“ LFICS √Ÿª·∫∫¡“μ√∞“π
1. Sandwich LFICS

Sandwich LFICS ‡ªìπ√Ÿª·∫∫¡“μ√∞“π·∫∫·√°∑’Ë¡’°“√æ—≤π“„™â ”À√—∫μ√«® “√μà“ßÊ ¡“°∑’Ë ÿ¥
ª√–°Õ∫¥â«¬·Õπμ‘∫Õ¥’À≈—° (primary antibody) Õ¬à“ßπâÕ¬ 2 ™π‘¥∑’Ë “¡“√∂®—∫°—∫‚¡‡≈°ÿ≈‡ªÑ“À¡“¬
Õ¬à“ß®”‡æ“–‡®“–®ßÕ¬à“ßπâÕ¬ 2 μ”·Àπàß∑’Ë‰¡à∑—∫´âÕπ°—π ‡™àπ°√≥’¢Õß™ÿ¥μ√«®°“√μ—Èß§√√¿å μâÕß„™â
anti-hCG antibody 2 ™π‘¥ ‚¥¬·Õπμ‘∫Õ¥’™π‘¥Àπ÷Ëßμ‘¥©≈“°¥â«¬ AuNP (anti-hCG antibody-gold
conjugate = Ab-gold) ·≈–∂Ÿ°μ√÷ßÕ¬Ÿà™—Ë«§√“«„π conjugate pad ´÷Ëß‡ªìπ·ºàπ„¬·°â« ®÷ß “¡“√∂≈â“ß
ÕÕ°‰¥âßà“¬‚¥¬°“√™–¢Õß “√≈–≈“¬∫—ø‡øÕ√å ‚¥¬ conjugate pad π’È«“ßÕ¬Ÿà∫π nitrocellulose membrane
´÷Ëß¡’ anti-hCG antibody ™π‘¥∑’Ë Õß∂Ÿ°μ√÷ßÕ¬Ÿà∑’Ë∫√‘‡«≥ test line (T) ·≈–¡’·Õπμ‘∫Õ¥’Õ’°™ÿ¥ (secondary
antibody: goat anti-mouse antibody = GAM) ∑’Ë “¡“√∂®—∫°—∫ Ab-gold μ√÷ßÕ¬Ÿà∑’Ë control line (C)
πÕ°®“°π’È¬—ß¡’·ºàπ ”À√—∫√—∫μ—«Õ¬à“ß (application pad) «“ßÕ¬Ÿà‡Àπ◊Õ conjugate pad ·≈–·ºàπ¥Ÿ¥´—∫μ—«Õ¬à“ß
(absorbing pad)  ”À√—∫¥Ÿ¥´—∫μ—«Õ¬à“ß∑’Ë‡À≈◊Õ´÷Ëß«“ßÕ¬ŸàÀ≈—ß®“° control line

μ“√“ß∑’Ë 1 ¢âÕ‡¥àπ·≈–¢âÕ¥âÕ¬¢Õß LFICS (ª√—∫ª√ÿß®“° [1, 3])

¢âÕ‡¥àπ  ¢âÕ¥âÕ¬

- ‡μ√’¬¡ßà“¬¡’Õß§åª√–°Õ∫‰¡à´—∫´âÕπ, √“§“∂Ÿ° -  à«π„À≠à„Àâ¢âÕ¡Ÿ≈‡™‘ß§ÿ≥¿“æÀ√◊Õ°÷Ëß‡™‘ßª√‘¡“≥
- ¡’§«“¡§ßμ—«π“π (long shelf life) - §«“¡ ¡Ë”‡ ¡Õ¢Õßº≈ Õ“®·ª√º—π„π·μà≈–™ÿ¥¢Õß
- „™âßà“¬ ‰¡àμâÕßÕ“»—¬§«“¡™”π“≠ º≈‘μ¿—≥±å
- „™âμ—«Õ¬à“ß∑¥ Õ∫ª√‘¡“≥πâÕ¬ - ∫“ß°√≥’¡’ªí≠À“‡°’Ë¬«°—∫·√ß®—∫μË”°—∫ “√∑’ËμâÕß°“√
-  à«π„À≠à„™â°—∫μ—«Õ¬à“ß‰¥â∑—π∑’ ‰¡àμâÕß¡’°√–∫«π°“√ μ√«® À√◊Õ‡°‘¥ªØ‘°‘√‘¬“¢â“¡

‡μ√’¬¡μ—«Õ¬à“ß - ∫“ß°√≥’μâÕß¡’°“√‡μ√’¬¡μ—«Õ¬à“ß°àÕπ (LFICS-PCR)
- „™â√–¬–‡«≈“μ√«®πâÕ¬ - ‰¡à “¡“√∂§«∫§ÿ¡Õ—μ√“°“√‰À≈¢Õßμ—«Õ¬à“ß
- §«“¡‰«·≈–§«“¡®”‡æ“–§àÕπ¢â“ß Ÿß°«à“ - ‡«≈“∑’Ë„™â«‘‡§√“–Àå¢÷ÈπÕ¬Ÿà°—∫∏√√¡™“μ‘¢Õßμ—«Õ¬à“ß ‡™àπ

°“√μ√«®‚¥¬ªØ‘°‘√‘¬“‡§¡’∑—Ë«‰ª §«“¡Àπ◊¥ ·√ßμ÷ßº‘«
- ¡’»—°¬¿“æ∑“ß°“√§â“ Ÿß
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„π°“√„™â LFICS ∑”‚¥¬π”μ—«Õ¬à“ß∑’ËμâÕß°“√μ√«® ‡™àπ°√≥’°“√μ√«®°“√μ—Èß§√√¿å π”ªí  “«–
„ à„π™àÕß√—∫μ—«Õ¬à“ß´÷Ëß®–‰À≈‰ª¬—ß conjugate pad ∑’Ë¡’ Ab-gold Õ¬Ÿà ∂â“„πμ—«Õ¬à“ß (ªí  “«–) ¡’ “√∑’Ë
μâÕß°“√μ√«® (hCG)  “√π’È®–∂Ÿ°®—∫‚¥¬ Ab-gold √«¡‡ªìπ “√‡™‘ß´âÕπ¢Õß Ab-gold/hCG complex
®“°π—Èπ‰À≈ºà“π nitrocellulose membrane ¿“¬„μâ·√ß¥Ÿ¥ capillary attraction √–À«à“ß‡ âπ„¬¢Õß
nitrocellulose membrane ‡¡◊ËÕ∂÷ß∫√‘‡«≥ test line  “√‡™‘ß´âÕππ’È à«π¢Õß hCG ®–∂Ÿ°®—∫‚¥¬·Õπμ‘∫Õ¥’
À≈—°™π‘¥∑’Ë Õß (anti-hCG antibody)  – ¡‡ªìπ ’‡°‘¥¢÷Èπ∑’Ë∫√‘‡«≥ test line ·≈– Ab-gold  à«π‡°‘π∑’Ë‰¡à¡’
hCG ®—∫Õ¬Ÿà ®–‰À≈ºà“π‰ª·≈–∂Ÿ°®—∫‚¥¬·Õπμ‘∫Õ¥’™ÿ¥∑’Ë Õß (GAM) ∑’Ë∫√‘‡«≥ control line μ—«Õ¬à“ß
·≈– “√≈–≈“¬∑’Ë‡À≈◊Õ®–∂Ÿ°‡°Á∫‰«â„π·ºàπ¥Ÿ¥´—∫ °√≥’π’È®–‡ÀÁπ ’∑’Ë‡°‘¥®“°°“√ – ¡¢Õß AuNP ∑—Èß∑’Ë
∫√‘‡«≥ test line ·≈– control line ·μà„π°√≥’∑’Ëμ—«Õ¬à“ß‰¡à¡’ “√∑’ËμâÕß°“√μ√«®®–‡ÀÁπ ’ª√“°Ø∑’Ë control
line ‡∑à“π—Èπ „π°“√æ—≤π“™ÿ¥μ√«® “√Õ◊ËπÊ À√◊Õ‡™◊ÈÕ°àÕ‚√§μà“ßÊ ‡™àπ ™ÿ¥μ√«® white spot syndrome
virus (WSSV) „π°ÿâßπ—Èπ„™âÀ≈—°°“√‡¥’¬«°—ππ’È (√Ÿª∑’Ë 1)

∑—Èßπ’È§«“¡‡¢â¡¢Õß ’∑’Ë∫√‘‡«≥ control line ·ª√º—π‚¥¬μ√ß°—∫ª√‘¡“≥¢Õß “√∑’ËμâÕß°“√μ√«®
„πμ—«Õ¬à“ß ·≈– “¡“√∂ª√–¡“≥‡™‘ß§ÿ≥¿“æ¥â«¬ “¬μ“ À√◊Õ°÷Ëß‡™‘ßª√‘¡“≥¥â«¬‡§√◊ËÕßÕà“π§«“¡‡¢â¡¢Õß
·∂∫ ’  ”À√—∫·∂∫ ’∑’Ë∫√‘‡«≥ control line „™â‡ªìπμ—«∫àß™’È«à“™ÿ¥μ√«®¬—ß∑”ß“π‰¥â  ”À√—∫™ÿ¥μ√«®·∫∫
sandwich LFICS ‡ªìπ™ÿ¥μ√«®∑’Ë¡’°“√æ—≤π“ ”À√—∫μ√«® “√μà“ßÊ Õ¬à“ß·æ√àÀ≈“¬  ”À√—∫„™âμ√«® “√
‚¡‡≈°ÿ≈¢π“¥„À≠à·≈–‡™◊ÈÕ°àÕ‚√§μà“ßÊ ‚¥¬∑’Ë‚¡‡≈°ÿ≈π—ÈπμâÕß “¡“√∂∂Ÿ°®—∫‚¥¬·Õπμ‘∫Õ¥’ 2 μ”·Àπàß

2. Competitive LFICS
„π°√≥’¢Õß “√ª√–°Õ∫∑’Ë‡ªìπ‚¡‡≈°ÿ≈¢π“¥‡≈Á°°«à“∑’Ë·Õπμ‘∫Õ¥’ Õß™π‘¥®– “¡“√∂®—∫‰¥âæ√âÕ¡Ê

°—π ‡™àπ aflatoxin ¥—ßπ—Èπ®÷ß “¡“√∂„™â·Õπμ‘∫Õ¥’À≈—° (anti-aflatoxin antibody) μ‘¥©≈“°¥â«¬ AuNP
(Ab/gold) ‡æ’¬ß™π‘¥‡¥’¬« ∂Ÿ°μ√÷ßÕ¬Ÿà„π conjugate pad ‚¥¬∑’Ë test line ®–¡’ “√™π‘¥‡¥’¬«°—π°—∫ “√∑’ËμâÕß
°“√μ√«® (aflatoxin) μ√÷ßÕ¬Ÿà ·≈–∑’Ë control line ¡’·Õπμ‘∫Õ¥’™ÿ¥∑’Ë Õß ”À√—∫®—∫·Õπμ‘∫Õ¥’μ—«·√° (goat
anti-mouse IgG antibody) μ√÷ßÕ¬Ÿà ·μà‡π◊ËÕß®“° aflatoxin ¡’¢π“¥‡≈Á°‰¡à “¡“√∂®—∫°—∫ nitrocellulose
membrane ‰¥â®÷ßμâÕß‡™◊ËÕ¡μàÕ aflatoxin °—∫‚ª√μ’π ‡™àπ bovine serum albumin (BSA) °àÕπ∑’Ë®–π”¡“
μ√÷ß∫π‡¡¡‡∫√π

„π°“√μ√«® °√≥’∑’Ë„ àμ—«Õ¬à“ß∑’Ë¡’ “√μâÕß°“√μ√«® (aflatoxin) „πª√‘¡“≥∑’Ë Ÿß‡°‘π ª√‘¡“≥μË”
 ÿ¥∑’Ë®–μ√«®‰¥â (limit of detection = LOD) ‡™àπ >0.5 ng/ml ≈ß„π·ºàπ√—∫μ—«Õ¬à“ß aflatoxin ®–®—∫°—∫
Ab/gold ∑—ÈßÀ¡¥ ¥—ßπ—Èπ‡¡◊ËÕ “√≈–≈“¬‰À≈ºà“π test line  à«π¢Õß Ab/gold ®÷ß‰¡à “¡“√∂®—∫°—∫ aflatoxin
∑’Ëμ√÷ßÕ¬Ÿà∑’Ë test line ‰¥âÕ’°·≈–‰À≈‰ª¬—ß control line ´÷Ëß Ab/gold ®–∂Ÿ°®—∫‚¥¬·Õπμ‘∫Õ¥’™ÿ¥∑’Ë Õß (goat
anti-mouse antibody) ®÷ß —ß‡°μ‡ÀÁπ ’ ∫π control line ‡∑à“π—Èπ ·μà°√≥’∑’Ë‰¡à¡’ aflatoxin À√◊Õ¡’§«“¡
‡¢â¡¢âπμË”°«à“ LOD (< 0.5 ng/ml) π—Èπ Ab/gold ®– “¡“√∂®—∫°—∫ aflatoxin ∫π test line ·≈–  à«π∑’Ë
‡À≈◊Õ®–∂Ÿ°®—∫‚¥¬·Õπμ‘∫Õ¥’™ÿ¥∑’Ë Õß ®÷ß‡ÀÁπ ’ª√“°Ø¢÷Èπ∑—Èß test line ·≈– control line [4] (√Ÿª∑’Ë 2)
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√Ÿª∑’Ë 1 Õß§åª√–°Õ∫·≈–À≈—°°“√∑”ß“π¢Õß sandwich LFICS  ”À√—∫μ√«®‡™◊ÈÕ‰«√—  WSSV „π°ÿâß (A)
 à«πª√–°Õ∫¢Õß™ÿ¥μ√«® (1) application pad (2) conjugate pad ∑’Ë¡’ anti-WSSV antibody
™π‘¥∑’Ë 1 (MAb1) μ‘¥©≈“°¥â«¬ AuNP (3) nitrocellulose membrane ∑’Ë¡’ anti-WSSV
antibody ™π‘¥∑’Ë 2 (MAb2) μ√÷ßÕ¬Ÿà∑’Ë test line (T) ·≈–¡’ goat-anti mouse antibody (GAM)
μ√÷ßÕ¬Ÿà∑’Ë control line (C) ·≈– (4) absorbing pad (B) À≈—ß®“°„ à “√≈–≈“¬‡π◊ÈÕ‡¬◊ËÕ°ÿâß∑’Ëμ‘¥
‡™◊ÈÕ‰«√—  (+) ≈ß„π application pad ‡¡◊ËÕμ—«Õ¬à“ß‡™◊ÈÕ WSSV ‰À≈ºà“π conjugate pad ®–∂Ÿ°
®—∫¥â«¬ MAb1-AuNP ·≈–‰À≈ºà“π‡¡¡‡∫√π ®“°π—Èπ‡™◊ÈÕ WSSV ®–∂Ÿ°®—∫Õ’°§√—Èß¥â«¬ MAb2
‡°‘¥°“√ – ¡‡ªìπ·∂∫ ’∑’Ë test line  ”À√—∫ MAb1-AuNP  à«π‡°‘π∑’Ë‰¡à®—∫‰«√—  ®–‰À≈ºà“π·≈–
∂Ÿ°®—∫‚¥¬ GAM ‡°‘¥‡ªìπ·∂∫ ’¢÷Èπ∑’Ë control line  à«πμ—«Õ¬à“ß∑’Ë‡À≈◊Õ®–‡¢â“ Ÿà absorbing pad
(C) „π°√≥’μ—«Õ¬à“ß∑’Ë‰¡à¡’‡™◊ÈÕ‰«√—  (-) MAb1-AuNP ®–‰À≈ºà“π·≈–‰¡à – ¡∑’Ë test line ·μà
®–∂Ÿ°®—∫¥â«¬ GAM ∑’Ë control line ∑”„Àâ‡°‘¥·∂∫ ’∑’Ë C ‡∑à“π—Èπ
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√Ÿª∑’Ë 2 Õß§åª√–°Õ∫·≈–À≈—°°“√∑”ß“π¢Õß competitive LFICS ∑’Ë¡’°“√·¢àß¢—π∑’Ë∫√‘«≥ test line  ”À√—∫
μ√«® aflatoxin „ππ¡ (A)  à«πª√–°Õ∫¢Õß™ÿ¥μ√«® (1) application pad (2) conjugate pad
∑’Ë¡’ anti-aflatoxin antibody ÷́Ëßμ‘¥©≈“°¥â«¬ AuNP (3) nitrocellulose membrane ∑’Ë¡’
aflatoxin-BSA μ√÷ßÕ¬Ÿà∑’Ë test line (T) ·≈– GAM μ√÷ßÕ¬Ÿà∑’Ë control line (C) ·≈– (4) absorbing
pad (B) °√≥’„ àμ—«Õ¬à“ßπ¡∑’Ë¡’ aflatoxin  Ÿß°«à“§à“ LOD (+) ∑”„Àâ aflatoxin „πμ—«Õ¬à“ß®—∫°—∫
anti-aflatoxin antibody ‰¥â∑—ÈßÀ¡¥ ‡¡◊ËÕ‰À≈ºà“π test line ∑”„Àâ‰¡à “¡“√∂®—∫°—∫ aflatoxin-BSA
‰¥â ®÷ß‰¡à‡°‘¥·∂∫ ’∑’Ë test line  à«π aflatoxin-Ab complex ®–∂Ÿ°®—∫¥â«¬ GAM ∑’Ë control line
∑”„Àâ‡°‘¥·∂∫ ’∑’Ë C ‡∑à“π—Èπ (C) °√≥’„ àμ—«Õ¬à“ßπ¡∑’Ë‰¡à¡’ aflatoxin À√◊Õ¡’πâÕ¬°«à“§à“ LOD (-)
anti-aflatoxin antibody ∑’Ëμ‘¥©≈“°¥â«¬ AuNP ®– “¡“√∂®—∫°—∫ aflatoxin-BSA ∑’Ë test line
·≈– à«π‡°‘π®–∂Ÿ° GAM ®—∫∑’Ë control line ∑”„Àâ‡°‘¥·∂∫ ’∑’Ë T ·≈– C

Competitive LFICS Õ’°√Ÿª·∫∫Àπ÷Ëß„™â “√™π‘¥‡¥’¬«°—∫ “√∑’ËμâÕß°“√μ√«® ‡™àπ°√≥’¢Õß 17-
α-hydroxy progesterone (αHP) π”¡“μ‘¥©≈“°¥â«¬Õπÿ¿“§π“‚π∑Õß§” ·μà‡π◊ËÕß®“° “√‡À≈à“π’È¡’¢π“¥
‡≈Á°®÷ß‰¡à “¡“√∂‡™◊ËÕ¡μàÕ°—∫ AuNP ‰¥â‚¥¬μ√ß ®÷ßμâÕß‡™◊ËÕ¡ “√π’È°—∫‚ª√μ’πÕ◊Ëπ ‰¥â·°à BSA °àÕππ”‰ª‡™◊ËÕ¡
°—∫ AuNP (αHP/BSA/gold) ·≈â«®÷ßπ”‰ªμ√÷ß„π conjugate pad  à«π∑’Ë∫√‘‡«≥ test line ·≈– control line
®–¡’·Õπμ‘∫Õ¥’À≈—° (anti-αHP antibody) ·≈– ·Õπμ‘∫Õ¥’™ÿ¥∑’Ë Õß (anti-BSA antibody) μ√÷ßÕ¬Ÿàμ“¡
≈”¥—∫

„π°√≥’∑’Ë “√μ—«Õ¬à“ß¡’ αHP §«“¡‡¢â¡¢âπ Ÿß°«à“ LOD †‡¡◊ËÕμ—«Õ¬à“ß‰À≈ºà“π test line ‚¥¬
αHP ®–®—∫°—∫ anti-αHP antibody ∑—ÈßÀ¡¥∑”„Àâ αHP/BSA/gold ‰¡à∂Ÿ°®—∫·≈–‰À≈ºà“π‰ª¬—ß control
line ·≈–∂Ÿ°®—∫‚¥¬ anti-BSA antibody ®÷ß —ß‡°μ‡ÀÁπ ’ ∫π control line ‡∑à“π—Èπ ·μà„π°√≥’∑’Ëμ—«Õ¬à“ß‰¡à¡’
αHP À√◊Õ¡’„π√–¥—∫§«“¡‡¢â¡¢âπμË”°«à“ LOD π—Èπ αHP/BSA/gold ®–∂Ÿ°®—∫ ‚¥¬·Õπμ‘∫Õ¥’∑’ËÕ¬Ÿà„π∑—Èß test
line ·≈– control line †®÷ß‡ÀÁπ ’ª√“°Ø¢÷Èπ∑—Èß test line ·≈– control line [5] (√Ÿª∑’Ë 3)



SWU Sci. J. Vol. 33 No. 2 (2017)8

√Ÿª∑’Ë 3  Õß§åª√–°Õ∫·≈–À≈—°°“√∑”ß“π¢Õß competitive LFICS ∑’Ë¡’°“√·¢àß¢—π∑’Ë conjugate pad  ”À√—∫
μ√«® 17-α-hydroxy progesterone „π´’√—¡ (A)  à«πª√–°Õ∫¢Õß™ÿ¥μ√«® (1) application pad
(2) conjugate pad ∑’Ë¡’ progesterone-BSA μ‘¥©≈“°¥â«¬ AuNP (3) nitrocellulose membrane
∑’Ë¡’ anti-progesterone antibody μ√÷ßÕ¬Ÿà∑’Ë test line (T) ·≈– anti-BSA antibody μ√÷ß∑’Ë control
line (C) ·≈– (4) absorbing pad (B) À≈—ß®“°„ à´’√—¡∑’Ë¡’√–¥—∫ progesterone  Ÿß°«à“§à“ LOD (+)
progesterone ®“°´’√—¡®–·¬àß®—∫°—∫ anti-progesterone antibody ∑’Ë test line ∑—ÈßÀ¡¥ ∑”„Àâ proges-
terone-BSA-AuNP ‰¡à “¡“√∂®—∫‰¥â ®÷ß‰¡à‡°‘¥·∂∫ ’∑’Ë T ·≈–‡¡◊ËÕ‰À≈¡“∂÷ß control line ®–∂Ÿ°®—∫
‚¥¬ anti-BSA antibody ®÷ß‡°‘¥·∂∫ ’∑’Ë C ‡∑à“π—Èπ (C) °√≥’∑’Ë´’√—¡¡’√–¥—∫ progesterone μË”°«à“§à“
LOD (-) progesterone-BSA-AuNP  “¡“√∂®—∫°—∫ anti-progesterone antibody ∑’Ë test line
·≈–∂Ÿ°®—∫‚¥¬ anti-BSA antibody ∑’Ë control line ∑”„Àâ‡°‘¥·∂∫ ’∑’Ë T ·≈– C

3. LFICS  ”À√—∫μ√«®·Õπμ‘∫Õ¥’
     LFICS  ”À√—∫°“√μ√«®À“·Õπμ‘∫Õ¥’ ‡ªìπ√Ÿª·∫∫∑’Ë„™âμ√«® Õ∫°“√μÕ∫ πÕß¢Õß√–∫∫¿Ÿ¡‘§ÿâ¡°—π∑’Ë
®”‡æ“–μàÕ‡™◊ÈÕ°àÕ‚√§μà“ßÊ À≈—ß®“°°“√©’¥«—§´’πÀ√◊ÕÀ≈—ß®“°øóôπμ—«®“°‚√§ ·≈–„π∫“ß°√≥’ “¡“√∂„™â∫àß™’È
°“√μ‘¥‡™◊ÈÕ¢Õß‚√§‡√◊ÈÕ√—ß ‡™àπ IHV gonorrhea ·≈–«—≥‚√§ ‡ªìπμâπ LFICS √Ÿª·∫∫π’È ®–ª√–°Õ∫¥â«¬
·Õπμ‘‡®π∑’Ë‡ªìπÕß§åª√–°Õ∫¢Õß‡™◊ÈÕ°àÕ‚√§ ‡™àπ capsid protein (CP) ¢Õß‰«√—   “¡“√∂π”¡“‡™◊ËÕ¡°—∫
AuNP (CP/gold) ·≈–μ√÷ß„π conjugate pad  à«π∫π·ºàπ nitrocellulose membeane ®–¡’°“√μ√÷ß
staphylocoocus protein A ( ”À√—∫®—∫°—∫·Õπμ‘∫Õ¥’) ∑’Ë∫√‘‡«≥ test line ·≈–¡’°“√μ√÷ß·Õπμ‘∫Õ¥’μàÕ·Õπμ‘‡®π
(anti-CP antibody) ∑’Ë∫√‘‡«≥ control line ´÷ËßÀ≈—ß®“°‡μ‘¡μ—«Õ¬à“ß´’√—¡®“° —μ«åμà“ßÊ ∑’ËμâÕß°“√μ√«® Õ∫
‡™àπ À¡Ÿ∑’Ë‰¥â√—∫«—§´’π‚√§‰¢âÀ«—¥À¡Ÿ À“°À¡Ÿ¡’°“√μÕ∫ πÕß‚¥¬°“√ √â“ß anti-CP antibody ·Õπμ‘∫Õ¥’
‡À≈à“π’È®– “¡“√∂∑”ªØ‘°‘√‘¬“®—∫°—∫ CP/gold (CP/gold/anti-CP antibody complex) ·≈–‡¡◊ËÕ‰À≈ºà“π∫√‘‡«≥
test line ®–∂Ÿ°¥—°®—∫‚¥¬‚ª√μ’π A  ”À√—∫ CP/gold  à«π‡°‘π®–∂Ÿ°®—∫‚¥¬ anti-CP antibody ∑’Ëμ√÷ßÕ¬Ÿà∑’Ë
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∫√‘‡«≥ control line ®÷ß “¡“√∂ —ß‡°μ‡ÀÁπ ’∑—Èß∑’Ë∫√‘‡«≥ test line ·≈– control line  ”À√—∫°√≥’∑’Ë„π ’́√—¡
®“° —μ«å ‰¡à¡’°“√ √â“ß anti-CP antibody ®–‰¡à‡°‘¥ CP/gold/ anti-CP antibody complex ∑”„Àâ‰¡à¡’
°“√ – ¡¢Õß CP/gold ∑’Ë∫√‘‡«≥ test line ®÷ß —ß‡°μ‡ÀÁπ ’‡©æ“–∑’Ë∫√‘‡«≥ control line ‡∑à“π—Èπ [6] (√Ÿª∑’Ë 4)

√Ÿª∑’Ë 4 Õß§åª√–°Õ∫·≈–À≈—°°“√∑”ß“π¢Õß LFICS  ”À√—∫μ√«®·Õπμ‘∫Õ¥’„πÀ¡Ÿ∑’Ë‰¥â√—∫«—§´’π®“°‰«√— 
(A)  à«πª√–°Õ∫¢Õß™ÿ¥μ√«® (1) application pad (2) conjugate pad ∑’Ë¡’ à«πª√–°Õ∫¢Õß
‰«√—  μ‘¥©≈“°¥â«¬ AuNP (virus-AuNP) (3) nitrocellulose membrane ∑’Ë¡’ protein A μ√÷ß
Õ¬Ÿà∑’Ë test line (T) ·≈– anti-virus antibody μ√÷ß∑’Ë control line (C) ·≈– (4) absorbing pad
(B) °√≥’„ àμ—«Õ¬à“ß´’√—¡∑’Ëª≈Ÿ°¿Ÿ¡‘§ÿâ¡°—πμàÕ‰«√—  ·Õπμ‘∫Õ¥’∑’Ë®”‡æ“–μàÕ‰«√— „π´’√—¡®–®—∫°—∫
virus- AuNP ‡¡◊ËÕ‰À≈ºà“π test line ·Õπμ‘∫Õ¥’®–∂Ÿ°®—∫¥â«¬ protein A ·≈– – ¡‡ªìπ·∂∫ ’∑’Ë T
 à«π virus-AuNP  à«π‡°‘π®–‰À≈ºà“π·≈–∂Ÿ°®—∫¥â«¬ anti-virus antibody ∑’Ë control line (C)
°√≥’„ àμ—«Õ¬à“ß´’√—¡∑’Ë‰¡à¡’°“√ √â“ß·Õπμ‘∫Õ¥’μàÕ‰«√—  ·Õπμ‘∫Õ¥’ª°μ‘®–‰¡à “¡“√∂®—∫°—∫ virus-
AuNP ®÷ß‰¡à‡°‘¥·∂∫ ’∑’Ë test line ·μà®–‰À≈ºà“π·≈–∂Ÿ°®—∫¥â«¬ anti-virus antibody ∑’Ë control
line ∑”„Àâ‡°‘¥·∂∫ ’∑’Ë C ‡∑à“π—Èπ

°“√„™â LFICS  ”À√—∫μ√«® nucleic acid
„πÀ≈“¬°√≥’¢Õß‰«√—  ·∫§∑’‡√’¬ ·≈– ‘Ëß¡’™’«‘μ™π‘¥μà“ßÊ ‚¡‡≈°ÿ≈∑’Ë‡ªìπÕß§åª√–°Õ∫„π

μ—«Õ¬à“ß¡’§«“¡‡¢â¡¢âπ¢Õß “√μË”°«à“√–¥—∫ LOD ¢Õß LFICS ·μà‡π◊ËÕß®“° ‘Ëß¡’™’«‘μ‡À≈à“π’È¡’ nucleic acid
‡ªìπÕß§åª√–°Õ∫®÷ß “¡“√∂„™âªØ‘°‘√‘¬“ polymerase chain reaction (PCR) ‡æ◊ËÕ‡æ‘Ë¡ª√‘¡“≥¢Õß nucleic
acid ∑’Ë®”‡æ“–‡ªìπ≈â“πÊ ‡∑à“ ¥—ßπ—Èπ„π°√≥’π’È®÷ß®”‡ªìπμâÕß¡’¢—ÈπμÕπ°“√∑” PCR °àÕππ”¡“μ√«®°—∫ LFCIS
∑”„Àâ∑√“∫º≈Õ¬à“ß√«¥‡√Á«¿“¬À≈—ß®“°°“√∑”ªØ‘°‘√‘¬“ PCR
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„π°“√‡μ√’¬¡μ—«Õ¬à“ß nucleic acid ∑’ËμâÕß°“√¢Õß ‘Ëß¡’™’«‘μμà“ßÊ ‡À≈à“π’È  “¡“√∂π”¡“¢¬“¬
®”π«π¥â«¬‡∑§π‘§ PCR μ“¡«‘∏’¡“μ√∞“π ‚¥¬„™â primer ∑’Ëμ‘¥©≈“°¥â«¬ biotin ·≈– primer Õ’°¥â“π∑’Ë
μ‘¥©≈“°¥â«¬ fluorescein isothiocyanate (FITC) À√◊Õ digoxygenin (dig) Õ¬à“ß„¥Õ¬à“ßÀπ÷Ëß ´÷Ëß¿“¬
À≈—ß®“°ªØ‘°‘√‘¬“ PCR ‡ √Á® ‘Èπ PCR product ∑’Ë‰¥â®–∂Ÿ°μ‘¥©≈“°¥â«¬ biotin ·≈– FITC ·≈–‡¡◊ËÕπ”¡“
μ√«®¥â«¬ LFICS  à«π¢Õß conjugate pad ¢Õß™ÿ¥μ√«®®–¡’ avidin (À√◊Õ streptavidin) gold conjugate
(AV/gold) ·≈– à«π¢Õß nitrocellulose membrane ®–¡’ anti-FITC antibody ∑’Ë∫√‘‡«≥ test line ·≈–¡’
biotin ∑’Ë∫√‘‡«≥ control line „π conjugate pad  à«π¢Õß biotin „π PCR product ®–∂Ÿ°®—∫‚¥¬ AV/gold
·≈–‡¡◊ËÕ “√≈–≈“¬‰À≈ºà“π∂÷ß∫√‘‡«≥ test line  à«π¢Õß FITC ®–∂Ÿ°®—∫‚¥¬ anti-FITC antibody ∑”„Àâ
‡°‘¥ ’¢÷Èπ∑’Ë∫√‘‡«≥ test line  ”À√—∫ AV/gold  à«π‡°‘π®–®—∫°—∫ biotin (avidin ¡’ 4 binding site) ∑”„Àâ
‡°‘¥ ’¢÷Èπ∑’Ë∫√‘‡«≥ control line ¥—ßπ—Èπ„πμ—«Õ¬à“ß nucleic acid ∑’Ë‰¡à¡’ nucleotide sequence ∑’ËμâÕß°“√®–
‰¡à‡°‘¥º≈º≈‘μ‡ªÑ“À¡“¬®÷ß‰¡à¡’°“√‡™◊ËÕ¡μàÕ√–À«à“ß biotin ·≈– FITC ¥—ßπ—Èπ‡¡◊ËÕπ”¡“μ√«®‚¥¬ LFICS ®–
‡°‘¥ ’¢÷Èπ∑’Ë∫√‘‡«≥ control line ‡∑à“π—Èπ √Ÿª∑’Ë 5

 ”À√—∫μ—«Õ¬à“ß¢Õß°“√„™â LFICS-PCR „π°“√μ√«®À“ Cryptosporidium parvum ∑”‚¥¬
°“√μ‘¥©≈“° forward ·≈– reverse primer ¥â«¬ biotin ·≈– FITC ∑’Ë„™â„πªØ‘°‘√‘¬“ PCR ®“°π—Èπ®÷ß
μ√«®«—¥ PCR product ‚¥¬„™â immobilized anti-FITC antibody ·≈– streptavidin ∑’Ëμ‘¥Õ¬Ÿà°—∫ coloured
latex microparticle [7] μàÕ¡“„πªï‡¥’¬«°—π‰¥â¡’°“√„™â‡∑§π‘§ LFICS „π°“√μ√«®À“ Staphylococcus aureus
‚¥¬¡’°“√„™â immobilized streptavidin ·≈– anti-fluorescein antibody ∑’Ëμ‘¥©≈“°¥â«¬ AuNP [8] °“√
‡æ‘Ë¡®”π«π nucleic acid Õ“®‡æ‘Ë¡‚¥¬«‘∏’ PCR, nested PCR À√◊Õ looped mediated isothermal ampli-
fication (LAMP) ¥—ßμ—«Õ¬à“ß„πμ“√“ß∑’Ë 2
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√Ÿª∑’Ë 5  Õß§åª√–°Õ∫·≈–À≈—°°“√∑”ß“π¢Õß PCR-LFICS  ”À√—∫°√≥’π’È∑”°“√‡æ‘Ë¡ª√‘¡“≥ nucleic acid
¥â«¬«‘∏’ PCR ‚¥¬„™â primers ∑’Ë®”‡æ“–μàÕ¬’π‡ªÑ“À¡“¬ ‚¥¬ primers ª≈“¬¥â“πÀπ÷Ëßμ‘¥©≈“°¥â«¬
FITC ·≈–Õ’°¥â“πμ‘¥©≈“°¥â«¬ biotin À“°„πμ—«Õ¬à“ß¡’¬’π‡ªÑ“À¡“¬ ®–‰¥â PCR product ∑’Ë¡’
FITC ·≈– biotin μ‘¥Õ¬Ÿà (A)  à«πª√–°Õ∫¢Õß™ÿ¥μ√«® (1) application pad (2) conjugate pad
∑’Ë¡’ avidin μ‘¥©≈“°¥â«¬ AuNP (3) nitrocellulose membrane ∑’Ë¡’ anti-FITC antibody μ√÷ß
Õ¬Ÿà∑’Ë test line (T) ·≈– Biotin-BSA μ√÷ß∑’Ë control line (C) ·≈– (4) absorbing pad (B) °√≥’
„ àμ—«Õ¬à“ß PCR product (+) ≈ß„π application pad ·≈–‰À≈ºà“π conjugate pad  à«π¢Õß
biotin ®–∂Ÿ°®—∫‚¥¬ avidin ·≈–‡¡◊ËÕ‡¢â“ Ÿà test line  à«π¢Õß FITC ®–∂Ÿ° anti-FITC antibody
®—∫‡°‘¥‡ªìπ·∂∫ ’∑’Ë test line  à«π avidin-AuNP  à«π‡°‘π®–‰À≈ºà“π·≈–∂Ÿ°®—∫‚¥¬ Biotin-BSA
∑’Ë control line ∑”„Àâ‡°‘¥·∂∫ ’∑’Ë T ·≈– C (C) °√≥’μ—«Õ¬à“ß‰¡à‡°‘¥ PCR product (-) avidin-
AuNP ®–®—∫°—∫ Biotin-BSA ∑’Ë control line ∑”„Àâ‡°‘¥·∂∫ ’∑’Ë C ‡∑à“π—Èπ
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μ“√“ß∑’Ë 2  LFICS ∑’Ë„™â AuNP „π°“√μ√«® “√

 ‘Ëß∑’ËμâÕß°“√μ√«®

Sandwich LFICS
- Carcinoembryonic antigen (CEA)
- Prostate specific antigen (PSA)
- Botulinum neurotoxin B and D
- Ricin
- Staphylococcal enterotoxin
- Influenza
- Rabies virus
- White spot syndrome virus (WSSV)
- Yellow head virus (YHV)
- Infectious myonecrosis virus (IMNV)
- Monodon baculovirus (MBV)
- Vibrio cholera O1
- Vibrio cholera O139
- Escherichia coli O157
- Staphylococcus aureus
- Salmonella Typhimurium
Competitive LFICS
- Aflatoxin B1
- 17-α-hydroxy progesterone
- Chloramphenical
LFICS for Antibody Detection
- Swine fever virus
- Rabies
- Leishmania donovani
- HIV
- Mycobacterium tuberculosis
Nucleic acid LFICS
- Cryptosporidium parvum
- Vibrio parahaemolyticus
- Vibrio vulnificus

LOD

5 ng/ml
1 ng/ml

50 ng/ml, 50 pg/ml
25 ng/ml
0.2 ng/ml

2.9 x 106copies/ml
0.2 IU/ml

5 x 104 copies
-

5 x 106 copies
-

106 CFU/ml
104 CFU/ml

1.14 x 103 CFU/ml
10 CFU/ml
104 CFU/ml

0.03 ng/ml
2.5 ug/l
1 ug/l

-
-
-
-
-

1 oocyst/l
1.8 x 103 CFU/g
1.2 x 104 CFU/g

Õâ“ßÕ‘ß

[33]
[34]

[35, 36]
[37]
[38]
[39]
[40]
[41]
[42]
[43]
[44]
[45]
[46]
[47]
[48]
[49]

[4]
[5]
[50]

[6]
[51]
[52]
[53]
[54]

[7]
[55]
[56]
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°“√‡æ‘Ë¡ —≠≠“≥‚¥¬°“√ª√—∫ª√ÿß NPAu-LFICS
∂÷ß·¡â NPAu ®–‡ªìπ∑’Ëπ‘¬¡·æ√àÀ≈“¬„π°“√æ—≤π“ LFICS √Ÿª·∫∫μà“ßÊ ¢â“ßμâπ°Áμ“¡ ·μà‚¥¬

∑—Ë«‰ª°“√„™â LFICS „π°“√μ√«® “√μà“ßÊ ∑’Ë‰¡à„™à nucleic acid ¡—°¡’¢âÕ®”°—¥„π·ßà§«“¡‰«§àÕπ¢â“ßμË” ‡π◊ËÕß®“°
‡ªìπ°“√μ√«® ’¢Õß NPAu ‚¥¬μ√ß´÷Ëß¡’ ’™¡æŸÕàÕπ‡¡◊ËÕ¡’ “√ª√‘¡“≥πâÕ¬ °“√„™â‡§√◊ËÕßÕà“π (strip reader)
‡æ◊ËÕ‡ª≈’Ë¬π‡ªìπ§à“ optical density (OD) ™à«¬„Àâ°“√·ª≈º≈ ·≈–°“√«—¥‡™‘ßª√‘¡“≥∑”‰¥â·¡àπ¬”¢÷Èπ°«à“
°“√ª√–¡“≥¥â«¬μ“ ·μàÕ¬à“ß‰√°Áμ“¡§à“ OD ¢Õß test line (ODT) ·≈– control line (ODC) ‰¡à‰¥â¢÷Èπ
°—∫§«“¡‡¢â¡¢âπ¢Õß “√∑’ËμâÕß°“√μ√«®‡∑à“π—Èπ ·μà¬—ß¢÷Èπ°—∫ ‡«≈“∑’Ë∑”ªØ‘°‘√‘¬“ Õÿ≥À¿Ÿ¡‘  ¿“æ∑“ß°“¬¿“æ
¢Õßμ—«Õ¬à“ß ·≈–§«“¡·ª√ª√«π√–À«à“ß™ÿ¥μ√«®·μà≈–™‘Èπ¥â«¬ ´÷Ëß°“√„™â§à“Õ—μ√“ à«π√–À«à“ß OD ¢Õß test
line †·≈– control line (ODT/ODC)  “¡“√∂™à«¬„Àâ°“√«—¥‡™‘ßª√‘¡“≥∑”‰¥â·¡àπ¬”¢÷Èπ [9] ·μàÕ¬à“ß‰√
°Áμ“¡ LFICS °Á¡’¢’¥®”°—¥ ‡π◊ËÕß®“°·√ß®—∫¢Õß·Õπμ‘∫Õ¥’‡ªìπÕÿª √√§∑’Ë ”§—≠∑’Ë∑”„Àâ°“√æ—≤π“ LFICS ‰¡à
 “¡“√∂¡’§«“¡‰« Ÿßμ“¡∑’ËμâÕß°“√‰¥â §«“¡æ¬“¬“¡∑’Ë®–ª√—∫ LFICS „Àâ¡’§«“¡‰« Ÿß¢÷Èπ “¡“√∂∑”‰¥â‚¥¬
°“√‡æ‘Ë¡ —≠≠“≥‚¥¬„™â·Õπμ‘∫Õ¥’μ‘¥©≈“°¥â«¬Õπÿ¿“§π“‚π∑Õß§” 2 ™π‘¥ ™π‘¥·√°®”‡æ“–μàÕ·Õπμ‘‡®π
(E. coli O157:H7) ·≈–™π‘¥∑’Ë Õß®”‡æ“–μàÕ·Õπμ‘∫Õ¥’™π‘¥·√° ´÷Ëß “¡“√∂‡æ‘Ë¡§«“¡‰«„π°“√μ√«®¡“°
°«à“«‘∏’ª°μ‘ 10 ‡∑à“ [10]  ”À√—∫°“√‡æ‘Ë¡ —≠≠“≥‚¥¬„™â‡°≈◊Õ¢Õß‡ß‘π (silver salt) √à«¡°—∫ reducing agent
∑”„Àâ‡°‘¥°“√ – ¡¢Õß‡ß‘π∑—∫∫√‘‡«≥∑’Ë¡’Õπÿ¿“§π“‚π∑Õß§” – ¡Õ¬Ÿà  “¡“√∂‡æ‘Ë¡§«“¡‰«‰¥â Ÿß∂÷ß 100
‡∑à“ [11, 12]  à«π°“√‡æ‘Ë¡ —≠≠“≥‚¥¬„™â‡Õπ‰´¡å ‡™àπ horseradish peroxidase ‡™◊ËÕ¡μàÕ°—∫·Õπμ‘∫Õ¥’
™ÿ¥·√°„π conjugate pad ‡¡◊ËÕ„ à substrate ·≈– chromogen ™π‘¥μà“ßÊ  “¡“√∂‡æ‘Ë¡§«“¡‰«„π°“√μ√«®
‰¥â‡∑à“μ—« [13]

°“√‡æ‘Ë¡ —≠≠“≥‚¥¬„™âμ—«√“¬ß“πº≈ (reportor) ™π‘¥μà“ßÊ ·∑π AuNP
Carbon nanotube (CNT) ·≈– carbon nanoparticle (CNP)
°“√∑¥≈Õß„™â CNT ·≈– CNP ·∑π°“√„™â NPAu ‡π◊ËÕß®“° “√∑—Èß Õß√Ÿª·∫∫π’È  “¡“√∂

‡™◊ËÕ¡μàÕ‰¥âßà“¬°—∫ “√μà“ßÊ ∑’Ë„™âμ√«® ¡’§«“¡§ßμ—« Ÿß·≈–„Àâ ’¥” ÷́Ëß‡ÀÁπ™—¥‡®π∫πæ◊Èπ¢“«¢Õß nitrocellulose
membrane √“¬ß“π°“√æ—≤π“ LFICS ‚¥¬„™â CNT ·≈– CNP ¡’∑—Èß√Ÿª·∫∫ sandwich [14, 15] ·≈–
competitive [16-19] ´÷Ëß‚¥¬∑—Ë«‰ª§«“¡‰«¢Õß™ÿ¥μ√«®∑’Ë‰¥â¡’§«“¡‰«„π√–¥—∫„°≈â‡§’¬ß°—∫ AuNP

Quantum dot (QD)
Quantum dot ‡ªìπ semiconductor nanoparticle ÷́Ëß “¡“√∂‡ª≈àß· ß ’ (§≈◊Ëπ§«“¡∂’Ë) μà“ßÊ

‡¡◊ËÕ‰¥â√—∫· ßÀ√◊Õ°√–· ‰øøÑ“ ‚¥¬°“√ª√—∫¢π“¥À√◊Õ√Ÿª√à“ß ‡π◊ËÕß®“°· ß∑’Ë„Àâ¡’™à«ß·§∫·≈–§«“¡‡¢â¡ Ÿß
®÷ß∑”„Àâ§«“¡‰«„π°“√μ√«® Õ∫ Ÿß ·≈– “¡“√∂„™â«—¥‡™‘ßª√‘¡“≥‰¥â‚¥¬„™â strip reader πÕ°®“°π’È QD ¬—ß
ª√–°Õ∫¥â«¬ amino group ·≈– carboxylic group ®”π«π¡“° ®÷ß “¡“√∂‡™◊ËÕ¡μàÕ‰¥âßà“¬°—∫ “√μà“ßÊ ∑’Ë
„™âμ√«® ‚¥¬¡’√“¬ß“π°“√æ—≤π“ LFICS ∑—Èß√Ÿª·∫∫ sandwich LFICS [20, 21] ·≈– competitive LFICS
[22-24]
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®“°°“√∑’Ë QD  “¡“√∂„Àâ· ß ’μà“ßÊ ·≈–¡’¢π“¥‡≈Á° ®÷ß “¡“√∂æ—≤π“‡ªìπ™ÿ¥μ√«®∑’Ë “¡“√∂
„™âμ√«® “√À≈“¬™π‘¥‰¥â„π™ÿ¥μ√«®‡¥’¬«°—π ‡™àπ ™ÿ¥ competitive LFICS  ”À√—∫μ√«®¬“ªØ‘™’«π– 3 ™π‘¥
[25] À√◊Õ™ÿ¥ sandwich LFICS  ”À√—∫μ√«®‡§√◊ËÕßÀ¡“¬¡–‡√Áß 2 ™π‘¥ §◊Õ alpha fetoprotein (AFP)
·≈– carcinoembryonic antigen (CEA) [26] ‡ªìπμâπ

Magnetic nanoparticle (MNP)
Magnetic nanomaterial (Õπÿ¿“§·¡à‡À≈Á°π“‚π) ‡ªìπ«— ¥ÿ·¡à‡À≈Á°∑’Ë‡√‘Ë¡π”¡“„™â„π°“√ª√–°Õ∫

LFICS ·∑π°“√„™â optical LFICS ‡π◊ËÕß®“° “¡“√∂«—¥ —≠≠“≥·¡à‡À≈Á°‰¥â∑—ÈßÀ¡¥ ´÷Ëßμà“ß®“°°√≥’¢Õß
optical LFICS  ’À√◊Õ· ß ®“° “√∑’Ë test line ·≈– control line  “¡“√∂μ√«®‰¥â‡©æ“–∫√‘‡«≥º‘«≈÷°≈ß
‰ªª√–¡“≥ 10 ‰¡‚§√‡¡μ√ ®“°§«“¡Àπ“¢Õß‡¡¡‡∫√π´÷ËßÀπ“¡“°°«à“ 100 ‰¡‚§√‡¡μ√ [27] ¥—ßπ—Èπ®÷ß
 “¡“√∂«—¥„π‡™‘ßª√‘¡“≥‰¥â‚¥¬„™â magnetic signal reader ∑’Ë¡’§«“¡‰« Ÿß ‡π◊ËÕß®“°ª√“»®“° —≠≠“≥
√∫°«π®“°μ—«Õ¬à“ß ¡’√“¬ß“π°“√æ—≤π“‚¥¬„™â MNP „π°“√μ√«® “√μà“ßÊ ∑—Èß·∫∫ sandwich LFICS
·≈– competitive LFICS

Õπÿ¿“§π“‚π™π‘¥Õ◊ËπÊ
√“¬ß“π°“√„™âÕπÿ¿“§π“‚π™π‘¥Õ◊ËπÊ „π°“√æ—≤π“ LFICS ‡™àπ colloidal selenium nanoparticle

[28, 29] enzyme [30]  “√‡√◊Õß· ßμà“ßÊ [31, 32] ÷́Ëß‚¥¬∑—Ë«‰ª “√‡À≈à“π’È‰¡à¡’¢âÕ‰¥â‡ª√’¬∫°«à“°“√„™â
AuNP ¡“°π—°

 √ÿª
LFICS ∑—Èß 3 √Ÿª·∫∫∑’Ë¡’ AuNP ‡ªìπμ—«· ¥ßº≈ ¬—ß‡ªìπ√Ÿª·∫∫À≈—°∑’Ë¡’°“√æ—≤π“ ”À√—∫„™â

μ√«®À“ “√™π‘¥μà“ßÊ Õ¬à“ß°«â“ß¢«“ß ∑—Èß„π∑“ß°“√·æ∑¬å ·≈–¥â“πμà“ßÊ ‡π◊ËÕß®“°¡’¢âÕ¥’À≈“¬ª√–°“√
‰¥â·°à √“§“∂Ÿ° ∑√“∫º≈√«¥‡√Á« ™ÿ¥μ√«®¡’¢π“¥‡≈Á° ·≈–‰¡à®”‡ªìπμâÕß„™â‡§√◊ËÕß¡◊Õ∑’Ë´—∫´âÕπÀ√◊ÕºŸâ™”π“≠
·μàÕ¬à“ß‰√°Áμ“¡ LFICS ¬—ß¡’¢âÕ¥âÕ¬∑’ËμâÕßª√—∫ª√ÿß‚¥¬‡©æ“–‡√◊ËÕß§«“¡‰« À√◊Õ§à“ LOD ·≈–°“√μ√«®«—¥
‡™‘ßª√‘¡“≥ à«π„À≠à„Àâ¢âÕ¡Ÿ≈‡™‘ß§ÿ≥¿“æ (¡’/‰¡à¡’) ‡∑à“π—Èπ °“√ª√—∫ª√ÿß„Àâ LFICS ¡’§«“¡‰« Ÿß¢÷Èπ‚¥¬„™â
strip reader À√◊Õ‡ √‘¡¥â«¬°“√«‘∏’°“√μà“ßÊ À√◊Õ„™â “√μà“ßÊ ·∑π AuNP π—Èπ à«π„À≠à¬—ß‰¡à –¥«°·≈–
‰¡à‡ªìπ∑’Ë·æ√àÀ≈“¬ ”À√—∫∫ÿ§§≈∑—Ë«‰ª À√◊Õæ°æ“‰ª„™âπÕ°ÀâÕßªØ‘∫—μ‘°“√ (point of care) ªí®®ÿ∫—π‡√‘Ë¡¡’
·π«‚πâ¡∑’Ë®– “¡“√∂ª√—∫ª√ÿß‚∑√»—æ∑å‡§≈◊ËÕπ∑’Ë„Àâ‡ªìπ strip reader ‚¥¬°“√∂à“¬¿“æ · ¥ßº≈ ‡°Á∫¢âÕ¡Ÿ≈
·≈–¡’√–∫∫§¡π“§¡∑’Ë “¡“√∂‡™◊ËÕ¡μàÕ°—∫»Ÿπ¬å√«∫√«¡¢âÕ¡Ÿ≈·≈–·ª≈º≈ [59] ´÷Ëß®–¡’º≈„Àâ∫ÿ§§≈∑—Ë«‰ª
 “¡“√∂„™â LFICS  ”À√—∫μ√«® “√μà“ßÊ ∑’Ë¡’ª√– ‘∑∏‘¿“æ Ÿß·≈–·æ√àÀ≈“¬¡“°¬‘Ëß¢÷Èπ
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