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∫∑§—¥¬àÕ  ”√«®ª√‘¡“≥ “√‡§¡’°≈ÿà¡‡∫µâ“Õ–‚°π‘ µåµ°§â“ß„π‡π◊ÈÕÀ¡Ÿ∑’Ë®”Àπà“¬„π‡¢µ¿“§°≈“ß·≈–°√ÿß‡∑æ¡À“π§√
√–À«à“ß æ.». 2548-2549 ‚¥¬«‘∏’ Enzyme linked immunosorbent assay (ELISA) ´÷Ëß‰¥âª√—∫ª√ÿß«‘∏’‚¥¬‡æ‘Ë¡¢—ÈπµÕπ
∑”„Àâ∫√‘ ÿ∑∏‘Ï ·≈–∑”°“√∑«π Õ∫§«“¡∂Ÿ°µâÕß«‘∏’ «‘∏’¥—ß°≈à“«¡’§«“¡·¡àπ §«“¡‡∑’Ë¬ß ·≈–§à“§«“¡‰¡à·πàπÕπ¢Õß°“√«—¥∑’Ë
¬Õ¡√—∫‰¥â·≈–‡À¡“– ¡°—∫«—µ∂ÿª√– ß§å º≈°“√ ”√«®‡π◊ÈÕÀ¡Ÿ ®”π«π 1,932 µ—«Õ¬à“ß µ√«®æ∫ “√‡§¡’°≈ÿà¡
‡∫µâ“Õ–‚°π‘ µåµ°§â“ß ®”π«π 240 µ—«Õ¬à“ß §‘¥‡ªìπ√âÕ¬≈– 12.4 ª√‘¡“≥∑’Ëµ√«®æ∫Õ¬Ÿà√–À«à“ß 1.0-26.5 ‰¡‚§√°√—¡µàÕ
°‘‚≈°√—¡ §à“‡©≈’Ë¬·≈–§à“¡—∏¬∞“π‡∑à“°—∫ 2.7 ·≈– 2.1 ‰¡‚§√°√—¡µàÕ°‘‚≈°√—¡ µ“¡≈”¥—∫ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫
§à“‡©≈’Ë¬ª√‘¡“≥∑’Ëµ√«®æ∫¢Õßªï æ.». 2548 °—∫ªï æ.». 2549 æ∫«à“§à“‡©≈’Ë¬≈¥≈ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (p<0.01)
´÷Ëß‡ªìπ§«“¡ ”‡√Á®¢Õßπ‚¬∫“¬√≥√ß§å°“√‡≈‘°„™â “√‡§¡’°≈ÿà¡π’È¢Õß√—∞∫“≈ ∑’Ë¥”‡π‘π°“√‚¥¬°√–∑√«ß “∏“√≥ ÿ¢√à«¡°—∫

°√–∑√«ß‡°…µ√·≈– À°√≥å

°“√ ”√«®ª√‘¡“≥ “√‡§¡’°≈ÿà¡‡∫µâ“Õ–‚°π‘ µåµ°§â“ß„π‡π◊ÈÕÀ¡Ÿ

‚¥¬«‘∏’ Enzyme Linked Immunosorbent Assay, æ.». 2548 - 2549

‡©≈‘¡æ√ §«√À“ ≈—¥¥“ ·°â«°≈â“ªí≠≠“‡®√‘≠ ·≈–°π°æ√ Õ∏‘ ÿ¢

 ”π—°§ÿ≥¿“æ·≈–§«“¡ª≈Õ¥¿—¬Õ“À“√ °√¡«‘∑¬“»“ µ√å°“√·æ∑¬å ∂ππµ‘«“ππ∑å ππ∑∫ÿ√’ 11000

∫∑π”

 “√‡§¡’°≈ÿà¡‡∫µâ“Õ–‚°π‘ µå (Beta-

agonists) ‡™àπ ‡§≈π∫‘«‡∑Õ√Õ≈ (clenbuterol) ·≈–

´“≈∫‘«∑“¡Õ≈ (salbutamol) ¡’ƒ∑∏‘Ï¢¬“¬À≈Õ¥≈¡

·µà¡’ºŸâπ”‰ª„™â„π∑“ßº‘¥°ÆÀ¡“¬‡æ◊ËÕ‡æ‘Ë¡ª√‘¡“≥

‡π◊ÈÕ·¥ß·≈–≈¥‰¢¡—π‡¡◊ËÕπ”‰ª„™âº ¡Õ“À“√‡≈’È¬ß

 —µ«å ‡√‘Ë¡æ∫ªí≠À“µ—Èß·µà æ.». 2533 „πª√–‡∑»

 ‡ªπ·≈–Ω√—Ëß‡»  ‡¡◊ËÕºŸâ∫√‘‚¿§‰¥â√—∫æ‘…®“° “√

µ°§â“ß¢Õß clenbuterol ‡°‘¥Õ“°“√„® —Ëπ °≈â“¡‡π◊ÈÕ —Ëπ

ª«¥°≈â“¡‡π◊ÈÕ·≈–ª«¥»’√…– (1)  æ.». 2535 °√¡

«‘∑¬“»“ µ√å°“√·æ∑¬å‰¥â»÷°…“ª√‘¡“≥ clenbuterol

µ°§â“ß„π‡π◊ÈÕÀ¡Ÿ·≈–µ—∫À¡Ÿ ®”π«π 42 µ—«Õ¬à“ß

‚¥¬«‘∏’ HPLC ÷́Ëß¡’§à“ Limit of Detection (LOD)

‡∑à“°—∫ 0.4 ¡‘≈≈‘°√—¡µàÕ°‘‚≈°√—¡ º≈µ√«®‰¡àæ∫

°“√µ°§â“ß∑ÿ°µ—«Õ¬à“ß(2) À≈—ß®“°¡’°“√§«∫§ÿ¡

°“√π”‡¢â“ “√¥—ß°≈à“«Õ¬à“ß‡¢â¡ß«¥ ∑”„Àâ‰¡àæ∫«à“

¡’°“√π”°≈—∫¡“„™âÕ’° ·µàæ∫«à“¡’°“√‡ª≈’Ë¬π‰ª„™â

salbutamol ·∑π „πªï æ.». 2541 ·≈– 2544

¡’√“¬ß“π°“√µ√«®æ∫ “√ salbutamol µ°§â“ß„π

‡π◊ÈÕÀ¡Ÿ·™à·¢Áß∑’ËŒàÕß°ßπ”‡¢â“®“°ª√–‡∑»‰∑¬  ∑”„Àâ

ŒàÕß°ßÀâ“¡π”‡¢â“‡π◊ÈÕÀ¡Ÿ·™à·¢Áß¢Õß‰∑¬(1) „π

æ.». 2543 °√¡«‘∑¬“»“ µ√å°“√·æ∑¬å‰¥â»÷°…“

«‘∏’«‘‡§√“–Àå salbutamol „π ‡π◊ÈÕ µ—∫ ·≈–‰µÀ¡Ÿ ‚¥¬

«‘∏’ HPLC  “¡“√∂«‘‡§√“–Àå‰¥â§à“µË”°«à“‡¥‘¡ §◊Õ

¡’§à“ LOD  ”À√—∫‡π◊ÈÕÀ¡Ÿ‡∑à“°—∫ 0.003 ¡‘≈≈‘°√—¡

µàÕ°‘‚≈°√—¡  à«πµ—∫·≈–‰µÀ¡Ÿ‡∑à“°—∫ 0.006

¡‘≈≈‘°√—¡µàÕ°‘‚≈°√—¡

æ.». 2546 °√–∑√«ß “∏“√≥ ÿ¢ ‰¥âÕÕ°

ª√–°“»°√–∑√«ß œ ©∫—∫∑’Ë 269 ‡√◊ËÕß¡“µ√∞“π

Õ“À“√∑’Ë¡’°“√ªπ‡ªóôÕπ “√‡§¡’°≈ÿà¡‡∫µâ“Õ–‚°π‘ µå(4)

°”Àπ¥„ÀâÕ“À“√∑ÿ°™π‘¥¡’¡“µ√∞“π‚¥¬µ√«®‰¡à

æ∫°“√ªπ‡ªóôÕπ¢Õß “√°≈ÿà¡π’È ·≈– ”π—°ß“π§≥–

°√√¡°“√Õ“À“√·≈–¬“ ‰¥âÕÕ°ª√–°“»‡√◊ËÕß
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À≈—°‡°≥±å ‡ß◊ËÕπ‰¢ ·≈–«‘∏’°“√µ√«®«‘‡§√“–Àå
°”Àπ¥«à“µâÕß„™â«‘∏’µ√«®·≈–ÀâÕßªØ‘∫—µ‘°“√∑’Ë¡’
§«“¡ “¡“√∂„π°“√µ√«®æ∫ “√°≈ÿà¡π’È‰¥âÕ¬à“ß
πâÕ¬µË”°«à“ 1.0 ‰¡‚§√°√—¡µàÕ°‘‚≈°√—¡(5)  ¥—ßπ—Èπ
 ”π—°§ÿ≥¿“æ·≈–§«“¡ª≈Õ¥¿—¬Õ“À“√ ®÷ß‰¥â
»÷°…“«‘∏’ Enzyme linked immunosorbent assay
(ELISA) ¢Õß Euro-Diagnostica B.V. ¡“„™â
µ√«®«‘‡§√“–Àå ‡æ√“–‡ªìπ‡∑§π‘§∑’Ë –¥«° √«¥‡√Á«
 “¡“√∂«‘‡§√“–Àåµ—«Õ¬à“ß‰¥â§√—Èß≈–¡“°Ê (high
through-put) ¡’§«“¡®”‡æ“–·≈–§«“¡‰« Ÿß‚¥¬§à“
LOD ‡∑à“°—∫ 0.5 ‰¡‚§√°√—¡µàÕ°‘‚≈°√—¡ ·µà«‘∏’
µ√«®«‘‡§√“–Àå‚¥¬‡∑§π‘§π’È¬—ß∂◊Õ«à“‡ªìπ‡æ’¬ß
°“√µ√«®‡∫◊ÈÕßµâπ (screening test) ‡∑à“π—Èπ À“°
µâÕß°“√π”º≈«‘ ‡§√“–Àå‰ª„™â¥”‡π‘π°“√µ“¡
°ÆÀ¡“¬ ®”‡ªìπµâÕßµ√«®¬◊π¬—π¥â«¬‡∑§π‘§Õ◊Ëπ

∫∑§«“¡π’Èπ”‡ πÕ«‘∏’«‘‡§√“–Àå “√°≈ÿà¡
‡∫µâ“Õ–‚°π‘ µå‚¥¬‡∑§π‘§ ELISA ∑’Ë‰¥âª√—∫ª√ÿß
¢—ÈπµÕπ°“√ °—¥‚¥¬‡æ‘Ë¡¢—ÈπµÕπ°“√∑”„Àâ∫√‘ ÿ∑∏‘Ï
¥â«¬ solid phase extraction (SPE) ´÷Ëß‰¥â¡’°“√
∑«π Õ∫§«“¡∂Ÿ°µâÕß ·≈–°“√ª√–¡“≥§à“§«“¡
‰¡à·πàπÕπ¢Õß«‘∏’·≈â« æ√âÕ¡∑—Èßº≈°“√ ”√«®‡π◊ÈÕ
À¡Ÿ∑’Ë®”Àπà“¬„π¿“§°≈“ß·≈–°√ÿß‡∑æ¡À“π§√ √«¡
12 ®—ßÀ«—¥ ¢âÕ¡Ÿ≈º≈°“√«‘‡§√“–Àå∑’Ë‰¥âπ”‰ª„™â„π
°“√æ‘®“√≥“„Àâ°“√√—∫√ÕßªÑ“¬∑ÕßÕ“À“√ª≈Õ¥¿—¬
·≈–§ÿâ¡§√ÕßºŸâ∫√‘‚¿§

«— ¥ÿ·≈–«‘∏’°“√

«— ¥ÿ

 “√¡“µ√∞“π

 “√ clenbuterol, minimum 95%, Sigma
Chemical Co.

 “√‡§¡’

Calcium chloride AR, disodium hydrogen
phosphate AR, hydrochloric acid AR, isobutyl
alcohol AR, methanol HPLC grade, potassium

chloride AR, potassium dihydrogen phosphate
AR, pronase E, sodium chloride AR, sodium
dihydrogen phosphate AR, sodium hydroxide
AR, trizma base, Tween 20  ·≈– Water Oasis
HLB extraction cartridges 3 cc/60 mg

‡§√◊ËÕß¡◊Õ

‡§√◊ËÕß∫¥‡π◊ÈÕ, ‡§√◊ËÕß™—Ëß 3 µ”·Àπàß,
automated strip washer (BIO-TEX ELx50),
autopipet 10-100 ‰¡‚§√≈‘µ√, 100-1000
‰¡‚§√≈‘µ√·≈– 10-200 ‰¡‚§√≈‘µ√, centrifuge,
microplate reader (BIO-TEX ELx808 IU),
multichannel pipet (8/12 channel) 10-200
‰¡‚§√≈‘µ√, SPE vacuum manifold, vortex mixer
·≈– water bath Õÿ≥À¿Ÿ¡‘ 55 Õß»“‡´≈‡´’¬ 

™ÿ¥µ√«® bbbbb-agonists-EIA (Euro-Diagnostica

B.V.)

Concentrated rinsing buffer, dilution buffer,
lyophillised antibody, lyophillised conjugate,
microtiter plate, zero standard solution, standard
salbutamol solution 0.062, 0.125, 0.25, 0.5,
1.0, 2.0 ·≈– 100 π“‚π°√—¡µàÕ¡‘≈≈‘≈‘µ√,  substrate
solution ·≈– stopping solution (™ÿ¥µ√«®µâÕß
‡°Á∫„πµŸâ‡¬ÁπÕÿ≥À¿Ÿ¡‘ 2-8 Õß»“‡´≈‡´’¬ )

µ—«Õ¬à“ß‡π◊ÈÕÀ¡Ÿ

‡π◊ÈÕÀ¡Ÿ à«π –‚æ° πÈ”Àπ—°ª√–¡“≥ 300-
500 °√—¡ ‡°Á∫®“° 12 ®—ßÀ«—¥ §◊Õ °√ÿß‡∑æ¡À“π§√
ππ∑∫ÿ√’ ª∑ÿ¡∏“π’  ¡ÿ∑√ª√“°“√ Õ¬ÿ∏¬“ Õà“ß∑Õß
 ‘ßÀå∫ÿ√’  ÿæ√√≥∫ÿ√’ ≈æ∫ÿ√’ π§√π“¬° ™—¬π“∑ ·≈–
 √–∫ÿ√’ ‚¥¬ ”π—°ß“π§≥–°√√¡°“√Õ“À“√·≈–¬“
·≈– ”π—°ß“π “∏“√≥ ÿ¢®—ßÀ«—¥ „πªï æ.». 2548
®”π«π 1,213 µ—«Õ¬à“ß ·≈–ªï æ.». 2549 ®”π«π

719 µ—«Õ¬à“ß √«¡∑—Èß ‘Èπ 1,932 µ—«Õ¬à“ß
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 ”√«®ª√‘¡“≥ “√‡§¡’°≈ÿà¡‡∫µâ“Õ–‚°π‘ µåµ°§â“ß„π‡π◊ÈÕÀ¡Ÿ ‡©≈‘¡æ√  §«√À“ ·≈–§≥–

«‘∏’°“√

°“√‡µ√’¬¡µ—«Õ¬à“ß

π”‡π◊ÈÕÀ¡Ÿ¡“µ—¥ à«π∑’Ë‡ªìπ‰¢¡—π∑‘Èß‰ª À—Ëπ
‡ªìπ™‘Èπ‡≈Á°Ê ®“°π—Èπ∫¥„Àâ≈–‡Õ’¬¥¥â«¬‡§√◊ËÕß∫¥
‡π◊ÈÕ ™—Ëßµ—«Õ¬à“ß 1 °√—¡ „ à„π centrifuge tube
¢π“¥ 35 ¡‘≈≈‘≈‘µ√   à«π∑’Ë‡À≈◊Õ‡°Á∫‰«â‡ªìπ reserved
portion ∑’ËÕÿ≥À¿Ÿ¡‘ -18 Õß»“‡´≈‡´’¬ 

°“√∑«π Õ∫§«“¡∂Ÿ°µâÕß¢Õß«‘∏’

«‘‡§√“–Àå method blank ·≈– matrix blank,
linearity ¢Õß standard curve, spiked matrix ‚¥¬
‡µ‘¡ “√¡“µ√∞“π clenbuterol ·≈– salbutamol
‡æ◊ËÕ¬◊π¬—π§à“ LOD ·≈–∑¥ Õ∫§«“¡‡∑’Ë¬ß·≈–
§«“¡·¡àπ∑’Ë√–¥—∫ LOQ ·≈–∑’Ë 2.5 ‰¡‚§√°√—¡µàÕ
°‘‚≈°√—¡

°“√ °—¥

¥”‡π‘π°“√µ“¡«‘∏’„π§Ÿà¡◊Õ¢Õß™ÿ¥µ√«®
b-agonists-EIA(6) ¥—ßπ’È ≈–≈“¬ pronase E 1.25
¡‘≈≈‘°√—¡ ¥â«¬ tris buffer 4 ¡‘≈≈‘≈‘µ√ ‡µ‘¡≈ß„π
À≈Õ¥µ—«Õ¬à“ß∑’Ë‡µ√’¬¡‰«â·≈â«π”‰ª incubate „π
water bath π“π 16-18 ™—Ë«‚¡ß ‡¡◊ËÕ§√∫‡«≈“π”
À≈Õ¥µ—«Õ¬à“ß¡“ªíòπ¥â«¬ vortex mixer 30 π“∑’
·≈â« centrifuge ¥â«¬§«“¡‡√Á« 3,000 √Õ∫µàÕπ“∑’
π“π 10 π“∑’  ªî‡ªµ “√≈–≈“¬ à«π„  2 ¡‘≈≈‘≈‘µ√
≈ß„π centrifuge tube ¢π“¥ 20 ¡‘≈≈‘≈‘µ√ ª√—∫
pH „Àâ‰¥â 9.4 ±  0.2 ‚¥¬‡µ‘¡ 10 M NaOH ‡µ‘¡
isobutyl alcohol 4 ¡‘≈≈‘≈‘µ√ π”‰ªªíòπ¥â«¬ vortex
mixer 30 «‘π“∑’ µ—Èß∑‘Èß‰«â®π “√≈–≈“¬·¬°™—Èπ
ªî‡ªµ “√™—Èπ isobutyl alcohol 2 ¡‘≈≈‘≈‘µ√ „ à„π
vial ¢π“¥ 5  ¡‘≈≈‘≈‘µ√ ·≈â«π”‰ª√–‡À¬®π·Àâß¥â«¬
nitrogen evaporator ∑’ËÕÿ≥À¿Ÿ¡‘ 60 Õß»“‡´≈‡´’¬ 
≈–≈“¬ à«π∑’Ë‡À≈◊ÕÕ¬Ÿà¥â«¬πÈ”°≈—Ëπ 3 ¡‘≈≈‘≈‘µ√
π”‰ªªíòπ¥â«¬ vortex mixer 30 «‘π“∑’

°“√∑”„Àâ∫√‘ ÿ∑∏‘Ï

‡π◊ËÕß®“°æ∫ªí≠À“°“√√∫°«π®“° matrix
®÷ß‰¥â‡æ‘Ë¡¢—ÈπµÕππ’È®“°§Ÿà¡◊Õ¢Õß™ÿ¥µ√«®‡æ◊ËÕ„Àâ
µ—«Õ¬à“ß∫√‘ ÿ∑∏‘Ï¢÷Èπ π” “√ °—¥∑’Ë‰¥âºà“π≈ß„π
Oasis SPE ∑’Ë≈â“ß‰«â°àÕπ¥â«¬ MeOH 2 ¡‘≈≈‘≈‘µ√
·≈–πÈ”°≈—Ëπ 5 ¡‘≈≈‘≈‘µ√ elute SPE cartridge ¥â«¬
MeOH 3 ¡‘≈≈‘≈‘µ√¥â«¬Õ—µ√“‰À≈ª√–¡“≥ 2
¡‘≈≈‘≈‘µ√µàÕπ“∑’ ‡°Á∫ eluate ∑’Ë‰¥â„π vial ¢π“¥ 8
¡‘≈≈‘≈‘µ√ ·≈â«π”‰ª√–‡À¬®π·Àâß¥â«¬ nitrogen
evaporator ∑’ËÕÿ≥À¿Ÿ¡‘ 60 Õß»“‡´≈‡´’¬  ≈–≈“¬
 à«π∑’Ë‡À≈◊ÕÕ¬Ÿà¥â«¬ dilution buffer 500 ‰¡‚§√≈‘µ√

°“√µ√«®À“ª√‘¡“≥

¥”‡π‘π°“√µ“¡«‘∏’„π§Ÿà¡◊Õ¢Õß ™ÿ¥µ√«®
b-agonists-EIA ¥—ßπ’È

 √â“ß calibration curve √–À«à“ß % maximal
absorbance (%B/Bo) °—∫ log ¢Õß§«“¡‡¢â¡¢âπ
¢Õß “√¡“µ√∞“π salbutamol ∑’Ë 0, 0.25, 0.5,
1.0, 1.5  ·≈– 2.0 π“‚π°√—¡µàÕ¡‘≈≈‘≈‘µ√ ‚¥¬
ªî‡ªµ “√¡“µ√∞“π≈ß„π microtiter well 50
‰¡‚§√≈‘µ√ §«“¡‡¢â¡¢âπ≈– 2 À≈ÿ¡

µ√«®ª√‘¡“≥„πµ—«Õ¬à“ß ‚¥¬ªî‡ªµ 50
‰¡‚§√≈‘µ√¢Õß “√≈–≈“¬µ—«Õ¬à“ß∑’Ë °—¥·≈–∑”„Àâ
∫√‘ ÿ∑∏‘Ï·≈â«≈ß„π microtiter well µ—«Õ¬à“ß≈– 2 À≈ÿ¡
∑ÿ°À≈ÿ¡‡µ‘¡ “√≈–≈“¬º ¡¢Õß lyophilized
conjugate, lyophilized antibody ·≈– dilution buffer
4 ¡‘≈≈‘≈‘µ√ À≈ÿ¡≈– 25 ‰¡‚§√≈‘µ√ ªî¥ plate ¥â«¬
parafilm ·≈â«‡¢¬à“‡∫“Ê π”‰ª‡°Á∫„πµŸâ‡¬ÁπÕÿ≥À¿Ÿ¡‘
4 Õß»“‡´≈‡´’¬  π“π 1 ™—Ë«‚¡ß ≈â“ß plate ‚¥¬„™â
automated washer ∑”„Àâ plate ·Àâß·≈â«‡µ‘¡ substrate
solution À≈ÿ¡≈– 100 ‰¡‚§√≈‘µ√ ªî¥ plate ¥â«¬
parafilm ·≈â«‡¢¬à“‡∫“Ê π”‰ª‡°Á∫„π∑’Ë¡◊¥∑’Ë
Õÿ≥À¿Ÿ¡‘ÀâÕß ª√–¡“≥ 25 Õß»“‡´≈‡ ’́¬  π“π
30 π“∑’ ªî‡ªµ stopping solution 100 ‰¡‚§√≈‘µ√
≈ß„π∑ÿ°À≈ÿ¡·≈â«‡¢¬à“‡∫“Ê π”‰ªÕà“π§à“
Absorbance ∑—π∑’ ¥â«¬‡§√◊ËÕß microplate reader ∑’Ë

§«“¡¬“«§≈◊Ëπ 450 π“‚π‡¡µ√
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°“√§«∫§ÿ¡§ÿ≥¿“æ°“√«‘‡§√“–Àå

Standard curve µâÕß¡’§à“ correlation

coefficient (r) ¡“°°«à“À√◊Õ‡∑à“°—∫ 0.98 ·≈–

∑ÿ°√ÿàπ°“√«‘‡§√“–Àå ®–µâÕß«‘‡§√“–Àå method

blank, duplicate sample ( °—¥ 2 ´È”) Õ¬à“ßπâÕ¬

√âÕ¬≈– 10 ¢Õß®”π«πµ—«Õ¬à“ß„π√ÿàπ §à“ relative

percent difference (RPD) ‰¡à‡°‘π 30%  ·≈–

spiked sample ∑’Ë√–¥—∫ 2.5 ‰¡‚§√°√—¡µàÕ°‘‚≈°√—¡

Õ¬à“ßπâÕ¬ 1 µ—«Õ¬à“ß §à“ % recovery µâÕßÕ¬Ÿà„π™à«ß

60-120%

°“√ª√–¡“≥§à“§«“¡‰¡à·πàπÕπ¢Õß°“√«—¥

ª√–¡“≥§à“§«“¡‰¡à·πàπÕπ¢Õß°“√«—¥ ‚¥¬

§”π÷ß∂÷ß·À≈àß∑’Ë¡“¢Õß§«“¡‰¡à·πàπÕπ √«¡§à“

§«“¡‰¡à·πàπÕπ∑—ÈßÀ¡¥·≈â«§”π«≥§à“§«“¡‰¡à

·πàπÕπ¢¬“¬∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ 95% ‚¥¬„™â§à“

k = 2

º≈

º≈°“√µ√«®«‘‡§√“–Àå‡π◊ÈÕÀ¡Ÿ®“°®—ßÀ«—¥„π

‡¢µ¿“§°≈“ß 12 ®—ßÀ«—¥ „πªï æ.». 2548 ·≈–

æ.». 2549 ®”π«π√«¡ 1,932 µ—«Õ¬à“ß µ√«®æ∫

 “√‡§¡’°≈ÿà¡‡∫µâ“Õ–‚°π‘ µåµ°§â“ß ®”π«π 240

µ—«Õ¬à“ß§‘¥‡ªìπ√âÕ¬≈– 12.4 ª√‘¡“≥∑’Ëµ√«®æ∫

Õ¬Ÿà√–À«à“ß 1.0-26.5 ‰¡‚§√°√—¡µàÕ°‘‚≈°√—¡

§à“‡©≈’Ë¬·≈–§à“  median ¢Õßª√‘¡“≥∑’Ëµ√«®æ∫

‡∑à“°—∫ 2.7 ·≈– 2.1 ‰¡‚§√°√—¡µàÕ°‘‚≈°√—¡ µ“¡

≈”¥—∫ ‚¥¬„πªï 2548 ∑”°“√«‘‡§√“–Àå 1,213

µ—«Õ¬à“ß µ√«®æ∫ 137 µ—«Õ¬à“ß §‘¥‡ªìπ√âÕ¬≈–

11.3 ª√‘¡“≥‡©≈’Ë¬‡∑à“°—∫ 3.3 ‰¡‚§√°√—¡µàÕ°‘‚≈°√—¡

·≈–„πªï æ.». 2549 ∑”°“√«‘‡§√“–Àå 719 µ—«Õ¬à“ß

µ√«®æ∫ 103 µ—«Õ¬à“ß §‘¥‡ªìπ√âÕ¬≈– 14.3

ª√‘¡“≥‡©≈’Ë¬‡∑à“°—∫ 2.0 ‰¡‚§√°√—¡µàÕ°‘‚≈°√—¡

(µ“√“ß∑’Ë 1)

°√ÿß‡∑æ¡À“π§√ 250 42 1.6-15.8 2.8 2.2 200 44 1.0-4.5 1.6 1.3
ππ∑∫ÿ√’ 137 9 1.6-2.9 2.2 2.2 113 29 1.6-6.7 2.3 2.1
æ√–π§√»√’Õ¬ÿ∏¬“ 55 0 0 0 0 75 2 2.0-2.9 2.4 2.4
Õà“ß∑Õß 65 0 0 0 0 57 2 1.1-1.6 1.4 1.4
 ‘ßÀå∫ÿ√’ 25 2 1.9-2.6 2.2 2.2 45 3 1.1-2.3 1.9 2.2
 ÿæ√√≥∫ÿ√’ 55 7 1.7-3.4 2.6 2.5 0 0 0 0 0
≈æ∫ÿ√’ 78 11 2.3-26.5 10.3 7.9 60 3 1.6-4.9 3.5 4.1
π§√π“¬° 60 5 1.7-2.2 1.9 1.9 40 3 1.3-1.7 1.5 1.4
™—¬π“∑ 35 2 2.3-2.7 2.5 2.5 0 0 0 0 0
 √–∫ÿ√’ 131 40 1.6-12.9 3.2 2.3 20 1 6.5 6.5 6.5
ª∑ÿ¡∏“π’ 246 12 1.7-9.2 3.2 2.6 89 11 1.2-2.1 1.6 1.6
 ¡ÿ∑√ª√“°“√ 76 7 1.6-8.4 3.2 2.5 20 5 1.5-4.5 2.6 2.6

√«¡ 1,213 137 1.6-26.5 3.3 2.3 719 103 1.0-6.7 2.0 1.7

µ“√“ß∑’Ë 1 µ—«Õ¬à“ß‡π◊ÈÕÀ¡Ÿ∑’Ëµ√«®«‘‡§√“–Àå “√‡§¡’°≈ÿà¡‡∫µâ“Õ–‚°π‘ µå æ.». 2548-2549

®—ßÀ«—¥

                              æ.». 2548                                   æ.». 2549

ª√‘¡“≥∑’Ëæ∫ ª√‘¡“≥∑’Ëæ∫
  ®”π«πµ—«Õ¬à“ß   ®”π«πµ—«Õ¬à“ß

(‰¡‚§√°√—¡µàÕ°‘‚≈°√—¡)  (‰¡‚§√°√—¡µàÕ°‘‚≈°√—¡)

«‘‡§√“–Àå     æ∫ §à“µË” ÿ¥-§à“ Ÿß ÿ¥   §à“‡©≈’Ë¬    §à“¡—∏¬∞“π  «‘‡§√“–Àå æ∫ §à“µË” ÿ¥-§à“ Ÿß ÿ¥ §à“‡©≈’Ë¬  §à“¡—∏¬∞“π
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°“√«‘‡§√“–Àå “√‡§¡’°≈ÿà¡‡∫µâ“Õ–‚°π‘ µå

‚¥¬™ÿ¥µ√«® b-agonists-EIA (Euro-Diagnostica

B.V.) ‡¡◊ËÕ∑¥≈Õßπ”«‘∏’°“√ °—¥∑’Ë°”Àπ¥‰«â„π

§Ÿà¡◊Õ¡“„™â æ∫«à“¡’ªí≠À“°“√√∫°«π¢Õß matrix

®÷ß‰¥âª√—∫ª√ÿß«‘∏’‚¥¬‡æ‘Ë¡¢—ÈπµÕπ°“√∑”„Àâ∫√‘ ÿ∑∏‘Ï

‚¥¬„™â SPE æ∫«à“ “¡“√∂·°âªí≠À“¥—ß°≈à“«‰¥â ‡¡◊ËÕ

ª√—∫ª√ÿß«‘∏’·≈â«‰¥â∑”°“√∑«π Õ∫§«“¡∂Ÿ°µâÕß

¢Õß«‘∏’µ“¡ Eurachem(7) ‚¥¬«‘‡§√“–Àå method

blank ·≈– matrix blank ∑’Ë„™â‡π◊ÈÕÀ¡ŸÕπ“¡—¬∑’Ë‰¥â

√—∫°“√√—∫√Õß®“°°√–∑√«ß‡°…µ√·≈– À°√≥å æ∫

«à“„Àâ —≠≠“≥ %B/Bo πâÕ¬°«à“§à“ LOD ∑”°“√

∑¥ Õ∫ linearity ¢Õß standard curve ‰¥â§à“

Correlation coefficient (r) ¡“°°«à“ 0.98 ·≈–

æ∫«à“§à“ LOD ‡∑à“°—∫ 0.5 ‰¡‚§√°√—¡µàÕ°‘‚≈°√—¡

·≈–§à“ LOQ ‡∑à“°—∫ 1.0  ‰¡‚§√°√—¡µàÕ°‘‚≈°√—¡

∑”°“√¬◊π¬—π§à“ LOD ‚¥¬«‘‡§√“–Àåµ—«Õ¬à“ß spiked

matrix ¥â«¬ “√¡“µ√∞“π clenbuterol ·≈–

salbutamol ∑’Ë√–¥—∫ LOD ®”π«π 7 ´È” º≈µ√«®

æ∫∑ÿ°µ—«Õ¬à“ß ∑”°“√∑¥ Õ∫§«“¡·¡àπ·≈–§«“¡

‡∑’Ë¬ß∑’Ë√–¥—∫ LOQ ·≈– 2.5 ‰¡‚§√°√—¡µàÕ°‘‚≈°√—¡

√–¥—∫≈– 7 È́” æ∫«à“∑’Ë√–¥—∫ LOQ ¡’ % recovery

‡©≈’Ë¬¢Õß clenbuterol ·≈– salbutamol ‡∑à“°—∫ 110.5

·≈– 105.2 ‚¥¬¡’§à“ RSD ‡∑à“°—∫ 12.3 ·≈– 6.0

µ“¡≈”¥—∫ ·≈–∑’Ë√–¥—∫ 2.5 ‰¡‚§√°√—¡µàÕ°‘‚≈°√—¡

¡’ % recovery ‡©≈’Ë¬¢Õß clenbuterol ·≈–

salbutamol ‡∑à“°—∫ 80.5 ·≈– 89.1 ‚¥¬¡’§à“ RSD

‡∑à“°—∫ 10.8 ·≈– 11.4 µ“¡≈”¥—∫ (µ“√“ß∑’Ë 2)

µ“√“ß∑’Ë 2 °“√∑¥ Õ∫§«“¡∂Ÿ°µâÕß«‘∏’«‘‡§√“–Àå “√‡§¡’°≈ÿà¡‡∫µâ“Õ–‚°π‘ µå„π‡π◊ÈÕÀ¡Ÿ

Clenbuterol 1.0 110.5 ± 13.6 12.3

2.5 80.5 ± 8.7 10.8

Salbutamol 1.0 105.2 ± 6.3 6.0

2.5 89.1 ± 10.1 11.4

§«“¡‡¢â¡¢âπ % Recovery (n = 7)
          “√

(‰¡‚§√°√—¡µàÕ°‘‚≈°√—¡) Mean ± SD RSD

‡æ◊ËÕ¬◊π¬—π§«“¡‡À¡“– ¡¢Õß«‘∏’«‘‡§√“–Àå

®÷ß‰¥âª√–¡“≥§à“§«“¡‰¡à·πàπÕπ¢Õß°“√«—¥ æ∫«à“

·À≈àß∑’Ë¡“¢Õß§«“¡‰¡à·πàπÕπ ‰¥â·°à °“√™—Ëß

πÈ”Àπ—°µ—«Õ¬à“ß, ª√‘¡“µ√ ÿ¥∑â“¬¢Õß “√ °—¥,

§à“ Co ∑’ËÕà“π‰¥â®“° standard curve, §à“ bias

·≈– precision ‰¥â§à“ relative standard uncertainty,

u(x)/x æ∫«à“ ·À≈àß¢Õß§«“¡‰¡à·πàπÕπ∑’Ë ”§—≠

§◊Õ precision ·≈–§à“ Co ‡¡◊ËÕπ”§à“§«“¡‰¡à·πàπÕπ

®“°∑ÿ°·À≈àß¡“√«¡°—π®–‰¥â§à“ combined standard

uncertainty ‡∑à“°—∫ ± 14.8% ·≈–π”¡“¢¬“¬„Àâ

‡ªìπ Expanded uncertainty, U ®–‰¥â§à“§«“¡‰¡à

·πàπÕπ‡∑à“°—∫ ± 29.6% (µ“√“ß∑’Ë 3)
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«‘®“√≥å

°“√µ√«®«‘‡§√“–Àåª√‘¡“≥ “√‡§¡’°≈ÿà¡

‡∫µâ“Õ–‚°π‘ µå‚¥¬™ÿ¥µ√«® b-agonists-EIA  „™â

À≈—°°“√ competitive enzyme immunoassay ¡’

§«“¡®”‡æ“– °—∫ “√ clenbuterol ·≈– salbutamol

‚¥¬§à“ cross activity ‡∑à“°—∫ 100% ºŸâ«‘®—¬‰¥â‡æ‘Ë¡

¢—ÈπµÕπ°“√∑”„Àâ∫√‘ ÿ∑∏‘Ï‚¥¬„™â SPE ·≈–‰¥â∑«π

 Õ∫§«“¡∂Ÿ°µâÕß æ∫«à“¡’§à“ LOD, LOQ, §«“¡

‡∑’Ë¬ß·≈–§«“¡·¡àπ‡À¡“– ¡°—∫«—µ∂ÿª√– ß§å¢Õß«‘∏’

·≈–«‘∏’«‘‡§√“–Àå¥—ß°≈à“«¬—ß¡’¢âÕ§«√√–«—ß §◊Õ µ—«Õ¬à“ß

∑’Ë àßµ√«®§«√¡’ ¿“æª°µ‘ ‡π◊ÈÕÀ¡Ÿ¡’ ¿“æ ¥  ’‰¡à

‡ªìπ ’‡¢’¬«§≈È” ‡æ√“–®–∑”„Àâº≈«‘‡§√“–Àå‡ªìπ§à“

∫«°≈«ß (false positive) ‰¥â „π™à«ß¢—ÈπµÕπ

°“√ °—¥ À≈—ß®“° incubate ¥â«¬ enzyme ‡ªìπ‡«≈“

16-18 ™—Ë«‚¡ß·≈â« §«√ °—¥·≈–ºà“π SPE „Àâ

‡ √Á®¿“¬„π«—π‡¥’¬«  “√≈–≈“¬∑’ËÕ¬Ÿà„π dilution

buffer  “¡“√∂‡°Á∫‰«â„πµŸâ‡¬ÁπÕÿ≥À¿Ÿ¡‘ 2-8

Õß»“‡´≈‡ ’́¬  ‰¥âπ“π 1  —ª¥“Àå ®ÿ¥«‘°ƒµ‘Õ’°

®ÿ¥Àπ÷Ëß§◊Õ¢—ÈπµÕπ°“√ª√—∫ pH ¥â«¬¥à“ß„Àâ‰¥â§à“

pH 9.4 ± 0.2 µâÕß„™â °√–¥“… pH ∑’Ë¡’§«“¡

≈–‡Õ’¬¥æÕ‡æ◊ËÕ„Àâ‰¥â§à“ pH ∑’ËµâÕß°“√ ®ÿ¥∑’Ë§«√

√–«—ß¡“°§◊Õ¢—ÈπµÕπ°“√√–‡À¬·Àâß¥â«¬ nitrogen

evaporator µâÕß‰¡à„Àâ·Àâß‡°‘π‰ª À“°‰¡à√–«—ß„π

¢—ÈπµÕπ∑’Ë°≈à “«¡“®–∑”„Àâª√– ‘∑∏‘¿“æ°“√

«‘‡§√“–Àå≈¥≈ß ·≈– % recovery ¢Õß spiked matrix

µË”°«à“‡°≥±å°”Àπ¥

®“°º≈°“√ ”√«® “√‡§¡’°≈ÿà¡‡∫µâ“-

Õ–‚°π‘ µåµ°§â“ß„π‡π◊ÈÕÀ¡Ÿ„πªï æ.». 2548 ·≈–

æ.». 2549 ∑’Ë‰¥â¥”‡π‘π°“√ æ∫«à“„πªï 2549 §à“

‡©≈’Ë¬ª√‘¡“≥µ°§â“ß∑’Ëæ∫≈¥≈ß ·≈–¡’§«“¡·µ°µà“ß

Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (p < 0.01)  à«πÕ—µ√“

°“√µ√«®æ∫¡“°¢÷Èπ ‡π◊ËÕß®“° ªï æ.». 2549

 ”π—°ß“π “∏“√≥ ÿ¢®—ßÀ«—¥‡≈◊Õ°‡°Á∫µ—«Õ¬à“ß

‡©æ“–®“°√â“π§â“∑’Ë¡’ª√–«—µ‘°“√µ√«®æ∫®“°

ªï æ.». 2548 Õ’°∑—Èß°“√π”‚§√ß°“√ªÑ“¬∑Õß

Õ“À“√ª≈Õ¥¿—¬¡“„™â√—∫√Õß§ÿ≥¿“æÕ“À“√∑’Ë

®”Àπà“¬„πµ≈“¥ ¥·≈–´ÿª‡ªÕ√å¡“√å‡°Áµ ∑”„Àâ

Component Value Standard uncertainty Relative standard uncertainty
x u u(x)/x

sample weight 1 g 0.00176 g 0.00176

volume 500 ml 0.54 ml 0.00077

Co 0.542 ng/ml 0.047 ng/ml 0.08672

Bias 100% 2.26% 0.02263

repeatability 1 0.12 0.11831

Combined standard uncertainty 0.14844

Expanded uncertainty U r Ó 2 Ó 0.14844 0.55 mg/kg

(Result, r = 1.84 mg/kg)

(Co §◊Õ§à“§«“¡‡¢â¡¢âπ∑’ËÕà“π‰¥â®“° standard curve)

µ“√“ß∑’Ë 3    §à“ Relative standard uncertainty, combined standard uncertainty ·≈– expanded uncertainty

¢Õß«‘∏’«‘‡§√“–Àå “√‡§¡’°≈ÿà¡‡∫µâ“Õ–‚°π‘ µå
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ª√–™“™π·≈–ºŸâ®”Àπà“¬‡π◊ÈÕÀ¡Ÿ ∑√“∫∂÷ß§ÿ≥¿“æ

‡π◊ÈÕÀ¡Ÿ∑’Ë√—∫¡“®”Àπà“¬ ·≈–¡’º≈°¥¥—π„Àâø“√å¡

‡≈’È¬ß∑’Ë¡’°“√≈—°≈Õ∫„™â “√‡§¡’¥—ß°≈à“« ‰¡à “¡“√∂

®”Àπà“¬‡π◊ÈÕÀ¡Ÿ‰¥â °“√π”‡∑§π‘§ ELISA ¡“„™â

µ√«®§ÿ≥¿“æÕ“À“√π—Èπ¡’ª√–‚¬™πå‡π◊ËÕß®“°

‡∑§π‘§π’È¡’§«“¡‰«·≈–§«“¡®”‡æ“– Ÿß ·µà¬—ß¡’

¢âÕ®”°—¥·≈–¢âÕ§«√√–«—ß„π¢—ÈπµÕπ°“√«‘‡§√“–Àå

ºŸâ«‘‡§√“–Àå®”‡ªìπµâÕß¡’§«“¡‡¢â“„®·≈–„ à„®„π°“√

§«∫§ÿ¡§ÿ≥¿“æº≈°“√«‘‡§√“–ÀåÕ¬à“ß‡¢â¡ß«¥

Õ¬à“ß‰√°Áµ“¡°“√π”º≈°“√«‘‡§√“–Àå‰ª„™â¥”‡π‘π

°“√∑“ß°ÆÀ¡“¬ ®”‡ªìπµâÕß¡’°“√µ√«®¬◊π¬—π¥â«¬

«‘∏’Õ◊Ëπ ‡™àπ°“√„™â‡§√◊ËÕß¡◊Õ LC-MS/MS ∑’Ë¡’§«“¡

®”‡æ“–·≈–§«“¡‰« Ÿß ¡’§«“¡¡—Ëπ„®º≈°“√µ√«®æ∫

π—Èπ∂Ÿ°µâÕß·≈–·¡àπ¬” ‡æ◊ËÕ§«“¡‡ªìπ∏√√¡·°à

ºŸâª√–°Õ∫°“√·≈–ºŸâ∫√‘‚¿§

 √ÿª

°“√µ√«®«‘‡§√“–Àåª√‘¡“≥ “√‡§¡’°≈ÿà¡

‡∫µâ“Õ–‚°π‘ µåµ°§â“ß„π‡π◊ÈÕÀ¡Ÿ ‚¥¬‡∑§π‘§ ELISA

∑’Ë‰¥âª√—∫ª√ÿß‚¥¬°“√‡æ‘Ë¡¢—ÈπµÕπ°“√∑”„Àâ∫√‘ ÿ∑∏‘Ï

¥â«¬ SPE ´÷Ëß≈¥ªí≠À“°“√√∫°«π®“° matrix ¢Õß

µ—«Õ¬à“ß º≈°“√∑«π Õ∫§«“¡∂Ÿ°µâÕß¢Õß«‘∏’æ∫«à“

‡À¡“– ¡°—∫«—µ∂ÿª√– ß§å ‡¡◊ËÕπ”«‘∏’¡“„™â ”√«®

‡π◊ÈÕÀ¡Ÿ∑’Ë®”Àπà“¬„π°√ÿß‡∑æ¡À“π§√·≈–®—ßÀ«—¥

„π‡¢µ¿“§°≈“ß„πªï æ.». 2548 ·≈– æ.». 2549

®”π«π∑—Èß ‘Èπ 1,932 µ—«Õ¬à“ßæ∫«à“§à“‡©≈’Ë¬ª√‘¡“≥

°“√µ√«®æ∫≈¥≈ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘   ¢âÕ¡Ÿ≈

®“°º≈°“√«‘‡§√“–Àå‰¥âπ”‰ª„™â„π°“√æ‘®“√≥“

„Àâ°“√√—∫√ÕßªÑ“¬∑ÕßÕ“À“√ª≈Õ¥¿—¬ ‡æ◊ËÕ„Àâ

ºŸâ∫√‘‚¿§¡—Ëπ„®„π§«“¡ª≈Õ¥¿—¬„π°“√∫√‘‚¿§

‡π◊ÈÕÀ¡Ÿ

‡Õ° “√Õâ“ßÕ‘ß

1.  ”π—°ß“π§≥–°√√¡°“√Õ“À“√·≈–¬“ °√–∑√«ß

 “∏“√≥ ÿ¢. ªí≠À“¬“µ°§â“ß„π‡π◊ÈÕ —µ«å·≈–·π«∑“ß

·°â‰¢. °√ÿß‡∑æ¡À“π§√: ‚√ßæ‘¡æåÕß§å°“√ ß‡§√“–Àå

∑À“√ºà“π»÷°; 2545. Àπâ“ 1-2.
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Survey of Beta-agonists Residue in Pork by Enzyme Linked

Immunosorbent Assay, 2005 - 2006

Chalearmphorn Kuanha Ladda Kaewklapanyachareon and Kanokporn Atisook

Bureau of Quality and Safety of Food, Department of Medical Sciences, Tiwanond Road. Nonthaburi 11000, Thailand

ABSTRACT Survey of Beta-agonists residue in pork sold in central area including Bangkok during

2005-2006 by Enzyme linked immunosorbent assay (ELISA) technique was carried out. The method was

modified by adding clean-up step and modified method was verified. The verification data showed that accuracy,

precision and uncertainty of measurement were accepted and fitted-for-purpose. From 1,932 pork samples,

the beta-agonists residue was found in 240 samples (12.4%). The range of residue found was 1.0-26.5 mg/

kg with mean and median of 2.7 and 2.1mg/kg, respectively. Comparing the mean level of contamination of

pork samples collecting in 2005 and 2006, they are significantly decreased (p<0.01). The result of this survey

can declare the success of government policy, by Ministry of Public Health cooperated with Ministry of

Agriculture and Cooperatives, for stopping the misuse of these compounds.

Key words: Beta-agonists, pork, ELISA


