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·√§‚µæ“¡’π ·≈–´“≈∫‘«∑“¡Õ≈µ°§â“ß„π‡π◊ÈÕ —µ«å ‚¥¬ LC-MS/MS
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∫∑§—¥¬àÕ ∑¥ Õ∫§«“¡∂Ÿ°µâÕß«‘∏’°“√µ√«®«‘‡§√“–Àå “√°≈ÿà¡‡∫µâ“Õ–‚°π‘ µå 4 ™π‘¥ ‰¥â·°à  “√∫√Õ¡∫‘«‡∑Õ√Õ≈

‡§≈π∫‘«‡∑Õ√Õ≈ ·√§‚µæ“¡’π ·≈–´“≈∫‘«∑“¡Õ≈µ°§â“ß„π‡π◊ÈÕ —µ«å ¥â«¬‡§√◊ËÕß¡◊Õ LC-MS/MS ‚¥¬ “√°≈ÿà¡π’È®–

∂Ÿ°¥÷ßÕÕ°®“°µ—«Õ¬à“ß¥â«¬°√¥‰Œ‚¥√§≈Õ√‘§‡®◊Õ®“ß  °—¥·≈–∑”„Àâ∫√‘ ÿ∑∏‘Ï‚¥¬«‘∏’ solid-phase extraction ¥â«¬

mixed mode cation exchange/reverse phase (MCX) ®“°π—Èπµ√«®«‘‡§√“–Àå™π‘¥·≈–ª√‘¡“≥¥â«¬‡§√◊ËÕß LC-MS/MS

‚¥¬„™â‡∑§π‘§ electrospray ionization mode positive «‘∏’¥—ß°≈à“«¡’¢’¥®”°—¥¢Õß°“√µ√«®æ∫ (Limit of detection, LOD)

‡∑à“°—∫ 0.3 ‰¡‚§√°√—¡µàÕ°‘‚≈°√—¡ ·≈–¢’¥®”°—¥¢Õß°“√«—¥‡™‘ßª√‘¡“≥ (Limit of quantitation, LOQ) ‡∑à“°—∫ 0.5 ‰¡‚§√°√—¡

µàÕ°‘‚≈°√—¡ ™à«ß°“√«‘‡§√“–Àå∑’Ë„Àâ§«“¡ —¡æ—π∏å‡ªìπ‡ âπµ√ß (Linear working range) ‡∑à“°—∫ 0.5-10.0 ‰¡‚§√°√—¡

µàÕ°‘‚≈°√—¡ ‚¥¬¡’§à“ correlation coefficient ‡∑à“°—∫ 0.9989, 0.9986, 0.9974 ·≈– 0.9988 „π°“√«‘‡§√“–Àå “√

∫√Õ¡∫‘«‡∑Õ√Õ≈ ‡§≈π∫‘«‡∑Õ√Õ≈ ·√§‚µæ“¡’π ·≈–´“≈∫‘«∑“¡Õ≈ µ“¡≈”¥—∫ µ≈Õ¥™à«ß°“√«‘‡§√“–Àå¡’§«“¡·¡àπ

(accuracy) ·≈–§«“¡‡∑’Ë¬ß (precision) · ¥ß‚¥¬§à“‡©≈’Ë¬¢Õß %recovery ·≈– %RSD ®“°°“√‡µ‘¡ “√¡“µ√∞“π∑—Èß

4 ™π‘¥ ∑’Ë 5 √–¥—∫§«“¡‡¢â¡¢âπ Õ¬Ÿà„π™à«ß 61.7-84.3% ·≈– 8.7-14.9%, 69.1-100.7% ·≈– 8.6-12.6%,

64.8-104.0% ·≈– 7.8-13.9%, 88.1-104.8% ·≈– 3.6-11.6% µ“¡≈”¥—∫ ®“°º≈°“√∑¥ Õ∫«‘∏’¥—ß°≈à“«

¡’§«“¡‡À¡“– ¡„π°“√«‘‡§√“–Àå “√∫√Õ¡∫‘«‡∑Õ√Õ≈ ‡§≈π∫‘«‡∑Õ√Õ≈  “√·√§‚µæ“¡’π ·≈–´“≈∫‘«∑“¡Õ≈ µ°§â“ß„π

‡π◊ÈÕ —µ«å ”À√—∫°“√§«∫§ÿ¡§ÿ≥¿“æÕ“À“√µ“¡°ÆÀ¡“¬ ‰¥âπ”«‘∏’π’È¡“µ√«®µ—«Õ¬à“ß‡π◊ÈÕ ÿ°√∑’Ëºà“π°“√µ√«®«‘‡§√“–Àå

‚¥¬«‘∏’ ELISA ®”π«π 30 µ—«Õ¬à“ß æ∫«à“∑—Èß Õß«‘∏’„Àâº≈°“√µ√«®«‘‡§√“–Àå∑’Ë Õ¥§≈âÕß°—π §‘¥‡ªìπ√âÕ¬≈– 90

¢Õßµ—«Õ¬à“ß∑’Ëµ√«®∑—ÈßÀ¡¥

ª»ÿ —µ«å ´÷Ëß‡ªìπ°“√π”¡“„™âÕ¬à“ßº‘¥«—µ∂ÿª√– ß§å

(drug abuse)

ª√–‡∑»„π°≈ÿà¡¬ÿ ‚√ª(3) ·≈–ª√–‡∑»

 À√—∞Õ‡¡√‘°“‰¥âª√–°“»Àâ“¡„™â “√°≈ÿà¡π’È°—∫ —µ«å

∑’Ë„™â‡ªìπÕ“À“√ ª√–‡∑»‰∑¬°Á¡’°“√ª√–°“»Àâ“¡„™â

 “√°≈ÿà¡π’È„π°“√‡≈’È¬ß —µ«å‡™àπ‡¥’¬«°—π ‚¥¬ÕÕ°

¡“µ√°“√µà“ßÊ ‡æ◊ËÕªÑÕß°—π·≈–·°â‰¢ªí≠À“ Õ“∑‘

¡’°“√ÕÕ°ª√–°“»°√–∑√«ßæ“≥‘™¬å(4) ª√–°“»

°√–∑√«ß‡°…µ√·≈– À°√≥å(5) ‡æ◊ËÕªÑÕß°—π°“√

 ∫∑π”

 “√ — ß ‡ § √ “ –Àå °≈ÿà ¡ ‡∫µâ “ Õ – ‚°π‘  µå

(b-agonist) ¡’§ÿ≥ ¡∫—µ‘‡ªìπ¬“∑’Ë„™â ”À√—∫√—°…“

‚√§√–∫∫∑“ß‡¥‘πÀ“¬„® ‚¥¬¡’º≈‰ª∑”„Àâ¡’°“√

¢¬“¬µ—«¢ÕßÀ≈Õ¥≈¡ À≈Õ¥‡≈◊Õ¥ ·≈–°√–µÿâπ°“√

‡µâπ¢ÕßÀ—«„®(1) ®“°°“√»÷°…“æ∫«à“ “√‡§¡’°≈ÿà¡π’È

 “¡“√∂π”¡“„™â„π°“√ª√—∫ª√ÿß§ÿ≥¿“æ¢Õß‡π◊ÈÕ

 —µ«å∑’Ë„™â‡ªìπÕ“À“√‰¥â ‚¥¬æ∫«à“®–∑”„Àâ —µ«å¡’

‡π◊ÈÕ·¥ß‡æ‘Ë¡¢÷Èπ(1, 2) ¥—ßπ—Èπ‡°…µ√°√®÷ßπ” “√°≈ÿà¡

¥—ß°≈à“«¡“„™â‡ªìπ “√ Repartition agent „π°“√
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≈—°≈Õ∫π”‡¢â“·≈–°“√π” “√°≈ÿà¡π’È¡“„™âÕ¬à“ßº‘¥

«—µ∂ÿª√– ß§å ∑—Èß¡’°“√√≥√ß§åµàÕµâ“π°“√„™â¬“

Õ¬à“ßµàÕ‡π◊ËÕßµ—Èß·µàª≈“¬ªï æ.». 2544 ‡ªìπµâπ¡“

·≈–„πªï æ.». 2546 °√–∑√«ß “∏“√≥ ÿ¢‰¥âÕÕ°

ª√–°“»©∫—∫∑’Ë 269(6) ‡√◊ËÕß¡“µ√∞“πÕ“À“√∑’Ë¡’

°“√ªπ‡ªóôÕπ “√°≈ÿà¡‡∫µâ“Õ–‚°π‘ µå °”Àπ¥„Àâ

Õ“À“√∑ÿ°™π‘¥¡’¡“µ√∞“π‚¥¬µ√«®‰¡àæ∫°“√ªπ

‡ªóôÕπ¢Õß “√°≈ÿà¡‡∫µâ“Õ–‚°π‘ µå ·≈–‡°≈◊Õ¢Õß

 “√·≈– “√„π°√–∫«π°“√ √â“ß·≈– ≈“¬ æ√âÕ¡

°—ππ’È ”π—°ß“π§≥–°√√¡°“√Õ“À“√·≈–¬“‰¥âÕÕ°

ª√–°“» ‡√◊ËÕßÀ≈—°‡°≥±å ‡ß◊ËÕπ‰¢ ·≈–«‘∏’°“√µ√«®

«‘‡§√“–Àå°“√ªπ‡ªóôÕπ “√‡§¡’∫“ß™π‘¥„πÕ“À“√

°”Àπ¥«à“®–µâÕß„™â«‘∏’µ√«® ·≈–ÀâÕßªØ‘∫—µ‘°“√∑’Ë

¡’§«“¡ “¡“√∂„π°“√µ√«®æ∫ª√‘¡“≥ “√ªπ‡ªóôÕπ

 “√°≈ÿà¡‡∫µâ“Õ–‚°π‘ µå ‰¥âÕ¬à “ßπâÕ¬µË”°«à “

1.0 ‰¡‚§√°√—¡µàÕ°‘‚≈°√—¡(7)

°“√µ√«®«‘‡§√“–Àå “√°≈ÿà¡‡∫µâ“Õ–‚°π‘ µå

„π‡∫◊ÈÕßµâπ„™â«‘∏’ ELISA (Enzyme Linked

Immunosorbent Assay) ‡æ√“–‡ªìπ‡∑§π‘§∑’Ë –¥«°

√«¥‡√Á« ·≈–¡’ limit of detection µË” (0.5 ‰¡‚§√°√—¡

µàÕ°‘‚≈°√—¡)(8) ·µà«‘∏’π’È‡ªìπ screening test ·≈–

semi-quantitation method °√≥’µ√«®æ∫ ·≈–

µâÕß°“√„™âº≈¥”‡π‘π°“√∑“ß°ÆÀ¡“¬®–µâÕßµ√«®

¬◊π¬—π‚¥¬«‘∏’∑“ß‚§√¡“‚µ°√“øøî°Õ◊Ëπ¥â«¬ ¥—ßπ—Èπ

‡æ◊ËÕæ—≤π“¢’¥§«“¡ “¡“√∂„π°“√µ√«®«‘‡§√“–Àå

„Àâ‰¥âº≈∑’Ë∂Ÿ°µâÕß ·≈– “¡“√∂π”‰ª„™âª√–°Õ∫

°“√¥”‡π‘π°“√∑“ß°ÆÀ¡“¬ ®÷ßπ”‡∑§π‘§ LC-MS/

MS ´÷Ëß¡’§«“¡‰« §«“¡®”‡æ“– ·≈–§«“¡·¡àπ¡“

„™â„π°“√µ√«®«‘‡§√“–Àå ‚¥¬‰¥â∑”°“√∑¥ Õ∫

§«“¡∂Ÿ°µâÕß ·≈–§«“¡·¡àπ¢Õß«‘∏’ °—∫ “√°≈ÿà¡

‡∫µâ“Õ–‚°π‘ µå 4 ™π‘¥ ‰¥â·°à  “√∫√Õ¡∫‘«‡∑Õ√Õ≈

‡§≈π∫‘«‡∑Õ√Õ≈ ·√§‚µæ“¡’π ·≈–´“≈∫‘«∑“¡Õ≈

«— ¥ÿ·≈–«‘∏’°“√

 “√‡§¡’·≈– “√¡“µ√∞“π

 “√¡“µ√∞“π brombuterol hydrochloride

(º≈‘µ¿—≥±å¢Õß Witega Laboratorien Berlin,

purity ≥ 99%) clenbuterol hydrochloride

(º≈‘µ¿—≥±å¢Õß Dr. Ehrenstorfer, purity 98.5%)

ractopamine hydrochloride (º≈‘µ¿—≥±å¢Õß

Dr. Ehrenstorfer, purity 96.0%) salbutamol

sulphate (DMSc Reference Standard, purity

99.2%) ·≈– salbutamol-d3 (º≈‘µ¿—≥±å¢Õß Dr.

Ehrenstorfer, purity 99.0%)

 “√‡§¡’∑’Ë„™â∑ÿ°™π‘¥‡ªìπ reagent grade

(¬°‡«âπµ—«∑’Ë√–∫ÿ‰«â) methanol (Burdick &Jackson,

HPLC grade), acetonitrile (JT Baker, HPLC

grade), hydrochloric acid, ammonium hydroxide,

ammonium acetate, formic acid, glacial acetic

acid, Oasis MCX 3 cc (60 mg) Extraction

Cartridge (Water Corp., Part No. 186000254)

°“√‡µ√’¬¡ “√¡“µ√∞“π

°“√‡µ√’¬¡ “√¡“µ√∞“π

Stock standard solution: §«“¡‡¢â¡¢âπ 200

‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√: ™—Ëß “√¡“µ√∞“π·µà≈– ™π‘¥

(brombuterol, clenbuterol, ractopamine ·≈–

salbutamol) Õ¬à“ß·¡àπ¬”„Àâ¡’‡π◊ÈÕ “√ 10 ¡‘≈≈‘°√—¡

≈–≈“¬·≈–ª√—∫ª√‘¡“µ√‡ªìπ 50 ¡‘≈≈‘≈‘µ√¥â«¬

methanol „™â‡µ√’¬¡ standard solution §«“¡‡¢â¡¢âπ

100 ·≈– 10 π“‚π°√—¡µàÕ¡‘≈≈‘≈‘µ√ „π methanol

Internal standard: salbutamol-d3 solution

¡’§«“¡‡¢â¡¢âπ 100 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ „™â‡µ√’¬¡

internal standard solution §«“¡‡¢â¡¢âπ 100 ·≈–

10 π“‚π°√—¡µàÕ¡‘≈≈‘≈‘µ√ „π methanol
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‡§√◊ËÕß¡◊Õ·≈–Õÿª°√≥å

‡§√◊ËÕß™—Ëß 3 µ”·Àπàß (Sartorius LP620S),

‡§√◊ËÕß™—Ëß 5 µ”·Àπàß (Sartorius MC210S),

refrigerated centrifuge (Mikro 22R), ultra terrax

model T-25, vortex mixer, nitrogen evaporator

temperature controlled heating box, vacuum pump

and vacuum manifold processor comprising vacuum

block, pH meter (Orion model 210A), ‡§√◊ËÕß

∫¥‡π◊ÈÕ, micro pipette ¢π“¥ 10-100 ml,

20-200 ml ·≈– 100-1000 ml, glass funnel,

screw cap centrifuge tube ¢π“¥ 50 ¡‘≈≈‘≈‘µ√,

test tube ¢π“¥ 10 ¡‘≈≈‘≈‘µ√, micro-spin filter tube

0.45 mm PVDF (Alltech Cat No. 24144), ™ÿ¥

°√Õß mobile phase æ√âÕ¡ membrane filter 0.45

mm PVDF ¢π“¥ 47 ¡‘≈≈‘‡¡µ√, HPLC vial  ’™“

¢π“¥ 1.5 ¡‘≈≈‘≈‘µ√, ‡§√◊ËÕß LC-MS/MS ª√–°Õ∫

¥â«¬ binary pump : Agilent 1100 series,

autosampler : Agilent 1100 series, micro vacuum

degasser : Agilent 1100 series, thermostatted

column compartment: Agilent 1100 series, triple

quadupole mass spectrometer: API 4000

‚¥¬¡’ ¿“«–¢Õß‡§√◊ËÕß¡◊Õ ¥—ßπ’È

LC-MS/MS conditions;
- column : analytical column; Zorbax SB C-18 150 mm X 3mm, 5 mm
- mobile phase A : 0.1% formic acid in distilled water
- mobile phase B : acetonitrile
- flow rate : 0.6 ml/min
- injection volume : 10 ml
- column temperature : 25 Õß»“‡´≈‡´’¬ 
Gradient LC conditions;

time (min) % mobile phase A % mobile phase B
0.00 95 5
3.00 80 20
5.00 80 20
5.50 50 50
6.50 50 50
8.00 5 95
11.00 5 95
12.50 95 5
15.00 95 5

MS conditions;
- ionization mode : ESI (Turbo spray), positive mode
- scan type : MRM
- ion spray voltage : 5500 Volts
- temperature (TEM) : 500 Õß»“‡´≈‡ ’́¬ 
- collision gas (CAD) : Nitrogen; 5 psig
- curtain gas (CUR) : 13 psig
- ion spray nebulizer gas (GAS-1) : 52 psig
- TIS heater gas (GAS-2) : 58 psig

- entrance potential (EP) : 10 Volts
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MS/MS fragmentation conditions :

brombuterol 367.3 ± 0.5 212.1 ± 0.5 100 58  40  11

293.1 ± 0.5 100 58  26    7

clenbuterol 277.2 ± 0.5 132.2 ± 0.5 100 40  39  20

203.1 ± 0.5 100 40  24  20

ractopamine 302.3 ± 0.5 106.9 ± 0.5 100 46  45    5

164.0 ± 0.5 100 46  23    8

salbutamol 240.3 ± 0.5 222.3 ± 0.5 100 32  15  24

148.1 ± 0.5 100 32  26  24

salbutamol-d3 243.4 ± 0.5 151.2 ± 0.5 100  32 26  24

Component Precursor ion product ion Dwell time DP CE CXP
(m/z) (m/z) (ms) (Volts) (Volts) (Volts)

±

µ—«Õ¬à“ß

‡π◊È Õ ÿ °√∑’Ë µ√«®‰¡àæ∫ “√°≈ÿà ¡ ‡∫µâ “

Õ–‚°π‘ µå ‚¥¬«‘∏’ ELISA (LOD ‡∑à“°—∫ 0.5

‰¡‚§√°√—¡µàÕ°‘‚≈°√—¡) ‡ªìπµ—«·∑π„π°“√∑¥ Õ∫

«‘∏’ ·≈–µ—«Õ¬à“ß‡π◊ÈÕ ÿ°√∑’Ë‡§¬µ√«®«‘‡§√“–Àå‚¥¬«‘∏’

ELISA ®”π«π 30 µ—«Õ¬à“ß ‚¥¬‡ªìπµ—«Õ¬à“ß‡π◊ÈÕ

 ÿ°√∑’Ë àß¡“«‘‡§√“–Àå∑’Ë ”π—°§ÿ≥¿“æ·≈–§«“¡

ª≈Õ¥¿—¬Õ“À“√®”π«π 25 µ—«Õ¬à“ß ·≈–‡ªìπ

µ—«Õ¬à“ß∑’Ë»Ÿπ¬å«‘∑¬“»“ µ√å°“√·æ∑¬å ¡ÿ∑√

 ß§√“¡ àß¡“µ√«®¬◊π¬—π ®”π«π 5 µ—«Õ¬à“ß ¡“

∑”°“√∑¥ Õ∫

°“√‡µ√’¬¡µ—«Õ¬à“ß

‡π◊ÈÕ ÿ°√ à«π‡π◊ÈÕ·¥ß à«π –‚æ° πÈ”Àπ—°

ª√–¡“≥ 300-500 °√—¡ µ—¥ à«π∑’Ë‡ªìπ‰¢¡—πÕÕ°

À—Ëπ‡ªìπ™‘Èπ‡≈Á°Ê ®“°π—Èπ∫¥„Àâ≈–‡Õ’¬¥¥â«¬‡§√◊ËÕß

∫¥‡π◊ÈÕ  à«π∑’Ë‡À≈◊Õ‡°Á∫‰«â‡ªìπ retained portion

°“√ °—¥

™—Ëßµ—«Õ¬à“ß 1 °√—¡ „ à„πÀ≈Õ¥ screw cap

centrifuge tube ¢π“¥ 50 ¡‘≈≈‘≈‘µ√ ‡µ‘¡ internal

standard, salbutamol-d3 2.0 π“‚π°√—¡ µ—Èß∑‘Èß‰«â

ª√–¡“≥ 15 π“∑’ ‡µ‘¡ 0.01 M HCl 3 ¡‘≈≈‘≈‘µ√

π”‰ª homogenize ª√–¡“≥ 30 «‘π“∑’ ‚¥¬

·™àÀ≈Õ¥µ—«Õ¬à“ß„πÕà“ßπÈ”·¢Áß¢≥–∑’Ë homogenize

≈â“ßÀ—«ªíòπ homogenizer ¥â«¬ 0.01 M HCl ª√–¡“≥

2 ¡‘≈≈‘≈‘µ√ √«¡„ à„πÀ≈Õ¥µ—«Õ¬à“ß ®“°π—Èππ”

µ—«Õ¬à“ß∑’Ë‰¥âπ”‰ªªíòπ¥â«¬ vortex mixer ª√–¡“≥

1 π“∑’ ·≈– centrifuge ∑’Ë§«“¡‡√Á« 5,500 √Õ∫µàÕ

π“∑’ ∑’Ë 4 Õß»“‡´≈‡´’¬  π“π 15 π“∑’ °√Õß à«π

∑’Ë„ ¥â«¬°√–¥“… glass microfibre filter „ à≈ß„π

test tube ¢π“¥ 10 ¡‘≈≈‘≈‘µ√

°“√∑”„Àâ∫√‘ ÿ∑∏‘Ï

‡µ√’¬¡ Oasis MCX Cartridge µàÕ‡¢â“°—∫

vacuum manifold ª√—∫ flow rate ª√–¡“≥

2 ¡‘≈≈‘≈‘µ√µàÕπ“∑’ activate cartridge ¥â«¬ 5%

ammonium hydroxide „π methanol 2 ¡‘≈≈‘≈‘µ√

µ“¡¥â«¬ methanol 2 ¡‘≈≈‘≈‘µ√ ·≈– equilibrate

cartridge ¥â«¬ 10 mM ammonium acetate buffer

pH 5 2 ¡‘≈≈‘≈‘µ√ ®“°π—Èπ∂à“¬ “√≈–≈“¬∑’Ë‰¥â®“°

°“√ °—¥∑—ÈßÀ¡¥≈ß„π cartridge ≈â“ß test tube
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¥â«¬ 10 mM ammonium acetate buffer pH 5

2 ¡‘≈≈‘≈‘µ√ ·≈â«‡∑≈ß„π cartridge µ“¡¥â«¬ 1 M

formic acid 2 ¡‘≈≈‘≈‘µ√ ∑‘Èß “√≈–≈“¬ à«π∑’Ëºà“π

ÕÕ°¡“®“° cartridge ·≈–ª≈àÕ¬„Àâ cartridge

·Àâß„π ¿“«– ÿ≠≠“°“»ª√–¡“≥ 30 «‘π“∑’

≈â“ß cartridge Õ’°§√—Èß¥â«¬ methanol 2 ¡‘≈≈‘≈‘µ√

®“°π—Èπ elute cartridge ¥â«¬ 5% ammonium

hydroxide „π methanol 2 ¡‘≈≈‘≈‘µ√ ‡°Á∫ eluate

∑’Ë‰¥â„ à„π test tube ¢π“¥ 10 ¡‘≈≈‘≈‘µ√ π”‰ª

√–‡À¬¥â«¬ nitrogen ∑’ËÕÿ≥À¿Ÿ¡‘ 40-45 Õß»“

‡´≈‡´’¬  ®π·Àâß ≈–≈“¬ residue ¥â«¬ “√≈–≈“¬

5% methanol „π mobile phase A 500 ‰¡‚§√≈‘µ√

ªíòπ¥â«¬ vortex mixer 30 «‘π“∑’ °√Õß “√≈–≈“¬

∑’Ë‰¥â‚¥¬∂à“¬ “√≈–≈“¬„ à micro-spin filter tube

π”‰ª centrifuge 3,000 √Õ∫µàÕπ“∑’ π“π 10 π“∑’

∂à“¬ “√≈–≈“¬∑’Ë°√Õß‰¥â„ à„π HPLC vial π”‰ª

©’¥‡¢â“‡§√◊ËÕß LC-MS/MS

°“√∑¥ Õ∫§«“¡∂Ÿ°µâÕß¢Õß«‘∏’ «‘ ‡§√“–Àå

(Method validation)

°“√ √â“ß°√“ø¡“µ√∞“π (Calibration curve)

‡π◊ËÕß®“° matrix ¡’º≈µàÕ°“√∑¥ Õ∫

°“√‡µ√’¬¡ calibration curve µâÕß„™â«‘∏’‡µ‘¡ “√

¡“µ√∞“π≈ß∫π matrix (matrix-matched standard

curve) ‚¥¬‡µ√’¬¡ “√¡“µ√∞“π∫√Õ¡∫‘«‡∑Õ√Õ≈

‡§≈π∫‘«‡∑Õ√Õ≈ ·√§‚µæ“¡’π ·≈–´“≈∫‘«∑“¡Õ≈

6 √–¥—∫§«“¡‡¢â¡¢âπ 0.5, 1.0, 2.0, 3.0, 5.0

·≈– 10.0 π“‚π°√—¡µàÕ°√—¡ ‡µ‘¡ internal standard

§«“¡‡¢â¡¢âπ 2.0 π“‚π°√—¡µàÕ°√—¡„π∑ÿ°§«“¡

‡¢â¡¢âπ¢Õß “√¡“µ√∞“π·µà≈–µ—«∑’Ë‡µ√’¬¡  √â“ß

°√“ø¢Õß “√¡“µ√∞“π ‚¥¬ plot √–À«à“ß

Õ—µ√“ à«π§«“¡‡¢â¡¢âπ¢Õß “√¡“µ√∞“π ·≈–

§«“¡‡¢â¡¢âπ¢Õß internal standard (concentration

ratio) °—∫Õ—µ√“ à«π¢Õß peak area ¢Õß “√¡“µ√∞“π

·≈– peak area ¢Õß internal standard (peak area

ratio) §”π«≥À“ —¡ª√– ‘∑∏‘Ï¢Õß§«“¡ —¡æ—π∏å

(correlation coefficient, r)

°“√∑” Matrix-matched standard curve

™—Ëßµ—«Õ¬à“ß‡π◊ÈÕ ÿ°√∑’Ëµ√«®‰¡àæ∫ “√°≈ÿà¡

‡∫µâ“Õ–‚°π‘ µå 1 °√—¡ „ à„π screw cap centrifuge

tube ¢π“¥ 50 ¡‘≈≈‘≈‘µ√®”π«π 6 À≈Õ¥ ®“°π—Èπ

¥”‡π‘π°“√µ“¡¢—ÈπµÕπ°“√ °—¥ ·≈–°“√∑”„Àâ

∫√‘ ÿ∑∏‘Ï‡À¡◊Õπ°“√ °—¥µ—«Õ¬à“ß (·µà‰¡à‡µ‘¡

internal standard) π” eluate ∑’Ë‰¥â„ à„π test tube

¢π“¥ 10 ¡‘≈≈‘≈‘µ√ ‡µ‘¡ “√≈–≈“¬¡“µ√∞“π

∫√Õ¡∫‘«‡∑Õ√Õ≈ ‡§≈π∫‘«‡∑Õ√Õ≈ ·√§‚µæ“¡’π

·≈–´“≈∫‘«∑“¡Õ≈ 0.5, 1.0, 2.0, 3.0, 5.0 ·≈–

10.0 π“‚π°√—¡ ≈ß„π·µà≈–À≈Õ¥ À≈Õ¥≈– 1

§«“¡‡¢â¡¢âπ ®“°π—Èπ‡µ‘¡ internal standard

2.0 π“‚π°√—¡„π∑—Èß 6 À≈Õ¥ π”‰ª√–‡À¬¥â«¬

nitrogen ∑’ËÕÿ≥À¿Ÿ¡‘ 40-45 Õß»“‡´≈‡´’¬  ®π·Àâß

≈–≈“¬ residue ¥â«¬ “√≈–≈“¬ 5% methanol „π

mobile phase A 500 ‰¡‚§√≈‘µ√ ªíòπ¥â«¬ vortex

mixer 30 «‘π“∑’ °√Õß “√≈–≈“¬∑’Ë‰¥â‚¥¬∂à“¬

 “√≈–≈“¬„ à micro-spin filter tube π”‰ª centrifuge

3,000 √Õ∫µàÕπ“∑’ π“π 10 π“∑’ ∂à“¬ “√≈–≈“¬∑’Ë

°√Õß‰¥â„ à„π HPLC vial π”‰ª©’¥‡¢â“‡§√◊ËÕß

LC-MS/MS

«‘‡§√“–Àå method blank ·≈– matrix blank

method blank:  °—¥ “√‡§¡’∑’Ë„™â∑—ÈßÀ¡¥

‚¥¬„™â 0.01 M HCl 5 ¡‘≈≈‘≈‘µ√ ‡µ‘¡ internal

standard 2.0 π“‚π°√—¡  °—¥µ“¡«‘∏’°“√ °—¥ 2 È́”

©’¥ method blank ‡¢â“‡§√◊ËÕß LC-MS/MS ‡æ◊ËÕ

¥Ÿ«à“¡’ mass À√◊Õ peak √∫°«πÀ√◊Õ‰¡à
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matrix blank:  °—¥‡π◊ÈÕ ÿ°√ (∑’Ëµ√«®‰¡àæ∫

 “√‡§¡’°≈ÿà¡‡∫µâ“Õ–‚°π‘ µå ‚¥¬«‘∏’ ELISA) ‡µ‘¡

internal standard 2.0 π“‚π°√—¡  °—¥µ“¡«‘∏’°“√

 °—¥ 2 ́ È” ©’¥ matrix blank ‡¢â“‡§√◊ËÕß LC-MS/MS

‡æ◊ËÕ¥Ÿ«à“¡’ mass À√◊Õ peak √∫°«πÀ√◊Õ‰¡à

°“√À“¢’¥®”°—¥¢Õß°“√µ√«®æ∫ (Limit of

detection, LOD)

∑¥ Õ∫‚¥¬°“√©’¥ matrix-matched

standard ∑’Ë§«“¡‡¢â¡¢âπµË”Ê §à“ LOD (‚¥¬ª√–¡“≥)

¡’§à“‡∑à“°—∫ 3 ‡∑à“¢Õß signal-to-noise ∑”°“√

∑¥ Õ∫‚¥¬‡µ‘¡ “√¡“µ√∞“π∫√Õ¡∫‘«‡∑Õ√Õ≈

‡§≈π∫‘«‡∑Õ√Õ≈ ·√§‚µæ“¡’π ·≈–´“≈∫‘«∑“¡Õ≈

≈ß„πµ—«Õ¬à“ß‡π◊ÈÕ ÿ°√ ∑’Ë√–¥—∫ LOD ·≈–‡µ‘¡

internal standard 2.0 π“‚π°√—¡ «‘‡§√“–Àå 10 È́”

°“√À“¢’¥®”°—¥¢Õß°“√«—¥‡™‘ßª√‘¡“≥ (Limit of

quantitation, LOQ)

∑”°“√∑¥ Õ∫‚¥¬‡µ‘¡ “√¡“µ√∞“π

∫√Õ¡∫‘«‡∑Õ√Õ≈ ‡§≈π∫‘«‡∑Õ√Õ≈ ·√§‚µæ“¡’π

·≈–´“≈∫‘«∑“¡Õ≈ ≈ß„πµ—«Õ¬à“ß‡π◊ÈÕ ÿ°√∑’Ë√–¥—∫

ª√–¡“≥ 3 ‡∑à“¢Õß LOD ·≈–‡µ‘¡ internal standard

2.0 π“‚π°√—¡ «‘‡§√“–Àå 10 ´È” §”π«≥ª√‘¡“≥

‡∑’¬∫°—∫ “√¡“µ√∞“π ·≈â«§”π«≥ % Recovery

·≈–§à“ % RSD

°“√∑¥ Õ∫§«“¡‡ªìπ‡ âπµ√ß ·≈–™à«ß°“√

«‘‡§√“–Àå (Linearity and working range )

∑”°“√∑¥ Õ∫‚¥¬‡µ‘¡ “√¡“µ√∞“π

∫√Õ¡∫‘«‡∑Õ√Õ≈ ‡§≈π∫‘«‡∑Õ√Õ≈ ·√§‚µæ“¡’π

·≈–´“≈∫‘«∑“¡Õ≈≈ß„πµ—«Õ¬à“ß‡π◊ÈÕ ÿ°√ ™à«ß

§«“¡‡¢â¡¢âπ 0.5-10.0 π“‚π°√—¡µàÕ°√—¡ ∑’Ë 5 √–¥—∫

§«“¡‡¢â¡¢âπ 0.50, 1.0, 2.0, 5.0 ·≈– 10.0

π“‚π°√—¡µàÕ°√—¡ ‡µ‘¡ internal standard 2.0

π“‚π°√—¡µàÕ°√—¡ π”‰ª«‘‡§√“–Àå√–¥—∫≈– 3 ´È”

 √â“ß°√“ø§«“¡ —¡æ—π∏å√–À«à“ß concentration

ratio °—∫ peak area ratio ¢Õß “√¡“µ√∞“π∑—Èß

4 ™π‘¥ §”π«≥À“§à“ r

°“√∑¥ Õ∫§«“¡·¡àπ ·≈–§«“¡‡∑’Ë¬ß (Accuracy

and Precision)

∑¥ Õ∫§«“¡·¡àπ·≈–§«“¡‡∑’Ë¬ß¢Õß

°“√«‘‡§√“–Àå„π™à«ß°“√«‘‡§√“–Àå∑’Ë‡ªìπ‡ âπµ√ß

‚¥¬‡µ‘¡ “√¡“µ√∞“π∫√Õ¡∫‘«‡∑Õ√Õ≈ ‡§≈π∫‘«

‡∑Õ√Õ≈ ·√§‚µæ“¡’π ·≈–´“≈∫‘«∑“¡Õ≈ 5 √–¥—∫

„π™à«ß linear working range ·≈–‡µ‘¡ internal

standard 2.0 π“‚π°√—¡µàÕ°√—¡ ≈ß„πµ—«Õ¬à“ß

«‘‡§√“–Àå√–¥—∫≈– 10 ´È” §”π«≥ª√‘¡“≥‡∑’¬∫°—∫

 “√¡“µ√∞“π ·≈â«§”π«≥ % Recovery ·≈–

% RSD

°“√ª√–‡¡‘πº≈°“√∑¥ Õ∫§«“¡∂Ÿ°µâÕß¢Õß«‘∏’

º≈°“√∑¥ Õ∫∑’Ë‰¥â®–∂Ÿ°ª√–‡¡‘π ¥—ßπ’È %

Recovery : ™à«ß∑’Ë¬Õ¡√—∫‰¥â§◊Õ 60-120%

 à«π %RSD §à“∑’Ë¬Õ¡√—∫ πâÕ¬°«à“ 30%(11)

°“√ª√–‡¡‘π§à“§«“¡‰¡à·πàπÕπ¢Õß°“√«‘‡§√“–Àå

(Uncertainty)

°“√ª√–‡¡‘π§«“¡‰¡à·πàπÕπ¢Õß°“√«—¥(12)

‚¥¬§”π÷ß∂÷ß·À≈àß¢Õß§«“¡‰¡à·πàπÕπ∑ÿ°·À≈àß

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

‰¡à·πàπÕπ¢¬“¬ ‚¥¬„™â§à“ k = 2 „π°“√ª√–‡¡‘π

§à“§«“¡‰¡à·πàπÕπ¢Õß°“√«‘‡§√“–Àå µ“¡«‘∏’∑’Ë‰¥â

∑¥ Õ∫

ª√‘¡“≥ “√∑’Ëæ∫ Àπà«¬‡ªìπ‰¡‚§√°√—¡µàÕ

°‘‚≈°√—¡ (mg/kg) ‚¥¬§”π«≥‰¥â®“°
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®“° ¡°“√‡ âπµ√ß Y = mC + b
C = Y - b

        m

‡¡◊ËÕ m §◊Õ slope

b §◊Õ intercept

Y §◊Õ peak area ratio

C §◊Õ concentration ratio

¥—ßπ—Èπ ª√‘¡“≥ “√∑’Ëæ∫ (mg/kg)

= Cx  §«“¡‡¢â¡¢âπ Internal std

 º≈

°“√«‘‡§√“–Àå method blank ¢Õß reagent

·≈– matrix blank ¢Õßµ—«‡π◊ÈÕ ÿ°√∑’Ëµ√«®‰¡àæ∫

 “√‡§¡’°≈ÿà¡‡∫µâ“Õ–‚°π‘ µå ‚¥¬«‘∏’ ELISA ‰¡àæ∫

peak √∫°«π  à«π°√“ø¡“µ√∞“π§«“¡ —¡æ—π∏å

√–À«à“ß concentration ratio °—∫ peak area ratio

¢Õß “√¡“µ√∞“π∑—Èß 4 ™π‘¥ ™à«ß§«“¡‡¢â¡¢âπ

0.5-10.0 π“‚π°√—¡µàÕ°√—¡ ‰¥â°√“ø∑’Ë‡ªìπ‡ âπµ√ß

¡’§à“ r ‡∑à“°—∫ 0.9999, 0.9986, 0.9941 ·≈–

0.9998 µ“¡≈”¥—∫

§à“ LOD ¢Õß«‘∏’«‘‡§√“–Àåπ’È‡∑à“°—∫ 0.3

‰¡‚§√°√—¡µàÕ°‘‚≈°√—¡ º≈°“√æ‘ Ÿ®πå§à“ LOD ‚¥¬

°“√‡µ‘¡ “√¡“µ√∞“π∫√Õ¡∫‘«‡∑Õ√Õ≈ ‡§≈π∫‘«-

‡∑Õ√Õ≈ ·√§‚µæ“¡’π ·≈–´“≈∫‘«∑“¡Õ≈∑’Ë√–¥—∫

LOD „πµ—«Õ¬à“ß‡π◊ÈÕ ÿ°√ «‘‡§√“–Àå 10 ´È”  “¡“√∂

µ√«®æ∫∑ÿ°µ—«Õ¬à“ß ¡’§à“ signal to noise  Ÿß°«à“ 3

„π∑ÿ°µ—«Õ¬à“ß §à“ LOQ ¢Õß«‘∏’«‘‡§√“–Àåπ’È ‡∑à“°—∫

0.5 ‰¡‚§√°√—¡µàÕ°‘‚≈°√—¡ º≈°“√æ‘ Ÿ®πå§à“ LOQ

‚¥¬°“√‡µ‘¡ “√¡“µ√∞“π∑—Èß 4 ™π‘¥ ∑’Ë√–¥—∫ LOQ

≈ß„πµ—«Õ¬à“ß«‘‡§√“–Àå 10 ´È” æ∫ % Recovery

·≈– % RSD Õ¬Ÿà„π‡°≥±å∑’Ë¬Õ¡√—∫‰¥â ‰¥â§à“‡©≈’Ë¬ %

Recovery ¢Õß°“√«‘‡§√“–Àå “√∫√Õ¡∫‘«‡∑Õ√Õ≈

‡§≈π∫‘«‡∑Õ√Õ≈ ·√§‚µæ“¡’π ·≈–´“≈∫‘«∑“¡Õ≈

‡∑à“°—∫ 84.3%, 100.7 %, 104.4% ·≈– 104.8%

 à«π % RSD ‡∑à“°—∫ 14.3, 12.6, 12.9 ·≈–

6.0 µ“¡≈”¥—∫ (µ“√“ß∑’Ë 1)

°“√∑¥ Õ∫§«“¡‡ªìπ‡ âπµ√ß·≈–™à«ß°“√

«‘‡§√“–Àå ∑’Ë™à«ß§«“¡‡¢â¡¢âπ 0.5-10.0 π“‚π°√—¡

µàÕ°√—¡ ‰¥â°√“ø‡ âπµ√ß¡’§à“ r ‡∑à“°—∫ 0.9989,

0.9986, 0.9974 ·≈– 0.9988 ¢Õß∫√Õ¡-

∫‘«‡∑Õ√Õ≈ ‡§≈π∫‘«‡∑Õ√Õ≈ ·√§‚µæ“¡’π ·≈–

´“≈∫‘«∑“¡Õ≈ µ“¡≈”¥—∫

°“√∑¥ Õ∫§à“§«“¡·¡àπ·≈–§«“¡‡∑’Ë¬ß¢Õß

«‘∏’«‘‡§√“–Àå∑’Ë√–¥—∫§«“¡‡¢â¡¢âπ 1.0, 2.0 5.0 ·≈–

10.0 ‰¡‚§√°√—¡µàÕ°‘‚≈°√—¡ «‘‡§√“–Àå√–¥—∫≈–

10 ´È” ¡’ % Recovery Õ¬Ÿà„π‡°≥±å∑’Ë¬Õ¡√—∫‰¥â

º≈§à“‡©≈’Ë¬ % Recovery Õ¬Ÿà„π™à«ß 61.7-76.9%,

69.1-84.5 %, 64.8-81.5% ·≈– 88.1-103.2%

µ“¡≈”¥—∫ %RSD ®“°°“√«‘‡§√“–Àå√–¥—∫≈– 10 ́ È”

Õ¬Ÿà„π™à«ß 8.7-14.9%, 8.6-11.9%, 7.8-13.9%

·≈– 3.6-11.6% µ“¡≈”¥—∫ ´÷ËßÕ¬Ÿà„π‡°≥±å

∑’Ë¬Õ¡√—∫‰¥â‡™àπ°—π √“¬≈–‡Õ’¬¥º≈°“√∑¥ Õ∫§«“¡

·¡àπ ·≈–§«“¡‡∑’Ë¬ß„π°“√«‘‡§√“–Àå (µ“√“ß∑’Ë 1)

∑”°“√ª√–¡“≥§à“§«“¡‰¡à·πàπÕπ¢Õß°“√

«‘‡§√“–Àåµ“¡«‘∏’∑’Ë‰¥â∑¥ Õ∫ ‚¥¬π”°“√«‘‡§√“–Àå

 “√´“≈∫‘«∑“¡Õ≈ „π‡π◊ÈÕ ÿ°√‡ªìπµ—«Õ¬à“ß æ∫·À≈àß

∑’Ë¡“¢Õß§«“¡‰¡à·πàπÕπ ‰¥â·°à °“√™—ËßπÈ”Àπ—°¢Õß

µ—«Õ¬à“ß §à“ concentration ratio, C ∑’ËÕà“π‰¥â®“°

calibration curve  “√¡“µ√∞“π ·≈– Precision

‡¡◊ËÕ‰¥â§”π«≥§à“§«“¡‰¡à·πàπÕπ¢¬“¬ ¡’§à“‡∑à“°—∫

± 10.5% ∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ 95% §à“ Relative

standard uncertainty, u(x)/x, §à“ Combined

standard uncertainty ·≈– Expanded uncertainty,

U (µ“√“ß∑’Ë 2)
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µ“√“ß∑’Ë 1 · ¥ßº≈°“√∑¥ Õ∫§«“¡·¡àπ ·≈–§«“¡‡∑’Ë¬ß „π°“√«‘‡§√“–Àå brombuterol, clenbuterol,

ractopamine ·≈– salbutamol „π‡π◊ÈÕ ÿ°√ ∑’Ë√–¥—∫§«“¡‡¢â¡¢âπµà“ßÊ √–¥—∫≈– 10 ´È”

Spiked level % Recovery
 “√¡“µ√∞“π %RSD

(mg/kg)            Min-max                mean ± SD

brombuterol 0.5 64.9-109.0 84.3 ± 12.1 14.3

1.0 60.6-87.4 76.9 ± 6.7 8.7

2.5 60.5-102.0 74.7 ± 11.2 14.9

5.0 54.6-69.9 61.7 ± 5.3 8.7

10.0 57.6-79.7 69.2 ± 7.2 10.4

clenbuterol 0.5 82.8-129.0 100.7 ± 12.7 12.6

1.0 71.4-94.0 84.5 ± 7.4 8.7

2.5 64.0-95.2 78.3 ± 9.0 11.6

5.0 61.2-86.1 69.1 ± 8.2 11.9

10.0 64.4-82.8 72.6 ± 6.2 8.6

ratopamine 0.5 88.0-132.0 104.4 ± 13.4 12.9

1.0 70.5-92.9 81.5 ± 8.3 10.2

2.5 52.3-84.5 67.4 ± 9.4 13.9

5.0 58.7-75.0 64.8 ± 5.3 7.8

10.0 52.6-75.0 65.6 ± 6.5 9.9

salbutamol 0.5 97.0-119.0 104.8 ± 6.3 6.0

1.0 95.4-107.0 99.1 ± 3.6 3.6

2.5 88.3-129.0 103.2 ± 11.6 11.6

5.0 82.1-96.0 88.1 ± 5.8 6.6

10.0 80.8-102.0 89.5 ± 6.4 7.1
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§«“¡∂Ÿ°µâÕß«‘∏’«‘‡§√“–Àå “√°≈ÿà¡‡∫µâ“Õ–‚°π‘ µåµ°§â“ß„π‡π◊ÈÕ —µ«å ≈—¥¥“  ·°â«°≈â“ªí≠≠“‡®√‘≠

‰¥âπ”«‘∏’°“√µ√«®«‘‡§√“–Àå∑’Ë‰¥â∑¥ Õ∫π’È ¡“

µ√«®«‘‡§√“–Àåµ—«Õ¬à“ß‡π◊ÈÕ ÿ°√∑’Ëºà“π°“√µ√«® “√

°≈ÿà¡‡∫µâ“Õ–‚°π‘ µå ‚¥¬«‘∏’ ELISA ®”π«π 30

µ—«Õ¬à“ß ´÷Ëßº≈°“√µ√«®«‘‡§√“–Àå‚¥¬«‘∏’ ELISA

µ√«®‰¡àæ∫ 9 µ—«Õ¬à“ß µ√«®æ∫ 21 µ—«Õ¬à“ß  à«π

º≈°“√µ√«®«‘‡§√“–Àå¥â«¬«‘∏’ LC-MS/MS µ√«®

1. sample weight 1 g 0.00176 g 0.00176

2. C 1.33 ng/g 0.04501 ng/g 0.03384

3. standard dilution 0.01205 g 0.00019 g

50 ml 0.11575 ml

0.25 ml 0.00065 ml

50 ml 0.11575 ml

1 ml 0.00233 ml

10 ml 0.02311 ml

1 ml 0.00233 ml

10 ml 0.02311 ml

0.2 ml 0.00055 ml

0.01719

4. repeatability  100% 3.63269% 0.03633

Combine standard uncertainty 0.05257

Expanded uncertainty U                                        r Ó 2 Ó 0.05257 0.140 mg/kg

r; result  = 1.33 mg/kg

µ“√“ß∑’Ë 2 · ¥ß§à“  Relative standard uncertainty, u(x)/x, §à“ Combined standard uncertainty

·≈– Expanded uncertainty, U

Standard Relative standard
Component Value, x

uncertainty, u uncertainty u(x)/x

‰¡àæ∫ 12 µ—«Õ¬à“ß ·≈–µ√«®æ∫ 18 µ—«Õ¬à“ß ‚¥¬

µ√«®æ∫ “√´“≈∫‘«∑“¡Õ≈ 17 µ—«Õ¬à“ß µ√«®æ∫

∑—Èß “√´“≈∫‘«∑“¡Õ≈ ·≈–‡§≈π∫‘«‡∑Õ√Õ≈ 1

µ—«Õ¬à“ß º≈°“√‡ª√’¬∫‡∑’¬∫°“√µ√«®«‘‡§√“–Àå

‚¥¬«‘∏’ ELISA ·≈– LC-MS/MS (µ“√“ß∑’Ë 3)
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ELISA 9 21 (1.1-13.4) 30

LC-MS/MS 12 18 (0.7-45.5) 30

µ“√“ß∑’Ë 3 · ¥ßº≈°“√‡ª√’¬∫‡∑’¬∫°“√µ√«®«‘‡§√“–Àå‚¥¬«‘∏’ ELISA ·≈–«‘∏’ LC- MS/MS

®”π«πµ—«Õ¬à“ß
«‘∏’«‘‡§√“–Àå

µ√«®‰¡àæ∫ µ√«®æ∫ (min-max, mg/kg) √«¡

«‘®“√≥å

„π°“√∑¥ Õ∫«‘∏’«‘‡§√“–Àå ‡≈◊Õ°∑¥ Õ∫

°—∫ “√∫√Õ¡∫‘«‡∑Õ√Õ≈ ‡§≈π∫‘«‡∑Õ√Õ≈ ·√§‚µ

æ“¡’π ·≈–´“≈∫‘«∑“¡Õ≈ ‡π◊ËÕß®“°„π°“√µ√«®

«‘‡§√“–Àå‡∫◊ÈÕßµâπ„™â«‘∏’ ELISA ´÷Ëß«‘∏’π’È¡’§«“¡‰«

·≈–§«“¡®”‡æ“– Ÿß (100% cross reactivity)

µàÕ “√ 3 ™π‘¥‰¥â·°à ∫√Õ¡∫‘«‡∑Õ√Õ≈ ‡§≈π∫‘«

‡∑Õ√Õ≈ ·≈–´“≈∫‘«∑“¡Õ≈ ®÷ßµâÕß„Àâ°“√µ√«®

¬◊π¬—π§√Õ∫§≈ÿ¡ “√∑—Èß 3 πÕ°®“°π’Èæ∫«à“¢âÕ¡Ÿ≈

°“√µ°§â“ß¢Õß “√°≈ÿà¡‡∫µâ“Õ–‚°π‘ µå„π‡π◊ÈÕ —µ«å

∑’Ëµ√«®æ∫  à«π¡“°‡ªìπ “√‡§≈π∫‘«‡∑Õ√Õ≈ °—∫

´“≈∫‘«∑“¡Õ≈ ·≈–®“°¢âÕ¡Ÿ≈°“√π”‡¢â“ “√°≈ÿà¡

‡∫µâ“Õ–‚°π‘ µå„πªï æ.». 2544 ¢Õß°√¡ª»ÿ —µ«å

·≈– ¡“§¡ºŸâ‡≈’È¬ß ÿ°√·Ààßª√–‡∑»‰∑¬√“¬ß“π«à“

√âÕ¬≈– 90 ¢Õßø“√å¡ ÿ°√∑—Ë«ª√–‡∑»¡’°“√π”‡¢â“

 “√‡§≈π∫‘«‡∑Õ√Õ≈ ·≈– “√´“≈∫‘«∑“¡Õ≈ ‡æ◊ËÕ

π”¡“„™â‡ªìπ “√‡√àß‡π◊ÈÕ·¥ß(13)  à«π “√·√§‚µæ“¡’π

π—Èπ‡ªìπ “√∑’Ë¡’°“√º≈—°¥—π∑’Ë®–„Àâπ”¡“„™â„π°“√

ª√—∫ª√ÿß§ÿ≥¿“æ¢Õß‡π◊ÈÕ —µ«å„π°“√ª»ÿ —µ«å

¡’°“√π”‡¢â“æ‘®“√≥“„π Codex Committee on

Residues of Veterinary Drugs in Food, CCRVDF

´÷Ëßº≈Õ¬Ÿà„π step 4(14) „π°“√∑¥ Õ∫«‘∏’°“√

«‘‡§√“–Àå „™â‡π◊ÈÕ ÿ°√‡ªìπµ—«·∑π¢Õß‡π◊ÈÕ —µ«å ‚¥¬

‰¥â¥—¥·ª≈ß«‘∏’¡“®“°«‘∏’¢Õß Williams LD. et al.(15)

´÷Ëß„™âµ√«®«‘‡§√“–Àå “√°≈ÿà¡‡∫µâ“Õ–‚°π‘ µåµ°§â“ß

„π retina ·≈–µ—∫«—« °“√«‘‡§√“–Àå™π‘¥·≈–ª√‘¡“≥

«‘‡§√“–Àå¥â«¬‡§√◊ËÕß¡◊Õ LC-MS/MS „™âÀ≈—°°“√

mass spectrometry µ√«®«—¥ ion ¢Õß “√∑’Ë·¬°°—π

¥â«¬§à“¡«≈µàÕª√–®ÿ (mass-to-charge ratio,

m/z) ∑’Ë·µ°µà“ß°—π ®÷ß¡’§«“¡®”‡æ“– Ÿß ·≈–

¥â«¬ detector ™π‘¥ tandem mass spectrometer

µ√«®«—¥‚¥¬‡≈◊Õ° mass ∂÷ß 2 §√—Èß §◊Õ§√—Èß·√°‡≈◊Õ°

precursor ion À√◊Õ parent ion ®“°π—Èπ„™â°ä“´‡©◊ËÕ¬

‡™àπ Œ’‡≈’¬¡ Õ“√å°Õπ À√◊Õ‰π‚µ√‡®π «‘Ëß‡¢â“™π

∑”„Àâ‡°‘¥ fragmentation ‰¥â product ion À√◊Õ

daughter ion ‡≈◊Õ° product ion 2-3 ion ∑’Ë¡’

response  Ÿß·≈–‰¡à¡’ “√„¥√∫°«π„π°“√«‘‡§√“–Àå

 “√∫√Õ¡∫‘«‡∑Õ√Õ≈ ‡≈◊Õ° m/z 367.3 ‡ªìπ

precursor ion ·≈–‡≈◊Õ° product ion ∑’Ë m/z 212.1

°—∫ 293.1 ‡§≈π∫‘«‡∑Õ√Õ≈ ‡≈◊Õ° m/z 277.2

‡ªìπ precursor ion ·≈–‡≈◊Õ° product ion ∑’Ë m/z

132.2 °—∫ 203.1  “√·√§‚µæ“¡’π ‡≈◊Õ° m/z

302.3 ‡ªìπ precursor ion ·≈–‡≈◊Õ° product ion

∑’Ë m/z 106.9 °—∫ 164.0  à«π “√´“≈∫‘«∑“¡Õ≈

„™â m/z 240.3 ‡ªìπ precursor ion ·≈–‡≈◊Õ°

product ion ∑’Ë m/z 222.3 °—∫ 148.1 ‚¥¬„™â

m/z 293.1, 203.1, 164.0 ·≈– 148.1 „π°“√

§”π«≥ª√‘¡“≥ “√∑—Èß 4 ™π‘¥µ“¡≈”¥—∫ πÕ°®“°

π’È¡’°“√π” “√ stable isotope, salbutamol-d3

¡“„™â‡ªìπ Internal standard „™â‡ª√’¬∫‡∑’¬∫„π

°“√«‘‡§√“–Àå ∑”„Àâ “¡“√∂§«∫§ÿ¡§ÿ≥¿“æ¢Õß«‘∏’

«‘‡§√“–Àå∑—Èß„π‡™‘ß§ÿ≥¿“æ ·≈–ª√‘¡“≥‰¥â

·¡â«à“‡∑§π‘§ LC-MS/MS ®–¡’§«“¡‰«

(sensitivity) ·≈–§«“¡®”‡æ“– (selectivity)



11

§«“¡∂Ÿ°µâÕß«‘∏’«‘‡§√“–Àå “√°≈ÿà¡‡∫µâ“Õ–‚°π‘ µåµ°§â“ß„π‡π◊ÈÕ —µ«å ≈—¥¥“  ·°â«°≈â“ªí≠≠“‡®√‘≠

 Ÿß·µà‡π◊ËÕß®“° “√°≈ÿà¡‡∫µâ“Õ–‚°π‘ µå‡ªìπ “√∑’Ë

‰¡à„Àâ¡’°“√µ°§â“ß (zero tolerance) §◊Õ®–µâÕßµ√«®

‰¡àæ∫ ·≈–ª√–°“»¢Õß ”π—°ß“π§≥–°√√¡°“√

Õ“À“√·≈–¬“ ‰¥â°”Àπ¥„Àâ„™â«‘∏’µ√«®·≈–ÀâÕß

ªØ‘∫—µ‘°“√∑’Ë¡’§«“¡ “¡“√∂„π°“√µ√«®æ∫ª√‘¡“≥

 “√ªπ‡ªóôÕπ “√°≈ÿà¡‡∫µâ“Õ–‚°π‘ µå‰¥â„πª√‘¡“≥

µË”°«à“ 1.0 ‰¡‚§√°√—¡µàÕ°‘‚≈°√—¡(7) ÷́Ëß«‘∏’∑’Ë‰¥â

∑¥ Õ∫π’È  “¡“√∂„™â„π°“√«‘‡§√“–Àåµ“¡¢âÕ°”Àπ¥

¢Õß Õ¬. ‰¥â §◊Õ¡’§à“ LOD ‡∑à“°—∫ 0.3 ‰¡‚§√°√—¡

µàÕ°‘‚≈°√—¡ ·≈–¡’§à“ LOQ ‡∑à“°—∫ 0.5 ‰¡‚§√°√—¡

µàÕ°‘‚≈°√—¡ ́ ÷ËßµË”°«à“¢âÕ°”Àπ¥¢Õß Õ¬. πÕ°®“°π’È

„π°“√«‘‡§√“–Àå¬—ß‰¥â°”Àπ¥°“√§«∫§ÿ¡§ÿ≥¿“æ

‡æ◊ËÕ„Àâ‰¥âº≈∑’Ë∂Ÿ°µâÕß ‰¥â·°à °“√‡≈◊Õ° identification

points ·≈–°”Àπ¥§«“¡·µ°µà“ß Ÿß ÿ¥∑’Ë¬Õ¡√—∫‰¥â

(maximum permitted tolerance) ¢Õß relative ion

intensities µ“¡∑’Ë European Communities,

EC °”Àπ¥(16) ¥—ßπ—Èπ«‘∏’∑’Ë‰¥â∑¥ Õ∫π’È®÷ß¡’§«“¡

‡À¡“– ¡„π°“√„™â«‘‡§√“–Àå „™â‡ªìπ«‘∏’µ√«®¬◊π¬—π

 “√µ°§â“ß¥—ß°≈à“«„πÀâÕßªØ‘∫—µ‘°“√ ·≈–„™â

ª√–°Õ∫„π°“√¥”‡π‘π°“√∑“ß°ÆÀ¡“¬‰¥â

‡¡◊ËÕæ‘®“√≥“§«“¡ ¡‡Àµÿº≈¢Õß§à“§«“¡

‰¡à·πàπÕπ ‚¥¬„™â‡°≥±å°“√§”π«≥®“°§à“ standard

deviation §à“§«“¡‰¡à·πàπÕπ∑’Ë§«√‡ªìπ‡∑à“°—∫

predicted Horwitzûs RSDr Ó 2(10) ‡¡◊ËÕ§”π«≥

§à“§«“¡‰¡à·πàπÕπ∑’Ë§«√‡ªìπ ®–‡∑à“°—∫ 42.2%

 √ÿª‰¥â«à“§à“§«“¡‰¡à·πàπÕπ∑’Ë§”π«≥„π°“√∑¥ Õ∫

π’È¡’§à“ ¡‡Àµÿº≈

‰¥âπ”«‘∏’°“√µ√«®«‘‡§√“–Àå∑’Ë‰¥â∑¥ Õ∫π’È

«‘‡§√“–Àåµ—«Õ¬à“ß‡π◊ÈÕ ÿ°√∑’Ë‡§¬«‘‡§√“–Àå “√°≈ÿà¡

‡∫µâ“Õ–‚°π‘ µå¥â«¬«‘∏’ ELISA ®”π«π 30 µ—«Õ¬à“ß

º≈µ—«Õ¬à“ß∑’Ëµ√«®‰¡àæ∫‚¥¬«‘∏’ ELISA «‘∏’

LC-MS/MS °Áµ√«®‰¡àæ∫‡™àπ‡¥’¬«°—π  à«π

µ—«Õ¬à“ß∑’Ëµ√«®æ∫∑—Èß Õß«‘∏’®–„Àâº≈‰¡àµ√ß°—π

3 µ—«Õ¬à“ß §‘¥‡ªìπ√âÕ¬≈– 10 ¢Õßµ—«Õ¬à“ß∑’Ëµ√«®

∑—ÈßÀ¡¥ ‚¥¬º≈°“√µ√«®«‘‡§√“–Àå¥â«¬«‘∏’ ELISA

µ√«®æ∫ 21 µ—«Õ¬à“ß ·µà‚¥¬«‘∏’ LC-MS/MS µ√«®

æ∫ 18 µ—«Õ¬à“ß ´÷Ëß‡¡◊ËÕæ‘®“√≥“¢âÕ®”°—¥¢Õß«‘∏’

LC-MS/MS ∑’Ë‰¥â∑¥ Õ∫ §◊Õ “¡“√∂«‘‡§√“–Àå

 “√°≈ÿà¡‡∫µâ“Õ–‚°π‘ µå‰¥â 4 ™π‘¥ „π¢≥–∑’Ë«‘∏’

ELISA  “¡“√∂«‘‡§√“–Àå§√Õ∫§≈ÿ¡ “√°≈ÿà¡‡∫µâ“

Õ–‚°π‘ µå∂÷ß 12 ™π‘¥ ·µàÕ¬à“ß‰√°Áµ“¡«‘∏’

LC-MS/MS ∑’Ë‰¥â∑¥ Õ∫π’È “¡“√∂«‘‡§√“–Àå

§√Õ∫§≈ÿ¡ “√∑’Ë¡’ 100% cross reactivity ‚¥¬«‘∏’

ELISA ‰¥â∑—ÈßÀ¡¥ ·≈–®“°¢âÕ¡Ÿ≈¢â“ßµâπ®–‡ÀÁπ«à“

«‘∏’ LC-MS/MS ∑’Ë‰¥â∑¥ Õ∫π’È‡ªìπ«‘∏’∑’Ë¡’§«“¡‰«

§«“¡®”‡æ“–  “¡“√∂«‘‡§√“–Àå∑—Èß„π‡™‘ßª√‘¡“≥

·≈–§ÿ≥¿“æ  “¡“√∂∫àß™’È™π‘¥¢Õß “√∑’Ëµ√«®æ∫‰¥â

·≈–‡ªìπ∑’Ë¬Õ¡√—∫¢Õß “°≈ ¥—ßπ—Èπ„π°√≥’µ√«®

æ∫ “√°≈ÿà¡‡∫µâ“Õ–‚°π‘ µå‚¥¬«‘∏’ ELISA ·≈–

µâÕß°“√„™âº≈„π°“√¥”‡π‘π°“√∑“ß°ÆÀ¡“¬

®÷ß®”‡ªìπµâÕßµ√«®¬◊π¬—π¥â«¬«‘∏’ LC-MS/MS

 √ÿª

«‘∏’°“√µ√«®«‘‡§√“–Àå “√∫√Õ¡∫‘«‡∑Õ√Õ≈

‡§≈π∫‘«‡∑Õ√Õ≈ ·√§‚µæ“¡’π ·≈–´“≈∫‘«∑“¡Õ≈

‚¥¬„™â LC-MS/MS ∑’Ë‰¥â∑¥ Õ∫ ‡¡◊ËÕ‰¥â∑¥ Õ∫

ª√– ‘∑∏‘¿“æ¢Õß«‘∏’ æ∫«à“¡’ª√– ‘∑∏‘¿“æ¥’·≈–

„™âµ√«®«‘‡§√“–Àå “√°≈ÿà¡‡∫µâ“Õ–‚°π‘ µå‰¥â ‚¥¬¡’

§à“§«“¡·¡àπ ·≈–§«“¡‡∑’Ë¬ß¢Õß«‘∏’Õ¬Ÿà„π‡°≥±å

∑’Ë¬Õ¡√—∫ πÕ°®“°π’È¬—ß “¡“√∂µ√«®«‘‡§√“–Àå “√

4 ™π‘¥‰¥â„π§√“«‡¥’¬«°—π ¥—ßπ—Èπ«‘∏’π’È®÷ß‡ªìπ«‘∏’∑’Ë

‡À¡“– ¡„πÕ—π∑’Ë®–π”¡“„™â„π°“√µ√«®«‘‡§√“–Àå

‡æ◊ËÕ¬◊π¬—πº≈ ·≈–§«∫§ÿ¡§ÿ≥¿“æµ“¡°ÆÀ¡“¬‰¥â

‡Õ° “√Õâ“ßÕ‘ß

1.  ÿæ≈ ‡≈◊ËÕß¬»≈◊Õ™“°ÿ≈ °“√„™â “√°≈ÿà¡ Phenethanola-

mine ª√—∫ª√ÿß§ÿ≥¿“æ´“°„π ÿ°√ª√–‚¬™πå·≈–

Õ—πµ√“¬ √“¬ß“π«‘®—¬ °“√ª√–™ÿ¡«‘™“°“√∑“ß —µ«·æ∑¬å
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§√—È ß∑’Ë 18  —µ«·æ∑¬å ¡“§¡·Ààßª√–‡∑»‰∑¬„π

æ√–∫√¡√“™Ÿª∂—¡¿å. 4-6 æƒ»®‘°“¬π 2534 ‚√ß·√¡

‡Õ‡™’¬. °√ÿß‡∑æœ.

2. Warriss PD, Kestin SC, Rolph TP, Brown SN.
The effects of the beta-agonist salbutamol
on meat quality in pig. J Anim Sci 1990;
68 : 128-36.

3. Council Directive 96/22/EC on the prohibition
of the use of certain substances having a hormonal
and thyreostatic action and b-agonists in animal
husbandry. Off J Eur Com (1996) L125.

4. ª√–°“»°√–∑√«ßæ“≥‘™¬å ©∫—∫ª√–°“»∑—Ë«‰ª (æ.».

2545) ‡√◊ËÕß °“√π” “√Õ—≈∫‘«‡µÕ√Õ≈ (albuterol)
À√◊Õ´—≈∫‘«µ“¡Õ≈ (salbutamol) ‡¢â“¡“„π√“™Õ“≥“®—°√

æ.». 2545 √“™°‘®®“πÿ‡∫°…“ ‡≈à¡ 119 µÕπæ‘‡»…

33 ß (≈ß«—π∑’Ë 5 ‡¡…“¬π 2545) Àπâ“ 15-6

5. ª√–°“»°√–∑√«ß‡°…µ√·≈– À°√≥å ©∫—∫ª√–°“»

∑—Ë«‰ª (æ.». 2542) ‡√◊ËÕß °”Àπ¥™◊ËÕ ª√–‡¿∑ ™π‘¥

À√◊Õ≈—°…≥–¢ÕßÕ“À“√ —µ«å∑’Ë‰¡àÕπÿ≠“µ„Àâπ”‡¢â“¡“

‡æ◊ËÕ¢“¬ ·≈–°”Àπ¥™◊ËÕ ª√–‡¿∑ ™π‘¥≈—°…≥– §ÿ≥ ¡∫—µ‘

·≈– à«πª√–°Õ∫¢Õß«—µ∂ÿ∑’Ë‡µ‘¡„πÕ“À“√ —µ«å∑’ËÀâ“¡

„™â‡ªìπ à«πº ¡„π°“√º≈‘µÕ“À“√ —µ«å æ.». 2542
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Method Validation of Brombuterol, Clenbuterol, Ractopamine and

Salbutamol Residues in Animal Tissue Using LC-MS/MS

Ladda Kaewklapanyacharoen

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

ABSTRACT A simultaneous determination of brombuterol, clenbuterol, ractopamine and salbutamol

residues in animal tissue using LC-MS/MS was validated. The meat sample was digested by dilute hydrochloric

acid, extracted and cleaned up on solid phase extraction mixed mode cation exchange/reverse phase

(MCX mode), followed by determination of residues by liquid chromatograph tandem mass spectometry

using electrospray ionization in positive ion mode. The result showed that the limit of detection (LOD) was 0.3

mg/kg and limit of quantitation (LOQ) was 0.5 mg/kg. The linear working range for brombuterol, clenbuterol,

ractopamine and salbutamol was 0.5-10.0 mg/kg with the correlation coefficient 0.9989, 0.9986, 0.9974

and 0.9988, respectively. Accuracy of the method was shown by mean % recovery of spiking standard to

sample matrix at 5 different levels within linear working range were 61.7-84.3, 69.1-100.7, 64.8-104.4

and 88.1-104.8 for brombuterol, clenbuterol, ractopamine and salbutamol, respectively. Precision was

shown by relative standard deviation percentage (%RSD) were 8.7-14.9, 8.6-12.6, 7.8-13.9 and

3.6-11.6 for brombuterol, clenbuterol, ractopamine and sabutamol, respectively. Validation data proved that

this method could be used for determining brombuterol, clenbuterol, ractopamine and salbutamol in animal

tissues for food quality control by law. This method was used to analysed  30 samples of pork that had

been analysed by ELISA method. It showed that both methods gave the equivalent results for 90% of

the total samples.

Key word : brombuterol, clenbuterol, ractopamine, salbutamol, animal  tissue,  LC-MS/MS


