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Study on an Analytical Method for Veterinary Drugs
by Internal Standard Method using Stable Isotopes.

Maki YASUI*, Shigeki AKAMATSU, Naoki YOSHIOKA and Yasuyo FUJITA

Health Science Research Division, Hyogo Prefectural Institute of Public Health Science,

1819-14 Kanno, Kanno-cho, Kakogawa 675-0003, Japan

We developed an analytical method for veterinary drugs such as tetracyclines, quinolones and sulfonamides using liquid
chromatograph-tandem mass spectrometer (LC-MS/MS) by internal standard method using stable isotopes. As internal
standard materials, we used demeclocycline, nalidixic acid-ds, enrofloxacin-ds, and sulfadimidine-ds. Veterinary drugs
were extracted from livestock products using acidic solvents and purified using filtration devices. Rapid analysis was
achieved by omitting the concentration operation and the use of matrix-matched calibration curves. The limits of
quantification were 0.01 pg/g. The result of recovery tests using 28 veterinary drugs met the target value of the guideline

of the Japanese Ministry of Health, Labour and Welfare.
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Table 1 LC-MS/MS parameters

EHGDOIE, T hIHA 7V R4FE, F /R 1l
i, P77 Hl 16 FOAEFE 31 FAMETORR L Lz
XTIV A TV, JurT IV ALY, R
XAV, ARV I =y I, TVAX, T
prvaXx¥ o, YFuvaxtir, I TvakPs
v, vrvuaxtyr, ANTrX )X, AT 7
VA RXVY, ANNTrEHIR, ALTy REFLU,
ANT 7V, AAVT7E A MV UITELT A
VAT, T NIV A4 27 Y X Dr
Ehrenstorfer i, VU 7 2fig, Fouax$ o, X))
TaXxY L, AT TV, ANVT 7 FT =)L,
ZNT 7 X AT IR, AT 7 A NS —)L, 2L
TrFARRIEY XD, AT 7 ATV UATMEREE:
BOR, A7 ey MR TR, v
%Yoy, ANTyFrua)HETr, ANLT U
Uy, A)NT 7 =T 2 KL Sigma-Aldrich #, x>
7 77 =31 Honeywell $1% U -, ZAEAERZ A X

Quantifier ion

Qualifier ion

Compounds MRM transition Ccv CE MRM transition CV CE
(m/2) W) (eV) (m/2) W) (eV)
Tetracyclines
Oxytetracycline 461.4 > 426.2 10 20 461.4 > 443.3 10 15
Tetracycline 445.4 > 410.3 40 20 445.4 > 154.0 40 30
Chlortetracycline 479.4 > 444.2 20 20 479.4 > 154.0 20 35
Doxycycline 445.4 > 428.3 40 15 445.4 > 267.2 40 40
Quinolones
Oxolinic acid 262.2 > 244.1 30 20 262.2 > 160.0 30 40
Flumequine 262.2 > 244.1 10 15 262.2 > 202.0 10 35
Nalidixic acid 233.2>215.1 10 15 233.2>187.0 10 25
Enrofloxacin 360.4 > 316.3 20 20 360.4 > 245.2 20 30
Ciprofloxacin 323.3 > 288.3 50 20 323.3 > 245.2 50 25
Ofloxacin 362.3 > 261.2 40 25 362.3 > 318.3 40 15
Orbifloxacin 396.3 > 352.3 10 15 396.3 > 295.2 10 25
Sarafloxacin 386.4 > 342.3 50 20 386.4 >299.2 50 25
Difloxacin 400.4 > 356.3 20 20 400.4 > 299.2 20 30
Danofloxacin 358.3> 96.0 10 25 358.3 > 340.3 10 25
Norfloxacin 320.3 > 276.2 40 15 320.3 > 233.2 40 25
Sulfonamides
Sulfaquinoxaline 301.3>156.0 20 15 301.3> 919 20 25
Sulfachlorpyridazine 285.2 > 156.0 30 15 285.2> 91.9 30 30
Sulfadiazine 251.2 > 155.9 20 15 251.2> 91.9 20 25
Sulfadimidine 279.2 > 186.0 40 15 279.2> 91.9 40 35
Sulfadimethoxine 311.3 > 156.0 30 20 311.3> 919 30 35
Sulfathiazole 256.1 > 156.0 20 15 256.1> 91.9 20 25
Sulfadoxine 311.2 > 156.0 30 15 311.2> 919 30 25
Sulfapyridine 250.2 > 155.9 20 15 250.2> 91.9 20 30
Sulfabenzamide 277.2 > 156.0 10 15 277.2> 919 10 30
Sulfamethoxazole 254.2> 91.9 30 25 254.2 > 156.0 30 15
Sulfamethoxypyridazine 281.3 > 155.9 30 15 281.3> 919 30 30
Sulfamerazine 281.2 > 156.0 30 15 281.2 > 108.0 30 30
Sulfamonomethoxine 281.2 > 156.0 20 20 281.2> 919 20 30
Internal standard materials
Demeclocycline 465.3 > 448.2 10 15 465.3 > 430.2 10 20
Nalidixic acid-ds 238.2 >220.1 10 15 238.2>188.1 10 25
Enrofloxacin-ds 365.4 > 321.3 10 20 365.4 > 245.2 10 25
Sulfadimidine-des 285.3>192.1 20 15 285.3> 91.9 20 30
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Waters i ACQUITY H Class (LC) KU Xevo TQ-XS
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Table 2 Validation results

Is Demeclocycline Nalidixic acid-ds Enrofloxacin-ds; Sulfadimidine-ds
compounds
Fortified Trueness RSD, RSDwr Trueness RSD, RSDwr Trueness RSD, RSDwr Trueness RSD, RSDwr
0.01 98.5 4.2 27.7 53.0 12.4 124.4 68.0 10.1 54.7 78.5 8.6 52.4
Oxytetracycline
0.05 99.9 5.9 7.8 89.8 4.1 8.4 95.6 5.0 9.6 101.5 5.9 11.1
0.01 81.7 9.4 29.1 35.0 34.0 196.1 49.0 28.3 83.3 59.5 21.1 71.7
Tetracycline
0.05 94.9 6.6 8.8 84.7 5.8 10.9 90.1 7.5 10.4 96.0 7.7 12.4
0.01 83.0 10.7 25.6 55.9 13.9 98.2 61.6 18.0 55.7 73.4 13.1 42.9
Chlortetracycline
0.05 92.7 9.0 10.4 81.1 12.3 12.1 86.7 13.1 12.1 91.9 10.2 11.3
0.01 114.4 6.4 14.8 74.3 10.2 77.3 81.2 13.6 40.6 99.9 8.8 41.6
Doxycycline
0.05 97.3 7.5 11.0 87.1 6.2 7.7 92.7 7.4 6.4 96.8 6.7 6.9
0.01 135.7 2.9 23.9 102.0 6.3 10.4 108.5 7.7 21.5 128.2 5.1 11.8
Oxolinic acid
0.05 106.1 4.0 6.0 96.7 2.1 6.6 102.2 4.0 6.4 106.6 5.3 8.7
0.01 124.1 2.6 29.8 89.7 4.1 15.0 95.6 5.9 30.3 116.4 3.6 15.3
Flumequine
0.05 106.3 5.5 7.4 96.1 5.1 6.1 102.0 4.3 5.0 106.5 7.8 8.2
0.01 132.1 1.7 18.8 97.0 5.2 19.7 104.1 7.0 14.7 123.3 4.2 7.6
Nalidixic acid
0.05 102.8 2.8 6.2 92.9 3.4 5.4 98.8 4.1 6.6 103.0 6.0 8.3
0.01 116.9 5.8 16.0 79.7 9.3 35.4 85.9 7.2 13.8 105.4 7.0 16.1
Enrofloxacin
0.05 99.3 7.3 14.2 88.1 6.1 9.1 94.2 2.6 9.4 98.5 10.7 10.9
0.01 87.8 9.1 19.9 49.0 15.7 90.6 52.1 18.1 35.7 72.0 12.3 38.8
Ciprofloxacin
0.05 94.9 7.6 11.1 84.6 6.6 11.5 89.8 5.0 5.7 94.1 10.3 9.6
0.01 101.9 8.0 27.6 64.4 11.9 55.9 69.1 12.6 28.6 89.7 9.2 18.6
Ofloxacin
0.05 98.4 5.0 12.7 87.8 3.9 8.1 93.3 3.5 5.1 97.6 7.1 5.6
0.01 115.1 9.0 20.8 78.4 11.9 34.7 84.0 12.2 16.6 104.0 9.0 16.4
Orbifloxacin
0.05 97.1 7.1 11.8 86.3 5.1 10.2 92.0 3.8 6.7 96.2 8.9 8.9
0.01 101.6 6.8 28.5 61.9 12.8 67.5 73.1 10.3 26.1 82.0 10.4 32.8
Sarafloxacin
0.05 98.8 6.2 13.4 88.1 4.9 8.7 94.0 3.3 10.0 98.3 8.5 10.0
0.01 121.1 4.9 23.1 86.4 7.0 19.1 91.4 4.3 15.0 111.5 4.3 8.5
Difloxacin
0.05 98.3 2.1 10.3 88.1 5.3 9.7 93.6 7.9 6.6 97.6 4.9 5.8
0.01 107.8 8.1 22.2 70.2 13.8 61.4 74.8 14.8 34.4 93.9 10.6 30.2
Danofloxacin
0.05 103.9 4.5 10.2 93.5 5.2 7.9 99.4 6.2 7.2 103.5 5.9 6.9
0.01 91.1 11.9 13.7 53.1 13.9 66.5 56.4 19.3 22.1 76.1 11.6 27.8
Norfloxacin
0.05 97.1 6.2 12.2 87.0 9.4 11.3 92.4 10.4 8.8 96.3 8.4 7.9
0.01 115.9 3.2 20.7 79.1 6.0 29.3 85.7 10.6 17.6 106.0 5.7 11.6
Sulfaquinoxaline
0.05 93.2 5.4 10.5 82.6 3.4 9.2 88.0 1.3 4.4 92.4 7.7 7.6
0.01 120.8 4.3 20.2 84.2 9.4 29.3 61.6 18.0 55.7 110.9 6.6 9.9
Sulfachl 1
i 0.05 90.9 3.5 11.1 80.4 3.1 10.3 85.6 3.5 4.8 89.8 6.9 6.7
0.01 119.9 3.2 15.3 83.5 8.1 30.6 89.4 10.3 11.1 109.3 6.9 14.7
Sulfadiazine
0.05 94.3 5.1 10.3 84.1 6.4 9.0 89.4 5.6 4.8 93.7 9.1 7.6
0.01 119.6 3.7 24.4 83.6 3.6 29.2 90.1 7.9 20.5 112.4 3.3 7.5
Sulfadimidine
0.05 94.9 3.8 9.2 84.6 5.4 8.3 90.2 5.9 5.4 94.4 6.7 6.6
0.01 118.8 3.4 23.9 82.9 5.5 31.0 88.6 9.2 23.4 109.0 5.0 9.2
Sulfadimethoxine
0.05 92.6 4.9 10.8 82.1 3.0 7.9 87.3 3.1 4.6 91.6 6.2 5.8
0.01 124.4 4.5 26.8 90.1 5.9 23.4 95.2 4.7 24.0 115.4 3.4 6.3
Sulfathiazole
0.05 93.1 6.1 10.3 82.9 4.5 8.6 88.0 4.0 5.4 92.1 7.2 7.1
0.01 110.9 3.9 29.0 75.1 9.1 17.9 80.5 10.9 26.0 101.3 6.7 17.1
Sulfadoxine
0.05 94.5 5.1 9.5 83.9 4.6 6.8 89.5 6.1 6.7 93.9 6.0 7.0
0.01 120.0 4.4 14.0 82.7 6.9 35.9 89.6 8.2 6.6 109.5 5.5 14.8
Sulfapyridine
0.05 94.4 3.2 8.3 84.1 5.4 8.5 89.7 6.2 6.4 94.0 7.5 7.8
0.01 120.5 3.2 20.6 84.1 5.8 30.9 90.3 6.6 15.5 110.0 4.3 6.3
Sulfabenzamide
0.05 93.2 4.2 11.1 82.6 3.8 10.0 87.9 3.5 5.8 92.1 7.0 7.3
0.01 114.1 5.2 28.7 78.6 10.0 27.0 83.7 8.3 32.9 104.5 6.7 22.2
Sulfamethoxazole
0.05 93.4 4.7 9.6 82.9 2.9 5.6 88.4 2.4 6.1 92.8 7.3 8.0
0.01 122.1 4.2 20.8 86.8 7.3 23.6 92.6 10.2 15.7 112.4 6.8 17.4
Sulfamethoxypyridazine
0.05 95.6 5.1 11.7 85.3 5.6 8.2 90.8 6.5 5.7 94.8 5.6 4.4
0.01 114.1 5.2 28.7 78.6 10.0 27.0 83.7 8.3 32.9 105.5 8.3 9.1
Sulfamerazine
0.05 93.4 4.7 9.6 82.9 2.9 5.6 88.4 2.4 6.1 94.4 6.9 8.8
0.01 122.9 5.6 15.8 87.0 9.4 30.9 93.0 11.8 14.7 112.1 8.4 17.2
Sulf: hoxine
0.05 91.1 6.8 13.4 80.5 4.0 10.7 85.8 4.4 7.2 89.8 7.5 7.6
IS Internal Standard RSDr RSD of repeatability RSDWR RSD of within-laboratory reproducibility
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