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Abstract: A procedure based on solid-phase extraction (SPE) followed by liquid chromatography-tandem mass
spectrometry has been developed for the simultaneous analysis of 55 basic drugs in equine urine. The test scope
covers diversified classes of drugs including some [-blockers, -agonists, antihypotensives, CNS stimulants,
sedatives, tranquilizers, antidepressants, antihypertensives and so on. LC-MS/MS separation and quantification
was carried out in positive electrospray ionization and multiple reaction monitoring (MRM) mode. Four different
brands of mixed mode cation exchange SPE sorbents; UCT XTRACT® XRDAH, Supelco DSC-MCAX®, Varian
Bond Elut Certify® and Waters Oasis® MCX were compared. The UCT XTRACT® XRDAH sorbent provided
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the best results in the preconcentration of samples, yielding relative recoveries higher than 80% except for
terbutaline (41.3%), salbutamoal (71.5%), heptaminol (70.7%), phenylpropanolamine (66.3%). Detection limits of
the target drugs provided by the proposed anaytical procedure were between 0.2~8.3 ng/mL.

Key words: Basic drugs, Equine urine, SPE, LC-MSMS
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21. A A =

# =72 acepromazine, aminopyrine, amitriptylline,
antipyrine, atenolol, atropine, azaperone, benzocaine,
bupivecaine, caffeine, carbamazepine, chlorpheniramine,
chlorpromazine, clenbuterol, diphenhydramine, dipyrone,
doxapram, guaifenesine, heptaminol, imipramine,
lidocaine, mephentermine, mepivacaine, methocarbamol,
methoxyphenamine, nikethamide, oxprenolol, papaverine,
phenylpropanolamine, procaine, promazine, propionylpro-
mazine, propranolol, pyrilamine, salbutamol, scopolamine,
pentazocine, terbutaling, tetracaine, timolal, trimethoprim,
tripdenamine, xylazine> USPAH(Rockville, MD, USA)
oA, vlekR ¥ & &7 amphetamine, benzoylecgonine,
butorphanol, cocaine, codeine, diazepam, ephedrine,
ketamine, meperiding, methamphetamine, methylphenidate,
nordiazepam-2 CerillantAH(Round Rock, TX, USA)dI
Al FYsted AMgsHATH R ESEZZE ARG
cotining, dibucaine> USPAF(Rockville, MD, USA)ol]
Al st AHgETh & AR 7RSS
3 A3k ammonium acetate= A 2FF-(Junsd, Kyoto,
Jopan)] A ES A3, B-glucuronidesdarylsufatase
£ Roche Diagnogtics*HMannheim, Germany)ol< 7<)
gkl ARg-stith ZhrEiel € A 5e pH 2EE 9
3 A& <liH(phosphoric acid)S Al 2FH(Sigma
Aldrich, Milwaukee, WI, USA)S AM-3}91 3, LA
FE99] HH st dAE e FTEAF S =4
Fol 2w 3t 4] 4 714 AlF; XTRACT® XRDAH, 3
mL, 200 mg (UCT, Brigtol, PA, USA), Bond Elut
Certify®, 3 mL, 130 mg (Varian, Palo Alto, CA, USA),
Discovery DSC-MCAX®, 3 mL, 100 mg (Supelco,
Bdlefonte, PA, USA), Oasis® MCX, 3cc, 60mg (Waters,
Milford, MA, USA)S 4 3te] AHE-3tATh. A%
2 Ad Al AlE Aol AH8-sE Zlim)2H(formic acid)
3+ ¢k oHammonia solution) = A] 2FF-(Junsal, Kyoto,
Jpan)e] AEFS AHESIAA,  Hl & (methanol)
HPLC(J.T. Baker, Phillipsourg, NJ, USA)S A}-&3}
Atk QA AZvET L] o] T Azl AHETH
ammonium formate= 5 -F(Kato, Tokyo, Japan)S A}

GA% - gule - AG% -

| A} S5
| PRIMA (USF Elga, High Wycombe, UK)Z
AA"Y FFFE MAXIMA (USF Elga, High

Wycombe, UK)S AH8-3te] #2313t

22. 24717] ¥ FH|

oA A}8-3 SPE ARl & GilsonAH(Madison,
WI, USA)] =& ASPEC XL& AMg3t9]em, pH
meter+= Mettler-ToledoA} (Schwerzenbach, Switzerland)
o] SevenEasy S20 Ed-& A8t TH HPLC Al =
© 2% degasser, binary pump, auto-injector, column
ovens z'E  Hewlett-PackardAle] HP 1100 series
(Waldbronn, Germany)-, B1d 84 7] (MSMS)=
PE SCIEXA}e] APl 2000 (Toronto, MO, Canada)g A}
L3ttt dolH AZAAZE Andyd (Ver. 1425,
71el Aul2 & A4 7] (Modd 78-72, Whatman,
Florham Park, MA, USA)$} 22 Z37](MG-2200,
Eyela, Tokyo, Japan) &< AH8-sFlt

23. LC-MSMS =A

2 & Zorbax Edlipse-C8 (2.1 mmx100mm, 35 um;
Agilent, Santa Clara, CA, USA)E AFE-3I T} o] 54t
£ 5 mM ammonium formate (pH=3.5)2 &} A=,
methanolS &1 BZ 3te] A¥ 71&71 o2 £43t
Ak AF 7171 Hx &) AE 70%, &7 B
£ 30%E o] 57 &1 A 20%E A7) AL,
&l BE 80%= F7HAZ £ 3%k fAAZI 2
g3, thA] 18R] ZA &0 A
41 BE 30%= 74
<2 200 pL/minel 2, &
AAE] F sF5E A5 FYFS 5 ULE 3

LCoAA B Fo] Yo 5559 A7 G&E
HZ 2 triple-quadrupole mass spectrometerZ ©]
o] MRM (multiple reaction monitoring) "' o2

syringe pumpE- o] &3¢, £ 10 pL= AP 2000¢]
FU3sIHA collison energy} parameter (Table )&
Aztatach 4 FE9 trangtion Al HEE A7
(dwel timg)e 25 msZ, = Al7H(pause time)> 5
msZ 33t} 55% 9714 <oF
o] MRM transtionol] 28
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Table 1. MS spectrometer parameters for detecting 55 basic drugs
Basic drugs Precursor ion (m'z) Product ion (m'z) DP(V)® EP(V)® CE(eV)® CXP(V)¢
Atenolol 267.2 190.1 24 10 26 32
Terbutaline 226.2 152.1 23 1 22 23
Salbutamol 240.2 148.0 16 8 25 25
Procaine 237.2 100.1 14 9 22 15
Codeine 300.3 2152 26 12 34 37
Heptaminol 146.2 128.2 15 8 13 19
Trimethoprim 291.2 230.2 30 10 35 37
Scopolamine 304.2 138.1 24 11 28 22
Phenylpropanolamine 152.1 134.1 11 9 14 23
Ephedrine 166.1 148.2 14 10 17 24
Caffeine 195.0 138.0 22 12 28 21
Dipyrone 2182 97.0 19 9 18 15
Methamphetamine 150.2 91.1 17 9 24 13
Atropine 290.2 124.0 30 12 34 19
Amphetamine 136.2 119.1 12 9 13 18
Ketamine 238.2 207.1 15 10 20 9
Lidocaine 235.2 86.0 17 10 27 1
Aminopyrine 232.2 1131 15 12 19 17
Mephentermine 164.2 91.1 15 9 31 13
Benzoylecgonine 290.2 168.3 24 10 27 27
Mepivacaine 247.2 98.1 15 10 27 14
Clenbuterol 277.2 203.1 12 9 22 33
Guaifenesine 2211 221.1 23 1 11 17
Xylazine 221.2 90.0 22 10 33 1
Antipyrine 189.1 104.0 22 1 32 13
Methoxyphenamine 180.1 121.0 15 10 26 19
Nikethamide 179.1 108.0 25 10 26 16
Timolol 317.3 261.2 20 10 24 43
Cocaine 304.2 182.1 24 9 29 29
Methylphenidate 234.2 84.1 18 11 35 11
Methocabamol 242.1 118.1 16 10 14 18
Meperidine 248.3 220.2 21 10 30 37
Papaverine 340.3 324.3 31 11 41 45
Butorphanol 3283 310.3 21 1 33 52
Azaperone 328.2 165.1 20 9 30 27
Pentazocine 286.2 218.2 30 10 28 9
Oxprenolol 266.2 723 22 8 35 10
Doxapram 3795 2922 22 12 29 45
Tripelenamine 256.2 2112 10 7 20 30
Pyrilamine 286.3 1211 5 6 33 18
Bupivacaine 289.3 140.1 20 9 30 20
Benzocaine 166.1 138.0 20 8 15 20
Chlorpheniramine 2753 230.2 14 6 22 34
Tetracaine 265.3 176.1 20 5 22 27
Propranolol 260.2 116.2 24 10 25 17
Diphenhydramine 256.2 167.1 10 5 18 7
Acepromazine 327.2 86.1 18 9 32 11
Carbamazepine 237.2 194.1 21 1 26 31
Promazine 285.1 86.1 18 8 27 12
Imipramine 281.3 86.1 15 9 25 1
Propionylpromazine 341.3 86.1 20 10 33 1
Amitriptyline 278.2 2331 24 10 24 36
Chlorpromazine 319.2 86.1 19 10 30 12
Nordiazepam 2711 140.0 30 10 38 21
Diazepam 285.1 154.1 32 10 39 22

ddeclustering potential, entrance potential, collision energy, %collision cell exit potentia
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400°CY] heater gasE 90 psi= 3sto] ZHE3l3dtt. o wf
iongoray voltage= 5400 V, curtain gasv= 40psg, collison
gase= 3 psi= A3FATE QLolA precursor iond} Q39
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Table 2. Comparison of relative recoveries of the four selected sorbents (n=3)
) Sorbents
Basic Drugs -
XRDAH MCX DSC-MCAX Certify
Atenolal 103.6 + 10.2 100.0 + 4.5 746 £59 709+ 4.2
Terbutaline 413+ 14 86.2 + 6.5 17+131 33+6.0
Salbutamol 715+ 6.9 108.6 £ 9.2 114 + 12.3 188 £ 8.0
Procaine 104.3 + 3.6 102.7 + 4.6 1013+ 7.2 933+24
Codeine 1125+ 51 984 + 9.7 1045+ 54 101.2 + 4.8
Heptaminol 707 £ 11 88.0 + 4.9 218+ 6.3 196 + 24
Trimethoprim 1116 £ 25 105.1 + 6.6 96.3 £ 55 1059 £ 1.7
Scopolamine 1085 + 3.8 1034 + 4.8 109.6 + 4.6 103.8 + 3.6
Phenylpropanolamine 66.3 + 3.1 84.7 + 8.7 225+ 04 199+41
Ephedrine 100.6 + 4.9 985+ 7.8 582+ 1.3 551+ 4.6
Caffeine 948 + 95 205+ 150 454 + 13.0 788 + 8.8
Dipyrone 106.7 £ 6.7 1177+ 81 811+ 46 784 £51
Methamphetamine 1098 + 7.4 9.7+ 7.1 1128 + 4.0 934+ 114
Atropine 98.3 £ 10.9 102.7 + 9.1 111.7 £ 5.2 98.2 £ 0.6
Amphetamine 1102 + 7.2 96.5 + 4.7 78.6 £ 35 67.2 £ 10.9
Ketamine 1148 + 3.6 999+ 114 1015+ 7.1 1019 £ 5.6
Lidocaine 1132+ 5.0 100.9 + 80 980+ 7.2 101.3 + 34
Aminopyrine 1119 + 6.6 1105+ 94 1029+ 21 922+23
Mephentermine 1053+ 7.3 85.7+52 931+ 105 971+ 143
Benzoylecgonine 102.0 £ 6.9 99.8 + 9.0 1107 £ 1.3 96.2 + 2.0
Mepivacaine 1117 £ 4.2 96.2 + 8.3 99.6 £ 5.6 102.7 + 5.3
Clenbuterol 106.7 + 3.9 975+ 82 94.6 £ 6.4 99.8 £ 6.1
Guaifenesine 106.8 + 6.5 90.7 £ 9.7 90.3 £ 10.0 100.1 + 14.6
Xylazine 1072+ 6.2 922 + 10.0 94.4 £ 80 101.8 + 13.2
Antipyrine 109.2 + 3.0 100.7 + 7.4 1054 + 34 995+ 55
Methoxyphenamine 1085 + 85 84.8 + 84 91.1 + 10.8 1015+ 10.2
Nikethamide 1045+ 2.3 98.2 £ 6.7 745 +51 828+ 18
Timolol 111.7 £ 2.6 944 + 86 86.3 £ 8.8 96.4 £ 5.1
Cocaine 1039+ 54 933+ 116 994 + 83 99.1 + 130
Methylphenidate 108.0 + 6.3 929 + 105 938+ 9.8 97.5 % 135
Methocabamol 921 + 3.6 96.9 + 104 68.5 + 6.0 841+ 49
Meperidine 1059 + 59 945 + 105 915 + 10.8 96.9 £ 19.3
Papaverine 99.0 £ 94 833+ 195 107.7 + 105 102.3 + 11.8
Butorphanol 1030+ 56 94.6 + 10.3 915+ 6.1 100.6 + 12.0
Azaperone 103.1 + 25.7 905+ 27.3 1063 £ 1.1 101.0 £ 454
Pentazocine 1010+ 65 955+ 10.1 93.8 £ 10.5 104.1 + 9.6
Oxprenolol 1050+ 5.0 929 + 9.6 826 + 14.0 1035 + 9.7
Doxapram 1008 + 2.5 945 + 138 96.5 + 12.0 102.6 + 13.1
Tripelenamine 100.1 + 10.8 875+ 16.3 94.2 +15.3 106.2 £ 27.0
Pyrilamine 96.0 £ 135 84.8 + 17.2 98.0 + 185 101.6 + 235
Bupivacaine 1099 + 6.4 931+ 10.8 85.8 £ 15.7 101.2 + 132
Benzocaine 109.8 + 5.6 922+ 76 845+ 6.5 924 £59
Chlorpheniramine 1004 + 149 91.0+ 122 1011 + 129 105.9 + 30.6
Tetracaine 1014 + 8.6 90.9 £ 15.0 974+ 125 1049 £ 171
Propranolol 1053 + 11.3 916 + 14.3 98.2 £ 16.9 105.3 + 136
Diphenhydramine 103.0 + 10.3 84.3 + 16.0 983+70 96.5 £ 25.5
Acepromazine 987+ 73 945 + 20.8 1105+ 7.1 106.9 + 14.8
Carbamazepine 1155+ 3.6 989 + 5.8 1194 + 3.2 1065+ 1.1
Promazine 97.0 £ 16.6 103.6 + 18.7 1015+ 85 101.6 + 28.0
Imipramine 1035 + 11.0 934+ 179 102.1 + 14.8 1125 + 30.8
Propionylpromazine 953 £ 14.7 92.0 £ 16.7 100.1 + 10.1 1025 £ 25.0
Amitriptyline 1029 + 194 89.6 + 18.1 1199+ 21 111.2 + 36.6
Chlorpromazine 109.2 + 235 102.2 + 21.6 89.4 + 15.0 99.1+ 341
Nordiazepam 1126 + 3.7 90.5 + 9.0 100.1 + 6.9 825+ 138
Diazepam 1095 + 3.7 93.6 + 9.0 110.8 + 8.7 1084 + 0.7

Averagerdtive recovery values and relaive standard deviations (n=3) obtained from 55 basic drugs spiked urine samples gpplied the same
SPE washing procedures.
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XTRACT® XRDAH~ uH
e £ J=E FHA 9 Y= 7171 125-210 um
oM, A’ o] C83 bhenzenesulfonic acid (strong
cation exchange, SCX)¢] EFHENE Ho] o,
Bond Elut Certify®2} Discovery DSC-MCAX®E &3t
Ao JdA=7]7F ZH2E 40-120 pm, 50 pmeold, 314
& Al C87 benzenesulfonic acidZ 4] o] 9
t}. Oasis® MCX+E polymer base® slanol interaction
o] itte AL JHAXZ dom, xAde] N-
vinylpyrrolidone®] X144 2F-&-71¢} divinylbenzene2]
2 FAE7IR AR U or]d FUHR
benzenesulfonic acid 28717} A2§= o} itk

HA ] F= AHE 47 Y3l 4714 SPE 7HEF
Ao mE 7 i A 35E E4 4HE Table
2] JERHRITE Oasis® MCXoll €3 A 358 2
= caffeine (205%) 5 A8t B 80% ©1 =
< A3E YeER AL, XTRACT® XRDAHe 2|3 2

= terbutdine (41.3%), sabutamol (715%) heptaminal
(70.7%), phenylpropamlamine (66.3%)2 #l9atx
T 80% oY £& AFE e

B AFdM= AAF A SFEZ  Internationa
Federation of Horseracing Authorities (IFHA)2] & <F18
of o3l WAl HEdof H= = AFatel o
& 7Fsdol =2 =S **E“o}c’jﬂ} skA] 9k, A7
dd o] theFate] A
7] {1 -7%]]4 —7_1“% AL Z7190 ol
heptaminol, phenylpropanolamine,
salbutamol, terbutallne T THY Yol n¥ FF

A7)0l AR e & AU o]l
E—? ZAutAd oA = =0

9] 4 714 Tl

x%/ﬂo /Lgxﬂ ] ]1:

&

QRS - s - AR - B
&S =ol7] $18td 5% sorbent(Bond Elute

PBA; phenylboronic acid covalently linked to a dlica
gd suface)s AFHEE A& AAsta AATHS wEhA,
A E 91 47 e S 2Eete] &
T G714 kR Hig = 3 3
< FA 9] SPE 7HEAIE AdE st sk, &
gﬁr Oasis MCX9} XTRACT XRDAHE o] 42 7
= B8] AF R ¢S A USdHh

e aFREel AFue ARARE Al
AN, A53 PEAAE AL AS 2 @yol
Ao, 4 BEE BAEAINE 4

B AFoxe 2yl 4 S8t 7FEEA
H2 28 AdoA 5 vaste f&0]  7tE
YA E ARESIA ST FIEZAE A 5%
& XTRACT® XRDAH > Discovery® DSC-MCAX >
Oasis® MCX > Certify® =031t} o] XTRACT®
XRDAH<®] sorbent Y&+ Z7]7} o€} SPE 7FEZA]
sorbent®] YAPETH A o2 37] WjFY Zlolth.

Z+ ZFEGAE A I5E3 K58 vas 23
XTRACT® XRDAH SPE 7}E @)X 7} A Fv} 37
A} Aol Aaste o 4= 9)r) the A3 SPE

FFEZ A H3(3 mL)ol A sorbent masset 7HE 2] A
QA}F=17] (particle size), pore size7} Y skA] Gol, o]
of et F7F A7t Do Aoz A7t

3.2. XTRACT® XRDAHZ O]
A FEHe HHoE 9

Horse urine, 2 mL

Enzyme hydrolysis
(pH 5.5, 37°C, 12 hr)
|.S. addition

Xtract® XRDAH
(200 mg, 3 mL)

Washing

1.0 mL of 2 % HCOOH (aq)
1.0mL of H,0O

1.5 mL of 2 % NH,OH (aq)

1.0 mL of 2 % HCOOH (aq)
1.5 mL of 10 % MeOH (aq)

Elution
3.0mLof2% NH,OH in MeOH

Basic drugs (LC-MS/MS)
Scheme 1. Optimized sample preparation.
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Table 3. Relative recoveries from the various washing solvent volumes using XRADH cartridge

) 1.0 mL? 15mL? 20 mL?
Basic Drugs
10mL®> 15mL® 20mL® 10mL® 15mL® 20mL® 10mL® 15mL® 20mLP
Atenolol 84.7 75.4 89.1 97.3 90.7 95.1 1104 110.9 1115
Terbutaline 482 41.3 44.3 411 425 414 33.2 321 29.3
Salbutamol 62.2 49.7 59.7 57.7 59.0 59.7 715 67.2 66.3
Procaine 84.3 78.2 82.9 97.7 94.9 89.8 100.9 111 108.3
Codeine 87.7 88.4 99.1 97.0 102.8 98.6 109.9 1225 1225
Heptaminol 73.3 58.7 66.4 70.0 66.4 66.0 74.1 72.1 704
Trimethoprim 103.0 100.0 99.8 1121 116.2 104.9 1111 1209 123.0
Scopolamine 108.7 100.9 109.0 113.3 112.2 104.6 112.2 1155 1232
Phenylpropanolamine 729 63.3 717 68.7 65.7 60.8 70.5 67.5 68.1
Ephedrine 97.1 87.0 99.3 97.1 91.6 89.7 101.0 102.6 104.4
Caffeine 91.0 76.4 92.7 83.3 78.1 73.8 98.1 929 90.8
Dipyrone 915 88.0 97.9 9.1 89.9 101.2 9.1 109.2 104.2
Methamphetamine 96.9 89.6 106.9 112.1 108.3 102.3 101.6 114.6 115.0
Atropine 95.2 90.9 96.6 101.6 103.9 975 1025 105.7 108.4
Amphetamine 99.4 91.2 1054 104.1 95.0 91.8 100.6 102.8 104.4
Ketamine 98.1 98.1 101.9 110.7 110.7 105.8 102.9 113.6 112.6
Lidocaine 1035 100.4 106.4 114 108.7 105.6 108.2 114.2 1154
Aminopyrine 98.2 93.8 102.6 107.9 101.8 105.6 107.9 110.3 111.2
Mephentermine 104.7 1025 1085 112.6 106.6 99.7 100.6 111.0 112.9
Benzoylecgonine 94.2 89.5 96.8 98.4 96.8 94.7 100.0 99.5 103.2
Mepivacaine 110.8 107.7 108.8 110.1 1134 102.3 106.3 1124 1134
Clenbuterol 1125 109.6 1104 115.7 120.7 103.2 116.4 117.9 120.0
Guaifenesine 110.9 108.9 108.9 115.8 1119 101.0 104.0 118.8 120.8
Xylazine 110.8 108.2 111.3 1175 117.0 107.2 108.2 124.2 1227
Antipyrine 102.8 100.0 108.1 108.5 98.7 102.4 104.5 104.2 1111
Methoxyphenamine 106.6 101.6 109.9 110.7 106.5 101.8 102.1 110.9 113.0
Nikethamide 100.9 91.6 99.8 975 89.1 92.7 103.6 98.9 103.6
Timolol 1035 103.5 104.7 1094 112.9 102.9 108.8 1135 1152
Cocaine 103.1 101.8 99.2 1055 105.8 98.2 100.5 114.4 116.2
Methylphenidate 105.1 104.0 114.6 117.2 113.0 108.1 107.1 124.3 122.8
M ethocabamol 94.2 755 90.8 80.4 723 70.8 94.2 90.8 811
Meperidine 102.8 1085 1121 1184 112.8 105.0 105.7 121.3 119.9
Papaverine 79.2 1014 97.4 98.4 108.4 96.3 104.0 124.4 1281
Butorphanol 95.5 105.0 103.6 110.0 116.4 103.6 108.2 126.4 1214
Azaperone 835 104.2 127.4 125.3 115.8 85.6 101.4 135.8 131.2
Pentazocine 101.9 101.9 106.2 114.9 114.9 104.3 1118 126.7 128.0
Oxprenolol 105.3 1101 107.4 112.2 113.8 101.6 110.1 118.6 117.6
Doxapram 104.9 108.1 106.9 115.0 1085 104.0 1113 135.2 1231
Tripelenamine 101.9 1125 118.7 1237 117.9 96.9 104.7 130.0 128.0
Pyrilamine 914 106.8 109.7 1194 119.0 95.0 1054 1341 132.3
Bupivacaine 107.8 119.0 1125 115.6 111.8 98.8 105.0 1215 119.0
Benzocaine 94.1 88.2 100.5 95.7 89.4 99.8 98.0 100.2 101.8
Chlorpheniramine 103.9 115.2 1275 1365 1185 97.8 108.4 137.6 1320
Tetracaine 9.1 106.9 105.4 113.7 105.4 975 1025 131.9 120.6
Propranolol 95.7 112.3 124.9 124.9 118.2 99.1 1151 138.5 1345
Diphenhydramine 101.5 1224 117.9 1205 114.2 100.7 1034 129.9 126.9
Acepromazine 91.0 106.2 111.8 1171 915 95.3 101.9 1355 116.6
Carbamazepine 97.8 97.8 101.6 109.2 109.8 108.2 108.2 115.2 1125
Promazine 91.6 122.5 133.2 128.0 99.8 874 98.5 1334 117.1
Imipramine 924 1130 129.6 1353 105.5 100.9 108.1 1555 136.3
Propionylpromazine 104.1 119.6 1284 1257 98.6 89.9 105.4 150.7 120.3
Amitriptyline 107.8 114.7 148.1 135.7 105.4 97.7 113.2 149.6 133.3
Chlorpromazine 102.9 114.7 141.2 140.2 925 87.0 118.6 142.2 111.8
Nordiazepam 120.7 119.2 106.7 117.1 115.9 108.2 107.9 116.5 114.6
Diazepam 108.9 116.4 103.7 1054 109.1 108.4 105.2 115.7 111.3

a/olume of 2% NH,OH (ag), "Volume of 10% MeOH (aq)
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Table 4. Relative recoveries from the various flow rates using XRADH cartridge

) Flow rate
Basic Drugs - - - - -
1 mL/min 2 mL/min 3 mL/min 4 mL/min 5 mL/min
Atenolol 116.7 £ 5.2 105.1 + 148 954 +11 928 + 3.3 99.3 £ 235
Terbutaline 434+ 44 457 + 3.9 447 £ 53 479+ 2.2 46.4 + 5.8
Salbutamol 754 £ 12.3 711+ 9.6 639 + 2.6 66.6 £ 2.7 68.7 £ 9.6
Procaine 993+ 6.3 918+ 114 86.7+£ 7.9 878+ 15 845+ 141
Codeine 970+ 75 97.2 + 10.6 982+ 4.2 948 + 1.1 940+ 73
Heptaminol 793+ 110 745 + 89 69.5 + 3.6 68.8 £ 3.2 673+ 6.7
Trimethoprim 1115+ 34 102.7 + 94 101.2 + 36 98.7 £ 0.5 96.5 + 8.9
Scopolamine 1116 + 4.3 109.3 + 7.2 102.2 + 39 1002 + 1.8 1011+ 79
Phenylpropanolamine 628 +£12.1 636+ 7.1 635+ 44 652+ 28 66.0 £ 9.7
Ephedrine 93.8 £ 9.9 984 + 54 94.4 + 2.6 929 + 6.6 96.8 £ 10.0
Caffeine 91.7 £ 187 97.0+ 85 91.3+6.8 86.3 £ 84 80.1 + 10.6
Dipyrone 1035+ 7.3 953+ 15.2 937+ 31 94.0 £ 6.0 93.7 £ 125
Methamphetamine 107.1+£ 438 1089 £ 5.3 106.1 + 3.8 995+ 57 100.7 £ 11.0
Atropine 107.7 £ 29 99.6 + 6.9 935+ 37 88.7 £ 2.8 883+ 9.3
Amphetamine 101.1 £+ 9.2 1064 + 6.1 100.2 + 39 99.7+£79 975+ 10.8
Ketamine 1143+ 57 110.1 £ 8.6 1058 + 3.6 98.8 + 4.6 99.6 + 14.1
Lidocaine 1125 + 3.0 1074+ 75 1048 + 2.3 100.0 £ 5.3 100.6 + 11.0
Aminopyrine 1163 + 4.9 1075+ 7.6 1032+ 2.8 976 + 6.3 102.8 £ 9.9
Mephentermine 97.1+ 39 99.9 + 0.7 1008 + 5.6 96.5 £ 6.0 951+ 75
Benzoylecgonine 108.5 + 3.7 104.2 + 4.2 992+ 24 96.4 + 4.2 1004 +9.1
Mepivacaine 107.2 £ 2.7 1036 £ 5.1 1032+ 4.2 1005+ 23 98.2 + 6.6
Clenbuterol 99.0 + 4.8 1024 + 3.0 1014 +4.1 99.6 £ 1.6 943+ 59
Guaifenesine 100.9 + 3.9 102.2 + 6.6 1022 + 6.4 985+ 21 952 + 84
Xylazine 98.1 + 3.8 974 + 88 995 £ 8.0 959 + 2.6 925+ 9.2
Antipyrine 1139 + 4.6 107.2 £ 45 1046+ 21 988 + 34 1043+ 5.8
Methoxyphenamine 993+ 20 103.0 + 4.0 99.8 + 5.8 978+ 54 943+79
Nikethamide 100.0 + 105 102.0 + 7.0 96.2 £ 3.9 959 + 6.5 1034 + 3.7
Timolol 1024 + 5.2 103.0+ 7.0 1008 + 4.2 988 £ 24 939+ 95
Cocaine 100.1 £ 4.1 984 + 89 99.0 + 8.2 970+ 24 935+ 117
Methylphenidate 101.1 + 6.0 107.0 + 6.3 1110+ 79 1100 £ 4.0 1009+ 7.3
Methocabamol 89.4 + 19.7 954 + 9.3 865+ 5.2 86.3 £ 8.2 779 £ 16.7
Meperidine 96.0 + 4.1 1043 + 6.1 1033+ 9.3 995+ 34 95.7 £ 8.1
Papaverine 89.0+ 6.7 933+ 130 98.0 £ 12.9 998+ 14 95.6 + 5.3
Butorphanol 994 + 34 95.0 + 11.7 99.8 £+ 5.8 952+ 19 90.7 £ 6.0
Azaperone 521+ 6.1 932+ 231 99.1 + 25.3 99.6 £ 11.8 98.0 £ 16.0
Pentazocine 96.0+ 1.0 954 + 6.6 97.6 £ 9.5 949+ 0.3 89372
Oxprenolol 103.0 £ 3.9 1019 + 38 102.8 + 8.7 1009 + 3.8 B7+74
Doxapram 100.3 + 3.0 972+ 11.0 1000 + 114 988 + 54 9024+£72
Tripelenamine 705+ 34 90.5 + 8.2 939 + 16.8 944+ 11 95.1 + 10.8
Pyrilamine 68.6 + 5.7 833+ 64 87.4 £ 159 875+ 37 88.6 + 8.1
Bupivacaine 90.2 + 3.6 100.2 £ 4.0 106.4 + 10.6 1042 + 04 975+ 87
Benzocaine 1105+ 6.8 102.5 + 3.7 943 + 14.2 931+ 37 1001+ 16
Chlorpheniramine 65.8 £+ 2.5 96.8 + 9.6 1019 + 188 1009 + 8.6 933+ 85
Tetracaine 87.0+ 37 94.7 + 84 100.2 + 14.6 1005+ 1.8 955 + 6.5
Propranolol 79.7 £ 34 933+53 95.0 + 15.3 96.8 + 2.2 913+74
Diphenhydramine 81.8+52 97.3+ 47 1032 + 16.1 1021+ 25 949 + 6.6
Acepromazine 838+ 14 974+ 120 102.1 + 19.8 1051+ 6.1 1049 + 125
Carbamazepine 1253+ 12 109.3 + 6.7 1073+ 3.2 1004 + 49 958 + 4.2
Promazine 63.7 £ 2.6 93.6 + 16.3 103.3 + 20.8 102.7 £ 4.0 102.6 + 17.9
Imipramine 86.0 £ 3.6 108.9 £+ 12.9 114.1 + 195 1154 + 8.9 115.7 + 204
Propionylpromazine 712+ 20 94.3 + 147 99.1+ 16.2 998+ 19 102.0 £ 15.1
Amitriptyline 682+ 7.9 103.8 + 21.5 1127 £ 212 1038 + 4.0 106.8 + 16.8
Chlorpromazine 679+ 28 100.8 £ 22.8 108.4 + 20.7 108.0 £ 95 110.1 = 20.8
Nordiazepam 1213+ 17 108.7 + 6.9 1029 + 3.2 921+71 76.0 £ 2.7
Diazepam 1225+ 2.8 111.6 £ 10.7 1132+ 36 1105+ 54 104.2 + 35

Average rdive recovery vaues and relative standard deviations (n=3) obtained from 55 basic drugs spiked (100 ng/mL) urine samples
gpplied the same SPE washing procedures.
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Table 5. Andytica data for the LC-MS/MS method

Basic drugs t(min) P (r']-g(/)n'?L)
Atenolol 141 0.9984 20
Terbutaline 144 0.9992 37
Salbutamol 145 0.9996 2.0
Procaine 149 0.9995 0.2
Codeine 155 0.9804 16
Heptaminol 1.66 0.9992 24
Trimethoprim 194 0.9924 0.7
Scopolamine 202 0.9996 32
Phenylpropanolamine 2.07 0.9951 83
Ephedrine 22 0.9994 05
Caffeine 251 0.9999 15
Dipyrone 281 0.9996 12
Methamphetamine 282 0.9993 0.3
Atropine 2.84 0.9992 0.2
Amphetamine 2.85 0.9988 11
Ketamine 35 0.9993 0.6
Lidocaine 355 0.9998 04
Aminopyrine 3.89 0.9998 0.1
Mephentermine 39 0.9986 24
Benzoylecgonine 3.92 0.9993 0.1
Mepivacaine 401 0.9996 0.2
Clenbuterol 4.04 0.9991 0.7
Guaifenesine 4.08 0.9988 38
Xylazine 4.08 0.9995 0.3
Antipyrine 414 0.9995 0.6
Methoxyphenamine 431 0.9980 0.7
Nikethamide 435 0.9996 09
Timolol 4.96 0.9994 0.2
Cocaine 553 0.9988 0.3
Methylphenidate 6.2 0.9994 04
M ethocabamol 7.51 0.9984 0.6
Meperidine 7.84 0.9990 05
Papaverine 7.89 0.9959 0.2
Butorphanol 8.31 0.9924 0.3
Azaperone 8.48 0.9919 32
Pentazocine 8.59 0.9996 0.2
Oxprenolol 8.75 0.9995 0.3
Doxapram 8.82 0.9852 0.7
Tripelenamine 9.16 0.9994 05
Pyrilamine 9.21 0.9991 14
Bupivacaine 9.45 0.9992 0.2
Benzocaine 9.48 0.9932 4.3
Chlorpheniramine 9.54 0.9996 05
Tetracaine 9.59 0.9976 24
Propranolol 9.79 0.9963 09
Diphenhydramine 9.88 0.9993 05
Acepromazine 10.3 0.9932 17
Carbamazepine 10.42 0.9986 0.6
Promazine 10.5 0.9986 0.8
Imipramine 10.59 0.9959 23
Propionylpromazine 10.74 0.9957 7.8
Amitriptyline 10.74 0.9905 6.4
Chlorpromazine 11.03 0.9965 28
Nordiazepam 11.42 0.9984 38
Diazepam 11.55 0.9969 13

Approximate retention time (t), corrdlation coefficient (r?) of cal-
ibration curve (range; 0.05-50 ng/mL), limit of detection (LOD) of

the target drugs.
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Atenolol Phenylpropanol- Lidocaine Antipyrine Papaverin i i
(50 ng/mL) amine (2.5 ng/mL) (2.5 ng/mL) (2.5 ng/ml) (2.5 ng/ml)) (5.0 ng/mL)
(50 ng/mL)
i il ine l | i

(50 ng/mL) (2.5 ng/mL) (25 nglmL) (2.5 ng/mL) (25 ng/mT (50 ng/mL]| (50 ng/mL)

Salbutamol Caffeine Mephentermine Nikethamide Azaperone c
(5.9 ng/mL) (2.5 ng/mL)

(5.0 ng/mL) (2.5 ng/imL) 9 (50 ng/mL) (5.0 ng/mLy) ‘5 0 ng/mL)l

Procaine Dipyrone Bengzoylecgonine Timolol Pentazocine Tetracaine Amitriptylin|

(2.5 ng/mL) (5.0 ng/mL) (2.5{ng/mL) (2.5 ng/mL) (0.5 ng/mt) (2.5 ng/m| (50 ng/mL)

A
Codeine | i i Cocaine Oxprenolpl Propranolgl Chlorpromagine
(50 ng/mL) amine (0.5 ng/mL) (2.5 ng/mL) (0.5 ng/ml) (2.5 ng/mL]| (50 ng/mL)
(2.5 ng/mL)
Heptaminol Atropine Methylphenidate Doxapram Di
Clenbuterol
k (50 ng/mL) (2.5 ng/mL) 1(2;"“:/;1_") (2.5 ngfmL) (2.5 ng/mt) (2.5 ng/mL) (50 ng/mL) J
Tril im i Trij i pi Diazepam
(5 ng/mL) (2.5 ng/mL) (2.5 ng/mL) @5 "9’”[’ (25 ng/ml) (50 ng/mL) (5.0 ng/mL)
i i Xylazine Meperidin Pyrilaming Carbamazepine
(2.5 ng/mL) (2.5 ng/mL) (2.5 ng/mL) (2.5 ng/ml) (5.0 ng/mk) (2.5 ng/mL)

Fig. 1. Typica sdlected product-ion chromatograms of the 55 targeted basic drugs obtained from the analysis of spiked urine

samples.
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