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Abstract

This paper describes two high-throughput liquid chromatography-tandem mass spectrometry (LC-MS-MS) methods for the screening
of two important classes of drugs in equine sports, namely corticosteroids and basic drugs, at low ppb levels in horse urine. The method
utilized a high efficiency reversed-phase LC column (3.3.cri2.1 mm i.d. with 3um particles) to provide fast turnaround times. The overall
turnaround time for the corticosteroid screen was 5 min and that for the basic drug screen was 8 min, inclusive of post-run and equilibration
times. Method specificity was assessed by analysing a total of 35 negative post-race horse urine samples. No interference from the matrices
at the expected retention times of the targeted masses was observed. Inter-day precision for the screening of 19 corticosteroids and 48 basit
drugs were evaluated by replicate analyses 10) of a spiked sample on 4 consecutive days. The results demonstrated that both methods
have acceptable precision to be used on a routine basis. The performance of these two methods on real samples was demonstrated by the
applications to drug administration and positive post-race urine samples.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction Corticosteroids and basic drugs have been known to be
abused in both human and equine sports. A number of LC-
Gas chromatography-mass spectrometry (GC-MS) hasMS methods have been reported previously to screen for these
long been accepted as a powerful technique for the screeningwo classes of compounds in human and equine Ufiné];
and confirmation of the presence of prohibited substances inhowever, the drug coverage was limited and the overall LC-
biological samples from human and animal athletes. Over the MS turnaround times were generally long.
past decade, liquid chromatography-mass spectrometry (LC- LC-MS or LC-MS! has been successfully used in the
MS) has evolved into a mature technique and is gaining wide authors’ laboratory for the screening and confirmation of
acceptance in many doping control laboratories. LC-MS or prohibited substancesin horse biological samples since 1998.
LC-MS" is particularly suited for the analyses of polar, non- The prohibited substances tested include corticostefb]ds
volatile and heat-labile drugs that cannot be adequately han-basic drugg6], anti-ulcer drug$7], quaternary ammonium
dled by GC-MS. In addition, tedious derivatization steps can drugs[8], anti-diabetic§9], and anabolic steroid40]. The
often be omitted. current LC-MS screening methods for corticosteroids and
basic drugs in horse urine are performed using a C18 LC
column (7.5 cni x 3.0 mm i.d. with 3um particles) coupled
* Corresponding authors. Tel.: +852 2966 6469; fax: +852 2601 6564. to an jon-trap MS. A major drawback of ion-trap MS is that
E-mail addressesgary.nw.leung@hkic.org.hk (G.N.W. Leung), there is only a limited number of MS/MS events that can
terence.sm.wan@hkjc.org.hk (T.S.M. Wan). be monitored at one time due to the relatively long duty
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cycle time. For the screening of large number of analytes, perphenazine, sotalol hydrochloride and triamcinolone ace-
it often requires the segregation of the analytes into separatetonide were obtained from BP (Middlesex, UK). Bisoprolol
retention time groups or segments in order to cover all the fumarate and potassium losartan were purchased from Merck
analytes in a single LC-MS run. For analytes that elute very (Darmstadt, Germany). Trifluperidol was from Janssen Phar-
close to the segment interchange times, it is often necessarymacetica (NJ, USA), benperidol from Janssen—Cilag
to include the respective MS/MS events in both contiguous (Buckinghamshire, UK), ands-hydrocortisone from ESR
segments to make allowance for possible retention time (New Zealand). Romifidine and telmisartan were from
drift, further reducing the number of analytes that can be Boehringer Ingelheim (Ingelheim, Germany), buspirone
monitored in each run. In extreme cases where a large num-hydrochloride from Bristol-Myers Squibb (NY, USA),
ber of analytes are tested (like our basic drug screen whichbudesonide from Douglas Pharmaceutical (Auckland, New
covers at least 48 targets), it is often necessary to separat&Zealand), salmeterol xinafoate from Glaxo Wellcome
the analytes monitored into two different LC-MS runs in (Middlesex, UK), bromocriptine mesylate from Hind
order to provide effective detection. Another drawback of Wing (Hong Kong), practolol from ICI (Now Zeneca Plc,
our current LC-MS methods is that the turnaround times are UK), etafedrine from Merrel Dow Research (Ohio, USA),
often long (about 20 min) which have a negative impact on carteolol hydrochloride from Otsuka (Tianjin, China),
productivity. In 2001, Thevis et al. published a high speed sildenafil citrate from Pfizer (NY, USA), hydroxyalprazolam
LC-MRM method for the screening of 32 beta-receptor from Radian (Texas, USA), nalbuphine hydrochloride from
blocking agents in human urine within a 7-min LC fdri]. Research Biochemicals Incorporated (MA, USA), buprenor-
However, to the best of our knowledge, no high-throughput phine hydrochloride from Reckitt & Colman Products Ltd.
method capable of detecting multiple corticosteroids or basic (Hull, UK), carvedilol from Roche (Mannheim, Germany),
drugs in horse urine, which is a much more complicated and irbesartan from Sanofi (Paris, France), and candesartan
viscous matrix than human urine, has been developed forcilexetil from Takeda Chemical Industries (Osaka, Japan).
routine application. This study describes the development of Esmolol hydrochloride was from The Boots (Isando, South
two high-throughput methods for the screening of corticos- Africa). B-Glucuronidase (from Patella vulgata, lyophilized
teroids and basic drugs using a short LC column coupled to powder), protease (from bovine pancreases, type |, 6.9 U/mg
a triple-quadrupole MS. The new methods took advantage solid) and sodium hydroxide (pellets, analytical grade) were
of the fast turnaround time of the short LC column (3.3cm purchased from Sigma (St. Louis, MO, USA). Acetic acid
L x 2.1 mm i.d. with 3um particles) and the ability of the  (96%), hydrochloric acid (30%), potassium hydroxide (pel-
triple-quadrupole MS to cover a large number of target an- lets), potassium phosphate and sodium chloride (GR grade)
alytes in multiple-reaction-monitoring mode (MRM). Using were obtained from Merck (Darmstadt, Germany). Sodium
the new methods, 19 corticosteroids and 48 basic drugs carsulphate was purchased from Farco Chemical Supplies
be covered in 5- and 8-min LC-MS runs respectively. (Beijing, China). Dichloromethane (GR grade), ethyl acetate
(GR grade), isopropanol (LC gradient grade; LiChro8)lv
and methanol (LiChrosoR; LC grade) were obtained from

2. Experimental Merck (Darmstadt, Germany). Bond Elut Cerfifgartridges
(130 mg, 3mL) were purchased from Varian (Harbor City,
2.1. Materials CA, USA). HPLC grade deionised water was obtained from

an in-house water purification system (Milli-Q, Molsheim,

Anileridine hydrochloride, butorphanol tartrate, cime- France). Ammonia solution (33%; extra pure grade) was
tidine, cocaine hydrochloride, desipramine hydrochloride, from Riedel-deHaen (Seelze, Germany).
dexamethasone, droperidol, famotidine, fluocinonide, fluo-
rometholone, fluprednisolone, guanabenz acetate, labetaloR.2. Sample preparation and extraction procedures
hydrochloride, mazindol, methylprednisolone, morphine
glucuronide, nadolol, nizatidine, nylidrin hydrochloride, Urine (3 mL) was spiked witkls-hydrocortisone (300 ng)
oxycodone hydrochloride, oxymorphone, pindolol, prazosin and nadolol (300 ng) as the internal standards (I.S.) for the
hydrochloride, prednisolone, prednisone, and ranitidine hy- screening of corticosteroids and basic drugs, respectively,
drochloride were obtained from USP (Rockville, MD, USA). and diluted with potassium phosphate buffer (pH 6.0, 0.1 M,
Beclomethasone, desoximetasone, 21-deoxydexamethasond,mL). The pH was adjusted, if necessary, to 6.0 using
dichlorisone and fludrocortisone were from Steraloids either potassium hydroxide (0.1 M) or hydrochloric acid
(Newport, RI, USA). Clenbuterol, 21-desoxycortisone, (0.1M). Protease (5mg/mL, @) and B-glucuronidase
flumethasone and heptaminol hydrochloride were acquired (18,000 U/mL, 36QwL) were added and the urine sample was
from Sigma (St. Louis, MO, USA). Benzoylecgonine, incubated at 65C for 3.5h. The enzyme treated urine was
methadone hydrochloride and n-norpropoxyphene maleatethen diluted with potassium phosphate buffer (pH 6.0, 0.1 M,
were obtained from Alltech (Deerfield, IL, USA). Atenolol, 1.6 mL) before loading onto a Bond Elut Cerfffgartridge,
fluclorolone acetonide, fluocinolone acetonide, haloperidol, which had been pre-conditioned with methanol (2mL),
hydrocortisone glucuronide, nortriptyline hydrochloride, deionised water (2 mL), and potassium phosphate buffer (pH
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6.0, 0.1 M, 2mL). The cartridge was then washed with phos- stabilised untilt=8 min before starting the next injection.
phate buffer (pH 6.0, 0.1 M, 2mL) followed by acetic acid Injection volume was p.L each.

(1.0M, 2mL), and then eluted with dichloromethane/ethyl

acetate (4:1, v/v, 3mL) to collect Fraction 1 for the analyses 2.6. MS conditions for the screening of corticosteroids

of corticosteroids. Fraction 1 was further washed with and basic drugs

NaOH/NaCl (1 M/0.15M, 2mL). The organic extract was

filtered through an anhydrous sodium sulphate drying  The atmospheric pressure ionisation (API) source was op-
tube and evaporated to dryness under nitrogen alC60  erated in negative and positive ESI modes for the screening
The dried residue was then reconstituted with methanol of corticosteroids and basic drugs respectively. A capillary
(50pL) and transferred to a conical insert in a Chrompack temperature at 270C was employed. The nitrogen sheath
autosampler vial for LC-MS-MS analysis. The SPE cartridge and auxiliary gas flow rates were set at 40 and 20 arbitrary
was further washed with methanol (2mL), dried for 5min  TSQ quantum units respectively. Detection of the drugs was
with nitrogen at 20p.s.i., and eluted with 2mL of ethyl performed inthe MRM mode with a single time segment. The
acetate/dichloromethane/isopropanol (5:4:1, v/v) containing peak widths for the selection of the precursor and the corre-
2% of concentrated aqueous ammonia to collect Fraction 2sponding product ions in Q1 and Q3 were both at 0.7 amu
for the analyses of basic drugs. Fraction 2 was evaporated(FWHM). The scan width for the selected product ions was
to dryness under nitrogen and the residue reconstituted inset at 1 amu and the scan time at 20 or 50 ms per scan. Argon
methanol (5QuL). The content was transferred to a conical was used in the collision cell and was set at 1.2 mTorr for all
insert in a Chrompack autosampler vial for LC-MS-MS  experiments. The collision-induced-dissociation (CID) ener-

analysis. gies ranged from 10to 22 eV for the corticosteroids and 11 to
50 eV forthe basic drugs. The actual CID energies used for in-
2.3. Instrumentation dividual drugs are shown Ifigs. 1 and 2Data processing was

performed using the Finnigan Xcalibur Version 1.3 software.
LC-MS-MS analysis was performed on a Thermo
Finnigan TSQ Quantum mass spectrometer equipped withy 7. prug administration studies
a Surveyor Autosampler and a MS Pump system (Thermo
Finnigan, San Jose, CA, USA). Solid-phase extraction  Post-treatment urine samples were used to evaluate the
(SPE) was carried out using a Rapid TFA&PE workstation  performance of the LC-MS-MS method. For triamicinolone

(Zymark Corporation, Hopkinton, MA, USA). acetonide, a thoroughbred gelding (castrated horse) was
treated intra-articularly with 18 mg of triamicinolone
2.4. LC conditions for the screening of corticosteroids acetonide. Urine samples were collected naturally before

administration and then up to 7 days post-administration. For
A reversed-phase Supelcd$fl LC-8-DB column  the UlcerguarM (ranitidine HCI) administration, another

(3.3cmx 2.1mm id., 3um; Supelco, Bellefonte, PA, thoroughbred gelding was administered orally with 3.3 g of
USA) was used for the analyses. The mobile phase wasranitidine HCI three times daily for 2 weeks. Urine samples
composed of 10 mM ammonium acetate (pH 6.8) as solventwere collected naturally before administration and then up
A and methanol as solvent B. A linear gradient was run to 2 weeks post-administration.
at 0.2 mL/min, with 20% solvent B at the statt=(0 min),
increasing to 80% solvent B at1min, then to 100% B 2.8. Quantification of triamcinolone acetonide and
att=2.5min, and finally hold at 100% solvent B for 1 min  ranitidine in drug administration urine samples
(until t=3.5min). The gradient was then returned to 20%

solvent B att = 3.6 min, and stabilised unti=5 min before The sample processing and LC-MS procedures used for

starting the next injection. Injection volume wag.b each. the quantification of triamcinolone acetonide and ranitidine
in the post-treatment urine samples were identical to that de-

2.5. LC conditions for the screening of basic drugs scribed for the screening methods. For each batch of sam-

ples, calibrators were prepared by spiking the target analyte
A reversed-phase Supelcd8l LC-8-DB column at 5 levels (0, 5, 10, 20 and 50ng/mL) in different 3-mL

(3.3cmx 2.1 mmi.d., 3um; Supelco, Bellefonte, PA, USA)  aliquots of a negative urine and processed in duplicate. A
was used for the analyses. The mobile phase was composefive-level calibration curve was established by plotting the
of 5mM acetic acid as solvent A, ammonium formate (pH drug-to-1.S. peak area ratios versus the drug concentrations
3.8) as solvent B and acetonitrile as solvent C. A linear in the calibrators using linear regression. The concentrations
gradientwas run at 0.2 mL/min, with 40% solvent Aand 40% of the target analyte in the post-administration urine were
solvent B at the startt € 0 min), decreasing to respectively determined from the calibration curve. Samples with con-
5% solvent A and 5% solvent B &t 3 min, and hold for centrations falling outside the calibration range were diluted
0.5min (untilt=3.5min). The gradient was then returned with deionised water before analysis. A QC sample (a neg-
to 40% solvent A and 40% solvent B &t 3.6 min, and ative urine spiked at 10 ng/mL) was analysed in duplicate
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Fig. 1. Typical selected product-ion chromatograms of the 19 targeted corticosteroids obtained from the analysis of a spiked urine sample.
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95—/ (5002) 528 g 16orewoiyd ¢/ e 18 buna1 M'N'D

TS



G.N.W. Leung et al. / J. Chromatogr. B 825 (2005) 47-56

52

{uw) s

2e=130
G591 < 0Ly Z/W
(qw/Bu 1)
[opuadnii )

LEE LH

0z

09
o8

20uBpUNgY BAREIDYH

g

or =30
9/2 < SIS Z/W
(qw/Bu 1)
uepesiwa |
SEELH

[=]
o
2ouepunqy aaleled

0z=30
€lg ¢ €2 Z/w
(w/Bu g)
|o[e108

a0UBpUNGY BANEIRY

f=1
=}
=

9g =30
£92 < G/ Z/W
(w/Bu 2)
Iyeusp|iS

92°2:1H

0z=30
cEec < 9Ly Z/w
(Mw/Bu o)
[[SIEIETIT| =TS
FeeilH

[=]
[}
20UBPUNGY SANRRH

8e =130

09} < 8Gg Z/W
(w/Bu of)
supyiwoy

20UBPUNQY BARRIRYH

=}
ot

02=130
9/l ¢ GLE Z/wW
(w/Bu g)
aulpiuey

g2g8898"
80UBPUNQY BANBIEH

B0UBpUNGY BANEIRY

f=1
=}
=

e =30

1P < $8E Z/W
(w/Bu )
uisozeld

&Ly

Q
(]
souBpuUNgy aAlElRH

8

DL NSE0S-000: 1H

(penunuoy) -z b4

{uw) st

b ]
TR |

62=30
8¥| < 292 Z/w
(qw/Bu g)
10|0)081d

]

oz
or
09
o8
00

€L0-1Y

Sz2=130
9L} « 6¥e Z/w
(Tw/Bu )
|ojopuid

]
og
or
09
o8
0oL

0e=30

LLL € $0F Z/W
(w/Bu g)
auizeusydiad
g9elH

0
o2
oy
09
o8
0oL

S¢=30

1L¢¢ < ¢0g Z/w
(Tw/Bu o1)
auoydiowix

1
)|

L9°0: hw_

§z=30
(921 < 91e Z/w
(w/Bu 1)

auopo2AXQ

L
0
oz
or
09
o8
0oL

GL0'1H

22=30
0Sl < 00€ Z/w
(w/Bu 1)
uuplAN

€52 1H

[}

oz
or
o9
o8
00

S¢ =30

161 < +¥9¢ Z/W
(Iw/Bu 1)
aulfidupon

OF'€:1H

0

o4
oy
09
o8
00

|
|
|
:
|
|
|

8L =30
£¥l < 9¢g Z/W
(w/Bu o)
auaydAxodoidioN-u

e E-LH

[}
oe

e

g

DLWNSE0S-000- 1

SOUBPUNGY SANB|SY  SJUBPUNQY SAlRISY  BOUBDUNQY SANEBISY  SOUBpUNQY BANB|SY  SOoUBPUNGY SANEjSY  8oUBpUNAY BAIBjEY  SJUBPUNGY SANE|SH

soUepUNqY sAlEjeY

(unw) sung

L
I

§z=30

SG| ¢« geg Z/w
(Tw/Bu g)
auipneziN

£90-1YH

0£=30

OPE < 8SE Z/W
(qw/Bu 2)
aulydngeN

1

OLL:1Y

0¥ =30

GOl ¢« 98¢ Z/w
(qw/Bu ¥)
aulydiop

62=30
6LZ < OLE Z/W
(qw/Bu 1)

auopeyisy
G5 E LY

Q”.—m

er=130
0€l < 58z Z/wW
(w/Bu 0z)
[opuizepy

]

SG'Z:1H

G1L=30
SO < gey Z/w

(w/Bu ) <

ueLESOT
LL2I1H

52=30

291 < 62 N\E
(Tw/Bu 1)
[ojeleqe]

£re- 1y

|
|
|
|
|
|
|

12=30
L0g < 62 Z/W
(qw/Bu 1)
uejelsesaql|

€0'e: 1

o
oe
or

8
soUBpUNgY BAlRIEH

souBpUNGY SANERY

8

oz
oy
09
o8

souBpUNgY BANBSY

8

oz
or
o8
o8

souUBPUNGY BARRlRYH

8

oz
or
o8
o8

s0UBPUNGY BARRYH

8

o
o
SOUBPUNQY BANBJEH

o
w0
souBpUNgY BANBSY

8

o (=]
@ ©o
80UBPUNQY BAIEIEH

g

DL INSE05- 0001 1H



G.N.W. Leung et al. / J. Chromatogr. B 825 (2005) 47-56 53

for each batch of samples to verify that the analysis was in horse urine sample), which is routinely run with each batch

control.

3. Results and discussion

3.1. Method sensitivity and specificity

of samples. The levels of corticosteroids spiked in the qual-
ity control sample represent those that can be consistently
detected by the LC-MRM method. All target analytes were
detected within 3min and the overall LC-MS turnaround
time was 5 min inclusive of post-run and solvent equilibration
times. Similarly, selected product-ion chromatograms for 48
basic drugs from a quality control sample are showrign 2

Fig. 1shows the selected product-ion chromatograms for The overall LC-MS turnaround time for the basic drug screen
19 corticosteroids from a quality control sample (a spiked was 8 min, and all target analytes could be detected within
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Fig. 3. Selected product-ion chromatograms of: (a) dexamethasone; (b) methylprednisolone; (c) butorphanol; and (d) clenbuterol obtaineeférem the

samples and spiked urine samples.
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Fig. 3. (Continued)

4 min. The signal-to-noise ratios for all analytes were well in spiked urine standards. The concentrations were determined
excess of 3:1 (the general definition for limit of detection), to be 8.5ng/mL for dexamethasone and 4.9ng/mL for
indicating that both methods have ample sensitivity for the methylprednisolone using one-point calibration at 20 ng/mL.
target analytes at the spiked levels. Similar results are shown Ifig. 3c and d for butorphanol and
Method specificities of the two LC-MS screening methods clenbuterol. Samples flagged as suspicious by the screening
were assessed by testing different negative post-race horsenethod are normally confirmed by analysing another
urine samples(= 35). Interferences from the matrices at the aliquot of the sample in question using the same extraction
expected retention times of the target ions were not observed method and analysed using an ion-trap LC-MS in full scan
product-ion scanning mode. Alternatively, confirmation can
be performed using a triple-quadrupole LC-MS in MRM
mode. However, at least three significant transitions will
The reproducibility of the analyte-to-1.S. peak area ratios € Monitored in order to provide a higher degree of proof.
and the relative retention times for the 19 corticosteroids and " t'he confirmation of d'e>§am¢tha§one, a ;Iower S‘?'Vem
48 basic drugs were examined by replicate analyse<.0) gradient was used to distinguish it from its 16-epimer
of a spiked urine sample on 4 different days. The internal betamethasone.
standards were respectivaly-hydrocortisone (100 ng/mL)
for the corticosteroids and nadolol (100 ng/mL) for the
. . . Table 1
basic druQS' The Splked druQ concentrations and resultslnter—day precision data (% RSD) on peak area ratios and relative retention

of the precision study are summarisedTables 1 and 2 times for the 19 corticosteroids obtained from the analysis of a spiked urine
For corticosteroids, the inter-day precision for the peak sample usingls-hydrocortisone as the internal standard

3.2. Inter-day precision

area ratios ranged from 2 to 11%, and that for the relative pryg Spike Peak area  Relative
retention times from 0 to 0.49%. For basic drugs, the concentration  ratio % retention time
inter-day precision for the peak area ratios ranged from (ng/mL) RSD % RSD
5 to 17%, and that for the relative retention times from 21-Deoxydexamethasone 40 2 4D
0.65 to 1.83%. These results indicated that the method hasél-'?esoﬁcomsone 128 11 g
e H H eclomethasone .
acceptable precision to be used on a routine basis. Budesonide 20 . o5
Desoximetasone 40 3 4D
3.3. Screening of corticosteroids and basic drugs in Biﬁg:iit:s:o”e 6(2)0 105 -o:g
positive samples Fluclorolone acetonide 120 9 3y
Fludrocortisone 40 4 a3
In order to demonstrate that the above screening methodsrlumethasone 20 4 il
are applicable to real positive samples, four referee horseFluocinolone acetonide 20 5 i
urine samples (or generally referred to as ‘B’ samples) from Fluocinonide 40 5 O
different overseas racing authorities reported to contain Fluorometholone 40 9 95
. Fluprednisolone 40 3 .80
dexamethasone, methylprednisolone, butorphanol  andyygrocortisone 250 3 00
clenbuterol were analyseBlig. 3a and b show that both dex-  Methylprednisolone 20 4 a7
amethasone and methylprednisolone were clearly detectedPrednisolone 250 3 .00
using the new method with good signal-to-noise ratios. The Prednisone _ 40 4 22
Triamcinolone acetonide 20 11 4B

retention times matched well with those obtained from the
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Fig. 4. Urinary elimination of triamcinolone acetonide after an intra-articular administration of 18 mg of triamcinolone acetonide to a thedl@eiting.

3.4. Urinary excretion studies correlation coefficients of the calibration curves in all cases
were greater than 0.99 and the measured concentrations of
Triple-quadrupole mass spectrometer operating in MRM the QC samples were withih10%.Fig. 4shows the urinary
mode has been shown to be a reliable technique for quantita-elimination profile for triamcinolone acetonide. Using the
tive analysis of drugs in human biological samp[E23-16] LC-MS methods developed in study, the administration of
The technique also worked well in the quantification of triamcinolone acetonide could be detected for about 30 h,
post-administration urine samples collected in this study. The and that of ranitidine for about 2 week§ig. 5).
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weeks, to a thoroughbred gelding.
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Table 2 detection of 19 corticosteroids and 48 basic drugs could be

Inter-day precision data (% RSD) on peak area ratios and relative retention achieved within a 5- and 8-min LC-MS-MS run respectively.

times for the 48 basic drugs obtained from the analysis of a spiked urine

sample using nadolol as the internal standard Both methods could detect the target§ gt low ppb levels.
Both methods showed acceptable precision to be used on a

Basic d Spik Peak Relati . . L.

asic drugs o ration b on  remanier o foutine basis. Matrix interference was not observed at the

(ng/mL) RSD % RSD expected retention times of the target ions. The applicability
Anileridine 20 = o7 of the methods has been demonstrated by the analyses of
Atenolol 20 1 113 drug-administration and positive samples.
Benperidol 20 6 04}
Benzoylecgonine 40 7 .Q1
Bisoprolol 20 7 072
Bromocriptine 400 7 o ACknOWIedgementS
Buprenorphine 20 15 .00 ) )
Buspirone 80 6 T4 The authors wish to thank the veterinary surgeons of The
Butorphanol 20 5 a7 Hong Kong Jockey Club for their assistance in performing
ga’ldelsa}“a“ ‘2‘80 %O ]ﬁ drug administration experiments and for arranging sample
o il 5 o 3 collection, and for technical support from Rebecca Cheng,
Cimetidine 40 6 a2 Ken Chan and T.Y. So.
Clenbuterol 40 5 ®1
Cocaine 160 6 ao
Desipramine 40 6 a3 R
eferences

Droperidol 20 6 (055°]
Esmolol 20 7 o071 .
Etafedrine 80 5 11 [1] K. Deventer, F.T. Delbeke, Rapid Commun. Mass Spectrom. 17 (18)
Famotidine 20 11 a5 (2003) 2107. . .
Guanabenz 160 6 % [2] R.L. Taylor, D. Machacek, R.J. Singh, Clin. Chem. 48 (9) (2002)
Haloperidol 20 5 a4 1511. _ _
Heptaminol 800 6 T2 [3] R. Dams, C.M. Murphy, W.E. Lambert, M.A. Huestis, Rapid Com-
Hydroxyalprazolam 200 9 6 mun. Mass Spectrom. 17 (14) (2003) 1665.
Irbesartan 20 7 a7 [4] C.S. Creaser, S.J. Feely, E. Houghton, M. Seymour, J. Chromatogr.
Labetalol 80 6 ®5 A 794 (1-2) (1998) 37.
Losartan 80 8 ae [5] P.W. Tang, W.C. Law, T.S.M. Wan, J. Chromatogr. B 754 (2001)
Mazindol 400 11 a7 229. _ _
Methadone 20 6 g2 [6] K.C.H. Yiu, E.N.M. Ho, F.P.W. Tang, T.S.M. Wan, in: D.W. Hill,
Morphine 80 17 183 W.T. Hill (Eds.), Proceedings of the 14th International Conference
Nalbuphine 40 5 o of Racing Analysts and Veterinarians, Orlando, FL, 2002, R & W
Nizatidine 160 6 o Publications, Newmarket, UK, 2003, p. 154.
n-Norpropoxyphene 800 8 ™ [7] E.W. Chung, E.N.M. Ho, D.K.K. Leung, F.P.W. Tang, K.C.H. Yiu,
Nortriptyline 20 8 (')73 T.S.M. Wan, Chromatogr. Suppl. 59 (2004) S29.
Nylidrin 20 7 074 [8] K.C.H. Yiu, E.N.M. Ho, T.S.M. Wan, Chromatogr. Suppl. 59 (2004)
Oxycodone 20 6 B3 S45. . .
Oxymorphone 200 8 03 [9] E.N.M. Ho, K.C.H. Yiu, T.S.M. Wan, B.D. Stewart, K.L. Watkins,
Perphenazine 40 5 Roe) J. Chromatogr. B Anal. Technol. Biomed. Life Sci. 811 (1) (2004)
Pindolol 80 8 090 65. _
Practolol 40 7 40 [10] N.H. Yu, E.N.M. Ho, D.K.K. Leung, T.S.M. Wan, J. Pharm. Biomed.
Prazosin 80 5 ®2 Anal., in press. _
Ranitidine 160 5 18 [11] M. Thevis, G. Opfermann, W. Schanzer, Biomed. Chromatogr. 15
Romifidine 800 5 12 (6) (2001) 393. _ , N
Salmeterol 200 6 84 [12] D. Tagliacozzi, A.F. Mozzi, B. Casetta, P. Bertucci, S. Bernardini,
Sildenafil 40 15 o3 C. Di llio, A. Urbani, G. Federici, Clin. Chem. Lab. Med. 41 (12)
Sotalol 160 7 04 (2003) 1633. _ _
Telmisartan 20 12 a5 [13] A.A. Padua, R.E. Barrientos-Astigarraga, V.M. Rezende, G.D.
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