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Abstract

A liquid chromatography—mass spectrometry (LC—-MS) method for the analysis of corticosteroids in equine urine was
developed. Corticosteroid conjugates were hydrolysed with B-glucuronidase; free and enzyme-released corticosteroids were
then extracted from the samples with ethyl acetate followed by a base wash. The isolated corticosteroids were detected by
LC-MS and confirmed by LC-MS-MS in the positive atmospheric pressure chemical ionisation mode. Twenty-three
corticosteroids (comprising hydrocortisone, deoxycorticosterone and 21 synthetic corticosteroids), each at 5 ng/ml in urine,
could easily be analysed in 10 min. O 2001 Elsevier Science BV. All rights reserved.
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1. Introduction

Synthetic corticosteroids possess anti-inflamma-
tory activity and are commonly used to relieve
inflammatory lesions in performance horses. Analy-
ses of some of the corticosteroids are usually per-
formed by immunoassays [1,2], liquid chromatog-
raphy with ultraviolet detection (LC-UV) [3], gas
chromatography—mass spectrometry (GC-MS) of
the pyridium chlorochromate oxidation products [4—
8], GC-MS of the methoxylamine-trimethylsilyl
(MOX-TMS) or the trimethylsilyl (TMS) derivatives
[9-11], or LC-MS [12-23].

Coverage by immunoassays is limited (at present
only kits for dexamethasone, flumethasone,
methylprednisolone and triamcinolone acetonide are
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available commercialy). The screening by LC-UV
is neither specific nor sensitive; matrix interference is
also a problem. Corticosteroids are often analysed by
negative chemical ionisation GC-MS after pyridium
chlorochromate oxidation. The method is sensitive
for some corticosteroids but insensitive for natural
corticosteroids. Some corticosteroids are resistant to
oxidation. Besides, due to the loss of the side chain
and oxidation of hydroxyl groups, structural infor-
mation is lost. Thus corticosteroids like prednisone
and prednisolone cannot be differentiated after oxi-
dation. Corticosteroids are also analysed by GC-MS
as their TMS or MOX-TMS derivatives. It takes
about 2 h for TMS derivatisation and an additional
45 min for MOX-TMS derivatisation. Despite the
time involved, results are usualy not satisfactory.
Analysis by GC-MS requires another 20 min.
LC—-MS has been used to analyse corticosteroids
in various sample matrices, often for the quantifica-
tion of hydrocortisone in equine urine [12,13]. But so

0378-4347/01/$ — see front matter [ 2001 Elsevier Science BV. All rights reserved.

PIl: S0378-4347(00)00613-7



230 PW. Tang et al. / J. Chromatogr. B 754 (2001) 229-244

far only 12 synthetic corticosteroids, namely, beclo-
methasone [14], betamethasone [14-18], budesonide
[19], dexamethasone [14,17-19], fludrocortisone
[14,19], flumethasone [14,18,19], flunisolide [18],
methyl prednisolone [14,18,19], prednisolone
[14,15,17-22], prednisone [14,15,18—22], triamcino-
lone [14,19,22] and triamcinolone acetonide
[18,22,23] have been studied.

The majority of these LC-MS studies either
involve only a few analytes or do not involve equine
urine as the matrix. Equine urine, particularly that
from racehorses on a high-energy diet, is a viscous
and highly complex matrix; the reliable screening of
alarge number of analytes from such a matrix is not
straightforward. Schubert et a. [15] reported the
simultaneous LC-MS screening of just four syn-
thetic or natural corticosteroids in equine urine. Savu
et a. [18] reported the LC-MS analysis of eight
synthetic and two natural corticosteroids in bovine
urine — a matrix that may have some resemblance to
equine urine. Both Fiori et al. [14] and Volmer and
Hui [19] also worked with a similar number of
corticosteroids but in less complicated matrices (i.e.,
milk replacer and human urine, respectively).

Equine urine is usualy treated with 8-glucuronid-
ase to release corticosteroids from their glucuronide
conjugates. B-Glucuronidase contains sulfatase ac-
tivity but is, however, not effective in hydrolysing
certain sulfate conjugates [24]. In a previous study
[25], we have shown that *‘ methanolysis” [26] could
be used to release deoxycorticosterone (deoxycor-
tone) from its conjugates. However, as ‘‘metha-
nolysis’ of equine urine generally gives dirtier
products, and most reference standards of cortico-
steroid conjugates are unavailable, enzyme hydrol-
ysis rather than ‘‘methanolysis’ was used in the
present study.

This paper describes a sensitive and quick method
for the simultaneous screening of 21 synthetic cor-
ticosteroids, deoxycortone and hydrocortisone in
equine urine by LC—MS. Derivatisation or oxidation
is not required, and each LC—MS cycle takes only 20
min, resulting in a short overall analysis time. LC—
MS-MS confirmatory analysis of some corticoste-
roids in urine samples will also be described. As full
scan LC—MS data is available, this method is in fact
applicable not only to corticosteroids but also to
other extractable drugs.

2. Experimental
2.1. Materials

B-Glucuronidase type L-1I from limpets, deoxy-
cortone, flumethasone and Amberlite XAD-16 resin
were purchased from Sigma (St. Louis, MO, USA).
Acetic acid (Suprapur grade), chloroform, ethyl
acetate and methanol (all of LiChrosolv grade),
sodium chloride (reagent grade) and anhydrous so-
dium sulfate (granulated for organic trace analysis)
were purchased from Merck (Darmstadt, Germany).
Sodium acetate and sodium hydroxide (both of
reagent grade) were purchased from Riedel-de Haén
(Seelze, Germany). Beclomethasone, 21-deoxydex-
amethasone, desoximetasone, dichlorisone, flud-
rocortisone, flurandrenolide and isoflupredone were
purchased from Steraloids (Wilton, NH, USA). Fu-
clorolone  acetonide, fluocinolone  acetonide,
methylprednisolone,  prednisone,  triamcinolone
acetonide, fluocortolone hexanoate were from British
Pharmacopeia Commission (Middlesex, UK). Beta-
methasone, dexamethasone, fluocinonide, flupred-
nisolone, fluorometholone, prednisolone and triam-
cinolone were from United States Pharmacopeial
Convention (Rockville, MD, USA). d,-Hydrocor-
tisone was from Cambridge Isotope Labs. (Andover,
MA, USA). Hydrocortisone was from BDH (Poole,
UK). Fluocortolone was prepared by heating fluocor-
tolone hexanoate in a methanolic solution of potas-
sium methoxide (10 mg in 10 ml) at 60°C for 20
min, followed by the removal of potassium ions
using a cation-exchange resin AG50W-X8.

2.2. Instrumentation

LC-MS anadyses of corticosteroids were per-
formed on a Finnigan MAT LCQ Classic (Ther-
moQuest, San Jose, CA, USA) equipped with a
Hewlett-Packard 1100 high-performance liquid chro-
matography (HPLC) system (Palo Alto, CA, USA).

2.3, Administration of proprietary preparations

Decort 20 (containing 100 mg of deoxycortone)
was administered intramuscularly to a thoroughbred
gelding. A urine sample was collected before drug
administration, and then daily for 14 days.
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Kenacort-A (containing 80 mg of triamcinolone
acetonide) was administered intramuscularly to a
thoroughbred gelding. A urine sample was collected
before drug administration, and then daily for 3 days.

SOLU-MEDROL (containing 150 mg of
methylprednisolone sodium succinate) was adminis-
tered intramuscularly to a thoroughbred gelding. A
urine sample was collected before drug administra-
tion, and then daily for 3 days.

Dexamethasone Weimer (containing 10 mg of
dexamethasone sodium phosphate) was administered
intramuscularly to a thoroughbred gelding. A urine
sample was collected before drug administration, and
then daily for 3 days.

2.4. |solation of corticosteroids from urine

Urine (5.0 ml) was transferred to a 15-ml
graduated centrifuge tube. d,-Hydrocortisone (100
ng) was added as an internal standard. Sodium
acetate buffer (1 M, pH 4.1; 0.4 ml) was added and
the solution adjusted to pH 5.0. A solution of B-
glucuronidase (0.6 ml, 10 800 U) was added and the
mixture incubated (65°C for 3.5 h or 37°C over-
night). It was then extracted with 6.0 ml of ethyl
acetate (rotation, 10 min). The organic extract was
washed with 3.0 ml of base (1 M NaOH+0.15 M
NaCl; rotation, 5 min), and then centrifuged (1900 g,
0.5 min). The organic layer was passed through an
anhydrous sodium sulfate drying column into a 5-ml
Reacti-via, then evaporated to dryness (under nitro-
gen at 60°C). The residue was recongtituted in 30 !
of methanol and vortex-mixed. The content was then
transferred to a conical insert in a Chrompack
autosampler vial for LC-MS analyses.

2.5, LC-MS analyses of corticosteroids in equine
urine

Samples (10 pl) were injected onto a reversed-
phase DB-8 column (75 mmXx4.6 mm 1.D., 3 pm;
Supelco) at 25°C. The mobile phase was composed
of a solvent mixture of (A) 1.0% acetic acid and (B)
methanol. Unless otherwise mentioned, gradient
elution was performed from 100% solvent A to
100% solvent B in 15 min, and hold for another 3
min. The flow-rate was 1.0 ml/min. For the con-
firmation of triamcinolone acetonide in uring, 10 mM

ammonium acetate was used instead of 1.0% acetic
acid.

The atmospheric pressure chemical ionisation
(APCI) source of the mass spectrometer was opti-
mised at 450°C. The capillary temperature was
maintained at 150°C. The source voltage was +5 kV
(for positive ions) and —5 kV (for negative ions).
The ““full maximum ionisation time” was set at 50
ms. For screening, the mass spectrometer was set in
the positive APCI full scan mode. The scan range
was from m/z 300 to m/z 500. lon traces for the
protonated molecular ions of each corticosteroid
were extracted from full-scan data. For confirmatory
analysis, both positive and negative APCI modes
were used, product-ion scans were performed on the
APCl-generated quasimolecular ions. Helium was
used as the collision gas.

3. Results and discussions
3.1. Detection of corticosteroids in spiked samples

Twenty-three corticosteroids and d,-hydrocortis-
one were spiked at 10 ng/ml each in XAD-treated
equine urine. The sample was processed (hydrolysis
and extraction) as norma and analysed by LC-MS.
Fig. 1 shows the extracted ion chromatograms from
the LC-MS analysis. The separation was completed
within 10 min. Three pairs of corticosteroids (beta-
methasone and dexamethasone, fluprednisolone and
isoflupredone, 21-deoxydexamethasone and fluocor-
tolone) could not be resolved under the conditions
described above. Table 1 shows the ions selected for
each corticosteroid and their retention times relative
to d,-hydrocortisone. Further analysis showed that
al 24 corticosteroids could be easily detected at 5
ng/ml.

3.2 Confirmation of the corticosteroids in spiked
samples

Confirmation of all 23 corticosteroids in urine was
achieved by LC-MS-MS analysis. Although the
unresolved isomers of betamethasone and dexa-
methasone gave similar MS-MS spectra, the two
drugs could be resolved chromatographically (Fig. 2)
if a dower gradient was used, namely, 1% acetic
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Fig. 1. LC-MS detection of corticosteroids in urine (10 ng/ml).
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Table 1
LC-MS detection and recoveries of 23 corticosteroids spiked in equine urine at 10 ng/ml
Corticosteroid lon selected Relative retention time Mean recovery SD

(m/2) (min) (%) (n=14)
Triamcinolone 395 0.78 61 237
Prednisone 359 0.96 77 8.7
Fluprednisolone 379 0.98 83 9.0
I soflupredone 379 0.98 81 49
Fludrocortisone 381 0.99 83 8.4
d,-Hydrocortisone 367 1.00 - -
Hydrocortisone 363 1.00 82 8.2
Prednisolone 361 1.00 81 7.8
Flumethasone 411 1.04 86 9.7
Betamethasone 393 1.06 86 6.1
Dexamethasone 393 1.06 87 9.3
Methyl prednisolone 375 1.07 84 8.7
Dichlorisone 413 1.08 36 35
Beclomethasone 409 1.08 76 7.1
Fluocinolone acetonide 453 1.08 99 9.0
Fluorometholone 377 1.09 88 8.1
Fluocortolone 377 1.10 20 8.2
21-Deoxydexamethasone 377 1.10 87 51
Desoximetasone 377 1.13 87 8.2
Triamcinolone acetonide 435 1.09 89 9.0
Flurandrenolide 437 1.10 88 75
Fluclorolone acetonide 487 114 86 9.7
Deoxycortone 331 115 89 7.8
Fluocinonide 495 117 78 8.9

® Unstable, subject to possible epimerisation.

acid—-10% methanol (9:1) to 1% acetic acid—50%
methanol (1:1) in 20 min, then hold for 5 min. On
the other hand, fluprednisolone and isoflupredone
could not be resolved even with a ow gradient, but
their MS-MS spectra were clearly distinguishable
from each other (Fig. 3A). Similarly, the MS-MS
spectra of 21-deoxydexamethasone and fluocortolone
were significantly different from each other (Fig.
3B).

3.3 Recovery of corticosteroids

Two sets of corticosteroids were spiked to XAD-
treated urine at individual concentrations of 10 ng/
ml. One set contained triamcinolone, prednisone,
fluprednisolone,  fludrocortisone,  hydrocortisone,
prednisolone, flumethasone, dexamethasone,
methylprednisolone, dichlorisone, beclomethasone,
fluocinolone acetonide, fluorometholone, fluocor-
tolone, desoximetasone, triamcinolone acetonide,
flurandrenolide, fluclorolone acetonide, deoxycortone

and fluocinonide. The other set contained 21-deox-
ydexamethasone, betamethasone and isoflupredone.
The two sets were processed (hydrolysis and ex-
traction) as described above. Interna standard, d,-
hydrocortisone, was then added at 10 ng/ml prior to
LC-MS analysis. Area ratios of the quasimolecular
ions of individual corticosteroids to that of the
internal standard were determined. Two sets of
methanolic solutions containing the same mixture of
corticosteroid standards and d,-hydrocortisone at 10
ng/ml each were also prepared and analysed in the
same manner. Table 1 shows the mean recovery of
individual corticosteroids determined on 14 occa
sions. Of the 23 corticosteroids, dichlorisone and
triamcinolone gave the lowest recoveries; the rest
gave mean recoveries ranging from 76 to 99%.

34. Reproducibility

Table 2 summarises the precision data for inject-
ing an extract twenty times each day for 4 consecu-
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Fig. 2. LC-MS separation of betamethasone and dexamethasone. Gradient elution: 1% HOAc—10% MeOH (9:1) initialy, changed to 1%

HOAc-50% MeOH (1:1) in 20 min, hold for 5 min; 1 mi/min flow.

tive days. Fresh extracts were processed daily from a
urine sample containing d,-hydrocortisone at 10 ng/
ml. The relative standard deviation (RSD) was less
than 3%.

3.5. Screening of corticosteroids in post-race and
administration samples

Two-hundred and eighty-nine different post-race
urine samples have been screened with this method.
As illustrated in Fig. 4, the samples were al nega-
tive, and only endogenous hydrocortisone together

Table 2
Precision data for injecting a urine extract 20 times daily

Area of d,-hydrocortisone

Day 1 Day 2 Day 3 Day 4
Mean 79.2-10° 79.1-10° 80.7-10° 82.8-10°
Sh) 1.22-10° 1.66-10° 1.46-10° 2.18-10°
RSD (%) 15 21 18 26

with the internal standard, d,-hydrocortisone, were
detected. The method has also been used for the
detection of corticosteroid administrations. Fig. 5A—
D shows the extracted ion chromatograms of the
urine samples collected 1 day after the administration
of, respectively, dexamethasone, deoxycortone,
methylprednisolone and triamcinolone acetonide to
four different geldings, together with those of the
pre-administration samples. Peaks corresponding to
the protonated molecular ions of these four cortico-
steroids were easily detected at the appropriate
retention times. For the urine sample collected 1 day
after the administration of triamcinolone acetonide, a
peak at m/z 451, corresponding to the protonated
molecular ion of the metabolite hydroxy-
triamcinolone acetonide, was also detected.

3.6. Confirmatory analysis of corticosteroids in
administration and referee samples

Fig. 6A—C shows the results of LC-MS-MS
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analyses of urine samples collected 1 day after the
administrations of, respectively, dexamethasone,
deoxycortone and methylprednisolone. The parent
drugs were easily confirmed by positive APCI LC—
MS-MS. Hydroxylated metabolites were not de-
tected in these samples.

Fig. 7 shows the results of LC—MS—-MS confirma-
tion of the administration of triamcinolone acetonide.
The urine sample was collected 1 day after adminis-
tration. Negative APCI was used in here, and 10 mM
ammonium acetate was used in place of 1% acetic
acid as one of the mobile phase components. Two
major peaks were observed in the total ion chromato-
gram. The MS-MS spectrum of the late-eluting
component corresponded to triamcinolone acetonide

m/z
Fig. 6. (continued)

(with its acetate adduct at m/z 493), and that of the
early-eluting one could be assigned to its metabolite,
hydroxytriamcinolone acetonide (with its acetate
adduct at m/z 509). Positive APCI mode could also
be used, but in this case the negative ion mode
resulted in better sensitivity and reduced matrix
interference.

The method has already been used in the referee
analysis of ‘‘B-samples’ from overseas racing juris-
dictions. The corticosteroids confirmed include tri-
amcinolone acetonide in urine, isoflupredone in
urine, methylprednisolone in urine and dexametha-
sone in urine as well as in blood. Fig. 8 shows the
LC-MS-MS confirmation of dexamethasone in the
blood sample.
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4. Conclusion

Free and enzyme-released corticosteroids were
extracted from equine urine samples using liquid—
liquid extraction. The ethyl acetate extract was
washed with base to remove the acidic and highly
polar matrix components. The isolation of free and
enzyme-released corticosteroids using solid-phase
C,g, Chem Elute and normal-phase LC-Si cartridges,
or a combination of C,, and LC-Si cartridges as for
the isolation of anabolic steroids [27—-30] were also
tried, but these did not improve significantly the
recovery of corticosteroids or the removal of matrix
components.

The present study demonstrated good sensitivity in
the screening of 21 synthetic and two natural cortico-
steroids in equine urine after a simple liquid—liquid
extraction. As shown in Table 2, the inter-day
precision data is excellent and the LC-MS system is
robust. When a larger volume (20 ml) of sample was
used, it was possible to detect and confirm the
presence of triamcinolone acetonide in equine urine
a 0.5 ng/ml, and similarly dexamethasone, iso-
flupredone and methylprednisolone at 0.2 ng/ml
each. Using a neutral or dightly basic mobile phase,
the negative APCI mode may offer additional im-
provement in sensitivity. Further enhancement in
selectivity and sensitivity might be achieved by
performing the screening in multiple reaction moni-
toring mode. When a corticosteroid is flagged by
LC-MS screening, LC-MS-MS confirmation can
immediately be performed on the same instrument.

With d,-hydrocortisone as the internal standard,
the concentration of hydrocortisone in urine can also
be estimated. Only urine samples with a hydro-
cortisone level close to or above the 1.0 pg/ml
international threshold will need to be accurately
quantified. With minor modification, the present LC—
MS method has in fact been used for such quantifica-
tion.
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