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ABSTRACT

Immunoaffinity chromatography using a synthesised immunaosorbent was used to extract tritiated dexamethasone {with dexametha-
sone carrier) fron equine urine at a recovery of 81.7 £ 84% (mean + S.D.). A method utilising this procedure coupled to cool
on-column injection gas chromatography negative ion chemical ionisation mass spectromeiry is also described for the confirmation of

low levels of flumethasone in equine urine samples.

INTRODUCTION

Corticosteroids increasc blood glucose levels,
cause stimulation and have a strong anti-inflam-
matory cffect in the equine. These actions im-
prove a horse’s chance of winning a race [1].
Hence, these drugs have been reputed [1] to be
used as a “pre-race shot”” in the performance
horse. This is illegal in the Southern African rac-
ing jurisdiction, and this laboratory routinely
screens [or the presence of these substances in
post-race urine samples.

The synthetic corticosteroids (SC) arc structur-
al analogues of the cndogenous hormone hydro-
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cortisone which produce a stronger anti-inflam-
matory effect and, consequently, smaller
amounts of SC arc required 10 achieve the desired
effect. For example, 40-50 ug/kg of the SC dexa-
methasone is required for anti-inflammatory
therapy [2] and flumethasone, which is 700 times
more potent than hydrocortisone [1], is recom-
mended at dosages of less than 2.5 mg per 500 kg
horse per 24 h [3]. Therefore the concentration ol
an SC found in urine is usually very low. For
example, Seawright ef «/. [4] found that adminis-
tration of 20 mg of a long-acting dexamethasone
ester preparation gave urine concentrations of
less than 30 ng/ml. Hence, methods of detecting
SC abuse in the equine must be effective in the
nanogram and sub-nanogram per millilitre of
urine concentration range. Scveral techniques
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have becn investigated and the results reported.
These include radioimmunoassay (RIA) [5-7],
compelilive protein binding (CPB) [8.9], high-
performance liquid chromatography (HPLC)
with ultraviolet (UV) [10-13] and mass spectro-
metric {MS) detection methods [14-16] and gas
chromatography (GC) with various detection
methods [17 19] including MS [20-22]. The
drawback of many of these methods is that thev
require a separate confirmatory analysis to elim-
inate any lalse positive results.

We have found that RIA suils our require-
ments as a sereening method for dexamethasone
because it 1s sensitive and a large number of urine
samples can be assayed in a short time. The anti-
body used 1n this assay lacks absolute specificity
and this is beneficial for screening samples be-
cause it will interact with other structurally relat-
ed SC, bul it also gives a large number of falge
positive results. Thus samples suspected of con-
taining an SC, as shown by the RIA results, must
be examined by a confirmatory technique, and
we have applied hquid-liquid extraction [23,24]
and solid-phase extraction [25-27] methodolo-
gics followed by GC-negalive ion chemical ion-
isation (NICI) MS analysis of the derivatised re-
sidues. These gave good recoveries, nevertheless
we have found it difficult to confirm the presence
of sub-nanogram per millilitre of urine concen-
trations ol an SC because of the masking effect of
the large amount of coextracted materials. A
more selective method of isolating an analyte
from a biological matrix is to use 4 highly specific
immunosorbent prepared by coupling the specific
antibody o a solid support [28]. This approach
has proved to be effective in providing very clean
extracts of picogram to sub-picogram concentra-
tions of drugs from urine [29-34].

SC are usually derivatised [35] prior to GC-
MS in order to stabilise the thermolabile C-
side-chain [36] which is lost at the high temper-
atures of conventional split and splitless injection
ports. However. the derivatisation step, which is
often time-consuming and not always stoichio-
metric, can be eliminated if a cool on-column in-
jection port 1s used [37].

This paper describes the development and im-
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mobilisation of an anti-dexamethasone bovine
serum albumin (BSA) antibody for extracting na-
nogram and sub-nanogram per millitre concen-
trations of dexamethasone and fumethasone
from equine urine by immunoaffinity chromatog-
raphy (IAC). Dexamethasone and [*H]dexa-
methasone spiked into equine urine were isolated
by this method. Urine samples from a horse that
had been administered flumcthasone pivalate
were also subjected to IAC, and the presence of
the flumethasone (cleaved (rom its ester in the
horse) was confirmed by cool on-column injec-
tion GC-NICI-MS,

EXPERIMENTAL

Chemicals and reagents

Dexamethasone, flumethasone, hydrocorti-
sone, BSA, Freund's complete adjuvant, murile
dipeptide adjuvant, phosphatidvicholine dipal-
mitoyl, ccllulose dialysis tubing, dextran and
DEAL-Cibacron blue 3GA gel were purchased
frem  Stgma  (St. Louis, MQO, USA).
[1.2.4.6.7-*H]Dexamcthasone (9.25 MBq, 2.6-
4.1 TBg/mmol) was obtained from Amersham
International (Aylesbury, UK). Sodium dihydro-
gen orthophosphate, disodium hydrogen ortho-
phosphate, isobutyl chlorolormate. pyridine, so-
dium sulphate, activated charcoal and succinic
anhydride were from E. Merck (Darmstadt, Ger-
many). Sodium azide was obtained rom BDH
(Poole, UK). Sodium chloride, {.4-dioxanc and
sodium hydroxide were supplied by Saarchem
(Krugersdorp, South Africa). Ethyl acetate, di-
chloromethane, methanol and 2-propanol, which
were a minimum of 99.8% pure, and chloroform,
which was 99% pure, came from Riedel-de Haén
(Hannover, Germany). Bio-Rad Labs. (Hemel
Hempstead, UK) supplied the Affi-gel immu-
noaffinity kit. Insta-gel liquid scintillation cock-
tail was supplied by Packard (Groningen, Neth-
erlands). Fluvet injectable solution ([lumetha-
sone pivalate) was obtained from Hoechst (Jo-
hanneshurg, South Africa). Water was purificd
with a Milli-Q reagent water system from Milli-
pore.
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Instrumentation

A Packard Minaxi Tricarb Series 4000 liquid
scintillation spectrometer was used to mcasurc
f-radiation. A single-label efficiency correlation
curve was generated for disintegrations per min
(dpm) conversion. The spectrometer was normal-
ised and time termination for sample measure-
ment was set at 20 min, 2% terminator un-
changed. with radionuclide preset region 1 select-
ed. A Hewlett-Packard 5890 Serics 11/5989A gas
chromatograph-mass spectrometer with a 7673
automatic liquid sample injector was used as list-
ed below. The GC oven was fitted with a 30 m x
0.32 mm L.D. lused-silica capillary column from
Quadrex (New Haven, CT, USA). The cross-
linked bonded phase (007-OV17) was 50% meth-
yl silicone and 50% phenyl methyl silicone at a
film thickness of 0.5 pm. The helium carricr gas
(99.996% purily} was at a head pressure of 83
kPa. The cool on-column inlct port, which had a
0.53-mm insert, was connected to the capillary
column via a glass butt connector {GlasSeal, Su-
pelco, Bellefonte, PA, USA)and a 15 ¢m % 0.53
mm L.ID. deactivated retention gap (Quadrex)
was programmed from 75°C (no hold) to 300°C
al 150°C/min. The oven programme was 85°C
(no hold) to 300°C {10 min hold) at 50°C/min.
The capillary was directly interfaced into the ion
source via a transler tube at 250°C. The mass
spectrometer was operated at an ion source pres-
sure of 0.266 kPa with methane (99.995% purity)
as the chemical ionisation gas. The ion source
and the quadrupole were operated at 1350 and
100°C, respectively. The selected electron energy
was 200 eV. The electron multiplicr was set 200
above the value selected during a manual tune.
The scan range was 250450 a.m.u. Data were
acquired and manipulated with a Hewlett-Pack-
ard HP-UX Series Chemstation and a HPS000
Series 300 computer.

Antibody production

Immunogen synthesis. Dexamethasone was
conjugated to BSA via a 21-hcmisuccinate
bridge. This was achicved by (he two-step meth-
od described by Lrlanger et o/ [38] and later
modified by Cook and Beastall [39]. The product
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was characterised by UV spectroscopy [38].

Immunisation of the sheep. An immunisation
emulsion was prepared by adding 1000 ug of dex-
amethasone—BSA to 10 ml of normal saline solu-
tionn. The mixture was sonicatced with cooling un-
til the solid had dissolved. Freund's complete ad-
Juvant (10 ml} was added to this solution, and the
mixture was vortex-mixed until a stable emulsion
had formed. A second immunisation adjuvant
was preparcd by dissolving 1000 pg of the immu-
nogen and 2 mg of murile dipeptide in 5 ml of
water, 10 mg ol phosphatidylcholine dipalmitoyl
were added, and the mixturc was sonicated (o
form micetles. This was followed by the addition
of 16 ml of water. A sheep was immunised, and
blood samples were collected from the jugular
vein in plain plastic tubes. After clotting, the
samples were centrifuged, and the small serum
samples were transferred to cryo-tubes and the
larger ones into 250-m! glass bottles for storage
at < —15°C until required.

Titer determination

The antiserum to be tested was diluted with
0.275 M phosphate buffer pH 7.3 (PB) from 1:10
to 1:100 000. A 100-ul volume of the diluted anti-
sera was vortex-mixed with 100 pl of equine urine
(free of SC) diluted 1:10 with waler and 300 pl of
tritiated dexamethasone solution (giving approx-
imately 25 000 dpm). This was incubated at 4°C
for 120 min before 500 ul of dextran-coaled char-
coal solution were added. The samples werc vor-
tcx-mixed, incubated Tor 90 min at 4°C, followed
by centrifugation at a relative centrifugal force of
2000 g for 5 min. Other samples treated in a simi-
lar way included the total counts (no antibody
added) and a blank (no antibody or radioclabel
added). Supecrnatant (500 ul) was mixed with 500
ul of water and 4 ml of scintillation cocktail, vor-
tex-mixed, and the dpm counted in a f-scintilla-
tion counter. The results were calculated as fol-
lows:

[(mean dpm of diluted antiserum — mean dpm of
blank) x 100)/[(mean dpm of total counts —
mean dpm of blank) x 1]
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Radioimmunoassay procedure

A 100-ul volume of centrifuged (2000 g for 10
min) urine diluted 1:10 with water, 300 ul of tri-
tiated dexamethasonc (approximately 25000
dpm) and 100 gl of antibody from day 261 dilut-
ed 1:40 000 in PB were vortex-mixed together in
an assay tube. Samples were incubated at 4°C for
120 min, 200 ul of dextran-couted charcoal in PB
were added per tube, and the mixture was vortex-
mixcd and incubated at 4°C for 90 min. Samples
were centrifuged (2000 g for 10 min), and 500 ul
ol supernatant werc mixed with 500 ul of water
and 7 ml of scintillation cocktail in a scintillation
vial; dpm were counted in the f-scintillation
counter. The percentage bound is calculated as
the dpm of the sample divided by the maximum
binding dpm x 100, with allowance made for
non-specific binding.

Specificity of sheep antiserum

The specificity of the antibody was determined
on the 1:40 000 dilution of the day 261 serum in
PB using [*H]-dexamethasone as the radiolabel.
The percentage cross-reactivity was calculated as
[ollows:

(pg of dexamethasonc that displaces 50%
[*H]dexamcthasone x 100)/(pg of corticosteroid
that displaces 50% [*H]dexamethasonc x 1)

Antibody purification

Aliquots of the (reeze-dried scrum (100 ml) ob-
tained on day 162 were purified [40,41] by passing
500-mg samples in 10 ml of PB through a DEAE-
Cibacron blue 3GA gel column (10 cm % 2 cm
1.D.). The immuneglobulin G (I1gG)- and trans-
ferrin-containing eluents were collected, pooled
and freeze-dried.

Antibody immobifisation

A 49-mg mass of the purified antibody was
treated as described in the manual supplied with
the Affi-gel kit. At the final step 29 mg of peri-
odate-modified material were mixed with 5 ml of
the hydrazide gel. The coupling efficiency was es-
timated as the difference between the total pro-
tein in solution before and after coupling Lo the
gel as measured by UV absorbance at 280 nm.
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Immunoalfinity extraction

Aliguots (1 ml) of the immunoaffinity gel were
pourcd into glass columns (10 ecm x | em [LD))
fitted with Nylon membranes to retain the beds.
These were stored at 4°C with PB containing
0.1% sodium azide until required for use. Immu-
noaffinity columns were conditioned with 5 ml of
2-propanol-water (9:1, v/v) and 5 ml of PB prior
to sample application. A 15-ml volume of super-
natant from a centrifuged (2000 g for 15 min)
urine sample was diluted 1:1 with distilled water
and passed down a column at a flow-ratc of ap-
proximatcly 1 ml/min. Unbound material was
eluted with sequential 5-ml washes of 0.5 M NaCl
and purified water. The analytcs were efuted with
10 ml of 60% 2-propanol in water. Lluent was
removed under a stream ol oxygen-frec nitrogen
at temperaturcs <40°C until approximately half
the volume remained. SC were then extracted
with 2 x 5 ml of dicthyl cther. These extracts
were dried at temperatures less than 40°C under
oxygen-free nitrogen. Samples for GC-MS were
dissolved in 25 gl of ethyl acetate and transferred
to an autosampler microvial. A 1-ul sample was
injected per GC-MS run.

Determination of the percentage recovery of corti-
costeroids from equine urine

Horse urine, free from SC, was centrifuged
(2000 g for 15 min) and 15-ml aliquots were
spiked with dexamethasone at 0. 1.0, 5.0. 10.0.
25.0, 50.0 and 100.0 ng/ml of urine. Dexametha-
sonc radiolabel was added in direct proportion to
the amount of dexamethasone present (sce Table
I). The samples were extracted as described previ-
ously and the residue was made up in 1 ml of
waler plus 7 ml of scintillation cocktail. Radio-
activity was measured and the percentage recov-
ery calculated from a calibration curve construct-
ed with values obtained using known amounts of
the [*H]dexamethasone solution.

Influence of hydrocortisone on recovery

Samples, spiked as described above, had hy-
drocortisonc added at a ratio of 10:1 to the
amount of dexamethasone in thc urine. These
were extracted by IAC, and the percentage recov-
ery was determined as described previously.
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Fluvet equine administration trial

A 10-ml volume of a 0.25 mg/m1 flumethasone
pivalate solution (Fluvet) was administered in-
travenously to a thoroughbred mare of approxi-
mately 500 kg mass. Urine was collected by
means of an indwelling Foley catheter at hourly
intervals starting at the time of administration.
Samples placed in cither 250-ml polypropylene
bottles or 20-ml glass bottles with plastic lids
were frozen within 5 min of collection by immecr-
sion in a solid CQ; and alcohol bath followed by
storage at < — 15°C until required. Samples were
thawed, extracted by 1AC, and thec residues ana-
lysed by GC-NICI-MS.

RESULTS AND DISCUSSION

The 1:10 000 dilution of the antiserum collect-
ed on day 162 after the start of the immunisation
programme gave a 50% binding with [*H]dexa-
methasone. The pereentage cross-reactivity of the
1:40 000 dilution of the antiserum from day 261
with dexamethasone and several other corticoste-
roids is listed in Table I. These results show that
although the antibody is most reactive with dexa-
methasone and desoxymethasone, it also inter-
acts with other structurally similar SC, including

TABLE 1

CROSS-REACTIVITY BETWEEN THE ANTI-DEXA-
METHASONE-BSA ANTIBODY AND SOME CORTICO-
STEROIDS

Corticosteroid Cross-reactivity

(%)
Betamethasone 28.20
Betamethasone disodium phosphate 8.30
Carbencxelone sodium <0.01
Desoxymethasone 100.00
Dexamethasone 100.00
Flumethasone 30.10
Hydrocortisone 0.16
Methylprednisolone 0.04
Prednisone 0.83
Prednisolone 1.03
Triameinolone 2.87
Triamcinolone acetonide 0.57
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flumethascone. The cross-reactivity with the cndo-
genous corticosteroid hydrocortisone is very low.

A 49-mg amount of the purified material was
prepared for coupling as described in the instruc-
tion manual supplied with the Affi-gel kit until, at
the final step, 29 mg remained which were cou-
pled to 5 ml of hydrazide gel at a coupling effi-
ciency of 47%. The immunosorbent was divided
into five (1-ml gel) columns. Chromatographic
conditions for isolating corticosteroids were de-
veloped by extracting tritiated dexamethasone
spiked into equine urine. The elucnts including
progressively stronger 2-propanol in water solu-
tions were collected, and the radioactivity was
measurcd. It was found that the 60% 2-propanol
elution was the most appropriate to elute the
[*H]dexamethasone quantitatively. The eluted
material was extracted with diethyl ether to elim-
inate the large volume of water and traces of salts
that were present in the corticosteroid-containing
effluent. IAC of various amounts (see Table IT) of
[*H]dexamethasone, plus a proportionately
larger amount of unlabelled carricr, spiked into
equine urine gave a mean recovery of 81.7% for
the radiolabel with a standard deviation of &
8.4% (n = 00) and a coefficient of variation of
10.3%. It was assumed that the inter-column
variation was small because the same batch of gel
was used to prepare all the columns. The mean
percentage recovery of the largest [*H]dexameth-
asone and dexamethasone spiking (1.0 ml +
100.0 ng/ml) was lower than that of the other
samples on both the inter- and intra-day assays
(around 70%). and this may be due to the maxi-
mum column loading being exceeded. We also
found that IAC extractions of solutions contain-
ing [*H]dexamethasone plus dexamethasone at
amounts greater than 1.0 ml [*H]dexamethasone
and 100 ng/ml dexamethasone all gave approxi-
matcly the same dpm readings (see Table I1I).
Hence it could be assumed that the amount of
tritiated dexamethasone and dexamethasone in
these samples may have saturated the immuno-
sorbent. If the figures of the samples suspected of
exceeding the column capacity arc cxcluded the
mcan recovery is > 85%. The individual columns
were used 25 or more times each without a no-



TABLE Il

VARIABILITY IN THE PERCENTAGE RECOVERY OF
[*HIDEXAMETHASONE EXTRACTED FROM URINE BY
IAC

Volume of [*H]dexamethasene  Precision
solution added per sample®

(ml) Mean £ S.D. » CV. (%)
Intra-day assay

0.0t (L0 ng/ml) 789 L ID.5 6 134
0.05 (5.0 ng/ml) 81.3 £ 1.8 6 2.2
0.10 (10.0 ng/m!) 82.1 = 4.7 6 57
0.25 (25.0 ng/ml) 79.7 £ 1.5 0 44
0.50 ¢(50.0 ng/ml) 3.5 £ 2.5 6 30
1.00 (100.0 ng/ml) 747 £ 5.5 6 74
Tnter-day assay

0.01 (1.0 ng/ml) 85.7 = 9.9 4 116
0.10 (10.0 ng/ml) 85.7 = 5.6 5 65
0.25(25.0 ng/ml) 834 + 4.6 5 55
0.50 (50.0 ng/ml) 87.6 + 6.2 5 71
10O (100.0 ng/ml) 69.9 1 5.7 5 82
Cumulative resuits 81.7 £ 84 60 103

" | ml of [*"Hldexamethasone sclution gave 105 3%6 dpm (activ-
ity 2.6-4.1 TBg/mmol). Figures in brackets represent the con-
centration of dexamethasone spiked into the urine sample.

ticcable decrcasc in performance and this is in
agreement with the results produced elsewhere
[32].

TABLE 111

MAXIMUM LOADING O PHIDEXAMETHASONE AND
DEXAMETHASONE PER MILLILITRE OF GEL

Volume of [*H]dexamethasone dpm
solution added to sample?

(ml)

0.60 (60.0 ng/ml) 7 000
0.70 {70.0 ng/ml) 93 000
0.80 (8D.0 ngjml) 103 000
0.90 (90.0 ng/ml) 111 000
1.00 (100.0 ng/ml) 128 000
1.20 (120.0 ng/ml) 132 000
1.40 (140.0 ng/ml) 127 000
1.60 (160.0 ng/ml) 128 000

“ 1 ml of [*H}dexamethasonc solution gave 168 933 dpm (activ-
ity 2.6-4.1 TBg/mmol). Figures in brackets indicate the
amount of dexamethasone added per sample.
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TABLE IV

INFILUENCE OF HYDROCORTISONE ON THE RECOV-
ERY OF PHIDEXAMETHASONE FROM URINE

Volume of [*H]dexamethasone  Hydrocortisone  Recovery
solution added to sample (ml)  (ng/ml) (%)

0.10 (10.0 ng/ml) - 85

0.10 (10.0 ng/ml} 100 80

0.25 (25.0 ng/ml) - 84

0.25 (25.0 ng/ml) 250 81

0.50 (50.0 ng/ml) 78

0.50 (50.0 ng/ml) 500 ¥4

1.00 (100.0 ng/ml) - 73

1.00 (100.0 ng/ml) 1000 68

“ 1 ml of [*H]dexamecthasone solution gave 100 010 dpm (acuv-
ity 2.6-4.1 TBq/mmot). Figures in brackets represent the con-
centration of dexamethasone spiked into the urine sample

Hydrocortisone present in urine was shown
not to have a significant effect upon the percent-
age recovery of [*H]dexamethasone (see Table
1V). Thus, even in the unlikely cvent of this endo-
genouts material being present in a urine sample
at the same time as a SC (which suppress gluco-
corticoid secretion), there will be no significant
interference with the recovery.

The results of RIA on urine samples from a
horse administered 2.5 mg of flumethasone piv-
alate ester (intravenously) arc shown in Table V.
These urines were extracted by 1AC and the re-
sidues analysed by cool on-column GC-NICI-
MS in the full-scan mode. Flumethasone could
be positively identified (probability matches of
>95% against the standard using the McLaffer-
ty search algorithm {42]) in all the post-adminis-
tration samples including the last collection at 6
h. This had the highest percentage bound ol all
the RIA results, with the obvicus exception of the
pre-administration trial urine, and therefore was
the weakest flumethasone-containing urine sam-
ple equating to approximately 740 pg/ml. A peak
corresponding to almost 0.5 ng of flumethasone
on-column (as compared to an exlernal calibra-
lion curve) which translates to a recovery of
105% can be clearly seen at 13.273 mun in the
chromatogram of this sample (Fig. 1a) and the
spectrum average across the peak, shown in Fig.
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TABLE V

RADIOIMMUNOASSAY RESULTS OF URINE SAMPLES
COLLECTED FROM A HORSE DOSED WITH FLU-
METHASONE PIVALATE

Time of collection Avcrage % bound

Pre-administration 100

Post-administration
1 h 0
2 h 7
3h 10
4 h 17
Sh 17
6h 24

(a)

Abundance

20000
15000

10000

5000 211.418
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2a, matches that obtained from an authentic flu-
methasone standard (Fig. 2b). The other peuaks
are, as vet, unidentified. Fig. 1a and b also show
that the cxtracts exhibit GC-MS chromatograms
with low backgrounds because of the limited
amount of extrancous material that is coextract-
ed by IAC. This demonstrates that flumethasone
abuse in the equine can be confirmed by 1AC [ol-
lowed by cool on-column GC-MS even when the
concentration of the analyte in urine is at sub-
nanogram per millilitre levels. This 1s in direct
contrast to the results obtained from the analysis
of the dichloromethane extract of 15 ml of the
6-h sample where the high background masked

Flumethasone 13,2373

14.0 15.0 16.0 17.0 i8.0

Time [min.)

(b)

Abundance

14.0 15.0 16.0 17.0 18.¢
Time (min.)

Fig. 1. Total ion chromatograms (GC-NICI-MS) of samples extracted by IAC. (a) Urine collected 6 h post-administration of flumetha-

sone pivalate. (b) Pre-administration urine.
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Fig. 2. Muss spectra (a) obtained from the peak at 13.237 min in the TIC of the 6-h sample and (b) of an anthentic Aumethasone

standard.

the flumethasone peak in the full-scan mode and
the spectra were of very poor quality. Flumetha-
sane in this extract could only be tentatively iden-
tified by selective-ion monitoring.

We were unable to establish the lowest coneen-
tration at which flumcthasone could be positively
identified in & sample using the TAC method. This
is hecause, in theory, the selectivity of the isola-
tion procedurc allows the complete sample to be
exiracted withoul producing samples with large
amounts of unwanted material which could mask
the analyte peak. Hence the total amount of SC
{i.e. concentration ¥ sample volume) is the im-
portant factor and, provided that this is greater
than the lower limit of detection of the mass spec-
tromelter, flumethasone can be positively identi-

fied. However, we suggesl that given the sensitiv-
ity of our mass spectrometer and if the sample
was limited to 30 ml. for example, we would re-
quire a flumethasone concentration of at least 50
pg/ml of urine to obtain a better than 10:1 peak-
to-peak signal-to-noise ratio in the full-scan
mode. This cut-off point could possibly be lower
if the residue was reconstituted in a volume of
ethyl acetate less than 25 pl.

Affinity chromatography using an anti-dexa-
methasone-BSA antibody bound Lo a support is
a simple and eflective way of isolating dexameth-
asone and flumethasone and, on the basis of the
cross-reactivity studics, probably several other
SC. JIAC has the advantage over the conventional
liquid-liquid and solid-phase extractions because
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it produces cleaner samples that provide chro-
matograms with a low background making it cas-
ler to identify even picogram amounts of the
compound of interest. The procedure could quite
easily be automated. Moreover, our results in-
dicatc that the immunosorbent can be regenerat-
ed without loss of performance and we have re-
used a column more than 25 times and still found
it to be reliable. This factor makes the time-con-
suming development of an TAC procedure a
practical proposition when looking for clean ex-
traction methodology to isolate weak analytes on
a routine basis.
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