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Abstract

We have relesd antibodiss and developed one-siep sazyme-
linked immunceorbent sssays (ELISA) for the dluretics
acid and bumetanide as part of a panel of pre- and
postrace fests for high polency dasge in racing horses. Theee
ELISA fests are rapid jcompieted withia one hour), senettive,
and con be read by sye. The ELISA detects sthacrynic acld at
2 drug conceniration for half-mexismal inhibition {1-50) of about
2.5 ng/ml for the parent drug. After dosing horses
intravenously with § mg ethecrynic scld per horee, the parent
* deug or its meltabolites are delectabls In urine for ot least 8
hours. The bumetanide ELISA has an 150 for the parent drug
of about 2.0 ng/mi. and will delect bumetanide or iks :
meisholiies for sbout 8 hours in wine after intravenous
administration of & 1.7-mg dose per horse. Both entibodies
sre relatively specific for sach drug and do not eross-react
with other conmonly uesd diuretics or other acidic
often found in post-race equine urine samples.
Ethacrynic acld and bumetanide ars polent dluretics
suapecied of being Megsily substituied for furcsemide in
oortain tating jurledictions. Development of theee rapid,
sensitive, and simple fests for thase agenis will allow more
effective pre- and post-race control of the wes of these agonts
in racing horses. Both lests have recently uncovered several
“positives” for these medications in a midwestem racing
jurisdiction.

introduction

Ethacrynic acid ([2,3-dichloro-4-{2-methylene-1-oxobutyl)

phenoxy] acetic acid, Sodium Edecrin®) is a potent diuretic

acting on the ascending loop of Henle, as well as the proximal -

and distal tubules, in order to block the resbsorption of filtered
sodium. Ethacrynic acid is widely used in human medicine for
" thetreatment of cdema associated with congestive heart failure,
cirrhosis of the liver, and renal disease (I).
Bumetanide [(3-aminosulfonyl)-5-(butylamino)-4-phenoxy-
= mumwmmm £90-4-221 with he sppeoval of e
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beazoic acid, Bumex®] is structoially relstod o the commonty
used duretic furosemide, Like ethacrynic acid, it is a loop di-
uretic and exhibits even greater diuretic activity, with & potency
on the onder of 50 times that of furosemide (2).

Both drugs are commonly used in huran medicine. Ethacry-
nic acid and bumetanide have been detected in blood and urine
by thin-layer chromatography (TLC) (3), radicimmunosssay
(RIA) (4), gas chromatography (GC) (5.6), and liquid chwo-
mstography (.C) (7,8). Reporied detection limits range from 1

- 90 50 ng/ml..

‘These drugs are also suspocted of being used iflegally in racing
horses for the treatment of excrcise-induced pulmonary hemor-
rhage (EIPH), especially in racing jurisdictions where the use of
furosemide is prohibited. An additions] concern over the use of
diuretics is the possibility that these drugs will interfere with
the desection of other illegal meodications by diluting drugs or
drug metabolites i equine wine (9). Therefore, we have devel-
oped caryme-linked immunosorbent assays (ELISA) for
ethacrynic acid and bumetanide as part of a panel of ELISAs for
drugs in racing horses.

Materiais and Methods

Horses. For the in vivo studies, Thoroughbred or Standardbred
mares (400-450 kg) were administered ethacrynic acid or
bumetanide. These horses were maintained at pasture until ap-
proximately 24 hours before dosing, st which time they were
placed in box stalls (17 m?) and allowed free access to hay and
water. All control samples were obtained on the day of the dos-

ings.

Dasing and sampling. Injectable and chemically pure ethacry-
nic acid (Sodium Edecrin; Merck Sharp & Dohme, West Point,
PA) and bumetanide (Bumex; Hoffman-LaRoche, Nutley, NJ)
were obtained for use in assay development and test cvaluation.
All drugs were administered by rapid intravenous (iv) bolus in-
jection into the jugular vein. All urine samples were collected by
bladder catheterization and stored frozen until assayed.

ELISA method. The ELISAs developed here are similar to the
ELISA formats described in previously published reports by
Staniey et al. (10) and by Tobin et al. (11). The anti-ethacrynic
acid antibody or anti-bumetanide antibody was coated onto flat-



bottom microtiter wells (Costar Inc., Cambridge, MA) as de-
scribed by Voller et al. (12). Bthacrynic acid and bumetanide
were linked by the method described by Rowley et al. (13)
horseradish peroxidase (HRP) to give rise to a covalently linked
drug-HRP complex. Urine sampies were diluted as neocssary
with assay buffer (0.1M phosphate buffered ssline, pH 7.6, with
1% bovine serum afbumin) prior to testing. All assays were per-
formed at room temperatare, The assay was started by adding 20
pL of the standard, test, or control samples to each well, along
with 180 pL of the drug-HRP solution. During the test, the pres-

- ence of drug in the sample competitively preveated the binding

of the drug-HRP complex to the sntibody. Afver incubation the
wells were washed, and 150 . of TMB Microwell Peroxidase
mmuﬂmmm)mm
Becsuse the HRP enzyme is the ooloe-producing
mhhmmwd&uhmmh
inversely related to the optical density of the
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lution was evaporatod to dryness and roconstituted in 20 uL of
cthyl acetate. GC/MS analysis was performed on a Varian GC
(Varisn Instrumeants, Sunnyvale, CA) coupled to a Finnigan Incos
50 mass spectrometer (Finnigan MAT; San Jose, CA).

Results

The ability of added ethacrynic acid and poteatially cross-
reactive compounds o inhibit the ELISA reaction is shown in
Figure 1. Increasing concentrations of ethacrynic acid inhibited
the reaction, with balf-maximal inhibition (3-50) occurring at
shout 2.5 ng/ml.. The anti-cthacrymic acld sntibody was tested for
cross-reactivity with a group of diuretics and other acidic com-

sest well. The optical density (ODiao) of each

test well was determined at 650 am with an
smtomated reader (Bio-Tek Inc.,
Winooski, VT) afier a period of color devel-
opment, usually approximately 60 misites
sfter addition of substrate.

Mass spectral confirmation of eshacrynic
acid. The presence of ethacrynic acid in post-
race urine samples screened by the ethacry-
nic acid ELISA was confirmed by gas chro-
mafography/mass spectrometry (OC/MS) for
up $0 6-8 bours sficr 2 dose of 5 mg per
horse. To & screw-top glass culiture tube were
added 10 ml. of the urine sample, 2 ml. of
satueated aqueous KH,PO,, sand 0.5 mL of
concentrated HCL The mixture was extracted

% Control activity

with 6 mL of dichloromethans by sotation for 0.01
13 min. The aqueous layer was removed, and
the organic layer was washed with 5 ml of
5% aqueous lead acetate. The washed
dichioromethanc extract was evaporsiod o
dryness under & stream of dry nitrogen. The

0.t 1.0 Li 100 1000

Figure 1. Sensiivity and cross-reactivity of the ethacryvic acld £ 1SA. Half-mudcl inhibition (1-50)
of the ELIGA socurs of around 2.5 ng/mi ethacrynlc acid, with a0 sigalficant cross-reactivity asso-
cisted with the other drugs tested.

10060
Drug concentration {ngiml.)

extract was dissolved in 30 pl. methanol.
The samples were analyzod on an HP 5890

GC (Hewlett-Packard, Palo Alto, CA)

4L

equipped with an HP-1 methyksilicone cap-
illary column and & model 5970 mass selec-
tive detector. Ethacrynic acid was detected as
its methy! ester via methyistion of 2 pl. of
sample with trimethylaniliniem hydrochlo-
ride in methanol, injected on the column.
Mass spectral confirmation of bunetonide.
Bumetanide from a post-race equine urine
sample was screened by the bumetanide
ELISA and was isolated by solid-phase ex-
traction (SPE) using Bond Elut Certify SPE
cartridges (Varian Sample Preparation Prod-
ucts, Harbor City, CA) and an acidic~
neutral extraction procedure. Bricfly, the SPE
cartridge was loaded with 5 mL of urine plus
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2 mL of 0.1M potassium phosphate buffer,
pH 6, rinsed with 1 mL of the phosphate
buffer-methanol (80:20), then with 1 mL of
IM acetic acid, and followed by 1 mL of
bexane. The bumetanide was eluted with 4
ml. of methylene chloride, The resulting 30-

Apparent ethacrynic acld concentration (ng/mL)
g
o

2 4 6 8 24
Fgure 2. ELISA detection of ethacrynic acid in equine wine. The apen circles (O —O) show the cal-

culated sppacent sthacrynic acki conosntration in urine samples collected after kitravenous admin-
istration of § my of ethacrynic acki par horse. .

‘Time post-dosing (h)
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pounds commonly found in post-race equine urine samples. Nei-
ther bumetanide, hydrochlorothiazide, furosemide, etozolin, nor

-meclofenamic acid produced any significant inhibition of the

ethacrynic acid ELISA.

The ability of the ethacrynic acid ELISA o detect the prescace
of the drug following an iv dose of S mg per horse (0.012 mg/ke)
was evaluated. Figures 2 and 3 show inhibition of the ELISA re-
action by equine urine samples collected afier treatment with 5
mg of ethacrynic acid intravenously. Figure 2 shows the dose—
response curve expressed as appareat drug concentration,
whereas Figure 3 shows the inhibition of the ELISA activity by
the dosed-horse urine samples. The tost easily detected ethacrynic
acid in urine for up to 8 hours postdose, with significant inhibi-
tion of the ELISA color-producing reaction for up to 24 hours

after an intravenous dose of 50 mg per borse.
Uﬁduﬁﬁodmmhmyeqﬁmmmla
are known 1o partially inhibit the antibody—drug intersction of
some ELISAs, cansing a “background”, or reduction of color
(ODgxy), in the asgny. This is illustrated by the 56% inhibition of
mwmnnmuwm-
fercace in the ethacrynic acid ELISA, a set of 40 post-race urine
mhmywwm.snegﬁwﬁaruhuynicaﬁdbya
mnduhbaauymdfwnhhedwubydmm.m
screened for ethacrynic acid content using this KIS
In order o reduce the interference of the fahibition
with the detection of the drug when using the ELISA, the 40 sam-
ples were diluted to the degree that noac of the drug
concentrations exceeded the I-50 for that

PP ELISA. As shown in Figure 4, the back-
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ground conceatrations of apperent ethacrynic
acid equivalents scen in 40 equine urine sam-
ples diluted 1:4 with assay buffer were less
11 thenthe 1-50 value for ethacrynic acid in this
assay. For comparisoa, the spparent ethacry-
aic acid concontration of s wrine sample, di-
Juted 1:4, collectod from a horse | b afiera 5-
mg iv dose of ethacrynic acid is indicated by
the amow.

1 A similar series of experiments was per-
formed for the evaluation of the bumetanide
EUSA. The ELISA responsc (0 increasing
7] comcentrations of bumetanide and other di-
wretics and other used acidic drugs
is shown in Figure 5. Half-maximel inhibition
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ethacrynic acld per horse.

A . of the ELISA by bumetanide oocurs at shout

24 2 ng bumetanide/nl.. The anti-bumetanide
antibody showed no cross-reactivity with
ethacrynic acid, furosemide, flunixin,
ibuprofen, meclofenamic scid, aaproxen,
phenytbutazone, or etozolin. There was in-
significant cross-reactivity with the structuraliy

similar compound m-aminobenzoic acid.
The bumetanide BLISA is sufficiently sen-

sitive 10 detect bumetanide or its metabolites

150

10.0 +
N=40

Frequency

5.0

[Track samples diluted 1:4]

in equine urine for 8 hours following a 1.7

mg (4 pg/kg) iv dose (Figures 6 and 7). In

the ELISA reaction was esseatially com-

pletely inhibited. By 24 hours after adminis-

tration the ELISA response had retumed to
_ about half the control value.

Forty post-race urine samples were tested
by the bumetanide ELISA and the back-
ground distribution plotted (Figure 8). As
with the ethacrynic acid ELISA, the samples
required a |:4 dilution to reduce the highest
background apparent bumetanide concentra-
tion below the 1-50 of the assay. For compar-
ison, the apparent bumetanide concentration

«—— Dosed-horse urine

0.0 " ¥ t 4
0 20 40 : 60

All samples were ditited 1:4 with assay buffer,

Apparent ethacrynic acid concentration (ng/mL)

mtmwmummmmmmmw
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wmm:mmswmwmkmwwmm.

" for 2 urine sample diluted 1:4, collected 1 h
afier an intravenous .7-mg dose, is indicated
by the arrow.

When these tests were introduced into rou-
tine post-race testing in & midwestem state,
they rapidly identified certain samples as
“ELISA-positive™ for ethacrynic acid and

8‘“




. bumetanide, When these samples were ana-
lyzed by GC/MS to confirm or deny the pres-
ence of these drugs, typical spectra for
ethacrynic acid methyl ester and tetramethyl
bumetanide (Figures 9 and 10) were ob-
tained. Because full mass spectra are con-
sidered chemically definitive evidenoe for
the presence of these drugs, these samples,
slong with others on which equivalent data
were obtained, were reported as regulatory
“positives” for these drugs.

Discussion
Ehuymdd-dhmﬂemm

furosemide. Becanse furoscenide is the drug
of choloe for treatment of epistaxis or EIPH
in the horse, these drugs are sometimes sub-
stitmted for furosemide in racing hocees, ¢s-
pecially in jurisdictions where the use of
furosemide is restricted. Bocanse both of
MM&M»MHW
urine samples and becanse bumetanide is at
Jeast 10 times more potent than farosemide,
a noed exists for rapid and sensitive soots for
these agents. To this end, we raised anti-
bodics to these drugs and developed ELISAs
for these diuretics for use in equine medica-
tion control.

Both tests are sensitive 10 the parcnt drug in
the 2-ag/ml range aud show vimﬂy no

ethacrynate and aoti-bumctanide antibodies,
we evaluated their ability to desect the parent
drug or drug metabolites in equine serum or
urinc after administration of these agents to
horses.

After administration of 5 mg per horse (ap-
proximately 0.012 mg/kg), greater than 80%
inhibition of the ELISA was seen for the first
4 hours after dosing, afier which the inhibi-
toward control values. Based on these data jt
should be possible to casily detect this drug in
post-race urine samples for up 0 4 hours at
doses as low as 5 mg ethacrynic acid per
horse.

To cvaluatc the probability of detecting
ethacrynic acid administration in routine post-
race urine testing, we measured the back-
ground inhibition of this ELISA by 40 post-
race urine samples from horses racing in
Kentucky. As shown in Figure 4, the spparcat
ethacrynic acid concentrations of these sam-
ples (diluted 1:4) were nearly all equal to or
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Figure §. Sonsllivity and cross-reaciivity of the bumetanide ELISA. Hal-maximal inhibition {1-50) oc-

curs ot anund 2 ng/mil. for bumetenids, with nmmmmhm
drugs tested,
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Figure §. ELISA detection of bumetanide in equine wrine, The open circles (O —O) show the cak-
colaind apparent bumetanide concentration I wrine samples collectod after ntravenous adminis-
ration of 1.7 mg bumetanide per horse.
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Figure 7. ELISA inhibition by bumetanide dosed-horse urine samples. The open circles (O — O} show
the decreass in ODyy in urine samples coliected afier intravenous admintstration of 1.7 mg
bumetanide par horse.
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. lessthmﬂ:c!—SOofd:eEI.JSA(Z.SnglmL).I‘heappuent
dmynwmmdmw@d-hmemm-
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which is visually clear (no color). Any Jower concentration of
ethacrynic acid resulted in the appearance of some color. There-
fore, sll mwmmwve"mmmny&-
&uukhedﬁom&e‘poﬁﬁw"(daed)&ummm
meﬂymuamﬁuhwm
in post-race urine samples. )

The ELISA for bumetanide was also very sensitive to this
mmw-mmuymwmzwduw
parent drug. As with the ethacrynic acid ELISA, litthe cross-
Mvﬁymmwﬁnodndﬁehyﬂybbefoudh
equine samples, suggesting that the test will readily detect

bumetanide in equine blood or urine samples.
mmmmmmmmmmdwism
myoﬂh‘sdmgbemneisﬂ:mpaﬁcdme'mnmng‘ horse
is approximately one-tweatieth of the equivalent dose of
ﬁtmnmdmam&hmmdm L7mg
and this small

post-race urine samples, the administration of doses of
bumemideuhwaslﬂmgpuhmeforup

%0 8 hours afier sdministration of this drug.
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As was the case with the ethacrynic acid
muww@«um—
| parent bumetanide concentrations of the di-
Ited track urioe samples (Figuee 8) indicates
-umdmmmum-
ative™ samples from a “positive”.

Bascd oa their case of use and sensitivity,
MMMmhMMIwM
_ ﬁmheqﬂn&ugwundlboinuﬁng

of other species. Diuretics such as furosemide,

- bumetanide, and ethacrynic acid have been
used in bumaa athletics in attempts (0 dilute
the urine and reduce the probability of desec-
1 tion of certain drugs; thoy have siso been used
in:lwwemndoﬂwrlinnkbimpmve

urine

0 10 20 30 40 S0 60

70 80 90
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4 } the sppesrance of these animals.
mmmmwm
introduction of these tests into post-race
testing in two midwestern states has resulted
in five “positives™ for ethacrynic acid snd at
leutﬂ“podlim"fwhmhidchmhg
mmmm«m
undetected patierns of medication abuse,
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