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; -" $tep enzyme-linked immunosorbent assay
EWOA) and 2 particle concentration fluorescence

L 0 % part of a pane] of pre- and post-race tests
ion of racing horses. The ELISA
’mewfur«midewithml-sofor
.x,_ﬁfbmumnglml.'!hemktapilmd
S 0 With an inexpensive spectrophotometer,
mBothuuPCFmandELISAm
oot the presence of furosemide in equine

g 08882y (PCFIA) test for furosemide were'
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The Detection of Furosemide in Equine Blood by Fluorescence
% and Enzyme-Linked Immunoassays

blood for up to five hours after administration of the
recommended therapeutic dose of this agent. The
principal utility oftheeetutliesinrapidweening
offurosemide.'rhustheoetutscanbeusedpm
to determine whether or not horsemen have treated
their horses with furosemide, and post-race to
determine whether or not certain plasma concentrations

these systems in Kentucky and Ifinois suggest that these
tests are economical and effective, and can substitute
forthecurrenﬂymeddetenﬁonbamsystemof
monitoring furosemide administration.

Introduction

Furosemide (Lasix®) is an anthranilic acid derivative
(S{ammwmfonylH—chlormz-[(Z-furanylmethyl)- :
amino]benzoic acid). As a high ceiling diuretic
fmmemﬁeiscummﬂymedforthepmphyhctic
treatment ofexemise-indwedpulmomryhemorrhage
(EIPH) or epistaxis ("bleeding”) in the race horse
(Tobin, 1981; Chay et al, 1983). The incidence of.
epistaxis in racing horses has been considered to be
low;hbwem,reeemsuneysmingﬁbetopﬁcendowopy
have indicated as many as 44% up to 75% of
'Ihoroughbmdhomsexamimdafterndnghadblood
in their trachcobronchial sirways (Clarke, 1986).
Occurrence of epistaxis bleeding during a race can cause
the affected horsc to slow or stop abruptly, posing a
serious threat to horses and jockeys i a tightly packed
field. In an effort to control this condition durislg races,
many racing jurisdictions allow the pre-race use of
furosemide. ‘

1t has been reported that a 200 mg/horse intravenous
dedfmmidedmlhmmny
reduce, but not prevent, epistaxis in most horses with
& history of EIPH (Pascoe et al.,, 1985). A furosemide




dose at a similar (0.5mg/kg IV) level has been found
bygaschromatogmphicmethodstomultinaplasmh
oonoentraﬁonofaboutlmngﬁmsemide/mllhrpost-
dose and about 10 ng/ml 4 hr post-dose (Chay et al,,
1983). While this treatment may reduce the incidence
dEIPH,theuuseofEIPHandtbemechanismof
ﬂwrapeuticwtionoffuromnidetteatmentmasyet
unknown. Furosemide has been shown to have little
of no effect on systemic circulation (Manohar, 1986)
or hemostatic function (Kociba et al., 1984) in horses,
but does reduce pulmonary arterial pressure (Goetz
and Manohar, 1986). It has also been reported that
theldmin's&aﬁonoffuroaémidetoElPHho:mmay
remtnahonemapmviompcxformmlﬂel(Soma
o al., 1985).

The principal objection to the pre-race use of

i is associated with its diuretic response. This
dimdsmqmmeadﬂtt&onofmegddmplnddmg
Mboliminpoet—moeminenmplu,rmduingthdr
detection more difficult. Approval of furosemide
without regulatory controls may therefore make the
task of the racing chemist more difficult,

One way to counteract furosemide’s potential
interference with drug screening is to avoid urine
collection during the period of diuresis. Previous work
from our laboratories has shown that furosemide-
mdnceddnnmhuuupadomatmddedme(ﬁ:hn
et al,, 1978). After prophylactic doses of furosemide
©s mg/kg)adminiuuﬁl\',tbedﬂuﬁngeﬁectsqf
furosemide are essentially complete within 3 hr of
dosing (Combic et al,, 1981). Therefore, furosemide
administration at prophylactic doses within 4 hr of
Ppost time would cause no dilution of post-race urine
mmmmmmrww
the Veterinary Chemist’s Advisory Committee to the
WAsodaﬁonofsmklcingComm‘nﬁom
(NASRC) (Gabel et al., 1977).

The enforcement of time rules for furosemide is
commonly achicved by means of a detention barn
system. In this system, horses to be treated with
furosemide are stabled in 2 secure barn sbout $ br
before race time. Furosemide is administered at the
approved dose and time pre-race under constant
systems are expensive and may not be justified by the
potential magnitude of the ing effect observed
in practice (Tobin, 1981). A less expensive alternative
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approach to enforce compliance with a "4 by

reoommdedtberapeuﬁcdoaemmlbedeﬁermmed
andmedasthebasisfordeterminingthktolemme
level,

A data basc on which such a tolerance level could
be determined has been
co-workers (Chay et al., 1983). This data shows that
ifdmofasmg/kgmadmininaedlvtohoms

there is less than one chance in onc thousand of 3

plumnlevdofmng/mlbeingexoeededn4hrpon-
dose.’lhm,onemgxﬂatorystﬂteyistomoni&orplm
levels of furcsemide post-race, and discipline those
whoacpou-racephsmalevelsexceedasﬁplﬂatedlcwl
such as 30 ng/mL

Suchapmmmhnowinplweinhmsradngin
Kentucky, and is functioning very satisfactorily.
Hmm,bmusoftheimomimceandexpeme
ofuﬁmningput—nceplmlwdsdfmwmideby
highperformmliqtﬁdchmmaography(mm,we
have developed a simple one step i

immunosorbent assay (ELISA) and & particle
concmnuionﬂnomhnmunm(PCHA)todma

Horses

Mature Thoroughbred, half Thoroughbred, and
Sund_udbredm(m‘kg)mmdthroudr
out. The animals were kept at pasture and allowed
fteenweutofoodandwm'l‘hehormwueplmd
inﬂandudboxualk(ﬂm’)appromndy' 12 hours
prior to dosing for acclimatization, .

Serum from racing horses was collected under the
authority of the officials in charge at the individual
rwourmafmrucumddelivuedtothedmgm&ug
1al of the racing furisdict;

Dosing and Sampling

by Tobin and his .
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Sigma Chemicals (St. Louis, MO). Furosemide was

Hoechst, Somerville, NJ) by rapid injection into the
jugular vein (IV).

Bloodsamplesmcoﬂemdbyvenipunctureinto
vacuum blood tubes contsining potassium oxalate and
& sodium fluoride (for plasma) or serum separation
vacuum tubes (Becton Dickinson Vacutainer Systems,
i Rutherford, NJ). The blood tubes were centrifuged to
i ooﬂect;lleplasmanndthesermAﬂsampksm
& sliquoted and stored frozen until assayed.

OnestepELISAtmsmquormedaspzwiously

described (Yang et al,, 1987; McDonald et al, 1988;

Tobin et al., 1988; Prange et al., 1987). Briefly, anti-

furosemide antibody was linked to flat bottom

Immulon Removaweils® (Dynatech, Chantilly, VA)

(Volier et al, 1976). Rabbit anti-furosemide antibody
wupmduoed:spmimulydewu’bed(WoodsetaL,

1986; Tai et al., 1986). Furosemide was linked to

5 hosmadkhperoﬁdm(HRP)(PnddlesetaL, 1985),

1 to give rise to a covalently bound furosemide-HRP
[ ~  complex.

Themaywasstartedbyaddingmnlofﬂnuandnrd,
. Y8t or control samples to each well, along with 100
3'- ol of the furosemide-HRP solution. Furosemide
mndudsmepmpuedinPBSbuﬂ'er(phosphate
; ,hﬂ‘uedulinc,ﬂ.lOMsodimnphoaphﬂe,pH 74 Sigma
«, Diagnostics, St. Louis, MQ). During this step, the
»presence of free drug competitively prevented the
antibody from binding to the furosemide-HRP
conjugate. The degree of the antibody-furosemide-
:"bindingmthmtomimmadypmpotﬁomlto
: tllelmnntofdmgintheumple.AﬁerlSminof
the wells washed twice with buffer TMB

ol W‘ age ldllﬁﬂll (Kirkmam
,PumGtithashng,Lm).mthanaddadtoall
e And their optical denisity read at 650 nm in an
Corp.,St.Jowph,hﬂ)atmminlfteraddiﬁon

administered as Lasix® (5% solution, American

. Rockford, IL).

Particle Concentration

Fluorescence Immunoas:
(PCFIA)

PCFIA studies were performed as previously descrit
(Jolley et al, 1984; McDonald et al, 1987; Yang
al, 1987) on a Pandex Fluorescence Concentrati
Analyzer (Pandex, Mundelein, IL). The ba
functionalunitinthePandexPCFIAisa%weﬂpl;
withaﬁlterbaseineachplate. To each well is add
2 ul of furosemide-B-phyooerythrin (furosemi
BPE), 40 gl of anti-furosemide antibody, and 40
ofblank,standard,ortestsample.'lhcsystemisallow
to equilibrate for about 10 minutes after which a seco
antibody system is added. The second antibody consi:
of.goatanﬁ-mbbitamibodyboundtolatexbeads.’r
systemisallowedtomctforanothermminmesm
‘thenﬂneﬂuidisdmoutofthcsyswmtbrwght‘
filter membrane. The reaction system is washed wi
aboutSOp.lofphmphatebuﬂ'ertomsuspmdt]
particies, and the system again drawn down with t
vacuum. The filtration step has the effect of conce
trating the latex beads 1000-fold, thereby increasir
thecaﬁﬁvityoftbemﬁhod.Aftcrthcwuhucp,t}
fluorescence of the particles at 545 and 575 nm
measured. The mean response from control urines
usually about 25,000-30,000 arbitrary fluorescen:
units/ well

Mass Spectral Confirmation of Furosemide

Thepmnoeoffmemideinmmmphdetm
byPCHAwasconﬁmudbygaschmmaoguph}
mass spectroscopy (GC/MS) of a methylated forosen
ideduivaﬁve.Theammsample(S—lOml)wu'mad
aeﬁicwi:h4mlofpotaadumphosphm(l(ﬂ;l’04
H,PO.)buﬂ'er,pHB.G,andextmctedwEthGH
d'nhloromethanc(DCM).'Ihesamplewasmixedb
rotaﬁonforSnﬁn.l]:cDCMphasewasisolatzdh
cmtriﬁwn,andevapomodtodzynmunderlﬂ

lhemdducafwrevaporgionwudimolvedinso;:
mﬂhylamand'meaknd'onaoxnrﬂsﬂhgt
thin layer chromatography plate, along with :
fumlemidemndardmdanegaﬁvecoml.'!‘hethm
'sttuh'wueehnedﬁomtheld:orbuuwithmethanol
whichwumdwedtodrymundet!ﬁa”’c.m
ruidmwasdiuolwdinm;dmuhanollnd 10 u
trimethylanilinium hydroxide (MethElute, Pierce.




The methylation took place “on column® as the sample
wosinjemedontoacnpiﬂaryGC(ModeI#SS%,
Hewlett-Packard Instruments, Palo Alto, CA)equipped
with MS detector and data station (Hewlett-Packard),
GC/MS conditions were similar to those previously
described (McDonald et al., 1988).

Results

'IhedlaofﬁsmlshowtheinhibiﬁonoftheEUSA
reaction by added furosemide, Increasing concentra-
tions of furosemide inhibited the reaction, with
maﬁmﬂinhx’biﬁonomnﬁngafﬁeraddiﬁonofabom
MI:gImloffurouemidetothuysthlgu:eZshm
tlnumedmﬂottedaadosem’;pmuecurm Half
mﬁmﬂinhibiﬁonmobtainmaabommng/ml
adled o the system, so this ELISA reaction is well
coiifigured to determine the presence or absence of
concentrations of furosemide in the order of about
30 ng/ml. Since all of the reading curves obtained at
diﬂ'umt'unepointsoveﬂap,Figum2shaw:thstthe
ﬁmeltwhichthemaeﬁonisreaddoeanotlppear
to affect the apparent sensitivity of the reaction.

Figure 3 shows the ability of this test to detect
furosemide in equine plasma after administration of
the recommended doses of furosemide to five horses.
Immediately after administration of furosemide the
ELISA test was essentially completely inhibited,
indicating levels of furosemide in these samples
exceedingﬁ)ﬂng/ml.Byabmtomhounf&erciosing.
plasma levels of furosemide had dropped to about 100
ng/ml,tndtheinhibitionoftthL!SAm'nnolonw
complete. Thereafter, as the levels of furosemide in
the plasma of these horses falls, the ELISA becomes
less inhibited, and at 4 hr after dosing is about 65%
inhibited. This represents the degree of inhibition that
one would expect to find in the “average horse”, and
aplum:nmpleeonuiningmorso-ng/mlof
fmuunideanbeaddedtotbetestsymmtomabk
mpﬁeltinmionofwhetherornotamgulm:ykvel
has been exceeded.

A broadly similar pattern of inhibition of this ELISA
mkahomadilyappareminmsamphﬁom
ﬂuemhorses(F‘nngBuedonmm
eitherphmaorsemnomﬂdbeuwdnlmﬂnory
tool to perform preliminary screening to determine
whether or not a regulatory level of furosemide has
been exceeded.

A PCFIA standard curve developed for furosemide
(FigureS)wasdeterminedtobeloglimwithmf

4+

maximal inhibition of the fluorescence reaction
occurring about 20 ng/ml of furosemide. Incomparison

to the ELISA standard curve (Figure 1), the PCRLa

appears to be of about equal sensitivity, Based on the
sensitivityoftthCFlAitshouldbepomih}etou
this test to determine the presence
furosemideinasamplexdativelyrapidly.

’IhePCFlAtestwasevaluatedaspmohhomradng

pre-race testing program for furosemide (Table 1). Two
'knm'(providedbythcanalyst)and7'blind'

(unknown to the analyst) quality assurance furosemide
serum samples were mixed in with pre-race serum
samples provided by race track officials. These

msuemdfortheirfmosemidestmnbym
thoscﬂxwd'posiﬁw'mmmlymdbyGClMS.&n
of 9 quality assurance tests, the PCFIA flagged 8
mplesofwhich7wereconﬁrmedbyGC/MSto
contain furosemide. The complete PCFIA-GC/MS
processes were completed within 1 hr, 40 min,
demonstraﬁngtheabilityofthiswchnoloytomeen
for the presence of a drug and confirm the identification
by GC/MS within the 120 min limit set by a pre-race

testing program,
Discussion
'IheBLISAtestrepomdhﬂeoffmampid,simpk,

and inexpensive method of screening for furcsemide
ineqnﬁnebloodsamples.mmhodhoompnable

-in its characteristics to the other ELISA tests that have
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been reported (Yang et al., 1987; Tobin et al,, 1988;
Prange et al, 1988;  McDonald et al, 1988). Its
sensitivity, deviopment time, and ease of use are all
exacﬁythcmuthoseofpwvim]ympomﬂm
However, the principal difference between this ELIS
test for furosemide and the other tests is that furosemide
is a kegal drug in most racing jurisdictions in North
America. The major utility of this test, therefore,
depends on whether it can be used to determine if
furosemide has in fact been used in compliance with
the rules that govern its use,

The PCFIA test is also a rapid and efficient method
fortheqmﬁu&onoffmmanidcineqﬁmuood
samples. This assay technique was successfully
evaluated in a pre-race quality assurance testing
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program for furosemide. The objective of this test was
to analytically confirm compliance with the regulations
governing the use of furosemide. In Hlinois, where the
PCFIA-furosemide tests were carried out, furosemide
is required to be administered 4 br prior to post time
at a dosage rate of 250 mg/horse intravenously.

The potential for application of a simple quantitative
test for furosemide is large. The regulations which
govern the use of furosemide may be grouped into
three broad categories. The first method is the honor
system. Under this rule horsemen are simply informed
that the legal dose of furosemide is 250 mg/horse at
not less than fours before post time. No further efforts
at monitoring compliance with the rule are made.

The second method is the detention barn system. Under
this system the horses are brought to the detention
barn and the drug may be administered by the Racing
Commission Veterinarian. Thereafter the horse is
maintained in the detention barn or in a specified stall
barn under some degree of supervision. The objective
is to ensure that a second dose of furosemide is not
given to the horse, which might be used to dilute out
or mask a potent illegal medication in the horse’s post-
race urine samples. While much more rigorous than
the honor system, there is no information whatsoever
a3 to the effectiveness of this detention barn system,
Its expense, however, can readily be calculated in terms
of the actual costs of real estate and security guards.
Beyondthisanothereosteﬁm,whiehisthcoootto

detention barn system enables a small percentage
‘ to avoid running their horses on

emide when they are in fact declared as being
fﬂwnﬁde.Sinﬁlaﬂ);itappunthahmnot
H_beingonfuroaunideminfaetnmning

b furosceuide. These data strongly suggest that the

M way of ensuring compliance with the furosemide
Rer than by attempting to maintain a constant watch

mﬂyh!xemmbuofhmmformhmus

e by dctermuining the chemical status of the animal,

at a time.

Our experience in Kentucky with the pilot progran
using & quantitative level for furosemide in horses ha
been very successful. In the first place this progran
allows one to unequivocally determine the status o
a horse with respect to furosemide. A detention bar:
System merely indicates the previous history of th
horse, and is only suggestive of what its actua
furosemide status may be. As shown in Illinois
analytical monitoring is the only ultimately satisfactor
method of determining the furosemide status of a horse

The principal problem with analytical monitoring fo
furosemide has been the instrumental and labor cost
involved. The first useful quantitative analytical metho
for furosemide, reported by Tobin and co-worker
(Chay et al,, 1983) required a level of analytical ski)
which was apparently not readily available, even i
laboratories specializing in equine forensic chemistry
Since then more easily reproduced methods based o)
HPLC analysis have become available, but thes -
methods still require expensive instrumentation anc
skilled operatives. A simple quantitative screenin;
method for furosemide is therefore desirable, and woul
render quantitative analysis for furosemide a muc!
more eoonomical and practical proposition. ;
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DEIECTION OF FUROSEMIDE 11t EQuIng PLASMA
AFIER AN INIRAYENOUS DOSsE OF 0.5mg/ky
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o -Table L Pre-race festing qualily assurance samples.
IE PLASMA

1.5ig/ kg &
Y It SemplingTime  Tvpe Jests Results Analvels Time
1 1 125 hr Known PCFIA Positive [ hr, 33 min
| GC/MS Positive
1 & 2 126 hr Known PCFIA Positive 1 hr, 31 min
GC/MS
$ Posiive
k- 3 122 hr Blind PCFIA Negative*
4 125 hr Blind PCFIA Positive 1 br, 34 min
GC/Ms Positive
5 2.00 br Blind PCFIA Positive I hr, 33 min
o GC/MS Inconclusive
: 7 s | 6 2.00 hr Blind PCFIA Positive I hr, 38 min
b 7 0.50 hr Blind PCFIA Positive 1 br, 26 min
INE SERUM ] GC/MS Positive
0.5my/kg 1 8 0.58 br Blind PCFIA Positive |
4 hr, 25 min
- GC/MS Positive
i 9 L30 hr Blind PCFIA Positive 1 hr, 24 min
{] Positive

5 7 8
tS)

MIDE BY PARTICY
CE IMMUNOASSAL

190
1HOM, ng/mi




Discussion

CHARLES PRANGE Could you review the McDo-
mlddataagain?OntheLnsixsmdxmthose
spiked serums?

TOM WOOD I believe they were spiked.

CP How come the one was negative on both
immunoassay and GC/MS? Are you sure those were
spiked and not actual administrations on horses
running race in Chicago?

IWIbeﬁc\ethmewuespikedlamphhnnowI

could be wrong, you probably would have to talk
"7 10 Dz McDonald.

CP I'm almost positive those were live samples from
the lasix detention barn at Sportsman’s Park

ROIERTM:KENZIEYoudaimmmmyinthcse
tests, could you give us a feel for what economy
is?

TW Compared to the man hours of the other tests
that arc involved, the initial cost is going to be
reasonably expensive. I don't have the figures of
the cost of the test myself but as far as man hours
'mdtheﬁmeinvolvedlodotheteu,thatiswha
I mainly referred as far as economical.

GERRY JOHNSTON I notice that you mentioned the
30mnosramlev=l.isﬂneactuanyamlebeingapplied
in Kentucky racing?

TWYes,intheharmradng’itisthemle.In
Thoroughbreds it is a little more liberal; it is more
the honor system.

GJA:eyouequaﬁngthat%nanogmmstoafour
hour administration?

TWYu,t.histestwouldeasilypickupaooncentraﬁon
that high or even higher. :

RANDYI.EAVITTIwondmifyouconﬂdtellme,
Dr.Wood.whatsubstrmyouareusingforHRP
reaction.

TW It is just a peroxidase substrate, I'm not sure of

RL No, for the horseradish peroxidase.

TWltisjtmaperoxidasesubsmte;l'mnotencdy
sure of the substrate,

RLCouldyoudimctmeastowhomiglnknmﬁ'l‘he
man right behind you I believe has the answer.

SIONG WIE 1t is PMB.
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