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& regulatory schedule based on our immunocessey est that allows elimination of the deten-
tion bam. For pheayfbutazone. we have developes 4 similer immunoesmsy that sliows sapid
and inexpensive gunatitation of this drug in blood.

To ensble racing suthorities 90 test jockeys and other racetrack personnel. we have
adapted PCFIA technology to human drug testirs. and a full sange of very sensitive sests
for humaen drugs of sbuse §s availsble.

These immunocessays are sufficiently seasitive 90 control sbuss of the most potent
drugs svallsbie %0 horsemen. I principie. s immanosssey cak be raised ©0 any drug within
sbout six months, and mede svallsble worldwide 3t competitive zates. It appears clear that
these nom-isotopic immuncessays provide racing with the only Sechnological besis that
ks sufficiently sensitive 80 detect the most potent sbused drugs pre- and post-race, and
has the flexidllity 10 be readily adaptable w0 differe=t drugs.

Because of the high false negative rate gererated by TLC, credible pre- and post-
race testing programs cannot be based on TLC aleze. Rather, such programs must be spear-
headed by vigorous, seasitive, broed scope. and fiexible immuncassay sesting for the high
potency drugs sbused in racing horses.

2 Background

Horse racing is the biggest spectator sport in North America, with an estimated sudi-
ence of about 85 million, and a betting handle of shout twelve billion dollsrs per ancum®.
MMM&%»W“&:mk&M.Amm
in racing has been the use by horsemen of illegal medications %0 influence the outcome
of races. More recently, however, the industry hss made dramatic progress in this area.
in this review. we will outline the industry’s progress with the introduction of simpie,
rapid, and inexpensive immunoessty tests into racing. We will show that these tests are
much more effective than the old technology. are revolutionizing drug testing and, properly
spplied, should free racing from the problem of undetectable medications.

3. The Old Tecknology': Thin Laver Chromarograpiss

Until very recently, control of the wse of iliegal medication in horses in North America
depended on thin layer chromatography (TLC) (Tobin, 1981). Post-race urine samples
taken from racing horses were shipped 0 post-race laboratories, extracted by liquid/liquid
extraction, and subjected to TLC. Samples showing evidence for the presence of drugs
were subjected to further testing. including gas chromatography/mass spectroscopy
(GC/MS) confirmation. With minor exceptions. medication control in racing horses in
North America has depended on the TLC technology outlined above. This technology
*Personal communication. T. Chamblin. Association of Racing Commissioners Interna-
tional. Lexington, KY (1988).
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end was encoded as such by laboratories st Cornell sad Okio State Usiversities,
MMMmHMuuummuheuqhm&em.
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Jecscy, end watl secently, Penncyivania (Tobin e ol., 1979). While the efficacy of TIC

system thet would be worthless, or [itinols could develop a more effective
M.mmmwowammmmm
2ace Sesting technology.
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3. Chunging Putrerns of Drag Abuse: The Noed for Pixibiticy

AMM“Q&“M““W“&W“
occurred fn the ete scventics and the early eightics. In the late seventies, fentanyt® was
the fliegal drug of choice In sacing horses, and &t was widely known 90 be undetoctable
(Tobia. 19€1). When an Immuncesay for fentany!l was dewsloped (Woods ¢f al., 1986),
fts use stopped, and s place was takea by etorphine®®, More recontly, en nmuncessay
-for etosphine has besn developed (Tdl o ol, 198%), and the pattern of abuse shifted 0
other drugs, such as oxymorphone, sufentanll end buprenorphine. The discovery and
control of thes other patterns of drug abuse is i hirgs pert e subetance of this review.

In spprosching the peoblem of immencessay-besed pro-race testing, it wes apperent
that a completely sew tachaology would have %0 be dewloped. The ssmys developed
would have % be semsitive, since the drugs sust be detected in blood. The assays would
have 00 be fast, mnd they would have 20 be noa-isotapic. for ense of wee. Beyond this,
the system would hawe 90 be able 50 develop and Uring oa line seasitive mew tests at a
significant sate, siace once drug “X™ was “called,” drug *Y" would bo substituted. Given
the sumber of drugs sbused in horse sacing and the shility of horsemen 0 identify new
drugs, this could be the most chalienging pert of the program. The fiest Sechaclogy that
McDonald evelusted was perticle concestration flucrcimmuncesssy (PFCFIA).

& mébmmm(ra-w

Particle concentration fluorescence immunossssy (FCFIA) was selected as the primary
test vehicle becamse this Sechnique s fast, semsitive, mon-lectopic and seedily adaptable
o sutomation (Jolley er al., 1984; Prange o ol., 19680). In this approach, the blood ot
urine semple s sllowed 90 react with antibody and the dervg-flucrophore complex ia a
microtiver well (Figure 1). After an equilibeation time of five $0 %o min, sscond sntibody-
comted latex particles are added 10 the sysiem (1) and the complex concentreted by vacuum
st the bottom of the microtiter well (2). The perticies are then washed ¢0 remove unbound
fluorescont material and the fluorescence vespomse seed (3). The intensity of the fiuores-
cence is inversely relsted %0 the amount of frec drug Jn the sample. Preliminary expeci-
mwuumumuum.oumn
pre- and post-gace drug screening in horses.

mmm-&mnu&mmnmmmm
svalisble, mot even for humen drugs of sbuse. If we were %0 develop & pre-race testing
program besed on PCFIA, we would heave 10 dovelop the immuncessays ourseives. To
help McDoneld with test development, the manufecturers of the PCFIA system (Bax-

*Fentanyl, Sublimase®, s potent short acting narcotic ansigesic.
**Etorphine, a short acting narcotic analgesic 100-fold more potent than fentanyl.
' 376

IS

Research Commusications fa

- P :.4.1:.&.5.:-:..
PPTYORRDPIT g =Y

PRPYTY YT Y

YT

B s L TREEE R ol Lt e

10 Snmvatthed




DECEMBER 1988 " -. - Cliemical Pathiology and Phurmacology

Sysioens .
o O] - @ '
% Plter od
F=UsY|
d
. Yesg

lasme (1). Second haxm-udhgudn tom
:uun’cew..mm m-z-ama).m
«mmuglm:dmmumwue&

lees of estimeted (3). (Adspted frou Jolley, 1983).
MwWh Mm:.uhelb




s

. YOL.62.NO.3 " Rescarch Conwuunicstions in
DECEMBER 1988 Chemical Pathology and Pharmacology

1988). Bocause the State of New Mexico was drawing from stored frozess samples, the
mww,&Qﬁaﬁemdnaumm
49 trainess had been suspended for medication violations.

Working with the New Mexico samples, we soom becamne coavinced that the enzyme-
wmmmuwwm@cmumm
m“*mmm*“ﬁmﬂm“““
mmmmmm-&ummmam
seader. Based on our expericaces with the New Mexico ssmples, we introduced the ELISA
Sormat of our tosts for post-tace urine screcaing.

i@r .
CLCRERAA

Figure 2. Mdﬁmoi&ommmuu.

Antibody ts the drug fs bound to the well, and test and coutyol samples
ave added divectly to the well. In contrel semples those sites remain free
end bind the drug-enzyme conjugsts when this is added. In “positive” sample
wells the drug-enzyme conjugste cannot bind, because the antibody sites are

occupied. Unbound drug-enzyme is rTemoved by the wash step and

Mmumummm An sbsence of ooler, indicating that -

w0 drug-enzyme complex bound to the antibody, represents & positive test.
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mﬂBAMMMmMMF«
u4m.w.uumumaummmm
“sun" on & seedes of track samples and. in Toble 1, the results of the dntroduction of this
umw&?mnMHmldl“mWh&
were “flagged™ by ELISA aad of
:-nu . 1980 by | .Mumm
mmammmmumw.wmm
ugmmmhmmm»u«ummm‘m
Mhammm.M&Wuuth
mmwummaummmmmmw
mmu;:mn ie “-m“ mm.m m:
ande false . r
s smajor with TLC besed

. &mm#m‘dww

" Establishing the efficacy of PCFIA and ELISA based immunoessays exposed
mmum«.mm.mmmim
Muu«umum-mm.mwmu
mumwoﬂumm'um«um
mw«a..mnmmwumamumm
thess methods were unable €0 detect the small doses of these drugs belag weod in horscs.

, ?ﬁguﬁdwnhmm&mu'nmmm‘.ﬁﬂé

b“mﬂuﬁm&mﬁm4uh~0~a¢l§“¢mu t
MMM«&:M&WMW&WM’;
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*NASRC Quality Assurance samples shipped to participating laboratogies. -
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Figure 3. Time ocourse of ELISA rveaction in the presence of imcressing
concentrations of morphine.

The sysbols show the time course of the KELISA resction in the presence

of the indicated cemosntration of morphine. Beproduced with permission from
Bas. Comm. "Chem. Path. Pharmacol. ‘

ONE=STEP ELISA REACTION N A SERICS
SAMPLES

OF POST—RACE URINE

u " L
t
s u g r
2

190 Y

[ X 4

PPy .

Figure 4. One step ELISA reactions in a series of post-race urine ‘sasples.

The open triangles (4-8) shov the activity in this one step ELISA test
of post-race urine samples. The open eoquares (2-0) show the effect of -
0.5ag/nl of morphine added to this system. The epen dismonds (0-0) shov
ELISA ectivity fn & dosed horse wurine from Fig. S, and the solid circles
(e~6) show ELISA activity in & sample determined to countain
oxymorphone. Beproduced with permission from Res. Comm. Chem. Path.
Pharsacol. po—.
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TABLEI .
ELISA Screening of Post-Race Urine Samples Followed by GOIMS Analysis

» 008aE). Tn:
distes oa which the semples eollected, the aumber {n sach asaljuls basch,
-ld:d m&enm-mutumu—-m

BELISA 'wess detormined by GOMS 0 contaln elther or Por
soms ol the anconlicmed BLIZA pasiiv, lnoniiclon: sesgle wag aveliabis Gor ocMs
“aa*mwmmhu@ Chem. Pathol,
Sampic € Uclae # Ploggod "€ Pasiekm by
l?ds Samplos by ELISA m‘_A#~ l::‘&d
20,3487 M s 3 Oxymocphoae
20487 » 1 1 Cymombene
201187 ] 1 1 Oxymorphone
101787 3% 3 2 Oly-qliuc
0-17,18-37 o 3 1 Oxymorphone
30-20.87 a 4 4 Oxymacphons
102787 M 1 1 Hydromorphooe
TOTALY/ %6 - | 3
9 Degu Raciag .

Md&hmhn&mm.mﬂmmmﬂﬂmhw
race testing. ’

9. Development of an Acepromezine Test

mmmauwmhmm While our ELISA

mmbdnthm-mmh&eWmm%mmu.

m-mmmwummaumnmm
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Dewg ok TLC Stats  Sememen ey Paskives

m : NowMieico NoTest . Maldple (>%0)
Nowbiesico  Pgor Semeiviy w(>ﬁ)

Sulontenll Oldshome No Test 2

Madadol Western Statcs  Viery poar seaslivlty #bﬂ)

Coceles Cullforals Poocssnliivky . % .o

Acopromsaiae Bitacks Pole sounsithvley Niuldgls  (>25)

“Tho tabls compares the TLC and immuncessey states of 6 drugs for which lmmuncassay Soets bewe
booa Introduced slace August 1987. Figures marked by aa asterick seprescnt the satlo of poskivos
gﬂu“*dﬁ-“

Acsprometine inidelly dotecsed i pre-race samplot.

.

sesting continwed. Oue of the industry’s greatest moods is for antibodiss 90 apeciality veter-
fnary drugs sbwsed in sacing. To this end. we specifically tacgeted & number of veterinery
drugs Sor sntibody dovelopment. Among the targeted drugs was the vetedinary Sranquiiiver
mmhmmumuummm
e al., 1988b). :

Tranquilisers ore wsod in tacing horses $0 meke excitsblc horses moss menagesble
peior 80 post time snd also during the acs tself. A “washy™ horse is ome that swuns his
sace “in the peddock,” and & judicious doss of & tranquilizer calms & “wadhy™ horse and
Whmﬁmuuww.uwm-lﬁnmh
mdh“umﬂ&-aa-“ﬁ.n““‘“(dnm
quilizer wach as scwpromatine will peevest an excitable horse from fightiag kis Jockey
and ellows him 90 sun the best sace possible. For these seasons, very small doses of tran-
M“am‘mwﬂhmhmum“m
hGrses turn in their best possible performance (Tobia, 1981).

In Septomber of 1987, we targeted acepromazing for antibody development. Within
one moath, we had acepromazine linked 0 bovine sorum albumin (BSA) end in sebbits.
Three months later, we had good antibodics 80 acepromazing and were working oa Sest
devolopment. By eatly Aptl, the pre-sace PCFIA format of the acepromazine Sast was
introducod im0 pre-gace testing in Ilinois. Within days, this sest began 0 detect evidence
dw“hmm

Wmﬂheu_mdnabmdhd:km.mdmt«oﬂwmdﬁwsmm
’.' L : -
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10. Apphcetion of the Acepromezine Test s Pre-Race Testing

: . Because & secondary tost for ecspromazine wes aot svallsble, the initial secpomse

» was 80 “secial™ the hocses in question for post-sace Sesting. When wrines from these horses

. were exemined with our post-cace scepromazine ELISA, they gave strong soactions So
scepromarzine. However, when those arines were sent 80 GC/MS, evidoncs for the presonce

- of scepromazine could ot be developed. which initielly siowed the pace of the investi-
sation. However, whea the urine samples §a question wese kydrolyaed, subjected % TLC,
and the plates scraped and each individual sctape subjected 0 ELISA anslysis, it became
clear that the reactive matecisls in the urine samples wers metabolites of acepromezine®,
When these metabolites were identified, confirmation of acepromezine positives fn the
ELISA “flagged”™** urine samples became soutine (Kwistkowski er of,, 19880).

Since (llinols stores urine samples for up 90 three years, the next step was & directed
search of tiese ssorsd ssmplos for evidesor of scepromarzine sbhisse The searh was dirscted
becamse it eacompensed other hosses trained by individuals whoee homes had been identified
s actpromazine positive. Additionally, ssmples from other horses treated by & veteriaarion
favolved were tested. This scarch developed sbout 70 ELISA “hits™ Sor acepromatine,
and of these “hits™ sbout 25 have 90 date been confirmed by GC/MS.

* The overwhelming power of this new immuncasssy based Sesting is mow apparent.
Prior %0 development of the fmesmnoesay sechnology, & was imposalble 90 detect drngs
such & motphine, mazindol or scepromazine fn bicod samples pre-cace. With the pre-race
system, oll horses can be screened for these and other drugs pre-gace. While st this time,
the most lkely action takea s simply 6 “wpeciel™ the horse for further Sests post-race.
‘This simple svent jed %0 the identification of what is apperently the Jargest numbers of
pre- and post-tace positives for any single drug In any Jurisdiction 10 date.

- 11. Quantisation of Permitred Medications by fmmuncasscy

- . ¥ -
S ot o o s 3

T

L e
%

217

Under the rulcs of sacing in most jurisdictions, the wse of non-steroidal anti-inflem-
3 matory drugs such as phenylbutszone snd the diuretic furcsemide are permitted (Tobin.
T - 1981). Use of phenylbutazone is wsually reguisted by the wee of quantitative fovels, such
o the S pg/ml level secommended by the Associstion of Recing Commissioners Inter
A ' " mationsl (ARCI). Furcsemide is permitied ander more complex regulstions which stipolate )
B both the dose of drug permitted (250 mg/hocse), and the time prior $0 post et which &
- © must be edministered (4 houss) (Chay o al., 1983). Bocause of the complexity of the
, furcsemide rule, it is often onforcod by wes of s detention bera fn which the horses are
i -‘ ) " soquestered and supervised for four hours prior to the sace (Woods et af., 1988).
' "" .. mmmamammpwu«mwum
~Z~i sensitivity of ELISA and is called ELISAfingerprinting. N
R - **The terms “flagged™ or “hit™ are wed interchangeably %0 indicate that a sample has
s shown up as suspicious for the presence of & drug family in our immunoassay tests.
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& s vitally lmpoctant that the rulos with regasd 80 farossmide b gtrictly .caforced.
mhmumuau«“amwmm
mmmumumunumuunﬁm
odministration of fuscsemide, & secent adsiaistration of buprenorphine cannot be detected.
This Is dospite the fact thet our buprenoephine ELISA is the most sensicive tost svalable
wam_mmmnmupdaum«mm
ahuMthlﬂMd:mﬁ“dm
mmm«mmm«:mnmmm.

" quentitative seothod for Sarosemmide %0 mosltor complience with furcssmide segulations

which we beliove 30 be superior 10, and sore economicel then, the detention bara systes.
12, Purossmide Quanttéation '

Detention barns are an administrative mummmm
) mwommwmu*mm

of doubtiel efficacy. While the mm«mummm
mmummumuk«uwt«amomaw

. dows of furcesmide st sy mmsmmmmmum«u

um-&aunmuu&“m«wmumum
up” sdmigistration of Miegal drugs.
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men's Associetion, nmhmhud'mwumh
ummmmmu-m»m-uw
uﬂﬁmmuhmmamn&mnmw
u“wmummumu.mmad.m
Mammw&wuhmmcmﬂhﬁdm
*bhwd&““d“ﬂhﬁ%m
Cay & o, 1mmommmmum»u&m
-unu-dmmumcumm-@umm
of fiasosemide excocding this level is Soos than oae in one million.

. In the event “l““&““hﬁcm“
the semainder of the plesme sample numnummm
mm«mummumaMhum
mﬂm—ﬁ*uﬂ“hwuﬁthwy
PaTpasct. : .

m«ummm«mm«-&mu
regulatory method will be highly effective and should eeslly desect admintstration of o
wu«mmnm«amhhmmnmm
ummmmum«am“m

mumuwu-wuunmmmm
segios. For example, in Tilinoks & blood sample & drawn o3 2008 85 the horse enters the
mm.hnumh-mumummuunudh
fusosomide. Such carly samples are umuuammum
increse the power of the test 20 desect fmproper administrations. Using this strategy
of a flrst sest ot two hours prior %0 post-time and the second sest as close 90 past-sace
smmmum«umuummw
ministzations of furosemide,

13. Phenylbusasone Quantitation

A‘ﬂt quantitstive PCFIA S also been developed for pheaytbutszone (Kwist-
kowski er ol.. wmuma.&-uuun.mmwm
MM&W&&MWMMWM&W
m&mmh“nummwl«m
mummummhm«umw
Mumumammummam
h&q&hm&thﬂmmmuﬂhmm-
uu«mmmmmmm

These quantitative immumoassey Seats for phenylbutazone and furcsemide offer

mmmmmuwmwmmumf

assay methods are fast. flexible, accurate and readily sutomated. This means that the
' 384
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Wmm«: antibody. The open circles

_ €0-0) MW”W.‘“MW&M
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PCFIA (ug/mL)

s
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r@p,mmmammummm.

uuwummumm for  spiked serum
qusntitations are shown. 0.0.5.1..2.0.5““3;/-10!9&:’%
mqwmmmdqmmumm and OCNMS. The
solid sywbols mevwmmummudm.
vhile the solid line roprcmu'ﬂaueulvduq.



VOL.62,NO0.3
DECEMBER 1988

B X
w

gy fie R

both the feasibility and peacticality Botopic immuncessays
.@*“Mmdwhm::m‘ 0 control the

* Buemee @ 4 cwlite

<t comtrartmmes) 4 0% R 4D



%
%
3

VOL.62,NO.3 -~ Mdlcomadaﬁou'h

_ DECEMBER 1988 ) Chemical Pathology and Pharinacology
TABLE II
Assays Currextly Avaflable”
Drg - ELISA Format PCFIA Format

- X X

m ¥
md“q&s(‘:’d X X
e it dogesmns x x
M.“:?)M b 4 X
Foatanyl (Sublimeze®) family b 4 X
Sufoatsall Spocific X X
Caclomtasll Spociic X X
Yeparidiee §
Sazindal {Seora®) X X
Amphotamines X X
Cocalas b 4
e x X
Bobitnrsis Eami Serial® x ;‘c
(V“‘.l“l?th‘de.) X X

Souprofon = X
Rescrpine sad Yohimbia X
Bdhacrysic Acd X X
Bumectanide X X
Purcsomide (Lask®) (Quantitative Blood Test) X
Detomiding )’E

wmmw

*All assaysiosts Sistod sbove are cichor aveliable from er ender development by
mwmmamm

16. Costs of Test Development

While it is clear that the cost of developing an immuncessey test is greater than the
minimal cost of developing & TLC test, those costs must be messured against the invest-
ment that the racing industry mekes in each “hard™ drug “positive™ that &t calis. The me-
tionsl sversge rate for “hard™ drug calls is sbout one per one thoussnd samples tosted,
and each test costs on average sbout $38.00 (Tobin, 1986; Tobin er al., 198S). Each “hard
drug positive,” therefore, Tepresents an approximately $38,000 investment by the indus-
try. Viewed in this perspective, the $30,000 to $60,000 lavestment ¢o create an immuno-
assay test is much less prohibitive. This is especially 30 when one coasiders that the costs
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17. Techuical Challenges .
While um«mummummhmm
" one year old, the geersl pattern of dovelopment of thees Sests s clear. When & ow test
u.mkmdwm-mmuwm
call eate Is Sikely 0 be high. While this wil vary with’the petterns of drug sbuse, which

mmma.wmuolcuwmmwou-u
wlmxmmmm-unm«mumumu
M’mmwummamﬂmmmMu

: uumhmmumuumuuqu-

mummmwnmw.ammn-
tems of sbuse. '
mwm«umuuwmmmm
awm-qmum-nmnnmumdmnm
MMW«&&MU“M&“MM
_mWWmemmMaa-
muwmmwm

wmmmumuwwn«mmm
our jodinated sadickmmunosssays for etorphine and fentanyl, we routinely subjected
wwﬁ‘wtﬁdﬂsuﬂ;mmaﬂa& 1988; Woods
ot al., 1986). uuwmummumMaMﬂ«

mmmmmmmm»atm%&"

wmmmkanumumwwu'mquaw
ualization™ is by mof%&hmmmmmwm
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,Mmmmu‘mumwmoﬁnakw“,
numdmaummamahmmtummm

mrumu»uumponam»bmm“.,
mmm“uncmhuuummhmm-m

‘mmmuhmmm that the meterial fn the wring i
Mahﬁutaﬁ&hq&hbﬂm .

Mum&cmwamauhmm.a
M‘Mthaﬂ&uTﬂﬁm“mw&m

TABLEVI :
ELBAWJ.MFM}WW
A post-cacs sunpls Yagged® podidve for fontanyl family wes hydrolyscd and sutjoctod 0 the

¢
g
!
{
!
f
|
i
1
|
!

snalyds along wich dlﬂnmmm*nﬁq‘d
dﬁdﬂnl&m‘“%“hw&’dmk*ﬂ :
the track samplc containing Sontangl solasod matorfels.
Tne - Nuglv WO uglVv Postrace
PFreucion Comtrol Sobsatecdl Sample
Horese Urlac Herso Usine Horso Usine
1 £ 50 34 S51
2 £52 £53 £SS £28
3 £32 HAS £32 £51
4 £3% 529 ¥ . 52
s ¥ £30 £52 535
! A51 ¥ - -] £31 815
7 £62 a1 £25 59
37 A M8 298
‘9 8512 37 J28 29
0 8% 388 240 300
mmmmmh.muwmm.
sithough this sample is indistinguishable m-mmmuwu

gmwmhm«-mm.omm o
mmn“mmuummumuabmud
mu.mmmmumuu«umm
technique. The second half of the technical challonge, developing coafirmation metiods |
forhﬁmdnumdaswfeuml.mﬁnhbemm:«&hudfaw

other high potency drugs abused in racing horses.
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18 False Negatives, Sumple Pooling, “False Positives™
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Mwwd-(mwummmmumw
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assay tamutmmummummmmd
adny‘sudumﬁhthism.awek‘sy«&ofmbewbemdfoﬁen-
wumm.wmwwmorwmm«d. 1986). In retrospect,
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