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THE EFFECTS OF DRUGS ON EQUINE PERFORMANCE AND THE USE OF
ELISA TESTS IN EQUINE MEDICATION CONTROL

Thomas Tobin

SUMMARY

Since the turn of the century stimulant drugs have been
used In sttempts toinfluence the performance of horses, More
recenily, non-steroidal anti-inflammatory drugs have been
used with the goal of restoring normal performance in horses
withminor, musculoskeletal problems. These usesof medica-
tion have led to attempts to experimentally define the effects
of drugs on equine performance.

"Classic performance trials in which small numbers (10)
of horses are treated with drugs and their “maximal” perform-
snce compared with control values have yielded litle useful
data. Thisis because these experimentscannot detect less than

- 4% improvement in equine performance, and nonc of the
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drugs tests have been able 10 produce a supra-maximat im-
provement in performance of this magnitude. However, if the
test is made sub-maximal, such as gallop tests, then some
workers have reported improvements in “performance.”

The use of simple behavioral models allowsone toreadily
characterize the clfects of drugs in horses. However, like the
sub-maximal output cxperiments, these experiments do not
answer the question of whether or not these drugs affect
performance. On the other hand, they may lay the groundwork
for studies on larger numbers of racing horscs, which appears
to be the only satisfactory approach lo sludleson lhceffectsof
drugs on cquine performance.

The increascd potency of drugs used to al'l'ec! equinc
performance has led (0 a necd for extremely sepsitive testing
methods. We have recendy developed a serics of simple one
stcp ELISA tests for drugs in racing horscs that can detect
drugs or drug mctabolitcs at nanogram and subnanogram
concentrations in cquine blood and urine. These tests are
particularly cffective in pre-race testing and also increase the
cffectiveness of post-race lesting for many medications in
racing horses. Additionally, antibodics 1o commonly used
therapeutic medications have been raised which may per-
mithedevclopment of rapid, sensitive, and economical quan-
titative assays for many medications used in racing horses.

EQUINE VETERINARY SCIENCE
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Table I. Various categorics of medication in performance horses.

A SPECIAL, NON-REVIEWED SECTION

1. Medication fo Win
a) Acute: short-acting stimudants, amphelamms.
cocaine, narcolics.
b} Chronic: repeated dosing for weeks or months,
vitamins or anabolic steroids.
<) "Washy™ horses: dosing with a smal dose of
depressanior Wanquilizer 1o "take the edge off” an
axcitabls horse.
d) Always llegal and usually an inside job*
2. Medication 1o Lose
a) Depressants: large doses of a ranquikizer, sedative
or'depressant.
b) Always iegal and usually an “outside job"
3. Medication to Restore Normal Performance
a) Non-steroldal anti-inlammatory drugs, phenylbuta-
zone, ek, Often permitied under controfled rules.
b) Corticostaroids: administered intra-articularly to
condrol joint pain; occasionally permissible.
¢) Lotal Anasthesia: nerve or joint blocks; always illegal
d) Fluids and slectrolytes: often parmissible
4, Accidenial ot inadvertent Doping
The accidental occurrencs of a posliive
#) Procaine from procaine penicillin
b) Cafleine from coca husks in food pellets
¢) “Robaxin® from glyceryl-guaiacolate
d) Botanical positive or false positives
5. Medication 1o "Mask® Other Drugs
Administration of dipyrone or polyethylene glycol,
thought ©© interfers with the detection ol other drugs.
€. Medication o "Diute" other Drugs
Diuretics: lurosemide, sthacrynic acid, hydro-

chiorthiazide.
7. Miscellaneous Mechanisms

*Blood doping”
“Bicarbonate doping”

INTRODUCTION

In the latter part of the nincteenth century a group of -

American trainers migrated 1o Europe and became an impor-
tant influence in European racing. As a group, these trainers
were known as the Yankee Alchemists for the simple reason
thatthey were atthe very least suspected of using mediciations
in their horses, These suspicions led to the introduction of
chemical testing in European racing in the early years of this
century and, shorily prior (o the advent of the Second World
" War, to the introduction of drug testing into American rac-
ing.12

Withthe increasc inactivily of thechemical and pharma-

ceutical industries in this century, the identification and syn-
thesis of increasingly potent drugs, and the development of
entircly new classes of pharmaccutical agents, the potential
for the usc and misuse of medications in racing horses has
increased substantially. '
Table 1 bricfly reviews the different classes of drugs that
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have been used in racing horses and shows how they may be
used toaffect their performance. Since the rules on the legality
of these medications are, in at least some cases, variable from
jurisdiction to jurisdiction, I will comment bricfly on the way
that these medications arc handled forensically, although
principally from a North American point of view.

Theclassical conceptof illcgal medication isacute stimu-
tant medication, the traditional “doping™ or “hopping™ of a
horsc. In this procedure, the horse is give a dose of a stimulant
as close to post time as possible. The purpose of this is to
ensure that the horse is maximally stimulated at the time of the
race and therefore puts in a superb or “supra-maximal” per-
formancc, and wins the race, In theory this sounds casy, butin
practice it is far more challenging than might appear ai first
glance, Toeflectively stimulate a race horse, one has to select
the correct dosc for that particular horse and administer the
drug at the appropriate time prior to post time. For some drugs,
sclecting the right dose simply requires knowing the general
pharmacology of the drug in the horse. For other drugs,
howcver, there are large differences between horses in their
responses (0 a particular drug or dosage.

Onc of the best examples of this is the response of horses
10 cocaine. Figure I shows that when measuring rates of
behavior in opcrant conditioned horses, cocaine can induce
both increases and decreases in horses’ behavioral rates fol-
lowing variable doses of this drug. For example, we showed
that there was up to a 100-fold range in doses of cocaine to
maximally stimulate individual horses,? and 10 use this drug
effectively in a horse onc would have to know how sensitive
the horse in question wasto the drug. The basic message of this
is that for certain drugs one needs 10 know reasonably well
how an individual horse will respond to certain medicationsor
doses 1o use them effectively, and this information is often not
readily available.

Another approach to stimulant medication involves
chronic administration of a drug for weeks or months prior to
a race. The classic example of this type of medication is
treatment with anabolic steroids. In this case, the trainer can
likely monitor the response of the horse and can titrate the dose
for optimal effect. This pattern of medication was widely used
in parts of Europe before the introduction of chemical tests for
anabolic steroids.® When these tests were first inroduced,

they uncovered evidence of abuse of these agents in about

10% of horses tested. This pattern of abuse dropped substan-
tially in the following wecks with the advent of effective
chemical testing.

A more subtic form of doping is the judicious use of
tranquilizers on*washy* horses. A nervous or “washy™ horse
is a horse that gets excited in the paddock and dissipates his
effort prior to the race. In addition, an overly excited horse can
be difficult to control in a race, and such horses may respond
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Figure 1. Acute effacis of cocaine on operant conditioning
responding schedule. The symbols represernt the percentage of
changs in responding rates from conirol for each animal as the
dosage of cocaine was Increased. Reproduced with permission from
Charfes C. Thomas, Publisher, Springfield, i

A SPECIAL, NON-REVIEWED SECTION

with an improved effort after a small dose of a tranquilizer.
Tranquilizers, such as acepromazine, when uscd in this man-
ner, are classified as stimulant medications, even though they
arc pharmacologically sedatives. Recently, a patiern of ace-
promazine abuse was detected in Ilinois racing with the usc
of the newly developed enzyme-linked immunosorbent
(ELISA) and particle oonccnlmuon fluorescence (PCFIA)
immunoassay technology.*

A much less subtle way in which depressant medications
are used to influence the outcome of a race is (o sedatc or
depress one or more of the horses. This generally involves
someone “outside” the horse’s stable who wishes to alter the
outcome of an event by “stopping” the compctition. For
example there are available new xylazine-like compounds
that are potent sedatives and that are cumrently difficult 1o
detect.! A small dose of these agents administcred 1o a horse
could have adefinite clfecton an equine cvent and these drugs
arebeing abused insomecircles. While itisdifficultiobe sure
that stimulant doping is actually affccting performance, it is

much easier to demonstrate the effects of depressant medica-

tion in equine athletes.

Restoration of “normal” performance is another objec-
tive of medication. Generally this takes the form of anti-in-
{lammatory drug administration to combat joint or muscle
pain or the use of a diuretic 10 Jesscn the effects of exercisc-
induced pulmonary hemorrhage (epistaxis or “blceding”).
‘l;l;;nse and effect of these “soft” drugs on equinc athlcics is

amuchdiscussed subject. Forexample, one of the surprises of
the early work on equine performance was an apparent per-
formance stimulating c{fcct of phenylbutazone in supposcdly
sound horses. These horscs improved after trcatment with
phenylbutazone, which has led to suggestions that the horses
were actually subclinically unsound and were merely *“nor-
malized™ by phenylbutazonc.

Other forms of medication which restore normal per-
formance include the intra-articular administration of corli-
costeroids. In this case the drug is injecied directly into the
inflamed joint and its performance cffect is due 1o its anti-
inflammatory action. If the joint is inflamed to the point that
performance is adverscly affected, these maneuvers are very
effeclive and can resiore normal performance. However,
corticostcroid administration can interfere with the regenera-
tion of articular cartilage and lead to degencrative changes in
the joint surface and suirounding tissue.!* -~

A similar cffcct can be obwined with the usc of local
ancsthetics. These agents rapidly and cffectively allcviale
local pain and arc widcly uscd in the diagnosis of lameness. I
a treatment is so clearly cffcctive that it can be wsed 1o
diagnosis lameness, it is likely to have a positive cffect on an
ailing athlcic. Local ancsthetics are, in fact, important thera-
pculic agents used in both cquine and human sports medicine
in the restoration of normal performance.

While local anesthetics arc often legal and pcrmlwblc in
human sports medicine, they arc ilicgal in most cquine sport-
ing events. This is becausc of the polential for a horse (o
missicp with a blocked leg and cause a scrious mishap. Such
a mishap could lcad 1o an accident that could put the lives of
both horses and jockeys at risk. At this time, virtually all
racing jurisdictions cxpressly (orbid the usc of local ancsthet-
ICS.

The linal category of medication methods to bediscussed
here is blood doping, or the administration of an animal’sown
blood cells prior to ancvent. In performing this procedure, onc
is attempting o0 mimic the animal’s own splenic reservoir
function. No clcar cvidence exists Lo suggestthat this method
actually is ellective in improving the performance of a horsc.

Becausc of the multiplicity of ways in which drugscanbe

-

uscd to affcct equine performance and the sometimes large,

stakes depending on the outcome of these events, the question .

continually ariscs as 1o whether or not these drugs actually
allectequine performance. Over the years a number of differ-
entexperimental approaches to this problem have been taken,
and noncol these approaches has been particularly successful.
Morc recently, however, because of the increasing interest in
the cffect of certain drugs on performance, interest in this
qucstion hasagain ariscn, and | will bricfly review the waysin
which this problem has been approached, and the strengths
and weaknesses of cach approach. These approaches are the

EQUINE VETERINARY SCIENCE
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Table 2. Results of maximum output performance tests.

Study Test %

# Drug Control Test Control n Change Conclusion
1 Furosemide 136.33 136.00 -0.3311.59 s 0.24 no sig. diff

2 Furosemide 146.7 145.2 05 6 -1.62 no sig. ditf

3 Amphetamine 3 +2.4 no sig. ditf

4 Nandrolone 72.811.8 7584176 3.0:£25 6 4.1 no sig. dilf

Only Suxdy #1 presents actual performance times for each horse. Study #2 provides mean and range, with the notation that the effect is non-
Swudy #3 provides only maximum, minimum and mean percent changes. in Study #4, a cross-over siudy, the investigator simply notes

that hs second period Umes were 4.1% slower than his first pericd times. Based on the data of Study #1, lesting at the 5% jevel and desiring a

significant result B0% of the time, furosemiie would have 1o produce an increment in performance of 5.08 seconds or of 3.75%."

"mximaloulpulperfonnancc"cxperimn(.lhc“submaximal
outpt” performance experiment, the “phamacological™
experiment and the “statisticians” experiment.

The Maximal Qutput Performance Experiment

The conceplually simplest approach to the study of
equinc performance is in the maximal output performance or
Horseman's Experiment, so-called because horsemen are the
peopic who usually suggest it. In this cxperiment, one runs
sbout six horses, with or without the drug, for about a mile at
top speed. Thedistinguishing characteristic of thisexperiment
is that the control horses are run at maximal output, and the
drug is being asked 1o produce a “supra-maximal™ perform-
ance cffect. Drugs studied in this type of experiment include
amphectamine, furosemide and the anabolic steroids. Perhaps
not uncxpectedly, such a drug-induced supra-supra-maximal
performance effcct has yet o be demonstrated.

The problem with this cxperiment is that the drug effect
is likcly to be smalt, while the noisc or background variability
found in the controls may be large. We arc aware of several
such studics in racing horscs, and all have yiclded inconclu-
sive results (Table 11),

More recently, we analyzed the data from these experi-
ments to determine the polential for these tests to produce
siatistically significam results.' Unfortunatcly, no other
workers have presenied individual data points or a mean and
& statistical estimatc of the variance cucountered in their
performance wrials. However, on the basis of the variance
rcported in time trial work from our laboratory, onc would
need a performance improvement of about 3.75% on topof an
already maximal performance for statistical significance.

This is a large increment in- performance to expect of any -

medication, and is unlikcly lobe obscrved in the small number
of animals icsted in maximal output performance cxperiments
to date. :

Sub-maximal Performance Experiments
The sub-maximal performance experiment is in essence
Volume 9 Number 3, 1989

a modification of the behavioral model experiment in which
thchorses are runatlessthan maximal output with and without
the drug. Because the horses are not being tested at maximal
output, there is a betier chance of obtaining statistically
significant changes in Limes than in the maximal performance
cxperiment. Using this approach, statistically significant ef-
fectsof drugs in horses have been reported, but whether or not
these effects arc imponant in a racing situation is unknown.
Therefore,a major problem with this type of experiment is that
one cannot know how the results from these experiments
relate 10 a “supra-maximal” performance effect.

This experimental method' has been taken by Sanford in
England® and by Fujii in Japan.2 Some of Sanford’s data,
which arc typical of the data gencrated by this approach, is
presenicd in Table 11, With this type of experiment, Sanford
reporied statistically significant effects of drugs in gatiop
tests, but how this data may rclate to cffccts of drugs on
maximal or ncar maximal performance is not clear.

The Pharmacologist’s Experiment _

The most clfective way of obtaining information about
the cffects of drugs in horses is 1o test the horse’s actions in
simple bchavioral modcls. For example, agonist narcotic
analgesics in the horse produce a well-defined locomotor
responsc which can be accurately measured by simply count-
ing steps that the animal takes with its left {ront leg (Fig. 2).
Using this model, onc can generate classic dose and time
response data for these drugs in the horse (Fig. 3) and demon-
strate the likelihood of performance effects.® These models
produce data qualitatively similar to that obtained with the
submaximal output performance experiment, but which are
far more detailed and informative, For example, these experi-
ments can identify dosage ratcs and times post-dosing at
which one obtains peak drug effects. They can also show that
some drugs do not produce consistent behavioral effect in the
horse, and that the effective doses of some drugs can vary up
to 100-fold betwecen individual horses. For these reasons,
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EFFECT OF FENTANYL ON SPONTANEOUS
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Figure 2. Effect of lentanyl on sportaneous locomotor activily in lour -

horses. The lowsr panel shows the normal aclivity of a horse at rest
in his stall, about 4 sieps per two minutes. The top panel shows the
locometor response producedinharses by injectionol 1,5, and 10myg
of fentarw! per horse by rapid 1V injection. Reproduced with permis-
sion from krish Vet. J. -
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Figure 3. Dose-response curves for locomolor activity foflowing
narcolic analgesic administration in the horse, Horses were dosed
with increasing amounts of the indicated drugs and the average
number of steps taken during the peak wo min period were plotted.
The average counts per two min period lor the saline control are
shown by the dashed fine near the bottom of the graph. Reproduced
with permission from Equine Vel J.
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Table 3. Gallog; test 2 x 200 m. Compounds suspected of
increasing speed in Thoroughbred horses.

Compound Dose Route Number
(mgrkg) Tested
Methylamphetamine 0.1 im.. 4
0.2 im. 4
" Methylphenidate 0.25 $.C. 4
’ 05 5C 4
Pemoline 40 oral 3
80 oral 3
Calleine 20 oral - 3
40 oral 3
Phenylbutazone 8.0 oral 4
6.6 im.” 4

*Injection made 23 hours belore lest. In these galiop lests, horses
were run singly over a 200-meter course lrom a flying start. Alter an
interval of about § min, during which period the horse returned lo the
start al a trol or slow canter, this galiop was repealed. No data on the
dosing ¥imes, the actual perlormance times, or the variability in the
perlormance times on which these conclusions were drawn were
presenied. Reproduced with permission from Blackwell Scientilic

- Publications.

simplc behavioral experiments tocharacierize the pharmacol-
ogical cfTectsof drugs in horses arc necessary belore perform-
ance experiments of any kind are attcmpted in horscs.

The necessity Tor carclul characterization of the pharma-
cological actions of drugs in horses was brought home tous by
our experiments with fentanyl. Fentanyl is a highly lipid
soluble narcotic analgesic. about 80 times more potent than
morphine. 1L was reportedly widely used in racing haorses i
Amcrica during the 1970s. When we slarted our performance
work on this drug, we used the dose and route of administra-
tion (0.25 mg/Morse, 30 min belore race time) reportedly used
illegally on the racetrack. In this work, we saw no behavioral
or performance effects due 10 fentanyl whatsoever.

Later, when we increascd the dose of fentanyl for kinelic
studics, we discovered the characteristic behavioral ellects
presented in Figure 2. 1t then became apparent Lo us thal 1o
obtain clear-cut behavioral clfects with fentanyl requires a
minimum dosc of about 2-3 mg and the drug has to be given
1V." This lesson highlighted the necessity of defining care-
fully the pharmacology of a drug in racing horses before
starting expensive performance experiments.,

The Statistician’s Experiment

The last type of experiment that we will discuss is the so-
called statistician's experiment. In this type of experiment, the
data arc obtained by a study of the effects of approved medi-

EQUINE VETERINARY SCIENCE
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" Table IV. Etfect of medication with furosemide on the perform-
i+ ance of horses racing at Louisville Downs, Summer 1977.

Number  Number

ofHorses ofTrials MeanTimes S.EM.
Pre-lurosemide 58 160 128.5925 0.2031
F =031
With Furosemide 58 232 128.7366 0.1594
{F lor significance should bs » 3.0)

At this meet, lurosemide was the only permitted medication, and its
use was monitored by urinalysis. Horses coukd elect 1o go onlurosem-
Kkis at any ime $hroughoul the meet, but once on lurosemide had to
stay on it. Perlormance imes for horses pre- and post-furosemide
reatment were oblained from the meet programs and compared.
Only imes on good or fast tracks were taken. For the 58 horses
salected, 160 pro-furosemide times were available and 232 post-
furosemice imes. A randomized block design was used where each

* horse represenied a block. Aller adjusting for blocks {i.e. differences
between horses), there was no significant dilference between treat-
ments {i.e. imes onand of{ ksrosemide). Reproduced withpermission
from J Equine Mad Surg.

cationon actual track imesofl racing horses. This is potentially
the most powerful of all the cxperimental methods available for

answering questions abowt the actions of drugs in racing

horscs.

This type of experiment was {irst proposed by Mr. Carl
Larscn of the Kentucky Harness Racing Commission, who
pointed out that in 1977 the only drug permitied in hamess
vacing in Kentucky was furosemide. He suggested that we
swudy the dilferences in track times for harncess horses racing at
Louisville Downs with and without furaseavide. Furosemide
pre-race is recommended in racing horses for the treatment of
excrcisc-induccd pulmonary hemorrhage (epistaxisor“bleed-
ing™). Whether or not it is cifective in the treatment of this
condition and whether or not it improves the performance of
tracing horses is unknown. We identified 232 times for these
horses while they were on furosemide, compared with 160
times for the horses without furosemide. The results of this
study (Table 1V) suggest that the horses treated with furosem-
ide were about onc-tenth of a sccond stower aller treatment
with furoscmide than before.'® The numbers are large, the
experiment undoubtedly retates to the performance situation,
and statistically the answer is uncquivocal. Furosemide treat-
ment had no statistically significant effect whatsoever on the
performance of Standardbred horses at this Louisville Downs
mect.

In contrast with the small probability of obtaining statis-
tically sigaificam data from maximal output performance
experiments, these racctrack experiments arc much more
promising. From the date of Table 1V one can calculate that a
true mean diffcrence of 0.72 x {2 0.56% improvement) would

Volume 9 Number 3, 1989

Tabile V. ELISA screening of post-race urine samples followed
by GCMS anaiysis.

Sample # Urine #Flagged # Positive by Drug
Date Samples by ELISA GC/MS Identified
Analysis
10-3,4-87 34 S 3 Oxymorphone
10-4.87 16 1 1 Oxymorphone
10-11-87 8 1 1 Oxymorphone
10-17-87 36 3 2 Oxymerphone
10-17,18-87 27 3 1 Oxymorphone
10-20-87° 21 4 4 Oxymorphone
10-27-87 24 1 1 Hydromorphone
TOTALS 166 18 13
9 Days Racing

Post-race urine samples from two racing jurisdictions were screened
for morphine and its analogs by the ELISA lest and then subjected
1o gas chromatography/mass spectroscopy (GC/MS). The dates on
which the samples were coltected, the number of samples in each
analysis batch, and the number of samples flagged *suspiclous” by
ELISAare presented in the first three columns. The results of GC/MS
analysis of the flagged samples are shown in columns four and five.
About 72% of the ELISA positives were determined by GC/MS to
contain elther oxymorphone or hydromorphone. For some of the
unconfirmed ELISA positives, insuflicient sample was available for
complete GC/MS evaluation of their opiate status. Reproduced with
permission from Res Comm Chem Pathol Pharmacol.

be required to produce significant differences from controls
at the 0.05 confidence level, assuming that it is desired 10
obtain a significant result 80% of the time. These arc far more
auainable figures than those developed from maximal output
performance trials, and they suggest that this experimental
approach should be pursucd.

This approach has been taken a step further by Larry
Soma of the University of Pennsylvania in his studies of
Thoroughbred horses. Dr. Soma and his collcagues observed
the effects of furoscmide at Keystone Racctrack on horses
where times had declined for three successive races and
whose owners had them endoscopically examined. Those
found positive for cpistaxis (pulmonary blceding) were then
put on furoscmide. The results showed thal furosemide
sestored the performance of the epistaxis-positive horses (o
the leve! observed prior 1o their decline in performance. This

experiment, thercfore, suggests that the action of { urosemide

is to restore “normal” performance in racing horses. While
there were difficultics with the controls utilized in this
experiment, this work clearly points to the racetrack as the
most satisfactory experimental tool for answering questions
about drugs and racing performance.

immunoassay based drug testing
Until very recently control of the use of illegal medica-
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Reaction Sequence of one step ELISA

POSITIVE NIOATIVE
1. Sample
A
axtiposr) J
: n:u:n
m 1. Add Enzyme-Bope
antison]
3. Wash
)
B CTLER
4. Substsate
T
I " \
jastinon]

Figure 4. Reaction sequence of the one stap ELISA test. Antibody to
the drug is bound 1o the well, and lest and control samples are added
direclly io the well. Incontrol samples those siles remain lree and bind
the drug-enzyme conjugate when this is added. In “positive” sample
wells the drug-enzyme conjugate cannot bind, because the antibody
siies are aleady occupied, Unbound drug-snzyme is removed by the
wash step and substate added to develop the test. An absence ol
color, indicaling that no drug-enzyme complex bound 1o the antibody,
represents a positive lest. Reproduced with permission som Res
Comm Chem Fathol Phammacol,

tion in horscs in North Amcrica depended on thin layer chro-
matography (TLC). Post-race urinc samples taken from rac-
ing horses were shipped Lo post-race laboraturies, extracted by
liquid/liquid cxtraction, and subjected to TLC. Samples
showing cvidence for the presence of drugs were subjecied o
further (esting, including gaschromatography/mass spectros-
copy (GC/MS) confirmation. With minor exceptions, medica-
tion control in racing horscs in North Amcrica has depended
on the TLC technology outlined above. Morc recemilty, how-
ever, we have developed a pancl of ELISA bascd tests for use
inequincdrug testing, and these ELISA tests can provide very
sensitive and effective screening for drugs abuscd in perform-
ance horses."
166
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TIME COURSE OF ELISA REACTION IN THE PRESENCE
OF INCREASING CONCENTRATIONS OF MORPHINE
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Figure 5. Time course of ELISA reaction in the presence ol increas-
ing concentrations of morphine. The symbols show the time course of
the ELISA reaction in the presence of the indicaled concentration of
morphine. Reproduced with permission from Res Comm Chem Path
Pharmacol.

These ELISA tests arc based on thosc described by
Voller.'® Bricfly, the anti-drug antibody is linked to flat

bottom microtiter plates and drug-hemisuccinate is linked to + |

horse radish peroxidase (HRP) Lo give rise (0 covalently
linked drug-HRP complex. The assay is staricd by adding the
standard, test, or control samples o each well, along with the
drug-HRP solution. During thisstep, the prescnce of [ree drug
or cross-reacting metabolites conpetitively prevents the anti-
body from binding the drug-HRP conjugate. The degree of
antibody:drug-HRP binding is therelore inversely propor-
tional to the amountof drug in the sample, Afterincubationthe
fluid is removed from the microtiter wells and the wells
washed. Substrate is then added 10 all wells and their absor-

bance rcad in a microwell reader. A diagram outlining this-

sequence of cvents is presented schematically in Figure 4,

The ELISA tests outlined above are particularly clfec-
tive, For example, Figures 5 and 6 show respectively the time
coursc and scnsitivity of the morphine ELIS A, a typical “run”
on a scrics of track samples and, in Table V, the results of the
introduction of this test into routine post-race testing. As
shown in Tablc I, of 166 samplcs screened in the Western
United Suates, 18 were “Mtagged” by ELISA and of these, 13
confirmed positive on GC/MS.5
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Table VL Efficacy of PCFIA and ELISA lests.

TLC Stawus

Drug State immunoassay Posilives
Buprenorphine New Mexico No tes! Multiple (>50)
xymorphone New Mexico Poor sensitivity Muliiple (>30)
Sutentanit Oklahoma No test - 107300°

Mazindol Wastern States Very poor sensitivity Multiple (>20)

Cocaine California Poor sensitivity 283"

cepromazine Hiinois Fair sensilivity Muttiple™*(>25)

The table compares the TLC and immuncassay stalus of 6 drugs for which immunoassay tests have been introduced since August 198-7.
.F.hmumarhdbyannmisk(‘) represent the ratio of positives called 10 total number of samples lested.
Acesgromazine knitlally detectad in pre-race samples. Reproduced with parmizsion from Res Comm Chem Pathol Pharmacol.

Similar pattemns of positives were scen across the West-
ern United States wherever these tests were introduced. In

* general about 1% 10 5% of the early samples tested were .

positive for a narcotic analgesic. Similarly, when the mazin-
doltest was introduced in carly 1988 about 2105 % of the carly
samples were positive when confirmed by GC/MS.” The
efficacy of these ELISA tcsts in racing chemistry had been
dramatically established and a major falsc negative problem
with TLC based screening had been exposed.

Comparative efficacy of TLC and Immunoassay
Screening
Establishing the efficacy of PCFIA and ELISA bascd

ONE-STEP ELISA REACTION IN A SERIES
OF POST—RACE URINE SAMPLES

20 N [P OPU S——
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Figure 6. One step ELISA reactions in a series of post-race urine
samgples. The open tdangles ( 4 ) show the activity ol this ELISA test.
The open squares ( O ) show the effect of 0.5 mg/m! ol niorphine
added to this system. The open diamonds { ¢} show ELISA aclivity
in a dosed horse utine from and the solid circles { ® ) show ELISA
activity In a sample subsequently determined to contain oxymor-
phone. Reproduced with permission lrom Res Comm Chem Pathol
Pharmacol.
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immunoassays (Table VI), exposed major deficiencics in
TLC as a screening methgdology. No TLC method for bu-
prenorphine cxisted, so use of this drug was completely
uncontrolicd. Similarly, sufcntanil abusc was uncontrolied
and even “bragged on” by horsemen until the advent of this
technology (Tobin et al., 1988b). While TLC methods for
cocaine, oxymorphonc and mazindol cxisted these methods
were unable to detect the small doses of these drugs being used
inhorses. This was especially so for mazindol, where the TLC.
dose was about 400 mg/horse, while the dosc used on the track
was about 4 mg/horse.” Overall, the great sensitivity and
speed of the ELISA tests rendered them highly effective
screening tests and far superior to the old TLC screening
methods. The ELISA tests established the efficacy of this
technology in post-race testing and similar events soon took
place in pre-race testing.
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