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Abstract

We have raised antibodles o morphine and etorphine and
developed one-stap enzyme-linked immunosorbent assays
(ELISA) for these drugs as part of a panel of post race tests for
drugs in racing horses. These tests are simpie, can be
compieted in 2 h, and can be read by visua! inspection. The
morphine ELISA has an i, for morphine of shout 1.5 ng/ml,, .
while the etorphine ELISA has an i, for etorphine of 250
pg/mL. Cross-reactivity studies show that the antimorphine
antibody cross-reacts well with levorphanol, hydromorphone,
and oxycodone, while the anti-etorphine antibody showed no
cross-reactivity with buprenorphine, diprenorphine,
oxymorphone, motphine, or thebaine. The morphine test
readily detected parent morphine or its metabolites in equine
urine for at least & h after administration of 50 mg/orss, while
4 0.1 ug/kg dose of etorphine was deteciable for up to 48 h
post dosing. For sach test the background activity in post-race
urines was equal to or less than the lg, for the standard curves,
making them useful squine forensk: tests. Each of these tests
has detected “positives” in post race urine samples and as
such these tests are capable of substantisily improving the
speed and efficacy of both pre-race and post-race testing for
morphine, etorphine, and their congeners in racing horses.

Introduction

Morphine (7,8-didehydro-4,5-cpoxy-17-methyl-morphinan-
3,6-diol), Figure 1, is obtained from opium, derived from the
milky exudate of the incised unripe seed capsules of the poppy
splant, Papaver sommiferum. Opiate alkaloids are divided up into
two main chemical classes, phenanthrenes and benzylisoquino-
lines. The principal are morphine (10% of opinm),
codeine (0.5%), and thebaine (0.2%)(1).
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Morphine is a classic mu receptor agonist and it may be used

. inthe horse as analgesic for the relief of pain (particularly to re-

lieve the acute pain of spasmodic colic) or as preanesthetic med-
ication. The analgesic dose of morphine for the horse is consid-
ered to be about 0.12 mg/kg (2). '

Etorphine (4,5-epoxy-3-hydroxy-6-methoxy-alpha,17-
dimethyl-alpha-propyl-6, 14-ethenomorphinan-7-methanol),
Figure 1, is a semisynthetic opiate derivative. It is synthesized
from thebaine, a pharmacologically inactive opium alkaloid,
and is structurally related to morphine. Thebaine differs from
motphine oaly in that both OH groups are methylated and that
there are two double bonds in the ring (A6,7 and A8,14). Etor-
phine is administered as the hydrochloride salt (M99®, ori-
pavine), commonly in combination with a jazine tran-
quilizer (Immobilin®-Large Animal Immobilin®; 2.45 mg
etorphine HCVmL with acepromazine; Small Animal Immo-
bilin®; 0.074 mg etorphine HC/mL with methowrimeprazine)
(3). Because etorphine has been widely used in the capture of
wild animals (such as elephants), it is sometimes referred 1o as
“elephant juice™. Under the name “elephant juice™ it is widely
known in racing circles as a potent and difficult to detect anal-
gesic and stimulant.

Etorphine is a typical opiate narcotic analgesic characterized
by extremely high potency (at least 10,000 times that of mor-
phine), rapid onset, and short duration of action. The pharma-
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Figere 1. Structures of morphine and etorphine a semisynthetic derivative
of morphine.
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morphine, including the subjective effects and euphoria, but
.lhoqu_ftdonmmdlhondmﬁon(4).lnmehnne,ewtphine
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clude of respiration rigidity
ofﬂ:elimbslndmmduuemors(S);Indlehmse,mhine
produces the classic stimulant response of the narcotic
analgesics (6).
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Materials and Methods

Horees -
th«mndudhadm(mswkg)mad-
miﬁmdetmphineormorphinein the in vivo studies. The
hmmmﬁnmmummﬁllppmximmlyuhbe-
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mobuinedonthedayofthedosings.

Dosing and sampiing ‘ :
Injectable etorphine hydrochloride (M99, otipavine, D-M

ELISA test method
The ELISA tests (WTT ELISA Tests) developed here are sim-
ilar to the ELISA formats used in published reports by
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Kwiatkowski et al. (9) and Tobin et al. (10). The anti-morphine
antibody or anti i antibody was coated to flat bottom
m.lls(Cosu_:‘)asdeam'bedbbe!let(.ll).MOtphinemdetor-

ofd:edmg—!iRPsolution.Duﬁngdwﬁest.dlepmunoeofdmg
ind:enmplcoompeﬁﬁvelypwventsmebindingofdmg-l-mp
cmnphxtoﬂleanﬁbody.BemuedieHRszyme

) mdatawavelengﬂnofmnm_withmmmmtedmicmphw

reader (Biotek Instruments) approximately 60 min after addition
of substrate, _ .
Backgmundsduewexttmemumawdalinhomuﬁnemn
oonsideublepmblemwhenmwldngislppﬁedtoequine
dmguﬁng.'lbmeanued;ementofﬂﬁspmblqnforindi-
mwmmmmammywm-
raccbom:urimmdﬂwinhibimyeﬂ‘actofhwleminemlu-

Hmlpoemleonﬂmnﬂonommphm
Gaschl'omuographylmassspecuom-y(GCIMS)wuper-
fomedonaHewieu-PachrdGCModelssmequippedwiﬂu
Hewlett-Packand MS-5870 detector and a 12-m HP-1 methyl-
siliconecapillarycolumn(l-lewlett—hchrd).'l‘hesamplum
injeeteddirecdyimothedetectotindlenon-:plitmode.GC
oven temperature was programmed from 70 to 280°C at
35°C/min, Urine samples were subjected to enzymatic hydrol-
ysisup:eviouslyducn’bed(lS). Uﬁnesamphs(SOmL)wm
incubmd(ﬁ!i"c,sh)withbeta-thmidm
m(SigmaGwmical)(s.OOOuniuISmLurine).'menmplec
wucmadebuic(pli9.5)widunimoniumhydmxidemdex-
tracted into dichloromethane i (6:1) (6 mL
sdveWSmLuﬁne).lbenmpluwmthenhckminto
2mL0.2lefuricacid,madebuic(pH9.5)with2mL0.6N
ammoniumhychoxide,mdre-exu-actgdianCM-isopmpmol
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s m(ﬁ-mLsolvenﬂSmLurine).'Iheumpleswmﬂwneﬂpomd

wdrrw.udiuolvedinmed:yhmte,lndpmiﬁedbym-
aﬁveﬂxin-uyudmmltoguphy(BMemkF-Mlilicagd-ﬁo
plates, Alltech-Applied Science). The solvent system was chio-
roform-methanol-propionic acid (80:15:5). The plates were
scraped and the samples were eluted into 1 mL isopropanol
andemmdwidlszoszlfuricldd.Mumplesm
mndebaﬁcwid:ZmLO.Gmmoniumhydmxide(pH&S)md
extracted into 6 mL DCM. The sampies were evaporated 10
mmwm«nymmmwmmm

thomughmixing.ZuLofthenmplewuinjmedondw
GC/MS,

The presence of etorphine! was assayed by the ELISA
and confirmed by GC/MS. A-0.10-g solution of beta-glu-
eomnidmwuaddedtonso-anmpleofnrine(adjnmd
to pH 4.0-4.2 with acetic acid). The urine was incubsted
overnight at 37°C. Following the incubation period, an ad-
ditional 0.050 g of the beta-glucuronidase enzyme solution
was added and the urine incubated at 65°C for 3 h. The so-
Intion was then cooled, made basic (pH 9.0) with ammonia
+ ammonium chloride buffes, and extracted in 7- to 9-mL
paﬁomwith:ppmximatelyﬁOmLDCMinalzs-anp-
aratory funnel. The DCM extract was dried with & small
amount of sodium sulfate. The DCM portion was extracted
withtwoportionsofl%lulfuriclcid(oneoﬂlendthe
other of 2 mL). The acid extracts were combined and made
basic (pH 9.0) with the ammonium chloride + ammonia
butfer. The aqueous solution was then extracted with 3 x 12-
mL portions of petrolevm ether. The petroleum ether ex-
tracts were combined and evaporated just to dryness at 65°C.
The resulting residue was prepared for GC/MS analysis for
the formation of the TMS derivative by a method proposed
by Jindal and coworkers (14). Briefly, the residue was taken
in a Reacti-Vial, to this 50 pL of pyridine and 150 pL of
BSTFA were added. The sample was heated at 120°C for 2
h. Following this the reagents were evaporated with N, gas;
themﬁduemreconsﬂ&tedinSnLofbenmemdunit-

. ablealiquotinjecwdintotheGCIMS.Theumplamm-

alyzed on an HP 5890 GC equipped with an HP-1 methyl-
silicone capillary column and a Model 5970 MSD
(Hewlett-Packard).
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APPARENT MORPHINE CONCENTRATION (ng/mL)
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Resuilts and Discussion
Aa‘iﬁalpmbiemindledewlopmentofMAmform
levels seeq in equine urines,

- urine samples with reason-
able assurance that substantial inhibition (>75%) of this ELISA

test is likely to be caused by an opiate or closel ly related drug
(“mlepoci!ive")and_notbyexumeombwkgand__ materials
(false positive). -
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Thie t2st readily detected morphine or its metabolites in hose
mine.AsﬂwwnianuretMnis&gﬁonofSOmgofm—

phsinCznnda.Caﬁfmnia,anchnuwky.lhisMrudﬂyde-
mopimdtugpodﬁves,withalowincidence,esﬁmwdu
oneiaZODorlen,offalaepo:itimFingAshomﬂnm
speeﬂmofnmorplﬁncposiﬁveﬁnmoneofdmejmisdicﬁons
dongwitlucontmlmmspemum(ﬁgmsm.'!hi:mis
emudyinuaeinmﬁ.nepost-ncemﬁnginﬂleUnitedStates
withﬁsfmyfmﬁcmﬁtsuo!ﬂinedabove. ,
‘I‘hcsenmmyandaou-mmyofmn-etaphne ELISA w0
pmmetorphineandrelateddmgsisplmntedinﬁgmeﬁ.
Buedonan“earlybleed”ofthismtibodyﬂleELISAmt
mmlmfwmofmmmmm
!iﬂem—maﬁvitywiﬂunﬁetyofclmlymlmdmo&c
MMMMMMAHW‘N&MMM
:iﬁwtoandtﬂaﬁwlytpedﬁcfue«rphim.
Bmofthehighpowncyofewrphinemdﬂwomupond-
ing!ysunlldoou(loo;lglhnrn)admi:ﬁsmedtohom,itwas
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cross-reactivity.
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imponantd:atthismbebod:-sensiﬁvetoetolphinemdhave
lowbackgnmmdvﬂuuinhmsemine.Asshowuinanm?dw
backgmmdv:luuobsawdinhoneuﬁnemveqlow.nmning
atlessﬂlanZSOpg[mLinMpost—meuﬁnesamples.Basedon
ﬂlishighlenﬁdvityﬁoetmphincmddxelowbackmndvdms
seeuinequineuﬂneumples,iuppunlike!yﬂmﬂﬁsEUSA
waﬂdbeuverye&ecﬁveﬁestforetmphineinpostmeuﬁne
mnples.lngoodagreemmtwidﬂhisinformaﬁmmmedamof
Figm&which:howdutd:isetmphineEUSAmmdﬂyde-
mmﬂnﬁmmmammoom
eveud:oughtheoeeluphineumpleshadbemstomd&omfcr
sevaalyem.Simihﬂy.reoentwutatOhioSmeUnivmity
withthisELISAmhndemonmtedthatitcandetectadmin-
isuaﬁonofSOmofeWGpﬁindhmforuptowhminfmh
unfrozensamples (7). . . __

This ELISA test for etorphine has beea made available for use

inraeingjurisdietiominﬂwUniwdSmudemada.andhu
pufmmdwellwiﬂuvuylowincidmceoffalsepociﬁm
Oncofd:emoatpomnucoﬁcmalgeaicsoommuciallyavaﬂ-
ahle.etaphinekmicdymluedmditswaﬂabiﬁtyine-

sample,
Mmmomdy.ﬂleminoiskacinghbmtoqmpomddwre-
suluofminglboutZ.OOOpoumeuﬁneswidlmisELlSA.
Inﬂ:e?.O(Dmplunumd.thisELlSAﬁaggedjlmmnm-
plesposiﬁve.andoneofﬂ:esewoonﬁrmedpoaiﬁve for etor-
phine by mass ctry.
Namoticlnnlgaicsﬂmhavenmagonistacﬁvitymodifym
very useful actions in racing horses (8). Firstly, these drugs are
direcﬂysﬁmuhnttohorses.pmducingachu-anmdusﬂy
quantitated locomotor stimulation (8), Secondly, these drugs are
analgesic, suppressing the perception of pain by the horse, and
d:menabﬁngampuiorpuformnoebylkss-lhan-sonndhm
(Q.ﬁnaﬂy,ﬂluedluguppeartohwednabﬂitywemdﬂw
timewethmimofhones,appuenﬂybymducingﬂwpetfor-
mmeeJimiﬁngeﬁemofbloodlacuw(IS).AlIofmmphﬂ-
nmohgicdeﬂ'emmpurﬁcululyuwﬁﬂinncinghormm
likr.lylccwntforthefactdmnucoﬁcana!geciahﬂebem
abusedinrwinghmmfwmoremmlooyem(ﬁ).
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« - - For the greater part of this 100-year period chemists have developmeat of 2 pancl of ELISA tests for high potency drugs in

bemlﬂunpﬁnghcon&olthemofﬂmedmgs.ummﬂy.
however, with the development of highly potent opiate and
opiate-like drugs, the advantage has appeared to lie with those
wiﬂingwabuaed:esedmgsinmcinghmbmgsﬂwhas
ctorphine, fentanyl, and carfentanil are effective at doses of

racing horses. ELISA tests offer considerable advantages over
RIA:ndotherimmunoassaytectingtechniquesfordmgsin
racing horses.

With a test time of less than two hours, the ELISA method is
inexpensivenndnpid.Noehbomeequipmentisreqtﬁmdfor
these tests—they can be performed on a tabletop and read by eye. -
Additionally, these tests are a clear improvement over RIA be-
uusemisohpeismquired.mdﬂwyuembd!ympeﬁorw
TLC,whichisgenmllyumbletodeteuhighpmydmpu
thedomtypimuyadminiﬂuedwncinghotm.nuepoim
were dramatically bome out when ELISA testing was first in-
uo(hwedintomemcku&ngnverdmago.whenmu!ﬁplc
patterns of positives for high potency drugs were uncovered
(10).

MuﬁlinﬁonofthempeofEUSAmtinginrwinghm
mquimmnnwmplewandmndilyumdedpandofeqnim
drug tests be available. To this end, the Kentucky Equine Drug
Testing and Research programs have made a commitment to the
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Figure 0. (A) GC/MS spectra of storphine sample extracted from race track
confiscated matsrials; (B) control mass spectrum from an storphine ref-
srence sample.
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racing horses. We have selected the ELISA format over other
nooisompicformaubecumeoﬁtspmvenetﬁcacymditsmin-
imdinmmmlmqlﬁmmmdmologyismdﬂyadapt—
ablewpostmwsﬁngandisalmadapmblewpmmwsﬁng
and to testing in non-laboratory surroundings such as at horse
show grounds and other event sites,

The present data shows that these tests are sufficieatly sensi-
ﬁvemdewetdmgordrugmboliteresidlminpostmuim
of horses dosed with etorphine, the most potent narcotic anal-
gesic tested for in racing horses, Because etorphine was de-
tectable for about 48 h after a 100-jig/horse dose and for a sim-
ilar period after a 50-ug/horse dose in experiments carried out at
Chio State University, it appears that, in principle at least, this
wchnologyiswﬂidendyoensiﬁvetodueamoahighpotmy

- 'dmgsldnnnisaued'muﬁnghm.nisholdsmvﬂidity

inﬁghtofﬂ:cfnamdueumphmwwedasmmofmw_
urine added directly to the ELISA test system. Because im- -
munosssay samples can presumably be extracted and concen-
Imedinﬂwnmewayasisnowdoneinﬂ;in-kyuchmm
grlphicln:lysis.d:eunsiﬁvityofEI.ISA-buedtesﬁngm
Muwmwwmmm

c!udeﬂmtinmmomy—basedmﬁngislihlywbewﬁidmdy
scasitive to detect virually any known drug in horse urine, al-
tboughthelbilityofﬂmemwdeteetvayiowkvdsofdmg
in equine blood in pre-race testing situations remains to be ex-
plored.

When used on raw urine, ELJISA tests are very fast and effec-
tive tests. !fﬂ:eimidenceofpociﬁmishigh,asitmywellbe
when a new test is first introduced, the use of ELISA tests can be

and sent for mass spectral confirmation. However, if the inci-
dence of positives is low or nonexistent then the bulk of what the
ELISA test reports is the background activity or “false posi-
tive” activity in horse urine.

With the more widespread use of ELISA testing it has become
lppa:entdutlhaemmataialsinhomminedmgiveﬁseto
high background or false positives in horse urine levels and
these substances are found in high levels in certain urines. It fur-
th«lppeustBlISAmmvuymsiﬁvemthm
mmialswhileo(ha:uequimruim'l‘hequﬂityofm
EI..ISAmtfuruuinequinedmgtwingdepammlhIgeex-
mmmhdmwhmmﬁmmmm
natural background levels in raw urine, which should be less than
the apparent Iy, of the test for the drug against which the ELISA
was raised.

AsdwwninFigumSmd?.tbeMgmundkvelsinnw
m‘inefortheer[JSAmtsareendalenﬂnntlwl,oforthedxug
against which the antibody was raised. For the morphine ELISA,
analysis of the background levels in 40 post-race urines shows
ﬂntnobackgmmdlevelsm&anl.znglmLmobwved,
whilellwl,oformphincintlﬁsmwaboutwnymLAs
a practical matter, this means Wat inhibition of this ELISA is
more likely caused by an opiate positive than to extraneous

in equine urine, suggesting that the morphine test is
likely to be a useful and practical field test.

TheeurphineELISAtmnedoutwbemexwmelymiﬁve
and effective ELISA test. As shown in Figure 6, this test has an
I,oforeto:plﬁneoflboutZSOpieognmImL.anMysm-
sitiveELlSAm'lhewstismlaivdyspedﬁcforethine.
also a useful characteristic. Most important, however, is the fact
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