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Detection of Fentanyl and Fentanyl Derivatives
Using Radioimmunoassay and Enzyme-Linked

Immunosorbent Assay
T.J. Weckman, T. Tobin, H.-H. Tal, J-M. Introduction
Yang, EJ. Oz0g*, J. McDonald**, CA. " o L
Prange** ""““"’u- s M.”k'." |.b“’ w‘.“.“"’l".""’“. ‘d'of_

Gluck Equine Researck Center, University of Kentucky,
Lexington, KY;
WWM.M,CO:

We have developed and evaluated an 25T radioimmu-

enzryme-linked
immunosorbent assay (ELISA), for featanyl as part
of a panel of tests for narcotic analgesics in racchorses.

The ©Tfeatanyl RIA is highly sensitive, capabie of
detecting concentrations as low as 1 pg/mi of fentanyi
of doses that are 100 times less than that required
10 produce a measurable pharmacological effect. With
this amount of sensitivity, 10 to 20 urine samples can
bepooledmdunmdmw?oohﬂngged

poiﬁvembenamhmdapdtuumph(s)'oomining '

fentanyl can be isolated.

The ELISA test detects featany! with an I-50 of about
lmpymmmdmﬂnmdw
or its metsbolites after administration of sub-
therapeutic doses. Antibodics developed also cross-
react with seversl analogs of featanyl and Ekely detect
these analogs in blood and urine shortly after their
dﬁmwm&mmm
arc capable of improving the quality and reducing the
Mdmandpoﬂmtuﬁngﬁrhhnylud
scveral fentanyl anslogs in racchorses. .

‘meperidine. As & powerful marcotic analgesic, the

potency of fentanyl is estimated at 80 10 150 times
that of morphine.'? Narcotic actions of featanyl are
characterized by rapid onsct and short duration of
action. The pharmacologic actions arc similar to those
ofmorphine,mdﬁnhnyliscomidmdamopioid
agonist ?

lnmn,themajorphﬁmacologicactioncffmunyl
kmmmmmywz
hdnhoue,themoumﬁmbhphumwdogiccﬁ'ea
is & marked increase in Jocomotor activity Intravenous
injection of fentanyl citrate can increase Jocomotion
15-fold within minutes, and the effect can Last up to
1 hours Maximum locomotor activity develops at

-Mmmdmmwmm
minimal

locomotion are sbout 5 ng/ml Duc 10 the analgesic
lndlooomﬁewdhmyl,tﬁsdmhnbm
frequently reported as used illegally in racchorses 6

1) Some of these agents are in the final stages of clinical
trisls or have been Kcensed for wse. One of these
proprictary agents, sufentanil, is abowt ten times as
potent as fentanyl?

Most recently, control of the wse of fentanyl in
racchorses has been based on radicimmunoessay (RIA)
mummdqﬁlwymtoevﬂm
memﬁiviydnﬂlwmmmm
compared with the seasitivity of a commercially




availablc 3H fentanyl RIA. Secondly, becanse RIA
mhmmnmmw
and evalusted an alternate one sicp enzymedinked
immoaoassy (ELISA) to detect fentanyl and its
detivatives in blood and urine samples from racchorses.

Materials and Methods

Horses

Mature Thoroughbred and Standardbred mares (450-

S50 kg) were used throughout. Mares kept at pasture

- and allowed frec access to food and water, then placed
i standand box stalls (17 sq M) approximately 12 hours

prior to dosing for acclimatization,

Post-race urine samples from racing horses were
collected by the authorities in charge at the racecourses
and defivered to the drug testing laboratory of the racing
- L J ﬁ I'

Woods of &l A carboxyfentanyltyrosine methylester
(TME) conjugatc was prepared according to the
- procedure of Tai and Yoan for the ‘conjugation of
thromboxane B, to TME.® Iodination of this
carboxyfentanyl-TME conjugate was by the procedure
described by Woods o «l.8 Standard curves also were
constructed, using ] fentanyl instead of °H fentanyl.

The 257 RIA method was the same as the JH fentanyl
method, exoept for the following modifications. The
257 Sentanyl stock solution (160,000 cpm/S0 ul) was
diluted with assay buffer to about 10,000 cpm/50 ul
and added to each tube instead of the SH fentanyl.

further dilution. The sntiscrum was diluted 1:15 with
assay buller and 100 ud of the diluted antiserum was
used in the assay. The dextran-costed charcoal
suspension used consisted of 0.25% dextran and 2.5%
charcoal in assay buffec When urinc samples were
assayed, 450 pl of buffer and 50 4l of urine sample
were added to the tube. For analysis of sufentanil a
standand curve for each assay was also generated, using
30% methanol/water serial dilutions of the stock

RMDosingmdSampling

Urine samples from 6 mares given fentanyl citrate (200
#8, 100 pg, 20 pg, 10 ug, 2 ug, or 1 ug/horse) were
analyzed for fentanyl equivalents, using the 5 RIA
method. Urine

mmmmmmmsm
mmmmmmumw
Voller.2 Similarly, carboxyfentanyl was knked to horse
radish peroxidase (HRP), as described by Wic and
Mﬂwmmmamww
HRP complex. All reactions were run at room
temperature (25°C). .

'lhemmmtedbyaddingm;ddhm
test, or control sampies to each well, along with 100
ﬂdthcw-ﬂm’lohﬁon.mingthkm.thc

“presence of free drug or cross reacting metabolites

mpeﬁﬁwlypmddumﬁbodyﬁmbindhgto
the fentanyl-HRP conjugste. The degree of antibody-
to the amount of drug in the sample. After $en minutes
of incubation the fiuid was removed from the microtiter
Substrate solution? was then added to all wells, a 10
values read at 650 nm in & microwell readere.

ELISA Doasing and Sampling

Authentic featanyl, carfentanil, and sufentanil drug
standards were obtained!, Fentanyl was injected (500
ug/borse) as fentanyl citrate, AR administrations were
by rapid IV injection into the jugulsr wein Urine
samples were collected by bladder cathetetization, pre-
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dose, then at 1, 2, 4, 8, and 24 hours after dosing
and stored frozen until assayed.

mmwmmmw
dosc and at §, 10, 20, 30, 45, 60 minutes and 2, 4,
and 8 hours after dosing.

ceticae‘u!('l'CA)todenmmdmmplm
proteing. In this step 300 44 of 4% TCA were added
manﬂdpmwmmm:swm
&t room temperature for 20 minutes. The samples were
then centrifuged at 8,800 x g for 10 minutes and the
supcrnatant removed. To S0 ul of the supernstant 12
#l of 0.24 M sodium carbonate, pH 10, were added,

thcnﬁmmvomd,mdmﬁmtumt‘orm '

We evaluated the ability of the ELISA test described
huemdehctdmdyldudmdfennnyl.
Semﬂpolydomlmﬁbodhtoeuboxyfmunyl
derivatives raised in rabbits were incubsted in the
mdmm-dm}
mﬂhmemehyMnﬁ,wfemmﬂ,aien-

for fentanyl and derivatives carfentanil and sufentanil

mmmuwmznm-m
was introduced in Oklahoma and adjacent Western
states in responsc to reports that horsemen in these
Mmedniwm&uhumm
undetected. _

Mazss Spectral Confirmation of Sufentanil

Confirmation of the presence of sufentanil in urine
mplambygsdummaphylmm
oopy(GC[MS).'lbaSOmlmineumpleham
flask 20 ml of saturated sodiom bicarbonate solution
and 5 grams of moist noniosic resin® were added. The
fiask was mixed by shaking agitation for 20 min. The
with several portions of water. The resin was transferred
toapluicusbandwdrhdbyud&gdrthough
it using & vacoun pump. The sufentanil was eluted
with 25 ml of 195 acetic acid in methanol; the eluent
was concentrated to 5 m! under partial vacvem. To
the concentrated eluent 6 ml of 3M hydrochloric acid

'I‘hcaquoomsoluﬁonwswuhedmwmlofethyl
acctate and then with 20 mi di OCM)/
isopropanol(w:l).'l'helqmtohﬁonwumlde
strongly basic (pH > 12) with 50% NaOH. The aqueous
solution was extracted with 30 ml DCM. After
with 4 ml of 1% sulfuric acid. The solution wat made
strongly basic with 50% NaOH was extracted twice -
msswp«ﬁmdmmmmm
aberm‘u:mbinedlndmwdrym
inambuhudﬂ:emiduewdisdmdheth)ﬂ
acctate for injoction onto the GC/MS. -

mGCIMSsymmemplopdoonﬁmdohupinary
gas chromatograph equipped with a mass

detector and a data station.! GC/MS conditions were
similar to those previously described.!?

Results

RIA

deﬂnndioiodinmdandogueﬁunmylasthc
Egand in the commercially available RIA increased the
scmsitivity of the assay more than 100-fold. The useful
mgion(&)%toﬂl%inhi!ﬁon)oftheimmmm
usingﬂ:c[’ﬂ]l‘entmylndnndiuhbded!ipnd,was
hthcuuofﬂlnglml(&?).ﬂmwhmthc
MW&WWM&W
teﬁondduhmommabomommml
This increased scasitivity allowed detection of small
Imounﬁ(‘u.lu[honeupto!hm:)offennnﬂ
administered to horses or, conversely, the detection of

& effective doses for loag periods (e,
200 pg/horse up to 96 hours). (Fig. 3)

After administrstion of 200 #g of fentanyl/horse,
wmw«wmmxam
uinewueddmdh'nially(ﬁg.ﬂ‘lheucomen-
uiiomdeaeuednpidlymabontl()nglmlindw
' ﬁm4houtsaﬁu'um1hufwr,thcfenunﬂ




To evaluate whether sufentanil or its metsbolites in
borse urine would be detectable in our 2 RIA, we
testod the reactivity in urine from a mare dosed with
40 pg of sufentanil IV. Compared with the amount
dﬁmvldﬂembleinthcndnedhmﬁml
sg of fentanyl IV, the 23] RIA enablod us to detect
& small amount of reactivity in the urine of the mare
ﬁuﬂnddmﬁ!(«nmmwm
found about 1% of cross-reactivity of sufentanil with
the @ RIA when substituted for feotanyl in the
standard curve (data not shown) On the basis of these
observations, sufentanil in racehorses can be detected
by the use of the fentanyl antibody used in the present
sy

In the abscnce of added fentanyl the one step ELISA
mdo-npidlymwmphﬁon.whham
sbsorbance vaine of about L6 being attainod between
10 and 15 minutes after initistion, The addition of
increasing concentrations of fentanyl inhibited the
after sddition of 5 ng/ml of fentanyt. (Fig. 4) In our
hands the optimal time to read the test is about 12
minutes after addition of substrate, when evident
scasitivity is greatest. Under these conditions, apparent
50 for fentany! is about 100 pg/ml.

Since we wished to incorporate this test into a panel
of pre-race tests, we examined the effect of the addition
of equine plasma on this assay. Addition of untreated
Mwmmmﬂnum(ﬁ;
5) However, trestment of the plasma with TCA
substantially improved the quality of the assay, and
its scnsitivity was similar to that obtained in the absence
of plasma. (Fig. 5)

Urine also acted to inhibit the ELISA reaction, but

the effect was much less marked. The presence of horse

was not obtained in control samples for at Jeast 20
minutes. (Fig. 6) This effect is small however, impacting

mmﬁmumwmm
of featanyl in equine plasma. Three mares dosed with
500 ug fentanyl/horse LV, (a subtherapeutic dose),
resulted in inhibition of enzyme activity in our ELISA
in plasma at 5 minutes after dosing and this inhibition
remained substantial for << 60 minutes. (Fig. 7) Based
onthe:hondwaﬁonofthe'phnmwobﬁalauﬁvity
dwmwmm&mm
of detection of pareat drug in the plasma is consistent
whh&ebwnphmﬁmﬁudw

Fentanyl was also readily detected in urine from these
mares. In urine, virtually complete inhibition of the
ELISA reaction was observed for the Sirst 8 hours after
dosing in all mares, and substantial inhibition was still
observed at 24 hours after dosing. (Fig. 8) The data
suggest that this test can readily detect the adminis-
traﬁonofmb-theupwﬁcdmoﬁmtqdﬁ'omeqﬁne
blood or urine samples.

Additionally, this ELISA based on polyclonal
antibodies crossreacted with a number of fentenyl
derivatives. (Fig. 9) The C4 antibody exhibited
somewhat greater sensitivity to the presence of fentanyl
and its methylated derivatives, and also to carfentanil
and sufentanil, than did the ELISA based on the T-
3 antibody.

This ELISA also readily distinguished between urine

theotderdo.z.(ﬁg.ll))buodontbishmdinepmcy
mummwmkimq
mwmmmmmw
treated horses.

Omofabom3l9mincamphcmeenedfotw
and its crossreacting derivatives by both 29 RIA and
ELISAmethodsmatwowe&pel:iod, 20 were
flagged for fentanyl based on cither ELISA or RIA
data. When these flagged suspicious samples were
submitted for GC/MS analysis, 10 were coafirmed
mmmwmwmm

detectio)
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Discussion

RIA
h&ehom,hﬁnﬁeymduuhmaﬁvity
and analgesia. (Fig. 12) These actions are potentially
useful in horses with subclinical lameness and could
serve to improperly improve the racing performance.

Gnmhlelﬁngforfmmhmmineumpbs
is difficult becanse of the great potency of this drug.
Wiaboulwﬁmmpm&mmpﬁm
or most of the other narcotic analgesics readily
layer chromatographic methods generally used to detect
detection of fentanyl. Therefore, recent methods for
deteoﬁonoffuumylinpoumudmnmph of
horses after racing have been dependent on
screening. ‘

A problem with the use of RIA as a routine screening
test for fentanyl is that the test has to be run specifically
for fentanyl. This is a combersome and
valess the probability of fentanyl being in the sample
ihid;ﬂnmdthemmtdﬁwmdnyidd
of positives is high. Therefore, wee of RIA screening
for fentanyl has tended to be restricted to circumstances
with a high probability of detection.

The 2] RIA method wsed here markedly increased
the uscfulness of RIA for routine screening, Results
of & previous ‘study® indicate that the smallest dose
of fentanyl that induces an effect on a horse is = 100
8 pharmacological effect within 4 hours after
administration, Using the modified 291 RIA, we were
abic t0 detect fentanyl in homses given as Kittle as 1
#g of fentanyl and could detect this dose for < 24
hours after administration. Assay sensitivity is increased
up to }00-fold relative to the 3H RIA assay.

This increased sensitivity can be used to detect smaller
concentrations of fentanyl in urine or, conversely, can
allow pooling of urine samples, and the simultaneous
screcaing of larger numbers of post-race samples. Using
the pooling approach for example, about 0.25 ml of
cach sample from a day’s post-race urine samples could
be pooled, and pooled samples stored frozen until the

dafsooﬂec&mdpoﬁmmhmubem
fcrwmmm of the sensitivity of the 2 RIA
test, & pharmacologically significant
mdwmmuwhm
samples. In the cvent of a positive sample, each of
the targeted day's individual samples can be screencd
mﬁvﬂmlbrnnddwmofthepmrudﬂy
idendﬁed.lhu,lwek'suheumphobeﬁndlfter
mmum&wmmmw
D

ELISA

Effective routine screening for fentanyl would be more
widely implemented if time and materials costs for the
test wetre reduced. Based on these considerations there
wuaoomidmincenﬁvewdﬁdopthis ELISA,
as jts availability cnables the testing of post-race urines
inexpensively.

isoonamphedsﬁmeeom:iminpmmmﬁng
virtually eliminate the use of conventional RIA. In this
Mnonekimi&adtothinlwdnnmuog‘phy
or to a rapid immunoassay technique. However, thin
layer chromatography does not have the sensitivity
necccssary to effectively detect high potency narcotics
uwhasﬂetnny!eitherpoumorml?onhis
reason the only currently available technology with the
:ymisanenzymeimnumomaybuadm

The ELISA reported here readily detected fentanyl
Mmmnnbhodlndmneﬁommm
50) pg fentanyl. Fentanyl was detected in equine blood
within minutes after injoction of 500 ug/horse and
remained detectable for =< 1 hour. (Fig. 7) This short
period for fentanyl detection in equine blood is
consistent with fentanyl kinetics in horses and humans
where its actions are terminated by redistribution.
Similarly, the test detected the drug in urine for 24

Introduction of this fentanyl ELISA into forensic
screening was in response to requests from Industrial
Testing Laboratorics in Denver, Colorado. Reports of
sufentanil abuse in Western racing jurisdictions had




been veccived and we chose a launch both this ELISA
and B RIA fentanyl-sufentanil-carfentanil test. Out
of sbout 319 samples scréened for fentanyl and cross-
reacting fentanyl derivatives in a relatively short period,
tweaty were flagged for fentanyl or a fentanyl desivative
by one or the other of these tests. All of these samples
showed clearly on our ELISA test, as did urine samples
from known horses injected with carfentanil, sufentanil,
and feotanyl. (Table IT) Our ELISA was therefore
readily sble to detect abuse of fentanyl under field
coaditions.

Of 20 samples “Tiagged” for fentanyl, ten were confirmed
positive for sufentanil by MS analysis. (Fig. 11) Of
the remaining samples cither an insufficient volume
of wiine was available for MS confirmation, or the
time frame for reporting a positive had passed. These
data indicate that the ELISA flagged fentanyl
containing sampies with a S0% or grester probability
that the flagged sampie could be confinmed as a true
fentanyl/fentanyl derivative positive.

In summary, therefore, we bave developed a one step
ELISA test for fentanyl and its cross-reacting
derivatives in horses. The test is extremely sensitive,
and will detect fentanyl in the blood of horses after
2 500 mg/horse LV. dose. It readily detects fentanyl,
carfentenil, sufcatanil, and likely a-methylfentany] and
3-methylientanyl in the urine of homes dosed with
clinically wsed doses of these drugs. When introduced
into ficld testing this test flagged about tweaty of 319
samples and about 50% of these samples were
coufirmed positive for sufentanil.
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Figure L Representation of the chemical structures of fentaryl,
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Figure 3. Fentanyl equivalent concentrations in 6 horses after Figuve 4. Time course of the absorbance changes with increasing

IV administration of feniamyl.

concentrutions of fentanyl added to ascay buffer.
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Figure 8, Cross-reactivity of T-3 and C-4 based ELISA fesks.
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Table L. Euemple o routine screening with 1] fentiyd RIA in pooled blood urine samples, -

——

INDIVIDUAL
POOLED SAMPLES FENT. EQUIV. SAMPLES FENT. EQUIV.
TRACK %wCw
TRACK DATE #URINES (PG/ML) 11/5/86 _ (PG/ML)

A 11/09/86 12 23.0 #1 <2.0

C 11/11/86 14 11.0 $2 <2.0

C 11/09/86 14 23.4 #3 <2.0

A 11/06/86 13 11.0 #4 1775.0

A 11/08/86 12 14.4 #5 25.4

A 11/05/86 11 13.6 {6 18.8

A 11/07/86 9 12.0 ¥ <2.0

C 11/08/86 17 9.8 {8 6.6

C 11/07/86 13 16.8 #9 12.4

C 11/09/86 14 21.4 #10 <2.0

C 11/05/86 16 403.4 11 13.0
#12 <2.0

#13 <2.0

f14 7.4

#15 3.8

#16 ' 6.4

m&mwmhmmmmwwmuﬁmmm

Sample ¢ Race Day Absorbance

CRAANMEWN

10-31-87
11-6-87
1li-6-87
11-8-87
11-8-87
11-8-87
11-12-87
11-12-87
12-13-87
11-14-87

-839
~272
.182
«300
«345
<240
=345
335
.485
269
«339
467
302
-416

Status

Quality assurance control
Carfentanil, 125 ug, 1-2 hr urine
Fentanyl, 100 gg, 0-1 hr urine
Sufentanil, 100 #9, 1-2 hr urine
Confirmed, GCc-Ms, Sufentani}
Confirmed, Gc-Ms, Sufentanil
Confirmed, GC-Ms, Sufentanil
Confirmed, GC-Ms, Sufentanil
Confirmed, GC-MS, Sufentanil
Confirmed, GC-Ms, Sufentanil
Confirmed, GC-MsS, Sufentanil
Confirmed, GC-MS, Sufentanil
Confirmed, GcC-Ms, Sufentanil
Confirmed, GC-MS, Sufentanil

Urine samples from race
screened for fentanyl
absorbance values obta
track urine samples.

& run on the dates indicated in column 2 were
by our ELISA test. The third column shows

ined in control urine, dosed horse urines and
Samples #5-14 confirmed positive for sufentanil.
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