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INTRODUCTION

Fentanyl, (N-phenyl-N-[1-{2-phenylethyl)-4-piperidinyl Jpropanamide) is a
synthetic ‘opioid derivative of meperidine. It is a potent narcotic
analgesic with about 80 to 150 times the potency of morphine [1,2]. The
narcotic actions are characterized by rapid onset and short duration of
action. The pharmacological actions are similar to morphine, and fentanyl
is considered a pure opioid agonist [3].

The major pharmacological action of fentanyl in man is analgesia,
associated with euphoria and respiratory depression. High doses are known
to cause muscular rigidity (2]. In the horse, the most noticeable
pharmacological effect is a marked increase in locomotor activity (4,5]. In

horses, IV injection of fentanyl citrate can increase
spontanecus locomotion 15-fold within a few minutes, and the effect can last
up to one hour. These movements are well controlled and coordinated.
Maximum looamotor activity occurred at fentanyl plasma levels of about 50
ng/ml and the minimal plasma level associated with locomotion was about 5
ng/ml. High doses of fentanyl (about 16 mg/horse) cause disorientation,
incoordination and collapse [6].

In the horse, the major ur.i.mry metabolites of fentanyl are fentanyl
gketo acid (90%)‘- afd despropionyl fentanyl [6,7]. During acid hydrolysis
usedinuostdetectimtednﬁquesﬂmes-ketoaeldiscomertedto
despropionyl fentanyl [8]. T _

Femtanyl ‘citrate is used for intrave:nxs anesthesla and sedation in
huran and veterinary wsurgery. As such, it is readily available on a
prescription. basis; and is widelyusedinttusoomtry This ready
availablhtyhasledtofmtanylbeingusedinmcnnglbrses in attempts to
i.upxwetheirperfomanoe y

Control of the useoffmtanylmhorseshasbembasedontheuseofa
cmuercialradmimmssay(m)forthisdmg In this report, we outline
modifications to this RIA which increase the effectiveness of this test more
than 100-fold. This enhancement in sensitivity of the conmercial RIA makes
very econamical screening of post race sanples for Sublimase® or fentanyl
possible.

MATERIALS AND METHODS

Fentanyl RIA standard curves were constructed using kits (FEN-RIA-2009)
purchagsed fram Janssen: Life Sciences Products (Piscataway, NJ) as described
by the kit instruétion manual.

The Janssen 3H-fentanyl solution (50 ul) was plpetted into 3 ml conical
polypropylerie ‘ tubes, “then 50 pl of 30% methanol/water was added to all
except the fentanyl standard tubes. In duplicate, 50 pul of the fentanyl
standards, 30% _methanol/water serial dilutions of the Janssen stock fentanyl
solution (40 ng/&l.), were added to the standard tubes. Janssen kit assay
buffer. (3000 mg potassium phosphate monobasic, 3120 mg sodium ﬂmphate
dibasic dihydride, 200 mg -sodium azide, and 2000 my bovine serum albumin in
400 ml distilled water, pH 7.5) was added to total count tubes (800 pl),
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non-specific binding tubes (600 u1), maximum binding tubesg (500 1), and the
standard tubes (500 y1). The Janssen lyophilized antiserum was dissolved in
10 ml of the assay buffer; 100 ul of this solution was to the maximm
binding and standard tubes. 'metubeswerecamedandmixedmarotating
mixer for 2 hrg at room ‘temperature. The Janssen kit dextran-coatej
charcoal suspension (290'ul)msaddedtoal],'exceptthe total count tubes,
The tubes wergmtatedmnthersomngtmanterperamremﬂcmtrifugedat
6000x G for 8 min.

Products International, Mount Prospect, IL) was added to each vial which was
then vortexed. The samples were then counted 10 min on a Beckman (Arlington
Heights, I1) 1S 3801 Hggid scintillation counter. Standard curves were
also constructed using 1 I-fentanyl instead of 3H-fentany1.

Carboxyfentanyl-tyrosine methyl ester (TME) conjugate was prepared
accordjngtotheprécedureoflaiaxﬂnnnforﬂxeoonjugatimof
throwboxane B; to ™E [9]. Carboxyfentanyl (1 mg) was dissolved in 0.2 ml
of dimethyl formamide at 0° ¢ with 2 pl of triethylamine. Ethyl

- nitrogen. The productwaswrifiedbythinlayerdmtognmycnasilica
gel G plate using chloroform/methanol/acetic acid = 85:15:1 as the
solvent. The carboxyfentanyl-TME conjugate (Rf 0.62 moved ahead

in ethanol at -20° C. 7The yield was 80% with respect to carboxyfentanyl
(Fig. 1). .

The conjugate (0.3|ig)wasdisso1vedin50 ul of 0.5 M sodium phosphate
buffer pH 7.5. MA[1251] (300 ,q) in 31l of diluted sodium hydroxide was
added to the conjugate solution. ITodination was initiated by the addition
of 25 ,g ofdum:anﬂmwinsulofo.osusodmaplmpmtemffer, pH 7.5.
After305econdsthereactimwasteminatedbythe addition of 250 pg of

removal of gel by centrifugation, the labeled conjugates were stored in
ethanol at =200 c. 'Usially monoiodinated conjugate (lower Rf) was used for
radioimmmoassay (Fig. 1)3 . '
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FIGURE 1. Synthesis of 1251-fentanyl conjugate.

(1) Carboxyfentanyl-tyrosine methyl ester conjugate was prepared
reacting carboxyfentanyl with tyrosine methyl ester in the presence of ebhlyg
chloroformate in dimethyl formemide and triethylamine. Purification was by
thin layer chromatography. The yield was 80%. (2) The carboxyfentanyl-
tyrogﬁ methyl ester oconjugate was radioiodinated by reaction with sodium
iodide-1251 in the presence of chloramine T in 0.54 phosphate buffer pH
7.5. Purification was by thin layer chromatography, with location by
autoradiography. ‘

(1) PREPARATION OF CARBOXYFENTANYL - TYROSINE
METHYL ESTER CONJUGATE
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The 1251-fentanyl RIA method was the epa as the 3p-fentanyl method
except for the following modifications. The 1257-fentanyl stock solution
€160,000 cpm/S0 ul) was diluted with assay buffer to 10,000 cpm/50
ul, which amount was added to each tube instead of the entanyl,. The
Janssen fentanyl standard solutions were used, but required much further
dilution. The Janssen antiserum was diluted 1:15 with assay buffer; 100 ul
of the diluted antiserun was used, The dextran-coated charcoal suspension
used was 0.25% dextran T-70 (Sigma, St. louis, MO} and 2.5% Norit A Charooal
(Fisher Scientific, Fairlawn, NJ) in assay huffer. When urine sanples were
assayed, the standard solution was cmitted, only 450 ul buffer were added,
and 50 1 of the urine sample was added. A standard curve was ‘also
generated usify 30% methanol/water serial dilutions of the stock sufentanil
standard from a Janssen Sufentanil RIA kit with the 1257-fentanyl RIA method.




Mol

d

"AORC 89th & 40th Proceedings 146

Calculation of the data was by Iogit-log transformation of the o

values for each tube: :

where Bo = the maximum binding cpm minus the non-specific binding cpm, and
B = standard or sample cpom minus the non-specific binding cpm. Standard
curves were constructed by plotting the logarithmic fentanyl concentration
of each standard versus the corresponding L values, For the urine samples,
the fentanyl equivalent level for each sanple was calculated from the
standard curve for each run. K

MclNeil, Fort .

the 12§I-fentanyl method. Six horses were dosed with fentanyl citrate at
200 ug, 100 ug, 20 pg, 10 Hg, 2 ug and 1 ug/horse, respectively. Urine
sanplesweretakmbybladdercathetadzationpre—dose, and post-dose 1 hr,
2 hrs, 4 hrs, 8 hrs, 12 hrs and for every 12 hrs thereafter up to 96 hrs.
The urine samples were analyzed directly without extractions. Dilution of
samples, when necessary, was with assay buffer.

Urine samples from a horse dosed with sufentanil were also analyzed for
concentration of fentanyl equivalents using the 125T-fentanyl method. One
horse was dosed with 40 ug IV of sufentanil as sufentanil citrate (Sufenta
Injection,® Janssen, Piscataway, NJ) and urine samples were taken pre-dose
and post-dose at 1 hr, 2 hrs, 3 hrs, 4 hrs, 5 hrs, 6 hrs, 8 hrs, 24 hrs and
36 hrs. :

RESULTS

Use of the radio-iodinated analogue of fentanyl as the ligand in the
camercially available RIA testﬁmeasedﬁ:esmsitivityofﬁleassaym
than 100-fold. As shown in Fig. 2, the useful region of the immumnoassay
using the tritiated fentanyl as the radiolabelled ligand was in the area of
0.2 ng/ml. However, when the radio-iodinated analogue of fentanyl was used
the useful region of the immnoassay was about 0.002 ng/ml. This increased
sensitivity allowed detection of very small amounts of fentanyl administered
to horses, or conversely, the detection of pharmacologically effective doses
for very long periods.

Fig. 3 shows the oconcentrations of fentanyl equivalents detected in
equine urine after adninistrationofdifferentdesesoffentanyl. At a dose
of 200 yg/horse, concentrations of fentanyl equivalents in equine urine of
80 ng/ml were observed initially. ‘These concentraticns declined rapidly to
dbout 10 ng/ml in the first 4 hrs after dosing. Thereafter, the
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FIGURE 2. Standard Curves with {38] and 1257-pentany).

5 Standaxda:rvesmmtmctedusingtheJamsmFentanylm Kit with
H-fentanyl (@) and with 1251-fentanyl (o) as the labeled antigen. For the
1257-fentanyl RIA curves, thé Janssen antibody was diluted 1:15. The data
wascalmlatedbylogit—logtransfomtimarﬂplottedbylimarmgmssim.

COMPARISON OF *H-FENTANYL AND "“-FENTANYL RIA STANDARD CURVES

ng FENTANYL / TUBE

FIGURE 3. Apparent Urinary Fentanyl in Fentanyl Treated Horses.

MByubonMthelevelsoffentanylequivalettsinhorsesafterN
dosing with 200 ug/horse (0), 100 ug/horse (@), 20 ug/horse (A), 10 pg/horse
(a), 2 ug/horse (@), and 1 ug/horse (@). Fentanyl equivalents were

de}-:nennined by 1251-fentanyl RIA. All values represent single experimental
points.

URINARY FENTANYL EQUIVALENTS IN DOSED
(1V) HORSES BY '] RIA
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gen
sufentanyl which is about ten times as potent as fentanyl {10]. To test
whether of in

The solid circles (e-8) show apparent urinary fentanyl in horse urine
afterlugoffmbany_l IV. The open circles (0-0) show apparent urinary
fentanyl levels after 40 ug of sufentanil 1V.

URINE FENTANYL EQUIVALENTS FROM HORSES
DOSED WITH FENTANYL OR SUFENTANIL

E T T T T | T T T
[ 3
€ o6f | .
» ! @ FENTANYL 1 pg v
E | 1' O SUFENTANIL 40 pg v :
i
< 04} -
i
g -
| i
£ ot ;
= |w
LN . -
E " -\ow
o.0p 1 | I i t | i = i
0 < 8 12 24 36

HOURS POST-DOSE

Fentanyl is a typical ¥ narcotic agonist in the horse in that it
both locomotor activity and analgesia. These actions are
potentially useful in horses with subclinicallamenessa:ﬂcwldserveto

twmti.ethwntuxy.andtheseregtﬂaticns are enforced by chemical testing

[11]. i

Chemical testing for fentanyl in post race urines is difficult due to
the great potency of this drug [3]. Fentanyl is about 100 times more potent

T RTARSE Treg,
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'Ihenethodologyreportedinﬂ)ispapermkedlyincreasesthe utility of
the fentanyl RIA forroutinescreeningbemuseitmcreasesitsscopewhile
reduc_;ingitscost.mthefirstplaoe, because of the increased

sensitivity can be usedtodetectmullerammtsoftlﬁsdnaginurim.or
conversely, it can allow pooling of samples, and the simultaneous screening
of larger mmbers of sanples post race. Using this approach, for exanple,
itsl'mldbepossibletopooladay's (10-20) samples, screen them for the
presence of fentanyl, and then pinpoint the source of any fentanyl in a
second screen, if this is necessary.

ug/human. Based on those figures, therefore, it appears that a dose of
fentanyl - of 100 ug/horse would be unlikely to have any significant
pharmacological effect on a horse.

As well as being a very potent drug, the pharmacological actions of
fentanyl are short lived., The effects of fentanyl on locomotor responses
and pain perception, areoverwithinmehrofadninistrationofthisdmg,
although the effects on respiratory rate and temperature appear to last
longer [4]. It therefore appears likely that the effects of fentanyl on a
racing horse that would be of significance for performance effects are 1like
tobeoverwithinmehzofdosing,andcertainlywithin4hrsofdosing.

Based on this information, it appears reascnable that the smallest dose
of fentanyl likelytoproduceaneffectonaracinghorsewa.lldbe about 100
ug/horse, and that any clinical dose is ikely to produce a
pharmacological gfect by 4 hrs after dosing. There is, therefore, a very
substantial Ve of sensitivity in this modified radioirmuncassay, since
it can readily detect administration of doses of fentanyl of 1less than 1
Hg/horse and can detect this dose for at least 24 hrs after adninistration.
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event of a positive, each of the targeted day's individual samples can be
screened individually and the source of the fentanyl readily identified.
Using this methodology, one week's Post race urines could be screened for
fentanyl in one day. The only requirement for this screening is that the
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