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Radioimmunoassay for etorphine in horses with a I analog

of etorphine
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SUMMARY

To improve the sensitivity and specificity of screening
for etorphine in horses, an '**I-labeled etorphine analog
was synthesized and an antibody to etorphine was raised
in rabbits. A radioimmunoassay (R1a) for etorphine was
developed. using these reagents.

Bound and free *?*I-labeled etorphine was separated by
a double-antibody method that reduced interference from
materials associated with equine urine. The '**I-labeled
etorphine binding was rarely > 250 pg of background
etorphine equivalents/ml in raw urine and was. 100 pg/
mi in hydrolyzed urine. The '?*I-RIA was capable of de-
tecting etorphine equivalents in urine above these back-
ground values.

Etorphine equivalents were detected in equine urine
samples for about 7 days after 4 mares were dosed with
0.22 pg of etorphine/kg of body weight, 1v. The stability
of etorphine in urine from these mares: was evaluated.
Urine from these dosed mares was held in constant —20
C storage, and aliquots were repeatedly frozen and thawed.
When analyzed for etorphine equivalents using an '*I-
RIA, etorphine and its metabolites in urine samples were
stable for = 38 days if continuously frozen and also were
resistant to repeated freezing and thawing.

Etorphine (4,5-epoxy-3-hydroxy-6-methoxy-a,17-di-
methyl-a-propyl-6,14-ethenomorphinan-7-methanol), a
synthetic opiate derivative, is a typical morphine-like ag-
onist narcotic analgesic characterized by high potency (at
least 10,000 times the potency of morphine), rapid onset,
and short duration of action. In human beings, pharma-
cologic actions of etorphine are similar to those of mor-
phine, including subjective effects and euphoria, but differ
in having rapid onset and short duration of action.!
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In horses, etorphine in low doses (< 100 pg/horse) in-
duced stereotypic locomotor activity (circling) similar to
the response seen with other narcotic analgesics such as
morphine and fentanyl.? In horses in a stall, only 50 to
100 g of etorphine/horse induced a 10-fold increase from
random locomotor activity vs 5 to 10 mg of fentanyl/horse
to induce the same effect.® Approximately 100 to 300 mg
of morphine induced the same amount of locomotor re-
sponse in horses.?

Because etorphine induces locomotor stimulation at low
doses, etorphine may be 100 times more difficult to detect
than fentanyl and about 10,000 times more difficult to
detect than morphine. This high potency, along with the
locomotor-stimulation charaecteristic of narcotic analge-
sics in horses, makes etorphine a potential stimulant in
racehorses. Other narcotic analgesics have been used
widely as such. Use of these narcotic agents is illegal and
has created a requirement for sensitive tests to detect
these drugs in urine samples taken from horses after rac-
ing. Control of the illegal use of etorphine depends on the
availability of rapid, sensitive, and inexpensive screening
methods. The current method of choice is a radioimmu-
noassay (RIA).

A 3H-labeled etorphine Ria has been developed to screen
for etorphine in equine urine and has been used in a num-
ber of racing jurisdictions. However, equine urine con-
tains materials that cause high-background values in
immunoassays, which can cause problems in the screen-
ing of race samples. This “H-RIA has a relatively high
nonspecific background value, and when used with urine
samples, this background interferes with usefulness of
3H-RIA to detect low etorphine concentrations.* The pur-
pose of the study reported here was to describe a RIA for
etorphine, that would allow detection of small amounts
of etorphine in equine urine,

Materials and Methods

Preparation of succinyl etorphine—Etorphine-3-hemisuccin-
ate was prepared by reacting succinic anhydride® with etor-
phine. Etorphine HCI* (25 mg) was suspended in 4 mi of
tetrahydrofuran, to which 112 ul of 1N sodium hydroxide was
added with stirring at room temperature (25 C, Fig 1). The
suspension turned into solution after 10 minutes of stirring.
Succinic anhydride (11 mg) was added, and the reaction was
allowed to proceed at 25 C for 16 hours followed by refluxing

s Sjgma Chemical Co, St Louis, Mo.
b American Cyanamid Co, Princeton, NJ.
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Fig 1—Synthesis of etorphine-3-hemisuccinate. Elorphine was dissolved in
tetrahydrofuran {THF)/sodium hydroxide and was reacted with succinic an-
hydride.

for 1 hour. After the solvent was removed, the mixture was
purified by preparative thin-layer chromatography on a silica
gel G plate developed in chloroform/methanol (10:1), and 20 mg
of eterphine-3-hemisuccinate was obtained. Addition of a suc.
cinyl group was confirmed by infrared and nuclear magnetic
resonance analysis.

Etorphine antibody—Etorphine-3-hemisuccinate was conju-
gated to bovine serum albumin (Bsa) as described for throm-
boxane B2.* Briefly, etorphine-3-hemisuccinate (10 mg) was
dissolved in 0.6 ml of ethanol, and 5.4 ml of 0.02% sodium bi-
carbonate and 30 mg of BSA were added. 1-Ethyl-3-3-(3-dime-
thylaminopropyl) carbodimide® (50 mg) was added as a coupling
agent, and the mixture was stirred for 16 hours at 4 C and was
dialyzed against 1 L of saline solution for 48 hours with 3 changes
of saline solution. About 1 mg of the conjugate in 1 ml of saline
solution was emulsified with 1 ml of Freund complete adjuvant®
and was given scC tao ‘each of 4 rabbits at multipie sites across
the back. Booster injections were carried out at the same dose
on a monthly basis. One week after each inoculation, heparin-
ized blood was collected by venipuncture from the ear veins and
was centrifuged at 3,000 x g for 15 minutes. Production of the
antibody was monitored by evaluating the antibody's ability to
bind with '**]-labeled etorphine. Standard curves were used to
determine the sensitivity of each antibody. Antibody was ali-
quoted and stored at —20 C.

Radiviodination of etorphine—Because etorphine possesses a
phenolic group, radiciedination can be carried out directly (Fig
2). Etorphine HCI (1 pg) was dissolved in 50 pl of 0.5M sodium
phosphate buffer (pH 7.5) to which [*25T]sodium iodide? (300 uCi)
in 3 pl of 0.01N sodium hydroxide was added. lodination was
initiated by the addition of 25 ng of chloramine T* in 5 pl of
0.05M sodium phosphate buffer (pH 7.5) and was terminated

© Calbiochem, Bebring Diagnostics, Divigion of American Hoechst Corp, San
iego, Calif.

! Amersham Corp, Arlington Heighta, I11,

* Kodak Laboratory Chemical Co, Rochester, NY.
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Fig 2—lodination of etorphine. '2%-labeled etorphine was prepared by re-
acting etorphine HCI with [%1]sodium iodide in the presence of chloramine
T.

after 30 seconds of reaction by addition of 250 pg of sodium
metabisulfite in 50 wl of 0.05M sodium phosphate buffer (pH
7.5). The reaction mixture was extracted twice with 0.6 mi of
ethyl acetate. The organic layer was evaporated to dryness with
a stream of nitrogen. The residue was spotted on a silica gel G
plate (2 x 20 em) with chloroform/methanol/acetic acid (90:10:1)
as the developing solvent. The location of *2]-labeled etorphine
derivative was identified by autoradiography. The band corre-
sponding to labeled etorphine was scraped off the gel and was
extracted with 1 ml of ethanol twice. After the gel was removed
by centrifugation, labeled etorphine was stored at —20 C.

RIA of etorphine—The reaction mixture included 0.1 ml of
sample or etorphine standard, 0.2 mi of diluted antibody, and
0.1 ml of '**I-labeled etorphine (about 10,000 counts per min-
ute). All standards, antibody, and labeled etorphine were di-
luted in RiA buffer (0.05M Tris-HCI, pH 7.5 containing 0.1%
gelatin and 0.01% thimerosal®). All samples were run in dupli-
cate in 10 x 75-mm glass tubes. The incubation was allowed
for 90 minutes at 25 C. Separation of bound and free 125]-labeled
etorphine was achieved by 2 methods. In the first method, water
(1 ml) and y-globulin-coated charcoal (1% bovine vy-globulin,*
3% charcoal® in 200 pl of assay buffer) was pipetted into each
tube after incubation. Tubes were vortexed and allowed to stand
for 5 minutes at 25 C before centrifugation at 2,000 x g for 5
minutes. The supernatant (bound form) was pipetted into clean
10 x 75-mm glass tubes and was counted in a gamma counter.
When separation by a second antibody method was used, a 10-
fold diluted normal rabbit serum (20 w1} and 50 ul (0.5 U) goat
anti-rabbit y-globulin serum¢ (2nd antibody) were added, and
incubation was continued for another hour at 25 C. At the end
of the 2nd incubation, 1 ml of cold 0.05M Tris-HCI (pH 7.5) was
added to the tube, and tubes were placed in ice for 10 minutes
before centrifugation at 2,000 x g for 15 minutes at 4 C. The
supernatant was aspirated, and radioactivity in the precipitate
(bound form) was quantified in a gamma counter. Sample con-
centrations were calculated, using a Spline function to fit the
standard curve.®”

RIA sensitivity—Evaluation of assay sensitivity was con-
ducted by dosing 4 mares and monitoring detectable amounts
of etorphine equivalents, The !*5I-RiA was conducted on non-
hydrolyzed and hydrolyzed samples. Interassay precision was
not evaluated because of the small number of samples (< 100
tubes) assayed in each RiA run.

' LKB Instruments, Gaithersburg, Md. ; i

* Calbiochem, Behring Diagnosties — Divisien of American Hoechst Corp, San
Diego, Calif (1 U = amount that will precipitate the +-globulin in 200 wl of 2%
normal rabbit serum during 6 hours' ineubation at 25 C). .
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Cross-reactivity studv— A study of potential cross-reacting drugs
was conducted to validate the specificity of the antibody devel-
oped. Varying concentration solutions of morphine. thebaine.
codeine, diprenorphine HCl," and carfentanii' were used as sam-
ples and were run simultaneously with etorphine standards.

Urine sample backgrounds—Equine urine samples often con-
tain endogenous materials that cross-react with antibodies to
varying degrees in RlA systems. Postrace urine samples from
horses racing in Kentucky over a 7-month period were screened
to determine amounts of cross-reacting materials that were likely
to be detected by both ria. Equine urine samples were tested,
using “H-R1a’ tn = 301) and '*8I-Rria (n = 101). In each case.
nonhvdrolyzed urine samples were examined. Population dis-
tributions of background material in urine sampies were ana-
lyzed and fitted to various statistical functions. The function
offering the best fit was selected, and the probability of yielding
a background above certain values was determined.

Urine hydroiysis and extraction—Hydrolysis may be a method
to reduce background cross-reactants in equine urine sampies
tested for etorphine in RiA.* Postrace urine samples from 26
horses racing in Kentucky were obtained. Each sample was ali-
quoted on receipt and was stored frozen at — 20 C until analysis.
Urine samples 11 ml) were hydrolyzed with 2 ml of B-glucuron-
idase® iPatella vilgata. 2.500 U} in 1M sodium acetate buffer
'pH 5) for 3 hours at 60 C. Concentrated ammonium hydroxide
was added to each tube to adjust the pH to 9. After hydrolysis,
various organic solvent systems were tested for extraction. The
organic layer was separated and evaporated to dryness with
nitrogen, and the RIA was performed after dried residues were
suspended in RiA buffer. For routine work, a mixture of petro-
leumn ether/methylene chloride (2:1) was used for etorphine ex-
traction. Raw urine samples without treatment were analyzed
by the *5]-R1A.

Sample stability—Aliguots of diluted postdose urine (high
control) and predose urine (low control} from the 4 mares were
stored continuously at —20 C and were analyzed at various
intervals up to 38 days after initial freezing. The impact of
freezing and thawing on the stability of etorphine equivalents
in urine samples from the 4 mares also was monitored. Aliquots
of 6 urine samples were frozen at — 70 C and were thawed in a
25 C water bath. The freeze-thaw cycle was repeated up to 7
times before samples were analyzed using #°l-r1a.

Mares—Etorphine administration experiments were con-
ducted in 4 mature Thoroughbred and Standardbred mares (12
to 21 years old} weighing about 550 kg (X = 550.3 kg). These
mares were healthy and not pregnant. Mares that had been
used in previous studies had been dosed no closer than & weeks
before inclusion into the present study. These mares were kept
on pasture and were brought into box stalls 24 hours before
drug administration. Etorphine (0.22 pg/kg of body weight) was
administered as etorphine HCI' by rapid injection into the jug-
ular vein. Urine samples were collected by direct urinary blad-
der catheterization immediately before dosing and at 1, 2, 4, 6,
and 24 hours after dosing and each 24 hours thereafter for 10
days. These urine samples were aliquoted and stored frozen at
-20C.

Forensic study—In etorphine equivalent background studies,
forensic urine samples (1 sample/horse, n = 402), were collected
from horses after races under the supervision of the racing au-
thority in charge at the individual racecourse. Urine samples

b M50-50, D-M Pharmaceuticals, Rockville, Md.

i Wildnil, Wildlife Laboratories, Fort Collins, Cole.

i Cambridge Medical Diagnostics Inc, Billerica, Mass.

k John McDonald, Ilinois Racing Board Laboratory, Elgin, IlI: Personal com-
munication. 1986,

! M-99 etorphine, D-M Pharmaceuticals, Rockville, Md.

624

T T 1 T
o ) :,\ ‘7,;£i
¥ . 4

5 100 - :ée}__ﬂ::?—éo: L ﬁ%
T so0f S 4
=
2 eo \ 4
: ~
g ot \ o]
* 0+ T .

o H i i 1 L L L. I 1 L

2 4 8 18 32 64 128 1280 12800 128000

PICOGRAMS/TUBE OF CROSS REACTING AGENTS

Fig 3—Specificity of etorphine antibody. Selected compounds at the indi-
cated amounts (x axis) were incubated with etorphine antibody in the pres-
ence of '*l-labeled etorphine. inhibition of maximal binding by these
compounds is indicated (y axis). @ = etorphine; o = morphine; & =
thebaine: M = codeine, < = diprenorphine HCI: = = carfentanil

were then delivered to the Kentucky Equine Drug Testing Pro-
gram by a secure courier.

Results

Separation of bound and free *°I-labeled etorphine—
Preliminary experiments with iodinated etorphine and
our etorphine antibody revealed that high background
values of nonspecific binding developed in the presence
of equine urine. The charcoal method for removal of free
125].]1abeled etorphine gave unusually high background
values in equine urine, which would have interfered with
the accuracy of the test. Nonspecific background counts
from the charcoal method resulted in 27.5% of total counts,
whereas the use of a second antibody separation tech-
nique reduced the background counts to 1%. Therefore,
we altered the separation method, and used a second an-
tibody to precipitate the *?*I-labeled etorphine antibody
complex. When the test was modified, background values
were substantially reduced, and the test was sensitive
down to about 2 pg of etorphine added to the test systems.
In the '25I-RIA, cross-reactivity with other drugs was min-
imal. Morphine, thebaine, codeine, diprenorphine HCI (an
etorphine antagonist), and carfentanil did not induce marked
displacement of etorphine from this antibedy (Fig 3).

Background material in urine samples—Our experi-
ence with RIA of equine urine samples indicated that the
limiting factor in the efficacy of these tests was not the
sensitivity of the test, but rather the ability of back-
ground materials in equine urine to interfere with the
test. Therefore, we used 3H-RIA and 2°I-RIA to determine
etorphine equivalents in 402 urine samples collected after
races in Kentucky (Fig 4). Interfering background ma-
terials in the 125I.RIA are about half of those seen in the
3H-RIA (Fig 4). For example, only about 1% of background
values > 250 pg/ml was likely to be detected in the *°I-
RIA, in contrast with about 638 pg/ml for 99% of the back-
ground material in the 3H-RIA (Table 1).

Further reduction of background materials—Back-
ground values of 26 urine samples before and after hy-
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Fig 4—Etorphine equivalents of 402 horses racing in Kentucky.
A~—elorphine equivalents as determined by the *H-labeled etorphine Ria in
postrace urine of horses racing in Kentucky {(n = 301).

B~ etorphine equivalents in postrace urine samples, as determined by *251-
labeled etorphine ma (n = 101). Ail determinations were performed on
nonhydrolyzed urine samples.

TABLE 1—Percentage of background values below indicated values in
a radicimmunoassay (RIa)

Value (pgiml)
RIA < 05% < 99% < 99,99 Mathematical model
'H s 250 500 Erland distribution
1257 381 638 895 Log-normal distribution

The data of Figure 4 were analvzed, and the mathematical model giving the
best fit to the curves was selected. From this model, percentages of population
vaiues likely to be found below the indicated apparent etorphine values were
estimated.

drolysis were compared (Fig 5). Hydrolysis and extraction
reduced the background value by 50%, in the case of ethyl
acetate extraction, and even more in the case of petro-
leum ether extraction. However, recovery of etorphine into
petroleum ether after a single extraction was low (Fig 6).
Therefore, for routine work, a mixture of petroleum ether/
methylene chloride (2:1) for etorphine extraction was used.

"*I-RIA sensitivity—To determine '25[-Ria sensitivity,
4 mares were given etorphine at 0.22 pg'kg, and the uri-
nary concentrations of etorphine equivalents were mon-
itored. Etorphine was detectable in the urine of these mares
at above background values for about 5 days (Fig 7). How-
ever, after 6 days, urinary amounts of etorphine equiva-
lents were not distinguishable from background values.
Background values in the '*I-R1A in urine from mares
maintained on pasture averaged about 100 pg/ml, and
amounts < 100 pg of etorphine equivalents/ml were not
likely to be detectable in nonhydrolyzed postrace urine
samples. Test sensitivity also was determined in hydro-
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Fig 5—Effect of hydrolysis on background etorphine equivalents. Amounts
of apparent etorphine equivalents in 26 postrace urine samples were de-
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and extraction into ethyl acetate and petroleum ether.
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Fig 6-—Recovery of *H-labeled etorphine into ethyl acetate, petroleum ether,
and petroleum ether/methylene chioride (2:1).

lyzed urine samples. Hydrolysis reduced the amount of
background material in the system by about 50%, but left
detectable amounts of etorphine apparently untouched (Fig
8). In this way, hydrolysis increased the sensitivity of the
test, and etorphine was detectable in hydrolyzed samples
for about 7 days after mares were given 0.22 ug of etor-
phine/kg.

Interassay precision for high control standards in-
cluded in our routine assays was 13.3% count variation
(n = 15). Intra-assay estimates were not ‘available, be-
cause the test was used for routine screening in which
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Fig 8—Effect of enzymatic hydrolysis on urinary storphine equivalents.
O——0 = etorphine eguivalents {means) observed after hydrolysis of
these samples, and B—@ = nonhydrolyzed samples {mean). Data
points represent the mean of the data values obtained at that time. Dot-
ted lines represent etorphine equivalents in thesa samples before admin-
istration of etorphine and after apparent clearance of etorphine.

runs are short (< 100 tubes) and samples were uniformly
negative.

Stability of etorphine equivalents—Because postrace
urine samples containing etorphine are commonly stored
frozen and because such samples may be used for ref-
eree, reference, or other forensic purposes, knowledge
of the stability of etorphine in frozen urine samples is
of considerable interest. Aliquots of etorphine contain-
ing urine samples were stored at about —20 C, and
these samples were analyzed by RIA at various inter-
vals. Analysis of these data indicated that there was no
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Fig 10—Effect of repeated freezing and thawing on stability of urinary
etorphine equivalents. Sympols indicate effects of freezing and thawing
on urinary etorphine equivalents in 6 urine samples.

apparent decrease in the concentration of etorphine
equivalents in these samples over a 38-day period (Fig
9). Similarly, if these samples were subjected to re-
peated cycles of freezing and thawing, there was no de-
crease in the concentration of etorphine equivalents
detectable in the samples (Fig 10). Data indicated that
the breakdown of etorphine and etorphine metabolites
under freezer storage or repeated freeze/thaw cycles did
not occur for at least 38 days.

Discussion

Large-scale screening of racehorse urine samples for
etorphine is a logistic and technical challenge. Concen-
trations of etorphine in postrace urine samples may be
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low, and the occurrence of medication with etorphine also
is low. Equine urine also contains materials that inter-
fere in “H-RIA to give relatively high background values.
Because of these considerations, the speed and economy
of the test, as well as its sensitivity, are critical. If the
test is not economical and easily performed, then it can-
not be used on the large number of samples required for
random forensic screening. The test also must be sensi-
tive enough to detect the relatively low amounts of etor-
phine likely to be found in postrace urine samples.
Seemingly, the 125[-r1a represents an improvement on the
"H-RIA currently used for detection of etorphine in post-
race urine samples.

A major difference between the '2I-RIA and *H-RiA is
in the separation method. When the 25I-RiA was con-
structed using the charcoal method of separation, sub-
stantial amounts of iodinated material remained associated
with the urine sample. Therefore, we precipitated the
bound 125I-etorphine-antibcncly complex with a 2nd anti-
body and counted the radioactivity of the precipitated
complex. In this way, the confounding effect of 125]-]a-
beled etorphine remaining bound in the urine samples
was avoided, and the quality of the test was improved.
After these modifications. the '25I-RI1A detected about 20
pg of etorphine/mi in a standard curve, and cross-reactiv-
ity of the antibody with other high potency narcotics was
not detected.

In the °H-ria, the limiting factor in the efficacy has
been the amounts of background material detected by the
assay. In our laboratory, this background has had a modal
value of about 100 pg of etorphine/m! with occasional val-
ues of = 800 pg/mi. These background values can be a
problem if the amount of etorphine administered to the
horse was low, because amounts of etorphine detected after
administration of small doses of drug merge indistin-
guishably into this background valye Etorphine read-
ings on nonhydrolyzed urine samples, using the *H-gr1a
would be difficult to distinguish from background mate-
rial when the reading in the assay decreased < 1 ng/ml.*

Values of background material in the '2°L.R1A were
markedly lower than those ohserved in the *H-RIA. In 101
samples, about 99% of the background values were < 250
pg/ml, less than that observed in the *H-rIA (Fig 4). Be-
cause these assays were performed on raw urine, which
is the preferred mode for screening large numbers of urine
samples, this factor means that the '*5T-RIA was poten-
tially twice as sensitive as the *H-gia. This degree of sen-
sitivity may be advantageous for an assay that is
predominantly used in routine blind screening for small
amounts of illegal medication.

A technique that has been used to increase the sensi-
tivity of the etorphine assay by some workers is to hy-
drolyze the urine sample before the riA.* The rationale
behind this step is that hydrolysis and extraction will
allow etorphine to be separated from the background ma-
terial with which it is associated in an nonhydrolyzed
urine sample. Therefore, we hydrolyzed a series of pos-
trace urine samples and extracted them to determine the
effect of this step on the background material. To be ef-
fective, this step should reduce the amount of background
material substantially, but allow virtually complete re-
covery of free etorphine.

In nonhydrolyzed urine samples, amounts of back-
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ground material ranged up to about 95 pg/mi (Fig 5). In
hydrolyzed and extracted urine samples, amounts of
background materials were < 50 pg/ml. and in the case
of petroleum ether, the distribution was particularly com-
pact. Hydrolysis of urine samples reduced substantially
the amounts of background materials in these samples
and improved the efficacy of the RIA.

For hydrolysis to improve the efficacy of the Ria, the
recovery procedure must optimize the recovery of etor-
phine released by the hydrolysis procedure, while at the
same time reducing recovery of the interfering back-
ground materials. Therefore, we determined the ability
of different organic solvents to recover free eterphine. Re-
covery of etorphine by petroleum ether was low, even after
repeated extraction. On the other hand, ethyl acetate
readily recovered etorphine from our samples, but amounts
of background materials extracted into ethyl acetate can
be troublesome. Therefore, a combination of methylene
chloride and petroleum ether was used routinely for re-
covery of etorphine from hydrolyzed samples.

When used on raw or nonhydrolyzed urine, the 1251-g1a
allowed detection of etorphine in equine urine for up to
5 days after the last dose. For example, when 0.22 pg of
etorphine/kg was administered to 4 Inares, increased
amounts of etorphine equivalents were detectable in urine
samples from these mares for about 5 days. Initially, etor-
phine equivalents in the urine of these mares were about
35,000 pg/ml, in good agreement with information from
our laboratory.* Thereafter, urine values of etorphine de-
creased rapidly in the first few hours after dosing, to <
10,000 pg of etorphine equivalents/ml by 24 hours after
dosing. Thereafter, values of etorphine equivalents de-
creased slowly, with an apparent half-life of about 1 day,
to reach a value indistinguishable from background val-
ues by about 6 days after dosing.

The mean concentration of etorphine equivalents in these
mares was about 150 pg/ml, by 5 days after dosing, of
which about 100 pg/ml was background material, Al-
though these samples still contained etorphine at 6 days,
etorphine equivalents resulting from etorphine were no
longer distinguishable from background values. How-
ever, hydrolysis and extraction of the sample served to
extend the detection of etorphine equivalents contained
in these urine samples for 6 and 7 days after dosing, Hy-
drolysis acted to reduce the amount of background ma-
terials to about 50 pg/ml, and allowed the detection of
etorphine equivalents in these samples for another 2 days.
Seemingly, etorphine remained detectable as etorphine
equivalents in mares for at least 7 days after a 0.22 ug/
kg dose, and that after about 7 days, the values in an
average mare after treatment with these doses was ap-
proximately 10 pg/ml above background values.

Because some racing jurisdictions allow freezing of urine
samples, and referee samples are routinely held frozen,
it is useful to know the stability of etorphine and its me-
tabolites in frozen urine. Therefore, we froze aliquots of
urine from mares containing relatively low amounts of
etorphine equivalents and assayed these at various times
after freezing. A time-dependent reduction in values of
etorphine equivalents in samples from our dosed mares
was not observed for up to 38 days after dosing. Seem-
ingly, samples stored frozen were sufficiently stable to
allow storage and reanalysis.
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Another factor sometimes raised is the stability of drugs
during freezing and thawing. When a sample is stored
frozen and is thawed to allow aliquots to be taken for
analytic work, the freezing and thawing process may re-
sult in breakdown of the drug or drug metabolites. Etor-
phine equivalents in urine samples were not affected by
repeated freezing and thawing (Fig 10), supporting the
concept that referee samples can be stored frozen, and
can be subjected to repeated freezing and thawing with-
out suffering any marked loss of activity.

A RIA for etorphine in urine samples that uses '%°1-
labeled etorphine and an antibody to etorphine-3-hemi-
succinate was developed. This RIA can detect about 20 pg
of etorphine/ml in vitro. In urine samples, the test is ef-
fective down to about 250 pg/ml in nonhydrolyzed urine,
at which amount interfering materials in equine urine
begin to limit the *?51.riA efficacy. If the sample is hy-
drolyzed before analysis, the sensitivity of the test is im-
proved down to about 100 pg/ml. Using '*1-RIA, etorphine
can be detected for about 7 days after administration of
0.22 ug/kg to a mare if the sample is hydrolyzed before
analysis. Etorphine and its metabolites appear to be sta-
ble in frozen urine and also are not affected by several
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freezing and thawing cycles. Because the pharmacologic
effects of etorphine are over within = 12 hours of dosing,
125].RIA can be used to detect illegal use of etorphine in
racehorses.
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