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57 ABSTRACT

The invention relates to a method for hydrolyzing drug-
giuunmnicwidmnjugnmapmth body
fluids, the conjugates being derived from a narcatic

i i ist whose me-
Thcmthndwmwhmhmﬂnﬁn;thchndyﬂuldmplc .
at from abont 60° to about 70° C., for at least about 1 -
hour, with B-glncuronidase derived from Patella vul-
gmandmbmﬁaﬂymﬂmﬂnundﬂmufchm-
mﬁngrapﬁuuﬂmiqmﬂwﬂndntmﬁmofmhim
and iis analogues.

37 Claims, 7 Drawitg Figures
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* 1 -
DETECTION OF MORPHINE AND ITS

ANAL(]{‘UIS USIHG ENZYMATIC HYDROLYSIS -

BACKGROUND OF THE INVENTION

1. Field of the Invention -

Tl:lﬂprm: inmhmrehmtuamethodformpmv-
mgthcdntachmnfmrphmcmdmamlogummmm
malian body Muids, partlwlaﬂy in equine hody fiuids,
and especially in equine uriné and serum protein-free
filtrate, utilizing ﬂ-gluouronldasa from Patella vulgata
for glucuronide hjrd.mlm,

2.

Manydmgs,mcludmgthemmcma!mlcs are
metabolized by conjugation with glucuronic acid (Glu-
curonic Acid, Free and Combined, ed. G. 1. Dutton,
Academic Press, New York, NY., 1966, 88-116,
301-357 and 457-488). ]nhnmns,ms% of morphine
recovered from urine is in the ‘conjugated form [S. Y.
Yeh, J. Pharmacol. Exp. Ther. 192, 201-210 (1975); E. L.
Way et al, Pharmacol. R::w::d ?:3—446 (1960)]. b‘;h:
conjugated forin is not d mMOst assays;
ever, if the analytical procedure includes hydrolysis, the
concentration of detectable morphine in urine can be
enhanced. Indeed; J. T. Paytn:i&l Curr. Ther. Res. 13,
412-4167(1971), report that acid hydrolysis of human

urine samples increases the semsitivity for detecting
mutp‘ﬁme’ay‘both thm layer and gas-liquid chromatog-
raphy. -

hepq'furnndmmnrwﬂhmﬂurwtththcmeﬁ-
glucuronidase. When hydrdlysis is used for laboratory
analysis it ‘isually is acid hydrolysis, acids being less
vostly than enzyme preparations and requiring much

less time. F. Fish et al, J. Forens. Sci. 19, 676-683 (1974), 35

made a detailed stody of various conditions for hoth
acid and enzymatic hydrolysis of morphine glucuron-
ide. Those authors found ® wide variation in the po-
tency’ of B-glucuronidase, depending on the source.
Overnight incubation of addicts’ urine

8t 37° C. using B-glucuroniduse from Escherichia coli,
Hehxpmmh:eﬂammdbumuhvumnlwd

mm}ﬁwduuftheﬂwkpmplmmﬂhu
were conducted at 60° C. in an effort to reduce the
lengthy incubsation time, but failed to liberate more than
59 of the avallable morphine. The authors concluded
that the yield obtalned from enzyme hydrolysis was
disappointing to that for acid hydrolysis
(which gave 93% yield after 30 minutes); enzyme hy-
drolysis also required more stringent control of reaction
conditions. Moreover, Escherichia coli 8-glucuronidase,
e.g. Sigma Type 11 employed by Fish et al, is prohibi-
tively expensive for routine laboratory analysis.
There appear to be two.reports of enzyme hydrolysis
attempted at tem higher than about 37° C,
which predate Fish et al's work. Cox, Biachem. J. 71,
763-768 (1959) reported work done with S-glucuroni-
dase prepared from the visceral humps of the limpet
Cellana tramaserica. Cax studied the interaction of fac-
tors including pH, time, enzyme concentration and
temperature on the hydrolysis of phenolphthalein glu-

curonide, preparatary to a study of the optimum condi- 65

tions for hydrolysis of enzyme conjugates, and- among
other findings noted an increase in reaction velocity up
“to about 60° C., followed by rapid heat-denaturation of

Hydtolysis of the gluouronide metabolite in urine can 30

2
the enzyme. Experiments were conducted at 57° C. and

-37° C,, for | hour and 2 hour periods, at enzyme concen-' -
- trations of 0.1 mg/mL and 0.05 mg/mL, at pH'3.65't6 1

5.25. Cox apparently did not recognize the possible
significance of his elevated temperature work; there do
not appear to be reports of his extending his work to
hydrolysis of glucuranides other than phenolphthalein
glucuronide, ortoucthm'mymemum.'l‘hgmyme
source he employed is not available.

Vela et al, Clin. Chem. 14, 837-838 (1968) reported
one-hour enzymatic hydrolysis using Ketodase (a bo-
vine liver S-glucuronidase product of Sigms) applied to
the gasliquid chromatographic analysis of urinary
pregnanolone, pregnanediol and pregnanetriol. The
avthors indicated that an increase in concentration of
Ketodase to 4000 U/ml of urine at pH 4.5 with a 1 hour
incubation at 60" C. gave comparable results to those
obtained with a 24 hour hydralysis using 300 U/ml of
urine at 37° C. However, Fish et al, as discussed above,
in working with morphine glucuronide, were unable to
improve resulis by raising the temperatore; indeed, the'
lengthy incibation time could not be shortened and the
mmmmmwwma:m*amj
at 37° C.

The snail, Helix pomatia, has been examined as =
source of §-glucuronidase by & number of investigators.
Shackleton et ‘al, Clin. Chim. Acta 21, 105-118 (1968)
have reported use of crop fluid from Helix pomatio for
mzymaﬁchydmly&npnﬂofawchniqumobmin-'
ing a urinary newtral steroid profile analysis in adults
and infamts, Urine samples were adjusted to pH 35, 0.1
mL of crop fluid was added per 10 mL urine, the mix-
tore was incubsted at 37° for 24 hours, an equal quantity
of enzyme was added and incubation was continued for

& further 24 hours. The authors suggest that enzymatic
hydrolysis may be speeded up by increasing the enzyme
concentration. -

Houghton et al, Xenobiotica 9, 269279, used Helix

40 Pomatia juice in studies related to the metabolism of

anabolic stercids in the horse. Enzyme hydrolysis in-
volved incubating 30 mL wrine at pH 5 with 0.25 mL
Helix pomatia juice for 36 hours at 37" C,; the authors
suggest, -however, thatth:'nydmlym may have been
incomplete,

Truhaut et al, C. R. Acad. Sc. Paris, Ser. D 275,
877-881 (1972), used Helix pomatia for enzymatic hy-
drolysis at 37" for 24 hours; subsequent gas chromatog-
raphy, both before and after silylation, was then used to
ditect heroin and its metabolites (e.g. morphine) in the
urine of drug addicts.

Predmore et al, J. Forensic Sci, 19(3), 481-489 (1978)
used acid hydrolysis and enzymatic hydrolysis with
Helnrpmnnﬁaohtmmdﬁnmcﬂhmhmfmthcm
ery of morphine from dog urine. The authors suggest
that it may take considerably longer than 16 hours to
enzymatically abtain resnlts comparable to acid hydro-
lysis (about B0% recovery obtained after 40 hours).

A number of investigators have studied the properties
of f-glucuronidase obtained from the limpet, Parelia
vulgata. This marine mollusc has been recognized for a
number of years as a rich source of both arylsulfatase
and S-glucuronidase. Levvy et al, Biochem. .J, 635,
203-208 (1957), found the visceral hump of this limpet
to be exceptionally high in B-glucuronidase activity in
comparison with most animal tissues, and indicated that
Patella vilgata may he ane of the best sources of this
enzyme for use in the hydrolysis of steroid glucuronides
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-+ in urine. The authors warked at 0° and 37" C. at varions
-pH's'and found the 'optimum conditions for enzymatic
hydrolysis of phenolphthalein glucuronide to be 1 hour
at 37° C. and pH 3.8. See also Glucuronic Acid, Free and
Combined, ed. G. J. Dutton, Academic Press, New
York, N.Y., 1966, 301-357; Fishman,Adv. Enzymoal.,
361-388 (1955); Stitch et al, Nature 172, 398-399 (1953);
Dodgson et al, Biochem J. 55, 253-259 (1953). Dodgson
et al, who studied a varicty of marine molluscs, reported
an optimum pH of 4.0 for P. vulgata in p-chlorophenyl-
glucuronide substrate, and found that activity of the
enzyme preparations increased 7 or § times by raising
the imcubation temperature from 10° to 37.5° C.

Wakabayashi et al, J Biol - Chem. 236, 996-1001
(1961) studied the comparative ability of various §-
glucuronidase preparations, namely beef liver, Escher-
ichia coll, Helix pomatia and Parellg vulgata, to hydro-
lyze certain steroid glucosiduronic acids. The hydroly-
ses were conducted at 37° C. for 1 hour at various pH
levels; then, the time course of hydrolysis for each en-
zyme preparation and substrate was measured at its
optimal pH. No one enzyme preparation was found to
be uniquely superior with regard to efficiency of hydro-
lysis of all substrates studied. Compare Fish et al’s more-
recent comparison of S-glucuronidase from the same
four sources in hydrolyzing morphine glucuronide dis-
cussed hereinabove.

Not & great deal of work has been done in the past
which has utilized hydrolysis of body fluids other then
urine in attempting to improve the detection of drugs
therein. Berkowitz et al, Clin. Pharm. and Ther. 17,
629-635 (1975), have reported acid hydrolysis of whale
human serum in an autoclave; conjugated morphine
levels were found to be below free morphine levels
following intravenous administration until 2 hours post
dosing, with a maximum ratio of canjugated to free

5

drug of 3:1. Acid hydrolysis at such elevated tempera- -

tures, however, denatures serum proteins, which could

trap some of the morphine; such hydrolysis itself may 4

also destroy some of the morphine,

Sensitive and reliable detection, and often guantita-
tion, of morphine and its pharmacologically active ana-
logues are important in many forensic, medical and
other laboratory situations, such as in the diagnosis of
narcotic abuse (e.g. in connection with parole viola-
tion), in investigations into canse of death and in the
detection of illegal administration of such compounds in
race horses or dogs. Indeed, because the narcotic-anal-
gesics and related ¢ arc often nsed in cquine
medicine to control pain and occasionally for their cen-
tral stimulant sctions, the wse of these drugs in perfor-
mance horses is usually prohibited. Unfortunately, the
ddecﬁnumﬂthiahmofmnrphmnandrh&am—
logues in equine body fluids, especially urine, are com-
plicated by several factors. In the first place, the dose of
drug given to a horse may be relatively small (e.g, 0.1
mg/kg or smaller in the case of morphine). Secondly,
equine urine contains large amounts of mucus (from

45

50

55

goblet cells in the epitheliom and compound tubular 60

glands in the mucous coat of the equine renal pelvis)
and glucuronide derivatives of ather compounds (e.g.
steroids) which forther interfere with the recovery of a
drug such as morphine or its glucuronide metabolites
from horse urine. In fact, urine from a harse is amang
the most difficult biological fluids in which to reduce
contaminants adequately when attempting very sensi-
tive assay methods.

65

4

. As indicated above, most morphine is excreted bound ;s
&s the glucuronide. Uncoupling of the morphine irom .
its gluouronide by hydrolysis can, therefore, markedly. -

increase the concentration of detectable morphine,
which may be crucial when screening for the low con-

centration of morphine which may-be administered to a

horse. (The same would hold true far screening for
other narcotics whase metabolism includes conjugation

with glucuronic acid.) Moreover, since acid hydrolysis .

generally increases nonspecific contaminants in speci-
mens [Frey et al, Clin Chim. Acta 51, 183-190 (1974)}, it
would appear that cleavage from the glucnromde
would be best achieved enzymatically,

SUMMARY OF THE INYENTION

In view of the foregoing, it is apparent that a serious
need exists for an improved method for detecting mor-
phine or an analogue thereof in mammalian body fluids,
particularly in eguine body fluids, using enzymatic hy-
drolysis, and it is an object of the present invention to
provide such a method. The invention thus provides a
meﬂmd for hydrolyzing drug-gluocuronic acid conju-
gates in a mammalian body-fluid sample, the conjugatss
being derived from a narcotic analgesic, antagonist or
agonist-antagonist whose metabolism includes conjuga-
tion with glucuronic acid, which method comprises
incubating the body fluid sample at from about 60° w
about 70° C,, for at least | hour, with S-glucuromdase

derived from Patella vulgata. This method substantially

increases the sensitivity of chromatographic techniques
for the detection of morphine or an analogue thereof in
mammalian body fluids, particularly in urine and

- plasma, and most especially in urine and serum protein-

free filtrate,

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plot showing the effect of increasing mcu-
bation pH on the amount of urinary morphine (in
ng/ml) detected after hydrolysis by S-glucuronidase
from Patella vulgata;

FIG. 2 is a group of four plots showing the effect on
the amount of urinary morphine (in ng/mL) detected
after hydrolysis by §-glucuronidase from each of four
sources, namely, from Helix aspersa, Helix pomatia,
Glucurase ®) and bovine liver, with increasing incuba-
tion time, at three selected incubation temperatures;

FIG. 3 is u plot showing the cffect on the amount of
urinary morphine (in ng/ml.) detected after hydrolysis
with S-glucuronidese from. Patella vulgara, with increas-
ing incubation time, at four selected incubation temper-

atures;

FIG. 4 is a plot showing the effect of increasing incu-
bation temperature on the amount of vrinary morphine
(in ng/mL) detected after hydrolysis by Pareliz vuigara
B-glucuronidase;

FIG. 5 is a group of six bar graphs illnstrating the
ability of B-glucuronidase from each of five sources
[Parella vulgata (PV), Helix pomaria (HP), Hellx aspersa
(HA), Glucurase (@ and bovine liver (BL)] to hydrolyze
each nfnxdru,g ucuronide complexes (those of apo-

humrphmd hydromorphone, nalbuphine,
mymorphone pentazocine) in terms of spot sizes on
thin layer chromatography (TLC) plates following |
hour incubation;
FIG. 6 is a bar graph showing the effect of jB-
glucuronidase source on the degree of hydrolysis of six
drug-glucuronide complexes, in terms of average scores
of TLC spot sizes; and

wmraa
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5
. FIG. 7 is a plot showing the effect of Patella vulgara

.+ hiydrolysis-on morphine levels of -

B-glucuronidase
serum protein-free flltrate (in ng/mL).
DETAILED DESCRIPTION OF THE
.. INVENTION

Patells vulgata B-glicuronidase for use in the present
invention can be derived from the common limpet Fa-
tella vulgata in known manner. See, for example, Levvy

et al, Biochem. J. 65, 203-208 (1957). Preferably, how-
ever, the enzyme is conveniently obtained from a com-
mercial source. Patelle vulgata Type L-II from Sigma
Chemical Co., St. Louis, Mo. 63178 has been found to
be particularly useful. This crude lygphilized powder,
having B-glucuronidase activity of 1,000,000
2,000,000 units per gram solid at pH 3.8 and also having
sulfatase activity (inhibited by 0.1 M phosphate), is
typlmllynmrzdinadubmtorﬂ—?ﬂ'clmediawl?
prior to use, the lyophilized sample is weighed and
dissolved in distilled, de-ionized water to the desired
concentration (e.g. 5000 U/mL) with care to protect
hath the and reconstituted forms from direct
light. It is possible to reconstitute the' enzyme extract
more in advance of use, but some loss of activity ocours

hydroxyl
with glucuronic acid in vivo to form the drug-glucu-
ronic acid conjugate (also referred to as the gincuronide
or glucuronide complex); hydrolysis of the glucuronide
frees the drug, which can then be detected by chro-
matographic methods, e.g. thin layer or gas-liquid chro-
i ic tet Morphine is a primary exam-

Nevertheless, it is not necessary for the drug to bear 49

a hydroxyl substituent if the metabolic pathway of the
drug includes conversion to a free hydroxy-containing
metabolite which then reacis with glucuronic acid in
vivo to form a glucuronide complex. Heroin (3,6-diacet-

10

yhnmphﬁm)isaucrywdl-km\m?nmhofldmgofﬁ

this type; two of its major metabolites are 6-manoacet-
ylmorphine and morphine, both of which are conjo-
gated with glucuronic acid in vivo. Thus, for example,
analysis of urine samples from heroin addicts ultimately

involves detection of morphine present in the samples as 59
administration. Note

2 means of detcrmining heroin a
Truhaut et al, C. R. Acad. Sc. Paris, Ser. D, 273, 877-881
(1972); Payite et al, Curr. Ther. Res 13, 412-416 (1971).
The drugs contemplated for detection by the instant
process thus inclnde morphine and its pharmacologi-
cally active enalogues which are metabolized by conju-

tered drug (whéther such metabolites are themselves
generally nized as “drugs” or not). It will be ap-
pmmtmthmcak!llnﬂhlhcmmnth.thcmofld-
ministration of & drug which must be metabolized 1o a
species that can be conjugated with glucuronic acid, it
* will be that metabolite which will be freed by hydroly-

55

-&:g.‘by chromatographic analysis. - = == ;
Morphine, which has the structural formula «uesfsn st on

6

sis according to the invention and ultimately deteotedsr «t wesig Lo s oam

N

N——=CH3s

HO o oH

is a potent narcotic analgesic which is principally used
to relieve pain; it is also used in the dyspnea of heart
failure, in pulmonary edema and cough, as a sedative
and in the control of diarrhea (chiefly in the form of a
paragoric). Morphine causes both depression and stimu-
lation in the central nervous system and the gut.

The morphine molecule hes heen subjected to a vari-
ety of structural modifications in efforts to enhance
selected properties and/or to decmphasize others, as
well as 1o produce drugs which actually antagonize the
affects of morphine and other opioid analgesics. Such
efforts have led to the development of a variety of
classes of chemical compounds, such as the class of

ine analogues whose structures are very closely
allied to that of retaining both the phenolic

while the methyl on the nitrogen atom with a
larger alkyl or similar side-chain has afforded both mor-
phine analogues which are relatively pure opioid antag-
onists (¢.g. naloxone and naltrexone) and are used in the
treatment of narcotic-induced respiratory depression
(overdose), in the diagnosis of narcotic addiction and in
lhepmphyluisot‘mmoﬁcabumnd morphine ana-
logues which are -gannt-utasonm (eg. buprenor-

pases for which the relatively pure antagonists are used.
lnthchommanyufﬂmedrmmmdhthdr
ceniral stimulant actions.

Yet other structural modifications of the morphine
malecule have resulted in codeine and its analogues;
methadone and related compounds; and meperidine and,
related compounds such as profadol. Also see, gener-
ally, Pharmacological Basis of i
man and Gilman, sixth edition, Chapter 22, “Opioid
Analgesics and Antagonists”, by Jaffe and Martin, pp.
494-534 (MACMILLAN PUBLISHING CO., INC,
New York, 1980); Cutting’s Handbook of Pharmacology,
gixth edition, ed. T.Z. Cziky, M.D., Appleton-Century-
Crofts/New York, Chapter 50, pp. 551-571:

i i caontem-

anslognes
plated by the invention include moxphine-like
analgesics such as hydromorphane, levorphanol, her-
oin, ocodeine, etorphine, metopon and oxymorphone;
and narcotic antagonists and agonist-antegonists such as
buprenorphine, diprenorphine, butorphanol, cyclazo-
cine, pentazocine, phemazocine, levallorphan, nalor-
phine, naloxone, alazocine, nalbuphine, oxilorphan,
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“ nalmexone and naltrexone“Other analogues contem- Rk

deine, profadol, cyclorphan, cyprenorphine, apomor.

phine, desomorphine, dihydromorphine, 3-hydroxy-N-
methylmorphinan, levophenacylmorphan, metazocine,
norlevorphanol, phenomorphan, pholcodine and hy-

droxypethidine, 10
The structural formulae for representative morphine HO
analogues contemplated by the present invention are set
forth below:
ﬂurphivt.
diprenorphine
hydromorphone
heroin
CH3
H;COC—0 © o—cocHy -
pentazocing - /CH\
CHyCH=C
@ N Neits
CH;
65 CH3

HO




nalbuphine
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55

65

HaCO 0 OH

At the present time, morphine, apomorphine, butor-
phanol, hydrmuar;:honn. nalhuphine, axymorphone,
pentazocine, etorphine, diprenorphine, nalorphine, lev-
orphanol, buprenorphine and heroin are compounds
whose detection in the harse in accord with the instant
invention is of particolar interest. .

In accord with the present invention, it has now been
surprisingly found that Patella vulgata B-glucuronidase
can be advaniageously employed for hydrolysis of
mammalian body fiuid samples at 2 temperature of from
about 60° to about 70" C., preferably of 65° C., which,
are far warmer conditions than the commonly used 37°
C. The sea coast babitat of the commen limpet would
not lead one to expeot the presence of such & tempere-
ture-resistant enzyme. .

Because of the high activity found for Patellz vulgata
B-glucuronidase at the bigh temperature just men-
tioned, it has been found that the incubation period can
be considerably shortened from the times commonly
reported in the literature. A time period for incubation
of at least about 1 hour is generally recommended,
usually from about 1 to about 6 hours, preferably from
about 1 to 3 or 1 to 4 hours. An about ane-hour incuba-
tion is often highly satisfactory if only qualitative results
are needed, the hydrolysis being about 60% complete
after that length of time. However, an approximately
three-hour incubation is considered optimum and al-
lows quantitation of the drug administered. Increasing
the incubation time beyond about 3 hours does not
greatly increase the amount of drug liberated. These
short times make the instamt enzymatic hydrolysis much
more useful for routine laboratory testing than was the
case in the past. Preferably, the commercial Iyophilized
P. vulpara powder is combined with water to form a
solution having 5000 U of S-gincuronidase per mL and
then is preferably employed in an equal volume with the
sarple o be analyzed. A pH range of 4.5 to 5.5 is gener-
ally preferred, with pH 5 being optimal. Also, while
5000 U of enzymeé per mL of body fluid is highly ac-
ceptable, higher or lower enzyme concentrations may
be selected depending on other process variables such
as the particular incubation time and temperature em-
ployed and the suspected concentration of glucuronide
in the sample to be analyzed.

1t has recently been found that the addition of 5000 U
of bovine liver 8-glucuronidase per mL of equine urine
enabled increased detection of morphine in the urine for
up to about 120 hours after horses were intravenously
dosed with 0.1 mg of morphine/kg of body weight,
although total urinary excretion of morphine and its
glucuronide peaked at 1-2 hours after dosing [Combie
et al, Am. J Vet. Res. 42, 1523-1530 (1981)]. Combie et
al further found that the ratio of the amount of mor-
phine released by A-glucuromidase to the amount of free
morphine in the urine is dependent on the time elapsed
from drug administration, increasing steadily to a peak
at 9 hours after dosing. While hydrolysis with F. vulgata
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1
B-glucnronidase in accord with the present invention i X .
described below. for urine samples obtained rns .;5 Eymt“- a well-known measurement for enzymatic: aety-
fuinutes to 12 hours after dosing, it is apparent that the IO .

instant hydrolysis should improve deteotion of mor. ~ MORPHINE GLUCURONIDE EXPERIMENTS -

phine and its analogues even in urine samples obtained 5 Materials and Mathods

t i bi i ini
al considerably longer periods after drug administra. For all analyses,a Model 3700 885 chromatograph -

tion, e.g. up to about 120 hours, with at least aboui

threefold fold increase being obtained for mken  poiped with & SNi olectron-capture detector (Varian
a0 1o Shost %6 hounm al jm“"'l’lﬁ" ®0 Instruments, Sunnyvale, Calif. 94086) was ugad, The

The optimum amount of time after administration at 10 Getsotor was o a1 290" C. Separations were done
hi ; . on a 1.B mx 2 mm silicani olumn packed
thech to k. f&mﬁﬁ;”%ﬁ sty WIth S 225058 on 100130 Snmn (Supeioo, Ine.
route of administration of the drug ﬁwen wﬁ.lf l.h: olihoic, B 16;323)' b e - apciaiare: we
particular pecies of animal and drug involved. It hag 250 ¢ The o C,2nd tho et Iompecsiume o1
been fnu?ltlll. for example, that intravenous dosing of !5 nitrogen, was 30 mL/minute CHTIET gas, pre-puntied
e e S e o e e o s
between § minutes and 12 hnur::ost dosmg." i hyﬂi?:g :Immumlitwmri:t mm; s ey of a0
. . 3 s ; w Y were housed in b L
e o E ol S U e B 2
ft;jlf:! increase in free morphine levels. Little or no mor- ::::mm were collected by bladder ca "
p Ln: glm:ur_midgf Wwas observed 48 litoﬁu:! ﬁyﬂuﬁng ,g,gﬁ)mmd:u from five sources (Pateila wigat
: urine samples WOre  (Type L-IT), Halix (Type HA-4), Helix

con ¢ thes x aspersa (Type ), Helix pomang
convenien obtaining samples of other body fluids, 25 (Type H-1), bovine liver (Type B-3), and Glucurase @]

ltucxpwm!thuunmnmpluwﬂlmmtn&cnbeu- was obtained fr

. o Sigma " s,
lected 1t:‘::r hydrolysis according to this invention, How- 63178 Al except the G]ucm@cuw:f: }Lam;lhti;
ever, eappllcahiﬂtyofthcmshmpmcemtﬂother powders. The fromﬁpomﬂaand!;fopmm

lnghndyﬂuiduucha.sblmdnrplmﬂmpiuhm— stared in a desiceal
F : ‘ tor at —20° C,
cord with the present Ivention, proteins present in Dichloromethane and acetate “Om
thatmmpluufﬂlcmguhaeutheap.pmﬁmau}yﬂfm 35 niSolve” puri mc?uﬁuimm;m:m.
- L . —

rialshaving_mnla:thwaighuabweliﬂ,ﬂllﬂcmul- fmwrﬁchnmpiuwarccalhmmnﬂnummm—
tantﬂ]h:msoomdcredtobcprmem-frne.althmgha ing.Themnphawcreszmdh:pu&mvmecanum:rs
mﬂpmmﬂgeofprotdnmybepmmthmhllf at —20° C, until analyzed.
duimd,nfmertaruuﬁilaunedmigmdtorcmwe Immediately before an experiment, the lyophilized
materials having molecular weights above 25,000 could 50 B-glucuronidase samples were weighed and dissolved in
b:uaadmfnrﬂmrreductthemnumofmteinlcﬂin distilled, de-jonized water, with care to protect both the
the serum. Also, there are many alternate methods powdered and reconstituted forms from direct light.
known for preparing protein-free filtrates which could For the stability study, the reconstituted 2. vuigata en-
be employed, eg. addition of acid to the sample to zyme was-stored at 4° C. for the duration of the expen-
precipitate the protein, or addition to the sample of & s5 ment. The Glucurase (B) solution was nsed as obtained
solvent capable of precipitating protein. Such pretreat-  from the manufacturer,
ment of samples to remove protein is unnecessary in the Typically, after urine sampies were adjusied to the
case of urine. : desired pH with glacial acetic acid, 100 pL of urine, 100
In order to illustrate more fully the characteristics pL of enzyme solution, and 50 uL of water were mcu-
and advantages of the present invention, the following 60 bated in l-mL sealed, glass ampules in a waterbath.
experimental procedures and results are given, Haw- After hydrolysis, 50 uL of the solution was analyzed 2s
ever, it is to be understood that the description below is detailed by Combie et al, Am. J. Ver. Res. 42, 15231530,
by way of illustration only and is not to be construed as (1981). The urine, adjusted to pH 8.9 by adding 0.5 mi -
Iinﬁﬁngfheinvmﬁmeﬂherinspiﬁtorlumwnammy of the carbonate buffer, was ¢xtracted with ¢ ml of
modifications both in materials and in methods will be 65 dichloromethane/isopropancl (9/1 by volume) ang
apparent to those skilled in the art. In the description  centrifuged, and the organic phase was allowed to drip
below as well as in the foregoing discussion, the abbre- through silica gel (Silic AR @ CC-7 Special) columns.
viation “U" has been employed to designate Fishman  The columns were washed with five 2-mL aliquots of

e Gy
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ethyl acetate/methanol/glacial acetic acid (8/1/1 by
volume). Morphine was eluted from the columns with 2
ml. of ammonia water (2 drops NH4OH per milliliter of -
water) and exiracted into 4 mL of dichloromethane/iso-"
propanol (9/1 by volume). The solvent was transferred 5
into 15-mL conical glass tubes and evaporated under a
stream ‘of nitrogen. The morphine was derivatized by
adding 25 L of pentafluoropropionic anhydride to the
residue. The capped tubes were incubated for 25 min-

utes at 65° C. Excess reagent was then evaporated under 10

a stream of nitrogen, The residue was redissolved in
%ﬂﬁpdehylncdntcmdnz-pLahqnntm
injected into the gas chromatograph. The retention time
for.the derivatized morphine was approximately 1.6 s
minntes. :

'RESULTS AND DISCUSSION

ﬂﬂlmnmmﬂumthnﬁ\'cmwasumed
for optimim conditions for hydrolysis of morphine
glucuronide in equine urine.

Thcﬁrutvannhinhtn:hniw&spﬂl?anhumcmple
collected 12 hours after dosing was incubated for 24
hours with (per milliliter of sample) 5000 U of -
glucuronidase from each of the five sources at different
pH values. FIG. 1 shows an example of the series of pH 23
vs activity curves, in terms of morphine released. In
each case, variation of pH by 0.5 unit on either side of
the optimum made no' difference in free mor-
phine vield. Table 1 below compares the instant results

with the manufacturer's recommended pH, as deter- 30

mined hy the activity of the enzyme on phenclphthalein
glucurcmide. The only significant difference was for P
vulgata, for which the recommended pH was 3.8, as
camipared with pH 5, which as can be seen from FIG. 1,

gavethchlghmtmeldoffmemnrphmcmthnpmt L}

tests.
- ; TABLE |
—Optimum pH Studies -
Tohs Tmf
B-Gluouronidase _.' glucuronide glucuronide
Pagelfn vulgata 38 ©s5D
Helix aspersa 50 4,5
Halix pomatia 5.0 4.5 45
Glucurase @ 50 55
5.0 50

Afver optimum pH's were determined, B-glucuroni-
ples for 24 hours at'37° C. at the optimum pH for each
preparation. It was found that the jons differcd
substantially. in their ability to free morphine from its
Elucuronide conjugate. Five thousand units (U) of 8-

from P vulgata released an average of 55

1205 ng of morphine per milliliter of urine; under the
same conditions, Helix aspersa B-glucuronidase freed
965 ng, Helix pomaria 893 ng, Glucurase ) 949 ng
and bovine liver 320 ng. Enzyme preparations which
were effective in-5000 U concentration were not found
tu be substantially more effective at 25000 U, for exam-
ple, for the P. yulpasa preparation, incressing the
amount of B idase from 5000 to 25000 U in-
creased the yield by only 10%. In contrast, an initial
poor activity such as that exhibited by the bovine liver
extract was inoreased dramatically, about three times
moare morphine being freed when the enzyme concen-
tration wias quintupled. (Use of such large amounts of

&0

63
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Teagent is, however, prohibitively expensive ‘when- - g,

_ screening large numbers of samples on & daily basis.) — o
. FIGS, 2 and 3 show the effect of temperature on

reaction rate and yield of free morphine. Urine col-

lected 50 minutes after dosing with morphine was ad-
Jjusted to the optimal pH for each enzyme preparation
and incubated with 5000 U of 8-glucuronidase per milli-
liter of urine. For all enzyme preparations except P
vulgara, 55° C, was found to be the optimum tempera-
ture. Generally, the rate of reaction had begun to level
off by 4 hours. Assuming that a 120 hour incubation at
35° C. would give a 100% yield of free marphine, after
a 6 hour incubation at 55° C,, the reaction of the enzyme
preparation from H. pomatic was 99% complete, 89%
for H. Aspersa, 619 for Glucurase (@) and 36% for bo-
vine liver. The enzyme from P. wulguic was able to
withstand 65° C., but its activity was attenuated at 75°
C. FIG. 4 illustrates the temperature ranges within

X which P. vulgata liberates the most morphine.

Because in general the reaction rate will double with
each 10° C. increase in , & reaction will
arrive at the same endpoint in half the time if the tem-
perature is increased by 10° C. {up to the point at which
the enzyme is denatured by too high temperatures). The
ability of P vulgata B-ghicuronidase to give highest
yields of morphine at 10 degrees higher than the tem-

at which the other enzyme ions have
been found to function effectively (and very substan-
tially higher than the 37° C. temperature commonly
used in the past), substantially shortens the incubation
time. After a 3 hour incubation at 65° C. of urine with
the enzyme from P. vulggts, the urine was found to
contain 35-fold more frec morphinc than without hy-
drolysis. Assuming incubation at 35° C. for 120 hours
gives 100% recovery of free morphine, in the case of
the P. wuigare enzyme the proportion of free morphine
recovered was found to be essentially the same for incu-
bation at 35° C. for 24 hours, as for 45° C. for 12 hours,
55° C. for 6 hours, or 65° C, for 3 hours. Table 2 below
shows the amount of morphine liberated from equine
urine incubated with the Patello valgata B-glucuroni-
dase preparation at 65° C., as a function of incubation
time, '

TABLE 2

Effect of Incubation Time
on Liberated by P F
Incubation Period
{hours) Morphine (ng/ml)
2505
2982
3491

3674
3957

ut 65* C.

oo e

¥

Table 3 lists the 1981 cost of B-glucuronidase from
each source for the analysis of 0.5 mL of urine, based on
5000 U of enzyme per milliliter of urine and the amount
of morphine liberated from 1 mL of urinc after a 24
hour incubation at 37" C. From these data, u cosi-effect
ratio was calculated. The enzyme preparation from P.
vulgara cost 6.7¢ to Telease 1 pg of morphine from its
glucuronide; 33.1¢ worth of bovine-liver extract was
needed 10 hydrolyze the same amount of morphine
glucuronide.
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TARLE 3 -

Cost-Effect Ratios of Hydrolyses
Morphine, Cast-Effect
mg/L

SOMNCE matio, &g
Batella wlpale Bl 1,205 6.7
Helix aspersa T3 0.965 T8
Glucurase @ 200 D949 2Ll

- Helix pomalio 10.6 0.734 144
Bovine liver . 10.6 0.320 kxR

To asceriain the stability of the reconstituted enzyme
extract from P. vuigara, 2 5000 U/mL solution of same
in distilled, de-ionized water was stored at 4° C., using
aliquots of this solution for analyses of a split sanmlc.
(stored at —20° C.) on successive days. No change in.
enzyme activity was observed for the first 48 hours, but

16

" phone. Urine samples were obtained from tl:eudm- t‘ve .

‘horses 50 -minutes after dosing.

Five sources of -glucuronidase were obmmr.d fmm"’ S

~ Sigma Chemical Co., $t. Louis, Mo.: P vuilgata (Type

10

15

by six days afier reconstitution, the enzyme-released -

9,89 less morphine than on the first day.

L-II), Helix aspersa (Type HA-4), Helix pomatia (Type
H-1), bovine liver (Type B-3)-and Glucurase ®. The
first four were lyophilized powders stored at — 20" C.
which . were weighed out and dissolved in distilled,
de-ionized water to make solutions equivalent to 5000 U
of B-glucuronidase per mL immediately before an assay
was run, Glucurase ® was a bovine liver f-glucurom-
dase solution, acetate buffered to. pH 5 and stored at 4°
C. It was used as obtained from the manufacturer. Urine
samples to be hydrolyzed by either f. aspersa ar f.
pomatic were adjusted to pH 4.5; those to be hydro-
lyzed by P. vulgata or bovine liver were brought wo pH
5: and those to be incubated with the Glucurase (B were
adjusted to pH 5.5 with acetic acid.

Hydrolysis was performed by mixing 200 pL of urine

There was no difference in cnzyme activity amOng 3 from each horse, except the one given oxymorphone,

batches of lyophilized P. vulgate B-glucuronidase stored
at —20° C. in a desiccator for seven months, three
months, or two weeks.

‘There are substances naturally present in urine that
either interfere with or inhibit the activity of B-

gluocuronidase. A specific B-glucuronidasc: inhibitor-

known to occur in human urine, saccharo-1,4-lactone,
and another possible interference, sulfate ions, were
removed [according to the ure of Shackleton et
al, Clin. Chim. Aeta 21, 105-118 (1968)] in an unsuccess-
ful attempt to reduce the amount of enzyme required.
Shackleton et al's work was done with human urine; the
B-plucuronidase inhibitors in equine urine may be dif-
ferent, or equine urinc may have. other glucuronides
competing for the available enzyme. .

Enzyme activators, including NaCl and bavine serum
albumin, were checked for their ability to increase the
free marphine yield, but no significant improvement
was noted.

EXPERIMENTS WITH MORPHINE
ANALOGUES

Investigation of the action of five sources of S-
glucuronidase enzymes on the hydrolysis of glucuro-
nides of apomorphine, butorphanol, hydromarphone,
nalbuphine, oxymorphone and pentazocine in eguine
urine was undertaken.

Materials and Methods
Experiment 1

Six mares-were dosed intravenousty (IV) with one of
the following:

(a) 0.012 mg apomorphine hydrochloride (Eli Lilly &

Co., Indianapolis, Ind.) per kg;

(b) 0.05 mg butorphanol tartrate (Stadol®, Bristol

Laboratories, Syracuse, N.Y.) per
{c) 0.01 mg hydromarphone h]ldrnchlnnde {Wyeth

Laboratories, lnc., Philadelphia, Pa.) per kg;

(d) 0.14 mg nalbuphine hydrochloride (Nubain®,

Endo Laboratories, Inc., Garden City, N.Y.) per kg;
(e) 0.005 mg oxymorphone hydrochloride (Numor-

phan @, Endo Laboratories, Inc., Garden City, N.Y,)

per kg; and
(f) 0.25 mg pentazocine lactate (Talwin-V ®), Winthrop

Laboratories. New York, N.Y.) per kg.

A urine sample was obtained 75 minutes later by blad-
der catheterization from the horse dosed with oxymor-

n

a5

with 200 pL of each enzyme solution and incubating for
I hour in | mL sealed, glass ampules in a water bath.
For oxymorphone, 400 pL of urine and an equal voi-
ume of enzyme were incubated. An incubation tempera-
ture of 65° C. was used far containing £ vulgata
s the B-glucuronidase source, while all other samples
were incubated at 55° C.

Following incubation, 200 uL of the urme-§-
glucuronidase mixture (600 pL for samples containing
oxymorphone) were mixed with 500 pL of a 1.5 M
carbonate buffer, bringing the pH to 8.9 with the excep-
tion of urine from the horse dosed with ine.
Urine containing apomorphine was adjusted to pH 7.
The buffered urine samples were extracted with 4 mL
dichloromethanesisopropanol (9:1 by volume). Follow-
ing separation by centrifugation, the solvent was trans-
ferred to clean tubes and 1 mL of 0.1 N H;504 was
added 1o each. The tubes were mixed genily for 15
minutes. The layers were. separated by centrifugation..

40 and the solvent was discarded. Two mL of the carbon-

50

35

0

ate buffer were added to each tube, bringing the pH to
8.9, except for apomorphine-containing samples. For
samples from horses dosed with epomorphine, oniy 0.5
mL of the buffer was added to adjust the pH to 7. Four
mL of fresh solvent were added to each tmbe. Follow-
ing extraction and separation by centrifugation, the
dichloromethane:isopropanol solution was transferred
to a clean set of tubes and evaporated to dryness under
a stream of mitrogen. -

The residue was redissolved in 25 pL of dichloro-
methane and spotted on high performance thin layer
chromatography (TLC) plates (Brinkman Instruments,
Inc.,, Westbury, N.Y.; E. Merck, manufacturcr) pre-
coated with silica gel 60, using long capillaries drawn
from 22.9 cm Pasteur pipettes. The plates were devei-
oped in ethyl acetate:mecthanol:glacial acetic acid
(80:10:10 by volume). The solvent front was allowed 10
traverse a distance of 5 cm. Following air drying, the
plates were sprayed with modified Folin-Denis reagent.
[A mixture of 10 g sodinm tungstate, 2 g 12-molybdosil-
icic ucid, 5 mL concentrated- phospharic acid and 50
mL water was refluxed for 2 hours. The mixture was
diluted to 100 mL with additional water and stored at
{°-5" C. (can be stored at room temperature).] The
plates were then exposed to fumes of ammenium hy-
droxide 1o maximize the blue-green color reaction.

The plates were labeled with a code unknown to the
person reading them. A score of 10 was assigned to the
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largest, muat distinct spot for each drug. Failure to

""" detect the preserice of a drug was recorded as a 2er0.

.-.The other spots were then ranked on this 0 to 10 scale
by the independent reader. _
" Experiment 2

S:xnuruwnredmad with saline for the control part
of this experiment and on & scparate occasion were
given 0.4 mg furosemide (Lasix G, Mational Laborato-
ries Corp., Somerville, N.J.) per kg for the test section
of this experiment. This was done in random order. The
time of administration of the saline or the diuretic was
set as —4 hours, corresponding to 4 hours before hypo-
thetical race time. Water was withheld at this time.
Each horse was given one of six drugs in the same dos-
ages as listed in Experiment 1. The timing of this drug
administration ranged from 20 to 45 minutes before
post-time, ulmtcdmﬁie']‘ab]e below.

. . TABLE
Experimental Design
—4 hours - sdminstered saline (control) or 0.4 mg
=30 minkiies - administered butorphanol, hydromorphone.
—20" minules * .-administsred apomarphine.
0 minute POST TIME (hypaotheiical).
+20 minutes allowed water ad libitum.
430 minutes urine sample collected.
+1 hour urine sample
+2 hours Irhen-phmlhm

Iwwmm:ﬂerpuummbuukmwm
returned to the stalls housing these homes and they
were allowed water ad libitum for the duration of the
experiment. Urine samples were collected by bladder
cathelerization at 30 minutes, 1- hiour and 2 hours after
the time of the race. Samples were stored

at —20° C. until they could ‘be assayed. The specific
grlwtyohllmplumd:mm :

Urine samples were adjusted to.pH 5. Either 80 uL or
500 pL. of urine were incubated with an volame of
a 5000 U/mL solution of B-glucuronidase from P. vul-
gata for 3 hours at 65° C. The hydrolyzed urine samples
were assayed as outlined under Experiment 1. The sam-
ples were assigned & number with the aid of a random
number generator. The plates were read and scored by
a reader who had ‘noknowledge of either the code or
the experimental design. A score of 10 was given for the
largest, most distinct inrﬂmemhmupﬂinwnt.
Failure to detect the presence of 3 drug was
mmmmmmmmmsommm

Results and Discussion

The ability of S-glicuronidase from five sources to
hydrolyze six different drug-glucuronide complexes is
shown in FIG. 5. For all six drugs, hydrolysis by the F.
rulgata preparation gave the maximum size spot on the
TLC plate and was assigned a score of 10. With the
exception of apomorphine, use of 8-glucuronidase from
pawdemdbnwnehverrmlmdmtheluwmt score,
indicating that for five of the drugs in this study, the
bovine liver preparation -had the poorest ability to hy-
drolyze the drug-glucuronide complex. S-Glucuroni-
dase from H. pomatia, H. aspersa and the Glucurase ({)
solution gave intermediate results, with the exact order
of the scores of TLC spot sizes varying somewhat
among the six different drugs. The choice of the source
of B-glucuronidase appeared to be especially critical for

23

40

45

55

18

oxymorphone, where the drug was detected only-in the
. .sample submitted to hydrolysis by the P.-vulgata enzyme! -
under the parameters of Experiment . All other &i- -
zyme preparations resulted in insufficient hydrolysis for’
the presence of oxymdrphone to be detected. The
amount of pentazocine administered -to the horse (an
amount considerably larger than the amounts of any of
the other drugs) was sufficient to give acceptable results
regardiess of the source of B-glucuronidase.

The mean scores obtained with each individual drug
and enzyme preparation are illustrated in FIG. 6, While
hydrolysis by the P vulgata preparation freed the maxi-
mum amount of drug in each case, the bovine liver
B-glucuronidase hydrolyzed only 23% as much drug-
glucoronide complex on the average, resulting in a
mean score of 2.3, Of the five 8-glucuronidase prepara-
tions tested, enzyme from P vulgata in each case gave
the best results, regardless of the aglycone.

Based upon the superiority of the P. wuigata B-
glucuronidase shown in Experiment 1, the efficacy of
this glucuronide hydrolysis system was tested in a situa-
tion where the efficient hydrolysis of drug-glucuronide
metabolites may be forensically imporiant. The circum-
stance chosen was pre-treatment of horses with furose-
mide (the treatment of choice for exercise-induced pul-

monary hemmorhage or epistaxis). The diuresis due to
furmemidamdﬂma out certain .drugs and drug-
glucuronide metabolites in urine, rendering their effi-
cient recovery importani [Tobin, “Drugs and the Per-
formance Horse”, 112-115 (1981) Charles C. Thomas,
publisher, Springfield, TIL}.
- In the test model, horses were treated with furose-
mide at 0.4 mg/kg four hours “pre-race”. Four hours
was selecied because this is the current Kentucky rule
and has been suggested by the Veterinary Chemists'
State Racing Commissioners [Gabel et al, J Equine
Med. & Surg. 1, 215-218 (1977)]. The test drugs were
administered between 45 and 20 minutes prior to the
hypothetical post time. The times of administration of
the drugs were selected so that the drugs would have as
maximal behavorial effects as possible at post time, and
the doses selected were below threshold doses for mea-
surable behavorial effects. -

One objective of this experiment was to determine
whether or not furosemide treatment would interfere
with routine post-race TLC screening for drugs in horse
urine. For this reason, the extraction and TLC method-
ology used was similar to that currently used in the
Kentucky Equine Testing Program. All TLC
plates were coded and read “blind” by one reader to
obviate observer bias in the interpretation of these tests.

In these experiments, prestreatment of horses with
furosemide did tiot appear to significantly reduce the
detectability of any of the drugs tested. In fact, when
the spot size scores were compiled and compared with
the contirol values, the score from the furosemide-
treated horses was actually statistically -significantly
better than in the untreated samples. Further, the reader
of the plates abserved that the quality of the plates from
the furosemide-treated horses was superior to -those
from the untreated horses. It appears that the Lasix @
tends to reduce. the concentration of materials which
would tend to co-extract with the drug, thus leaving a
“cleaner” sample. This results in less smearing and bet-
ter spol definition, indicating that the drug diluting
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~ “'effects of these small-doses of furosemide are over -
“'within'three hours or less of dosing. = -

Since the diuretic effects of furosemide are character-

 stically brief, the'lck of interference by these doscs of

furosemide with drug testing was not unexpected,
'~ However, the apparently clear-cut enhancement of the
quality of the thin layer chromatograms in the presence
of furosemide was surprising. In association with the
fact that some drugs are not affected by diluting effects
of furosemide, these results show that under some cir-
cumstances furosemide may actually enhance the detec-
tion of drugs in horse urine.

EXPERIMENTS WITH SERUM MORPHINE
GLUCURONIDE

Materials and Methods

‘The animals, materials and methods used were pener-
ally as described ahove in the section entitled “MOR-
PHINE GLUCURONIDE EXPERIMENTS". Horses
were dosed with 0.1'mg of morphine per kilogram body
weight. All blood samples were drawn from the right

side in 20-mL Vacutainer tubes (Becton, Dickinson and -

Co., Rutherford, N.J.) containing no added anticoagu-
lant. The blood samples were allowed to clot and then
were centrifuged and the serum was separated off from
thceetiulnrmlerinl.ﬂmhsu'umaampkmphoedin
a Centriflo ® filter (50,000 molecular weight size,ob-
tained from Amicon Company, Lexington, Mass.) in a
halder in the top of a test tube and centrifuged to afford
the serum protein-free filtrate.

Pareﬂam&m';ﬂ-glmmmidaaﬂ‘ypebﬂ]mnb-
ta.in:dfmmSigmaCbmﬁmle..SLLun‘n,Mo.,asu
crude lyophilized powder and was stored at —20° C.
'I‘hepowdarwasweighaduutanﬂdkmlvedindilﬁllud,
de-ionized water to make solutions equivalent to 5000 U
nfﬁ-glucmuﬁdmpumLhnmndintclybuﬁaummy
was run, The pH was adjusted to 5 with acetic acid.

Hydrolysis was performed by mixing the selected
quantity of serum protein-free filtrate with an equal
volume of the enzyme solution and incubating in a
scaled tube in a water bath at 65° C. for 3 hours. The
size of serum filtrate sample employed varied from a
few uL to 5 mL, depending on the length of time after
dosing, with the larger samples being wsed when the
murphhnkmkwmupectedwbelowmmyhnm
after dosing.

After hydrolysis, the pH was adjusted and the solu-
tiunnwmmu]ymﬂasduc:ribedinthefmgcﬁng
“MORFPHINE GLUCURONIDE EXPERIMENTS"
section.

Results and Discussions

Hydrolysis of serum protein-frec filtrates prepared
fmmlhemmoftwohoruohtaiwduthhemum
of twelve hours post morphine administration indicated
o substantial fraction of serum morphine was in the form
nfmorphineglucumnidefﬂﬁ.ﬂ.'Imephimgiu-
curonide appeared shortly afler dosing, By 5 minutes
bost dosing, 65% of the morphine in the blood was in
the form of conjugated marphine. In another study
hlvolﬁng4hom,anly3minumsnfterdodng.lﬁ%of
the serum morphine was found as the glucuronide con-
Jjugate. Between 5 minutes and 12 hours post dosing,
hydrolysis of serum protein-free filtrate resulted in an
average 4.9-fold increase in free morphine levels. As
serum morphine dropped to very low levels (less than 1

or 2 ng/mL), the fraction bound to. glucaronic acid -
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While the invention has been describéd i terms ‘65 °¢ "
various preferred embodiments, the skilled artisan wall”

.omissions and additions may be made withoit d:
from the spirit thereof, Accordingly, it it intended that"

20
decreased, until little or ng morphine ghituronide  wis

appreciate that various modifications, suhsﬁmliuus_,

Lhcwnpeur:hepminvenﬁnnbelimitudwlalvby
the scope of the following claims,

What is claimed is:

L. A method for hydrolyzing glucuronides in a sam-
ple of mammalian hody flnid, said glucuronides heing

L L R Y

IR

derived from a narcotic analgesic, antagonist or agomst-

antagonist whose metabolism includes conjugation with
glucuronic acid, said method ising incubati
said sample with 2 glucuronide hydrolyzing effective
amount of Patelle vulgate .B-glucuronidase, at from
about 60 to about 70° C. for & period of time of at least
about | hout, to effect enzymatic hydrolysis of glucuro-

2. A method for increasing the sensitivity of a chro-
matographic technique for detecting the administration
to a mammal of a narcotic analgesic, antagonist or ago-
nist-antagonist whose metabolism includes conjugation
with glucuronic acid, said' method comprising incubat-
inganmplsofmnmmaljmbndyﬂuidw‘nhmmm
ﬂf&:cfhmhnmﬂ-glucmnidmmﬂi@immhydm
lyze glucuronides present therein, at 2 temperature of
from about 60° to 70° C. for a pericd of time of at least
abomlhw.-mdﬁm&amjauﬁngth:mnulmtqd
sample to chromatography.

3. A method ing to claim 1 or 2, wherein about

'mmu&mﬁmﬁ.gimmmmm

per milliliter of body fluld sample.
4. A method according to claim 1 or 2, wherein the
hcubaﬁonismndmtedatamm:eofmmw' C.
5. A method according 1o claim 1 or 2; wherein the
incubation is. conducted for a period of time of from

-about 1 to abont 6 honrs.

6. A method according to claim 1 or 2, wherein the
incubation is conducted for a perind of time of from
about | to 4 hours,

7. A method according to ciaim 1 or 2, wherein the
incubation is conductet for a period of time of from
about | to about 3 hours. :

8. A method according to clsim 1 or 2, wherein the
incubafion is conducted for a period of time of about 1
honur.

9. A method according to claim 1 or 2, wherein the
incubation is conducted for a period of time of about 3
hours.

10. A method according to claim 1 or 2, wherein the
incubation-is conducted at a pH of from about 4.5 to
about 5.5. :

11. A method according to claim 1 or 2, wherein the
incubaumiscunduciedalupﬂnflbumi

12. A method according to claim 1 or 2, wherein the
Fatelia vulgata B-glucuronidase is employed as an aque-
ous solution prepared from crude lyophilized 2. vulgata
powder and water.

13. A method according
aqueous solution of Patells vulgata B-glucuronidase has
a1 enzyme concentration of about 5000 U/mL.

14. A method according
aqueous solution of Patella vulgate B-glucuronidase is
employed in equal volume to the body fluid sample to
be incubated. '

to claim 12, wherein smd

ing to claim 13, wherein said
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15, Amathndnmardmgtndmmlnrl wherein the

T an urine sample.

B [ Am:thodamordmgmc.hmlmz wherein the
bod:.' fluid u.mplein mammalian blood or plasma sam-

ple,

- ¥7.-A method according to claim 1 or 2, wherein the

body finid sample is 8 mammalian serum sample.

18. A method acocording to claim 1 or 2, wherein the
body fluid sample is a sample of mammalian serum
protein-free filtrate.

19. A method according to claim 1 or 2, wherein the
body fluid sample is an equine urine sample.

20. A method according to claim 1 or 2, wherein the
body fluid sample is a sample of equine serum protein-
frec filtrate.

21. A method according to claim 2, wherein the incu-
bated sample is subjected to thin layer chromatography.

22. A method according to claim 2, wherein the incu-
bated sample is subjected to gas-liquid chromatography.

23. A method according to claim 1 or 2, wherein said
narcotic analgesic, antagonist or agonist-antagonist is
morphine.

24, A method sccording to claim 23, wherein the
body fuid sample is an equine vrine sample.

25. A method according fo claim 23, wherein the
body fluid sample is a sample of equine serum protein-
free filtrate.

26 A methad according to claim 1 or 2, wherein said
narcotic analgesic, antagonist or agonist-antagonist is
spomorphine, butorphancl, hydrumorp]!unc, nalbu-
phine, oxymorphone or pentazocine.
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27. A method according to claim 26, wherein said . .. 4 5
nnmﬁcmﬂsﬂmsminnrmuhmnugmﬁjs._ ;

apomorphine,

28. A methad according to claim 26, ‘W]l ﬂid i |

narcotic analgesic, antagonist or WIISHIII“ENIN is
butorphanol.

' 29. A method according to claim 26, wherein said "~ e T

narcotic analgesic, antagonisl or agonist-antagonist”is -
hydromorphone.

30. A methad according to claim 26, wherein said
narcotic analgesic, antagonist or agonisi-antagonist is
nalbuphine,

31. A method according to claim 26, wherein said
narcotic analgesic, antagonist or agonist-antagonist is
oxymorphone,

32. A method according to claim 26, wherein said
narcotic analgesic, antagonist or agonist-antagonist is

e

nAméthudacomdingnoclahnx,wherduﬂle

20 body fluid sample is an equine urine
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sample.

34. A method according to claim 26, wherein the
body fuid sample is a sample of equine serum profein-
free filtrate.

35. A method according to claim 1 or 2, wherein said
narcotic analgesic, antagonist or agonist-antagonist is
etorphine, diprenorphine, nalorphine, levorphanol, bu-
prenorphine or heroin.

36. A method to claim 35, wherein the
‘body fluid sample is a sample of equine urine or equine
serum protein-free filurate,

37. A method according to claim 1 or 2, wherein said
nn.rnntmmnlgnnc, antagonist or agonist-antagonist is
cyclazocine, phenazocine, levallorphan, naloxone, nal-
mmmurmm
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