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Pharmacology of Narcotic Analgesics in the Horse:
Quantitative Detection of Morphine in Equine Blood
and Urine and Logit-Log Transformations of This Data

Joan Combie, MS; J. W. Blake, PhD; B. E. Ramey, BSEE; Thomas Tobin, M VB, MSc, PhD, MRCVS

SUMMARY

Morphine was detected in equine biological fluids by a
combination of liquid-liquid extraction and column chro-
matography, followed by derivatization and gas-liquid chro-
matographic assay, using electron capture detector. Recov-
ery of morphine from the equine biological samples was
poor. However, despite an overall recovery of less than 20%,
this method had a detection limit of 0.2 ng/ml. Addition of
5,000 U of bovine liver §-glucurenidase/m! of urine enabled
detection of the drug in urine for up to 144 hours after
horses were given 0.1 mg of morphine/kg of body weight.
Morphine was found for at least 24 hours in serum samples.
An adaptation of logit-log transformation of gas-liquid chro-
matographic data for linearization over 3 log units suggested
a simple adaptation to existing semiautomated data han-
dling systems.

The narcotic analgesics are often used in equine medi-
cine to control pain and occasionally for their central stim-
ulant actions. Because of these actions, the use of these
drugs in performance horses is usually prohibited. There-
fore, sensitive and reliable detection methods are needed
for the drug in equine blood and urine.

The detection and quantitation of morphine in equine
blood and urine are complicated by several factors. In the
1st place, the doses of morphine given to a horse may be
relatively small, in the order of 0.1 mg/kg or smaller. Sec-
ondly, morphine is, for reasons which are not clear, unus-
ually difficult to recover from equine blood and urine sam-
ples. Thirdly, equine urine contains large amounts of mucus
and glucuronide derivatives of other compounds which fur-
ther interfere with the recovery of morphine or its glucu-
ronide metabolites from horse urine.

The necessity for good quantitative data on blood and
urinary concentrations of morphine and its metabolites is
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more important because of the recent recognition of the
role of drug concentration in equine forensic chemistry.
Because of this, we initiated a study of the quantitative
recovery and detection of morphine from serum and urine.
In this report, we present an analytical method which can
detect morphine as low as 0.2 ng/ml of equine urine and
show that this method can be used to study the disposition
of small doses of morphine in the horse.

Materials and Methods

Animaoje—Mature Thoroughbred and Standardbred mares
(450 to 600 kg) were kept at pasture, except on days of an
mixmntwbmﬂnymhmmdinboxstﬂhﬁthhaymd
water ad libitum. Morphine (0.1 mg/kg) was administered 1v into
the left jugular vein and all blood samples were drawn from the
right side in 20-ml Vacutainer tubes* containing no added antico-
agulant. Urine samples were collected by bladder catheterization,
All samples were stored at ~20 C until the analysis was performed.

Reagents and Equipment—A Varian 3700 gas chromatograph
equipped with a “Ni eloctron capture detector was used for all
determinationa. The detector was operated at 290 C. Separations
were done on a 1.8 m X 2 mm siliconized glass column packed with
8P 2250-DB on 1007120 * The column oven was
maintained at 235 C, and the injector, at 250 C. The column was
treated regularly with 50 gl of Silyl-6,° and the columns were
repacked about once a month. Prepurified nitrogen, the carrier
gas, had a flow rate of 30 ml/min; 2 in-line filters were included for
removal of traces of oxygen and water vapor.

ropropionic
were obtained from BOAITCRS.

In the column chromatography clesnup of the samples,
BilicAR CC-7 Special®* was used. The silica gel columns were made
by packing a small amount of siliconized glass wool in 6-inch
disposable Pasteur pipettes. A slurry of CC-7 Special silica in
methanol was added to a mark 6 cm from the small tip of the
pipette (approx 260 mg). The methanol was removed by placing
the tubes on a vacuum line for a couple of minutes. The columns
were allowed to air dry at least overnight.

* Bacton, Dickinson and Ce, Rutherford, NJ.

* Bupelco Inc, Ballefonte, Pa.

© Pierce Chemical Co, Rockford, 1. -~

* Manostat, New York, NY. .
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Fig 1-—Morphine was converted to a strongly eleciron capturing com-
pound by a 25-minute incubation at 85 C with 25 i of pema, Mass spectral
analysis of the product indicated thal the di-derivative of pre-morphine
was formed.

Urine Sample Analysis—For samples that were to be hydro-
lyzed, as much as 2.5 ml of urine was anslyzed. The pH was
sdjusted to 5 with acetic acid and an equal volume of Glucurase”
was added. (The latter preparation contains 5,000 1J of bovine liver
B-glucuronidase/ml) The sample tubes were capped and then
incubated for 4 days at 37 C. For nonhydrolyzed samples, as much
as 6 m! of urine was used.

The urine samples were then adjusted to pH 8.9 with a 1.5 M
sodiummbom&e—bicarbomhbuﬁumhﬁon.ﬁm—bwwmﬂ
mixture {9:1; 4 mi) was added, and the ware rotarscked
for 15 minutes and centrifuged (600 g) for 5 minutes. The aqueous
phase was aspirated, and the solvent phase was trarwferred to a
clean centrifuge tube containing 0.5 ml of 0.1N H;SO,. The samples
were again rotoracked for 15 minutes and centrifuged for 5 minutes.
The solvent phase was discarded, 1 ml of carbonate buffer was
used to bring the solution to pH 8.9, and 4 ml of pow-i
was added. Back extraction was performed as previeusly. The
.DCM-isopropanol phase was separated and allowed to drip through
the CC-7 silica gel columna ¥ The columns ware washed with five
2-ml aliquots of ethyl acetate-methanol-glacial acetic acid (8:1:1).
Excess fluid was removed by forcing air through the colunm for «
few seconds. Morphine was eluted off the columns inte clean tubes
with 2 ml of ammonia water (2 drops of NHOH/ml of water).
{The pH of the eluate was checked to ascertain that it was
approximately 8.8.) The drug was extracted into 4 ml of DCM-
iscpropanol as before. The sclvent was transforred to a 15-ml
conical glass tube and evaporated to dryness under a stream of N,.

To derivatize the morphine (Fig 1), 25 sd of Frra was pipetted
into the dried tubse. The tubes were capped and placed in a
waterbath (65 C) for 26 minutes. Excess reagent was removed by
evaporation under a stream of N;. The residue was redissolved in
25 ul of ethyl acetate by vortexing for 30 s, and a 2-ul aliquot was
immediately injected into the gas chromatograph. All values were
corrected for percentage of recovery.

Serum Sample Analysis—Serum samples {4 to 5 ml) were
uulyudinlmm;hnmodfw mﬁ
samples. When 4 serum was heeded, following p.
sdjustment, a single extraction into DCM-isopropancl was per-
formed, and the solvent poured through the silica gel column.
Further cleanup was unnecessary for most serum samples.

* Sigma Chemical Co, 8t Louis, Mo,
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Fig 2-—Gas chromatograph of morphine Prea derivative. The right-hand
chromatogram is of a standard soiution of 78 ng of derivatized morphine/
ml. The lefi-hand chromatogram is of a urine sampie from a horse dosed
with morphine and is equivalent fo 110 ng of derivatized morphire/mi.

Studies Using [*H]Morphine—{*H]Morphine' was used to
trace sources of loss throughqut the extraction procedure. It was
also used to study the effects of changing the pH and the extraction
times. Final extracts were mixed with 5 to 15 ml of 370’ scintilla-
ﬁanc;tzkhﬂmdcmtedforEtolOnﬁnuminaBechanS-
3150 T.

Calculations—Morphine standard curves were made by an
adaptation of the logit transformation of gas-liquid chromato-
graphic (G1.) peak arvas. Logit, or logistic probability, was calcu-
lated from the equation:

In{B/(1 - B)}

where B = peak area/(2 X psak area of highest standard). Since
“2 X the pesk area” was used a8 & maximum and this value
affected the slope, for consistency, the 150-ng standard was chosen
as the highest standard. Logit values of peak areas were plotted on
the Y axis against log values of each standard on the X axis, using
logit log paper.' The standard curve was calculated as the least
squares linear regreasion line through these points.

Results

In the bulk of the experimental work reported here, the
morphine was reacted with prea to obtain a morphine-Prpa
derivative (Fig 1), which was then detected by gas chro-
matography. This morphine-rrra derivative chromato-
graphed with a retention time of about 1.6 minutes under
the conditions described in Materials and Methods (Fig 2).
The identity of this material as a di-PrPa derivative of
morphine was confirmed by mass spectrometry.

Am J Vet Res, Vol 42, No. 9



Preliminary experiments showed relatively poor recov-
eries of morphine added to serum or urine samples. Because
of this, studies of optimal pH and extraction times for

recovery of morphine from equine serum and urine samples . -

were carried out. Figures 3 and 4 show that the optimal pH
from equine samples was about 9.0. Studies on extraction
times indicated that extraction times of up to 30 minutes
for urine or between 15 and 60 minutes for serum gave
equivalent recoveries as shown by 1-way analysis of vari-
ance (ANOVA) tests, which yielded F values for urine of 2.838
and for serum of 4.649 (a = 0.02). However, if the recovery
times were prolonged, the efficacy of recovery from serum
increased and that from urine decreased.

Despite the care taken to optimize both pH and recovery
times in these experiments, the of morphine in
these experiments was usually less than 20% of the amount
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added to the sample, Thus, a study of the steps in the

recovery procedure at which drug loss occurred was done
{Fig 5).

from the aquecus sample. A similarly poor recovery of
morphine was observed for extraction with DCM-butanol
(9:1). A small percentage of the drug remains in the solvent
phase when the drug is being extracted into acid (2.4%) and
being adsorbed onto the silica gel column packing (2.3%).
Washing the silica gel column with ethyl acetate-methanol-
glacial acetic acid reduced the loss in this step to less than
5%, and the loss decreased with each successive wash to
0.7% in the 5th wash. Seven percent of the [*H)morphine
was not extracted from the ammonis water eluate into the
final peM-isopropanol. About 0.5% of the drug was lost due
toixreveraiblebindimtothelilicamdsﬂiconizedglasswool
ofthesilicaaloolumn.Anoverallmcoveryofl&l%of
{*Hlmorphine was cobtained in the final solvent. A GLC
determination indicated an overall recovery of 17%.

To ensure optimal derivatization of morphine recovered
from biological samples, the characteristics of the derivati-
zation procedure were studied. The PFPA in an amount of
10 i (17 ug) was apparently insufficient to derivatize 150 ng
of morphine (Fig 6, left panel), whereas 25 pd (42 pg) of PFPa
gave the maximum amount of derivatization. Although
larger amounts of Prra appeared to give decreasing deri-
vatization, examination of the chromatographs indicated
that excess reagent increased background noise to such a
level that part of the drug peak was obscured. A 30-minute
exposure to a stream of N; to remove unreacted prra was
nlaotriod,mdthemxﬂtamahownintherighthandpmel
ofFigtmG.Apin.theumepattemoccumwithmsigrﬁﬁ-
cant difference (paired data ¢ test, £ = 0,183, a = 0.05)
between brief and 30 minutes under Nj.

To study the effects of derivatization time on product
yield, samples were derivatized for times varying between
2 and 60 minutes, as shown in Figure 7. Two minutes was
insufficient for complete derivatization, but there was no
significant difference (1-way aNOvA, F = 1.416, a = 0.025)
among 10-, 25-, and 60-minute derivatization times.
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The source of loss was failure to extract all of thedrug " -
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Fig 6—Effect of Prra concentration on derivative formation. The relative
amount of derivative formed following derivatization with various guantities
of prea is presented. The etlact of prolonged exposure to N, to volatilize
excess anhydride was examined. The sem for sach value is included.
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Fig 7-—Time course of prP-morphine derivative formation. The effect of
the derivatization time was determined and shows no significant differsnce

(1-way aNOvA, F = 1.416) among 10-, 25-, and 80-minute derivatization
times on the amount of PrP-morphine formed (L SEM).
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The stability of the pentafluoropropionic (PFP) mor-
phine derivative was checked, and the results are given in
Figure 8. Amiﬁmmimmnmdmﬂﬁu‘thoursot'
derivatization as compared with zero time and almost com-
plete loss by 24 hours to 7.2% of the original value.

Morphine is found in equine urine in 2 forms—as free
morphine or as morphine . Because the mor-
phine-glucuronide complex is not normally extractable by
liquid-liquid extraction, the morphine must first be released
from the glucuronide portion of the molecule by acidic or
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enzymatic hydrolysis. However, for quantitative work, it is
important to ensure as complete as possible hydrolysis of

‘the morphine glucuronide; therefore, optxmal hydrolytlc
“:BCHdItIUUBWGIQ detlrmmed b

Enzymatic hydrolysis of morphme glucuromde was car-
ried out with 2 variables in mind, the ratio of the volumes
of urine to S-glucuronidase and the duration of the hydro-
lysis period. It was found that a 100:1 ratio of urine to
Glucurase resulted in a maximurm increase of free morphine
of less than 2-fold. In Figure 9, it may be seen that a 10:1

00F & .
s
E a3
2 T5F .
o
[V ]
o
3
<X
=
3t 251 -
(1
0 0 4 24
HOURS POST
DERIVATIZATION

Fig 8--Decay of prr-morphine derivative with time. Samples were deriv-
atized snd sliowed 10 stand at room temperature for various periods before
GLC analysis {+ 8EM).
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Fig 9—Effect of S-glucuronidase concentration and incubation time on
release of free morphine. Uring samples from 4 horses, cgllected 6 hours
after they were given () morphine {0.1 mg/kg), wers incubated for
various times and with urine to Glucurase ratios of 10:1 (O—), 2:1
O—C), and 1:1 {@——8) (+ sEM).
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Fig 10-—Log-log and logit-log standard curves. Areas under Gi.C peaks of
a series of stendards were submitied o both log transformation
(x——x) and¢ logit transformation (@-——@}. Both were plotted againal
nanograms of morphine/milliliter on a jog scale,

until the drug was no longer detected in either hydrolyzed
or nonhydrolyzed samples from any horse (at 168 hours).
Overall, an average of 12%.of the measured morphine was

 excreted in the free forih and 88% was releassd by B-glucu:

ronidase.

The inset to Figure 11 shows the ratio of the amount of
morphine released by 8-glucuronidase to the free morphine.
This ratio is dependent on the time elapsed from drug
administration, increasing steadily to a peak at 9 hours after
dosing. Thereafter the ratio decreased. By 120 hours, ap-
parently most of the drug detected in the urine was present
in the free form.

The average serum morphine concentrations for the
same horses are presented in Figure 12. The values de-
creased from an average of 301 ng/ml at 3 minutes to 10%
of that value at 1 hour and just under 1% of that value at 6
hours. Morphine was detected in the serum of the 4 horses
at 24 hours after dosing, but in only 1 horse at 48 hours.

Fig 11—Urine concentrations in horses given (v) 0.1
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ratio produced an average 5.6-fold increase in the amount
of free morphine after 120 hours of incubation. The maxi-
mum increase in the amount of morphine uncoupled from

glucuronide was 21.7-fold following a 120-hour incubation

period of urine-Glucurase mixture (1:1). This was a :;:hs—
tically significant increase over a 2:1 ratio (paired data ¢
test, £ = 5.611, a = 0.05). The amount of S-glucuronidase
was further increased to 5 parts of the snzyme per 1 part of
urine, and an average 34-fold increase in free morphine was
found.

A typical standard curve plotted on both logit-log and
log-log scales is presented in Figure 10. Conversion of the
GLC peak areas to logit units produced a linear relationship
between the peak areas and drug concentration over a range
of 3 log units. Plotting the same data on a log-log scale
resulted in linearity over 2 log units and a slope that was
half that of the logit-log standard curve.

Four horses were given (1v) morphine at the dose level
of 0.1 mg/kg; blood and urine specimens were obtained at
intervals during the next 168 hours. Figure 11 shows the
urinary concentrations of free morphine both with and
without enzymatic hydrolysis. Urinary excretion peaked at
2 hours after dosing at a mean concentration of 21,894 ng/
ml with hydrolysis, and at 1 hour at a mean concentration
of 2,367 ng/ml when the samples were not hydrolyzed.
Values decreased rapidly during the first 24 hours; thereaf-
ter, there was a more gradual decrease in the excretion rate,

September, 1981
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Fig 12-—Serum concentrations in horses given v) 0.1 mg of morphine/
kg. The insst shows ssrum morphine concentrations for the first 30
minutes on an enlarged time scale. (+ 8EM),

Discussion

In 1960, Lioyd et al’ were the first to demonstrate that
morphine analysis by oLC was feasible. Since then, colori-
metric,” spectrophotometric,’ flucrometric,* im-
munosssay and radicimmunoassay® techniques have been
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used for the quantitative determination of morphine in
biological specimens. The cLc ig presently the most widely
used method because of its improved sensitivity and speci-
ficity.®"?

Goblet cells in the epithelium and compound tubular glands
in the mucous coat of the equine renal pelvis secrete mu-
cus,'*'* Consequently, urine from a horse is among the most
difficult biological fluids to “cleanup” adequately when at-
tempting very sensitive assay methods. When derivatizing
with multifluorinated reagents, the cleanup procedure be-
comes critical, since many substances present in biological
mamﬁalsposseasaminoorhydroxylfunctionalmupa
which will underge the same reaction as the drug. A number
of extraction techniques were investigated before conclud-
ing that acombinationofzextncﬁompmeedmu,uout-
lined in Materials and Methods, was necessary. Although
several research workers have methods in which
the biological sample was applied directly to column chro-
matography,'*'” we found that a preliminary liquid-liquid
extraction was . Several solvent systems were
examined, including chloroform-isopropancl {9:1) and tol-
uene-butanol (9:1). Although some research workers have
reported better recovery with chioroform than with pcw,
we found that the dirtier background and the increased
health risks" were ble. The low volatility of tol-
uene-butanol was the deciding factor in the elimination of
that solvent. For all solvents tested, the inclusion of a small
amount of an alcohol decreased losses of drug due to ad-
sorp:i:m onto glassware, as reported by other investiga-
tors.

Column chromatography packing materials investigated
included Florisil, aluminum -oxide, charcoal, and the silica
CC-7 Special. Florisil gave results similar to those obtained
with the silica compound, whereas aluminum oxide resulted
in poor recovery of the drug. Although charcoal proved to
be a superb cleaning material, it suffered from the problem
that the morphine became irreversibly bound under our
experimental conditions. The bed length of the column was
relatively unimportant. A 15-cm column did result in less
recovery, but likely because the volume of eluting fluid was
not increased. Washing the column with water-methanol-

“ethyl acetae (10:3:2)" was somewhat less effective than the
ethyl acetate-methanol-glacial acetic acid (8:1: 1). The vol-
ume of washing fluid was not critical, but a larger volume
generally produced a cleaner chromatogram. Successive
acid washes caused only minor loss of the drug (Fig 5).
Elution with methanol alone or in combination with a
nonl)olar solvent, as suggested by several research work-
ers,*'" always resulted in an unscceptably dirty eluent. A
single 2.ml aliquot of ammonia water recovered 99.1% of
the extractable drug. A 2nd elution recovered an additional
0.7%, and a 3rd elution resulted in the recovery of another
0.2%. :

Morphine is in its least charged form at pH 8.9.” There-
fore, most investigators adjust the pH of the aqueous phase
close to this. Figure 3 indicates that some variation in the
priﬂnotmﬂtin;dgniﬁmtloncfmorphimmveud.
'I'hcextrwtionti!mdaomnotwiﬁcaluahowninﬁmm
4 and accounts for the wide range of extraction times that
are reported in the literature: from 3 minutes'® to 30 min-
utes.” Urine extraction times ranging between 1 and 30
minutes produced no significant change in percentage of
recovery, while serum could be extracted in 15 to 60 minutes
with no significant difference in recovery percentages.
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. As illustrated by Figure 5, the greatest loss of morphine
is incomplete extraction from the original aqueous phase.
Bhargava® suggested siliconization of all glassware coming

. in contact with aqueous solutions of morphine. He reported

an increase from 46.5% to 79.4% recovery of morphine upon’
siliconization. Although we also found greater recovery of
drug from siliconized glassware, an increased background
level observed on the chromatogram made this an unac.
ceptable alternative. These findings are in agreement with
a study done by Blake.™ Further evidence supporting the
fact that the greatest loss is taking place in the preliminary
liquid-liquid extraction step was found in other experiments.
For example, in one approach, the liquid-liquid extraction
steps were omitted; {’H]}morphine was added directly to the
DCM-isopropancl to be poured through the silica gel column.
In this case, 86% of the total counts was recovered at the
end of the procedure.

Although previous research workers experimented with
on-column derivatization, most recent work uses prechro-
matographic derivatization.”? Derivatization procedures us-
ing pyridine™ were not attempted, since pyridine readily
contaminates the detector.”? Direct derivatization with &
fluorinated acylating agent of the phenolic and alcoholic
hydroxyl groupe to form a strongly electron capturing com-
pound is the most widely used approach. Wallace et al®?
reported a detection limit of 25 ng of morphine/ml following
the formation of the trifluoracetylated (Tra) derivative, but
Felby® reported that the electron capture detection is 6
times more sensitive to PFP than Tra derivatives. Hepta-
fluorobutyryl anhydride has been used in the analysis of
street samples.'’ However, most researchers have found
that the formation of the prp derivative of morphine is the
most satisfactory.*** A number of variations in the de-
rivatization method were attempted. The use of 0.2% trieth-
ylamine in benzene as a catalyst invariably produced a dirty
chromatogram. Furthermore, a catalyst appeared to be
unnecessary. There was no observable difference in the
degree of derivatization between using 25 ut of PFPA alone
a3 opposed to adding 25 4 of ethyl acetate with the Prpa.
More complete derivatization was obtained at 65 C, as
wpoudtorocmtsmpeuune.nnddoingtheprocedmat
room tempersture did not provide a significantly cleaner
chromatogram. The amount of PFPA used was important,
asilluuttatedbytha!eﬁpamlofﬁgureﬁ;lﬂp]was
insufficient to derivatize 150 ng of morphine. There ap-
pemdtobuul!ightdeminncoverywith&or 100 ul
of PFPA, but this was not statistically significant (1-way
ANOVA, F = 2886, a = 0.025). It is likely that incomplete
removal of excess reagents caused an increase in the back-
ground, rather than an actual incomplete derivatization.
The right panel of Figure 6 indicates that a 30-minute
exposure to a stream of N; did not improve the mnu‘lits.

A ing compounds were nonvolatile under
MWMMWW  'was redissolved in 3 different
solvents—ethyl acetate, toluene, and isopropanol. Ethyl
acetate gave the best recovery and the OmniSolve grade of
this solvent gave & minimum of interfering peaks. '

Felby® reported that the prp derivative was stable with
nodemminpukheightnfterﬂome at room tempera-
ture for 4 days. Dahlstrom et al* and Dahlstrom and Paal-
zow’ reported that the stability of the prp derivative was
good with “only some” loss after storage at 4 C for 3 days.

= Blake JW, Equine Drug Testing Program, University of Kentucky:

Kantucky
Unpublished data, 1980, *-
Am J Vet Res, Vol 42, No. 9



Submitting the samples to 30 minutes under a stream of
N, the authors found a significant loss of derivative in only
4 hours (Fig 8) and almost total loss of PrP-morphine within

24 hours. Consequently, samples were derivatized in groups..

of 4 or less and were chromatographed within 30 minutes.
Blau and King” suggested that atmospheric moisture will
hydrolyze the derivative.

In persons, 8% to 10% of the morphine is excreted free
and 90% to 92% is bound as the glucuronide.2* This com-
pares with 12% free and 88% bound of the recovered drug
found in the present study. From the data presented in
Figure 11, it may be seen that as much as 95% of the
detected morphine was released by B-glucuronidase, with
the percentage of bound dependent on the time after dosing.
Uncoupling of the morphine from its glucuronide can, there-
fore, markedly increase the concentration of detectable
morphine which may be crucial when acreening for the low
concentrations of morphine which may be administered to
a horse. Since acid hydrolysis generally results in unaccept-
able dirty specimens,” morphine is probably best cleaved
from its glucuronide by an enzymatic method. In persons,
the ratio of urine samples to 8-glucuronidase is in the order
of less than 1:1.* Figure 9 clearly demonstrates that a far
lower ratio is required when dealing with equine urine. It
has been suggested that other glucuronides in horse urine
compete for the available 8-glucuronidase catalytic sites.®
Although 5 parts of S-glucuronidase to 1 part of urine was
found to increase free morphine levels 34-fold, this much
reagent becomes prohibitively expensive when screening
large numbers of samples on a daily basis.

A possible pretreatment of the urine to enable the use
of smaller quantities of the Glucurase has been suggested.**
Sulfate ions that may interfere with the enzyme action can
be precipitated by the addition of 10% BalCl, (w/v). Fur-
thermore, the specific 8-glucuronidase inhibitor, saccharo-
1,4-lactone, is removed by bringing the urine to pH 115.
Frey et al® found that after this pretreatment, 2 mi of urine
plus 0.1 ml of 8-glucuronidase incubated overnight resulted
in essentially complete uncoupling of the morphine-glucu-
ronide complex in human urine, Attempts to repeat this
using equine urine failed, no difference being observed
between pretreated and untreated urine. Perhaps the 8-
glucuronidase inhibitors in equine urine are different or this
system may be overwhelmed by a large number of compet-
ing glucuronides.

Although the inset of Figure 11 indicates that the per-
centage of morphine excreted as the glucuronide is highest
at 9 hours after dosing, one untested factor must be consid-
ered, at least for a minor role. Perhaps there are naturally
occurring components of equine urine which can
bound drug. When there is a
drug present, all of the drug is hydrolyzed, such as in the
5th- and 6th-day samples. A few hours after dosing, when
a large amount of drug is present, the activity of this
component may be swamped and any natural hydrolysis is
undetectable.

Although most workers used a 3% QV-17%%1112 o 39
0V-22" column, we found the relatively new SP 2250-DB
gave shorter retention times and a better chromatogram in
terms of peak shape. Like other workers,*"!! we found that
regular treatment of the column with Silyl 8 helped to
prolong the life of the column. The SP 2250-DB required a
higher column oven temperature than that generally used
for the analysis of prp-derivative morphine on an OV-17
column,
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Typical standard curves plotted arithmetically or on a
semilog scale are linear over less than 1 log unit. Interpo-
lation of a nonlinear standard curve is difficult and inaccu-
rate. Log:-log treatment of the data does give linear results
over almost 2 log units, which inay be adequate in some
situations, but parti y for pharmacokinetic work, a
wider range is often desirable.

Logit-log conversion of data to obtain straight line stan-
dard curves has been common practice for radioimmunoas-
say work since Rodbard et al”’ first introduced the idea over
10 years ago. The wide acceptance of this method of data
analysis may be attributed to the relative ease with which
the data may be entered into an automated data handling
system. To the authors’ knowledge, logistic probability has
not been applied to GLC data. The authors have used this
calculation method in a study of phenylbutazone concentra-
tions and procured excellent correlation with values ob-
tained on the same samples by an independent laboratory
using conventional calculation methods. Confirmation of
the validity of these interconversions was obtained as fol-
lows. Standard curves were plotted for 15 to 150 ng on logit-
log, log-log, semilog, and arithmetic graphs, Logit-log, log-
log, and arithmetic values for a list of data points were
calculated from the least squares linear regression line. The
semilog plot was not sufficiently linear, so values were read
off the graph manually. Values obtained by these 4 methods
were tested in a 1-way ANOVA and the correlation among
them was excellent, with F equal to 0.005. In place of logit,
the probit transform could also be used.

Since many workers using gas chromatography have
access to existing automated data systems, a modification
of the logit-log program would be inexpensive and eliminate
the ti ing calculations often associated with
quantitative cLc.

References

1 udeFmHM.HUmPF.nd:&puamddhhﬁsby
gas chromatography. J Am Chem Soc 82:3791, 1960,

L Fujimoto JM, Way EL, Hine CH: A rapid method for the estima-
dmdmﬂﬁm.JLabCﬁqud“ﬁ'l-&ﬁ, 1954.

~ 3. Mule 8J: Determination of narcotic analgesics in human biological
materials. Anal Chem 36:1907-1914, 1964.

4. Kupferberg H, Burkhalter A, Way EL: A sensitive flucrometric
assay for morphine in plasma and brain. J Phermaco! Exp Ther 145:247-
251, 1964,

§. Spector §: Quantitative determination of morphine in serum by
radioimmunosssay. J Pharmacol Exp Ther 178:253-258, 1971,

6. Dahistrom B, Paalzow L, Edlund PO: Simultaneous d-tumimtign
ofcodoinemdmphinehbioh‘icdumpiubywchmﬂan:p v
with electron detection, Acta Pharmacol Toxicol 41:273-279, 1977,

L: Quantitative i i

amounts in small samples of whole blood by electron-capture gas chro-
matography. Forensic Sci Int 13:145-150, 1979,

9. Frey DE, Wills PD, Twycroes RG: The quantitative determination
ofmo:phimhurinebymliquidehromaﬁognphywduﬁaﬁonsh
excretion. Clin Chim Acta 31:183-190, 1974,

10. Kogan MJ, Chedekel MA: Rapid g.l.c. method for the separation
of picogram quentities of morphine and codeine. J Pharm Pharmacol 28:
261, 1976.

11. Moore JM: Rapid and sensitive gas chromatographic quantitation
ofmouphim.eodeine,utdO'mtylnwrpMneinmici!huoiuuﬁngm
electron capture detector.  Chromatogr 147:327-336, 1978,

12. Wallace JE, Hamilton HE, Blum K, et al: Determination of
maorphine in biologic fluids by electron capture gas-liquid chromatography.
Anal Chem 46:2107-2111, 1974. W W

13. Yeh SY, Gonﬁetz\:y CW, Krebs HA: Isolation and identification
of morphine 3- and 8-glucuronides, morphine 3,6-diglucuronide, morphine

1529



.

3-ethereal sulfate, normorphine, and normorphine 8-glucurcaide as mor-
phine metabolites in humans. J Pharm Soi 68:1288-1293, 1977,

14. Catcont EJ, Smithcors JF (od): Equine Medicine and Surgery, ed

* 2. Wheaton, 1ll. American Vaterinary Poblicativie thc, 1972, p 877, -

15. Sisson S: The Anatomy of Domestic Animals, od 4, Philadelphia,
WB Saunders Co, 1953, p 569.

16. Breiter J, Helger R, Lang H: Evaluation of column extraction: A
new procedure rortheandydaofdmninbodyﬂui&.m&ﬁluth
131-140, 1976.

17. SprqueGLTakomuiAE:Implwothodﬁrmorprmu-
tractionfrombiohgiedumpla..l?km&im 1978,

18. Casarett LJ, Doull J (ed): Toxicology: The Busic Science of
Poisons. New York, Macmillan Publishing Co Inc, 1975.

19. Stolman A, Stewart CP: Tsolution and determination of morphine,
codeine and mmtmmmmwymwmm.mw
74:536-542, 1949,

20, Bhargava H: Improved recovery of morphine from biological tis-

1530

sues using siliconized glassware. J Pharm Sci 66:1044-1045, 1977.
21. Bleu K, King GS (ed): Handbook of Derivatives for Chromatog-
' gaard P: Excretion-of morphine in-the urine of non-addicts:
Acta Pharmacol Toxico! 14:53-57, 1967.

23, Payte JT, Wallace JE, Blum K: Hydrolysis: A requisite for mor-
phine detection in urine. Curr Ther Res 13:412-418, 1971.

24. Fish F, Hayea TS: Hydrolysis of morphine glucuronide, J Forensic
Sci 19:676-683, 1974,

25, TobinT.MﬂluJR:'ﬂnphummiogyofnmﬁcmlgedain
the horse. 1. The detection, pharmacokinetics and uri "clearance time”
of pentavocine. J Equine Med Surg 3:191-198, 1979,

26. Shackleton CHL, Charro-Sslgado AL, Mitchell FL: Urinary neu-
tral steroid profile analysis in adults and infants. Clin Chim Acta 21:105-
118, 1968,

27. Rodbard D, Bridson W, Rayford PL: Rapid calculation of radioim-
muncassay results. J Lab Clin Med 74:770-781, 1969,

-Am J Vet Res, Vol 42, No. 9



