(18) H. Brem, A. B. Stein, and H. S. Rosenkranz, Cancer Res.,
34, 2576(1974).

Accepted for publication November 29, 1974.
Supported by the Division of Cancer Cause and Prevention, Na-
tional Cancer Institute, under Contract NO1 CP-33395 and the

ACKNOWi.EDGMENTS AND ADDRESSES

Received October 18, 1974, from the Departments of Microbiol-
ogy and Pediatrics, College of Physicians and Surgeons, Columbia
University, New York, NY 10032

GLC Determination of Heroin and
Its Metabolites in Human Urine

S. Y. YEH* and R. L. McQUINN

Abstract 0 Heroin and its metabolites, 6-monoacetylmorphine,
morphine, and normorphine, were determined in human urine
with a GLC procedure. Heroin was extracted with chloroform at
pH 4.5 and chromatographed at a temperature programmed from
200-250° by 8°/min. 6-Monoacetylmorphine and morphine were
extracted with ethylene dichloride containing 30% isopropanol at
pH 8.5, and normorphine was extracted at pH 10.4 with the same
solvent. The extract was derivatized with trimethylsilylimidazole
and chromatographed at 230° for the determination of 6-monoa-
cetylmorphine and morphine and at 220° for normorphine and
morphine.

Keyphrases 00 Heroin and metabolites—GLC analysis in human
urine 0 Morphine, normorphine, and 6-monoacetylmorphine (her-
oin metabolites)—GLC analysis in human urine 0 GLC-—analysis,
heroin and metabolites in human urine

Previous studies on laboratory animals in vitro
and in vivo have indicated that heroin (3,6-diacetyl-
morphine) is rapidly deacetylated to 6-monoacetyl-
morphine and then to morphine (1-7). The major
portion of a given dose of heroin can be accounted for
in the urine as free morphine and morphine conju-
gate (8-13). Heroin, 6-monoacetylmorphine, and
morphine have previously been estimated in biologi-
cal materials with a methyl orange dye procedure, a
Folin-Ciocalteu phenolic reagent (3), radioactive
tracers (5), paper chromatography (7, 14), and GLC
(12). This article presents an improved GLC proce-
dure for the estimation of heroin and its metabolites,
6-monoacetylmorphine, morphine, and normorphine.

EXPERIMENTAL

Materials—Heroin hydrochloride! (containing about 5% 6-
monoacetylmorphine as an impurity, as determined with the GLC
procedure described here), normorphine hydrochloride!, and mor-
phine sulfate? USP were obtained.

Gas Chromatograph—A gas chromatograph® equipped with
dual flame-ionization detectors and a dual pen recorder* was used.

‘1 Through the courtesy of Dr. Everette May, National Institutes of
Health.
2 Commercial product.
3 Varian Aerograph, Series 2700.
4 Model A-25, Varian.
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A 0.9-m (3-ft) X 2-mm glass column (Column 1) was packed with
3% OV-17 coated on Gas Chrom Q (60-80 mesh) and conditioned
at 270° by passing nitrogen (30 ml/min) for 1 hr, then at 340°
without nitrogen for 4 hr, and finally at 280° with nitrogen (16
ml/min) for 72 hr. A 1.5-m (5-ft) X 2-mm stainless steel column
(Column 2) was packed with 3% SE-30 coated on Varaport (100-
120 mesh). The temperatures of the injector and detector were set
at 255 and 295°, respectively.

Determination of Heroin—A 5-ml aliquot of urine was placed
in a 40-ml centrifuge tube, adjusted to about pH 4.5 with acetic
acid, buffered with 1 ml of 1 M sodium acetate buffer at pH 4.5,
salted with 1.6 g sodium chloride, shaken with 15 m! of chloroform
in a shaker® at 280-300 oscillations/min for 10 min, and centri-
fuged at 2000 rpm for 10 min. After removal of the aqueous phase
by aspiration, a 13-ml aliquot of the organic phase was transferred
to a 15-ml conical centrifuge tube and evaporated to dryness under
a stream of nitrogen in a water bath at 60-70°.

The tube was rinsed with 1 ml of chloroform by mixing on a
mixer® for about 10 sec, and the chloroform was evaporated to dry-
ness. To the residue was added 50 ul of cholestane solution (0.05
mg/ml in ethyl acetate) as an internal standard, and 1 gl of the so-
lution was injected onto Column 2. The temperature of the column
was programmed from 200 to 250° at 8°/min. A standard curve
was prepared by adding authentic heroin hydrochloride (0.25-10
ug) to 5 ml of drug-free cigarette smoker’s urine and analyzing by
the described procedure.

Determination of 6-Monoacetylmorphine and Morphine—A
5-ml aliquot of urine was placed in a 40-ml centrifuge tube, adjust-
ed to pH 8.0-8.5 with sodium hydroxide solution, buffered with 1
ml of 1 M phosphate buffer at pH 8.5, salted with 1.6 g of sodium
chloride, shaken with 15 ml of ethylene dichloride containing 30%
isopropanol in a shaker5 at 280-300 oscillations/min for 10 min,
and centrifuged at 2000 rpm for 10 min. After removal of the aque-
ous phase by aspiration, a 13-ml aliquot of the organic phase was
transferred to a 40-ml centrifuge tube.

The alkaloids in the organic phase were back-extracted into the
aqueous phase with 5 ml of 0.1 N HCI by shaking in the shaker for
5 min and centrifuging for 5 min. The organic phase was removed
by aspiration without removing any of the acid phase (leaving a
small drop of the organic phase in the bottom of the tube). The
acidic phase was adjusted to pH 8.0-8.5, buffered, salted with 1.0 g
of sodium chloride, and extracted with the organic solvent as al-
ready described. After removal of the aqueous phase by aspiration,
a 13-ml aliquot of the organic phase was transferred carefully (so
as not to include any aqueous phase) to a 15-ml conical centrifuge
tube and evaporated to dryness under a stream of nitrogen in a
water bath at 60-70°,

2 {?ternational bottle shaker, International Equipment Co., Boston, Mass.
ortex.
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Figure 1 —Chromatograms of heroin, 6-monoacetylmorphine, morphine, and normorphine obtained from the extract of human urine
after intravenous administration of 10 mg/70 kg of heroin hydrochloride.

The tube was rinsed with 1 ml of methanol by mixing on a
mixer® for about 10 sec and was then evaporated to dryness. The
residue was used for GLC determination of 6-monoacetylmorphine
and morphine after silanization with 25% trimethylsilylimidazole
in pyridine’. Standard curves were prepared with five concentra-
tions of 6-monoacetylmorphine and morphine added to 5 ml of
drug-free cigarette smoker’s urine and analyzed as already de-
scribed.

Determination of Morphine and Normorphine—The proce-
dure for extraction of normorphine and morphine was described
previously (15). It was essentially the same as the procedure for ex-
traction of 6-monoacetylmorphine and morphine, except that the
urine samples were adjusted to about pH 10, buffered at pH 10.4
with 1 ml of 40% phosphate buffer (37% K HPO, and 3%
K3POy), and extracted with ethylene dichloride (glass distilled)
containing 30% isopropanol by shaking for 30 min each time.

The residue of the urine extract was dissolved in 0.3 ml of meth-
anol, 50 ul of internal standard solution was added, and the tube
was mixed® for about 10 sec. Tetraphenylethylene (50 ug/ml in
ethyl acetate) was used for the determination of 6-monoacetylmor-
phine and morphine, and cholestane solution (50 ug/ml in ethyl ac-
etate) was used for the determination of normorphine. The solu-
tion was transferred to an acylation tube®, and the centrifuge tube
was rinsed with 0.1 ml of methanol and transferred to the acyla-
tion tube. The mixture was evaporated to dryness, and the residue
was either silanized or acetylated.

Acetylation was accomplished by heating the residue with 0.2 ml
of acetic anhydride and 0.1 ml of pyridine in a sealed acylation
tube at 60-70° for 0.5 hr. The excess acetic anhydride was removed
by evaporation and the residue was dissolved in 50 ul of ethyl ace-
tate; 1 ul of the solution was injected onto Column 2. Silanized de-
rivatives were prepared by mixing the contents of the tube with
50 pl of 25% trimethylsilylimidazole in pyridine and heating the
mixture in an oil bath at 90-95° for 1 hr. One microliter of the so-
lution was injected onto Column 1.

The ratios of the peak heights of heroin, 6-monoacetylmorphine,
morphine, and normorphine to the peak height of internal stan-
dard were calculated. A linear relationship was found by plotting
the peak height ratios versus concentrations. Heroin, 6-monoa-
cetylmorphine, morphine, and normorphine concentrations in the
urine sample were determined from the standard curves. The
amount of injected heroin was converted to equivalent amounts of
6-monoacetylmorphine and morphine for calculation of the per-
centage of excretion.

7 Tri-Sil-Z, Pierce Chemical Co., Rockford, Ill.
8 Regis Chemical Co., Chicago, Ill.
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Estimation of Free and Conjugated Morphine and Normor-
phine—Total morphine and normorphine in the urine were esti-
mated, according to the precedure of Yeh and Woods (16), by au-
toclaving the specimen in a final concentration of 2.2 N HCI (20%
by volume of concentrated hydrochloric acid) in a steam-jacketed
autoclave at 15 1b of pressure and 115° for 30 min. After cooling,
the sample was adjusted to about pH 10 and then extracted for
GLC by the described procedure. Free morphine and normorphine
were estimated from the unhydrolyzed specimens. Conjugated
morphine was calculated as the difference between the total mor-
phine and the free drug of morphine and 6-monoacetylmorphine.

RESULTS AND DISCUSSION

The chromatograms of heroin and its metabolites (6-mono-
acetylmorphine, morphine, and normorphine) extracted from the
first urine samples of subjects after intravenous administration of
10 mg of heroin hydrochloride/70 kg are shown in Fig. 1. Normor-
phine, either in free or conjugated form, would be expected to be a
metabolite of heroin since free and conjugated normorphine have
been found in the urine of morphine-dependent subjects (15). The
chromatograms of free 6-monoacetylmorphine and free morphine
Fig. 1(A) were obtained from a silanized extract and chromato-
graphed on Column 1 at a temperature of 230°. The retention
times of silylmorphine, tetraphenylethylene, and silyl-6-monoa-
cetylmorphine were 4.3, 5.8, and 7.1, respectively.

Chromatograms B and C show total morphine and total normor-
phine extracted from acid-hydrolyzed urine at pH 10.4. Chromato-
gram B was obtained from the extract that was silanized and chro-
matographed on Column 1 at 220°. The retention times of silyl-
morphine, silylnormorphine, and cholestane under these condi-
tions were 7.4, 8.8, and 12.5 min, respectively. Chromatogram C
was obtained from the extract that was acetylated and chromato-
graphed on Column 2 at 250°. The retention times of diacetylmor-
phine, cholestane, and triacetylnormorphine were 2.3, 3.7, and 5.7
min, respectively.

Chromatogram D shows 6-monoacetylmorphine and heroin ob-
tained from the extract chromatographed on Column 2, tempera-
ture programmed from 200 to 250° at 8°/min. The retention time
of heroin and its metabolites changed slightly from column to col-
umn but the basic pattern remained the same. Free normorphine
concentration was too low to be detectable in a 5-ml urine aliquot
but ;vas detected from larger samples extracted with XAD-2
resin?,

The sensitivity of the procedure for determination of heroin was

? Amberlite XAD-2 resin, Rohm & Haas Chemical Co., Philadelphia, Pa.



0.2 ug/5 mg of urine. The extraction efficiency of the procedure
could not be established, because the volatility of heroin hydro-
chloride appears higher than that of heroin (presumably heroin ac-
etate) extracted with the solvent. The peak height of heroin hydro-
chloride (2-10 ug) was less than that of the same amount of heroin
after extraction when chromatographed on Column 1. Column 2
seemed more sensitive than Column 1 when extracted heroin was
chromatographed, although heroin hydrochloride did not emerge
from Column 2,

The extract obtained from a single extraction contained many
impurities, but these did not interfere with the detection or mea-
surement of the heroin peak. Attempts to clean the extract by ex-
traction of heroin into the aqueous phase with 0.1 N HCl and then
back into the organic phase with chloroform at pH 4.5 were unsuc-
cessful. 6-Monoacetylmorphine was also extracted with chloroform
from the urine sample buffered at pH 4.5.

6-Monoacetylmorphine is quite stable under the conditions for
extraction and silanization, as evidenced by the fact that a mor-
phine peak was not observed in the chromatogram when authentic
6-monoacetylmorphine alone was added to the urine. Attention
must be paid to the adjustment of the pH of the sample. Oberst
(10) reported that 88% of heroin was hydrolyzed at 26° in 0.5 M so-
dium carbonate solution in 10 min. The biological sample obtained
after administration of heroin should be frozen and analyzed as
soon as possible. 6-Monoacetylmorphine was detected in 10 out of
10 frozen human urine samples and only in three out of 10 refriger-
ated urine samples after heroin administration.

The overall recoveries for 6-monoacetylmorphine and morphine
in concentrations of 2-15 ug/5 ml of urine were 68-70 and 60—629%,
respectively. The sensitivity of this procedure for the determina-
tion of 6-monoacetylmorphine hydrochloride and morphine sulfate
was 0.25 pg/5 ml of urine. Morphine can be extracted from the
sample buffered to pH 8.5 or 10.4 and determined simultaneously
with either 6-monoacetylmorphine or normorphine.

The optimal conditions of reaction time and temperatures for
derivatization of morphine and normorphine were studied with
two silanizing reagents, bis(trimethylsilyl)trifluoroacetamide plus
10% trimethylchlorosilane and 25% trimethylsilylimidazole in pyri-
dine. A clean chromatogram was obtained from the extract of a
drug-free urine sample when trimethylsilylimidazole was used.
The results from silanization of 100 ug of morphine sulfate and
normorphine hydrochloride with 50 ul of 25% trimethylsilylimida-
zole in pyridine heated at 90-95° for 15, 30, and 60 min (six sam-
ples for each time period) were not significantly different. How-
ever, the chromatogram of drug-free urine extracts heated for 15
and 30 min with the silanizing reagent showed a small peak inter-
fering with morphine (0.2 min after morphine peak). The peak
height ratios for morphine were not significantly different when
the extract was silanized at 60-70 or 90-95°, but the peak height
ratios for normorphine were smaller at the lower temperature.

Therefore, reaction at 90-95° for 60 min was used in the final pro-
cedure.

The sensitivity of silanized and acetylated morphine is compara-
ble but the sensitivity for determination of silanized normorphine
is somewhat greater than that for acetylated normorphine.

Cholestane interferes with the retention time of 6-monoacetyl-
morphine, so it is not suitable for use as an internal standard for
6-monoacetylmorphine determination. Tetraphenylethylene was
used as an internal standard for the determination of both 6-mo-
noacetylmorphine and morphine.

This procedure is currently being used in this laboratory for
studying the urinary excretion of heroin and its metabolites fol-
lowing intravenous administration of heroin in humans.
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