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Abstract

A rapid and selective assay of morphine and its 3- and 6-glucuronides in serum, based on high-performance
liquid chromatography-electrospray mass spectrometry has been developed. The analytes and the internal
standard, codeine or naltrexone, were subjected to solid-phase extraction, using ethyl solid-phase extraction
columns, prior to chromatography. A reversed-phase column and a gradient mobile phase consisting of water and
methanol were used. The mass spectrometer was operated in the selected-ion monitoring mode. The following ions
were used: m/z 286 for morphine, m/z 300 for codeine, m/z 342 for naltrexone, and m/z 462 for morphine 3- and
6-glucuronides. The limit of quantitation observed with this method was 10 ng/ml morphine, 50 ng/ml morphine-6-
glucuronide and 100 ng/ml morphine-3-glucuronide. The present method proved useful for the determination of
serum levels of the parent drug and its metabolites in pain patients, heroin addicts and in morphine-treated mice.

1. Introduction

The analgesic properties of morphine are used
for the treatment of cancer pain [1]. On the
other hand, morphine is the major metabolite of
heroin (3,6-0-diacetylmorphine), the opioid most
commonly sold in the illicit drug market [2].

Morphine is metabolized in man to the inac-
tive morphine-3-glucuronide (M-3-G) and
morphine-6-glucuronide (M-6-G) with an analge-
sic activity greater than that of the parent com-
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pound, and is present in plasma in concentra-
tions that exceed those of morphine itself [3-5].
Conversely, M-6-G is not present in all animal
species [6,7] and M-3-G, which is inactive in
man, shows antinociceptive effect in rat [8,9].
Radioimmunoassays (RIA) have often been
used to measure serum concentrations of mor-
phine, but cross-reactions between M-3-G and
M-6-G and the antiserum to morphine rendered
the results obtained difficult to interpret [10-12].
M-3-G and M-6-G were quantified in human
serum for the first time in 1982 using ion-pair
high-performance liquid chromatography [13].
Subsequently, other HPLC techniques were de-
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veloped using amperometric, fluorimetric or UV
detection [14-18].

High-performance liquid chromatography
(HPLC) combined with mass spectrometry has
been widely applied in recent years [19]. Indeed,
mass spectrometry is still the best detector for
HPLC since it offers both universality and selec-
tivity, even if the HPLC-MS coupling still suf-
fers from the lack of sensitivity.

This paper describes an HPLC assay for mor-
phine and its two glucuronides in serum with
electrospray-mass spectrometric detection. A
solid-phase extraction was performed for serum
samples, using codeine and naltrexone as inter-
nal standards. Data on serum levels of the drug
and its metabolites in two cancer patients, five
heroin addicts and in morphine-treated mice are
reported.

2. Experimental
2.1. Chemicals and reagents

Morphine-HCI, codeine-HCl, naltrexone-HCI,
morphine-3-glucuronide were purchased from
Salars (Como, MI, Italy) and morphine-6-gluc-
uronide from Sigma (Poole, UK). Ethyl solid-
phase extraction columns (1 ml volume, 100 mg
sorbent) were from J.T. Baker (Milan, Italy).
All solvents were analytical grade.

2.2. HPLC-MS conditions

HPLC was performed with a Waters 600 MS
multisolvent delivery system (Waters Chroma-
tography Division, Rome, Italy) equipped with a
U6K universal liquid chromatography injector.
Chromatographic separation was achieved at
ambient temperature with a reversed-phase
Supelcosil ABZ column (25 cm X 4.6 mm 1.D., 5
mm particle size; Supelchem, Milano, Italy) and
a convex gradient elution consisting of 85%
water and 15% methanol at the start changing to
40% water and 60% methanol in 10 min, in
which the analysis was completed (gradient curve
equation: y= —0.46 ¢ "' +0.60, where x is
the time in minutes and y is the percentage of

methanol). The flow-rate was 0.8 ml/min splitted
to 18 ul/min before the electrospray MS inter-
face.

The MS system (TRIO 2 with electrospray
interface, Fisons Instruments, Altrincham, UK)
was operated with a capillary tip voltage of 2.97
kV for the probe, a counter-electrode voltage of
0.39 kV, a sampling-cone voltage of 66 V, —106
V, =17 V, for the three couples of lenses,
respectively. These parameters were checked
daily and slightly modified if needed, to obtain
optimum sensitivity. The source temperature was
held at 60°C. The selected-ion monitoring (SIM)
mode was used, and the following ions were
monitored: m/z 286 for morphine, m/z 300 for
codeine, m/z 342 for naltrexone, and m/z 462
for morphine 3- and 6-glucuronides.

2.3. Standards and controls

Solutions of stock reference standards (1 mg/
ml, 10 pg/ml and 1 ug/ml) were prepared in
methanol and stored below 0°C. Dilutions were
freshly made daily for each analysis. Serum
standards were prepared daily by adding known
amounts of the stock standards to drug-free
serum; these standards were used to create
HPLC-MS calibration curves as a control and to
determine analytical recoveries, intra-day and
inter-day variabilities.

2.4. Biological samples collection

Blood samples from cancer patients requiring
opioid analgesia were obtained from two male
inpatients of Santo Spirito Hospital in Rome.
Patient No. 1 was treated orally with controlled-
release discoids of morphine sulphate (Oblioser,
Recordati, Milano, Italy). A 10-mg dose was
administered at 8 a.m., and a 20-mg dose at 8
p-m. Blood samples were collected 1 h after the
morning dose and 1 h before the evening dose.
Patient No. 2 received a continuous intravenous
infusion of morphine (10 mg/24 h) and blood
was drawn at 10 a.m., 12 a.m., and 3 p.m. Blood
samples from heroin addicts were obtained from
subjects who had been enrolled in an outpatient
maintenance and detoxification study at Santo
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Spirito Hospital. All blood samples were imme-
diately centrifuged at 1000 g for 5 min. Serum
was collected and stored at —20°C until analysis.
Male C57BL/6 inbred mice (Charles River,
Calco, Como, Italy), 8-10 weeks of age, weigh-
ing 18-20 g, were treated with morphine-HCl
dissolved in saline, at doses of 20, 60, and 150
mg/kg, administered subcutaneously (s.c.). In
the case of the 20 mg/kg treatment, blood
samples were collected at 10, 20, and 120 min
and at 6, 10, 12 and 24 h after administration.
Ten mice were used for each time tested. For the
other doses, blood was collected at 40 min after
the treatment. Serum obtained by centrifugation
was stored at —20°C until analysis.

2.5. Extraction of biological samples

A 1-ml aliquot of serum, with 100 ul of
internal standard (1 wg/ml aqueous solution)
added, was extracted using ethyl solid-phase
extraction columns. The columns were con-
ditioned with 2 column volumes of methanol,
one column volume of water, followed by two
column volumes of 0.01 M ammonium hydrogen
carbonate buffer (pH 9.3). Serum samples were
loaded onto column, washed with one column
volume of 0.01 M ammonium hydrogen carbon-
ate buffer, and eluted with one column volume
of methanol. The eluate was evaporated to
dryness under nitrogen, redissolved in 100 ul of
mobile phase and a 20-ul aliquot was injected
onto the HPLC column. The extraction pro-
cedure reported above was compared with a
solid-phase extraction procedure reported in the
literature for strong cation-exchange (SCX) car-
tridges [17].

3. Results and discussion

Solid-phase extraction with C, columns was
used in preference to procedures described in the
literature. In the case of extractions performed
with Sep-Pak C, cartridges [13,14,16], the
eluate consisted of non-volatile salts of buffers,
which could not be injected onto the mass
spectrometer. Using strong cation-exchange car-

tridges [17], the recovery of M-3-G was always
under 40%. C, solid-phase extraction gave the
best results. Over the concentration ranges test-
ed in the analysis, recoveries were above 95%
for all the analytes, except for M-3-G, the
recovery of which was 70%.

Fig. 1 shows SIM chromatograms of serum
samples obtained from a drug addict (A), and
from morphine-treated mice (B). Morphine and
both the glucuronides were present in human
serum, while in murine serum only morphine
and its 3-glucuronide were found. There were no
interfering peaks in blank human and murine
samples.

Calibration curves of the peak height
(counts x 107°) versus the amount of the ana-
lytes (ug/ml) were prepared and checked daily
from sera spiked with five different concentra-
tions of the analytes and carried through the
entire procedure. The calibration curves were
linear over the ranges 10-1000 ng/ml for mor-
phine, codeine, and naltrexone; 50-1000 ng/ml
for M-6-G; and 100-1000 ng/ml for M-3-G. The
quantitation limit (signal-to-noise ratio of 3) and
the linearity of the method are shown in Table 1.

The analytical imprecision was determined
from analyses of five spiked serum samples
performed for up to six days. The within-day
coefficients of variation for 10 ng/ml morphine,
50 ng/ml M-6-G and 100 ng/ml M-3-G were 6.5,
6.9, and 7.2%, respectively. The between-day
coefficients of variation for the same amounts of
morphine, M-6-G and M-3-G were 6.9, 7.1 and
7.4%, rcspectively.

The procedure as described was used to de-
termine the concentration of morphine and its
glucuronides in serum from two cancer patients
receiving different drug treatments (Table 2). In
the case of a patient receiving morphine sulphate
by the oral route, 2 ml of serum were used for
the determination in order to measure the low
concentrations expected for the drug and its
metabolites, due to the controlled-release formu-
lation.

The concentration of morphine and its gluc-
uronides was determined also in the serum from
five drug addicts (Table 3). Only in one subject,
both the glucuronides could be determined; in
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Fig. 1. SIM chromatograms of extract of (A) serum sample from a drug addict containing morphine (38 ng/ml), codeine as an
internal standard (1 xg/ml), naltrexone as an internal standard (1 pg/ml), M-3-G (305 ng/ml), M-6-G (69 ng/ml); (B) serum

sample from morphine-treated mice containing morphine (110 ng/ml), codeine (1.S.,

M-3-G (2 pg/ml).

the other samples only morphine and its 3-glu-
curonide, or morphine alone could be detected.
This difference in drug metabolism may be due
to inter-individual variability or to different

Table 1
Quantitation limit and linearity

Compound Retention  Quantitation  Linearity®

time limit

(min) (ng/ml)
Morphine 6.17 10 y=13x-0.7
M-3-G 5.80 100 y=0.08x +0.2
M-6-G 6.70 50 y=0.15x+0.09
Codeine” 7.03 10
Naltrexone®  7.27 10

y = peak height (counts x 10 *); x = amount of the analytes

(pg/ml).
® Internal standard.

1 pg/ml), naltrexone (I.S., 1 ug/ml), and

amounts of heroin injected and time elapsed
after the last injection. An other application of
the present method was the determination of
morphine and its metabolites in the serum of
C57BL/6 mice. Several studies have shown the

Table 2

Serum concentrations of morphine, M-3-G and M-6-G in
cancer patients receiving morphine by oral route (patient No.
1) or continuous intravenous infusion (patient No. 2)

Patient Sample Morphine M-3-G M-6-G
(ng/ml) (ng/ml) (ng/ml)

1* 9a.m. 14 81 35

1 7 p.m. S 108 20

2 10a.m. 31 730 120

2 12 a.m. 51 597 298

2 3p.m. 35 840 593

* A 2-ml serum sample was used.



R. Pacifici et al. | J. Chromatogr. B 664 (1995) 329-334 333

Table 3
Concentrations in serum samples of drug addicts

Subject Morphine M-3-G M-6-G
(ng/ml) (ng/ml) (ng/ml)

1 38 305 69

2 17 231 N.D.

3 18 264 N.D.

4 50 N.D. N.D.

5 30 N.D. N.D.

N.D. = not detected.

formation of M-3-G and M-6-G in various ani-
mal species such as rhesus monkeys [20], guinea
pigs, rabbits [6,7], while M-6-G did not appear in
rats and mice [7]. Only morphine and its 3-
glucuronide were found in serum of mice treated
with a 20 mg/kg dose of morphine (Fig. 2). This
result was confirmed by comparing mice treated
with 20, 60 and 150 mg/kg morphine (Table 4),
even though the presence of amounts of
morphine-6-glucuronide, too smail to be deter-
mined, cannot be excluded. These results fairly
agree with the observations of Kuo et al. [7].
Indeed, M-6-G was not detected in 24-h urine of
mice treated with 10 mg/kg morphine, although
in-vitro studies demonstrated the capability of
mice liver toward the glucuronidation of 6-hy-
droxyl group of morphine.

Serum conc. ug / mi

T 2 s a ¢ 7 8 8 10 1 12 24
Time { hours )

Fig. 2. Profile of serum concentrations of morphine (O) and
M-3-G (@) after 20 mg/kg administration of morphine

hydrochloride to mice.

Table 4
Serum concentration of morphine and its metabolites 40
minutes after morphine administration in C57BL/6 MICE

Drug treatment Morphine M-3-G M-6-G
(ng/ml)  (ug/m)  (ug/mi)
20 mg/kg 1.6 9.7 N.D.
60 mg/kg 4.3 322 N.D.
150 mg/kg 10.5 118.0 N.D.

N.D. = not detected.

In conclusion, this rapid, selective and reliable
method can be useful for pharmacodynamic and
pharmacokinetic studies, in which data on the
concentrations of morphine and each of its
metabolites in biological fluids can be of interest.
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