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ABSTRACT

A high-performance liquid chromatographic method has been developed for the detection, separation
and measurement of codeine and its metabolites norcodcine, morphine and normorphine, with their glucu-
renide conjugates. The glucuronidase Excherichia cofi type VIIA hydrolyses codeine-6-glucuronide com-
pletely and is used for the construction of the calibration curves of codeine-6-glucuronide. Enzymic hydro-
lysis of codeine-6-glucuronide depends on the specitic activity of the glucuronidase applied. Examples are
shown of a volunteer who is able to form morphine from codeine and one who is unable to do so.

INTRODUCTION

The morphinomimetic drug codeine is used as an analgesic and antitussive
agent. Codeine is metaboiized by conjugation with glucurenic acid to codeine-6-
glucuronide, and to a minor extent via N-demethylation to norcodeine and via
(O-demethylation to morphine. The possible metabolites generated by these three
metabolic pathways are shown in Fig. 1. To correlate the observed analgestic or
antitussive effects with the corresponding plasma conccntration of the active
agent, mosl il not ail analytical methods have been developed for codeine, norco-
deine and morphine [1-8]. Formation of morphine may contribute to the devel-
opment of dependence with chronic codeine administration. Recently it has be-
come more and more obvious that glucuronidation of morphine at the 6-position
does not reduce the analgestic effect: morphine-6-glucuronide has a stronger
analgesic effect than morphine [9-15), and its plasma concentration is much high-
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Morphine-3-glucuronide

Norcodalne-E-glucuronide

Normorphine

Fig. 1. Structures ot codeine and its metabolites.

er than that of morphine [11]. By analogy with morphine, codecine-6-glucuronide
musl possess a similar activity to codeine itself. Reports of direct high-perform-
ance liquid chromatography (HPLC) of codeine-6-glucuronide arc limited
[16,17]. The aim of this investigation was to develop a precise, sensitive and
sclective HPLC method for the determination of codeinc, norcodeine and mor-
phine, and their possible glucuronides, in plasma and urine, in order to study the
pharmacokinetics of codeine in humans.

EXPERIMENTAL

Drugs

Codeine was obtained from the Hospital Pharmacy. Norcodeine, normor-
phine, morphine-3-glucuronide and morphine-6-glucuronide were obtained from
Sigma (St. Louis, MO, USA). Morphine was obtained from Diosynth (Oss, Ncth-
erlands). Codeine-6-glucuronide was identified in human plasma and urine.
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Chromatography

A Spectroflow 400 high-performance liquid chromatograph (Kratos, Rotter-
dam, Netherlands) equipped with an electrochemical detector (Model 5100 A,
ESA, Kratos) was used.

A stainless-steel column (250 mm x 4.6 mm L.D.; Chrompack, Middelburg,
Netherlands) packed with CP-tm-Spher Csg, particle size 8 pm (Chrompack) was
used. The injection volume was 50 pl.

The mobile phase consisted of 0.25 g of heptanesulphonic acid (HSA), 0.68 g
of KH,PO, and 5.5 ml of H3PO, (25% in water) adjusted to a total volume of
425 ml, with 20 ml of methanol and 60 ml of acetonitrile added. It was degassed
with a gentle stream of helium. The flow-ratc was 2.0 ml/min at a pressure of 15.2
MPa. The temperature of the column was 40°C. The capacity factors of codeine
and its metaboiites are given in Table [.

For sample injcction a Marathon autosampler (Interscience, Breda, Nether-
lands) was used.

The analytical cell (Model 5010, ESA) consisted of two units, which can be
regulated separately. The potentials of detector cell 1 and detector cell 2 were
+0.65Vand +0.85 V, respectively, for the measurement of morphine-3-glucuro-
nide, codeine-6-glucuronide, norcodeine, and codeine. For the measurement of
morphine-6-glucuronide, normorphine, and morphine, the potentials of the cells
were +0.25 V and +0.35 V, respectively. Both cells were conncected to a two-
channel Chromjet integrator (Spectra Physics, Findhoven, Netherlands).

Sample preparation
Plasma. A 0.6 ml plasma sample was extracted with the Baker-10 extraction
system (Baker Chemicals, Cat. No. 70180, Deventer, Ncetherlands) fitted with

TABLE 1
CAPACITY FACTORS OF CODEINE AND ITS METABOLITES

Compound Capacity k' ratio®
factor - — — — — — — — — —
{K’) QCH, 6glucjaglycone NCH,

Morphine-3-glucuronide 2.2

Morphine-6-glucuronide 3.6 0.57

Normorphine 6.0

Morphine 6.3 1.05
Codcine-6-glucuronide 9.9 0.52

Norcodeine 17.4 2.90

Codeine 19.2 3.05 110

* OCHy = effect of the 3-methoxy group versus 3-OH group; NCH, = cffect of the N-methyl group versus
NH, group; 6gluc = effect of the 6-O-glucuronide group versus 6-OH group.
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I-mi disposable extraction columns packed with reversed-phase octadecylsilane
{Cyg) bonded to silica gel (Cat. No. 7020-01). The extraction column was condi-
tioned with two 1-ml volumes of methanol, two [-ml volumes of water and | m]
of 500 mM diammonium sulphate (pH 9.3). Plasma (0.6 ml) diluted with an
additional 0.5 ml of 500 mA diammounium sulphate buffer (pH 9.3), was placed
into of the column. The column was washed with two 1-ml volumes of 5 mM
diammonium sulphate (pH 9.3). The sample was cluted with 400 gl of a mixture
of 0.01 M KH,PO, with 10% acetonitrile and 10% HiPO, (25%).

Urine. A 0.2-ml sample of urine and 0.5 ml of 500 mM diammonium sulphate
(pH 9.3} were placed into the extraction column. The urine was processed in the
same way as plasma, except that the column was washed four times with 1 ml of 5
mAM diammonium sulphate (pH 9.3). The samplc was cluted with 1 ml of 0.01 A1
KH>PO,-10% acetonitrile -10% HiPO,4 {(25%).

Deconjugation

Deglucuronidation was carried out with 100 ul of urine, 25 ul ol f-glucuroni-
dase and 125 ul of 0.02 M KH,PO, (pH 6.8) for 17 h at 37°C. Thereafter, 0.7 ml
of 300 mM diammonium sulphate was added and the sample was extracted. The
urine samples containing codeine-6-glucuronide were taken from a volunteer af-
ter oral intake of 30 mg of codeine phosphate. Four different glucuronidase and
sulphatase enzymes (A-D) were used: (A) 0.2 M phosphate bufler (pH 5.0) and
100 000 U/ml g-glucuronidase type Bl from bovine liver (Sigma, Cat. No.
(G-0251); (B) 0.2 M phosphate buffer (pH 5.0) and 107 200 U;/ml -glucuronidase
plus 4500 U/l arylsulphatase Helix pomatia type H2 (Sigma, Cat. No. G-08706);
(C) 0.2 M phosphate buffer (pH 6.8) and 20 000 U/ml S-glucuronidase Escher-
ichia coli type VILA (Sigma, Cat. No. G-7646); (D) 0.2 M phosphate buffer (pH
3.8) and 100 000 U/ml p-glucuronidase plus 893 U/ml arylsulphatase type LII
lyophilized powder from limpets P. vidgara (Sigma, Cat. No. G-8132).

Calibration curves for glucuronide

The increase in the concentration of codeine in urine after deconjugation rep-
resented the concentration of the conjugate. A calibration curve was consiructed
with the help of the following formula:

[codeine-6-gluc] = dlcodeine]| + M ogeinc-giue/ Mecodeine

where d[codeine] is the difference between the concentrations of codeine before
and after deconjugation, and M is the relative molecular mass. Thereafter, cali-
bration curves for codeine-6-glucuronide were constructed by spiking urine with
known concentrations of the compound.

Calibraton curves for plasma codeine-6-glucuronide were obtained by spiking
1 ml of plasma with known (measured after deglucuronidation) concentrations of
the glucuronides in urine [18-20].
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Subjects

Two human volunteers {one male, one female) took an oral dose of 30 mg of
codeine phosphate (tablets obtained [rom the Hospital Pharmacy). The study had
the approval of the Hospital Ethics Committec.

Sampling

Blood samples were collected at regular time intervals after administration for
24 h and centrifuged at 2600 g. The plasma was separated and stored at —20°C
until analysis. Urine was collected on spontaneous voiding for 48 h, the total
volume and the time of void were recorded, and an aliquot was stored at — 20°C
until analysis.

Recovery and reproducibility
The calibration curves were prepared by adding a variable amount of stock
solution to blank plasma/urine.

RESULTS AND DISCIUSSION

Fig. 2 shows chromatograms of a human plasma sample containing codeine,

Ptasma
NPQ'UC Cégluc
Codeine

standard B Codeine
§
i §§ Mr3gluc human plasma
s AJ”MJ

]
085V blank plasma

| T T H T [ 1 T 1 1

0 5 10 15 20 min ] 5 10 15 20 min

Fig. 2. Chromatograms of codeine (C), its metabolites norcodeine (norC). its glucuronides codeine-6-
glucuronide (Cégluc) and morphine-3-glucuronide (M3gluc) in a water standard, in a human plasma
sampie and in a blank human plasma sample. The water standard contained 123 ng/ml codeine, [ 19 ng/ml
norC and 523 ng/ml M3gluc. The shifts in the baseline are the result of a change in the attenuation.
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its metabolite norcodeine, and the conjugates codeine-6-glucuronide and mor-
phine-3-glucuronide. Fig. 3 shows chromatograms of a human urine sample con-
tuining codeine, its metabolites norcodeine, morphine and normorphine, and the
conjugates codeine-6-glucuronide and morphine-3-glucuronide. The peaks are
well separated from each other. Table I lists the capacity factors. As with other
HPLC methods in which the parent drug and the glucuronide conjugate are
measured, there is a big difference in capacity factors between glucuronide and
aglycone [18-24]. 6-O-Glucuronidation of codeine and morphine reduces the ca-
pacity factor by ca. 50%, 3-O-methylation of morphine increases the capacity
factor by a factor of 3, and N-methylation of norcodeine and normorphine affects
the capacity factor minimally. The nearly constant ratio between the capacity
factors of compounds differing by onc functional group can be used as an addi-
tional tool in identifying structural analogues [23,24]. In this way, it could be
decided that norcodeinc-6-glucuronide, normorphine-3-glucuronide and nor-
morphine-6-glucuronide were not present in the plasma and urine of humans.
Fig. 4. shows chromatograms of human urine before and after deglucuronida-
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Fig. 3. Chromatograms of codeine (C), il metaboliles norcodeine (norC), normorphine (norM) and mor-
phine (M), and the glucuronides codeine-6-glucuronide (Cogluc), morphine-3-glucuronide (M3gluc) and
morphineg-6-glucuronide (Mégluc) in a water standard, in a human urine sample and in a blank human
urine sample. The water standard contained 760 ng/ml codeimne, 550 ng/ml norC, 3200 ng/ml M3gluc, 262
ng/ml Mogluc, 797 ng/ml norM and 760 ng/mi M.
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Fig. 4. Chromatograms of codeine and its glucuronide codeine-6-glucuronide in a human urine sample
before (upper pancel) and after (lower pancl) deglucuronidation with E. cofi type VIIA glucuronidase
{system C).

tion with system C (£. coli type VIIA). The systems C and D both reached 100%
deglucuronidation of codeine-6-glucuronide. System C was preferred to system D
because the chromatograms were almost clear of interfering peaks from the glu-
curonidase solution. The systems A and B rcached only 34 and 74% deconjuga-
tion. Incomplete hydrolysis (36-81%) with H. pomatia H1 was reported by Chen
er al. [16]. An inhibitory cffect of urine constituents on the hydrolysis process was
assumed. Our system B, with H. pomaria H2 glucuronidase, also gives incomplete
hydrolysis (74%). The hydrolysis of the substrate codeine-6-glucuronide in urine
depends on the activity of the glucuronidase enzyme, as reported earlier for the
hydrolysis of a scries of sulphonamide-N;-glucuronides [18-20].

The correlation coefficients were 0.999 or more for morphine-6-glucuronide,
morphine-3-glucuronide, normerphine, morphine, cedeine, norcodeine and co-
deine-6-glucuronide.

The recoveries from the extraction procedure were: for morphine, 92%; for
morphine-3-glucuronide, morphine-4-glucuronide and codeine-5-glucuronide,
100%; for codeine and norcodeine, 85%.
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The detection limit for codeine, codeine-6-glucuronide and norcodeine is 3
ng/mal in plasma and 25 ng/ml in urine. The detection limit for morphine is 3
ng/m! plasma and 20 ng/ml in urine, for morphine-3-glucuronide 10 ng/ml in
plasma and 70 ng/ml in urine, and for morphine-6-glucuronide 5 ng/ml in plasma
and 50 ng/ml in urine (signal-to-noise ratio of 3}.

Table IT lists the inter-day and the intra-day variations in plasma, Tables T11
and TV, respectively, the intra- and inter-day variations in urine.

Fig. 5 shows the plasma concentration—time curves and renal excretion rate—
time profiles of codeine and its metabolites in a human volunteer after an oral
dose of 30 mg of codeine phosphate. The codeine plasma concentration is low
and only 3.9% of the compound is excreted in the urine. The main metabolite in
plasma and urine is codeine-6-glucuronide, which accounts for 77.3% of the dose
administered. Morphine and its metabolites morphine-3-glucuronide and mor-
phine-6-glucuronide are formed and excreted as ca. 3.3% of the dose. Fig. 6
shows the kinetic data of codeine in a volunteer who is unable to O-demethylate
codeine into morphine.

TABLE 11

INTRA-DAY AND INTER-DAY COEFTICIENTS OF VARIATION OFF CODEINE AND 11S ME-
TABOLITES IN HUMAN PLASMA

Caoncentration (ug/ml)

M3gluc  Cégluc Codeine

Intra-day

Mean 312 1042 899
5D, 13.6 83.0 23
CV. (%) 43 79 26
Mcan 123 244 311
s.D. 5.6 19 3.0
C.V. (%) 9.0 i3 10.7
Mean 31.0 287 78
5.1 2.8 0.96 (.80
C.V. (%) 9.0 33 10.7
Inter-day

Mean 324 1092 87.3
S.D. 20.0 134 319
C.V. (%) 6.1 4.9 4.5
Mean 121 267 3.1
S.D. 7.8 20.5 1.0
C.V. (") 6.4 77 3.2
Mean 293 304 7.7
S.D. 1.5 22 0.2

C.V. (%) 5.1 72 26
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INTRA-DAY VARIATION OF CODEINE AND ITS METABOLITES IN HUMAN URINE

Congcentration (ug/ml)

Cébgluc norC Codeine Morphine norM M3gluc Mb6gluc
Mean 115.2 5.2 13.5 2.31 3.67 [0.08 1.7%
5. 7.18 0.213 0.248 0.208 0.213 0.68 0.155
CV. (%) 6.2 4.0 [.8 9.0 7.7 [R 8.7
Mecan 12.48 0.56 1.34 0.265 0.421 1.25 0.188
S.D. 0.24 0.010 0.022 0.0071 0.0063 0.032 0.0020
C.V, (%) 1.9 1.9 1.7 2.7 1.6 2.6 i.l
Mean 1.33 0.055 0.128 0.023 0.0407 0.155 a
S.D. 0.036  0.0049 0.0046 0.0010 0.0003 0.0055 -
CV. (% 2.7 89 36 4.3 1.3 3.5 -

“ Below detection limil.

TABLE IV

INTER-DAY VARIATION OF CODEINE AND ITS METABOLITES TN HUMAN URINE

Concentration (ug/ml)

Cégluc norC Codeine

Mean
S.D.
C.V. (%)
Mean
5.D.
CV. (%)
Mean
SD.
CV. (%)

122.8 5.6 134
5.67 0.192 0.135
4.0 34 1.0

12.57 0.56 1.29
045 00166 0.0166
3.6 3.0 1.3
1.32 0.055 0.120
0.055  0.0035 0.0059
4.1 6.4 4.6

“ Below detection limit.

Morphine

2.45
0.095
39
0.255
0.016
6.2
0.022
0.0004
2.0

norM

3.85
0.160
4.2
0.422
0.0065
1.5
0.040
0.0017
4.1

M 3gluc

10.2]
025
2.5
1.09
0.093
835
0.120
0.02¢

16.6

Mbgluc
1.88
0.199

10.6
0G.0200
0.0263

13.3
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Fig. 5. Plasma concenlralion—lime curves and renal exerction rate—time profiles of codeine (), ils metabo-
lites norcodeine (norC) and morphine (M), and the glucuronides codeine-6-glucuronide (C-6-gluc), mor-
phine-3-glucurenide (M-3-gluc) and morphine-6-glucuronide (M-6-gluc) in a volunteer after an oral dose

of 30

mg of codeine phosphate (=22 mg of codeine).

This method enables the direct measurement of codeine, its metabolites and its
O-glucuronides. 1t is comparable with and an alternative to published methods
that inciuded the glucuronide conjugates. Differences between the present and
carlicr reported methodologies are found in the detection, such as UV detection
[17], fluorescence detection [15,16], electrochemical detection [1,25,26] and en-
zymic hydrolysis [16].
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Fig. 6. Plasma concentralion—times curves and renal excretion rate -time profiles of codeine (C), its metabo-
lites norcodeine (norC) and morphine (M), and the glucuronides codeine-6-glucuronide (C-6-gluc), mor-
phine-3-glucuronide (M-3-gluc), morphine-6-glucurenide (M-6-gluc) in a volunteer after an oral dose of 30
mg of codeine phosphate (=22 mg of codeine). This volunteer is unable to O-demethylate codeine into

morphine.
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