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Influence of hydrolysis procedures on the urinary
concentrations of codeine and morphine in relation to
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Abstract: A method is described for the GC-NPD determination of urinary codeine and morphine after derivatization
with trifluoroacetic anhydride. The lower limit for accurate quantitative determination was 0.05 p.g ml~!. After the oral
administration of Bisolvon Griblettes® corresponding to 30 mg codeine phosphate to seven subjects maximum codeine
concentrations were obtained after 1-2 h and codeine remained detectable generally 24 h post dosing. The mean
maximum level was 5.1 + 2.8 pg ml~' found after enzymatic hydrolysis with Suc Helix pomatia juice (SHP). Based on
these and previous results (mean 6.3 + 3.4 ug ml™") a threshold level for codeine of 16 pg ml~! is proposed. Significant
differences were noticed between urinary codeine concentrations found after enzymatic hydrolysis with SHP, B-
glucuronidase from Patella vulgata and acid hydrolysis, respectively. Generally, highest values were obtained after SHP,
while B-glucuronidase and especially acid hydrolysis resulted in much lower levels. No morphine could be detected after
acid hydrolysis. Concerning doping analysis, in particular the uniformity of methods and interpretation of the results, it is
recommended that the hydrolysis method should be specified in the rules of those sporting federations allowing codeine

and/or morphine.
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Introduction

Codeine is a commonly-used analgesic drug
available worldwide. It is metabolized mainly
by conjugation with glucuronic acid, and minor
routes of metabolism involve O-demethylation
to morphine and N-demethylation to nor-
codeine [1]. Although the abuse liability of
codeine is lower than that of morphine,
codeine was classified as a banned drug by
different organizations, including the Inter-
national Olympic Committee. The presence of
codeine, irrespective of its concentration in
urine, automatically resulted in a positive
doping test. For the International Amateur
Athletic Federation codeine is permitted only
for the treatment of a disorder. The Medical
Commission of the International Cyclist Union
(UCI) allows urinary concentrations of codeine
and morphine (as a metabolite of codeine)
below 1 pg ml~! [2].

In a previous study [3] we determined the
urinary concentration range that might be
encountered after the administration of thera-
peutic amounts of several preparations con-
taining codeine and tried to establish a

threshold level. In the present work the influ-
ence of different hydrolysis procedures on the
concentration of codeine after the therapeutic
administration of a preparation containing
30 mg codeine phosphate will be evaluated.

Materials and Methods

Experimental design and subjects

The study was performed on seven healthy
volunteers. The nature and purpose of the
study was explained to each volunteer before
asking their consent to participate. The volun-
teers were asked not to take any medication for
1 week before the experiment. Two tablets of
the antitussive Bisolvon Griblettes® (Boeh-
ringer, Ingelheim, Germany) each containing
acetylsalicylic acid (300 mg), bromhexine
hydrochloride (4 mg) and codeine phosphate
(15 mg) were administered.

Total urine was collected in capped bottles
before (0 h) and 2, 4, 6,9, 12, 24 and 30 h after
administration of codeine and was either
analysed immediately or stored deep-frozen
for later analysis. All samples were analysed in
duplicate for each hydrolysis procedure. When
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necessary, dilutions were made with blank
urine.

Reagents and apparatus

Codeine base was obtained from Sigma
Chemie (Deisenhofen, Germany). Morphine
and ethylmorphine were obtained from Bios
(Brussels, Belgium).

Ammonia buffer (pH 9.5) was prepared by
the addition of ammonia to a saturated
ammonium chloride solution. Sodium acetate
and acetic acid were used for the preparation
of 1 M acetate buffer (pH 5.2) and 0.1 M
acetate buffer (pH 3.8). Helix pomatia juice
(SHP) containing B-glucuronidase 100,000
Fishman units ml™! and sulphatase 1,000,000
Roy units ml~! was obtained from IBF (Ville-
neuve, France).

The enzyme preparation P-glucuronidase
from limpets (Patella vulgata) containing
2,400,000 B-glucuronidase units g~' solid and
32,000 sulphatase units g~' solid was from
Sigma. Trifluoroacetic anhydride (TFAA) was
obtained from Pierce (Oud-Beyerland, The
Netherlands).

All chromatograms were generated in the
split mode (split ratio 1:10) on a Varian
(Walnut Creek, CA, USA) 3400 gas chro-
matograph fitted with a 25 m X 0.25 mm i.d.
fused silica OV1 Permabond column
(Machery—Nagel, Diiren, Germany) with a
film thickness of 0.23 pm. The GC was
equipped with an autosampler and a nitrogen
specific detector and was interfaced with an
IBDH data processor. Injector and detector
temperatures were maintained at 280°C. The
oven temperature was programmed as follows:
initial temperature 160°C (1 min); temperature
program rates 5°C min~! to 190°C followed by
10°C min~! to 290°C. Helium was used as the
carrier gas at an inlet pressure of 1.1 bar.

Detector make-up flow rate was 25 ml
min~!,
Hydrolysis procedure

Two enzymatic hydrolysis methods were
used:

(i) A 5 ml volume of urine in a screw-capped
tube was buffered by adding 1 ml acetate
buffer pH 5.2 and hydrolysed with 50 pl SHP
(corresponding to 5000 Fishman units and
50,000 Roy units) during 2 h at 56°C.

(ii) A 1 m! volume of acetate buffer (pH 3.8)
was added to 5 ml urine and the hydrolysis
performed during 2 h at 56°C after the addition
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of 50 pl B-glucuronidase from Patella vulgata
(corresponding to 5000 units).

Acid hydrolysis was done by adding 0.5 ml
concentrated HCl to 5 ml urine and heating for
30 min at 100°C. After cooling, 0.5 ml 12 M
NaOH was added to the hydrolysate.

Determination method

Codeine and morphine were assessed using a
modified method [3]. Briefly, a small amount
of sodium chloride was added to the hydro-
lysate followed by 0.5 ml ammonia buffer and
50 wl internal standard solution (ethylmorph-
ine 50 wg ml~! in methanol). After controlling
the pH, the hydrolysate was extracted by
rolling with 5 ml CH,ClL,-MeOH (9:1, v/v) for
15 min. After centrifugation the organic phase
was dried over anhydrous Na,SO, and evapor-
ated under nitrogen at 50°C. The residue was
redissolved in 100 wl ethyl acetate and 50 .l of
TFAA was added. Derivatization was per-
formed at 56°C for 30 min. The excess reagent
was then removed by evaporation under nitro-
gen at 56°C and the residue was dissolved in
200 ul ethyl acetate and transferred to an
autosampler microvial (200 pl); 1 pl was in-
jected on the chromatograph.

A standard curve was constructed by analys-
ing spiked urine samples (final concentrations
0.05, 0.1, 0.25, 0.50, 1 and 2 pg ml™!) in
quadruplicate for each concentration. The
accuracy of the assay was measured for three
different codeine and morphine concen-
trations.

Results are expressed as mean * standard
deviation (SD).

Results and Discussion

Under the chromatographic conditions
described TFAA derivatized codeine, morph-
ine and ethylmorphine gave sharp peaks with
retention times of 12.63, 12.17 and 13.07 min,
respectively. From the chromatograms ob-
tained after the extraction of spiked urine,
standard curves were generated. The cali-
bration graphs showed good linearity between
peak-area ratios and concentrations of 0-2 pg
ml~! with r* = 0.995 and 0.994 for codeine and
morphine, respectively. The lower limit for
accurate quantitative determination (signal-to-
noise ratio = 4) was 0.05 ug ml~!. The accur-
acy of the assay is summarized in Table 1.

The concentrations of codeine after the
intake of Bisolvon Griblettes by seven subjects
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Table 1

Accuracy of the codeine and morphine assay (7 = 3)

Conc. added

(ng ml™h) Codeine RSD* (%) Morphine RSD* (%)
0.10 0.100 + 0.002 2.0 0.124 + 0.010 8.1

0.50 0.499 + 0.009 1.8 0.520 + 0.040 7.7

2.00 2.014 + 0.049 24 1.960 + 0.130 6.6

*RSD = relative standard deviation.

and after different hydrolysis procedures are
summarized in Table 2.

Generally maximum concentrations were
obtained 1-2 h after the administration and
codeine remained detectable 24 h post dosing
in four out of the seven subjects. The intake of
this antitussive codeine preparation in thera-
peutic amounts would result in a UCI positive
doping test (>1 pg ml™") for at least 3 h
(excepting Subject 4) while Subjects 1 and 5
should be positive even during 9 and 12 h,
respectively (SHP hydrolysis).

The mean maximum codeine level in seven
subjects was 5.1 £ 2.8 pg ml™'. In previous
work [3] where the codeine excretion after the
therapeutic administration of different prep-
arations was compared, the highest codeine
concentrations were found after Bisolvon
Griblettes respectively 5.1, 13.3, 6.4 and
9.3 pg ml™! in four subjects. Taking into
account these additional values, the mean
maximum level would be 6.3 + 3.4 pg ml™!
(n = 11). Introducing a permitted level for
codeine implies admitting and consenting to
the therapeutic use as an antitussive [4]. From
the results obtained with Bisolvon Griblettes a
codeine threshold level (P < 0.5%; mean + 3
SD) of 16 pg ml™! (SHP hydrolysis) is there-
fore proposed.

Hydrolysis of the urine is recommended as
52 or 58% of the dose is recovered as codeine
glucuronide after an oral [5] or intramuscular
administration [6], respectively. However, as
illustrated in Table 2 noticeable differences in
codeine concentration occurred depending on
the hydrolysis procedure. Enzymatic hydro-
lysis with SHP resulted in the highest codeine
values. The differences (Student #-test) be-
tween SHP and P. vulgata or acid hydrolysis
were significant (P < 0.001). As it is known
that B-glucuronidase cannot completely hydro-
lyse codeine-6-glucuronide and that substances
naturally present in urine interfere with or
inhibit the activity of B-glucuronidase [7, §],
acid hydrolysis was generally recommended for

the cleavage of codeine conjugates. However,
in this study better results were obtained with
enzymatic hydrolysis. The destruction of many
drugs, including morphine by the extreme
conditions of acid hydrolysis [9] could account
for the lower codeine values and for the fact
that morphine was not detected in five out of
seven subjects after acid hydrolysis (Table 3).
Although morphine is excreted in free and
conjugated form the relative amount after
codeine administration is small compared to
the amount of total codeine excreted [10]. This
is confirmed in this work as morphine was
scarcely detected after enzymatic hydrolysis
with SHP (Table 3).

Inter-subject variability in the degree of
metabolic conversion of codeine to morphine
as noticed respectively after intramuscular [6]
and oral [5] administration could account for
the relatively higher morphine amounts and
longer detection period in Subject 1. Previous
work [11] in equine doping analysis has shown
that P. vulgata is the preferred source of B-
glucuronidase for cleaving morphine glucur-
onide. Nevertheless the values obtained here
using comparable amounts of enzyme demon-
strated that SHP seemed to be superior,
confirming the results of Solans er al. [12]
indicating that the hydrolysis of morphine-3-
glucuronide is almost complete after enzymatic
hydrolysis with B-glucuronidase from SHP.

Some side-effects of the opioids including
drowsiness, respiratory depression, nausea and
vomiting are clearly detrimental to athletic
performance. Notwithstanding codeine was
formerly a banned drug since in endurance
sports it could be abused especially for its
analgesic effect. Some sport federations how-
ever allowed codeine for therapeutic use or
introduced permitted levels for codeine and
morphine. As indicated previously [3] the
proposed threshold value of 1 ng ml™! for
codeine was too low. Moreover it is clear that
quantitative methods should be uniform pre-
venting an athlete from testing positive or
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The influence of different hydrolysis procedures on the urinary concentrations (g ml™') of morphine after the intake of

Bisolvon Griblettes*

Subj. 1 Subj. 2 Subj. 3 Subj. 4 Subj. 5 Subj. 6 Subj. 7
T
() Ac PV SHP PV SHP PV SHP SHP PV SHP SHP Ac PV SHP
2 08 076 196 000 040 076 071 0.35 0.00 000 0.8 091 0.64 1.46
4 140 1.04 176 095 074 000 000 0.00 070 1.65 0.62 0.98 071 1.50
6 096 044 145 000 0.15 000 0.00 0.00 0.00 0.69 0.00 0.75 0.00 0.66
9 0.53 0.54 1.08 000 028 071 096 0.00 0.00 0.00 0.00 0.00 0.00 0.00
12 0.00 000 068 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

*Only those subjects and hydrolysis procedures where morphine was found are shown.

Abbreviations as in Table 1.

negative depending on the analytical method-
ology. As demonstrated in this study notice-
able differences were obtained depending on
the hydrolysis procedure. In this way sporting
federations allowing threshold levels for
codeine and morphine should specify the
analytical method and in particular the hydro-
lysis procedure by which these drugs should be
quantified.

The highest codeine concentrations found
after enzymatic hydrolysis with SHP however
do not constitute a definite proof of complete
hydrolysis. Therefore direct determination
methods of codeine, morphine and the re-
spective glucuronides using HPLC [5, 13-15]
would be more reliable and accurate alterna-
tives for the currently employed hydrolysis
procedures. Finally, with respect to the inter-
pretation of analytical findings it should be
stressed that as only single untimed urine
samples are collected from athletes several
presently unknown factors including urinary
pH and dilution could influence the urinary
excretion of codeine and morphine. Moreover,
several drugs have been shown to interfere
with the metabolism and conjugation of
codeine [16] while inter-ethnic differences in
codeine excretion and metabolism were also
noticed [13].

Therefore, since several non-banned anal-
gesics and different non-narcotic antitussive
preparations are available, a complete ban of
codeine and morphine seems to be more
appropriate and more adequate than the
current regulations which provide little hold
for the athletes and are open to misinter-
pretation.
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