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Aims The pharmacokinetics of dihydrocodeine (DHC) and its active metabolite
dihydromorphine (DHM) were assessed after a single oral dose of DHC and after
increasing doses of DHC at steady-state.

Methods Twelve healthy male volunteers (18—45 years, CYP2D6 extensive
metabolizers (EMs), MR <1 took a single oral dose (s.d.) of DHC 60 mg after
breakfast. After 60 h DHC 60 mg was administered twice daily for 3 days, the dose
was increased to 90 mg twice daily for 3 days, the final dose of 120 mg was
administered twice daily for 3 days (multiple dose: m.d.). Blood sampling and urine
collection: during 60 h after s.d. and during 12 h after m.d.

Results No significant differences in the area under the curve (AUC) of both, DHC
and DHM could be detected after a single oral dose of 60 mg DHC (AUC (0,0))
and during steady-state doses of 60 mg DHC (AUC(0,12 h)). During increasing
steady-state doses of DHC, the data showed a dose linearity of AUC, maximal
serum concentration (C,,,,) and minimal steady-state serum levels (Cimin) of both,
DHC and DHM (P <0.0001), point estimates of DHC dose corrected AUCs were
well within the bioequivalence range (60 mg: 0.989; 90%CI 0.951-1.028, 90 mg:
0.997; 90%CI 0.959-1.036, 120 mg: 0.977; 90%CI 0.940-1.016). O-demethylation
from DHC to DHM remained constant within the increasing steady-state doses of
DHC in the 12 extensive metabolizers of CYP2D6.

Conclusions In the studied dose range (60—120 mg) the pharmacokinetics of DHC
and its active metabolite DHM are linear in EMs of CYP2D6.
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Introduction

Dihydrocodeine (DHC) is a semisynthetic opioid which
is frequently used as an analgesic (WHO step 2) and
antitussive drug. Furthermore, doses up to 2500 mg day*1
are prescribed in substitution therapy for heroin drug
addicted people. Data on the pharmacokinetics and
metabolism as well as pharmacodynamics of DHC are
very limited [1-4]. DHC is structurally related to the
natural occurring opioid codeine. In several studies it has
been demonstrated that codeine O-demethylation to
morphine is mediated by the polymorphically expressed
enzyme CYP2D6 [5-8]. Recently it was shown that
DHC is also a substrate of the polymorphic enzyme
CYP2D6 and the formation of the metabolite dihydro-
morphine (DHM) is catalysed mainly by this enzyme [3].
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Further in wvitro studies with human liver microsomes
confirm these results; additionally it could be demon-
strated that the formation of a second primary metabolite
of DHC, nordihydrocodeine, is predominantly catalysed
by CYP3 A4 [9]. The third primary metabolite is DHC-
6-glucuronide [3]. In clinical studies of Eckhardt et al.
[10] and Poulsen ef al. [11] analgesic effects of codeine
could be demonstrated only in extensive and not in poor
metabolizers of CYP2D6 using the cold pressure test as
a pain model, indicating that the O-demethylated
metabolite morphine is responsible for the analgesic
effects of codeine in extensive metabolizers of CYP2D6.
Similar analgesic mechanisms can be proposed for DHC,
although in one recent study analgesic activity was not
diminished in quinidine-induced poor metabolizers after
a single dose of DHC using different pain models [12].
Regarding the impact of high steady-state doses of
DHC in the treatment of chronic pain and in substitution
therapy, pharmacokinetic data during higher steady-state
doses of DHC and its metabolites are lacking. In addition,
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there is no knowledge about a possible saturation of the
O-demethylating enzyme CYP2D6 during increasing
steady state-doses of DHC. Therefore, the aim of our
study was to assess the pharmacokinetics of DHC and its
probable active metabolite DHM after multiple increasing
doses of DHC under steady-state conditions in comparison
with a single oral dose of DHC. Because of the genetic
polymorphism, only extensive metabolizers of CYP2D6
were included in this study.

Methods
Subjects

Twelve healthy male Caucasian volunteers, extensive
metabolizers of the CYP2D6 polymorphism, median age
30 years (23—40 years), median weight 75 kg (67-86 kg),
median BMI 23 kg m~ > (21-27 ke m~ ), participated
in the study.

The study had been approved by the ethics commitee
of the local medical board (Landesirztekammer Baden—
Wiirttemberg) according to the ethical guidelines of the
1975 Declaration of Helsinki. All volunteers gave their
written informed consent prior to inclusion.

The subjects were healthy according to history, physical
examination and laboratory tests, had no history of drug
abuse and did not take any medication. The volunteers
had been previously phenotyped with respect to sparteine
oxidation with a single dose of 100 mg sparteine sulphate
and subjects were classified according to the urinary
metabolic ratio (MR) of sparteine and its 2- and
5-dehydrometabolite [13]. In order to minimize the
variability of CYP2D6, only subjects with a MR <1
were included in this study. With regard to genotyping,
using the methods of Stiiven et al. [14] and Griese et al.
[15], there was no genotype specific for poor metabolizers
of CYP 2D6.

Study design

The study was performed as an open study with each
subject receiving first a single oral dose of dihydrocodeine
60 mg after breakfast with 100 ml water. After 60 h
60 mg dihydrocodeine was administered twice daily for
3 days, thereafter the dose was increased to 90 mg twice
daily for 3 days, thereafter the highest dose of 120 mg
was administered twice daily for 3 days.

After single dose (60 mg) blood samples were taken
before and 0.5, 1, 2, 3, 4, 5, 6, 8,10, 12, 24, 25, 35, 36,
48 and 49 h after administration, after multiple dosing
before and 1, 2, 3, 4, 5, 6, 8, 10, 12 h after the sixth
(last) administration of each dihydrocodeine dose regi-
men. Blood samples were centrifuged after 30 min and
serum was stored at —20° C until analysed.

Urine was collected before drug administration, at

318

0-12, 12-24, 24—48 and 48—60 h after administration of
single dose (60 mg) and during the last dosing interval
(12 h) of each of the three dihydrocodeine dose regimens.
A 10ml aliquot of each urine sample was stored at
—20° C until analysed. Vital signs (heart rate, blood
pressure, respiration) and adverse events were assessed
frequently before each drug administration and until 8 h
post administration.

Study medication

Codicontin®; active compound: Dihydrocodeine tartrate
(MWt: 451.47).

Formulation, strength: sustained release tablet with
60, 90, 120 mg dihydrocodeine tartrate Manufacturer:
Mundipharma GmbH, Basel, Switzerland.

Analytical measurements

Determination of dihydrocodeine and dihydrocodeine
metabolites in serum and urine using a modified
GC-MS-MS method of Hofmann et al. [16]. 1 pmol
[2H3]—dihydromorphine and 25 pmol [2H3]—dihydroco—
deine were added as internal standards to 1 ml serum.
Extraction was performed as described, and the penta-
fluoropropionyl derivatives prepared by treatment with
30 ul pentafluoropropionic anhydride, 10 ul penta-
fluoropropanol and 20 pl acetonitrile for 30 min at 60° C.
The limits of quantification were 1 pmol ml™" serum
for dihydrocodeine and 50 fmol ml ™" serum for dihydro-
morphine. Quality control samples of dihydrocodeine
(1.0, 100, 500 and 1000 pmol ml~ ') and dihydromor-
phine (0.1, 2.0, 5.0 and 15.0 pmol ml ™) were routinely
assayed with an intra-assay coefficient of variation of
10.2% or better and an interassay coefficient of variation
less than 14%. Dihydromorphine and dihydrocodeine in
urine (50 pl) were determined after 1:20 dilution with
water as described above. The total amounts of dihydroco-
deine and dihydromorphine (free and conjugated) were
measured in a 1:20 dilution of 50 pl urine in water after
acid hydrolysis (330 pl 37% hydrochloric acid) at 100° C
for 45 min. Dihydrocodeine bitartrate was obtained from
Merck (Darmstadt, Germany), and dihydromorphine
hydrochloride was a gift from Mundipharma (Limburg,
Germany).

Pharmacokinetic evaluation

Standard noncompartmental analysis for calculations using
serum concentration-time data was performed with
TOPFIT 2.0 (Gustav Fischer Verlag 1993).

The following pharmacokinetic parameters of dihydro-
codeine (DHC) and dihydromorphine (DHM) were
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determined from the serum concentration-time data und
the urine concentration data:

Cinax peak serum concentration (pmol mlfl): obtained
from visual inspection of the serum concentration-time
curves of DHC and DHM

fmax time to attain peak serum concentration (h):
obtained from visual inspection of the serum concen-
tration time curves of DHC and DHM

t1> terminal phase half-life calculated according to
In(2)/2, (h)

AUC area under the serum concentration time curve
(nmol 1! h): calculated by the trapezoidal rule, the
segment to infinity was determined from the last
concentration measured divided by the elimination rate
constant (single dose); AUC after multiple doses was
calculated by the trapezoidal rule using the serum
concentration time data during the dosing interval
(0,12 h).

ratio AUC AUC DHC: AUC DHM

Ae cumulative amount of drug or metabolite excreted
in urine [% of dose]

CLo apparent oral clearance of DHC determined by
dose o /AUC, o, (ml min~ ')

CL,,ec DHC—>DHM metabolic clearance of DHC to
DHM calculated as Ae total DHM

(free + glucuronidated)/AUC DHC (ml minil). The
true CL,,., is probably higher due to the formation of
nordihydromorphine and its glucuronides.

CL,,.. DHC—>DHC-G metabolic clearance of DHC
to DHC-glucuronide calculated as Ae DHC-
glucuronide/AUC DHC (ml minfl)

CL,,.. DHM —-DHM-G metabolic clearance of DHM
to DHM-glucuronide calculated as Ae DHM-
glucuronide/AUC DHM (ml minfl)

CL,.,, DHC renal clearance of DHC calculated as Ae
free DHC/AUC DHC (ml min ™~ ')

CL,.,, DHM renal clearance of DHM calculated as Ae
free DHM/AUC DHM (ml min ™~ ')

C,min minimal steady-state-concentration of DHC:
average of values of O h and 12 h of the dosing interval
(pmol mlfl) during multiple dose.

Statistical evaluation

The data are presented as mean +95% CI.

Statistical analysis of the obtained pharmacokinetic
parameters within the different DHC doses were per-
formed with a repeated measures ANOVA analysis using
the statistical program Instat 3.0 (Graphpad Software,
1990). If anova supported a statistically significant
difference (P<0.05), Bonferroni multiple comparison
test was performed as post test. All statistical tests were

performed as two-tailed test with a level of significance
of 0.05.
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Additional assessment of bioequivalence under single
and multiple dose conditions: bioequivalence testing was
performed by calculating the individual ratios

test/reference (test=dose—corrected AUC multiple
dose, normalized to 60 mg DHC dose; reference =AUC
60 mg single dose).

Point estimates (geometric means) and shortest 90%
CI after logarithmic transformation and re-transformation
were given for the ratios. Test was considered bioequival-
ent to reference if the 90% CI of the AUCs(0,00) (single
dose) and AUC(0,12 h)(multiple dose) ratios were within
0.80—1.25. (Statgraphics Plus 2.0)

In order to verifty if steady-state was reached, a
Wilcoxon matched pairs signed rank test was applied to
the DHC serum concentrations before the last dose of
each dose level and the concentration measured 12 h
thereafter.

Results

The serum time-concentrations of dihydrocodeine
(DHC) and dihydromorphine (DHM) after single and
multiple oral dosages of DHC are presented in Figures 1,
2a and 2b.

No significant differences in the area under the curve
(AUCQC) of both, DHC and DHM could be detected after
a single oral dose of 60 mg DHC and during steady-state
doses of 60 mg DHC. The mean percentage extrapolation
of AUC to infinity after single dose was 0.3% (95% CI
0.2-0.4) for DHC and 6.2% (95% CI 3.6-8.8) for DHM.
Concerning DHC, there were no significant changes in
apparant oral clearance (CLo), glucuronidation (C,,
DHC —DHC-G) and renal clearance (CL,,). In addition,
no significant difference in the urinary excretion of total
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Figure 1 Serum—time concentrations of DHC (O) and DHM
(A) after 60 mg DHC single dose; blood sampling: 0—49 h; n=
12; mean +s.d.
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Figure 2 a) Serum—time concentrations of DHC after 60 mg
(O), 90 mg (A), 120 mg (<C)DHC multiple dose; blood
sampling: 0—12 h; n=12; mean +s.d. and b) Serum—time
concentrations of DHM after 60 mg (A), 90 mg (1), 120 mg
(O) DHC multiple dose; blood sampling: 0-12 h; n=12;

mean +s.d.

DHC +total DHM (free + glucuronidated drug) was
observed (see Table 1, 2). After single dose administration
glucuronidated DHC was the main metabolite (49.3% of

dose), free DHC represented 23.5% of dose, total DHM
represented 5.4% of dose in urinary recovery.

The pharmacokinetic data show an increase of AUC,
maximal serum concentration (C,,,.,) and minimal steady-
state serum levels (Cimin) of both, DHC and DHM
after increasing steady-state doses of DHC (P<0.0001)
(Tables 1 and 2). In contrast, no significant dose-
dependent differences were observed concerning apparant
oral clearance of DHC, renal clearance of DHC and
partial metabolic clearance from DHC to DHC-glucuron-
ide and to the O-demethylated metabolite DHM (Tables 1
and 2). DHC O-demethylation to DHM remained
constant within the increasing steady-state doses of DHC
in the 12 extensive metabolizers of CYP2D6: Regression
analysis of the ratios AUC DHC/AUC DHM demon-
strated no significant changes within the three steady-
state doses (Figure 3). In addition, there was no significant
difference in the urinary excretion of DHC and DHM
(Table 2).

Additional assessment of bioequivalence of DHC affer single
and multiple doses of DHC

Dose—corrected AUCs (AUC per mg dose, normalized
to 60 mg dose) of DHC and DHM after the three
multiple doses (DHC 60 mg, 90 mg, 120 mg) were tested
in reference to corresponding AUC obtained after 60 mg
DHC single dose administration. Point estimates and
shortest 90% CI were all inbetween the bioequivalence
ranges from 0.80 to 1.25:0.989 (0.951-1.028), 0.997
(0.959-1.036), 0.977 (0.940-1.016) for DHC, 0.949
(0.905-0.995), 0.972 (0.927-1.020), 0.974 (0.928-1.021)
for DHM.

Steady-state

For each of the three different doses (60, 90, 120 mg)
steady-state was achieved as no differences in DHC

Table 1 Pharmacokinetic data of DHC after single dose (s.d.) and multiple doses (m.d.) (n=12; mean, 95% CI).

CL CL .00
AUC Crax Cismin CLo DHC— DHC— CL .,

Dose DHC DHC DHC DHC DHC-G DHM DHC
DHC (mol I ) (pmol ml™") (pmol ml™") (ml min~") (ml min~") (ml min~") (ml min~")
60 mg s.d 3415 341 — 658 327 36 155

(3152-3677) (312-370) (607-709) (289-365) (29-43) (133-177)
60 mg m.d. 3367 487 186 683 408 46 162

(2947-3787) (430-543) (157-215) (592-774) (335-482) (35-56) (144-181)
90 mg m.d. 5118 739 293 667 390 43 143

(4555-5681) (665-814) (242-345) (594-740) (317-463) (32-54) (117-168)
120 mg m.d. 6566 918 443 705 423 45 163

(5691-7441) (791-1045) (367-518) (603-806) (371-474) (37-54) (136-191)
320 © 1999 Blackwell Science Ltd Br J Clin Pharmacol, 48, 317-322
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Table 2 Pharmacokinetic data of DHM and urinary excretion of total DHC and DHM (free + glucuronidated drug) after single dose

(s.d.) and multiple doses (m.d.) (n=12; mean, 95% CI).

CL 01
AUC Chx Coomin DHM— cL,, Ae
Dose DHM DHM DHM DHM-G DHM total DHC + total DHM
DHC (nmol 1™ 1) (pmol ml™") (pmol ml™") (il min~") (ml min~") (% of dose)
60 mg s.d. 70 4.7 — 1650 183 78
(51-89) (3.7-5.8) (1378-1922) (150-215) (74-82)
60 mg m.d. 65 8.7 4.8 2287 265 90
(44-85) (5.6-11.8) (3.5-6.1) (1751-2823) (233-296) (82-98)
90 mg m.d. 99 13 7.1 2015 250 86
(75-123) (9.8-16) (5.1-9.0) (1619-2410) (207-294) (73-100)
120 mg m.d. 132 18 11 2051 258 93
(98-167) (13-23) (8.1-13) (1734-2368) (231-285) (78-108)
100 and its active metabolite DHM are linear in extensive
. metabolizers of CYP2D6; there was a linear, dose
% 75 | i ' . dependent increase of AUC, C, ., and Cymin of both,
O . ! DHC and DHM, for the three doses of DHC used.
o <3( 3\.\ Clearance of DHC and DHM (CLo, partial metabolic
So S0r . : : clearance from DHC to DHC-glucuronides, DHC to
E . ] . DHM, DHM to DHM-glucuronides, CL,.,, of DHC and
S o5t . DHM and renal excretion were not affected during the
< three steady-state doses of DHC, indicating that metab-
0 | . | olism and excretion of DHC and its metabolites are not
60 90 120 dose-dependent.

Dose DHC (mg)

Figure 3 Regression analysis: Ratio AUC DHC/AUC DHM
and the corresponding DHC doses (mg) after multiple doses of
DHC; n=12; slope: —0.0940.12; 95%CI of slope;
—0.33-0,15; P: NS.

serum concentrations were observed between C,min
before the last dose of each dose interval and 12 h after
the last dose.

Side-effects

Opiate related side-effects occurred especially during
higher steady state doses of DHC: headache, nausea,
vomiting, dizziness, constipation, pain of stomach, mild
urinary retention, dry mouth, and mild euphoria. The
side-effects were mild and reversible and none of the
subject had to discontinue the study.

Discussion

Although DHC is included in the treatment of chronic
pain (WHO step 2), there is a lack of pharmacokinetic
data especially during increasing steady-state doses of
DHC. Our data show that in the dose range studied
(60—120 mg twice daily) the pharmacokinetics of DHC

© 1999 Blackwell Science Ltd Br | Clin Pharmacol, 48, 317-322

There is further evidence from in vitro data with human
liver microsomes that formation of DHC-metabolites is
linear because of high K,, values for O-demethylation
(981 pm), N-demethylation (9541 pm) and glucuronid-
ation (1566 pm) of DHC [9, 17]; these K,, values are
more than 1000-fold higher than the maximal serum
concentrations of DHC after 120 mg multiple dosing in
this study.

Bioequivalence assessment of dose—corrected AUCs
after single and multiple doses demonstrated point
estimators and 90% CI well within the range of 0.8—1.25,
therefore the dose—corrected AUCs in the dose range
studied can be regarded as bioequivalent with the single
dose AUC.

The AUC ratios DHC/DHM did not differ between
the three steady-state doses, indicating that there is no
saturation of CYP2D6-depending O-demethylation of
DHC
agreement with Mikus ef al. [18], who could show that
the AUC ratios DHC/DHM in EM subjects undergoing
DHC replacement therapy for opioid dependence using
daily doses of 435-1350 mg DHC (actual given single
dose before blood sampling 120-390 mg) were in the

in extensive metabolizers. These data are in

same range.
The pharmacokinetic parameters for DHC after single
dose are similar to those reported by Fromm et al. [3]
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using the same amount of DHC, confirming the results
of that study.

Dihydrocodeine is structurally related to codeine.
Codeine O-demethylation is also mediated by the
polymorphic enzyme CYP2D6 [5-7]. The pharmaco-
kinetics of codeine appears to be linear [19]. The major
metabolic pathway of codeine is the formation of
codeine-6-glucuronide. O-demethylation of codeine to
morphine constitutes a minor pathway accounting for
about 7% of the dose administered [19, 20]. In our study,
the Ae of total DHM was 6.7%, 6.5% and 6.7% for the
three steady-state doses of DHC.

Comparing the pharmacokinetics of DHC after 60 mg
single dose and 60 mg multiple dose, our data show no
differences in the AUC of DHC,CLo, clearance to
DHC-glucuronides, renal clearance of DHC and the
urinary recovery of total DHC and DHM; partial
metabolic clearance from DHC to DHM
slightly, just reaching statistical significance, but it did not
differ between the three steady-state doses.

In conclusion, in the dose range studied (60—120 mg)
the pharmacokinetics of DHC and its active metabolite
DHM were linear in extensive metabolizers of CYP2D6.
There was a linear, dose dependent increase of AUC,
Cpax and Cmin of both, DHC and DHM, within the
three steady-state doses of DHC. Metabolic ratio,
clearance and renal excretion were not affected, indicating
that metabolism and excretion of DHC and its metabolites

increased

is not dose dependent.

The study was supported by the Robert Bosch—Foundation,
Stuttgart, Germany and by Mundipharma Pharmaceutical Company,
Basel, Switzerland.
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Schneider and Mrs Anja Ziegler.
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