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A comparison of the pharmacokinetics of codeine and its
metabolites in healthy Chinese and Caucasian extensive
hydroxylators of debrisoquine

Q. Y. YUE, J. 0. SVENSSON, F. SJOQVIST & J. SAWE
Department of Clinical Pharmacology, Huddinge University Hospital, Karolinska Institute, S-141 86 Huddinge, Sweden

1 The kinetics of codeine and metabolites were studied in eight unrelated healthy
Chinese subjects following a single oral dose of 50 mg codeine phosphate. The data
were compared with those from eight Caucasian subjects who were matched with the
Chinese group according to their metabolic ratio (MR) of debrisoquine.

2 Mean values of Cmax (445 nmol l-1) and AUC (1660 nmol 1-1 h) of codeine in the
Chinese were significantly higher than those in the Caucasians (292 nmol 1-1 and 1010
nmol 1-1 h). Thus plasma clearance was significantly lower (P < 0.02) and the plasma
half-life was longer (P < 0.05) in the Chinese.

3 Partial clearance by glucuronidation was significantly lower (0.79 ± 0.14 s.d. vs 1.42
0.48 s.d. I h-' kg-') in Chinese than in Caucasians.

4 The total urinary recovery of drug-related material in 48 h urine was similar in Chinese
(82.2%) and Caucasians (84.4%). The recovery of unchanged codeine was significantly
higher in Chinese (5.7%) than in Caucasians (3.3%).

5 The AUC ratios of codeine relative to its 6-glucuronide, morphine and norcodeine
were 1:9, 35: 1 and 4:1, respectively in Chinese. The corresponding ratios in
Caucasians were 1: 15, 50: 1 and 6: 1.

6 There was no significant difference between Chinese and Caucasians in the renal
clearances of codeine and its primary metabolites.

7 Large interethnic differences in the kinetics of codeine have been shown. The Chinese
are less able to metabolise codeine mainly because of a lower efficiency in glucuroni-
dation.
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Introduction

Several studies have indicated important interethnic
differences in drug metabolism and response. Recently,
Zhou et al. (1989) reported a higher sensitivity to, but
more efficient metabolism of, propranolol in Chinese
compared with Caucasians. Another example is the find-
ing of a larger volume of distribution and greater plasma
clearance of diphenhydramine accompanied by less
sedation and deterioration in psychomotor performance
in Orientals relative to Caucasians (Spector et al., 1980).
A smaller apparent volume of distribution of diazepam
has been reported in Chinese, probably reflecting their
lower body mass (fat and stature), compared with that in
Caucasians (Ghoneim et al., 1981; Kumana et al., 1987).

Furthermore, a slower metabolism of diazepam has
recently been shown in Chinese, and a difference in the
substrate specificity of S-mephenytoin hydroxylase has
been suggested (Zhang et al., 1990). The clearance of
paracetamol was found to be lower in Asians than in
Europeans, probably the result of environmental dif-
ferences (Mucklow et al., 1980). In addition, differences
exist between Oriental and Caucasian populations in the
frequency of poor metabolisers of drugs that are
metabolised by debrisoquine hydroxylase (Kalow et al.,
1980; Lou et al., 1987; Yue et al., 1988, 1989a,b) and by
S-mephenytoin hydroxylase (Horai et al., 1989;
Nakamura et al., 1985).
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Codeine is metabolised mainly by glucuronidation to
codeine-6-glucuronide (C6G); minor routes of meta-
bolism include O-demethylation to morphine (M) and
N-demethylation to norcodeine (NC) (Adler et al., 1955;
Guay et al., 1987, 1988; Rogers et al., 1982; Yue et al.,
1989b,c). We have previously reported significant dif-
ferences in the urinary excretion of codeine as well as of
C6G in 133 healthy Chinese compared with 149 Swedish
Caucasians (Yue et al., 1989b). In order to understand
this interethnic difference more clearly, we have studied
the pharmacokinetics of codeine and its metabolites
with a specific h.p.l.c. method in Chinese subjects and
compared the data with those obtained in Caucasians
(Yue et al., 1991).

Methods

Eight unrelated healthy Chinese (three women and five
men) who have been staying in Sweden as visiting
scientists for less than 5 years participated in the study.
They were previously phenotyped with debrisoquine
using the method of Lennard et al. (1977). Their indivi-
dual characteristics and debrisoquine metabolic ratios
are shown in Table 1. None was taking any medication.
One volunteer smoked (10 cigarettes per day) and all
were considered to be healthy on the basis of physical
examination and blood tests. All subjects gave their
written informed consent to participate in the study,
which was approved by the Ethics Committee of the
Huddinge Hospital.
The Caucasian control subjects are described in detail

in a companion paper (Yue et al., 1991). They were all
extensive hydroxylators of debrisoquine.

Following an overnight fast, each subject received a
single oral dose of 50 mg codeine phosphate (two 25 mg
tablets, Kodein®, ACO). A standard lunch was pro-
vided 4 h after drug intake. Blood samples were collected
in heparinized Vacutainer® tubes before and at 0.17,
0.33,0.5,0.67, 1, 1.5,2,3,4,5,7,9, 11 and 24 h after the
dose. The blood samples were centrifuged and plasma
was stored at -20° C until analysis. Serial urine samples
were collected at 0-2, 2-4, 4-6, 6-8, 8-10, 10-12, 12-24,
24-36 and 36-48 h. Urine volumes and pH were measured
and aliquots were stored at -20° C until analysed.

Table 1 Individual characteristics and debrisoquine metabolic
ratios of eight Chinese healthy volunteers

Body
Age weight Debrisoquine

Subject (years) Sex (kg) metabolic ratio

1 45 M 63 0.41
2 27 M 59 0.24
3 38 M 60 0.51
4 34 M 81 1.40
5 33 F 44 3.86
6 30 F 57 0.20
7 36 F 59 0.88
8 32 M 61 4.14

Mean 34 61 1.46
s.d. 5 10 1.62

Codeine and its seven known metabolites morphine
(M), M-3-glucuronide (M3G), M-6-glucuronide (M6G),
normorphine (NM), codeine-6-glucuronide (C6G),
norcodeine (NC), and NC-glucuronide (NCG) were
measured in plasma and urine using ion-pair high per-
formance liquid chromatography according to a modi-
fication of the method of Svensson (1986) (Yue et al.,
1989b,c).
Pharmacokinetic calculations were performed as

described by Yue et al. (1991).
Metabolic ratios (MRs) were calculated from both

plasma and urine data as follows:

MRglucuronidation = codeine/C6G;
MRO-demethylation = codeine/(M+M3G+M6G+NM);
MRN-demethylation = codeine/(NC+NCG+NM).
The unpaired Student's t-test and a U-test for 0-

demethylation data were used for comparisons between
the two ethnic groups.

Results

Significantly higher Cmax (445 ± 120 and 292 ± 95 nmol
F-; P < 0.02) and higher AUC values (1660 ± 300 and
1010 ± 390 nmol 1-1 h; P < 0.005) (Figure 1) and lower
plasma clearances (1.26 ± 0.22 and 2.10 ± 0.841 h-' kg-';
P< 0.02) were observed in the Chinese compared with the
Caucasian subjects. The plasma half-life of codeine was
longer in the Chinese than in the Caucasians (2.94 ± 0.49
and 2.34 ± 0.58 h; P < 0.05, Table 3). There was no
difference between Chinese and Caucasians in the AUC of
C6G (Figure 2). However, the half-life of this metabolite
was longer in Chinese (P < 0.05, Table 3). The partial
metabolic clearance by glucuronidation was significantly
lower (0.79 ± 0.14 and 1.42 ± 0.481 h-1 kg-1; P < 0.005)
(Table 2), while the MRs of glucuronidation calculated
from bothAUC and urine values were higher (0.11 ± 0.04
and 0.067 ± 0.024 for AUC; P < 0.01; 0.095 + 0.04 and
0.049 ± 0.024 for urine; P < 0.02) in the Chinese. The
correlation coefficients between MRAUc and MRuine
for glucuronidation were 0.78 in Chinese and 0.93 in
Caucasians.
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Figure 1 Plasma concentration-time curves of codeine in
eight Chinese (U) and eight Caucasian (*) subjects after a
single oral 50 mg dose of codeine phosphate (mean ± s.d.).
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Figure 2 Plasma concentration-time curves of codeine and its metabolites in a representative Caucasian extensive metaboliser
(EM) of debrisoquine (a) and a Chinese subject (b) after a single oral 50 mg dose of codeine phosphate. Data for NC and NCG
were omitted for the sake of clarity.

Table 2 Age, bodyweight, some kinetic parameters and MRs of codeine in Chinese
and Caucasian EM (mean ± s.d.)

Chinese Caucasiansa p

Age (years) 34.4 ± 5.5 33.4 ± 3.9 NS
DB MRb 1.46±1.62 1.60±1.72 NS
Body weight (kg) 61 ± 10 66±10 NS

Plasma clearance (1 h-1 kg-1) 1.26 ± 0.22 2.10 ± 0.84 < 0.02

Partial metabolic clearance (1 h-1 kg-')
Glucuronidation 0.79 ± 0.14 1.42 ± 0.48 < 0.005
O-demethylation 0.091 ± 0.035 0.124 ± 0.098 NS
N-demethylation 0.113 ± 0.039 0.174 ± 0.079 NS

a Data of Caucasian extensive metabolisers (EM) of debrisoquine are from Yue et al.
(1991).
b DB MR: debrisoquine metabolic ratio.

Table 3 Kinetic parameters of codeine and its three major metabolites after single oral 50 mg dose of codeine phosphate in Chinese and
Caucasian EMa (mean ± s.d.)

Codeine C6G M NC
Chinese Caucasian P Chinese Caucasian P Chinese Caucasian P Chinese Caucasian P

Cmax(nmol l-l) 445 292 < 0.02 3090 3610 NS 16.6 8.4 NS 65 41 NS
±120 ±95 ±512 ±640 ±11.9 ±8.2 ±32 ±18

tmax (h) 1.06 1.0 NS 1.54 1.21 NS 0.81 0.83 NS 1.11 0.88 NS
±0.42 ±0.38 ±0.39 ±0.33 +0.34 ±0.25 ±0.52 ±0.32

AUC (nmol 1-1 h) 1660 1010 < 0.005 15200 15200 NS 48 20 NS 410 163 NS
±303 ±391 ±2780 ±2690 ±39 ±20 ±329 ±87

t ,2 (h) 2.94 2.34 < 0.05 3.44 2.79 < 0.05 2.72 2.10 NS 3.75 2.62 NS
+0.49 ±0.58 ±0.50 ±0.50 1.49 1.61 1.83 1.32

CLR (1 h-1 kg-') 0.047 0.051 NS 0.095 0.089 NS 0.13 0.16 NS 0.18 0.20 NS
0.023 0.023 0.016 0.020 0.042 0.099 0.093 0.092

a Data of Caucasian extensive metabolisers (EM) of debrisoquine are from Yue et al. (1991).

The urinary MR of N-demethylation was higher in
Chinese (0.67 ± 0.20) than in Caucasians (0.43 ± 0.25)
(P < 0.05). However, there was no difference between
the two ethnic groups in partial metabolic clearance by
N-demethylation (Table 2).
No significant difference was observed with regard to

the O-demethylation reaction between the two ethnic
groups. Both groups showed large interindividual varia-
tion in O-demethylation (Tables 3 and 4).

The urinary recovery of drug-related material in 48 h
urine was similar in Chinese (82.2 ± 15.6% of dose) and
Caucasians (84.4 ± 15.9%; P > 0.05, Table 4). The
recovery of unchanged codeine, however, was signifi-
cantly higher in Chinese than in Caucasians (5.71 ± 1.98
and 3.33 ± 1.52% of dose; P < 0.02). There was no
significant difference in the urinary recovery of the
metabolites (Table 4) nor in renal clearances of codeine
and its metabolites (Table 3).
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Table 4 Urinary recovery (% dose) over 48 h of codeine and its
metabolites

Chinese CaucasianSa
(n =8) (n =8)

Cod 5.71 ± 1.98 3.33 ± 1.52*
C6G 62.0 ± 6.68 68.4 ± 7.67
NC 3.26 ± 1.62 2.32 ± 1.62
NCG 3.70 ± 1.64 4.36 ± 0.68
M3G 4.20 ± 2.13 3.46 ± 2.74
M6G 0.98 ± 0.51 0.83 ± 0.63
NM 2.02 ± 0.83 1.50 ± 0.87
Mor 0.32 ±0.20 0.18 ±0.16
Total 82.2 ± 15.6 84.4 ± 15.9

*Student's t-test (P < 0.02) between Chinese and Caucasians.
a Data for Caucasian extensive metabolisers (EM) of
debrisoquine are from Yue et al. (1991).

In Chinese, the AUC ratios of codeine relative to
C6G, M and NC were 1: 9, 35: 1 and 4: 1, respectively.
The corresponding values in Caucasians were 1: 15,
50: 1 and 6: 1 (Table 3).
Four of the eight Chinese volunteers experienced

slight tiredness or dizziness and one of the Caucasians
reported tiredness.

Discussion

A main aim of this study was to compare the capacity to
glucuronidate codeine in Chinese and Caucasian sub-
jects. It is known that O-demethylation of codeine co-
segregates with the hydroxylation of debrisoquine both
in vivo (Chen et al., 1988; Yue et al., 1988, 1989a,c) and
in vitro (Dayer et al., 1988; Mortimer et al., 1990). It is
also known that the frequency of poor metabolisers of
these drugs is different in Chinese and Caucasian popu-
laions with regard to both phenotyping and genotyping
determinations (Lou et al., 1987; Yue et al., 1989a,b).
In an earlier study including Caucasians, we have demon-
strated that poor hydroxylators of debrisoquine excreted
more C6G and NC than extensive metabolisers in urine
collected 8 h after oral codeine, and that this phenomenon
might be a consequence of a low expression of the 0-
demethylation pathway (Yue et al., 1989c). To avoid this
genetic influence on the pharmacokinetics of codeine,
we matched our two ethnic groups according to their
debrisoquine MRs (Table 3).

Possible genetic differences in the renal tubular
secretion of debrisoquine have been suggested since the
mean amount of drug that is excreted unchanged shows
wide population differences (Kalow, 1984). In the present
study, however, we did not observe any significant dif-
ference between the two ethnic groups in the renal
clearance of codeine nor any of its metabolites (Table 3).
In addition, there were higher Cmax and AUC values and
lower plasma clearances in the Chinese subjects, in-
dicating that they were less able to metabolise codeine.
The nonsignificant 8% difference in mean body weights
does not influence the interpretation as there was a

statistically significant (P < 0.02) decrease also in plasma
clearance per kg body weight in the Chinese. In addition,
the partial metabolic clearance by glucuronidation was
significantly lower in the Chinese than in the Caucasians,
confirming an earlier suggestion that Chinese are less
efficient glucuronidators of codeine (Yue et al., 1989b).
The half-life of C6G which paralleled that of codeine
was longer in Chinese. This suggests that the formation
of C6G rate-limits its elimination. Volumes of distribution
have been shown to be different between Orientals
and Caucasians for diazepam and diphenhydramine
(Ghoneim et al., 1981; Spector et al., 1980), and this
possibility needs to be investigated for codeine and
C6G.
The mechanism behind these ethnic differences

remains to be studied. Glucuronidation reactions are
catalysed by a group of isoenzymes which have different
but overlapping specificities. Glucuronidation of codeine
has been shown to be induced by smoking and by oral
contraceptive use (Yue et al., 1989b), and to be inhibited
in vitro by commonly used drugs such as M, chloram-
phenicol, diazepam and amitriptyline (Yue et al., 1990a).
This in vitro study has also demonstrated a correlation
between the glucuronidation of codeine and that of M.
Hence the findings of the present study with codeine
might be predictive for the glucuronidation of M.
Urine pH has been found to correlate directly with the

urinary excretion of C6G and NCG and inversely with
that of codeine. However, there was no significant
difference in urine pH between 149 Caucasians and 133
Chinese healthy volunteers (Yue et al., 1989b). The
Chinese volunteers in this study ate more Chinese food
than Western food and kept the Chinese habits of
drinking more tea than coffee. Thus, environmental
factors could contribute to the observed interethnic
difference in glucuronidation. The higher urinary MR
for N-demethylation in Chinese observed in this study
was consistent with the finding of a previous population
study (Yue et al., 1989b). The failure to show any
difference between Chinese and Caucasians in plasma
MR or partial clearance by N-demethylation may reflect
the relatively small sample size of the present study.

Several metabolites of codeine, including M, M6G,
NM and NC, have been shown to have analgesic effects
(Lasagna & De Kornfeld, 1958; Miller & Anderson,
1954; Osborne et al., 1988; Sanfilippo, 1948). On the
other hand, codeine itself could account for most of its
analgesic or side effects in view of its relatively high
plasma concentration (Quiding et al., 1986). We have
observed a 50% increase in Cmax and AUC in the
Chinese subjects, which might be of some clinical impor-
tance. It may be significant that lower doses of codeine
have been recommended for Chinese subjects (Jiang,
1984) compared with Caucasians. The analgesic potency
of C6G in unknown.

In conclusion, we have shown a large interethnic
difference in the pharmacokinetics of codeine. Chinese
subjects are less able to metabolise this drug, due to a
lower efficiency in glucuronidation.
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