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Morphine metabolism in children
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1 The metabolism of morphine was studied in 12 children and nine premature neonates
on a continuous infusion of morphine (10-360 ,g kg-' h-1).
2 The mean plasma clearance of morphine was significantly higher in children than
neonates (25.7 and 4.7 ml min-' kg-', respectively) (P < 0.01).
3 All the neonates and children had detectable concentrations of morphine-3-glucuronide
(M3G) in plasma. All the children and five neonates had detectable concentrations of
morphine-6-glucuronide (M6G) in plasma or urine.
4 The M3G/morphine ratios in plasma and urine, and M6G/morphine ratios in urine
were significantly higher in children than neonates (P < 0.01), suggesting that morphine
glucuronidation capacity is enhanced after the neonatal period.
5 There was no difference in the M3G/M6G ratio in children and neonates, indicating a

parallel development of both glucuronidation pathways.
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Introduction

Morphine is the drug of choice for patients with
severe pain and its metabolism has been studied
in volunteers and adult patients with malignan-
cies (Sawe et al., 1983). The major metabolites
of morphine are morphine-3-glucuronide
(M3G) and morphine-6-glucuronide (M6G)
which are present in plasma at significantly
greater concentrations than morphine itself
(Sawe et al., 1983, 1985). Studies in adults have
confirmed the analgesic activity of M6G (Osbome
et al., 1988), consistent with its binding to opioid
receptors (Christensen & J0rgensen, 1987) and
animal studies suggest that M6G is more potent
than morphine itself (Shimomura et al., 1971).
The importance of analgesia in children and

neonates is now being recognised (Anand et al.,
1987; Choonara, 1989). Morphine infusions in
children were used initially for the management
of severe cancer pain (Miser et al., 1980), but
have since been established as being effective in
the post-operative child (Bray, 1983; Dilworth

& MacKellar, 1987). Only a few studies of the
pharmacokinetics of morphine in children
(Dahlstrom et al., 1979; Nahata et al., 1985;
Vandenberghe et al., 1983) and in the neonatal
period (Koren et al., 1985; Lynn et al., 1987)
have been published. There have been no
studies of the metabolism of morphine in children
or neonates. The metabolism of drugs by children
is different from that of adults (Rane & Wilson,
1976; Rane, 1989), with age dependent differ-
ences for drugs that undergo oxidation
(phenytoin, theophylline) as well as for drugs
that undergo conjugation (oxazepam) (Tomson
et al., 1979). A decreased ability to conjugate
paracetamol with glucuronic acid, with increased
conjugation to paracetamol sulphate has been
reported in prepubertal children (Miller et al.,
1976) and in foetal liver preparations (Rollins et
al., 1979).
The capacity for glucuronidation of morphine

in childhood has not been evaluated. This
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metabolic pathway is of clinical importance as
morphine is the major analgesic used in neonates
and children and also in view of the analgesic
activity of M6G.

disease and required ventilation prior to the
morphine infusion. Urine samples were collected
over a given time period in the children (up to 24
h) and from a single voiding in neonates.

Analytical methods

Methods

Plan ofstudy

Informed consent was obtained from the parents
and, where appropriate, the child, and the study
was approved by the local ethics committee.
Blood and/or urine samples were collected from
12 children and nine premature neonates. The
clinical details of the patients are shown in
Tables 1 and 2. Most of the children received
morphine postoperatively (two had pain
secondary to malignancy), whereas most of the
neonates received morphine for sedation. All of
the neonates had severe hyaline membrane

M3G and M6G in plasma and urine were
measured by reversed phase ion-pair high per-

formance liquid chromatography (Svensson et
al., 1982). The assay was modified slightly in that
only one Sep-Pak C18 cartridge was used for
sample purification instead of two. Urine samples
were diluted with water (1:9). The same assay
was used for the measurement of morphine in
urine but was not sensitive enough for morphine
in plasma. Plasma morphine concentrations
were measured by organic extraction and re-
versed phase ion-pair high performance liquid
chromatography (Persson etal., 1989). The limit
of assay for M3G and M6G was 40 ng ml-' and
for morphine it was 5 ng ml71.

Table 1 Clinical details of the children

Duration ofinfusion
at time ofsample

Age Plasma creatinine Morphine collection (h)
(years) (pmol t1) (pLgkg- h-1) Blood Urine

C1* 5 95 20 24 24-36
C2* 14 72 20 24 0-24
C3* 9 53 15 24 20-40
C4* 10 81 25 44 6-30
C5* 13 42 20 24 -
C6* 1 - 28 14 14-16
C7* 8 44 24 21 30-38
C8* 16 49 140 22 -
C9 14 62 115 14 -
C1o 12 58 270 - 22-32
C11* 6 47 20 - 0-8
C12* 7 72 20 - 24-48
* post-surgery

Table 2 Clinical details of the neonates

Duration cfinfusion
Age Gestation Plasma urea Morphine at time ofsample
(days) (weeks) (mmol l-') (Lgkg-' h-') collection (h)

Nl 5 24 11.7 20 48
N2 6 25 5.3 20 >48
N3 3 29 - 42 48
N4 2 29 5.8 40 24
N5 4 - 1.6 24 >48
N6* 5 33 - 15 48
N7 3 34 4.5 20 48
N8 12 36 2.4 17 48
N9 3 37 2.8 10 48
* post-surgery



Morphine metabolism in children 601

Table 3 Pharmacokinetic data from nine children receiving an i.v. morphine
infusion (15-140 ,ug kg-' h-1)

Plasma concentration (ng ml-) CL Plasma
Patient Morphine M3G M6G (ml min-' kg-') M3G/morphine

C1 12 338 51 27.9 28.2
C2 14 213 ND 24.3 15.2
C3 9 170 ND 27.3 18.9
C4 19 503 55 23.1 27.2
C5 10 312 ND 33.3 31.2
C6 16 460 69 30.7 29.7
C7 19 318 47 21.8 17.2
C8 132 3863 84 17.8 29.3
C9 76 1359 80 25.3 17.9
Mean 34 837 43 25.7 23.9
s.d. 42 1189 34 4.7 6.4

Table 4 Pharmacokinetic data from nine neonates receiving an i.v. morphine
infusion (10-40 p.g kg-' h-')

Plasma concentration (ng mtl) CL Plasma
Patient Morphine M3G (ml min-' kg') M3G/morphine
Nl 108 234 3.1 2.2
N2 139 123 2.4 0.9
N3 162 220 4.2 1.4
N4 210 401 3.4 1.9
N5 50 404 8.2 8.1
N6 26 371 9.6 14.3
N7 72 305 4.6 4.2
N8 44 411 6.3 9.3
N9 205 584 0.8 2.8
Mean 113 339 4.7 5.0
s.d. 70 136 2.8 4.6

Calculations

Previous studies have reported a plasma half-life
for morphine of 2.1-3.9 h in children (Dahlstrom
etal., 1979; Lynn & Slattery, 1987; Nahata etal.,
1985) and 6.8 h in neonates (Lynn & Slattery,
1987), and a plasma half-life for M3G of 4 h in
adults (Sawe & Odar-Cederlof, 1987). Steady
state plasma concentrations should therefore
have been achieved by 24 and 48 h in children
and neonates, respectively. Plasma clearance
was determined by dividing the infusion rate by
the steady state plasma drug concentration. All
results are expressed as the mean ± s.d. and
statistical analysis was by the Mann-Whitney U
test or Spearman's rank correlation.

Results

Morphine and M3G were measurable in all the
samples. Plasma concentrations of M6G were
below the limit of assay (40 ng ml-') in all nine

neonates and three children. M6G was measur-
able in all of the urine samples from the children
and in samples from five neonates. The individual
data are shown in Tables 3 and 4. The mean
plasma clearance of morphine was significantly
higher in children (25.7 ± 4.7 ml min-' kg-1)
than in neonates (4.7 + 2.8 ml min-' kg-)
(Mann-Whitney U test, P < 0.01). The M3G/
morphine ratios in plasma and urine and M6G/
morphine ratio in urine were used as indices of
glucuronidation (see Table 5). All of these ratios
were significantly higher in children than in
neonates (Mann-Whitney U test, P < 0.01). The
mean urinary M3G/M6G ratios were similar in
children (9.9 ± 3.7) and neonates (10.3 ± 1.4).
There was a significant correlation between

the M3G/morphine ratio in plasma and urine in
the seven neonates who had both blood and
urine samples analysed (Spearman's rank
correlation p 0.893, P < 0.02). There was no
correlation, however, between the M3G/
morphine ratio in plasma and urine in the five
children who had both blood and urine samples
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Table 5 Urinary ratios of M3G and M6G to morphine

Children Neonates
Urine Urine

Patient M3GIM M6GIM M3GIM6G Patient M3GIM M6GIM M3GIM6G

C1 12.8 1.54 8.3 Ni 1.35 - -

C2 16.6 2.26 7.3 N2 0.54 0.07 8.1
C3 14.4 1.38 10.5 N3 1.29 - -

C4 20.4 2.13 9.6 N4 1.95 0.19 10.5
C6 - - 6.9 N5 2.58 0.23 11.1
C7 7.9 0.66 11.9 N6 6.35 0.62 10.3
C1o 7.6 0.61 12.5 N9 1.39 0.12 11.7
C1l 7.0 1.47 4.7
C12 16.4 0.95 17.2

Mean 12.9 1.37 9.9 2.34 0.28 10.3
s.d. 5.0 0.62 3.7 2.08 0.24 1.4

Morphine was not measurable in patient C6 owing to an interfering chromatographic peak and
M6G was not detectable in patients Ni and N3.

analysed (Spearman's rank correlation P >
0.05). This is probably related to the fact that the
urine samples in the children were collected
before steady-state plasma drug concentrations
had been achieved.

Discussion

Our results show that preterm infants (even of
24-25 weeks gestation) can metabolise morphine
by glucuronidation. This is consistent with
previous results from our laboratory which
demonstrated the in vitro glucuronidation of
morphine by foetal liver microsomes (15-27
weeks gestation), albeit at considerably lower
levels than by adult liver microsomes (Pacifici et
al., 1982).
The lower plasma clearance of morphine in

neonates than children (4.7 and 25.7 ml min-'
kg'1 respectively) supports the single previous
report directly comparing morphine kinetics in
these two age groups (6.3 and 23.8 ml min-' kg-')
(Lynn & Slattery, 1987). Our findings are also
consistent with previous studies of morphine
kinetics in children (Nahata et al., 1985;
Vandenberghe et al., 1983) and neonates (Koren
et al., 1985).

In contrast to previous studies our report in-
cludes data on the major metabolites of morphine,
M3G and M6G. The plasma concentrations of
M3G were similar in the children (Cl-C7) and
neonates (N1-N9) who received a morphine
infusion of 10-40 ,ug kg-' h-1. However, the
plasma concentrations of morphine were signifi-
cantly higher in the neonates, which in all
probability is due to its reduced clearance. As a

corollary the plasma M3G/morphine ratio was

considerably higher in children than in neonates.

A direct correlation between the in vitr-o
glucuronidation of morphine to M3G in human
liver microsomes and the M3G/morphine ratios
in plasma and urine has been reported previously
(Sawe et al., 1985).
The lowered clearance of morphine in the

neonate is probably due to a reduction in the
metabolism of morphine. In addition, renal
function in the newborn is usually impaired
(Aperia et al., 1981). The clearance of morphine
in adult patients is not affected by renal failure
(Aitkenhead et al., 1984; Chauvin et al., 1987;
Sawe & Odar-Cederlof, 1987). The impaired
renal function in the newborn will, however,
result in higher plasma concentrations of M3G
as the glucuronides are excreted more slowly in
patients with impaired renal function (Chauvin
et al., 1987; Sawe & Odar-Cederlof, 1987). In
spite of this the M3G/morphine ratios were
lower in newborns. Thus, immature renal func-
tion is the most likely explanation for the similarity
in the plasma concentrations of M3G in the
children and neonates, and the lower ratios are a
sign of a lower metabolic rate.

It is of interest that the M3G/M6G ratio was
relatively constant in all of the patients studied,
irrespective of age. This suggests that the
glucuronidation of morphine to M3G and M6G
is controlled by the same or similar regulatory
mechanisms.
There was a significant correlation between

the M3G/morphine ratio in plasma and urine in
the seven neonates who had both samples
collected simultaneously. This suggests that the
urinary M3G/morphine ratio may be a useful
tool to study the development of glucuronidation
in the neonatal period. Using urine in this age
group obviates the need for collection of blood
samples in a sick neonate who has a small total
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blood volume. Further studies are required to
confirm the use of urinary M3G/morphine ratios
as an accurate marker of morphine glucuronida-
tion as there was no correlation between plasma
and urine data in the five children who had both
samples collected. This may be a reflection of
the small number of samples or related to the
timing of the urine collection in that up to 24 h
urine was collected in the children whereas a
single sample at steady-state was collected in the
neonates.
Although M6G was not detected in the plasma

of any neonate, this is related to the sensitivity of
the assay (limit of sensitivity 40 ng ml1) and the
limited plasma volume available for analysis, as
M6G was detected in five of the seven neonatal
urine samples. M3G is an inactive mietabolite,
whereas M6G is more potent than morphine in
animals (Shinomura et al., 1971). M6G has been
shown to be an effective analgesic when given to

adults and it has even been suggested that the
analgesic activity of morphine is dependent on
the formation of this metabolite (Osborne et al.,
1988). It is more likely however that both
morphine and M6G contribute to the analgesic
effect and, therefore, lower doses of morphine
may be effective in premature neonates. The
relationship between morphine, M6G and efficacy
requires further study, in particular in the
neonatal period when opioid receptors may not
be fully developed (Leslie et al., 1982).
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