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The pharmacokinetics of lamotrigine (BW430C) in healthy
subjects with unconjugated hyperbilirubinaemia (Gilbert's
Syndrome)

J. POSNER, A. F. COHEN*, G. LAND, C. WINTON & A. W. PECK
Wellcome Research Laboratories, Langley Court, Beckenham BR3 3BS

A single oral dose of lamotrigine was administered to seven volunteers with Gilbert's
Syndrome (unconjugated hyperbilirubinaemia). Plasma samples were assayed by high
performance liquid chromatography (h.p.l.c.) and pharmacokinetic parameters were

compared with those of a group of nine normal volunteers. In the subjects with Gilbert's
Syndrome mean oral clearance (CLPO) was 32% lower (P<0.01) and the plasma elimination
half-life (t,,,) was 37% lower (P< 0.02) than in the normal controls. The amount of
unchanged lamotrigine excreted in the urine was 30% greater in the Gilbert's subjects (P
< 0.01) although this only amounted to 9.5% of the administered dose. Subjects with
Gilbert's Syndrome have some impairment of lamotrigine elimination but this is unlikely
to be clinically important.

Keywords lamotrigine pharmacokinetics glucuronidation Gilbert's Syndrome

Introduction

Lamotrigine is a new anticonvulsant (Binnie et
al., 1985) which is rapidly absorbed and has an
elimination half-life of approximately 24 h
(Cohen et al., 1987). Administration for up to 7
days did not reveal any induction of hepatic
microsomal enzymes in animals (Parsons &
Miles, 1984) or man (Cohen et al., 1987). It is
metabolised mainly by glucuronidation. This
conjugate is undetectable in plasma but appears
in urine at a rate equal to the disappearance of
lamotrigine from plasma (Cohen et al., 1987)
suggesting that glucuronidation is rate-limiting
in drug elimination.

Gilbert's syndrome (idiopathic unconjugated
hyperbilirubinaemia) (Gilbert & Lerebouillet,
1901) is a common disorder of bilirubin meta-
bolism. It is characterised by a raised uncon-
jugated bilirubin in plasma with a normal
conjugated bilirubin. The condition is benign
and there are no associated abnormalities of

liver function or histology. The hepatic clearance
of bilirubin is impaired and the activity of the
enzyme bilirubin uridine diphosphate glucuronyl
transferase (UDPG) is decreased.
To determine whether glucuronidation of

lamotrigine might be impaired in subjects with
Gilbert's Syndrome, pharmacokinetic para-
meters and urinary excretion after a single
therapeutic dose were compared with the values
obtained in a group of normal volunteers studied
earlier.

Methods

Amongst employees at Wellcome Research
Laboratories who have participated in volunteer
studies, a number of individuals have been
identified with values of total bilirubin (almost
all unconjugated) above the normal range for
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our laboratory (17 p.mol 1-'). They are healthy
with no other abnormality of liver function or
evidence of haemolysis and were, therefore,
presumed to have Gilbert's Syndrome. These
employees were invited to participate in the
proposed study which was approved by an ex-
ternal ethics committee. The volunteers gave
written informed consent. A full medical screen
confirmed that there were no clinically important
abnormalities on medical history or examination,
electrocardiogram, urinalysis, full blood count
or plasma biochemistry including hepatic
enzymes. The diagnosis of Gilbert's Syndrome
was established by caloric restriction (Felsher et
al., 1970; Owens & Sherlock, 1973; Felsher,
1976; Gollan et al., 1976). A blood sample was
taken on two consecutive days after breakfast
and after the second blood sample subjects were
placed on a diet providing 400kCal over the next
24 h after which blood was taken again. The
criteria for diagnosis were a total bilirubin
(almost all indirect) consistently above the
normal range wher! taking a normal diet and an
increase of at least 10 [jmol l-' after caloric
restriction for 24 h.

Seven subjects (2F, and 5M) fulfilled these
criteria and volunteered to proceed with the
study. None had ever been clinically jaundiced
and all had normal conjugated bilirubin con-
centrations and plasma haptoglobin concentra-
tions. Mean (± s.d.) total bilirubin increased in
the subjects with Gilbert's Syndrome from 30 +
8 (range 21-48) to 51 ± 14 (34-69) pLmol 1-l
(P<0.001) on caloric restriction. Conjugated
bilirubin increased only slightly from 2.0 ± 1.5 to
2.8 ± 0.9 F.mol 1-1 (P<0.05). One of the Gilbert's
subjects had already taken part in an earlier
study of lamotrigine kinetics using an identical
protocol (Cohen et al., 1985). Her data were
included in the analysis of the Gilbert's group
and data from the remaining nine subjects
(2F,7M) without Gilbert's Syndrome who had
participated in the previous study served as the
control. The average age of the Gilbert's group
was 33 years (range 23-45) and their average
weight was 73.5 kg (62-87). Corresponding
values for the normal controls were 34 years (19-
61) and 73.0 kg (62-87).

Subjects attended the laboratory after an
overnight fast. A cannula was inserted into an
antecubital vein under local anaesthesia and
kept patent with heparinised saline. Blood
samples (5 ml into lithium-heparin) were
collected pre-drug and at the following times
after ingestion of a capsule containing 120 mg
lamotrigine: 0.5, 1.0, 1.5, 2.0, 3.0, 4.0, 6.0, 8.0,
10.0, 12.0 h. After removal of the cannula,
subjects were transported home and subsequent

samples were taken by venepuncture 24, 32, 48
and 72 h after dosing. Urine collections were
commenced at the time of dosing in 2 h fractions
during the first 12 h, then in 12 h collections up to
24 h and subsequently as 24 h collections until
168 h after dosing. Plasma, saliva and urine
aliquots were stored at -70°C until analysis.
Plasma for bilirubin assay was separated

immediately and samples were analysed taking
care to minimise light exposure. Total bilirubin
was analysed by a diazotide method (Jendrassik
& Graf, 1938) using benzoate-caffeine accelerator
and indirect bilirubin was analysed by diazotide
without accelerator.

Plasma concentrations of lamotrigine were
measured using an automated h.p.l.c. tech-
nique. All assays were performed in duplicate
with a control to monitor interassay variation
and a suitable range of 'spiked' standards. One
ml of the internal standard BWA725C (3, 5-
diamino-6-(2-methoxyphenyl)-1,2,4-triazine) in
ethyl acetate (0.2 jig ml-) and 2 M sodium
hydroxide were added to 200 pul of plasma
samples, standards and controls followed by 8 ml
ethyl acetate. After mixing and centrifugation
the organic layer was separated and dried under
nitrogen. The resulting residue was taken up in
ethanol and transferred to micro-vials ready for
injection. Using a flow-rate of 1.6-2.5 ml min-'
at ambient temperature, 20 RI were injected
onto a 250 x 4.2 mm Zorbax sil column
(Dupont), the eluant consisting of an ammonium
hydroxide (sp.gr.0.88), ethanol, hexane mixture
(0.25:20:80 by volume, respectively). The
chromatographed components were detected at
306 nm with a u.v. detector. The ratios of peak
areas of lamotrigine to internal standard were
used to construct a calibration curve from the
standards by the method of linear least squares
regression and the lamotrigine concentration in
the samples and controls determined. The lower
limit of detection of the assay was 0.05 ,ug ml-1;
the coefficient of variation was less than 7% and
the assay was linear throughout the range
measured.
The glucuronide conjugate of lamotrigine in

urine was measured by incubation of the sample
in a pyrex tube with a crude P-glucuronidase
extract (Helix pomatia GOA76, Sigma) and a
pH 5 sodium acetate buffer overnight at 37°C.
The tubes were then treated as for free lamo-
trigine, giving a total value from which the
amount of hydrolysed conjugate could be
calculated.
Plasma drug concentration-time profiles were

fitted by a biexponential function (equation 1)
using NONLIN (Metzler et al., 1974). A weight-
ing factor of 1/[concentration] was used to
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minimise the difference in variance throughout
the range of concentrations.

C = C'[e-k(t-ti.;g) -e-k;(t-ti,.g)] equation 1

where
C = plasma concentration at time t
C' = coefficient of the biexponential function
ka = apparent first-order rate constant for

absorption
k = first-order rate constant for elimination
t = time from drug administration
tiag = lag time for absorption

The value of AUC was calculated from the in-
tegral of equation 1. Hence oral clearance was
calculated from Dose/AUC. The elimination
half-life was calculated from 0.693/k.
Comparisons between pharmacokinetic para-

meters obtained from subjects with Gilbert's
Syndrome and from the normal group were
compared using Student's t-test.

Results

The mean pharmacokinetic parameters for
lamotrigine obtained from the two groups of
subjects are shown in Table 1. A single exponen-
tial term adequately described the elimination of
lamotrigine from plasma. The fitted curves
agreed well with observed plasma concentrations
and showed a random spread of residuals. In the
subjects with Gilbert's Syndrome the mean
value of oral clearance was 32% lower (P<0.01)
and the mean half-life was 37% longer
(P<0.02) than in the controls. The mean
maximum plasma concentration was not signifi-
cantly different.

The cumulative excretion of lamotrigine and
its conjugated metabolite is shown in Table 1.
The total amount excreted over 168 h was 90.3 ±
9.4 mg (75.2% of the total administered dose) of
which 11.4 ± 1.7 mg was unchanged lamotrigine
(9.5% of the administered dose) and 79 mg was
conjugated (66.0% of the administered dose).
The total amount of lamotrigine excreted over
168 h was not significantly different in the two
groups but the amount of unchanged lamotrigine
was increased by 30% (P<0.01) in the Gilbert's
group. The ratio of the amount excreted as
unchanged lamotrigine to the amount excreted
as conjugate was increased by 26% (P=0.05)

Discussion

This study has demonstrated an impairment of
the excretion of lamotrigine in subjects with
Gilbert's Syndrome. This benign condition
occurs in 6% of the population (Owens & Evans,
1975). In our subjects the mean decrease in the
oral clearance of lamotrigine was 32%. There-
fore, on multiple dosing these subjects should
have steady state plasma drug concentrations
about 32% higher than normal subjects. The
clinical implications of this are probably un-
important as lamotrigine seems to have a high
therapeutic index. Some individuals with
Gilbert's Syndrome present with jaundice and
might be more severely affected but our volun-
teers had very similar values of baseline and
fasting bilirubin as patients in the study of
Owens & Evans (1975).
The longer t,,2 of lamotrigine in our subjects

supports the view that one or more steps in the
glucuronidation process are rate-determining

Table 1 Mean ± s.d. pharmacokinetic parameters and urinary excretion
of lamotrigine and its glucuronide in subjects with Gilbert's Syndrome
and normal controls.

Gilbert's
Syndrome Normal controls

group (n = 7) (n = 9) Significance*

t,x h 31.2 ± 7.4 22.8 ± 4.4 P<0.02
CLPO (ml min-') 30.2 ± 7.7 44.2 ± 7.5 P<0.01
Cmax (ug mMl-) 1.6 ± 0.2 1.5 ± 0.3 NS
tmax (h) 3.0 ± 1 3.0 1 NS
Lamotrigine (mg 11.4 ± 1.7 8.8 ± 1.53 P<0.01

excreted 168 h-1)
Glucuronides (mg 79.0 ± 10.2 75.6 + 7.5 NS

excreted 168 h-1)
Total recover 90.3 ± 9.4 84.4 ± 8.06 NS
(mg 168 h- )

Lamotrigine/ 0.146 ± 0.035 0.116 ± 0.019 P = 0.05
glucuronide ratio

* significance of differences by Student's t-test. NS = P>0.05
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for the elimination of the drug. Further evidence
for this is that patients on valproate, a drug that
is also excreted by glucuronidation, demonstrate
an increased. lamotrigine half-life, suggesting
that both drugs are competing for the same
enzyme (Binnie et al., 1985).
The possibility that some conjugated material

might not be glucuronide but rather sulphate
cannot be ruled out entirely in the present study.
However, when compared with recoveries be-
fore incubation, the amount of free lamotrigine
in urine from normal subjects was unchanged
after incubation with the crude glucuronidase/
sulphatase extract in the presence of the
glucuronidase inhibitor 3-1,4-saccharolactone,
indicating that no conjugates other than
glucuronide were present. Furthermore, incuba-
tion with a pure sulphatase preparation did not

cause breakdown of conjugate. It seems unlikely
that significant amounts of sulphate would be
formed in the Gilbert's subjects when none is
formed by normal individuals.
When lamotrigine is administered with anti-

epileptic drugs which are enzyme inducers it is
excreted more rapidly than when given alone;
the half-life being reduced to approximately 12 h
(Binnie et al., 1985). The effect of enzyme induc-
tion on the slower metabolism of lamotrigine in
Gilbert's Syndrome is unknown but enzyme in-
duction by phenobarbitone has been used to
normalise the plasma bilirubin levels in patients
with Gilbert's Syndrome.

We thank Mrs C. A. Burke for the statistical analysis
and Mrs C. Hayward for typing the manuscript.
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