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CHAPTER |
INTRODUCTION

Background and Rationale

Lamotrigine is the new-generation antiepileptic drug that has an indication for
several types of seizures. It can be used as a monotherapy or adjunctive therapy. In
addition, this drug was approved for using as a mood stabilizer for the treatment of
bipolar disorder."™

Lamotrigine shows linear pharmacokinetics.(z' “ltis rapidly absorbed with high
bioavailability and about 55% of the drug is bound to plasma proteins.(2'4> Lamotrigine is
metabolized via glucuronidation by uridine-diphosphate glucuronosyltransferases
(UGTs) enzyme.(5) The half-life of lamotrigine is approximately 22.80-37.40 hours when
used as monotherapy, but it can be prolonged to 60 hours when co-administered with
valproic acid and shortened to 15 hours when co-administered with enzyme inducers
such as carbamazepine, phenytoin, and phenobarbital.(z’ “in general, the therapeutic
range of lamotrigine is found to be 1-4 mg/L.(B' ¥ However many patients may require
concentrations higher than the established therapeutic range.(g'm

Lamotrigine exhibits high interindividual variability of the pharmacokinetics.
Interindividual variation of lamotrigine pharmacokinetics is influenced by several factors

8. Therapeutic drug

such as age, pregnancy, diseases and drug—drug interactions.
monitoring of lamotrigine is important to individualize patient's therapy. It is
recommended to monitor lamotrigine concentrations especially in patients suspected of
treatment failure due to drug interactions and noncompliance, patients with sign of
clinical drug intoxication, patients with a change of physiological state that may alter
lamotrigine pharmacokinetics such as pregnancy. Furthermore, it can be used as a
reference concentration for dose adjustment in each individual patient.(& 81219

There are evidences of the difference of lamotrigine pharmacokinetics among

C . . 14)
ethnicities. Hussian and Posner<

reported that lamotrigine apparent oral clearance
(CL/F) was 28.70% lower in Asian compared to Caucasian. Moreover, Grasela et al.(15)

found that CL/F of lamotrigine was 25% lower in non-Caucasian compared with



Caucasian patients. The difference of lamotrigine pharmacokinetics among races is

probably related to genetic variations in the metabolism of Iamotrigine.(m'%)

UGT1A4 is the major enzyme responsible for lamotrigine metabolism."”
However, other UGTs such as UGT1A3 and UGT2B7 may also play a role in the
glucuronidation of Iamotrigine.m'19) The polymorphisms of UGT1A4 could lead to the
variability of glucuronidation enzyme activity and may contribute to the difference of
lamotrigine pharmacokinetics among races.*?”

Recent studies have discovered a numerous variations of UGT1A4 among

21-27

ethnicities.”"”” UGT1A4 142T>G (L48V) and UGT1A4 70C>T (P24T) were first detected
in German population, with the frequencies of 9% and 8%, respectively.(zz) In Turkish
population, the frequencies of UGT1A4 142T> G (L48V) and UGT1A4 70C>A (P24T)
were 12.80% and 1.90%, respectively.(%) In Japanese population, the frequencies of
UGT1A4 142T>G (L48V) and UGT1A4 31C>T (R11W) were 16.50% and 1.20%,
respectively.”> % Moreover, the frequencies of UGT1A4 142T>G (L48V) and UGT1A4
31C>T (R11W) in Korean population were found to be similar to previously reported in
Japanese population.m) Interestingly, the polymorphism of UGT1A4 70C>T (P24T) was

26-27)

not found in Asian population.(zs’ The effect of UGT1A4 polymorphisms on

glucuronidation activity was dependent upon a substrate. Previous studies found that an

enzyme activity was reduced for B—naphthylamine, benzidine, trans-androsterone and
dihydrotestosterone, while it was increased for clozapine glucuronidation.(22’26>

Several studies have documented the effect of UGT71A4 polymorphisms on the
pharmacokinetics of several drug substrates.”**” However, there is only one study
investigating an impact of UGT1A4 polymorphisms on the pharmacokinetics of
lamotrigine. The results from this study suggested that UGT71A4 polymorphisms were
associated with the decrease of lamotrigine concentration in Turkish patients using
lamotrigine as a monotherapy or polytherapy.<30) However, there are no data available

regarding the association of UGT1A4 polymorphisms and pharmacokinetic of

lamotrigine, in Asian population.



Therefore, the purpose of this study was to determine the influence of UGT71A4
polymorphisms and other non-genetic factors on lamotrigine concentration-to-dose ratio
(LTG-CDR) in Thai population. The results from this study can be used for facilitating

lamotrigine dose adjustment in clinical practice, specifically in Asian patients.

Hypothesis
UGT1A4 polymorphisms and other non-genetic factors influence LTG-CDR in
Thai patients.

Objective
To investigate the effect of UGT1A4 polymorphisms and other non-genetic

factors on LTG-CDR in Thai patients.

Scope of this study

This study investigated the influence of UGT71A4 polymorphisms and other
non-genetic factors on LTG-CDR in Thai patients. The population of this study is
outpatients with epilepsy or psychiatric disorders receiving lamotrigine as a
monotherapy or polytherapy at Prasat Neurological Institute. The dependent variable is
LTG-CDR. The independent variables are genetic (UGT1A4 polymorphisms) and

non-genetic factors (age, gender, body weight and co-medications).

Significance of the study

The influence of UGT1A4 polymorphisms and other non-genetic factors on
lamotrigine pharmacokinetics will be identified and quantified. By providing an equation
useful for predicting lamotrigine plasma concentrations, the results from this study can

be used to design lamotrigine dosage regimens in clinical practice.



Conceptual framework

- Genetic factor
(UGT1A4 polymorphisms)

- Non-genetic factors LTG-CDR

A 4

(age, gender, body weight and
influence to
co-medications)

Figure 1 Conceptual framework

Limitation of this study

An application of the results obtained from this study could be limited to the
patients having similar characteristics with the patients participating in this study. An

extrapolation of the results to other groups of patients should be cautiously performed.

Operational definition
1. Genetic factor was defined as genetic polymorphisms of the UGT 1A4 enzyme that
are single-nucleotide polymorphisms (SNPs).
1.1 UGT1A4 142T>G polymorphism is detected at codon 48, with a T to G
transversion at position 142 leading to amino acid change,leucine to valine
(L48V, submitted to Gen-Bank as UGT1A4*3, rs2011425).””
1.2 UGT1A4 70C>T polymorphism is detected at codon 24, with C to A
transversion at position 70 leading to amino acid change, proline to
threonine, (P24T, submitted to GenBank as UGT1A4*2, rs6755571).%”
2. Non-genetic factors were defined as patient characteristics including age, gender,
body weight and co-medications.
3. Lamotrigine concentration-to-dose ratio (LTG-CDR) was defined as a ratio of the

trough concentration of lamotrigine (milligram per liters; mg/L) to the total daily dose

of lamotrigine (milligram per kilogram per day; mg/kg/day).



CHAPTER I
LITERATURE REVIEWS

Lamotrigine

Lamotrigine is one of the new-generation antiepileptic drugs. It was approved to
be used as an adjunctive therapy for partial seizures, primary and secondary
tonic-clonic seizures, and generalized seizures of Lennox-Gastaut syndrome in adult
and pediatric patients (>2 years of age). In addition, it is approved as a monotherapy in
adult patients with partial seizures.> "

In 2003, lamotrigine was approved by the U.S. Food and Drug Administration
(FDA) for the treatment of bipolar disorder. It is effective when used as a mood stabilizer
for maintenance treatment of bipolar disorder in patients with depression.(a' ¥
Furthermore, lamotrigine has been used off-label in cyclothymia, resistant unipolar
depression, schizoaffective disorder, borderline personality disorder and trigeminal
neuralgia.(32'33)

Lamotrigine is phenyltriazine derivative [3, 5-diamino-6-(2, 3-dichlorophenyl)-1,
2, 4-triazine] and it is chemically unrelated to other antiepileptic drugs.(w” The chemical
structure of lamotrigine is presented in Figure 2. The pharmacological profile of
lamotrigine is similar to phenytoin and carbamazepine.@ Lamotrigine is available in
tablet (25, 50, 100 and 200 mg) and chewable dispersible tablet dosage forms (2, 5 and

25 mg).“’m However, only tablet dosage form is available in Thailand.

N\
n
H,N "“N’I\NH,

Figure 2 The structure of Iamotrigine(m



Mechanism of action

Lamotrigine affects the voltage-sensitive sodium channels. It acts by stabilizing
neuronal membranes and inhibiting the release of excitatory amino acid
neurotransmitters (such as glutamate and aspartate) that play a role in epileptic
seizures.“*

The mechanism of action of lamotrigine in patients with bipolar disorder is
unclear. However, lamotrigine may be related to the inhibition of sodium and calcium
channels in presynaptic neurons which subsequently leads to a stabilization of the
neuronal membrane. Additionally, its activity as a mood stabilizing agents is exhibited

by the neuroprotective and antiglutamatergic effects.(S’ 2

Pharmacokinetics

Lamotrigine exhibits  a linear relationship between doses and drug
concentrations. The pharmacokinetics of lamotrigine is similar in both healthy volunteers
and patients with epilepsy. Its pharmacokinetics can be sufficiently described by a

. . . . . 2,4, 34,36-37
one-compartment model with a first-order absorption and elimination.’ )

1. Absorption

Lamotrigine is rapidly absorbed from gastrointestinal tract with high
absolute bioavailability (approximately 98%). Time to peak concentrations
(Tmax) is achieved within 1-3 hours after oral administration. The absorption is

not influenced by food and there is no first-pass metabolism.”**"

2. Distribution

The apparent volume of distribution (V/F) of lamotrigine in healthy
volunteers and patients with epilepsy are approximately 1.20 and 1.36 L/kg,
respectively.(34' * Plasma proteins binding of lamotrigine is approximately 55%;
therefore, it is not likely to participate in protein-binding displacement

. . 37
mteractlons.( )



3. Metabolism and excretion
Lamotrigine is mainly metabolized via glucuronidation pathway in the

(5, 29)

liver by UGT enzymes. UGT1A4 is the major enzyme responsible for

lamotrigine metabolism, however other UGTs such 1A3 and UGT2B7 may also
play a role in the glucuronidation of Iamotrigine.“”g)

Lamotrigine is metabolized at position 2 of the triazine ring to form a
quaternary ammonium glucuronide. The major inactive metabolite of lamotrigine
is 2-N-glucuronide (80-90% of the administered dose), whereas 5-N-glucuronide
is a minor metabolite (10% of the administered dose). All the inactive metabolites

(2, 4, 35)

are excreted in the urine. Figure 3 presents the metabolism pathway of

lamotrigine by UGT1A4 and UGT1A3 enzyme.

/L ) L/\LUN OH/O /H;:OOH

“\/
\I UGT1A4 (Liver) AN
LTG: Lamotrigine ‘ = Lamotrigine-2N-glucuronide
(Lamictal) (90% of the dose in humans)

Figure 3 The metabolism of lamotrigine by UGT1A4 enzyme“S)

The mean elimination half-life of lamotrigine is approximately 22.80-37.40
hours when used as a monotherapy in healthy volunteers. The half-life may be
altered when co-administered with other enzyme inhibitors or inducers.“*¥

The autoinduction of lamotrigine has been postulated. It was found to be
completed within 2 weeks after the initiation of therapy and decrease lamotrigine

concentration by 17%. 1 However, the conclusion about an autoinduction of

lamotrigine is still controversial.



4. Therapeutic drug monitoring of lamotrigine

In general, the therapeutic range of lamotrigine is 1-4 mg/L. This range is
based on studies from preclinical and clinical data.®® The relationship between
lamotrigine concentration and pharmacological response is unclear. There is an
overlaping of lamotrigne concentrations in patients with or without improved
seizure control, as well as in patients with and without adverse effects.”™

Many patients may require concentrations higher than established
therapeutic range (1-4 mg/L).(B’ A retrospective survey by Morris et al.?
suggested that higher plasma concentrations of lamotrigine (3-14 mg/L) were
appropriated for the treatment of epileptic patients in clinical practice.

Lamotrigine pharmacokinetics exhibit high interindividual variability due
to several factors including age, pregnancy, disease and co-medications.”® "
Therefore, therapeutic drug monitoring of lamotrigine is important to individualize
patient therapy. It is recommended to monitor lamotrigine concentrations
especially in patients suspected of treatment failure due to drug interactions and
noncompliance; patients with sign of clinical drug intoxication, patients with a
change of physiological state that may alter lamotrigine pharmacokinetics such
as pregnancy patients. Furthermore, it may be useful for establishing the
reference range of concentrations for individual patient when therapy is initiated

and after dose adjustments_<6-8, 12-13)

Adverse drug reaction of lamotrigine

The major adverse event of lamotrigine leading to discontinuation of the
medication is skin rash. Maculopapular or erythematosus rash is most frequently found
(approximately 10% of patients), however serious rash such as Stevens-Johnson
syndrome and toxic epidermal necrolysis were also reported (O.13—O.3%).<3’ %

Typically, skin rash occurs within 4-8 weeks of the initiating treatment. Risk
factors associated with skin rash from lamotrigine include a young age, higher initiating

dose of lamotrigine, rapid dose titration, gender (with a higher risk in female), and the

use of lamotrigine with valproic acid. A reduction of the incidence of skin rash can be



achieved by reducing the starting dose, slow dose titration, and adjusting lamotrigine
dose when co-administered with valproic acid. (2.92.99-40)
Other common dose-related adverse effects of lamotrigine include headache,

Ly . . . . . L 2,31-32
nausea, vomiting, dizziness, diplopia, ataxia, blurred vision and tremor.’ )

Dosage and administration of lamotrigine

Administration of lamotrigine should be initiated with low dosages and escalated
slowly over the first four weeks of the treatment to reduce the risk of skin rash.
Additionally, discontinuation of lamotrigine should be performed gradually by tapering
the dose over a period of at least 2 weeks to reduce the risk of rebound seizures.” *
Lamotrigine dose recommendations for children and adults patients are presented in
Table 1 and 2

Table 1 Recommendation of lamotrigine dose for children @9

Treatment regimen Week 1-2 Week 3-4 Maintenance dose
LTG monotherapy 0.50 mg/kg/day 1 mg/kg/day 2-8 mg/kg/day
LTG with EIAED (not taking VPA) 2 mg/kg/day 5 mg/kg/day 5-15 mg/kg/day
LTG with EIAED and VPA 0.20 mg/kg/day 0.5 mg/kg/day 1-5 mg/kg/day

LTG = lamotrigine
VPA = valproic acid

EIAED = enzyme inducing antiepileptic drugs (carbamazepine, phenytoin, and phenobarbital)
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Table 2 Recommendation of lamotrigine dose for adults™*

Treatment regimen  Week 1- 2 Week 3- 4 Maintenance dose

LTG 25 mg/day 100 mg/day 100-200 mg/day
monotherapy (once aday) (two divided doses) (one or two divided doses)
LTG with EIAED 50 mg/day 100 mg/day 300-500 mg/day

(not taking VPA) (once aday) (two divided doses) (two divided doses)
Escalated dose by 100 mg/day

every week
LTG with EIAED 25 mg/day 25 mg/day 100-400 mg/day
and VPA (other day) (once a day) (one or two divided doses)

Escalated dose by 25-50 mg/day

every one or two weeks

LTG = lamotrigine VPA = valproic acid

EIAED = enzyme inducing antiepileptic drugs (carbamazepine, phenytoin, and phenobarbital)

Factors associated with lamotrigine pharmacokinetics
The interindividual variation of lamotrigine pharmacokinetics is influenced by
several factors such as age, pregnancy, diseases and drug interactions. These factors

could be important for lamotrigine dose adjustment.@’ 9

1. Age

Several studies have documented that age is associated with an
alteration of lamotrigine elimination. Because lamotrigine is eliminated by
conjugation, this pathway is shown to be immature at birth.“” Recent study
reported lamotrigine plasma concentration decreases in newborn. Mikati et al.”?
found that the mean CL/F of lamotrigine in neonates aged <2 months decreases
by 50% compared with infants aged 2-12 months (0.12+0.002 vs 0.22+0.09
L/h/kg; p<0.007).

Previous studies revealed that lamotrigine metabolism rate in children
are faster than adults. An average CL/F of lamotrigine in children increases by

)

35-125% compared with adult.“” Reimer et al.*’ reported that age is an
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important factor with respect to lamotrigine pharmacokinetics. This study
showed LTG-CDR decreased approximately 6% per year of age in children and
adolescents.

In the elderly, the glucuronidation of lamotrigine may be reduced.””
However the influence of age on lamotrigine pharmacokinetics is still
controversial. Even though, previous population pharmacokinetic studies

(14-15, 44-45) Some

showed that lamotrigine clearance did not depend on age.
studies reported the influence of age on lamotrigine pharmacokinetics. The
study by Arif et al.*” found that the median of lamotrigine clearance in older
patients (age 55-92 years) was 20% lower than in younger patients (age 16-36

years) (28.80 vs 35.50 ml/hr/kg; p<0.007).

2. Gender

Even though, several pharmacokinetic studies found that there is no

. o 7 5 _. . . 14, 43, 45, 47
significant gender difference in lamotrigine pharmaooklnencs.( )

A population pharmacokinetic study showed that the volume of distribution of

(15)

lamotrigine in female was 27% lower than male. Furthermore, previous study

suggested that UGTs activity of female could be lower than male, however, the

results may limit to some isozymes of UGT and some drug substrates.*”

3. Body weight

Several population pharmacokinetic studies found the influence of body
weight on lamotrigine clearance. In these studies, body weight was included in

the final regression model for predicting CL/F of Iamotrigine.m’ 49

4. Liver function
Lamotrigine is extensively metabolized in the liver. The clearance of
lamotrigine is altered in patients with hepatic impairment and correlated with the

(7,

severity of hepatic disease. 9 Marcellin et al.*” found that, in patients with

severe cirrhosis (Child-Pugh grade B or C), lamotrigine clearance is decreased
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approximately 60% resulting in an increased half-life. Therefore, lamotrigine
doses should be reduced 50 to 75%, when it was used in severe cirrhosis

patients with Child-Pugh grade B or C.

5. Renal function

A previous study comparing the pharmacokinetics of lamotrigine
between patients with chronic renal failure (creatinine clearance; CrCl < 30
ml/min/1.73 mm) and healthy volunteers found the decrease of lamotrigine
clearance by 61% and a 53% increase of lamotrigine half-life. However, the
difference was not statistically significant.m Lamotrigine should be used with
caution, especially in patients with glomerular filtration rate (GFR) less than 15

ml/min, as lamotrigine half-life may be prolonged.(w

6. Pregnancy

Previous studies have documented an altered lamotrigine
pharmacokinetics during pregnancy due to physiological alterations such as
hepatic enzyme activities and endogenous steroid.” A study by Pennell et al.®
found that lamotrigine clearance increases during pregnancy (up to 330% from
baseline) until 32 weeks of gestational age and returns to baseline in the

postpartum period.

7. Disease

The impaired UGTs activity in Gilbert’'s syndrome patients causes an
unconjugated hyperbillirubinemia disorder. In these patients, lamotrigine
clearance is decreased leading to a prolongation of lamotrigine half-life. When
compared with healthy control, lamotrigine clearance was decreased by 32% in
Gilbert’'s syndrome patients. However, the change of lamotrigine

. . .o 4
pharmacokinetic was not clinically relevant.”



13

8. Drug interaction

Lamotrigine is primarily metabolized by UGT enzymes. Co-administration
with other drugs that are metabolized by glucuronidation may be associated with
drug interactions. Drugs that are hepatic enzyme inducers can affect the

. . . (54-56)
pharmacokinetics of lamotrigine.

8.1 Effect of other antiepileptic drugs on lamotrigine pharmacokinetics

Enzyme-inducing antiepileptic  drugs including carbamazepine,
phenytoin, and phenobarbital can increase UGTs’ activity and enhance the
metabolism of lamotrigine. Co-administration of these drugs decreases
lamotrigine half-life to approximately 15 hours and reduce lamotrigine
concentration by 34-52%. Therefore, lamotrigine doses are needed to be
increased if any of these enzyme inducing drugs is co-administered.” ***"

Oxcarbazepine is a weak enzyme inducing agent that can induce UGT
enzymes, resulting in a decrease of lamotrigine concentration by 15 to 75%.°%°"
However, the study by Theis et al.*” showed that AUC and Cmax of lamotrigine
at steady state were not significantly affected by oxcarbazepine.

Although previous studies suggested that co-administration of topiramate

54, 57

can reduce lamotrigine concentration by 40 to 50%,( " the study by Berry et al.
and Doose et al.”"” reported a minimal effect of topiramate on lamotrigine
concentrations.

Methsuximide is found to be able to reduce lamotrigine concentration by
53%. This drug appears to increase lamotrigine clearance, and decrease
lamotrigine concentration leading to uncontrolled seizure. The dose of
lamotrigine may need to be increased if methsuximide is given.(54’ o7

On the other hand, valproic acid, a strong enzyme inhibitor, reduces the
rate of lamotrigine glucuronidation. The half-life of lamotrigine can be prolonged
up to 60 hours and plasma concentration can increase by 200% when

co-administration with valproic acid. This interaction is associated with the risk of

lamotrigine toxicities, especially rash. However, the incidence of the rash can be
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minimized by initiating with low dose and slow titration of lamotrigine dose when
valproic acid is co-administered.” *®"
Other epileptic drugs, including felbamate and levetiracetam, are not

found to affect lamotrigine concentration.™”

8.2 Effect of psychotropic drugs on lamotrigine

An in vitro study of lamotrigine indicated that the metabolism of
lamotrigine was not significantly affected by clozapine, fluoxetine, phenelzine,
risperidone, sertraline and trazodone. In addition, the effect of amitriptyline,
bupropion, clonazepam, haloperidol, and lorazepam on the metabolism of
lamotrigine was minimal.**"

A study investigated drug interaction between lamotrigine and
psychoactive drugs from routine serum concentrations of 829 patients. The
results showed that lithium and fluoxetine may associate with a reduction of
lamotrigine concentrations. However, the mechanism of this interaction is
unknown and required further study. In addition, it was found that LTG-CDR did
not alter by other psychotropic drugs such as sertraline, olanzapine and
benzodiazepines.(sz)

However, previous case report of the patient who used lamotrigine
concomitantly with sertraline found that lamotrigine blood level was increased
after the addition of sertraline leading to lamotrigine toxicities such as confusion
and cognitive impairment. Therefore, sertraline may be able to inhibit lamotrigine
glucuronidation.<54'57)

A study by Sidhu et al.® found that, in healthy volunteers using
lamotrigine concomitantly with olanzapine, AUC and Cmax of lamotrigine were

reduced by 24% and 20%, respectively. However, this interaction was not

considered to be clinically significant.
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8.3 Effect of oral contraceptives on lamotrigine

The effect of oral contraceptives on lamotrigine pharmacokinetics was
documented in several studies. Saber et al.*” reported that lamotrigine plasma
level was reduced by more than 50% when co-administered with oral

. . (65)
contraceptives. Reimers et al.

found that estrogen-containing oral
contraceptives significantly decrease lamotrigine concentration, whereas
progestogen-only pills did not alter lamotrigine concentration.

The possible mechanism could be a stimulation of UGT activity by
steroid hormones in oral contraceptives, resulting in an increase of lamotrigine
metabolism. As lamotrigine concentration decreases, a reduction of seizure
control may be observed in some women. Therefore, lamotrigine concentration
should be closely monitored and dose adjustment may be necessary when

contraceptives are initiated or withdrawn during lamotrigine therapy.(7' 56-67.60

8.4 Effect of other drugs on lamotrigine

Acetaminophen is approximately 55% eliminated by glucuronide
conjugation. Co-administration of acetaminophen enhances elimination of
lamotrigine, therefore it may reduce lamotrigine AUC and half-life by 20% and
15%, respectively. However, this interaction is deemed to be not clinically
significant.(54’ Hil

A study by Ebert et al. " found that rifampicin increases lamotrigine
clearance by 97% and decreases lamotrigine half-life by 41% due to an
induction of hepatic glucuronidation enzymes. Therefore, rifampicin may reduce
lamotrigine efficacy and lamotrigine dose adjustment is required.(57’ °o

Ritonavir may decrease lamotrigine concentration by an induction of
glucuronidation. Therefore, lamotrigine efficacy should be monitored in patients
taking ritonavir or any ritonavir-boosted antiretroviral regimen and lamotrigine
dose may need to be increased.***"*

The summary of clinically drug interactions the can alter lamotrigine

concentrations are presented in Table 3.
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Table 3 Clinically important drug interactions that alter lamotrigine concentrations (545769

Increase lamotrigine concentrations Decrease lamotrigine concentrations
Valproic acid Phenytoin
Methsuximide Phenobarbital

Carbamazepine
Oral contraceptive
Rifampicin

Ritonavir

Uridine 5’-Diphosphate Glucuronosyltransferases (UGTs)

UGTs are a group of phase Il enzymes. UGT enzymes play an important role for
the metabolism of xenobiotics and endobiotics by the addition of glucuronide from
uridine 5’-diphosphoglucuronic acid leading to the formation of water soluble

. . . : . . 68
substances which can be excreted via bile and/or urine as presented in Figure 4.

UDP glucuronosyltransferase

!

Substrate | ®= | UDPGA |— | Substrate-glucuronide | ®= | UDP

(UDP = uridine 5’-diphosphate, UDPGA = uridine 5’-diphosphoglucuronic acid)

Figure 4 Mechanism of glucuronidation ©9)

In human, UGT enzymes have been classified into two families (UGT1 and

UGT2) according to amino acid sequences.m'%’ 2
1. UGT1 subfamily is encoded by a gene located on chromosome 2 (locus
2937) and consists of 13 different exon 1 and common exons 2 to 5. There
are 13 isoforms of UGT1A; of which 9 isoforms (UGT1A1, 1A3, 1A4, 1A5,
1A6, 1A7, 1A8, 1A9 and UGT1A10) are functional and the others are

pseudogenes.
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2. UGT2 subfamily is subdivided into UGT2A and UGT2B and encoded by
gene located on chromosome 4 (locus 4913 and 4928). All genes of UGT2
subfamily consists of 6 different exons. There are one UGT2A isoform
(UGT2A1) and seven UGT2B isoforms (UGT2B4, 2B7, 2B10, 2B11, 2B15,
2B17 and 2B28).

Glucuronidation is normally associated with more than one isoforms of UGT

enzymes. Each isoforms are overlapping functions and specific to different

21, 24, 68

( ) . . "
substrates. Current studies have documented several genetic variations of

UGT1A enzymes such as UGTT1A3, UGT1A4, UGT1A6, UGT1A7, UGT1A8, and

28)

UGT1A10 as presented in Figure 5.

{ |'£ ETE Warnhle exon |1 CInEmemoda X0

[ TTA buis. | I 1
JAIIP pPAJPP PAE TAMD PALTP AW fAT dAd dAS kel PAT rep | TAd ]

LT 284 PMGT2ET LFT2R LFT2RIS

[ — e, I
o CERIH ATEN IREY (ERLILR Ty MOHTY A% K51TT

28)

Figure 5 Functional variants in UGT1s and UGT2s (

UGT1A4 polymorphisms

UGT1A4 is an important human UGT isoform that catalyzes primary, secondary,
tertiary amines, carcinogenic aromatic amines (B—naphthylamine, 4-aminobiphenyl, and
benzidine), androgens, progestins, and plant steroids (hecogenin, diosgenin, and
tigogenin).(zg) Furthermore, many therapeutic agents are substrates of UGT1A4 as
shown in Table 4. In human, UGT1A4 enzyme is found abundantly in the liver, followed

. . . 24,28
by colon, small intestine, and bile ducts. *+*¥
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5,28-29, 69)

Table 4 Examples of drug substrates metabolized by UGT1A4 enzyme (

Therapeutic agents Drug substrates

Tricyclic antidepressants amitryptyline, imipramine, doxepin

Antipsychotic agents chlorpromazine, clozapine, olanzapine, trifluoperazine
Anticonvulsants lamotrigine, retigabine

Antihistaminics cyproheptadine, diphenhydramine

Anticancer agents tamoxifen

To date, there are 21 variants of UGT1A4, 19 SNPs and 2 frameshift mutations.
Among these 21 mutations, 8 mutations lead to an amino acid change, 5 mutations are
silent mutation, and the others are in non-coding regions of gene.m Table 5 presents
summary of genetic variants of the UGT 7A4 gene.

There are two important the polymorphisms of UGT1A4 with known functional
effects. > 2%

- UGT1A4 142T>G (L48V): A transversion of T to G at nucleotide position 142
(142T>G) leading to a change of amino acid, valine to leucine, at codon 48
(L48V, submitted to Gen-Bank as UGT1A4*3 acn. AF465197).

- UGT1A4 70C>A (P24T). A transversion of C to A at nucleotide position 70

(70C>A) leading to a change of amino acid, proline to threonine, at codon 24

(P24T, submitted to GenBank as UGT1A4*2 acn. AF465196).



19

19932p Suronds (L=9)T+ISAI 8, FVIION
(L=D)EF+1SAI
/(¥ =<9)F308/(D<L)8F¥
J(L=D)1LE/(D<1)TF1
dgozd/ Toer T/ D1etl/Agy T /(V<9)e91-/(1<D)613- LyWVILON
uopod dois Ajrea-yrysourer g 9XSI6G (D<V)G3e /OPPLLT 9,4VIION
uopod dois Apres yrysouresg ZEXSIEF (D<L)GF 1/ VIPPLE] G FVIION
My (1=D)1€ PP VILON
Amnoe mo| Agy1 (O<L)ZFT  9E4VILON
Aipqonpur pasnpay (D<L)ZF1/(V<D)e91
uonduosuen paonpay Agy'T -/(1L=D)613- P, HVILON
1U2pU2 n_.u_u.m.un,amﬂ ng Lyzd (V=D)oL ZFVIION
(D<V)86-+T1SAI LFVIION
(V=9)9g-  YLFVIION
(o<L)L1&  S14VIION
L] NgriN (O=1)Lg¢ JHVIION
LLEILN dgd (V=9)0¢  2LFVILON
(L=D)T0T+ISAI  PLFVIION
(L=D)¢F+ISAI
/(V=9)¥08/(D<1)8FF
dgoed /Toer 1 /(¥=9)g91-/(L<D)61&  2I4VILON
uafIs Dy (L<D)1L¥F  dI4VIION
—.ﬁ ULION] —1._.5 JON] .wﬁ—.wuu—um,_a.w 2212 :—UMm ERATEREIE | 1.—. *.TMH —.r._...nr.u n
04302 U .t_._:uuﬁ L U UOTI N .umzrﬁu proe ourury .um:rﬁu SpnoanN ARV
Annoy

(

,, ©USB p¥7L 1DN 8U}JO SlueleA DjBUSD G Blgel




20

Previous studies have shown that the genetic variations of UGT1A4 are different
among the populations. UGT1A4 142T> G (L48V) and UGT1A4 70C>A (P24T) were first
detected in German population with the frequency of 9% and 8%, respectively.(zz)
In Turkish population, the frequency of UGT1A4 142T> G (L48V) and UGT1A4 70C>A
(P24T) was 12.80% and 1.90%, respectively.%) In Asian population, the frequency of
UGT1A4 142T>G (L48V) and UGT1A4 31C>T (R11W) in Japanese was found to be
16.50% and 1.20%, respectively. These frequencies are similar to Korean population.

23, 26-27

However, UGT1A4 70C>T was not found in Asian population.( ' The summary of the

allele frequencies of UGT1A4 is shown in Table 6.

Table 6 Frequencies of polymorphic variants of the UGT1A4 in different populations

% Allele frequency
Nucleotide | Amino acid
Caucasian Asian
substitution | substitution = ) 2370 o
Germany Turkish Japanese™™ Korean
31C>T R11W - - 1.20 1
70C>A p24T 8 1.90 - -
1427>G L48V 9 12.80 16.50 12

The polymorphisms of UGT1A4 associated with a change of amino acids could
lead to the variability of glucuronidation enzyme activity. There are studies indicating
that the effect of UGT1A4 polymorphisms on enzyme activity depends upon substrates.

(70)

An in vitro study by Sun et al. determined the effect of UGT1A4
polymorphisms on glucuronidation activity of tamoxifen and its major active metabolites
(trans and cis-4-hydroxytamoxifen). They found that glucuronidation activity of tamoxifen
and its metabolites was significantly higher for UGT1A4 142T> G (L48V) polymorphism
than wild-type. This data indicated that UGT1A4 142T> G (L48V) polymorphism may

play an important role in clinical response and toxicity in patients using tamoxifen.
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In human, a study by Ehmer et al.? investigated the polymorphisms of human
UGT1A gene and described function of these variants and their association with
hepatocellular carcinoma (HCC) in 363 German population. They found a high
prevalence of SNPs in the human UGT7A gene locus, however UGTTA SNPs were not
associated with HCC. In this study, UGT1A4 70 C>T (P24T) and UGT1A4 142 T>G
(L48V) were detected in 8% and 9% of the population, respectively. Moreover, a
comparison of glucuronidation activity between wide-type and these two polymorphisms
using amine (B—naphthylamine and benzidine) and steroid (dihydrotestosterone and
trans-androsterone) as the substrates found a reduction of an activity of UGT1A4 70
C>T (P24T) and UGT1A4 142 T>G (L48V). While, UGT1A4 142 T>G (L48V) had greater
the impact on amine substrate than steroid, UGT1A4 70 C>T (P24T) had a higher
specific effect on steroid than amine substrates.

Mori et al.”® identified four SNPs of UGT1A4, three in exon 1 (142T>G: L48V,
448T>C: L150L, 804G>A: P268P), and one in intron 1 (867 + 43C>T). This study found
that the frequency of UGT1A4 142T>G: L48V, 448T>C: L150L, 804G>A: P268P and
867+43C>T was 16.50%, 15.50%, 16.50%, and 15.50%, respectively in Japanese
population. However, the polymorphism of UGT1A4 70 C>T (P24T) was not found in this
study. The results from this study showed that the relative efficiency of UGT1A4 L48V for
clozapine glucuronidation was twice that of wild type. In addition, efficiencies of
UGT1A4 142 T>G (L48V) in metabolizing trans-androsterone, imipramine, and
cyproheptadine were increased, but the efficiency for tigogenin was reduced. Therefore,
the glucuronidation activity by UGT7A4 could be depend upon the substrates.

The results from these two studies showed a differential glucuronidation activity
of UGT1A4 polymorphisms among substrates. In summary, an enzyme activity of
UGT1A4 142T>G  (L48V) was reduced for B-naphthylamine, benzidine,
trans-androsterone and dihydrotestosterone, while it was increased for clozapine

. . . (22, 26, 28)
glucuronidation as presented in Table 7.
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Table 7 The comparison of Effects of UGT1A4 polymorphisms on glucuronidation

. (22, 26, 28)
activity among substrates

Mutations Substrates (Relative glucuronidation activities compared with wild type)

B-naphthylamine Trans-androsterone | Dihydrotestosterone | Clozapine

UGT1A470 C>T

30% 62% 66% -
(P24T)
UGT1A4 142
57% 1.70% ND* 207%
T>G (L48V)

Moreover, Ghotbi et al.”® investigated the effects of genetic variants of UGT1A4,
CYP1A2, and MDR1 on olanzapine plasma levels, in relation to other individual factors
(gender, smoking status, body weight, and age) in schizophrenia patients. The results
from this study indicated that male gender, UGT1A4 142 T>G (L48V) polymorphism,
and smoking decreased olanzapine concentration to dose ratio 35, 25, and 21%,
respectively. The results from this study showed that male patients who are smokers
tend to expose to a lower level of olanzapine, therefore the combination of genetic and

environmental factors may increase the risk of therapeutic failure.

Effects of UGT1A4 polymorphism on lamotrigine pharmacokinetics

UGT1A4 is a primary enzyme responsible for metabolizing lamotrigine, even
though the other UGTs such as UGT1A3 and UGT2B7 may also involve.'™"

Agikar et al" investigated the glucuronidation of lamotrigine in human liver
microsomes. The results from this study showed that UGT1A4 and UGT1AS3 involved in
the formation of lamotrigine to 2N-glucuronide, whereas UGT2B7 and UGT2B4 did not
show any activity. Base on the results from this study, lamotrigine is found to be mainly
metabolized by UGT1A4.

Previous studies documented the difference of lamotrigine pharmacokinetics

among ethnicities. Hussian and Posner''¥ found that lamotrigine clearance was 28.70%

lower in Asian compared with Caucasian (1.63 L/hr vs 2.28 L/hr) and the half-life of
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lamotrigine was 40% longer in Asian than Caucasian. Similarly, Grasea et al."¥ found
that lamotrigine clearance of non-Caucasian patients decrease 25% as compared with
Caucasian. These finding revealed the difference of lamotrigine metabolism among
races. Even though, the genetic variation could be one of the reasons explaining the
difference of lamotrigine metabolism among ethnicities, there are few studies
investigating the effect of UGT1A4 polymorphisms on lamotrigine drug metabolism.

The effect of UGT1A4 polymorphisms on lamotrigine serum concentration was

previously investigated in 129 Turkish patients with epilepsy.(go)

In this study the
frequency of the heterozygous UGT1A4 142T> G (L48V) and UGT1A4 70C>A (P24T)
was 22.40% and 3.80%, respectively and the homozygous of UGT1A4 142T> G (L48V)
was 1.55%. The homozygous of UGT1A4 70C>A (P24T) was not found in this study. The
results showed that UGT1A4 142T>G (L48V) is associated with the decrease of
lamotrigine concentration in patients receiving lamotrigine as monotherapy (2.40+1.05
and 3.50+0.69 mg/L; p<0.05 for patients with heterozygous of UGT1A4 142T7>G and
patients with having wild type, respectively). Additionally, in a group of non-smoking
patients, it was found that patients with UGT1A4 142 T>G polymorphism had lamotrigine
concentration 52% lower than patients with wild-type.

In addition to UGT1A4 polymorphism, UGT2B7 which may involve in the

: determined the

metabolism of lamotrigine was investigated. Sanchez et al.”
association between UGT2B7_-161 C>T and UGT2B7_372 A>G polymorphisms and
LTG-CDR. In this study, the patients were divided into three subgroups according to
lamotrigine co-medications: (1) lamotrigine plus enzyme inducers, (2) lamotrigine plus
valproic acid, and (3) lamotrigine plus enzyme inducers and valproic acid or lamotrigine
monotherapy. Factors found to be important in explaining the intersubject variability of
LTG-CDR include antiepileptic co-medication, patient age, and UGT2B7_-161C>T
polymorphism. The results found a significant association between UGT2B7_-161 C>T
polymorphism and LTG-CDR, when age and concomitant antiepileptic drugs were taken
into account. However, as lamotrigine was mainly metabolized by UGT1A4, the study

investigating the effect of UGT1A4 polymorphisms should better explain the variability of

lamotrigine pharmacokinetics.
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To date, there is only one study that investigated an impact of UGT71A4
polymorphisms on the pharmacokinetics of lamotrigine which was done in Turkish
population. However, no data are available regarding the determination of an
association of UGT1A4 polymorphisms and pharmacokinetics of lamotrigine in Asian

population.



CHARPTER 1lI
PATIENTS AND METHODS

1. Patients population

The patients were recruited from epilepsy and psychiatric outpatient clinic of
Prasat Neurological Institute during 10 January to 30 July 2011. The study protocol was
approved by the institutional review board (IRB) of the Prasat Neurological Institute,
Bangkok, Thailand. The patients were recruited based on the following inclusion and

exclusion criteria.

1.1 Inclusion criteria
(1) Patients aged older than 18 years.
(2) Patients who were being treated with monotherapy or polytherapy of
lamotrigine with the same dose for at least two weeks.
(3) Patients who were willing to participate in the study and signed

informed consent.

1.2 Exclusion criteria

(1) Pregnancy and lactation patients.

(2) Patients with liver impairment (AST or ALT>3 upper normal limit).

(3) Patients with renal impairment (CrCl < 60 mL/min).

(4) Patients who were treated with phenobarbital (internal standard) as a
co-medication

(5) Noncompliance patients by interview the patients or their legal
representatives.

(6) Patients with no record of drug history, dose or dosage regimen.

1.3 Sample size determination

The sample size was estimated by

N > 15 p
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Where N refers to the sample size of patients and p refers to the number
of tested variables (5 variables; age, gender, body weight, co-medications and
polymorphisms of UGT1A4).

Therefore

N > 15x5
N > 75

The sample size of at least 75 patients was required in this study.

2. Study protocol

2.1
2.2

2.3

2.4

2.5

2.6

2.7

2.8

2.9

Patients were enrolled according to inclusion and exclusion criteria.

Data of patient characteristics were collected from medical record and
interviewing the patients. All the information was recorded in the patient data
collection form (Appendix D).

Appointment for blood sample collection was made for the next visit.

Blood sample was collected from each patient before the next lamotrigine dose
(trough) at steady state.

Blood samples were taken and prepared for measurement of lamotrigine
concentration and UGT 1A4 genotyping.

Lamotrigine plasma concentrations were measured by high-performance liquid
chromatography (HPLC) method.

After that, LTG-CDR was calculated from the following equation.

LTG-CDR = Trough concentration of lamotrigine (milligram per liters)

Lamotrigine dose (milligram per kilogram per day)
Determination of UGT71A4 genotyping was carried out by Tagman allelic
discrimination assays.
The relationship between genetic and non-genetic factors and LTG-CDR was
evaluated by one-way analysis of variance (ANOVA) and multiple linear

regression (MLR).

2.10 Discussions and conclusion.
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Figure 6 Flow chart of the study protocol
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3. Blood collection and preparation

Ten milliliters of whole blood was drawn from the patients before the next

lamotrigine dose. Blood samples were collected in two ethylene diamine tetra-acetic

acid (EDTA) tubes (5 mL each tube), and were prepared for determination of lamotrigine

plasma concentration and UGT71A4 genotyping as follows:

3.1

3.2

Preparation of blood sample for determination of lamotrigine plasma
concentration

Whole blood (5 mL) in EDTA tube was centrifuged at 3000 g for 10
minutes at 4°C, then plasma was removed into 1.50 mL of microcentrifuge

tubes and stored at -80 °C until analysis.

Preparation of buffy coat for genomic DNA extraction

Whole blood (5 mL) was centrifuged at 2,500 g for 10 minutes at
room temperature. After centrifugation, three separate fractions of blood
sample were obtained: the upper plasma layer, the interface white blood
cell layer (buffy coat), and the lower red blood cell layer. Buffy coat
(200 pL) was transferred into 1.50 mL microcentrifuge tube and frozen at

-20 °C until DNA extraction.

4. Bioanalysis

4.1

Lamotrigine plasma concentration

The determination of lamotrigine plasma concentration was
performed using HPLC with UV detection method. An analysis of total
plasma lamotrigine concentration was performed in the laboratory of
Medica Innova Co., Ltd., Bangkok Thailand (Good Laboratory Practice
certified by the Departement of Medical Sciences) with a validated method

(72)

previously described by Angelis-Stoforidisa et al. with  slightly

modification.
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The detailed procedures of an analysis of Ilamotrigine
concentration and method validation were presented in Appendix F.

Chromatographic condition for HPLC was presented in Table 8.

Table 8 Chromatographic condition for HPLC

Parameters Description

Mobile phase 50 mM Potassium dihydrogen phosphate (KH,PO,):
Acetonitrile:Methanol (72:21:7, v/v), Isocratic

Analytical column SunFireTM C18, 5 um, 4.60 x 150 mm

Guard column

Phenomenex. C18,4 x 3 mm

Autosampler temperature 4°C

Column temperature 40°C

Detector UV 210 nm

Injection volume 20 L

Flow rate 1 mL/min

Run time 14 min
4.2 UGT1A4 genotyping

4.2.1 DNA extraction

The DNA were extracted using QIAamp® DNA Blood Mini Kit
(Qiagen, Hilden, Germany) by the following procedure as recommended
by the manufacturer.”” The detailed procedures of DNA extraction were
presented in Appendix G.
4.2.2 Determination of concentration, yield and purity of DNA

DNA yields were determined from the concentration of DNA in the
elution buffer, measured by absorbance at 260 nm. Absorbance readings
at 260 nm should be between 0.10 and 1 to be accurate. Purity of DNA
was determined by calculating the ratio of absorbance at 260 nm (A260)
to absorbance at 280 nm (A280). The absorbance at 260 and 280 nm
were measured with a spectrophotometer. Pure DNA should have an

A260/A280 ratio of 1.70-1.90.
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The quantification and quality of DNA was performed by the optical
density measurement (OD) as follows:
1) Dilute a sample of DNA isolation to 1:5, by using DNA 20 pL and
deionized water (dH,0) 80 pL.
2) Prepare dH,0 100 pL for control.
3) Set spectrophotometer measure OD at 260 and 280 nm.
4) Calculate OD 260/280 ratio to determine purity and estimate the

concentration of DNA according to the formula.

DNA concentration (ug/mL or ng/uL) = OD260 x 50 pg/mL x dilution

42.3 UGT1A4 genotyping

Two SNPs including UGT1A4 142T>G (L48V) and UGT1A4 70C>T
(P24T) were investigated. The SNPs detection was carried out by Tagman
allelic discrimination assays with fluorogenic probes (Applied Biosystems,
California, USA). The probes for all SNPs were designed by Applied
Biosystems and were presented in Table 9. All reactions were analyzed by
the Applied Biosystems 7500 Real-Time PCR System. The detailed

procedures of UGT1A4 genotyping were presented in Appendix H.

Table 9 Information of the allele probes for the detection of UGT1A4 polymorphisms

Variant Probes Sequence of allele probes
(rs number)
UGT1A4
Allele 1 [CCCTGGCTCAGCATGCGGGAGGCCGTGCGGGAGCTCCATGCCAGAGGCCA
142T>G
Allele 2 | CCCTGGCTCAGCATGCGGGAGGCCTITGCGGGAGCTCCATGCCAGAGGCCA
(rs2011425)
UGT1A4
Allele 1 | ACTGCTGCTCCTCCTCAGTGTCCAGACCTGGGCTGAGAGTGGAAAGGTGTT
70C>T
( ) Allele 2 | ACTGCTGCTCCTCCTCAGTGTCCAGCCCTGGGCTGAGAGTGGAAAGGTGTT
rs6755571

rs number = reference SNP number
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Data analysis

The data analysis was carried out by the Statistical Package for Social Sciences

(SPSS version 17, SPSS Co., Ltd., Bangkok Thailand) software. The significance level of

0.05 was used as criteria for justification of statistical significance. The data were

analyzed as follows:

(1)

()

Demographic characteristics were presented as the mean T standard deviation
(SD) for continuous data or percentage and frequency for categorical data.
Prevalence of UGT 1A4 genotypes was shown as frequency. The distribution of
observed genotypes according to Hardy-Weinberg equilibrium was tested by
Chi-square. The comparisons of the allele frequencies between different
populations were determined by Chi-square test.
The comparisons of LTG-CDR in patients with different UGT 1A4 genotypes
were analyzed by ANOVA or Kruskal-Wallis H test where appropriate. The
genotypes were characterized as

Group 1: homozygous wild type (two copies of the common alleles)

Group 2: heterozygous (one copy of the variant allele)

Group 3: homozygous variant (two copies of the variant alleles)

As the number of patients in some genotyping groups can be small, the
genotyping group in some analysis will be divided as

Group 1: homozygous wild type

Group 2: at least one variant allele
The influence of genetic (UGT1A4 polymorphisms) and non-genetic factors
(age, gender, body weight, and co-medications) on LTG-CDR was investigated
using MRL with stepwise method. The multicollinearlity of independent factors
were determined. If the variance inflation factor (VIF) between independent
variable were greater than 4, only one covariate will be selected to be test in the
MRL to avoid the effect of collinearity on the parameter estimates. The criteria for

selection were ease of data collection and physiological plausibility.



CHAPTER IV
RESULTS

This study was a prospective study aimed to determine the influence of UGT1A4
polymorphisms and other non-genetic factors on LTG-CDR in Thai patients treated at
Prasat Neurological Institute during 10 January to 30 July 2011. A total of 73 patients

were recruited in this analysis.

1. Demographic data of patients

From all 73 patients, 43 were female (58.90%) and 30 were male (41.10%). The
mean age (+SD) of the patients was 47.41 (+14.30) years. The mean body weight (+SD)
was 62.71 (+12.94) kg.

Most of the patients had normal laboratory values. However, five of the patients
had incomplete laboratory data of the liver and renal function. Therefore, the mean
values of the population were used for these patients.

Among 73 patients, 43 patients had psychiatric disorder (58.90%), 29 had
epilepsy (39.70%) and 1 patient had neuropathic pain (1.40%). From 29 patients with
epilepsy, 7 patients had generalized epilepsy (24.14%) and 22 had localization-related
epilepsy (75.86%). Most of the patients (65.50%) had no other diseases. The summary

of demographic data of 73 patients is presented in Table 10.



Table 10 Summary of the demographic data (N = 73)
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Characteristics Frequency, (mean+SD) % (range)
Gender
Female 43 58.90
Male 30 41.10
Age (years) (47.41+14.30) (18-82)
Body weight (kg) (62.71+12.94) (36-98)
AST (U/L)* (23.87+7.56) (12-51)
ALT (U/L)* (20.96+10.25) (5-59)
SCr (mg/dL)* (0.87+0.28) (0.30-1.90)
Indication of taking lamotrigine
Epilepsy 29 39.70
Psychiatric disorder 43 58.90
Neuropathic pain 1 1.40
Type of epilepsy
Generalized epilepsy 7 2414
localization-related epilepsy 22 75.86
Other diseases % of total diseases
No other diseases 57 65.50
Dyslipidemia 7 8
Hypertension 8 9.20
Diabetes mellitus 2 2.30
Migraine 2 2.30
Anemia 3 3.40
Thalassemia 1 1.10
Old cerebrovascular accident 4 4.60
Benign prostatic hyperplasia 1 1.10
Dementia 1 1.10
Osteoarthritis 1 1.10

*Data from 68 patients
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All patients were treated with lamotrigine as monotherapy or polytherapy at the
same dose for at least two weeks. Lamotrigine were administrated once daily or twice
daily. Blood samples were collected at steady state and were drawn before the next
dose (trough concentration) for determination of lamotrigine concentration.

Lamotrigine dose varied over the range of 25 to 400 mg/day. The mean daily
dose per body weight of lamotrigine was 1.82+1.55 mg/kg/day. The mean lamotrigine
concentration of patients in this study was 1.93+1.83 pg/mL. Table 11 presents the

summary of lamotrigine dose and concentration of the patients in this study.

Table 11 Summary of lamotrigine dose and lamotrigine concentrations (N=73)

Data Mean+SD range
Lamotrigine dose (mg/day) 108.73+88.65 25-400
Lamotrigine dose (mg/kg/day) 1.82+1.55 0.27-6.15
Lamotrigine concentration (ug/mL) 1.93+1.83 0.19-8.88
Concentration to dose ratio (kg/L) 1.48+1.58 0.21-12.32

Most of the patients received other co-medications. The major co-medications
were vitamin and minerals (54.80%), clonazepam (32.90%), valproic acid (28.80%), and
carbamazepine (21.90%). A summary of co-medications of the patients in this study is
presented in Table 12. Co-medications categorized according to the possible

interaction with UGTs are presented in Table 13.
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73)

Co-medications Frequency % of total co-medication
1. Antiepileptic drugs
Carbamazepine 16 21.9
Phenytoin 4 55
Valproic acid 21 28.8
Topiramate 10 13.7
Levetiracetam 2 2.7
Pregabalin 1 14
2. Mood stabilizing drugs
Lithium 6 8.2
3. Benzodiazepine
Alprazolam 4 55
Diazepam 11 151
Clonazepam 24 32.9
Clobazam 3 4.1
Clorazepate 7 9.6
Lorazepam 5 6.8
4. Antidepressants
4.1 Selective serotonin reuptake inhibitors (SSRIs)
Escitalopram 4 5.5
Fluoxetine 4 5.5
Fluvoxamine 2 2.7
Sertraline 7 9.6
4.2 Serotonin-norepinephrine reuptake inhibitors (SNRIs)
Duloxetine 2 2.7
Venlafaxine 3 41
4.3 Noradrenergic and specific serotonergic antidepressants (NaSSAs)
Mianserin 4 55
Mirtazapine 2 2.7
4.4 Tricyclic antidepressants
Imipramine 3 4.1
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Table 12 (Cont.) Co-medications data of patients (N = 73)

Co-medications Frequency % of total co-medication

4.5 Selective serotonin reuptake enhancers
Tianeptine 4 55
4.6 Augmenter drugs
Trazodone 7 9.6
5. Antipsychotics

5.1 First generation antipsychotics (Typical antipsychoyic)

Haloperidol 1 14
Perphenazine 8 11
Trifluoperazine 2 2.7

5.2 Second generation antipsychotics (Atypical antipsycgotic)

Risperidone 2 2.7
Quetiapine 8 11
Ziprasidone 3 41
Paliperidone 1 1.4

5.3 Third generation antipsychotics
Aripiprazole 5 6.8
5.4 Combination of two psycho-active agents
Flupentixol/melitracen(deanxit) 2 2.7
6. Antiparkisonian agent (Antimuscarinic class)
Trihexyphenidyl 12 16.4

7. Acetylcholinesterase inhibitor

Galantamine 2 2.7

Rivastigmine 1 1.4
8. B-blockers

Atenolol 3 4.1

Propranolol 3 4.1

9. Calcium channel blockers
Felodipine 2 2.7
Manidipine 3 4.1




Table 12 (Cont.) Co-medications data of patients (N = 73)

Co-medications Frequency % of total co-medication

10. Angiotensin converting enzyme inhibitors (ACEls)

Enalapril 3 4.1
11. Angiotensin receptor blockers (ARBs)

Lozartan 1 1.4

12. Antithrombotics

Aspirin 5 6.8
Cilostazol 1 1.4
Warfarin 1 1.4

13. Antidiabetic drugs
Metformin 2 2.7
Sitagliptin 1 14

14. Antihyperlipidaemic agents

Simvastatin 7 9.6
Atrovastatin 1 1.4
Rosuvastatin 1 1.4
Niacin 1 1.4
Fenofribrate 1 1.4

15. Antiulcer agents

Omeprazole 1 14
Lanzoprozole 1 14
Ranitidine 5 6.8
16. Oral contraceptives 2 2.7
17. Vitamin and minerals 40 54.8

18. Other drugs 12 16.6




Table 13 Co-medications categorized by UGTs interaction (N = 73) (o7, 6274
UGTs inducers UGT inhibitors No affect Unclear No data
Carbamazepine Valproic acid Levetiracetam Topiramate Cilostazol
Phenytoin Pregabalin Lithium Warfarin
Oral contraceptives Aripiprazole Alprazolam Metformin

Mianserin Diazepam Sitagliptin
Mirtazapine Clobazam Simvastatin
Venlafaxine Clonazepam Atrovastatin

Perphenazine
Aspirin

Atenolol

Clorazepate
Lorazepam
Escitalopram
Clozapine
Fluoxetine
Sertraline
Risperidone
Trazodone
Haloperidol
Ranitidine
Quetiapine

Imipramine

Rosuvastatin
Niacin
Fenofribrate
Omeprazole
Lanzoprozole
Propranolol
Felodipine
Manidipine
Enalapril
Lozartan
Galantamine
Rivastigmine
Tianeptine
Trifluoperazine
Ziprasidone
Paliperidone
Trihexyphenidyl
Flupentixol

Melitracen

38
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When co-medications were divided based on drug interaction with lamotrigine,
there could be divided into 4 groups: (1) lamotrigine monotherapy (n=36), (2)
lamotrigine combination with enzyme inhibitor (n=15), (3) lamotrigine combination with
enzyme inducers (n=16), and lamotrigine combination with enzyme inhibitor and
enzyme inducers (n=6). Co-medications categorized by drug interaction with
lamotrigine are shown in Table 14.

Among 15 patients using lamotrigine combination with enzyme inhibitor, valproic
acid is the only drug indentified as an enzyme inhibitor. Among 16 patients using
lamotrigine combination with enzyme inducers, 10 patients were using carbamazepine,

4 patients were using phenytoin, and 2 patients were using oral contraceptive.

Table 14 Co-medications categorized by drug interaction with lamotrigine (N = 73)

Co-medication groups Frequency % of total co-medication
LTG 36 49.31
LTG + enzyme inhibitor 15 20.55
LTG + enzyme inducers 16 21.92
LTG + enzyme inhibitor + enzyme inducers 6 8.22

LTG = lamotrigine
Enzyme inhibitor = valproic acid

Enzyme inducers = carbamazepine, phenytoin, and oral contraceptive

2. Population allelic frequencies

A total of 80 patients were genotyped in this study. Two SNPs including UGT1A4
142 T>G (L48V) and UGT1A4 70 C>T (P24T) were identified by Tagman allelic
discrimination assays using Tagman probe. This study found that the allele frequency of
UGT1A4 142 T>G (L48V) in Thai patients was 27% and 73% for T and G alleles.
However, the variant of UGT1A4 70 C>T (P24T) was not found in this study.

Genotyping data from a total of 80 Thai patients are shown in Table 15. When
the patients were divided into 3 groups base on UGT1A4 142 T>G (L48V) genotyping,

43 patients (54%) were homozygous T/T, 31 patients (39%) were heterozygous T/G, and
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6 patients (7%) were homozygous G/G. Allele SNPs were in the Hardy Weinberg
equilibrium (HWE) (P>0.05).

Table 15 Prevalence of UGT1A4 142 T>G (L48V) polymorphism

(80 patients x 2 alleles) Observed Predicted
UGT1A4 Aleles  N=160 % 95%C| Genotypes N=80 % (HWE)
1427>G T 117 73 0.66-0.80 T 43 54 43
(L48V) TG 31 39 31
G 43 27 0.20-0.34 GG 6 7 6

Chi-square = 0.017, p = 0.991

Allelic frequencies of UGT1A4 142 T>G genotypes were in HWE, p =0.991.

The calculation of allelic frequencies follow were as:

The number of the T allele =(43x2)+(31x1) =117 alleles

The number of the G allele =6x2)+(31x1) =43 alleles

The frequency of the T allele =p=117/(117 +43) =0.73

The frequency of the G allele =q =43/ (117 + 43) =0.27

The proportion of expected TT, TG and GG genotypes could be predicted from
HWE: p+g =1 and (p+q)2:1 orp2+2pq+q2=1

2

D =0.73x0.73 = 0.5329
2pg  =2x0.73x0.27 =0.3942
q° =0.27 x 0.27 =0.0729

The total number of patients included to this study was 80

Expected number of TT =0.5329 x 80 =42.63
Expected number of TG =0.3942 x 80 =31.54
Expected number of GG =0.0729 x 80 =5.83

The observed number of TT =43
The observed number of TG = 31

The observed number of GG =6
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Chi-square = 0.017, p = 0.991

Therefore, we can conclude that the population is in HWE.

3. Comparison of UGT1A4 allele frequencies among different populations

The allele frequency of UGT1A4 is shown in Table 16. When compared with
other populations, the allele frequency of UGT1A4 142 T>G (L48V) in this study was
significantly different from Caucasians including German and Swedish populations

(P<0.001 and P=0.001, respectively).(22’ 2 However, it was similar to the frequency

)

obtained from Turkish population (P:O.404).<3O When compared with other Asian

populations, the allelic frequency of UGT1A4 142 T>G (L48V) in this study was

(28, 26-27

significantly different from Japanese and Korean populations. " The results from

this study showed no UGT1A4 70 C>T (P24T) polymorphisms in Thai populations which

L . . \ (23, 26)
was similar to a previous study in Japanese populations.

Table16 Comparison of UGT71A4 allele frequencies among different populations

Polymorphism Ethnicity Number of subjects % allele frequency  p-value*
T G
UGT1A4142T>G  Thai (this study) 80 73 27
Japanese™ 256 87.11 12.89 <0.001
Japanese™ 100 83.50 16.50 0.017
Germany® 316 91 9 <0.001
Turkish™® 129 76.74 2326 0.404
Swedish® 112 87.05 12.95 0.001
Korean®” 40 85 15 0.049
C T
UGT1A470 C>T  Thai (this study) 80 100 0 -
Japanese(23) 256 100 0 -
Japanese® 100 100 0 -
German® 318 92 8 <0.001
Turkish®™® 129 96.20 3.80 0.008

*Chi square test
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4. Effect of UGT1A4 142 T>G polymorphism on LTG-CDR
A total of 73 patients were included in this analysis. The patient demographic
data categorized by UGT1A4 142 T>G genotypes (T/T, T/G and G/G) were not

significantly different among groups except for co-medications as shown in Table 17.

Table 17 Demographic data of patients categorized into 3 groups based on UGT1A4
142 T>G genotypes (N=73)

MeanzSD or Median
Demographic data UGT1A4 142 T>G genotypes p-value
T/T (n=39) T/G (n=28) G/G (n=6)
Gender (male/female) ° 19/20 10/18 1/5 0.253
Age (years) ° 47.87+15.19 | 46.96+13.76 | 46.50+12.91 | 0.956
Body weight (kg) 65.02+13.60 | 60.32+11.86 | 58.80+12.47 | 0.256
LTG dose (mg/day)” 50 100 125 0.549
LTG dose (mg/kg/day) ° 0.85 1.46 2.26 0.259
LTG level (ug/mL)° 1.13 1.39 1.58 0.581
LTG-CDR (kg/L)° dn24 1.06 1.06 0.707
Co-medication groups °
LTG 18 15 3 0.005
LTG + inhibitor 7 7 1 0.091
LTG + inducers 12 3 1 0.002
LTG + inhibitor + inducers 2 3 1 0.607

® Chi-square test, ° One-way ANOVA, ° Kruskal-Wallis H test

LTG = lamotrigine

Enzyme inhibitor = valproic acid

Enzyme inducers = carbamazepine, phenytoin, and oral contraceptives
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The mean LTG-CDR of 73 patients was 1.48+1.58 kg/L with the range of
0.21-12.32 kg/L. When the median of LTG-CDR were compared among the groups of
UGT1A4 142T>G genotypes, the median of LTG-CDR were not different among groups
(p=0.707). The summary of the LTG-CDR for each group of UGT1A4 142T>G genotypes

was presented in Figure 7.
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Figure 7 Boxplot of LTG-CDR for the different UGT1A4 142 T>G genotypes (3 groups)

Among 73 patients, one patient had lamotrigine concentration of 4.39 pg/mL,
corresponding to LTG-CDR 12.32 kg/L, which was extremely high than others.
Therefore, further analysis was performed by excluding this patient in the analysis. The
results showed that the median of LTG-CDR were not significantly different among these

3 groups (p=0.763).
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When the data were categorized into 2 groups: patients with homozygous wild
type alleles (T/T) and patients with at least 1 variant allele (T/G or GG), the demographic
data of patients were not significantly different between groups (Table 18). However, the
numbers of patients using lamotrigine + enzyme inducers were significantly different

among these 2 groups

Table 18 Demographic data of patients categorized into 2 groups based on UGT1A4
142 T>G genotypes (N=73)

Mean+SD or Median

Demographic data UGT1A4 142 T>G genotypes p-value

T/T (n=39) T/G or G/G (n=34)

Gender (male/female) ° 19/20 11/23 2.010
Age (years) ° 47.87+15.19 46.88+13.42 0.770
Body weight (kg) ° 65.02+13.60 60.05+11.79 0.102
LTG daily dose (mg/day)° 50 100 0.309
LTG dose (mg/kg/day)® 0.85 1.46 0.120
LTG level (ug/mL) ¢ 1.13 1.50 0.420
LTG-CDR (kg/L)C 1.21 1.06 0.407

Co-medication groups”

LTG 18 18 1.000
LTG + enzyme inhibitor 7 8 0.796
LTG + enzyme inducers 12 4 0.046
LTG + enzyme inhibitor + enzyme inducer 2 4 0.414

® Chi-square test,  independent t-test, © Mann-Whitney U test
LTG = lamotrigine
Enzyme inhibitor = valproic acid

Enzyme inducers = carbamazepine, phenytoin, and oral contraceptives
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The LTG-CDR data were presented in Figure 8. The median of LTG-CDR in
patients having at least 1 variant allele of UGT1A4 142T7>G was lower than those with
homozygous wild type. However, the difference of the median of LTG-CDR was not
statistically significant (p=0.407).

Again, one patient with LTG-CDR of 12.32 kg/L was considered to be an outlier
(patient number 42). When this patient was excluded from the data, the median of LTG-

CDR was not significantly different between groups (p=0.470).
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Figure 8 Boxplot of LTG-CDR for the different UGT1A4 142 T>G genotypes (2 groups)
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5. Effect of co-medications on LTG-CDR

As co-medications may interfere the analysis of LTG-CDR among the genotyping
groups. The subgroup analysis of the LTG-CDR taking into account the co-medications
was performed. The patients were divided into 4 groups based on co-medications: (1)
lamotrigine monotherapy, (2) lamotrigine combination with enzyme inhibitor, (3)
lamotrigine combination with enzyme inducers, and (4) lamotrigine combination with
enzyme inhibitor and enzyme inducers.

Table 19 shows the comparisons of patient's characteristics among groups.
Gender and body weight were not significantly different among these 4 groups.
However, age, lamotrigine daily dose (mg/day), lamotrigine dose (mg/kg/day),

lamotrigine level and LTG-CDR were significantly different among these 4 groups.

Table 19 Comparisons of patient's characteristics among difference co-medications

groups (N=73)

Mean + SD or Median
, LTG LTG + LTG + LTG +
Patient’s
inhibitor inducers inhibitor +
characteristics _
inducers
(n=36) (n=15) (n=16) (n=6) p-value
Gender (male/female) ° 11/25 10/5 6/10 3/3 0.112
Age (years) ° 53.33+13.78 | 44.47+14.69 | 39.44+11.24 | 40.50+9.69 0.003
Body weight (kg) ° 63.35 69.80 55.00 55.25 0.112
LTG daily dose (mg/day)® 50 50 200 200 <0.001
LTG dose (mg/kg/day) 0.77 0.78 3.27 3.62 0.001
LTG level (ug/mL)° 1.03 2.40 1.22 2.97 0.001
LTG-CDR (kg/L) 1.25 2.62 0.52 1.04 <0.001

? Chi-square test, ° One-way ANOVA, ° Kruskal-Wallis H test
LTG = lamotrigine
Enzyme inhibitor = valproic acid

Enzyme inducers = carbamazepine, phenytoin, and oral contraceptives
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The median of LTG-CDR of patients using lamotrigine monotherapy, patients
using lamotrigine + enzyme inhibitor, patients using lamotrigine + enzyme inducers, and
patients using lamotrigine + enzyme inhibitor + enzyme inducers were 1.25, 2.62, 0.52,
and 1.04 kg/L, respectively. The summary of LTG-CDR among different co-medication

groups was present in Figure 9.
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Figure 9 Boxplot of LTG-CDR versus co-medication 4 groups

The multiple comparisons of the median of LTG-CDR among different
co-medication groups was summarized in Table 20. The median of LTG-CDR of patients
using lamotrigine + enzyme inhibitor was significantly higher than lamotrigine
monotherapy, lamotrigine + enzyme inducers, and lamotrigine + enzyme inhibitor +
enzyme inducers (p<0.007).

The patients using lamotrigine + enzyme inducers had a significantly lower the

median of LTG-CDR than those using lamotrigine monotherapy, lamotrigine + enzyme
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inhibitor, and lamotrigine + enzyme inhibitor + enzyme inducers (p<0.007). Moreover,
this study found that the median of LTG-CDR were not significantly different between the
patients using lamotrigine monotherapy and lamotrigine + enzyme inhibitor + enzyme

inducers (p=0.052).

Table 20 Multiple comparisons of LTG-CDR among different combination therapy

groups (N=73)

Combination therapy groups LTG LTG + LTG + LTG +

inhibitor

inducers inhibitor + inducers

LTG

LTG + inhibitor <0.001*

LTG + inducers <0.001* <0.001*
LTG + inhibitor + inducers 0.052 <0.001* <0.001*
Median of LTG-CDR (kg/L) 1.25 2.62 0.52

* Statistically significant differences was calculated using Mann-Whitney U test
LTG = lamotrigine
Enzyme inhibitor = valproic acid

Enzyme inducers = carbamazepine, phenytoin, and oral contraceptives

6. Effect of UGT1A4 142T>G polymorphism on LTG-CDR in subgroup analysis based
on co-medications

The comparison of the LTG-CDR for UGT1A4 142T>G genotype groups (T/T,
T/G and G/G) when the patients were categorized into 4 groups based on different
combination therapies are shown in Table 21.

The results showed that the LTG-CDR of patients having T/T, T/G and G/G
genotype was not significantly different among groups. However, the LTG-CDR of
patients having at least 1 variant allele of UGT1A4 142T>G (T/G and G/G) tends to be

lower than the patients having homozygous wild type allele (T/T).
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Table 21 Comparison of LTG-CDR in difference UGT1A4 142T>G genotypes (3 groups)

when categorized patients into 4 groups base on co-medication (N=73)

Co-medication subgroups

Mean + SD or Median

of LTG-CDR (kg/L)

UGT1A4 142 T>G genotypes

TT T/G GG p-value
LTG 1.33 1.07 1.22 0.175°
(n=36) (n=18) (n=15) (n=3)
LTG + enzyme inhibitor 2.73+1.12 | 2.24+1.10 - 0.630°
(n=15) (n=7) (n=7) (n=1)
LTG + enzyme inducer 0.56+0.23 | 0.39+0.21 - 0.309°
(n=16) (n=12) (n=3) (n=1)
LTG + enzyme inhibitor + enzyme inducers 1.13 1.04 - 0.117°
(n=6) (n=2) (n=3) (n=1)

* Kruskal-Wallis H test, ° independent t-test
LTG = lamotrigine

Enzyme inhibitor = valproic acid

Enzyme inducers = carbamazepine, phenytoin, and oral contraceptives

Due to the small number of patients in some genotyping groups, the patients

were divided into 2 groups: (1) patients having at least 1 variant allele (T/G or G/G), and

(2) patients having homozygous wild type allele (T/T). The subgroup comparisons of the

median of LTG-CDR for UGT1A4 142T>G genotype groups (T/G or G/G and T/T) is

shown in Table 22.

The results showed that the median of LTG-CDR of patients having at least 1

variant allele and patients having homozygous wild type allele was not significantly

different among groups. However, the median of LTG-CDR of patients having at least 1

variant allele of UGT1A4 142T>G (T/G and G/G) tends to be lower than the patients

having homozygous wild type allele (T/T).
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Table 22 Comparison of LTG-CDR in different UGT1A4 142T>G genotypes (2 groups)

when categorized patients into 4 groups based on co-medication (N=73)

MeanzSD or Median of LTG-CDR

Co-medication subgroups UGT1A4 142 T>G genotypes

T/T T/Gor G/G p-value
LTG 1.33 1.13 0.074"
(n=36) (n=18) (n=18)
LTG + enzyme inhibitor 2.73+1.12 2.34+1.06 0.501°
(n=15) (n=7) (n=8)
LTG + enzyme inducers 0.56+0.23 0.36+0.18 0.132°
(n=16) (n=12) (n=4)
LTG + enzyme inhibitor + enzyme inducers 1.13 0.80 0.133°
(n=6) (n=2) (n=4)

* Mann-Whitney U test, ° independent t-test
LTG = lamotrigine
Enzyme inhibitor = valproic acid

Enzyme inducers = carbamazepine, phenytoin, and oral contraceptives

Patients using lamotrigine monotherapy showed a similar the median of
LTG-CDR than those using lamotrigine + enzyme inhibitor + enzyme inducers (Table
19). The patients in this study were divided into 3 groups based on co-medication: (1)
lamotrigine monotherapy or lamotrigine combination with enzyme inducers and enzyme
inhibitor, (2) lamotrigine combination with enzyme inhibitor, and (3) lamotrigine
combination with enzyme inducers.

The comparison of the LTG-CDR for UGT1A4 142T>G genotype groups (T/T,
T/G and G/G) when the patients were categorized into 3 groups based on difference
combination therapies were shown in Table 23.

The results showed that the LTG-CDR of patients having T/T, T/G and G/G
genotype was not significantly different among groups. However, the LTG-CDR of
patients having at least 1 variant allele of UGT1A4 142T>G (T/G and G/G) tends to be

lower than the patients having homozygous wild type allele (T/T).
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Table 23 Comparison of LTG-CDR in difference UGT1A4 142T>G genotypes (3 groups)

when categorized patients into 3 groups base on co-medication (N=73)

Mean = SD or Median of LTG-CDR
Co-medication subgroups UGT1A4 142 T>G genotypes p-value
/T T/G GG
LTG or LTG + enzyme inhibitor + enzyme inducers 1.26 1.04 1.06 0.063°
(n=42) (n=20) (n=18) (n=4)
LTG + enzyme inhibitor 2.73+1.12 | 2.24+1.10 - 0.630°
(n=15) (n=7) (n=7) (n=1)
LTG + enzyme inducers 0.56+0.23 | 0.39+0.21 - 0.309°
(n=16) (n=12) (n=3) (n=1)

* Kruskal-Wallis H test, ° independent t-test
LTG = lamotrigine
Enzyme inhibitor = valproic acid

Enzyme inducers = carbamazepine, phenytoin, and oral contraceptives

Due to the small number of patients in some genotyping groups. The patients
were divided into 2 groups: (1) patients having at least 1 variant allele (T/G or G/G), and
(2) patients having homozygous wild type allele (T/T). The subgroup comparisons of the
median of LTG-CDR for UGT1A4 142T>G genotype groups (T/T and T/G or G/G) when
categorized patients into 3 groups based on co-medication was shown in Table 24.

The results showed that the median of LTG-CDR of patients having at least 1
variant allele (T/G or G/G) was significantly lower than patients having homozygous wild
type allele (T/T) for patients using lamotrigine monotherapy or lamotrigine + enzyme
inhibitor + enzyme inducer (p=0.079). The LTG-CDR data of patients using lamotrigine
monotherapy or lamotrigine + enzyme inhibitor + enzyme inducer was presented in
Figure 10.

However, the median of LTG-CDR of patients having a wild type of UGT1A4 142
T>G (T/T) was not significantly different from those having at least 1 variant allele (T/G or
G/G) for patients using lamotrigine + enzyme inhibitor and lamotrigine + enzyme inducer

(p=0.501 and p=0.132, respectively).
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Table 24 Comparison of LTG-CDR in different UGT1A4 142T>G genotypes (2 groups)

when categorized patients into 3 groups based on co-medication (N=73)

MeanzSD or Median
of LTG-CDR
Co-medication subgroups p-value
UGT1A4 142 T>G genotypes

T T/G or G/G
LTG or LTG + enzyme inhibitor + enzyme inducers 1.26 1.04 0.019°
(n=42) (n=20) (n=22)
LTG + enzyme inhibitor 2.73+1.12 2.34+1.06 0.501°
(n=15) (n=7) (n=8)
LTG + enzyme inducers 0.56+0.23 0.36+0.18 0.132°
(n=16) (n=12) (n=4)

* Mann-Whitney U test, ° independent t-test
LTG = lamotrigine
Enzyme inhibitor = valproic acid

Enzyme inducers = carbamazepine, phenytoin, and oral contraceptives
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Figure 10 Boxplot of the LTG-CDR for the different UGT1A4 142 T>G genotypes for
patients using lamotrigine monotherapy or lamotrigine + enzyme inhibitor + enzyme

inducer (n=42)

Among 73 patients, one patient had extremely high lamotrigine concentration
than others. Therefore, this patient was excluded from the analysis. The results showed
that the median of LTG-CDR of patients having at least 1 variant allele (T/G or G/G) was
significantly lower than patients having homozygous wild type allele (T/T) for patients
using lamotrigine monotherapy or lamotrigine + enzyme inhibitor + enzyme inducer

(p=0.030).
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7. Predicting equations of LTG-CDR

The multiple regression analysis was performed to create a model for predicting
LTG-CDR (kg/L). Non-genetic factors including age, gender, body weight and co-
medications, and genetic factor (UGT1A4 142 T>G genotypes) were tested to be
included into the model using stepwise method. The results showed that enzyme
inducers, enzyme inhibitor, and age were significantly influence LTG-CDR.

Table 25 shows the summary of stepwise linear regression model for LTG-CDR.
Based on the regression model, model 3 which included the use of enzyme inducers,
enzyme inhibitor, and age into the model was the best fitted model. This model could

explain 20.40% of the variance of LTG-CDR (Adjusted R-square=0.204; p< 0.007).

Table 25 Model summary of stepwise linear regression for prediction of LTG-CDR

Model | Variable entered R R-square | Adjusted Sig. Model Sig.
R-square | (F change) (ANOVA)

1 LTG + enzyme inducers | 0.368 0.136 0.124 0.001 0.001

2 LTG + enzyme inducers | 0.429 0.184 0.161 0.046 0.001

LTG + enzyme inhibitor

3 LTG + enzyme inducers | 0.487 0.237 0.204 0.032 < 0.001

LTG + enzyme inhibitor

Age

LTG = lamotrigine
Enzyme inhibitor = valproic acid

Enzyme inducers = carbamazepine, phenytoin, and oral contraceptives

The coefficients of each variable in the final model and their p-values were
presented in Table 26. When the covariates were tested for multicolinearity, all the
correlation between two covariates was less than 0.52. Therefore, they were not highly

correlated and were all tested in the regression model (data not shown).



Table 26 Coefficients of factors in the regression model for prediction of LTG-CDR
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Unstandardized
Model Coefficients 95% ClI
Parameter
Std.
B
Error t Sig. low high
3 Constant 0.206 0.697 0.296 | 0.768 | -1.184 1.596
LTG + enzyme inducers -0.928 0.378 -2.454 | 0.017 | -1.682 | -0.173
LTG + enzyme inhibitor 0.929 0.372 2496 | 0.015 | 0.186 1.672
Age 0.027 0.013 2.185 | 0.032 | 0.002 0.053
LTG = lamotrigine
Enzyme inhibitor = valproic acid
Enzyme inducers = carbamazepine, phenytoin, and oral contraceptives
Therefore, the final model can be presented as follows:
LTG-CDR (kg/L) = 0.206 + (-0.928) [LTG + enzyme inducer] +

(0.929) [LTG + enzyme inhibitor] + 0.027 [Age (years)]

LTG = lamotrigine

Enzyme inhibitor = valproic acid (0=unused and 1=used)

Enzyme inducers = carbamazepine, phenytoin, and oral contraceptives (0=unused and 1=used)



CHAPTER V
DISCUSSIONS AND CONCLUSIONS

The purpose of this study was to investigate the effect of genetic and non-
genetic factors on LTG-CDR in Thai patients receiving treatment at Prasat Neurological
Institute during 10 January to 30 July 2011. All patients were received lamotrigine as
monotherapy or polytherapy at the same dose for at least two weeks.

A total of 80 patients were recruited. Among them, 7 patients were excluded;
2 patients had lamotrigine concentration below quantification limit due to
non-compliance and 5 patients had an unusually high peak of an internal standard due
to the use of phenobarbital (internal standard) as a co-medication. Therefore, the data
from 73 patients were used in this analysis.

Of 73 patients, there were 43 female (58.90%) and 30 male (41.10%) with the
mean (SD) age of 47.41 (14.30) years old and the mean (SD) body weight of 62.71
(12.94) kg. The mean (SD) lamotrigine dose and lamotrigine daily dose per body weight
were 108.73 (88.65) mg/day and 1.82 (1.55) mg/kg/day, respectively (Table 10). The
mean (SD) lamotrigine concentration of the patients in this study was 1.93 (1.83) mgl/L,
which was considered to be within the therapeutic range of lamotrigine (1-4 mg/L).Q’ "

Two SNPs including UGT1A4 142 T>G (L48V) and UGT1A4 70 C>T (P24T) were
identified from 80 patients. The results from our study found that nearly half of the
patients are wild-type of UGT1A4 142T>G (54%). The allele frequency of UGT1A4 142

(23, 26-27)

T>G in Thai patients are 27% which is higher than other Asian populations). The

allele frequency of UGT1A4 142 T>G in this study is significantly different from German

22, 25 .
.( : However, it is

and Swedish populations (P<0.007 and P=0.001, respectively)
similar to the frequency obtained from Turkish population (P:O.4O4).(30) Although, the
polymorphism of UGT1A4 70C>T is commonly found in the Caucasians, it was not
detected in this Thai populationm) which is similar to the results obtained from Japanese

. (23, 26)
populations.
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Several therapeutic agents are substrates of UGT1A4 such as clozapine,

(25-26, 30

olanzapine, tamoxifen and lamotrigine. " The glucuronidation activity of UGT1A4
enzyme has been investigated. The impact of UGT1A4 142T>G polymorphisms on
glucuronidation activity depends upon a substrate. It was shown that an enzyme activity
was reduced for  P-naphthylamine, benzidine, trans-androsterone, and
dihydrotestosterone, while it was increased for the glucuronidation of clozapine,

(22, 2

olanzapine, and lamotrigine. 5 %0 Therefore, the polymorphisms of UGT1A4 142T>G
should be taken into account for dose adjustment of these drugs.

Lamotrigine is mainly metabolized by UGT1A4."® Previous studies have shown a
reduction of lamotrigine apparent oral clearance in Asian compared to Caucasian. (el
The difference of lamotrigine pharmacokinetics among races could probably be related
to genetic variation in the metabolism of lamotrigine. There is only one study suggested
that patients having UGT1A4 142 T>G polymorphism was associated with a lower
concentration of lamotrigine compared with patients having wild type when lamotrigine
was given as a monotherapy (2.4+1.05 vs 3.5+0.69 mg/L; p<O.05).(30)

In this study, the medians of LTG-CDR were compared among UGT1A4 142T7>G
genotypes (T/T, T/G, and G/G). The medians of LTG-CDR were not significantly different
among these 3 groups (1.21 vs 1.06 vs 1.06 kg/L; p=0.707) (Table 17). When the data
were categorized into 2 groups based on UGT1A4 142 T>G genotypes (homozygous
wide type alleles and patients with at least 1 variants allele), the median of LTG-CDR in
patients having at least 1 variants allele of UGT1A4 142 T>G (T/G or G/G) tended to be
lower than those with homozygous wild type (T/T) (1.06 vs 1.21 kg/L; p=0.407).
However, it was not statistically significant (Table 18). It is possible that a number of
participating patients in this study is small, therefore leads to a lack of statistical power.
Furthermore, the influence of UGT1A4 142T>G polymorphism on LTG-CDR may be
masked by co-medication effect.

As co-medications may interfere the analysis of LTG-CDR among the genotyping
groups. The subgroup analysis of the LTG-CDR taking into account the co-medications

was performed. The patients were divided into 4 groups based on co-medications

(lamotrigine monotherapy, lamotrigine + enzyme inhibitor, lamotrigine + enzyme
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inducers, and lamotrigine + enzyme inhibitor + enzyme inducers). The median of
LTG-CDR were significantly different among these groups (1.25, 2.62, 0.52, and 1.04
kg/L, respectively; p<0.007) (Table 19).

The comparisons of the median of LTG-CDR among different combination
therapy groups showed that patients taking lamotrigine + enzyme inhibitor had an
approximately two-fold higher of LTG-CDR than patients taking lamotrigine monotherapy
(2.62 vs 1.25 kg/L; p<0.007). Valproic acid was the only drug identified as an enzyme
inhibitor in this study. It is a strong inhibitor of lamotrigine that results in a prolonged
half-life and an increase in plasma concentration of lamotrigine. This indicated that when
enzyme inhibitor is used in combination with lamotrigine, the dosage of lamotrigine will
need to be decreased.” *” In this study, it was found that for the patients taking
lamotrigine + enzyme inducers, they had an approximately two-fold lower of LTG-CDR
than patients taking lamotrigine monotherapy (0.52 vs 1.25 kg/L; p<0.007). In the
present study, enzyme inducers including carbamazepine, phenytoin, and oral
contraceptive can enhance the metabolism of lamotrigine and reduce lamotrigine
concentration. This indicated that the dose of lamotrigine may need to be increased if
these drugs are given concomitantly.(54’ o Moreover, this study found that the median of
LTG-CDR were not significantly different among the patients using lamotrigine
monotherapy and lamotrigine + enzyme inhibitor + enzyme inducers (1.25 vs 1.04 kg/L;
p=0.052), which is similar to the previous study by Armijo et al”.

Due to the possible confounding of co-medications, further investigation was
performed by categorizing patients into 4 groups based on co-medications (lamotrigine
monotherapy, lamotrigine + enzyme inhibitor, lamotrigine + enzyme inducers, and
lamotrigine + enzyme inhibitor + enzyme inducers). The influence of UGT1A4 142T>G
polymorphism on LTG-CDR was investigated in each group of patients (Table 21). The
median of LTG-CDR in patients having T/T, T/G and G/G genotype was not significantly
different among groups. However, the median of LTG-CDR of patients having at least 1
variant allele of UGT1A4 142T>G (T/G and G/G) tended to be lower than the patients

having homozygous wild type allele (T/T).
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Due to the small number of patients in some genotyping groups, the data were
divided into 2 groups: patients having at least 1 variant allele (T/G or G/G), and
homozygous wild type allele (T/T) (Table 22). The median of LTG-CDR was not
significantly different between these two groups. However, the median of LTG-CDR in
patients having T/G or G/G genotype tended to be lower than in the patients having T/T
genotype.

In our study, the median of LTG-CDR in patients using lamotrigine monotherapy
is similar to that using lamotrigine combination with enzyme inhibitor and enzyme
inducers. Therefore, the data were divided into 3 groups based on co-medication: (1)
lamotrigine monotherapy or lamotrigine + enzyme inhibitor + enzyme inducers, (2)
lamotrigine + enzyme inhibitor, and (3) lamotrigine + enzyme inducers. The influence of
UGT1A4 142T>G polymorphism on LTG-CDR was investigated in each group of
patients (Table 23). The median of LTG-CDR in patients having T/T, T/G and G/G
genotype was not significantly different among groups. However, the median of
LTG-CDR in patients having at least 1 variant allele of UGT1A4 142T>G (T/G and G/G)
tends to be lower than those having homozygous wild type allele (T/T).

Due to a small number of the patients in some genotyping groups, the patients
were divided into 2 groups: (1) patients having at least 1 variant allele (T/G or G/G), and
(2) patients having homozygous wild type allele (T/T) (Table 24). In a group of patients
using lamotrigine monotherapy or lamotrigine + enzyme inhibitor + enzyme inducers,
the median of LTG-CDR in patients with at least one variant allele of UGT1A4 142 T>G
(T/G or G/G) was significantly lower than those with homozygous wide type (T/T)
(1.04 vs 1.26 kg/L; p=0.019). This findings are similar to the results reported by
Gulcebi et al.*” which suggested that the polymorphism of UGT1A4 142 T>G leads to a
lower concentration of lamotrigine in patients receiving lamotrigine as monotherapy.
These results indicated that the polymorphism UGT71A4 142T>G influence lamotrigine
concentration.

In the group of patients using lamotrigine + enzyme inducers, the mean of
LTG-CDR in patients with wild type (T/T) was 0.56+0.23 kg/L, while the mean of

LTG-CDR in patients with T/G or G/G genotype was lower (0.36+0.18 kg/L). However,



60

they were not significantly different (p=0.732). In the group of patients taking lamotrigine
+ enzyme inhibitor, the mean of LTG-CDR in patients with T/G or G/G genotype tend to
be higher than patients with wild type (T/T), but they were not significantly different
(2.73+1.12 vs 2.34+1.06 kg/L; p=0.501).

The multiple linear regression was performed to investigate the influence of
genetic and non-genetic factors on the LTG-CDR. The results showed that the use of
enzyme inhibitor, enzyme inducers, and age were significantly influence LTG-CDR
(Table 25). The final model could explain 20.40% of LTG-CDR variation (Adjusted
R-square = 0.204; p< 0.007).

Based on the regression coefficient (B=0.929), the use of enzyme inhibitors
increases LTG-CDR by 60% which is consistent with previous studies.”"" In this study,
valproic acid is only one drug identified as an enzyme inhibitor. Several studies
suggested that lamotrigine half-life can be prolonged and lamotrigine concentration can
increase when co-administered with valproic acid.** *" A study by May TW et al."®
found a significant increase of LTG-CDR in patients receiving lamotrigine concomitant
with valproic acid. Moreover, in a study by Weintraub D et al.(m, the use of valproic acid
decreases lamotrigine clearance by 60% and the dose of lamotrigine needs to be
decrease.

Based on the regression coefficient (B=-0.928), the use of enzyme inducers
including carbamazepine, phenytoin, and oral contraceptives can increase lamotrigine
clearance. Co-administration of these drugs decreases lamotrigine half-life and reduce
lamotrigine concentration.* *” Our results showed that the use of enzyme inducers
leads to a decrease of LTG-CDR by 60% which is consistent with previous studies.”*"”
A study by May TW et al.” found a significant decrease of LTG-CDR in patients
receiving lamotrigine with enzyme inducers which is consistent with a study by
Weintraub D et al.””. In this study, the use of phenytoin or carbamazepine increases
clearance of lamotrigine by 125% or 30-50%, respectively. The effect of oral
contraceptives on lamotrigine pharmacokinetics was documented in previous studies.
Lamotrigine plasma level can be reduced by more than 50% when it is used in

(64-65)

combination with oral contraceptives. However, in our study, sum of the effects of
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all inducers were quantified. The effect of each enzyme inducers were not individually
identified, as there was a small number of patients using some inducers (2 patients
using oral contraceptives, 4 patients using phenytoin).

Co-medications which are enzyme inducers and enzyme inhibitors can alter
drugs’ pharmacokinetics. The regression model of LTG-CDR indicated that
co-medication treatments with enzyme inhibitors and enzyme inducers are important
factors which should to be taken into account for dosage regimens of lamotrigne.
However, the current guideline has accounted for the decrease or increase of LTG-CDR
when lamotrigine is given concomitantly with enzyme inhibitors or enzyme inducers.®

The pharmacokinetics of several drugs were found to be altered in the elderly
patients due to physiological changes in this population.<41) However the influence of
age on lamotrigine pharmacokinetics is still controversial. Even though, previous studies

(14-15, 44-45) Some

showed that lamotrigine pharmacokinetics did not depend on age.
studies reported the influence of age on lamotrigine pharmacokinetics.(46) Our study
found that age is one of the variables significantly influent LTG-CDR. Based on the
regression coefficient (B=0.027), the increasing age results in an increase of LTG-CDR
which could be due to the decrease of lamotrigine clearance in advanced-age
patients.m However, our study consisted of a small number of elderly patients
(15 patients) aged 60 years or older. Therefore, the influence of age on lamotrigine
pharmacokinetics should be investigated in a study consisted of a larger number of
elderly patients.

Interestingly, the influence of UGT1A4 142 T>G polymorphism on LTG-CDR was
found in the group of patients using lamotrigine monotherapy. This results is consistent
with a previous study by Gulcibi Ml et al.”” which showed the significant decrease of
serum lamotrigine concentrations in patients with monotherapy.

As there is a high allele frequency of UGT1A4 T>G polymorphism in Thai
population (27%), it is possible that among the patients receiving a recommended dose
of lamotrigine, but have a lower lamotrigine concentration than the therapeutic response

or fail to control their symptoms, this could be the consequence of UGT1A4 T>G
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polymorphism. Therefore, the detection of UGT1A4 T>G polymorphism may be useful in
these groups of patients.

For patients with the variant allele of UGT1A4 142 T>G, they may have a lower
concentration of lamotrigine compared with those having wild type. Therefore, these
patients may require higher dose of lamotrigine. Therefore, identifying UGT1A4 142 T>G
polymorphism in this group of patients may be clinically useful. Moreover, based on the
results from this study, it is recommended that lamotrigine dose adjustment according
lamotrigine concentration may be required in elderly patients, and patients using
enzyme inducers or enzyme inhibitors.

However, when genetic effect was investigated in the linear regression model,
the influence of UGT1A4 142 T>G polymorphism was not found. This lack of association
could be due to the fact that when age and co-medications were taken into account in
the regression model, the influence of UGT1A4 142 T>G was adjusted. The developed
equation from this study may be used for facilitating an optimal dose adjustment of
lamotrigine in Thai patients.

In addition to UGT1A4 enzyme, other UGTs including UGT2B7 may play an
important role in the metabolism of lamotrigine. Recently, there is an evidence of the
influence of UGT2B7_-161C>T polymorphisms on lamotrigine pharmacokinetics.(m
Therefore, a further investigation of the influence of other UGTs on the pharmacokinetics
of lamotrigine is required to fully explain the variability of lamotrigine pharmacokinetics.

In conclusion, the influence of UGT1A4 142T>G polymorphism on LTG-CDR was
observed in patients using lamotrigine monotherapy or lamotrigine + enzyme inhibitor +
enzyme inducers. On the contrary, when its influence was adjusted for age and co-
medications (enzyme inducers and enzyme inhibitors), the UGT1A4 142T>G
polymorphism did not found to be an important factor explaining the variability of
lamotrigine concentrations. Therefore, the influence of UGT1A4 and other UGTs

polymorphism on lamotrigine pharmacokinetics requires further investigation.
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Limitation

1.

In this study, the influence of UGT1A4 142T>G polymorphism was found only in a
group of patients using lamotrigine monotherapy or lamotrigine + enzyme inhibitor +
enzyme inducer, but the effect of this polymorphism was not detected in other
subgroups. This could be due to a small number of patients in each subgroup.

This study included only patients with normal liver and kidney function. Therefore,
the equation obtained from this study should be applied with caution in patients with
poor liver and kidney function.

As lamotrigine is metabolized by other UGTs such as UGT1A3 and UGT2B7. The
polymorphisms of these genes may influence LTG-CDR. However, in this study, only

the influence of UGT1A4 142T>G polymorphism on LTG-CDR was investigated.

Further study

1.

2.

The equation obtained from this study should be further validated to determine the
accuracy and precision before it will be used in clinical practice.

As there is an evidence of the effect of UGT1A4 142T>G polymorphism in this study,
the further study with a larger sample size should be performed to confirm this
finding.

The effects of other genetic factors such as UGT1A3 and UGTZ2B7 polymorphisms

on lamotrigine pharmacokinetics in Thai populations should be further investigated.



REFERENCES

McEvoy, G.K. AHFS drug information. Bethesda: American Society of Health-

System Pharmacists, 2004.

Fitton, A., and Goa, K.L. Lamotrigine. An update of its pharmacology and
therapeutic use in epilepsy. Drugs. 50, 4 (1995): 691-713.

Goldsmith, D.R., Wagstaff, A.J., Ibbotson, T., and Perry, C.M. Lamotrigine: a review
of its use in bipolar disorder. Drugs. 63, 19 (2003): 2029-50.

Garnett, W.R. Lamotrigine: pharmacokinetics. J Child Neurol. 12 Suppl 1, (1997):
S10-5.

Shipkova, M., and Wieland, E. Glucuronidation in therapeutic drug monitoring. Clin
Chim Acta. 358, 1-2 (2005): 2-23.

Perucca, E. Is there a role for therapeutic drug monitoring of new anticonvulsants?

Clin Pharmacokinet. 38, 3 (2000): 191-204.

Johannessen, S.l., and Tomson, T. Pharmacokinetic variability of newer

antiepileptic drugs: when is monitoring needed? Clin Pharmacokinet.

45, 11 (2006): 1061-75.

Chong, E., and Dupuis, L.L. Therapeutic drug mornitoring of lamotrigine. Ann
Pharmacother. 36, (2002): 917-20.

Morris, R.G., Black, A.B., Harris, A.L., Batty, A.B., and Sallustio, B.C. Lamotrigine
and therapeutic drug monitoring: retrospective survey following the

introduction of a routine service. Br J Clin Pharmacol. 46, 6 (1998):

547-51.

(10) Johannessen, S.I., et al. Therapeutic drug monitoring of the newer antiepileptic

drugs. Ther Drug Monit. 25, 3 (2003): 347-63.

(11) Walker, M.C., and Patsalos, P.N. Clinical pharmacokinetic of new antiepileptic

drugs. Pharmac Ther. 67, 3 (1995): 351-84.

(12) Krasowski, M.D. Therapeutic Drug Monitoring of the Newer Anti-Epilepsy

Medications. Pharmaceuticals (Basel). 3, 6 (2010): 1909-35.




65

(13) Johannessen, S.I. Can pharmacokinetic variability be controlled for the patient's

benefit? The place of TDM for new AEDs. Ther Drug Monit. 27, 6

(2005): 710-3.
(14) Hussein, Z., and Posner, J. Population pharmacokinetics of lamotrigine
monotherapy in patients with epilepsy: retrospective analysis of

routine monitoring data. Br J Clin Pharmacol. 43, 5 (1997): 457-65.

(15) Grasela, T.H., et al. Population pharmacokinetics of lamotrigine adjunctive therapy

in adults with epilepsy. J Clin Pharmacol. 39, 4 (1999): 373-84.

(16) Lopez, M., et al. Pharmacogenetics of the antiepileptic drugs phenytoin and

lamotrigine. Drug Metabol Drug Interact. 26, 1 (2011): 5-12.
(17) Rowland, A., et al. In vitro characterization of lamotrigine N2-glucuronidation and

the lamotrigine-valproic acid interaction. Drug Metab Dispos. 34, 6

(2006): 1055-62.

(18) Argikar, U.A., and Remmel, R.P. Variation in glucuronidation of lamotrigine in
human liver microsomes. Xenobiotica. 39, 5 (2009): 355-63.

(19) Green, M.D., King, C.D., Mojarrabi, B., Mackenzie, P.l, and Tephly, T.R.
Glucuronidation of amines and other xenobiotics catalyzed by
expressed human UDP-glucuronosyltransferase 1A3. Drug Metab
Dispos. 26, 6 (1998): 507-12.

(20) Saruwatari J, Ishitsu T, and Nakagawa K. Update on the Genetic Polymorphismsof
Drug-Metabolizing Enzymes in Antiepileptic Drug Therapy.
Pharmaceuticals. 3, (2011): 2709-32.

(21) Nagar, S., and Remmel, R.P. Uridine diphosphoglucuronosyltransferase
pharmacogenetics and cancer. Oncogene. 25, 11 (2006): 1659-72.

(22) Ehmer, U., et al. Variation of hepatic glucuronidation: Novel functional
polymorphisms of the UDP-glucuronosyltransferase UGT1A4.
Hepatology. 39, 4 (2004): 970-7.

(23) Saeki, M., et al. Genetic variations and haplotypes of UGT1A4 in a Japanese
population. Drug Metab Pharmacokinet. 20, 2 (2005): 144-51.




66

(24) Strassburg, C.P., Kalthoff, S., and Ehmer, U. Variability and function of family 1
uridine-5'-diphosphate glucuronosyltransferases (UGT1A). Crit Rev
Clin Lab Sci. 45, 6 (2008): 485-530.

(25) Ghotbi, R., et al. Carriers of the UGT1A4 142T>G gene variant are predisposed to
reduced olanzapine exposure--an impact similar to male gender or

smoking in schizophrenic patients. Eur J Clin Pharmacol. 66, 5

(2010): 465-74.

(26) Mori, A., Maruo, Y., Iwai, M., Sato, H., and Takeuchi, Y. UDP-
glucuronosyltransferase = 1A4  polymorphisms in a Japanese
population and kinetics of clozapine glucuronidation. Drug Metab
Dispos. 33, 5 (2005): 672-5.

(27) Yea, S.S., et al. Genetic variations and haplotypes of UDP-glucuronosyltransferase

1A locus in a Korean population. Ther Drug Monit. 30, 1 (2008):

23-34.

(28) Maruo, Y., Takahashi, H., Matsui, K., Sato, H., and Takeuchi, Y. Phase Il Drug
Metabolism and Individualized Drug Therapy: A Focus on Functional
Genetic  Variation in UDP-Glucuronosyltransferases.  Curr

Pharmacogenomics Person Med. 8, (2010): 146-66.

(29) Liston, H.L., Markowitz, J.S., and DeVane, C.L. Drug glucuronidation in clinical

psychopharmacology. J Clin Psychopharmacol. 21, 5 (2001): 500-15.

(30) Gulcebi, M.1., et al. The relationship between UGT1A4 polymorphism and serum
concentration of lamotrigine in patients with epilepsy. Epilepsy Res.
95, 1-2 (2011): 1-8.

(31) Product monograph LAMICTAL® (lamotrigine). GlaxoSmithKline. [online]. 2010.
Available from: http://www.gsk.ca/english/docs-
pdf/Lamictal_PM%20(2010-11-25).pdf [2011, July 8].

(32) Jefferson, J.W. Lamotrigine in psychiatry: pharmacology and therapeutics. CNS
Spectr. 10, 3 (2005): 224-32.

(33) Spina, E., and Perugi, G. Antiepileptic drugs: indications other than epilepsy.
Epileptic Disord. 6, 2 (2004): 57-75.




67

Cohen, A.F., et al. Lamotrigine, a new anticonvulsant: pharmacokinetics in normal

humans. Clin Pharmacol Ther. 42, 5 (1987): 535-41.

Biton, V. Pharmacokinetics, toxicology and safety of lamotrigine in epilepsy. Expert

Opin Drug Metab Toxicol. 2, 6 (2006): 1009-18.

Ramsay, R.E., et al. Pharmacokinetics and safety of lamotrigine (Lamictal) in
patients with epilepsy. Epilepsy Res. 10, 2-3 (1991): 191-200.

Peck, A.W. Clinical pharmacology of lamotrigine. Epilepsia. 32 Suppl 2, (1991):
S9-12.

Kilpatrick ES, Forrest G, and MJ., B. Concentration-effect and concentration-toxicity
relations with lamotrigine: a prospective study. Epilepsia. 37, (1996):
534-8.

Wong, I.C., Mawer, G.E., and Sander, J.W. Factors influencing the incidence of

lamotrigine-related skin rash. Ann Pharmacother. 33, 10 (1999):
1037-42.

Anderson, G.D. Children versus adults: pharmacokinetic and adverse-effect
differences. Epilepsia. 43 Suppl 3, (2002): 53-9.

Perucca, E. Clinical pharmacokinetics of new-generation antiepileptic drugs at the

extremes of age. Clin Pharmacokinet. 45, 4 (2006): 351-63.

Mikati, M.A., et al. Efficacy, tolerability, and kinetics of lamotrigine in infants.
J Pediatr. 141, 1 (2002): 31-5.

Reimers, A., Skogvoll, E., Sund, J.K., and Spigset, O. Lamotrigine in children and
adolescents: the impact of age on its serum concentrations and on

the extent of drug interactions. Eur J Clin Pharmacol. 63, 7 (2007):

687-92.

Punyawudho, B., et al. Population pharmacokinetics of lamotrigine in elderly

patients. J Clin Pharmacaol. 48, 4 (2008) Apr: 455-63.
Rivas, N., et al. Population pharmacokinetics of lamotrigine with data from
therapeutic drug monitoring in German and Spanish patients with

epilepsy. Ther Drug Monit. 30, 4 (2008): 483-9.




68

(46) Arif, H., Svoronos, A., Resor, S.R., Jr., Buchsbaum, R., and Hirsch, L.J. The effect
of age and comedication on lamotrigine clearance, tolerability, and
efficacy. Epilepsia. (2011): 1-9.

(47) Chan, V., Morris, R.G., llett, K.F., and Tett, S.E. Population pharmacokinetics of
lamotrigine. Ther Drug Monit. 23, 6 (2001): 630-5.

(48) Meibohm, B., Beierle, I., and Derendorf, H. How important are gender differences

in pharmacokinetics? Clin Pharmacokinet. 41, 5 (2002): 329-42.

(49) Ahmed, S.N., and Siddigi, Z.A. Antiepileptic drugs and liver disease. Seizure. 15, 3
(2006): 156-64.

(50) Marcellin, P., et al. Influence of cirrhosis on lamotrigine pharmacokinetics. Br J Clin
Pharmacol. 51, 5 (2001): 410-4.

(51) Wootton, R., et al. Comparison of the pharmacokinetics of lamotrigine in patients

with chronic renal failure and healthy volunteers. Br J Clin Pharmacol.

43,1 (1997): 23-7.

(52) Israni, R.K., Kasbekar, N., Haynes, K., and Berns, J.S. Use of antiepileptic drugs in
patients with kidney disease. Semin Dial. 19, 5 (2006): 408-16.

(53) Pennell, P.B., et al. The impact of pregnancy and childbirth on the metabolism of
lamotrigine. Neurology. 62, 2 (2004): 292-5.

(54) Hachad, H., Ragueneau-Majlessi, I., and Levy, R.H. New antiepileptic drugs:
review on drug interactions. Ther Drug Monit. 24, 1 (2002): 91-103.

(55) Patsalos, P.N., Froscher, W., Pisani, F., and van Rijn, C.M. The importance of drug
interactions in epilepsy therapy. Epilepsia. 43, 4 (2002): 365-85.
(56) Johannessen, S.I., and Landmark, C.J. Antiepileptic drug interactions - principles

and clinical implications. Curr Neuropharmacol. 8, 3 (2010): 254-67.

(57) Baxter, K. Stockley’s Drug interactions. 9" ed. London: Pharmaceutical Press,

2010.
(58) Theis, J.G.W., et al. Lack of pharmacokinetic interaction between oxcarbazepine

and lamotrigine. Neuropsychopharmacology. 30, (2005): 2269-74.




69

(59) Berry, D.J., Besag, F.M., Pool, F., Natarajan, J., and Doose, D. Lack of an effect of
topiramate on lamotrigine serum concentrations. Epilepsia. 43, 8
(2002): 818-23.

(60) Doose, D.R., et al. Topiramate and lamotrigine pharmacokinetics during repetitive
monotherapy and combination therapy in epilepsy patients.
Epilepsia. 44, 7 (2003): 917-22.

(61) Besag FM, and D., B. Interactions between antiepileptic and antipsychotic drugs.
Drug Saf. 29, 2 (2006): 95-118.

(62) Reimers, A., Skogvoll, E., Sund, J.K., and Spigset, O. Drug interactions between
lamotrigine and psychoactive drugs: evidence from a therapeutic

drug monitoring service. J Clin_Psychopharmacol. 25, 4 (2005):

342-8.
(63) Sidhu, J., et al. Pharmacokinetics and tolerability of lamotrigine and olanzapine

coadministered to healthy subjects. Br J Clin Pharmacol. 61, 4

(2006): 420-6.

(64) Sabers, A., Ohman, |., Christensen, J., and Tomson, T. Oral contraceptives reduce
lamotrigine plasma levels. Neurology. 61, 4 (2003): 570-1.

(65) Reimers, A., Helde, G., and Brodtkorb, E. Ethinyl estradiol, not progestogens,
reduces lamotrigine serum concentrations. Epilepsia. 46, 9 (2005):

1414-7.

(66) Tatro, D.S. Drug interaction facts Missouri: Wolters Kluwer Health, 2010.

(67) Ebert, U., Thong, N.Q., Oertel, R., and Kirch, W. Effects of rifampicin and
cimetidine on pharmacokinetics and pharmacodynamics of

lamotrigine in healthy subjects. Eur J Clin Pharmacol. 56, 4 (2000):

299-304.
(68) de Wildt, S.N., Kearns, G.L., Leeder, J.S., and van den Anker, J.N. Glucuronidation
in humans. Pharmacogenetic and developmental aspects. Clin

Pharmacokinet. 36, 6 (1999): 439-52.



70

(69) Green, M.D., and Tephly, T.R. Glucuronidation of amine substrates by purified and
expressed UDP-glucuronosyltransferase proteins. Drug Metab
Dispos. 26, 9 (1998): 860-7.

(70) Sun, D., et al. Characterization of tamoxifen and 4-hydroxytamoxifen

glucuronidation by human UGT1A4 variants. Breast Cancer Res. 8, 4

(2006): R50.

(71) Sanchez, M.B., et al. UGT2B7_-161C>T polymorphism is associated with
lamotrigine concentration-to-dose ratio in a multivariate study. Ther
Drug Monit. 32, 2 (2010): 177-84.

(72) Angelis-Stoforidis, P., Morgan, D.J., O'Brien, T.J., and Vajda, F.J.E. Determination
of lamotrigine in human plasma by high-performance liquid

chromatography. Journal of Chromatography B: Biomedical Sciences

and Applications. 727, 1-2 (1999): 113-8.

(73) QIAGEN”. QlAamp” DNA Mini and Blood Mini Handbook. Third ed. Hilden2010.

(74) de Leon, J., Santoro, V., D'Arrigo, C., and Spina, E. Interactions between
antiepileptics and second-generation antipsychotics. Expert Opin
Drug Metab Toxicol. 8, 3 (2012): 311-34.

(75) Armijo, J.A., Bravo, J., Cuadrado, A., and Herranz, J.L. Lamotrigine serum
concentration-to-dose ratio: influence of age and concomitant

antiepileptic drugs and dosage implications. Ther Drug Monit. 21, 2

(1999): 182-90.

(76) May, T.W., Rambeck, B., and Jurgens, U. Serum concentrations of lamotrigine in
epileptic patients: the influence of dose and comedication. Ther Drug
Monit. 18, 5 (1996): 523-31.

(77) Weintraub, D., Buchsbaum, R., Resor, S.R., Jr., and Hirsch, L.J. Effect of
antiepileptic drug comedication on lamotrigine clearance. Arch

Neurol. 62, 9 (2005): 1432-6.




APPENDICES



APPENDIX A

Certificate of Approval from the Institutional Review Board of

the Prasat Neurological Institute

72



73

':'ii A ommoy Ibhlh.*?‘:&

ST aorinlisamive s
(e e DT warjaweyil
Ve Tl AT @oaoo
Mo Jure sddm
For  whrrmeRbiidulasanridtlusr i seaming
Gou . wnnend i
defidandy ool idluan e v
paiminlEausrsmgmaiiunidshanivismine  Fennenneid
artinssaniine  Sadusnrsamiiitiedee iy Alinsddumemeennn i
- & T | R Y - - i 5
warstindn sacvnednaenssumst WadunsfnsauasngRlihdulasmyiiedng

Guuieuda

: LT} - '3 L - -t B | ]
Tunast aniudszseming m'utlu.hm*mqﬁﬁlumwu‘[ﬂﬂn'I'iﬁtrmnh"l‘l

Tuanthnl A ming AERDNATIUEIRUENTIUNTTT AIUUL
- )
Tadnwudal Ty

R ARIR T IR

(woded auaa)

pEaLn s Al sEaT N



74

# o v s o LT RTRRE R VTRl T R A
b woll e s

i i e s i saees
b T TR

Jie wngi I B A
s e Wy

mvriivi il mihy -ﬂmﬂﬂlll.nqlnﬂ'll'lllllm pEesRend i Tleus Tesam s Wedme
wrraiine ri v T s b mfien

wrsilasyunery i —— —
Ldmmn dsditirinala da ﬂmﬂﬂﬂ!ﬂlﬂﬂmﬁﬂﬂmnmmﬁﬂhhﬁhumm

il menuﬂﬂ‘fhu n“#uulhuwiun v BT i
(RTITTaL Wi (OGRT I ﬂ1|1n/ﬂ1m1mmuwwmﬂ'ilmulﬂrrﬂﬂ AT TR T T T
xR irylmyan g o mmognareim . Yau v doatoit s iflewn
il iR i #Muﬂﬂﬁ ﬂnﬂ}n - il A s sy s
T P ﬂlhq.ﬁﬁw.'ﬂﬁmﬁhmmqm et il Wil & Sonarr i
1'|:Il.r'll.lll'|'.|il'a'mllJﬁurl.IlIhlnll.-:uil||l||111'1.|I|lru-|ML Rt e e el v ela o Dol
|111f-|i-|m-“ﬂ‘lmﬂmnlwnmnﬂuwﬁ 1111!14 'Idlnﬂ

W lﬂﬂfrﬂnmmﬂulnﬂﬂﬂﬁ#nl“lﬁmh Brrvifavs ity meivals ndne
mqun#nl-.uluuu.um

= Dl iansdmnd Mt bedulihimnad i AeinadiiBanmibilingn
el Rl SI TY WY AT

s, il et dilssen i sl @ SEsarnnein s

Lidbnbonet® wiaie, pesibladiiely, ekl e, e Al ofing
Suubwinnain il 4 b v rl.rl.l'|l'|.|'|'||1'|.|runquﬂllfﬁumuph‘mhmn‘lﬂﬂm

£ Amdarun e A S m e e e v v A e e
s v B

Taluvmdeluvamyn
s hfle

e
4 |:i: I1|H"|.|||Hum1||n1

LR LR T i WA R i e



aaardidu

G
antflf by

iRy

‘fuﬂ'lmnrrlql']'l

75

mum&unﬂmmﬂmhmnhm
mamudsemw i nainisiel dewsan g

hﬁﬂﬂ‘u‘u‘lﬂnrrﬂ‘mnuwﬂuﬁmurﬂu.imdmmmnmmhmﬂﬂﬁﬂmmﬂu
(il sanai

i, urnren] Bl

arrniu e mimn

1 uwwuhmnf mrwum 24 By 2927

2wl ool ol 24 fiva g3
4 iy wﬂmﬁwmmwwfnimn'du sttt 34 rimy 2453
A, Hﬁlﬂmnaniﬁﬂml'@!mmﬂﬂl w2 Buzvmli pha

o M s

P T TR i T “'Fll'iHI.IiH'luhi;r|'i‘luﬂun'|r|1nlrun:rﬂlnﬁunmﬁ1nqwﬂ1

AR Rttt anriend  $illa
Kramrarren Tvrmbwnuwii '

e 1-111-1 A1 A
gk seylanfiyniiga)

",
|
'_"\i_ e T AVAYVARR A

(wrnrrfabiun e



76

APPENDIX B

L

LANASTUAITRYA/ALUSUILNELINSINN5I9E

u

TA59N15998L5D4 fladeNnafadnIdiuAN Nt A ARaILNALN IR
enantuvzanlugihaaqlne
gaae noy.unined doian BarseavlEynan anaindanssunatin

AN ATANART AT1AINTRINUNANENAE
cal = =
ana1sgndinmlaseanis e »3. u3d teyeyngals

anaseNUFnulasimsson wn. anane lnanuzyns

ADTUNIE ann1utlszannanen

aa a 1 a o a | a aa a £ v a o
UARALAITNTARABLNANINARNIAUUTEANNEALNANIAgI1RINLNSIAE
1. noy.unineid d9ian
hag  aedrwndanssud e anvndansane@iin
ATNATANARNT AT1AINTINUNINENRE
adnyiRAn s 08-4138-7475
2. uw.aNte Imanuryms
‘ﬂl 1 o a
ey anudszamanen
Insdwiinyinenu 02-3547075 sie 1138

o

' Yo a D 7 =8 a é’ Lﬂl Yo ar 14 ad
VI’]Uiﬁ?‘LI L’ﬁﬂo_llsl‘ﬁL°1I’1ﬁ"’33Jﬂqﬁ‘ﬂﬂ‘]:mQ’QﬂuLu@Q@Wﬂiﬂﬁ‘Uﬂ’]ﬁ?ﬂH’]@IQEIEI']@']TN‘V]?@H Inel

| A A =R o Y o

! P ¥ ¥ 1 a 1 % ! IS4 v
mu@ﬂmmummﬂmwmqn@u (m@‘wumﬂﬂmqwmuiumuiumm) fvinuiidadasla

u
¥

o = o = Ao A o 2 o = Ao A e o =
asdelae iNeafun A3l arnandnnINgNIN19ANENARETaUNNENTINNNIAN Y
Adele wnvusnduladnsaunisdnedds vinuazlgsudnun lufivgenivinuduianiiu

AulA 1 atfy



7

)
ANuunaadasanig
aa [~] dl Yo o Yo o a dld o dl Gl
anlunsawdluenldsunisfusedlildfnunTanandnatiandainisdnianicivze
o =3 i// o/ Y o o o = A Y @ a 1 [ o
an1sdninianszaniesia tnaaiunsaldiiuendudnsameavaldiduandsudoniueni
dnunmsguld uenanntenanluraudsiitss@nsninlunisinelulsrensuniaseda
iHeganindraauaanizeqean lunFaul AUkl Iina N AMANHIE 18
k7 ! i’/ o o aa d” a X Ao o ¥ o
filoe 1w @ng N19AaAesT annnzlsn dunsiisanueden Waans AadAuuztinliianismsne
a o A dl o a N a a v o dl =
Aannszaven lwasamaninislsviiugiaenstiifiannudningnainnisine Seanad
1 = ¥ | a o an | 1 a a
anwpainan lisauiialunislden viseindunsnsanvesen viseaasdaudninfieaine,
d” dl v @ 1 v a a o o v %
uananiiivaldidudrdedslunisfinniunanisineuarifuauiaeldignieamunzas
[ ]
veftleufazse
o o dl | o dI dld
AMEuuLlIeiugnesnzesienladlunisasuulaseenaduiladaniianiing
sowndraauaanizaseanlurdangnindanauiunan lnsendeeulal UGT 1A4 uay
UGT287 Tunsilasuutlaten aqiuiinnsfnnun19enydngIutedduinILANnIg
neeuladienanadeinlilszansaanwnnsinanuaesiaulasifinisulasuuilaeinlig
o o 'y aal 4 zil o % IS
ANduL s draauAanfassanattuvisauls Teauduulmiaiugnssnaactiu
UGT1A4 uay UGT2B7 Bufiailanuuansi1essudnaimesis atslsimudslinunisdnm

sananqludlszannsing

1 1
=

Ym0 R = o o o A Y e o )

HQQHQ\?@ulaﬂﬂHqN@m@ﬂﬁ@@ﬂwq\iwuﬁ;ﬂﬁ‘?ﬂLL@Zﬁ@@ﬂV}VLNLﬂﬂqmﬂQﬂuwuﬁ;ﬂ??Nmﬂ
o ) Y o 2 | ax @ A o
'ﬂm?q@rluﬂ"lqﬂLﬂﬂmum'ﬂﬂﬂqiul@'ﬂﬁlﬂ'ﬂ?.lu']ﬂEl']°l|‘ﬂﬂﬁq@qINVl?@uluaﬂQﬁquQimﬂ LANRUN

ayan baainnisAneilldilss tagilluntsaanuuuununisldaianTunsan soumis

e

ANNTDTENUN N FTRIAUAIAATUDIL WIDNAUDINITTNHILALAINIT I N2 E9ARN
dll 1 o z:ll o N 1 Y a '8 ;73
gataENuNLNIsI NI sanAufnawsiazauar Iinalss Tamigegalunislden

s o

noUsedan
=3 o o o a; 1 a; U o o 1 %3 1
ﬂm:mNmmﬂ%ﬂmawuﬁ;mwmeﬁ%ﬂmiummmmﬂuwuﬁqmwm@mmmumm

¥ ¥ A ! ad ¥
dinduresenlwdenseuineresaian lurzanlugilosgialne



78

a a Aawa 1 Y Y a o
sreazidannazl JriRsagiinsann1sIas
1 o a 1 = a a & & @ o a
wnvusndulainsaunisAnsisansiinguiudaadlulutivaan
vinuarldfunisaeunindeyanuguiclulnelduuuasunin  Weavinusawuwnme
pxtiavinuazliFunisdatiimin Sadouge uazldiunisanziaen
. o o A Yoo
nstlpuinefioannianzineniiaiNg 2 A3 A9l
o huneAn 1 wiziRendilaeilunm 10 Hadans Insutvaeneanidly 2 491 As
1) weatiuim 5 Hadans e ldasanitsnydgiuestiu UGTIA4  uay
UGT2B7
2) entsuN 5 Aaaang et ldnsaadnsysuananiuvsanluaen neudulnuune

gaduazinsdniliimewlidilaasaiutlszsniugnan luvsauluiiadinewanviaen

nevdsianziaen Wgiheiudssniugnanluvauldnuing aeliinananluvisau

A o
NarfulseniuuLes

o thnunaaian 2 Wwizinendtlaeinn 5 1aaans et lunsadnssiuanai luvzay

Twden neuduipuniefRdaayingdnithlwewlidiloaiulseniugatuvzauluiie

AN N A TSI AN LN NN TR L AR ANAINTFUL FEN 11N

NNELIAPR

1
a

o A ° o % Ly 1 % ! (% a | E7
nsiaRizidenazi luiuivinuiesnansunngeg uduazvinulisesdadnldans
In o MuanwialdainArineanaiuiazesinunindnd  srezinaivinudeunaadedly

a o

NN9ANHANERAD 1-3 AAUAINIZE A1 TN ERNHIENUUNN TR N NG

dselagunaziiaungidnsannisiqawassslanilumadrnisaadausan
1) lodayadnwuztiu  UGT1A4  WwarUGT2B7 1896vinuled dangadesiunienndn
aa
gnanluyizal
2) liteyaszauanantuvsanluaenvasinuideldiunuaenluilaqiiuuazaiuisn iy
AdaelunnsRnmNEansinwkariuaun e Wignsesmnnraniugaawsiaz g
3) lawuuanaasniwngraaudansilszanns a1819011 115 lun91900 w09 14
v

s T ~ @ ~ 4 §o o I R B o
gnantunsauiansmn lidusnimneovraldsauiueanmaauina TN AuMNN g ANy

lszannglne



79

AT AWM LTN1SINNNFIAY
=2 a o ZJ/ dy P A I a 1Yo 1 o !
nsAneAde AR tazldrTameTe AtAuneungaausazsalunisinuung s

ATATUTIUINUIUNLY 250 LINFABATY

ANNLALNAINNISLINSAINNNSIAE
= - = = A NY oA a = |
ANLAEN TNITIRNZIABAAR BNANANNTLIA UFANANADALITIEUNLANT LANAIN

dl £ dl a a dy A ¥ a 3 1 Yo
AU UAHNINNASINANITAALTRINNNITLANECLADA frniinlu vinwazldfunas

|
o

FNHINe LA IAE LN TN TRDN1TUTRUNNE UATYARINININITURN T AUBUN LA TL
NAUMHE

niaufiungantdule a1annliinunaaniadiaauludoutazgnilaie

= '
4 o ° o

NUIRENAzAFARNLEIWTaaIN RN NN e dasTuN1INNaREIININ19ANE34E Ae

8 UGT1A4 waz UGT2B7 dayaresinuazgniiulfifuncnduuazazlddmivenide

D oA ~ o A P B - ® Ny
N Lﬂﬂﬁﬂ?ﬂ@’]?@ﬂ@ﬁLﬂuLﬂV]LV@@"\’]ﬂﬂ’]?rJ@ﬂ@vaNNﬂ']?LﬂUVLQ

wnvinuldaainisanganniIsAnsnIae vsatlagulassuinesanAnedae
1 1o [~ % ¥ ] = a o ?/ agll 1 1 o [ v a ¥
Puluanflusaadnfunisfneiddaaiaininvinuliaagla udsansndulai
faunITANELAYINUANNNTanaUs e Raaanan nisfaAularasvinuay ld N uasani75NEI
Tuawanvisanisguadla uinvaulisiasnisdndannisAnenzadesnismganisAne o

LA lanAIN

L4

[=3 [ [ >
ﬂqﬁlﬂumﬂﬂﬂkﬂuﬂ')"luﬂu

o 14

ayaravinungniuinldseudnenisinuiazgnisuldiduacuduasasnioan

e

diuhgniudeyaninaadesanuilungszilousealssnaiuna AMENITNNNIATLEITHNNT

o

a o o = v ¥ | é’ 4 ¥ 1 é’ o < o
A ULASWRINTUNTBHA H@WNW?Q%@W?Q@@@U%@H@L‘Vl@’]‘ull@ Tmm@aﬂ@mmu%mmmﬂm

1A uEeduaniy

o (4

¥ ! ndl ! a =3 ¥ ) [ d‘
fayadausanvulisienintameazgniivsusnlilugiudeya uaziiunldiine

o o a o e ! A:ll A:ll 1 o =2 =
ﬁ]ﬁlq‘ﬂiﬂ:@ﬂﬂVI"I\‘m"Iﬁ"J@EIVI’]\'iﬂ’]?LLWVIEIL'ilW"I:islu'&fJuVILﬂﬂ’)"ll’r]x‘iﬂ‘].lﬂ’]?ﬁﬂi‘_‘f’] TAgazinIg

AuuednsnisdanisldeuiemzunnddAnenidtuazyaaa iy An 39 aY0y 5

L YA A o y R 9 X 4
LV]WHHVWzN?ﬂ@Nquiuﬂ’]?LmqﬂﬂmﬂH@ MNULNA

o

O UsEaIANINNNIAN I RN TN



80

Tnelidfinisanstsdavaziauilszaisagiligaasviny megantudszamananazsin
aa i ¥ a < 1 L4 1 a 1 L4
nnanmainaliiinanuiuladdayadiusirasvinuazgnilnilagls

winvinuldFunisUfian ldmnsanninldezy 3 luenansguasil inuainnsaudali

Usrs1uAENIINN9A388991% NIULAN A11InuAIENITNNIIA3E89INNNTISEAn T

dszaminen AnnuisLszanangn 41 4 e 02-3547076 sia 2402



81

APPENDIX C

MNADLAAIAMNEULBNLT1FINTATINTSIRE

v v al) dl 1Y dl
TINLAT (WI8/419/1749419) 2] 1 Nagtiuaan
D11 ANLA ALND F9UIA AN

¥
IS4 ¥ =K

neunazasunlulugusenliiinadsl dandrldfuniseiunaaingadang

v
o =2 a o 1

AnilsrasAradnisidn 3019948 sauialsclaminifaliuainnisidaatiazidan uasd

¥ a %
AN laALAD
v o o J o I dlb 4 o Y < 1) o 1 %
HAREUTUTANINASABUATD TN Ndwangedasaaanuiinlalutlniedauiiuan

= i~

¥ ¥ ¥ ¥ Y a o A o a a a Y
danidnala danandnganlarnidaiineadnslalazi@ansnazuaniannisidisan

Tarn1sideialanls Iaanisuaniannisdisaunisidsiaz ldiuasanisinenlsanaznng

o a ] Py v =< Yo 1
?U‘].Iﬁ‘ﬂ’]ﬁ‘ﬁl'?\‘i"]ﬂ‘ﬂ’]w L“’Q’]@ZW\?VLGW?UW@VL‘]J

= o o !

kX <3 k7 all o o Y %4 | o a 4
QQ@H?U?@\?Q’]’Q%WU‘H@H@L'ﬁW’]ZLﬂEI’Jﬂ‘LIG]"J“IIWWL@’]Lﬂuﬂ’JWN@ULL@Z@ZLﬂﬂLNEﬂﬂ

1
=

wnzluglniuagdnanisidy nasdawmadayanaaiusadiwidsantoaaudie 1
dl [ o ¥ = o | 1% a ' :j/
Nendasnszilfianznsiandudaemnuanisisanisintiu

k7 4 2 ¥ k7 ¥ 2 = ¥ a 4
AN L@Wiﬁ]’ﬂ’]uﬂl'ﬂ ANINSARLAT AN ANNLITN A W]/qlﬂ‘]_]??.iﬂ’]? LLmimmum"luTu

[

Buganiifisaanadnslasaninew ivelumangiudi Ay

@

A v v 1 a o v
a97a.... D WIANNIT UKD gudingontasesniside/dunulaagansssy
(....GHULALONGKORN.U TO-UNANA F1TIAN)
dll ¥ o a a o
AT ..o fafiunnslasenisian
(o TA-UNHANA FILIFIAN)
AT .o WEINL
o TO-UNHANA FILIFIAN)
AT .o WEINL
o TO-UNHANA FILIFIAN)

Tunsaligidndanlasenisidelidannsnasanaletadas nuesld Wdunulsagay
pnngusnedeidaunesdeadu.. 203§ danTasenisidaiugasinuuny

AUABTUNN oo,



82

lusansanuduganliinualadialansnsianauITnugAEns

SIS AR WAL o

¥ v || L4

BAWERY. e BV T avaye i
UNEIWWNE/WWNEWEUN .o, AUF29819A99aRE. ... AINLINLAN

4 s e o ooda e e o
WalszlamilunsAnwiiduives “Jadaninasednidounnnududuesenluaense
ad v d|91 % ¥ a o
waengedeat luvFaulugthanialng” Adawddasanlunisdy
¥ % Yo ¥ dl o a v o 1 o dgj
drdnldiumanudeyanaaiunisidasnainiail
1. dnguUsrasdiunngies
2. Usrlaminpndiasldiy
3. mzasansnanaznIzinlaeldilamadeyadausazasdnidunyanaan 7l
dl ¥ o 2 o
\nedeeriunisiay
[~1 o 1 alij ) A o dl = ¥ = A [~1
4. maiusetnsatnszinlagnIsiaziaenain TeikatgRLeAe ANNELLan

dl a VL9/9/

A =2 A a ‘3‘/ ¥ a tg ¥ ¥ Yo
MBAATH NTRNITAALTR TINALAUALNIN LASDIVININAAY drmidazlffunng

6" O o

SN INeNUNA IR AN AN ERD N1 9UTaUNN LAY ARINTN NI TUNNT AU TN
IF5uNaLnNe

5. NNIATIARLEULAATATIRRNIZEY UGTIAZ ey UGT2B7 Iataanusad sans
a a A A 6= o 1= & Wy
AlEuanianaInniasaay ldiniaAUls

% v Yo %3 £% a é’ val o Cs

drnidnlasunsudeyaluenatsliarnduaenil wazlailaniadnoiuunndan

v a8 v v K vy £ P o
Lsﬂ’]sl“’iﬁ °1|'TWL@WWQ@Q%WNVLQGLI’NWWEIHLWELﬂu‘ﬂ@ﬂﬂ’]u

AETB. ..o fuinganlaseniside/gunulnerane s
(o %-muma ALT9AN)

X Y WANEIENINI9MIIATNEN
(o %@-mmq@ ANLIT9A4)

PR Y el

(o %@-muzﬁq@ ALIT9A4)

PR Y el



83
APPENDIX D

o = © a a aay = [
wuutuinnsinutayaniIsanamNssauenaluvzauluiaanuadilos

dayavialluasgilas
sragilog wa [uge [ane e
Twpewiliia 81 7 twiin AU
CC:
HPI
Underlying :
ALL:
V/S : T_OC BP mmHg P___ /min RR /min
Diagnosis :
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DATE

Aspartate aminotransferase; AST (0-42 U/L)

Liver function
Alanine aminotransferase; ALT (0-48 U/L)

BUN (7-25 mg/dL)

Renal function | Serum creatinine (0.7-1.4 mg/dL)

Creatinie clearance; CrCl (ml/min)

Other
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Determination of lamotrigine concentration and method validation

Determination of lamotrigine plasma concentration

The determination of lamotrigine plasma concentration was performed using

HPLC with UV detection method.

1.

Materials

Chemical and reagents

1) Lamotrigine standard

2) Phenobarbital (as the internal standard)
3) Acetonitrile (ACN); HPLC grade

4) Methanol (MeOH) ; HPLC grade

5) Dichloromethane; HPLC grade

6) Diethyl ether; Analytical Grade

7) Potassium dihydrogen phosphate (KH,PO,); Analytical Grade

Instruments

1) High Performance Liquid Chromatographic System, Surveyor®

Thermo Electron Corporation
2) Freezer -20°C, FR-148E Sharp Corporation
3) Freezer -20°C, MF-U14B Mitsubishi Electric Kanyong Watana
4) Deep Freezer -80°C, ULT-2586-9-V40 Revco
5) Analytical Balance, XP 105 DR Mettler Toledo
6) Analytical Balance, ED 224S Sartorius
7) Vortex, 2x’ VELP” Scientifica

8) Speed Evaporator (Centrivap®), LCC-1 7812011
Labconco Corporation

9) Refrigerated Centrifuge, Z383K  Hermle Labortechnik

USA
Indonesia
Thailand
USA
Switzerland
Germany

Italy

USA

Germany
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10) Sonicator, DSC-106 D.S.C. Group Co., Ltd., Thailand

11) Water Purification System Millipore S.A.S. France
12) Autopipette Mettler Toledo USA
Apparatus

1) Volumetric flask (5, 10, 1000 mL)

2) Cylinder (50, 100 mL)

3) Glass bottle, screw cap (100, 250, 500, 1000 mL)
4) Beaker (10, 25, 250, 600 mL)

5) Microcentrifuge tube (1.5 mL)

6) Glass test tube, screw cap (16x100, 12x75 mm)
7) Plastic centrifuge tube (50 mL)

8) Disposable plastic pipette tip (250, 1000, 5000 mcL)
9) 0.22-um Nylon membrane filter (47-mm)

10) Screw-thread vial (1.5 mL)

11) Insert vial (100 mcL)

2. Analytical method
Total plasma lamotrigine concentration determination was developed in the
therapeutic drug monitoring laboratory of Medica Innova Co., Ltd., Bangkok Thailand.
(Good Laboratory Practice certified by the Departement of Medical Sciences)
1) Adding 50 mcL of internal standard (phenobarbital 10000 ng/mL), to 300 mcL
of plasma sample and vortex mixing at 40 hertz, 10 seconds.
2) Add 4000 pL of diethyl ether:dichloromethane (70:30, v/v) and vortex at 40
hertz, 30 seconds.
3) Centrifuge the resulting solution at 5000 rpm, 4°C, 5 min and kept in freezer at
below -70°C for 15 min.
4) Transfer organic layer to 12 x 75-mm glass test tube and then evaporate at
50°C for 50 min.

5) Reconstitute with 200 mcL of 80% MeOH and vortex at 40 hertz, 10 seconds.
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6) Transfer solution into 100 mcL insert vial

7) A volume of 20 mcL of solution was injected into HPLC

3. Method Validation

Table A Summary result of method validation

ltem Result
Analysis Lamotrigine
Internal standard Phenobarbital

Method description

Rosuvastatin was extracted from human plasma by liquid-

liquid = extracting  technique using diethyl ether:

dichloromethane (70:30, v/v). An aliquot of 20 uL was

analyzed by reverse phase C18, HPLC.

QC sample, concentration (ng/mL)

QCL = 150 ng/mL
QCL = 1500 ng/mL
QCL = 3000 ng/mL

Selectivity

No interfering peak was observed in each source of plasma

Carry over

The method showed no carry over

Intra-batch: accuracy range (%)

94.96 — 101.50%

Intra-batch: precision range (%)

0.94 -3.31%

Inter-batch: accuracy range (%)

97.94 - 99.68%

Inter-batch: precision range (%)

1.45-2.83%

Recovery for rosuvastatin (%)

92.77%, CV (%) = 2.35%

Recovery for internal standard (%)

99.11%, CV (%) = 1.02%

Range of calibration curve (ng/mL)

50 — 4000 ng/mL, r° > 0.9993

Regression analysis

Linear regression, weight 1/x

Lower limit of quantification (ng/mL)

50 ng/mL

Freeze-thaw stability (cycles)

3 cycles

Short-term stability (hours)

8 hours at room temperature

Long-term stability (months)

1 month (Plan of long-term stability study is 4 months)

Stock solution stability (hours)

6 hours at room temperature, 1 month at -20°C

Working solution stability (hours)

6 hours at room temperature, 1 month at -20°C

Post-preparative stability (hours)

24 hours at 4°C (in autosampler)
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Table C Summary the limit of quantification (LOQ)
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Intra-batch Analysis

Batch number 1 2 3
Concentration (ng/mL) 50.4495 50.4495 50.4495
Accuracy: mean of accuracy (%) 94.22 93.05 102.72
Precision: CV (%) 2.22 6.42 3.02
Inter-batch analysis

Mean of accuracy (%) 96.66

Precision: CV (%) 5.46
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DNA extraction
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The DNA were extracted using QIAamp® DNA Blood Mini kit (Qiagen, Hilden,

Germany) by the following procedure as recommended by the manufacturer.

1. Materials

Chemical and reagents

1. Absolute etanol (100%) Carlo erba

2. Buffer AL Qiagen

3. Buffer AW1 Qiagen

4. Buffer AW2 Qiagen

5. Buffer AE Qiagen

6. QIAGEN®protease Qiagen

7. Protease solvent Qiagen
Apparatus

1. Centrifuge (Universal 320) Hettick

2. Vortex mixer (S0100-220) Labnet

3. Heating block (Dri-block DB-2D)  Techne

4. Microcentrifuge (5415R) Eppendorf

5. Spectrophotometer(Smart spec 3000 Bio-rad TM)

6. Freezer Sanyo

7. Real-Time PCR system (Applied Biosystems 7500)

Supplies
1. Microcentrifuge tubes 1.5 mL Treff AG.
2. Pipette tips (Blue and Yellow) ScientificPlastics

3.  Micropipette 1,000 mcL Eppendorf

ltaly

Germany
Germany
Germany
Germany
Germany

Germany

Germany
USA

UK
Germany
USA
Japan

USA

Switzerland
USA

Germany
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4. Micropipette 200 mcL Eppendorf Germany
5. Micropipette 20 mcL Eppendorf Germany
6. QlAamp Mini spin Columns Qiagen Germany
7. Collection tubes 2 mL Qiagen Germany
8. Disposable gloves

2. DNA Extraction method

2.1

2.2

2.3

2.4

2.5

2.6

2.7

2.8

2.9

2.10

2.11

2.12

Prepare samples and equilibrate reagents at room temperature.

Pipette 20 mcL QIAGEN Protease into a 1.5 mL microcentrifuge tube

Add 200 mcL buffy coat to the microcentrifuge tube.

Add 200 mcL Buffer AL to the sample and mix by vortex mixer for
15 seconds.

Incubate by heating block at 56°C for 10 minutes and briefly centrifuge to
remove drops from the inside of the lid.

Add 200 mcL 100% ethanol to the sample then mix by vortex mixer for 15
seconds, and briefly centrifuge to remove drops from the inside of the lid.
Pipette the mixture to the QlAamp Mini spin column (in a 2 mL collection
tube) and centrifuge at 6000 x g (8000 rpm) for 1 minute.

Place the QIAamp Mini spin column in a new 2 mL collection tube and
dispose of the old tube containing the filtrate.

Add 500 mcL Buffer AW1 to the QlAamp Mini spin column and centrifuge at
6000 x g (8000 rpm) for 1 minute.

Place the QlAamp Mini spin column in a new 2 mL collection tube and
dispose of the old tube containing the filtrate.

Add 500 mcL Buffer AW2 to the QlAamp Mini spin column and centrifuge at
full speed (20,000 x g; 14,000 rpm) for 3 minutes.

Place the QlAamp Mini spin column in a new 2 mL collection tube and
dispose of the old tube containing the filtrate. Centrifuge at full speed for

1 minute.
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2.14

2.15

2.16
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Place the QlAamp Mini spin column in a new 1.5 mL microcentrifuge tube
and dispose of the old tube containing the filtrate.

Add 200 mcL Buffer AE (the elution buffer for genomic DNA) to the QlAamp
Mini spin column.

Incubate at room temperature for 1 minute then centrifuge at 6000 x g (8000
rom) for 1 minute.

Storing DNA (in Buffer AE) at —20°C until genotyping.
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APPENDIX H

UGT1A4 Genotyping analysis

The single nucleotide polymorphisms (SNPs) detection was carried out by
Tagman allelic discrimination assays with fluorogenic probes (Applied Biosystems,
Foster City, CA). The probe primers for all 4 SNPs were designed by Applied
Biosystems.

Two polymorphisms of UGT1A4 were investigated as following

1. UGT1A4 142T>G (L48V) SNP Assay: rs2011425
2. UGT1A4 70C>T (P24) SNP Assay: rs6755571
Overview

Taql\/lan® Drug Metabolism Genotyping Assays consist of a 20X mix of unlabeled
PCR primers and Taql\/lan® MGB probes (FAI\/ITM and VIC® dye-labeled). These assays
are designed for the allelic discrimination of specific SNPs and insertion/deletions
(indels). Each assay enables scoring of both alleles of a biallelic polymorphism in a
single well. All assays are optimized to work with TaqMan® Universal PCR Master Mix No
AmpErase® UNG (P/N 4324018)t and with genomic DNA. These products utilize the

modified thermal cycling parameters described below in Table B.

Chemical and reagents
1. Custom Taql\/lan® SNP Genotyping Assays, 375 rxn
Applied Biosystems  USA
2. TagMan Drug Metabolism Genotyping Assays, 187 rxn
Applied Biosystems  USA
3. Taql\/lan® Universal PCR Master Mix (1 x 5 mL), 500 rxn at 20 mcL

Applied Biosystems ~ USA
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Apparatus
1. MicroAmp Fast Optical 96-well Reaction plates
MicroAmp Optical Adhesive Film

Vortex mixer

> w0

Real-Time PCR system (Applied Biosystems 7500) USA
Supplies

1. Disposable gloves

2. Pipette tip 10 mcL (White) Scientific Plastics USA

3.  Micropipette 10 mcL Eppendorf Germany

Table A. Allelic Discrimination PCR Reaction

Volume/Well Final
Reaction Components
(20 mcL volume reaction) concentration

TagMan® Universal PCR Master Mix (2X) 10 meL 1X
20 X Taql\/lan® Drug metabolism Genotyping 0.5 mcL 1X
Assay Mix
Genomic DNA (10 ng/mcL) ** 2 mclL 20 ng
dH,0 7.5 mclL -
Total 20 mcL -

* If different reaction volumes are used, amounts should be adjusted accordingly.
** 3-20 ng of genomic DNA per well. All wells on a plate should have equivalent amounts

of genomic DNA.

Procedure

To prepare the reaction components for one reaction refer to the table A. The
ABI PRISM” 7900HT Sequence Detection System uses 5 mcL in a 384 well plate. The
Applied Biosystems 7300 and 7500 Real-Time PCR System and ABI PRISM® 7000

Sequence Detection System use 25 mcL reactions in a 96 well plate.



Table B. Thermal Cycler Conditions

Times and Temperatures

Initial Steps Denature Anneal/Extend
HOLD 50 CYCLES
10 min 95 °C 15 sec 92°C 90 sec 60 'C

T Note: If using TagMan® Universal Master Mix (P/N 4304437), add a 2 min @ 50°C
HOLD step prior to the initial 10 min @ 95°C HOLD step.

Storage: Store between -15°C and -20°C; minimize freeze thaw cycles.
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Amplification plot of UGT1A4 142T>G
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Amplification plot of UGT1A4 70C>T
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