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Abstract Background: Since 2005, the antiepileptic drug lamotrigine has been present

in the market in various generic products, in addition to the original brand of

Lamictal�. The linear pharmacokinetics and wide therapeutic window of

lamotrigine enable seizure-free patients to easily switch from brand to generic

antiepileptic drugs.

Objective: The aim of this study was to investigate the extent of variations in

lamotrigine serum concentrations between two immediate-release tablet for-

mulations. Data were compared with in vitro difference and similarity tests on

dissolution profiles of the two formulations.

Methods: Dissolution characteristics of formulations A (reference) and B

(test) were evaluated at three points spanning the physiologic pH range

(pH 1.2, pH 4.5, pH 6.8). A model-independent approach of difference (f1)

and similarity (f2) tests were applied to dissolution data. A clinical study was

performed with 16 patients who were divided into two groups – one group

received formulation A (n = 9) and the other received formulation B (n = 7).
Lamotrigine steady-state concentrations were determined by high-perform-

ance liquid chromatography on a reverse-phase column.

Results: There were no statistically significant differences in lamotrigine se-

rum concentrations between the two groups, although formulation B had

slightly higher mean concentration values (formulation A: 3.97– 4.1 mg/mL;

formulation B: 5.78– 2.7 mg/mL). Dissolution profiles of the two for-

mulations were similar in the pH 1.2 dissolution medium; however, the dis-

solution profiles of formulation B were outside the dissolution limit (‡85% at

15 minutes) in the pH 4.5 and 6.8 dissolution media.

Conclusions: No significant changes in the serum concentrations of lamo-

trigine were seen between the two investigated formulations. There is no
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evidence to suggest that the differences in dissolution profiles at pH 4.5 and

pH 6.8 affect the therapeutic efficacy of the formulations. It is evident that the

doses of test formulation given to the patients were higher as a consequence of

common assumption that generic products have a lower absorption rate,

which is proven unnecessary in this study. This investigation was a pilot study

and thus further investigations with a larger sample size are necessary to

determine if there is a connection between dissolution profiles and the ther-

apeutic effect of investigated formulations.

Introduction

Epilepsy is a chronic disease that often requires
life-long antiepileptic drug (AED) treatment. The
primary goal of AED treatment is the avoidance
of seizures with no or minimal adverse effects.[1]

When long-term seizure remission has been
achieved, even a single breakthrough seizure can
have serious clinical and social consequences.[2-8]

Healthcare systems tend to favor the use of generic
drugs in order to reduce medical costs, despite a
number of potential disadvantages of generic
drugs.[2,9] In the treatment of epilepsy, generic
formulations of AEDs are widely used. Although
generic substitution of AEDs may be appropriate
for many patients, there appear to be a substantial
number of patients in whom generic substitution
may represent a suboptimal level of care. Issues
related to AEDs that should be taken into con-
sideration include their insolubility in water,
narrow therapeutic index, non-linear pharmaco-
kinetic profiles, and potential for adverse events.
However, breakthrough seizures or adverse re-
actions due to generic substitution have been
reported for AEDs with linear pharmacokine-
tic profiles and wide therapeutic ranges, such as
lamotrigine.[9,10]

After the expiration of the patent on the original
product (Lamictal�) on 1 June 2005, it became
possible in Serbia to market generic products con-
taining lamotrigine. The linear pharmacokinetics
and wide therapeutic window of lamotrigine[11]

enable seizure-free patients to easily switch from
brand to generic AEDs.

Lamotrigine is in class II of the biophar-
maceutical system of classification (BSC). After
oral administration, lamotrigine is rapidly ab-

sorbed with an absolute bioavailability of 98%.[12-14]

Lamotrigine is a weak base (dissociation constant
pKa= 5.5), is poorly soluble in water (0.17mg/mL
at 25�C), with a log octanol/water partition co-
efficient (log P) of 1.19 at pH 7.6.[15] Absorption
of lamotrigine after oral tablet administration
depends on the release of the drug substance from
the drug product, and hence, the dissolution or
solubility of the drug under physiologic condi-
tions. Because of the critical nature of these steps,
in vitro dissolution may be relevant to the pre-
diction of in vivo performance. Generic tablets
of lamotrigine contain different substances to
branded tablets, which may affect the release and
pharmacokinetics of the active substance. Big dif-
ferences between lamotrigine preparations could
cause relapses in seizure-free patients or toxic
reactions.

Although studies of bioequivalence in different
lamotrigine tablet formulations are conducted,
they are performed in healthy subjects and not in
patients. The patient population is likely to have
greater variability in terms of characteristics.[16]

For example, patients with epilepsy are likely to
span a larger age range than the adults used in
standard tests, which may result in differences in
drug-handling characteristics.[17] In addition,
only single-dose studies are performed, which are
not relevant to the continued use of AEDs. If one
product is bioequivalent to another, that does not
guarantee that a drug will have the same ther-
apeutic and adverse effect profile as the reference
drug.[2,18] It is not yet known whether absorption
rates between different lamotrigine tablet for-
mulations are the same. Some studies have shown
that differences in absorption rates correlate with
dose-dependent adverse effects.[19,20]
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In this study, the extent of variations in lamo-
trigine serum concentrations between two immedi-
ate-release tablet formulations was investigated.
Data were correlated with in vitro difference and
similarity tests on dissolution profiles of the two
formulations.

Materials and Methods

Clinical Study

This study was approved by the Medical Fac-
ulty Ethics Committee at the University of Novi
Sad, Novi Sad, Republic of Serbia. Written in-
formed consent was obtained from all patients or
their guardians. Demographic data were collected
from all patients. Enrollment criteria included
epileptic patients who were receiving lamotrigine
monotherapy (i.e. formulation A: Lamictal�

100mg tablets [GlaxoSmithKline, UK, Lot:
062656, expiry date: 07.2010]; or formulation B:
Lamal� 100mg tablets [Alkaloid, Skoplje, Mac-
edonia, Lot: 07593 0308, expiry date: 03.2011])
and had not missed a dose for 3 weeks prior to
enrollment (i.e. only patients with steady-state
lamotrigine were included). Individual lamo-
trigine doses that were optimal for seizure control
ranged from 50 to 300mg/day, and were taken
30minutes before breakfast and 30minutes before
the evening meal as instructed by investigators.
Seizure control and dose-related CNS adverse
effects (e.g. dizziness, ataxia, diplopia, blurred
vision, nausea, and vomiting) were investigated
in all patients. Patients were divided into two
main groups. The first group consisted of patients
taking formulation A (n = 9), while the second
group consisted of patients taking formulation B
(n = 7). All patients were initially receiving for-
mulation A, before the seven patients were
switched to formulation B for cost-saving rea-
sons; treatment with formulation A cost h4, but
formulation B cost only 20c because it was sub-
sidized by the healthcare system. Patients were
treated for at least 6 months with formulation A
or formulation B before the pharmacokinetic
study. Both formulations were taken twice a day.
During the study, blood samples were taken from
each patient once a day. Patients were asked to

report precisely the time of drug administration,
and blood samples were collected accordingly.
The time between drug administration and sam-
ple collection was between 1.5 and 8 hours. All
statistical calculations were performed using SPSS�

version 17 (Chicago, IL, USA). Statistical sig-
nificance was tested by Student’s t-test. A p-value
of <0.05 was considered significant.

Dissolution Testing and Sample Preparation

In vitro dissolution of formulations A and
B was performed according to the published
method.[21] The dissolution test was performed
by using Erweka dissolution apparatus (Erweka,
DT800, Germany). Three dissolution media
(900mL) were used over the physiologic pH
range of 1.2–6.8 (pH 1.2 HCl solution, pH 4.5
acetate buffer, pH 6.8 phosphate buffer), with six
tablets being analyzed for each medium. The
paddle assembly was used (USP apparatus 2),
revolution speed was kept at 50 rpm. In all ex-
periments, 5mL of dissolution sample was with-
drawn at 5, 10, 15, 30, 45, and 60 minutes. 5mL
of fresh medium were replaced after sampling.
Experiments were conducted in triplicate (i.e. a
total of 18 tablets tested per medium). Samples
were filtered through a 0.45 mm porosity filter.
100 mL of the filtered solution was diluted with
900 mL of mobile phase solution used for high-
performance liquid chromatography (HPLC)
analysis. 20 mL of each sample was then injected
into the HPLC system.

Chromatographic Conditions for Dissolution
Samples

Chromatographic separation was performed
on an HPLC system (Agilent Technology Series
1100, USA), which consisted of an autoinjector, a
C18 guard column (4.6 · 12.5mm, 5 mm, Zorbax,
Agilent Technology, USA), a C18 analytical col-
umn (4.6 · 250mm, 5 mm, Zorbax, Agilent Tech-
nology, USA), and a diode-array detector (DAD)
[210 nm]. The mobile phase solution was a mix-
ture of phosphate buffer (0.05mol/L, adjusted to
pH 2.68 with 40% ortho-phosphoric acid) and
acetonitrile (68:32, v/v). All separations were per-
formed isocratically at a flow rate of 1.2mL/min.
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Blood Sample Preparation

Blood samples were collected in non-heparinized
tubes and centrifuged at 3000 rpm for 15 minutes.
Serum was separated, transferred into test tubes
and stored at -20�C prior to analysis. Before
chromatographic analyses, one part of serum was
mixed with two parts of acetonitrile, centrifuged
at 5000 rpm for 10 minutes. The supernatant
(10 mL) was injected into the HPLC system.

Chromatographic Conditions for Serum
Samples

Serum samples were analyzed for lamotrigine
concentrations at steady state using a published
method and the same HPLC system as for dis-
solution samples.[22] The mobile phase solution
was a mixture of potassium dihydrogen phos-
phate buffer (10mmol/L, adjusted to pH 7 using
0.5mol/L NaOH), methanol, acetonitrile, and
acetone (55:22:12:11 v/v). The flow rate was
1.2mL/min. Under these conditions, retention
time for lamotrigine was 4.3 minutes. The calibra-
tion curve was linear over the concentration
range of 0.5–40 mg/mL of lamotrigine, with a co-
efficient of determination (r2) of ‡0.989.

Results

In Vitro study

In vitro dissolution of formulations A and B
was performed to obtain information about poss-
ible differences between their dissolution profiles
and, consequently, differences in bioavailability.

Cumulative percentages of the drug dissolved
from the tablets were calculated over experimentally
obtained drug content. Results of the dissolution
tests are shown in table I, and dissolution profile
curves in figures 1 and 2.

The fastest dissolution rate of drug was ob-
tained at pH 1.2 for both formulations because
lamotrigine has the highest solubility in this me-
dium. The pH value of the medium had a marked
effect on the dissolution profile of formulation B,
while formulation A had similar profiles in all
three media, which is in accordance with pre-
viously reported results.[21] The dissolution limit
that was set at ‡85% at 15 minutes by the USP
(XXVIII) was not fulfilled for formulation B in
pH 4.5 and pH 6.8 media (figure 2, table I).[23]

Table I. Dissolution tests of formulation A (original lamotrigine formulation) and formulation B (generic lamotrigine formulation) in three

different pH media (pH 1.2 HCl solution, pH 4.5 acetate buffer, and pH 6.8 phosphate buffer)

Time (min) Dissolution (%) [– SD]

pH 1.2 pH 4.5 pH 6.8

A B A B A B

5 95.13 – 4.84 90.20 – 5.32 87.98 – 1.55 70.44 – 5.82 69.74 –1.32 59.55 –4.17

10 99.34 – 2.19 95.61 – 2.51 87.34 – 2.18 75.82 – 2.66 83.53 –1.30 62.84 –3.06

15 100.69 – 3.14 97.52 – 3.98 96.48 – 1.28 79.91 – 5.17 95.06 –1.91 65.98 –2.46

30 100.84 – 3.14 98.43 – 2.82 98.77 – 3.21 80.72 – 2.98 97.55 –3.97 67.32 –3.15

45 100.31 – 3.24 100.1 – 4.11 98.79 – 4.40 85.78 – 4.44 99.72 –1.28 71.41 –2.27

60 100.77 – 2.92 100.66 – 3.40 99.6 – 2.50 86.91 – 4.49 100.86 –2.45 71.01 –2.14
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Fig. 1. Dissolution profile of formulation A (original formulation) in
three different pH media (pH 1.2 HCl; pH 4.5 acetate buffer; pH 6.8
phosphate buffer).
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Difference and Similarity Test

A model-independent approach of difference
(f 1) and similarity (f 2) tests were applied to dis-
solution data. The values of f1 and f2 factors for
the test product (formulation B) versus the ref-
erence (formulation A) were calculated from the
means of the percentage of drug dissolved at each
timepoint (table I) by using equations 1 and 2.[24]

f1 ¼
P

n
t¼ 1|Rt �Tt|

� �
P

n
t
Rt þTt

2

� �
( )

� 100
(Eq. 1)

f2 ¼ 50�

log 1þ 1 = n
� �X

n
t¼ 1 Rt �Ttð Þ2

h i� 0:5
� 100

��
(Eq. 2)

where n is the number of dissolution sample
times, and Rt and Tt are the individual or mean
percentage of drug dissolved at each timepoint
(t), for the reference and test dissolution profiles,
respectively. According to the US FDA guidance,
f 1 values generally vary between 0 and 15, and f 2
values vary between 50 and 100, ensuring equiv-
alence of the dissolution curves.[25] Dissolution
profiles of formulations A and B were only sim-
ilar in the pH 1.2 medium (table II).

Clinical Study

The dissolution data were compared with
clinical data of randomly chosen patients receiv-

ing monotherapy with formulation A (n = 9 [n = 5
females, n= 4 males]) or formulation B (n = 7
[n = 3 females, n= 4 males]). Dosage details and
patient characteristic are shown in table III.

There was a statistically significant difference
between serum concentrations of lamotrigine in pa-
tients receiving formulation A (3.14– 1.95mg/mL)
compared with formulation B (5.78 – 2.78 mg/mL)
[figure 3a]. The range of lamotrigine serum con-
centrations was between 1.03 and 7.44 mg/mL for
formulation A, and between 1.03 and 9.44 mg/mL
for formulation B. Most patients receiving for-
mulation A had plasma concentrations of lamo-
trigine <3 mg/mL (five of nine). However, the
majority of lamotrigine plasma concentrations
(six of seven) in patients receiving formulation B
were in the range of 3 to 14 mg/mL, which has
previously been suggested as the therapeutic
range.[26,27] No dose-dependent adverse effects
appeared in the patients, and all patients were
seizure free. No statistically significant differ-
ences were found between dose-normalized con-
centrations of these two formulations (figure 3b).

The relationship between lamotrigine serum
concentration (mg/mL) and lamotrigine dose
(mg/kg/day) were linear in both formulations
(r2 = 0.78484 formulation A; r2 = 0.83417 for-
mulation B) [figure 4]. Formulation A had a
lower standard deviation (SD) and data scattering
because, as the dissolution data showed, it is less
influenced by pH changes. The test formulation,
or formulation B, had a higher data scattering and
SD, which corresponds with the higher influence
of pH changes on the dissolution profile.

Discussion

This study showed that the investigated lamo-
trigine tablet formulations have different dissolution
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Fig. 2. Dissolution profile of formulation B (generic formulation) in
three different pH media (pH 1.2 HCl; pH 4.5 acetate buffer; pH 6.8
phosphate buffer).

Table II. Difference (f 1) and similarity (f 2) factors for reference

(formulation A – original formulation) vs test product (formulation B –

generic formulation)

Dissolution medium Difference factor (f1) Similarity factor (f2)

pH 1.2 HCl solution 2.46 74.99

pH 4.5 acetate buffer 17.05 40.86

pH 6.8 phosphate

buffer

31.41 29.43
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profiles because they differ in the manufacturing
process used and in the substances with which the
active principle is associated.[28] These differences
have influences on the dissolution rates in the
gastrointestinal tract, as well as absorption, and,
hence, the bioavailability of lamotrigine.

Results of the dissolution tests were in corre-
lation with the chemical properties of lamotrigine.
As a basic drug, lamotrigine had high solubility
only in pH1.2HClmedium,[29] thus, the dissolution
profiles were similar only in acid medium. Ac-
cording to some investigations, there is good
correlation on level A between in vitro and in vivo
data of lamotrigine.[29] Lamotrigine is in class II
of the BSC and its dissolution is the rate-limiting
step for absorption and bioavailability of this
drug.[29,30] In vitro data indicated that dissolution
media had an impact on the dissolution profiles
of these two formulations in two of the three
different pH media. Thus, the variations in la-
motrigine serum concentrations within patients
receiving these products was due to the fact that
the main dissolution and absorption should take
place in the stomach environment. According to
some studies, after ingestion of drug in the fasted
state, with about 200mL of water, the pH in the
stomach can rise up to 4.5, and it needs about
60 minutes to return to the equilibrium of pH 1.2.
With ingestion of food (i.e. fed state), the stom-
ach pH could rise up to 7, and it takes more than
90 minutes to reach equilibrium.[31] Since the
content of the stomach in the fasted state is

Table III. Dosing details of lamotrigine and summary of patients characteristics for formulation A (original formulation) and formulation B

(generic formulation)a

Formulation A Formulation B

No. of patients 9 7

Dosing details

dose of lamotrigine (mg/kg/day) 2.02 – 0.85* 2.94 – 1.52*

lamotrigine serum concentration (mg/mL) 3.14 – 1.95* 5.78 – 2.78*

lamotrigine dose-normalized concentration 1.68 – 0.99* 2.35 – 2.04*

Characteristics

age (y) 27.11 – 5.86 25.86 –12.88

height (cm) 176.33 – 9.91 172.00 –5.23

weight (kg) 71.33 – 14.92 64.57 –7.52
a Data are given as mean –SD.
*p < 0.05.
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Fig. 3. (a) Lamotrigine (LTG) serum concentrations (Cs); and
(b) dose-normalized concentrations of formulations A (original for-
mulation) and B (generic formulation) [‘*10’ represents an extreme
case and ‘16’ is an outlier value].
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emptied every 15 minutes and in the fed state
every 30–60 minutes, observed statistical differ-
ences in serum concentrations of the two tested
formulations is justified.

Patients receiving formulationB actually received
a higher lamotrigine dose than those treated with
formulation A, although there were no statisti-
cally significant differences between doses.

It is a common assumption that generic drugs
have a lower absorption rate and therapeutic ef-
ficiency than branded drugs and therefore patients
are given higher doses of generic drugs, which is
proven unnecessary in this investigation. The
variation in plasma concentrations could also be
due to individual characteristics of patients (i.e.
autoinduction and race), but they are unlikely to
be clinically significant.[32] There is no evidence to
suggest that concentration variations of lamotrigine
were caused by the differences in formulations.

Although switching of phenytoin, car-
abamazepine, and valproate is restricted in many
countries, switching between lamotrigine prod-
ucts in most European countries is permitted.
However, in some countries, such as Sweden, it is
specified that lamotrigine products cannot be re-
placed with one another, since breakthrough
seizures or adverse reactions due to substitution

have been reported.[9,10,33] This pilot study sup-
ports evidence for the ability to switch between
lamotrigine immediate-release tablet products
with no consequences on the health of the patient.

Conclusions

Although dissolution profiles of the two for-
mulations are only similar in the pH 1.2 medium,
switching between formulations A and B did not
cause any dose-dependent adverse events and
worsening of seizure control. Taking into con-
sideration that five of nine patients receiving
formulation A had serum concentrations of la-
motrigine that were under the proposed ther-
apeutic range, and this was only one in seven in
formulation B, there is no evidence to support
the fact that therapeutic efficacy of formulation
B is lower because its dissolution profile was
out of specification in pH 4.5 and pH 6.8 media.
This pilot study supports evidence for the ability
to switch between these two lamotrigine tablet
formulations.
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