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I N T R O D U C T I O N

Lamotrigine (LTG) [3,5-diamino-6-(2,3-dichlorophenyl)-

1,2,4-triazine] is a new-generation anti-epileptic drug

which has been shown to be effective against partial and

secondarily generalized tonic-clonic seizures, either as

adjunctive treatment in patients with refractory epilepsy

or as monotherapy [1]. The first mechanism of action of

LTG described in the literature was similar to that

presented by the anti-epileptics carbamazepine and

phenytoin and involved the stabilization of the presy-

naptic membrane through blockade of voltage-sensitive

sodium channels, which resulted in inhibition of the

release of excitatory neurotransmitters, particularly

glutamate and aspartate [1]. However, taking into

account the fact that LTG is effective against more forms

of epilepsy than carbamazepine and phenytoin, it has

been suggested that LTG acts via additional mechanisms

other than inhibition of voltage-dependent sodium

channels alone. Thus, it has been proposed that LTG

also inhibits high voltage-activated calcium currents,

consequently interacting with the vesicular release of

transmitters [2–5]. Modulation of potassium currents via

blockade of potassium channels was also proposed as a

possible mechanism [4]. In spite of contrary results

obtained by Waldmeier et al. on LTG modulation of

GABA (c-aminobutyric acid) release [6], Cunningham

and Jones suggested that the reciprocal modulation of

the background release of the major excitatory and

inhibitory transmitters (inhibition of glutamate and

enhancement of GABA release) may explain the anti-

convulsive effect of LTG [5]. A recent study by Hassel et

al. showed an increase in rat hippocampal GABA shunt

activity and an elevation in cerebral taurine levels after

chronic treatment with LTG [7]. The first mechanism

proposed to explain the anticonvulsant activity of LTG
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A B S T R A C T

Given that administration vehicles and drug formulations can affect drug bioavail-

ability, their influence on the pharmacokinetic profile of lamotrigine (LTG), a new-

generation anti-epileptic drug, was studied in rats. Three different formulations
administered intraperitoneally at a dose of 10 mg ⁄kg were used: (1) LTG suspended

in a 0.25% methylcelulose solution, (2) LTG dissolved in a 50% propylene glycol

solution, and (3) LTG isethionate dissolved in distilled water. Plasma and brain
homogenate levels were determined in order to evaluate vehicle-dependent drug

absorption. The results demonstrated rapid absorption of LTG when it was

administered as an aqueous solution, in contrast to a slower and more erratic
absorption after the injection of either the lipophilic solution or the suspension. A

plasma peak was achieved 15 min post-dose with the aqueous solution, with a brain

peak being achieved 15 min later, while with the other formulations both plasma
and brain homogenate peaks were reached 2 h after LTG administration. This study

suggests that LTG isethionate dissolved in distilled water is the most suitable

formulation for successful LTG pharmacokinetic studies in rats.
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seems to be doubtful as it was shown that the blockade of

sodium channels was not a prerequisite for inhibition of

glutamate release [5,6].

A linear relationship appears to exist between the dose

of LTG administered and the respective plasma concen-

tration [8], although its interrelation with the induced

pharmacological response remains unknown. Tentative

target ranges of 1–4 mg ⁄ L have been proposed, but

subsequent observations have indicated that some

patients may tolerate much higher therapeutic concen-

trations (> 10 mg ⁄ L) without clinical toxicity [9]. In the

light of current knowledge, it seems evident that, in

order to assess the relationship between plasma concen-

tration and clinical effect of LTG, further studies are

required. As LTG needs to cross the blood–brain barrier

to exercise its therapeutic effect, the basis for the

interpretation of the LTG plasma levels requires that

these levels reflect the drug concentrations at the

neuronal sites of action. From this perspective, the

neuropharmacokinetic characterization of LTG would

necessarily have to include a parallel study of the

evolution of LTG concentrations in the blood and in the

brain over time if we wish to establish the relationship

between the two types of curve. For ethical and logistical

reasons, this type of work would have to resort to animal

experimentation for the determination of the pharmac-

okinetic profile at the level of the central nervous system.

However, although most hypotheses on the fundamental

mechanisms of human epileptic phenomena derive from

investigations carried out on experimental animal mod-

els, research on patients with epilepsy is essential to

validate the relevance of the emerging data. Neverthe-

less, ethical considerations limit experimental paradigms

severely, suggesting that parallel investigations involv-

ing patients and experimental animals need to be

designed [10].

One of the initial problems in a laboratory drug study

is the choice of an adequate vehicle and formulation,

since administration vehicles and drug formulations

could have consequences for drug bioavailability [11].

Bearing in mind that anti-epileptic drugs have to cross

the blood–brain barrier to exercise their therapeutic

effect in the central nervous system, most anti-epileptic

drugs are lipophilic [12]. Consequently, water insolubil-

ity becomes a common problem in the laboratory

evaluation of these drugs. To resolve this problem, it

often becomes necessary to resort to a suspension or a

lipophilic vehicle to inject the drug into the laboratory

animal. However, if this choice is incorrect, low or

retarded absorption may occur and consequently the

results of the study may be misinterpreted. For this

reason, the choice of an adequate vehicle and formula-

tion becomes a critical factor in the development of

laboratory pharmacokinetic and pharmacodynamic

studies of this class of drug.

Several experimental studies have been carried out

over the last 20 years to elucidate the anticonvulsant

profiles or the mechanisms of action of LTG, but few

studies have characterized the pharmacokinetic profile of

this drug in the blood and brains of laboratory animals

[13,14]. To complete the characterization of the neuro-

pharmacokinetics of LTG in order to better understand

the relationship between LTG plasma levels and its

pharmacological response, further studies are necessary.

Upon consultation of the literature for how to administer

LTG to the rats, we found that a suspension was the most

frequently used formulation. Therefore we performed a

preliminary study to determine the most appropriate

administration vehicle and drug formulation for suc-

cessful LTG pharmacokinetic and pharmacodynamic

studies [15].

M A T E R I A L S A N D M E T H O D S

Animals

This study was carried out on adult male Wistar rats

(250–320 g) housed in a local bioterium with a

controlled dark ⁄ light cycle (12 h ⁄12 h). Animals were

allowed free access to food and water until the experi-

ment began. The experiments were performed at

22–23 �C. Animal experimentation in this study was

conducted in accordance with European guidelines for

the care and use of laboratory animals (86 ⁄609 ⁄ EEC)

and the protocol accredited by the Portuguese Veterinary

General Division.

Drugs

Lamotrigine and lamotrigine isethionate were kindly

provided by Wellcome Research Laboratories (Cardiff,

UK). Three different LTG formulations for intraperitoneal

(i.p.) injection were used at a dose of 10 mg ⁄ kg

(5 mg ⁄mL): (1) LTG suspended in 0.25% methylcelulose

in distilled water (suspension); (2) LTG dissolved in 50%

propylene glycol in distilled water (lipophilic solution),

and (3) LTG isethionate dissolved directly in distilled

water (aqueous solution). Ketamine hydrochloride

(7.7 mg ⁄ kg) (Parke-Davis, Pfizer Laboratories, Scixal,

Portugal) and chlorpromazine (2.3 mg ⁄ kg) (Vitória

Laboratories, Amadora, Portugal) were used for anaes-

thesia. Reagents and columns used in the chromato-
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graphic analysis were purchased from Merck (Merck

KGaA, Darmstadt, Germany).

Experimental design

The animals were divided into three groups of 30

animals, each group receiving intraperitoneally, at the

same time in the morning, one of the three formulations

referred to above. Sample collection occurred at prede-

termined times. Subgroups of five animals were used at

each data point. The blood samples were obtained by

open cardiac puncture and collected in citrated tubes at

15 min, 30 min, 2 h, 12 h, 24 h and 48 h post-dose.

This procedure was carried out under anaesthesia

intramuscularly injected 10 min before the predeter-

mined sampling time. Immediately afterwards, the ani-

mals were decapitated to remove the brain. The brain

homogenization was performed with 5 mL of phosphate

buffer (pH ¼ 7.4) per g of brain tissue at 4 �C. Plasma

and brain homogenate were immediately frozen at

)25 �C until analysis.

Lamotrigine quantification

Lamotrigine levels in plasma and brain homogenates

were determined according to a high-performance liquid

chromatography (HPLC) method previously described

[16]. Briefly, to 1 mL of plasma, 100 lL of a 40 mg ⁄ L
internal standard solution, 1 mL of 2 M NaOH and 5 mL

of ethyl acetate were added. After centrifugation, the

upper organic layer was transferred to a clean 10-mL

conical glass tube and evaporated to dryness. The brain

homogenate extraction included a previous deproteini-

zation step: to 1 mL of brain homogenate, 100 lL of a

20 mg ⁄ L internal standard solution and 100 lL of a

20% trichloroacetic acid solution were added. After

centrifugation, the supernatant was transferred to a 10-

mL glass tube and submitted to a liquid-liquid extraction

into ethyl acetate after basification as described for

plasma. The residues obtained were reconstituted with

200 lL of mobile phase and injected into the HPLC

system. Chromatographic separation was carried out on

a LiChrospher 100 RP-18 (5 lm) LiChroCART 125-4

(Merck KGaA) for 10 min. The mobile phase, consisting

of 35.0% methanol, 64.7% 0.1 M potassium dihydrogen

phosphate aqueous solution and 0.3% triethylamine,

was pumped at a flow rate of 1.0 mL ⁄min. The detector

was set at 306 nm. The linearity was demonstrated over

a range of 0.1–15.0 mg ⁄ L for plasma and 0.1–5.0 mg ⁄ L
for brain homogenate, with a LTG detection limit of 0.01

and 0.02 mg ⁄ L in plasma and brain homogenate,

respectively. The results of the method validation were

all in accordance with international recommendations,

demonstrating the suitability of the method for LTG

quantification in these biological matrices.

R E S U L T S

LTG plasma and brain homogenate concentration levels

measured after i.p. administration of 10 mg ⁄ kg LTG

in a suspension, lipophilic solution or aqueous solu-

tion are listed in Table I(a,b). A rapid absorption of LTG

was observed when it was administered as an aqueous

solution, with a peak plasma value of 5.69 ± 0.71 mg ⁄ L
at 15 min post-dose. Because no major differences were

found between the brain homogenate values measured

at 30 min and at 2 h post-dose (ANOVA, P > 0.05), brain

peak was considered to have been achieved at 30 min

post-dose. The coefficient of variation for the values

obtained with the aqueous solution ranged from 12 to

31% for plasma measurements and from 16 to 18% for

brain homogenate levels. When LTG was administered

dissolved in a propylene glycol solution or suspended in a

methylcelulose solution, the plasma and brain homo-

genate peak values were reached only at 2 h post-dose.

With these formulations, larger values of coefficient of

variation were observed.

No significant differences were found amongst the

values of area under the curve (AUC) calculated for the

three formulations in each tissue (confidence limits at

95% significance level included all the three AUC

values). However, statistical differences were observed

amongst plasma values obtained with the three

formulations at 15 min post-dose and between the

values obtained with the aqueous solution and those

obtained with the other formulations at 30 min post-

dose. In the brain, statistical differences were also

observed between the values obtained with the aque-

ous solution and those obtained with the other

formulations before 2 h post-dose (ANOVA, P < 0.05)

(Figure 1).

D I S C U S S I O N

As mentioned above, the choice of an adequate vehicle

and formulation is of the utmost importance to avoid

misinterpretations of the results in pharmacokinetic and

pharmacodynamic studies in laboratory animals. Having

consulted the literature for which formulation is most

frequently used to administer LTG to animals, three

formulations were chosen and preliminary studies were

performed in order to choose the best one.
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The vehicles and formulations chosen were the

following: LTG suspended in a 0.25% methylcelulose

solution, taking into consideration that this is the most

frequently used formulation in experimental studies [e.g.

17,18]; LTG dissolved in a lipophilic solution of 50%

propylene glycol in water, as used by Walker et al. [14];

LTG salt dissolved directly in distilled water, the unique

hydrophilic form of LTG [13,19].

The final goal of our work was to ensure that the

assessment of the relationship between plasma concen-

tration and clinical effect of LTG in laboratory animals

is not biased as a consequence of the use of an

incorrect formulation for drug administration. From

this perspective, the intraperitoneal route seems to be

the most effective for successful outcomes in these

studies, not only because the technique is simple and

reproducible, but also, given the high vascularization

existing in the peritoneum, because it can rapidly

ensure that the total amount of the drug administered

is in the circulation. Moreover, as a parenteral route it

avoids the very slow absorption step inherent in oral

drug administration.

The 10 mg ⁄ kg dose was chosen because this dose has

previously been found to be within the anticonvulsive

range in the rat [18]. Also, with this dose the plasma

concentrations achieved were similar to the concentra-

tion range that has been proposed for epileptic patients

[20].

We studied whether administration of LTG as suspen-

sion or solution, or as solution in different vehicles,

resulted in differences in terms of LTG plasma and brain

homogenate levels. The comparison amongst the calcu-

lated AUC values showed similar magnitudes of absorp-

tion irrespective of the formulations used. However, the

significant differences detected amongst the LTG levels

determined during the first 2 h revealed different

absorption rates for the three formulations used. Com-

pared to experiments with solutions, injection of LTG as

suspension resulted in slower absorption. In fact, drug

solutions are usually preferable to drug suspensions

because of the retarded absorption which can be

associated with administration of the drug as a suspen-

sion – a consequence of the greater difficulty of the drug

particles in crossing the peritoneum [11]. Compared to

Table I LTG plasma (a) and brain homogenate (b) concentrations after i.p. administration of 10 mg ⁄ kg LTG in a suspension, a lipophilic

solution or an aqueous solution.

Time after

administration (h)

LTG plasma concentration (mg ⁄ L)

Suspension CV (%) Lipophilic solution CV (%) Aqueous solution CV (%)

(a)

0.25 0.88 ± 0.266* 30 2.63 ± 2.015* 77 5.69 ± 0.706* 12

0.5 1.72 ± 0.104 06 2.45 ± 1.039 42 4.99 ± 1.099* 22

2 4.20 ± 0.932 22 4.37 ± 0.517 12 4.83 ± 0.916 19

12 3.91 ± 1.068 27 3.18 ± 0.460 14 3.44 ± 0.488 14

24 3.40 ± 1.522 45 2.75 ± 0.619 23 2.56 ± 0.567 22

48 1.50 ± 0.442 30 1.41 ± 0.218 15 1.33 ± 0.414 31

AUC0-48 (mg ⁄ L ⁄ h) 148.08 129.33 133.44

Time after

administration (h)

LTG brain homogenate concentration (mg ⁄ L)

Suspension CV (%) Lipophilic solution CV (%) Aqueous solution CV (%)

(b)

0.25 0.33 ± 0.070* 21 0.72 ± 0.569 79 1.08 ± 0.177* 16

0.5 0.52 ± 0.147 28 0.78 ± 0.387 49 1.64 ± 0.255* 16

2 1.62 ± 0.542 33 1.70 ± 0.272 16 1.67 ± 0.283 17

12 1.43 ± 0.179* 13 1.12 ± 0.191* 17 1.21 ± 0.205 17

24 1.20 ± 0.625 52 0.97 ± 0.126 13 0.75 ± 0.129 17

48 0.51 ± 0.363 72 0.57 ± 0.128 23 0.58 ± 0.105 18

AUC0-48 (mg ⁄ L ⁄ h) 53.30 47.26 45.08

Data are mean ± SD for five rats; CV, coefficient of variation (SD ⁄ mean · 100); AUC, area under the curve (trapezoid rule); *statistically significant difference

(P < 0.05) between values obtained using different formulations (ANOVA).
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administration of LTG as an aqueous solution, injection

of LTG dissolved in a lipophilic vehicle also resulted in

retarded absorption, as a result of the slower liberation of

the drug from the vehicle in which it is dissolved.

Moreover, the dispersion of the measurements at each

sampling time was usually greater when LTG was

administered as a suspension or a lipophilic solution, as

reflected by higher values of coefficient of variation. This

finding is important, bearing in mind that greater

dispersion is associated with lower reproducibility of

results.

As can be seen in Figure 1, LTG brain homogenate

levels peaked at 2 h post-dose, following the same

patterns observed with the respective plasma measure-

ments in the case of the suspension and the lipophilic

solution. These results were expected considering the

slow entry of the drug from the peritoneum into the

blood stream, which permitted the simultaneous passive

diffusion of the drug from the blood into the brain tissue.

Consequently, for entry of the drug into the brain, entry

into the blood stream was a rate-limiting step. In the case

of the aqueous solution it was possible to differentiate

Figure 1 LTG concentration profiles in plasma (a) and brain homogenate (b) over the first 2 h (mean ± SD; n ¼ 5).
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between plasma and brain peaks, the latter being

achieved 15 min after the plasma peak. Interestingly,

an analysis of variance revealed no significant differences

amongst the plasma levels measured during the first 2 h,

which may suggest, although it is not a rate-limiting

step, that drug entry from the peritoneum into the blood

stream was only complete at 2 h post-dose. As a

consequence, brain peak was achieved rapidly but the

brain values were maintained while plasma values were

not decreasing.

C O N C L U S I O N

This study emphasizes that administration vehicle and

drug formulation are critical factors in the laboratory

evaluation of anticonvulsant drugs [11]. Plasma and

brain level determinations are shown to be essential in

evaluating the problems of vehicle-dependent drug

absorption. From the results of this study it can be

concluded that an aqueous solution of a LTG salt (LTG

isethionate dissolved in distilled water) is the best

formulation for successful LTG pharmacokinetic ⁄ phar-

macodynamic experimental studies.
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