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Abstract 

This study was carried out to determine the effect of metoclopramide on the absorption of lamotrigine when the 
two drugs were given concurrently by the oral route in rabbits. The first group of animals was given lamotrigine (20 
mg/kg, p.o.) alone and the second group was given the same dose of lamotrigine together with metoclopramide (3 
mg/kg, p.o.) and plasma samples were collected at different time intervals following drug administration. The 
concentrations of lamotrigine in plasma were determined by using a high-performance liquid chromatographic 
(HPLC) method. Co-administration of lamotrigine with metoclopramide resulted in a significant increase (P < 0.05) 
in the mean maximum plasma concentration (Cmax), mean area under the plasma concentration--time curve (AUC) 
and a significant decrease (P < 0.05) in the mean time to reach maximum concentration (Tin,x) as compared to those 
obtained for lamotrigine alone. No significant changes were observed in the elimination half-life (t1:2) of lamotrigine 
when it was administered together with metoclopramide. These results suggest an increase in the total absorption of 
lamotrigine when it is administered concurrently with metoclopramide. Copyright © 1996 Elsevier Science B.V. 
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1. Introduction 

Lamotrigine,  (LTG,  3,5-diamino-6-(2,3-dichlo- 
rophenyl)-l ,2,4-triazine) is an anti-epileptic drug 
which is chemically unrelated to the other  major  
anti-epileptics in current  use. It is effective as 
add-on therapy against partial and secondarily 
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generalized tonic-clonic seizures (Goa  et al., 
1993). It is also effective for other  types o f  
epilepsy, such as absence, myoclonic,  tonic-clonic, 
tonic and clonic seizures (Brodie, 1992). The anti- 
convulsant  profile o f  lamotrigine in animals has 
been shown to be similar to that  o f  phenytoin,  but  
it is more  potent  and has a longer durat ion o f  
action than the latter drug (Leach et al., 1986; 
Miller et al., 1986). Its precise mechanism of  
action is unknown,  but  it is believed to suppress 
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seizures by blocking the voltage-dependent 
sodium channels, stabilizing neuronal mem- 
branes and thereby inhibiting the release of exci- 
tatory neurotransmitters such as glutamate and 
aspartate (Leach et al., 1986; Miller et al., 
1986). 

Lamotrigine does not seem to induce or in- 
hibit cytochrome P-450 liver enzyme systems 
and thus has no significant effects on the 
metabolism of other drugs which are known 
substrates of these enzymes (Brodie, 1994). It 
is metabolized primarily by hepatic glucuro- 
nidation to the inactive 2N-glucuronide meta- 
bolite (Cohen et al., 1987; Brodie, 1994). 
Hence, any drug which is able to induce or 
inhibit this glucuronidation reaction may po- 
tentially interact with lamotrigine. For in- 
stance, phenytoin, carbamazepine and phenobar- 
bitone, which are known to induce hepatic mi- 
crosomal enzymes (Craig, 1994) have been 
shown to increase the metabolism and conse- 
quently reduce the elimination half-life of lamot- 
rigine (Jawad et al., 1987). Conversely, sodium 
valproate, an inhibitor of liver microsomal en- 
zymes (Brodie, 1992b), has been shown to in- 
crease the elimination half-life of lamotrigine 
(Binnie et al., 1986; Jawad et al., 1987; Yuen et 
al., 1992). 

Lamotrigine is completely absorbed from the 
gastrointestinal tract (Yuen and Peck, 1988; 
Richens, 1992). Drugs which are known to ac- 
celerate gastric emptying may alter the rate of 
lamotrigine absorption from the gastrointes- 
tinal tract. Metoclopramide, a dopamine anta- 
gonist, is known to enhance the gastric emp- 
tying and has been shown to increase the oral 
bioavailability of other drugs when given 
concurrently with it. For example, it has been 
reported that metoclopramide increases the 
rate of absorption of acetaminophen (Nimmo 
et al., 1973); acetylsalicylic acid (Volans, 1975) 
and cyclosporine (Wadhwa et al., 1987). The 
present study was, therefore, designed to investi- 
gate the possible effects of metoclopramide on 
the gastrointestinal absorption of lamotrigine 
when they are administered concurrently to rab- 
bits. 

2. Materials and methods 

2. I. Materials 

Lamotrigine was obtained from Glaxo-Well- 
come, London, UK; acetonitrile (HPLC grade) 
from Merck, Darmstadt, Germany. Metoclo- 
pramide monohydrochloride was purchased from 
Sigma Chemical, St. Louis, Mo. USA. 

Lamotrigine was suspended by the aid of one 
drop of Tween 80 and made up to the required 
volume (20 ml) in normal saline. Metoclopramide 
monohydrochloride was dissolved in normal sa- 
line. 

2.2. Methods 

2.2.1. Pharmacokinetic study 
Male New Zealand white rabbits weighing 2 

2.5 kg were bred in the animal house, College of 
Medicine, King Saud University. The animals 
were fasted overnight prior to the experiment but 
water was allowed ad libitum. Food and water 
were withheld during the first 6 h of the experi- 
ment. 

Rabbits were given 1000 IU/kg of heparin in- 
tramuscularly prior to drug treatment. In one 
group of rabbits (n = 8) lamotrigine (20 mg/kg) 
was administered orally. The other group of rab- 
bits (n = 8) received a combination of lamotrigine 
(20 mg/kg, p.o.) and metoclopramide (3 mg/kg, 
p.o.). Blood samples (0.3 ml) were collected in 
heparinized test-tubes through a cannula secured 
to the ear vein before treatment with drugs and 
thereafter at 0.25, 0.50, 1.0, 1.50, 2.0, 3.0, 4.0, 6.0, 
8.0, 10.0, 12.0 and 24 h after oral administration 
of lamotrigine or lamotrigine together with meto- 
clopramide. After each sample withdrawal, the 
cannula was flushed with an equal volume of 
heparinized saline. Plasma samples were stored at 
- 2 0 ° C  for subsequent determination of lamot- 
rigine levels. 

2.2.2. Determination of plasma lamotrigine 
concentrations 

The plasma concentrations of lamotrigine were 
determined by using an HPLC method, with ul- 
traviolet detection as has previously been de- 
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scribed by Fraser et al., 1995. The sensitivity limit 
of the assay is 0.10 /zg/ml. Using this method 
there was no interference by metoclopramide with 
the detection of  lamotrigine. 

2.2.3. Analysis of data 
The area under the plasma concentration-time 

curve (AUC) to the last sampling time was esti- 
mated by the linear trapezoidal method. Terminal 
half lives were calculated from the log-linear part 
of the slope. The differences between the two 
respective treatment groups were analyzed for sig- 
nificance using the Unpaired Student's t-test. P 
values equal to or less than 0.05 were considered 
significant, 

Table l 
Plasma pharmacokinetic parameters of lamotrigine (20 mg/kg, 
p.o.) administered alone or together with metoclopramide (3 
mg/kg, p.o.) in rabbits 

Parameter Lamotrigine Lamotrigine 
+ Metoclopramide 

C ..... ( / zgml  ') 1.80_+0.10 4.0_+0.30" 
t ..... (h) 1.30 _+ 0.20 0.60 _+ 0.12" 
AUCI)_24 13.40 ± 1.63 22.90 _+ 0.90 ~ 

(tlg ml ') 
q 2  (h) 6 .40±0 .62  5.31 _+0.30 

Each value is the mean -+ S.E.M. of eight observations. 
~'Statistically significant IYom the values obtained tbr lamot- 
rigine alone (P<0.05; unpaired t-test). 

3. Results 

The mean plasma concentration-time profiles in 
rabbits following the administration of lamot- 
rigine alone (20 mg/kg, p.o.) or in combination 
with metoclopramide (3 mg/kg, p.o.) is shown in 
Fig. 1. The pharmacokinetic parameters derived 
from these data are summarized in Table 1. The 
mean time taken to reach the maximum plasma 
concentration (T,~,,x) was significantly reduced 
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Fig. 1 Plasma lamotrigine concen t ra t ion- - t ime  profiles for 
lamotrigine alone (C',), or when given concurrently with meto- 
clopramide (@). Each point represents the mean _+ S.E.M. of 
eight observations. 

from 1.30 _+ 0.20 h (lamotrigine alone), to 0.60 +_ 
0.12 h (lamotrigine together with metoclo- 
pramide) (P <0 .0 5 ,  Table 1). A decay in the 
concentration of lamotrigine being evident within 
2 h when given alone, and 1 h following its 
administration together with metclopramide (Fig. 
1). Plasma lamotrigine concentrations were con- 
sistently higher during its co-administration with 
metoclopramide than when the drug was given 
alone. 

Table 1 shows that treatment of rabbits with 
metoclopramide significantly increased the mean 
area under the curve (AUC) for lamotrigine from 
13.40_+ 1.63 /tg ml ] (lamotrigine alone) to 
22.90 + 0.90 /Lg ml l (lamotrigine together with 
metoclopramide). Similarly, the maximum plasma 
concentration (C,,,,x) of lamotrigine in the animals 
that had received lamotrigine and metoclo- 
pramide was also significantly higher than that 
obtained in animals that were given lamotrigine 
alone (P < 0.05, Table 1). Although metoclo- 
pramide reduced the elimination half-life (tl _~) for 
lamotrigine from 6.40 +_ 0.62 (lamotrigine alone) 
to 5.31 _+ 0.30 (lamotrigine with metoclopramide) 
(Table 1), this value was not statistically signifi- 
cant. 

4. Discussion 

The results of  the present study show that the 
concurrent administration of metoclopramide 
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with lamotrigine markedly increases the rate of 
absorption of  the latter as reflected by the signifi- 
cant decreases in the mean time to reach maxi- 
mum concentration ( T m j .  This is also 
accompanied by significant increases in the area 
under the curve (AUC) and maximum plasma 
concentration (C,~a~x) of lamotrigine. However, no 
significant changes were observed in the elimina- 
tion half-life (tl/2) of  lamotrigine when it was 
co-administered with metoclopramide. 

The time taken for an orally administered drug 
to reach the small intestine is an essential factor in 
determining the rate and extent of  its absorption. 
Indeed, the oral bioavailability of numerous drugs 
has been shown to be markedly affected by the 
rate of  gastric emptying (Heading et al., 1973; 
Nimmo et al., 1973). Drug-induced changes in the 
rate of  gastric emptying may have a therapeutic 
significance if rapid absorption is required or if 
toxicity is associated with high drug plasma con- 
centrations. Pharmacodynamic studies in humans 
and animals have established that metoclo- 
pramide, after oral and parenteral administration, 
rapidly increases gastric motility and relaxes the 
pyloric sphincter and thus reduces the gastric 
emptying time (Jacoby and Brodie, 1967; John- 
son, 1971; Harrington et al., 1983). It is expected, 
therefore, that metoclopramide, by accelerating 
gastric emptying, would influence the rate of ab- 
sorption of other drugs given concurrently with it. 
Indeed, it has been shown that the concomitant 
administration of  metoclopramide with acetylsali- 
cylic acid (ASA) increases its rate of absorption in 
patients who are suffering from migraine (Volans, 
1975). In addition, metoclopramide has been re- 
ported to increase the rate of absorption of parac- 
etamol (Nimmo et al., 1973), tetracycline 
(Gothoni et al., 1972), levodopa (Mearrick et al., 
1974), ethanol (Gibbons and Lant, 1975) and 
cyclosporine (Wadhwa et al., 1987). 

Our finding that metoclopramide increases the 
rate of absorption of lamotrigine is in agreement 
with what had previously been reported when 
other drugs were co-administered with metoclo- 
pramide. Hence, the present results may be ex- 
plained by an enhanced gastric emptying of  
lamotrigine when it was given together with meto- 
clopramide. 

In conclusion, the concurrent administration of  
metoclopramide and lamotrigine to rabbits pro- 
duced a significant increase in the rate and extent 
of  absorption of the latter. Although our findings 
may not be extrapolated to humans, it is possible 
that the same results may be obtained when lam- 
otrigine is administered simultaneously with other 
drugs that are known to accelerate gastric emp- 
tying. 

Acknowledgements 

I thank Mr. J. Balla and Mr. M. Ibrahim for 
technical assistance and Ms. C. Geven for secre- 
tarial help. 

References 

Binnie, C.D., Van Emde Boas, W., Kasteleijn-Nolste-Trenite, 
D,G.A., Korte, R.A., Meijer, H., Meinardi, H., Miller, 
A.A., Overweg, J., Peck, A.W., Van Wieringen, A. and 
Yuen, W.C., Acute effects of lamotrigine (BW 430c) in 
persons with epilepsy. Epilepsia, 27 (1986) 248-254. 

Brodie, M.J., Lamotrigine versus other antiepiletic drugs: A 
star rating system is born. Epilepsia, 35 (Suppl. 5) (1994) 
541 546. 

Brodie, M.J., Lamotrigine, Lancet, 339 (1992a) 1397 1400. 
Brodie, M.J., Drug interaction and epilepsy. Epilepsia, 33 

(Suppl. 1) (1992b) 513-22. 
Cohen, A.F., Land, G.S., Breimer, D.D., Yuen, W.C., Win- 

ton, C. and Peck, A.W., Lamotrigine, a new anticonvul- 
sant. Pharmacokinetics in normal humans. Clin. 
Pharmacol. Ther., 42 (1987) 535 541. 

Craig, C.R., Anticonvulsant Drugs. In Craig, C.R. and Stitzel, 
R.E. (Eds.), Modern Pharmacology, Vol. 4, Little Brown 
and Company, London, t994, pp. 413-424. 

Fraser, A.D., Wallace, M.N., Arthur, F.l. and Peter, R.C., 
Lamotrigine analysis in serum by high-performance liquid 
chromatography. Ther. Drug Monit., 17 (1995) 174-178. 

Gibbons, D.O. and Lant, A.F., The effects of intravenous and 
oral propantheline and metoclopramide on ethanol absorp- 
tion. Clin. Pharmaeol. Ther., 17 (1975) 578 584. 

Goa, K.L., Ross, S.R. and Chrisp, P., Lamotrigine: A review 
of its pharmacological properties and clinical efficacy in 
epilepsy. Drugs, 46 (1993) 152-176. 

Gothoni, G., Pentikainen, P., Vapaatalo, H.I., Hackman, R. 
and Bjorksten, K.-af., Absorption of antibiotics Influence 
of metoclopramide and atropine on serum levels of pi- 
rampicillin and tetracycline. Ann. Clin. Res., 4 (1972) 228- 
232. 



M.S. AI-Humavyd / International Journal of  Pharmaceutics 144 (1996) 171 175 175 

Harrington, R.A, Hamilton, C.W., Brogden, R.N., Linkewich, 
J.A., Romankiewicz, J.A. and Heel, R.C., Metoclopramide: 
An update review of its pharmacological properties and 
clinical use. Drugs, 25 (1983) 451 494. 

Heading, R.C., Nimmo, J., Prescott, L.F. and Tothill, P., The 
dependence of paracetamol absorption on the rate of gas- 
tric emptying. Br. J. Pharmacol., 47 (1973) 415-421. 

Jacoby, H.I. and Brodie, D.A., Gastro-intestinal actions of 
metoclopramide: An experimental study. Gastroenterology, 
52 (1967) 676-684. 

Jawad, S., Yuen, W.C., Peck, A.W., Hamilton, M.J., Oxley, 
J.R. and Richens, A., Lamotrigine: Single dose pharma- 
cokinetics and initial one week experience in refractory 
seizures. Epilep~ T Res., 1 (t987) 194 201. 

Johnson, A.G., The effect of metoclopramide on gastro-duode- 
hal and gall bladder contractions. Gut, 12 (1971) 158 163. 

Leach, M.J., Marden, C.M. and Miller, A.A., Pharmacological 
studies on lamotrigine, a novel potential antiepileptic drug. 
II. Neurochemical studies on the mechanism of action. 
Epilepsia, 27 (1986) 490 497. 

Mearrick, P.T.. Wade, D.N., Birkett, D.J. and Morris, J., 
Metoclopramide, gastric emptying and l-dopa absorption. 
Aust. New Zealand J. Med., 4 (1974) 144 148. 

Miller, A.A., Wheatley, P.L., Sawyer, D.A., Baxter, M.G. and 

Roth, B., Pharmacological studies on lamotrigine, a novel 
potential antiepileptic drug: I. Anticonvulsant profile in 
mice and rats. Epilepsia, 27 (1986) 483 489. 

Nimmo, J., Heading, R.C., Tothill, P. and Prescott, L.F., 
Pharmacological modification of gastric emptying: Effects 
of propantheline and metoclopramide on paracetamol ab- 
sorption. Br. Med. J., 1 (1973) 587 589. 

Richens, A., Pharmacokinetics of lamotrigine. In: Richens, A. 
(Ed.), Clinical update on lamotrigine: A novel antiepileptic 
agent, Wells Medical Limited, Royal Tunbridge Wells, 
1992, pp. 21 27. 

Volans, G.N., The effect of metoclopramide on the absorption 
of effervescent aspirin in migraine. J. Clin. Pharmacol., 2 
(1975) 63 67. 

Wadhwa, N.K., Schroeder, Y.J., O'Flatherty, E., Pesce, A.J., 
Myre, S.A. and First, M.R., The effect of oral metoclo- 
pramide on the absorption of cyclosporine. Transplanta- 
tion, 43 (1987) 211-213. 

Yuen, A.W.C., Land, G., Weatherley, B.C. and Peck, A.W., 
Sodium valproate acutely inhibits lamotrigine metabolism. 
Br. J. Clin. Pharmacol., 33 (1992) 511 513. 

Yuen, A.W.C. and Peck, A.W., Lamotrigine Pharmacokinet- 
ics: Oral and I.V. infusion in man. Abstract: Br. J. Clin. 
Pharmacol., 26 (1988) 242P. 


