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Abstract

The present study was conducted to examine the effects of tramadol, an atypical opioid on convulsive behaviour in maximal electroshock

(MES) seizure test on mice. Moreover, an attempt was also made to investigate the role of possible receptor mechanisms involved. MES

seizures were induced via transauricular electrodes (60 mA, 0.2 sec). Seizure severity was determined by (1) the duration of tonic hindlimb

extensor (THE) phase and by (2) mortality due to electroconvulsions. Intraperitoneal (i.p.) administration of tramadol dose-dependently (10–

50 mg/kg) decreased the duration of THE phase of MES. The anticonvulsant effect of tramadol was antagonized by the opioid antagonists,

naloxone in high dose, and MR2266, a selective kappa antagonist but not by naltrindole, a delta opioid antagonist. Coadministration of either

g-aminobutyric acid (GABA)-ergic drugs (diazepam, GABA, muscimol and baclofen) or N-methyl-d-aspartate (NMDA) receptor antagonist,

MK801 with tramadol augmented the anticonvulsant effect of the latter drug. By contrast, flumazenil, a central benzodiazepine (BZD)

receptor antagonist, counteracted the diazepam-induced facilitation of anti-MES effect of tramadol. Similarly, y-aminovaleric acid (DAVA), a

GABAB receptor antagonist, abolished the facilitatory effect of baclofen, a GABAB agonist on anti-MES action of tramadol. These BZD–

GABAergic antagonists, flumazenil or DAVA, on their own also antagonized the anti-MES effect of tramadol administered alone. No

significant effect on mortality was observed in any of the studied groups. Taken together, the current results have demonstrated a possible role

for multitude of important neurotransmitter systems, i.e., opioid (kappa), GABAA–BZD receptors system, GABAB receptors and NMDA

channel involvement in the antielectroshock effect of tramadol in mice.
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1. Introduction

There is sufficient evidence implicating the amino acids

g-aminobutyric acid (GABA), N-methyl-d-aspartate

(NMDA), and opioids in the pathogenesis and/or amelio-

ration of various neurological disorders including convul-

sions (Tortella, 1988; Feldman et al., 1997; Rogawski,

1998; Homayoun et al., 2002; Khavandgar et al., 2003;

Schindler et al., 2004; Shafaroodi et al., 2004). Furthermore,

many of the drugs that enhance GABAAergic neurotrans-

mission in the brain have been shown to be clinically active

anticonvulsants (Rogawski, 1998).
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Tramadol hydrochloride ((T)-trans-2-[(dimethylamino)

methyl]-1-(3-methoxy-phenyl)-cyclohexanol HCl) is a cen-

trally acting and clinically effective analgesic (Dayer et al.,

1994; Scott and Perry, 2000). It is a weak atypical opioid

agonist that activates opioid receptors; has some selectivity

for mu opioid receptors while it binds weakly to both kappa

and delta receptors (Raffa et al., 1992; Scott and Perry,

2000). It is metabolized in the liver; the O-desmethyl (M1)

metabolite of tramadol is pharmacologically active and has

higher affinity for mu opioid receptors than the parent drug

(Scott and Perry, 2000; Valle et al., 2000). Tramadol’s low

potential for dependence or abuse, together with its less

respiratory depressant, minimal constipating or sedative

effects, are some of the advantages of this atypical opioid

(Miranda and Pinardi, 1998; Scott and Perry, 2000).

Tramadol produces antinociception in the acetylcholine-

induced abdominal constriction, hot plate and tail-flick tests
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in mice and has shown antinociceptive activity in the air-

induced abdominal constriction and hot plate tests in rats.

Moreover, tramadol-induced antinociception was partly

antagonized by naloxone in most of the antinociceptive

paradigms in rodents (Raffa et al., 1992).

It has been demonstrated that opioids may show some of

their behavioural effects in vivo by direct opioid receptor

activation or indirectly by modulating GABA or NMDA

receptors (Frenk, 1983; Atapour et al., 2000; Yajima et al.,

2000; Hara et al., 2005).

Unfortunately, idiopathic seizures have stemmed from

tramadol monotherapy in high doses in patients and even

when tramadol is being used concomitantly with other

drugs, although the incidence for such seizures is found to

be very low (Budd and Langford, 1999; Gardner et al.,

2000; Scott and Perry, 2000; Marquardt et al., 2005). An

interesting study with Xenopus oocytes suggests that

tramadol and its M1 metabolite at large concentrations

inhibit GABA(A) receptors that might correlate with

seizures (Hara et al., 2005).

To our knowledge, there is paucity of literature available

that relates the role of tramadol on convulsions and the

associated mechanism(s) involved. We have previously

reported that tramadol shows anticonvulsant effects which

are mediated by kappa opioid receptors in the maximal

electroshock (MES) seizure paradigm in mice (Manocha et

al., 1998b). Based on these preliminary findings, and in an

attempt to further broaden the pharmacological effects of

tramadol on convulsive behaviour, the current studies were

intended to clarify the positive influence of tramadol, an

atypical opioid (Raffa et al., 1992) on convulsive behaviour

(i.e., anticonvulsant effects) in MES test in mice. The MES

test as originally elaborated by Swinyard et al. (1952)

assesses the ability of drugs to abolish electrically induced

tonic hindlimb extension (THE) in animals. The MES test is

an excellent animal model for identifying new antiepileptic

drugs (AEDs) that block the seizure spread across the neural

tissue and as such are likely to be effective for the

management of generalized tonic–clonic seizures in

humans (Löscher et al., 1991; White et al., 1998).

The current studies, apart from opioid receptors also

determine the role of other possible receptor systems, like

GABA–BZD and NMDA, which may be involved in the

effect of tramadol on convulsive behaviour in mice in an

attempt to better understand the receptor mechanisms

underlying such behaviours.
2. Materials and methods

2.1. Animals

Albino Swiss mice of either sex (obtained from Central

Animal Breeding House, AIIMS, Delhi) weighing from 20

to 25 g were used in these studies. The ratio of male and

female mice in the control and drug-treated groups was kept
same to avoid variation in responses due to sex differences.

The animals were housed in plastic cages and were

maintained on a 12:12-h light–dark (7:00 A.M. to 7:00

P.M.) schedule in a temperature-controlled (25T2 -C)
animal room and relative humidity (about 45–55%). The

animals had free access to standard rodent chow and water

and were acclimatised to their environment for one week

prior to experimentation. The animals were randomly

distributed into different groups. Each experimental group

comprised of a minimum of 10 animals. Mice were moved

from the animal care facility to the testing laboratory room;

each animal was caged separately after recording its body

weight and was randomized to receive the treatments

according to a random number table. They had identification

marks identifying the dose level group and individual

number. All experimental protocols were approved by the

University college of medical sciences institutional review

committee for animal subjects and experimental procedures

were done according to the Guidelines for the Care and Use

of Laboratory Animals as adopted by the National Institutes

of Health (NIH). All the behavioural studies were carried

out between 10.00 A.M. and 6.00 P.M.

2.2. Drugs

Tramadol HCl (Cadila, Ahmedabad, India), naloxone

HCl, naltrindole HCl, muscimol, y-amino valeric acid

(DAVA) (Sigma, USA), (�)-5,9 alpha-diethyl 2-(3-furyl-

methyl)-2-hydroxy-6,7-benzomorphan (MR2266) (Boeh-

ringer Ingelheim, FRG), diazepam (Ranbaxy, Delhi,

India), g-aminobutyric acid (GABA) (BDH, Poole, Dorset,

UK), baclofen (Ciba-Geigy, Switzerland), flumazenil

(Ro15-1788) (F. Hoffmann La Roche, Basel, Switzerland),

and (+)-5-methyl-10, 11-dihydro-5H-dibenzo[a,d]cyclo-

hepten-5,10-imine (MK801) (Merck Sharp and Dohme,

West Point, PA, USA) were used in the present study. The

drugs were used as their respective salts. Doses of the drug

are reported as the actual amount of drug administered after

correction for the salt content. Naloxone HCl, naltrindole

HCl, GABA, muscimol, baclofen, DAVA and MK801 were

dissolved in distilled water. MR2266 was made into solution

with distilled H2O aided by a few drops of 0.1 N HCl.

Tramadol HCl injection (TRAMAZAC\) and diazepam

injection (CALMPOSE\) were brought up to the required

volume with d-H2O before use. Flumazenil was suspended

in d-H2O with a few drops of Tween 80. Tramadol,

naloxone, naltrindole and DAVA were injected intraperito-

neally (i.p.) while MR2266, diazepam, GABA, muscimol,

baclofen, flumazenil and MK801 were administered sub-

cutaneously (s.c.) in the scruff of the neck of the animals.

All drugs were freshly prepared prior to use and injection

volume (10 ml/kg) was kept constant. The dosage selection,

route of drug administration and time-scheduling of differ-

ent compounds was based on preliminary experiments and

pharmacokinetic considerations. Different doses of tramadol

(10 or 50 mg/kg) were used for opioid antagonist experi-
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ments and for other interaction studies, in an attempt to

arrive at some clarified results and conclusions. Appropriate

vehicle controls were used in all experiments. For each

experimental series, separate controls were used to avoid

data variation from day to day.

2.3. MES-induced convulsions

MES seizures were electrically induced by means of an

electroconvulsometer (Techno Instruments, Lucknow,

India). A 60 mA current was delivered transauricularly for

0.2 sec in mice via small alligator clips attached to the pinna

of each ear. This current intensity elicited complete tonic

hindlimb extension (THE) in control animals. For measur-

ing various parameters, mice were placed in a clear

rectangular plastic cage with an open top, permitting full

view of the animals’ motor responses to the seizures. In the

preliminary study, different phases of convulsions, viz. tonic

flexion, extension, clonus, stupor and mortality due to

convulsions were recorded.

To evaluate the drug effect on seizure severity, the

duration of THE and mortality due to convulsions were

chosen as the parameters. Immediately after exposing the

animals to MES treatment, recordings were done for

convulsions and mortality. Furthermore, each animal was

then individually observed for 2 h to study convulsive

effects on general behaviour. Animals were monitored after

24 h to assess further mortality; however, animals did not

exhibit mortality during this period. A compound is found to

possess anticonvulsant property if it attenuates or abolishes

the tonic hindlimb extensor (THE) phase of MES.

2.4. Treatment schedule of tramadol, naloxone, MR2266

and naltrindole in MES test

Data were collected on dose–response (10–50 mg/kg)

relationship of tramadol on MES seizures in different groups

of mice receiving a single i.p. injection of tramadol followed

30 min later by the MES seizure with duration of THE

phase, mortality due to convulsions and general behaviour

subsequently recorded. In the naloxone study, mice were

pretreated with tramadol (50 mg/kg), received naloxone

(0.1–5 mg/kg i.p.) 20 min later, and then exposed to the

MES seizure 30 min after tramadol. Such a short pretreat-

ment schedule of 10 min was used for naloxone in this study

since it is a short acting opioid antagonist in both rodents

and humans (Tallarida et al., 1978; Reisine and Pasternak,

1996). In the MR2266 study, mice were administered with

MR2266 (0.05 and 0.1 mg/kg s.c.), a kappa opioid

antagonist and tramadol (50 mg/kg, i.p.) concurrently at

the same time by different routes (i.p. or s.c.) and were

subjected to the MES seizure 30 min later. To study delta

receptor involvement, mice received tramadol (50 mg/kg),

followed 5 min later by naltrindole (0.25 mg/kg i.p.), a delta

opioid antagonist and 25 min later by MES seizure.

Tramadol, MR2266, and naltrindole treatment intervals,
25–30 min prior to MES were chosen on the basis of

preliminary data and/or previous literature (Manocha et al.,

1998b; Miranda and Pinardi, 1998; Scott and Perry, 2000).

The per se effects of opioid antagonists on MES seizures

were also measured.

2.5. Drug-interaction studies

2.5.1. Interaction between BZD–GABAAergic compounds

and tramadol

The GABAA receptor agonists, GABA (100 and 200 mg/

kg s.c.) and muscimol (0.5 and 1 mg/kg s.c.) were studied

alone and/or in combination with tramadol (10 mg/kg i.p.)

cotreatment 30 min prior to MES. A BZD agonist

(diazepam: 2.5 mg/kg s.c., 30 min) and antagonist (fluma-

zenil: 0.5 mg/kg s.c., 5 min) (Brogden and Goa, 1991) were

administered alone and/or in combination with tramadol

prior to MES.

2.5.2. Interaction between GABAB receptor compounds and

tramadol

A GABAB receptor agonist (baclofen: 2.5 and 5 mg/kg

s.c.) and antagonist (DAVA: 50 mg/kg i.p.) were studied

alone and/or in combination with tramadol (10 mg/kg i.p.)

and were injected 25–30 min prior to MES.

2.5.3. Interaction between glutamatergic drugs and

tramadol

The effect of NMDA receptor antagonist MK801 (0.05

and 0.1 mg/kg s.c.) was studied alone and/or in combination

with tramadol (10 mg/kg i.p.) 30 min prior to exposure to

MES. In case of combination study, they were administered

concurrently.

2.6. Statistical analysis

The duration of THE phase of MES convulsions,

expressed as the arithmetic mean (TS.E.M.) was analyzed

by one-way analysis of variance (ANOVA) followed by post

hoc Dunnett’s t test comparisons. A grouped Chi-square test

was initially used to determine the overall differences in the

mortality due to convulsions. If significant (P <0.05) effect

was observed, individual differences were determined by

single Chi-square test (Gupta, 1990).
3. Results

3.1. Effects of tramadol

The different doses of tramadol (10–50 mg/kg) produced

straub’s tail, hyperreactivity to sound and touch and

drowsiness in mice when compared with vehicle-treated

control animals. However, tramadol (50 mg/kg), besides the

above behavioural symptoms, also produced occasional

running, jumping and circling in mice.
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Fig. 1. Effects of tramadol (TRM) on maximal electroshock (MES)-induced

convulsions in mice. Each bar represents mean valuesTS.E.M. Bars (from

the left) 2, 3, 4 vs. 1; n =10. *P <0.001 as compared to control (C) group

(one-way ANOVA followed by Dunnett’s t test) [ F(3,36)=42.84,

P <0.01]. Values in parentheses indicate mortality (grouped Chi-square

test with Yates correction) [v2
3df =3.29]. TRM is administered by the i.p.

route.
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MES induced tonic convulsions in all the animals with

tramadol, dose-dependently (10–50 mg/kg) protecting the

animals [ANOVA,F(3,36)=42.84;P <0.01]. Tonic hindlimb

extension (THE) scores showed dose-dependent decreases

following tramadol when compared to vehicle-treated control

animals: 0 (16.90T0.95 sec), 10 (11.50T0.48 sec), 25

(7.20T0.61 sec), and 50 mg/kg (2.20T1.47 sec). Mortality

decreased from 40% to 0% across tramadol doses (Fig. 1).

3.2. Interaction of tramadol with opioid receptor

antagonists

Although opioid receptor antagonists naloxone at high

doses (1 and 5 mg/kg), and MR2266 (0.05 and 0.1 mg/kg)

significantly reversed (P <0.001) the protective effect of
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Fig. 2. Effects of naloxone (NLX), MR2266 and naltrindole (NTI) per se and

electroshock (MES)-induced convulsions test. Each bar represents mean valuesTS
15, 16 vs. 9; n =10. *P <0.001 as compared with control (C) or per se effect of tra

P <0.01]. Values in parentheses indicate mortality (grouped Chi-square test with

MR2266 which is administered by the s.c. route.
tramadol on MES-induced convulsions; naloxone at low

doses (0.1 and 0.25 mg/kg), and naltrindole (0.25 mg/kg)

did not show any significant reversal of tramadol effects.

Furthermore, the mortality was not significantly altered in

all the above groups. Post hoc analysis revealed that none of

the three prototypical opioid receptor antagonists (i.e.,

naloxone, MR2266 or naltrindole) alone altered MES

convulsions (Fig. 2).

3.3. Interaction between BZD–GABAAergic compounds and

tramadol

As shown in Fig. 3, GABA (100 and 200 mg/kg),

muscimol (0.5 and 1 mg/kg), and diazepam (2.5 mg/kg)

alone suppressed tonic electroconvulsions in a dose-depend-

ent fashion by significantly reducing (P <0.001) the

duration of THE and nonsignificantly decreasing the

mortality rate. Flumazenil treatment (0.5 mg/kg) signifi-

cantly antagonized (P <0.001) diazepam’s protective effects

on MES convulsions.

Among diazepam, GABA or muscimol cotreatment with

tramadol, these GABAergic drugs reliably augmented

(P <0.001) tramadol’s protective effects against MES

convulsions. Furthermore, flumazenil cotreatment with

tramadol significantly reversed (P <0.001) the anti-MES

effect of tramadol as well as the diazepam-induced

facilitation of tramadol effects (Fig. 3). However, the

mortality was not significantly altered in any of the above

groups (Fig. 3).

3.4. Interaction between GABAB receptor compounds and

tramadol

As illustrated in Fig. 4, baclofen (2.5 and 5 mg/kg) per
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and nonsignificantly reduced the mortality incidence.

Additionally, DAVA (50 mg/kg), a GABAB receptor

blocker did not produce any effects on its own but

significantly antagonized (P <0.001) the baclofen’s pro-

tective effects.

Baclofen cotreatment with tramadol increased

(P <0.001) the protective effect of tramadol on MES

convulsions while DAVA (50 mg/kg) reliably antagonized

the anticonvulsant effect of tramadol (P <0.001). Further-

more, in baclofen and tramadol cotreated animals, DAVA

reversed (P <0.001) the facilitatory action of baclofen on

the antielectroshock effect of tramadol. However, the
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mortality was not significantly affected in all these above

groups. The results are shown in Fig. 4.

3.5. Interaction between glutamatergic drugs and tramadol

MK801 (0.05 and 0.1 mg/kg) per se demonstrated a

significant protective effect (P <0.001) against MES-

induced convulsions in comparisons to vehicle-treated

control (Fig. 4). MK801 cotreatment with tramadol aug-

mented (P <0.001) the protective effect of tramadol on

MES convulsions and nonsignificantly reduced the mortal-

ity rate. The results are given in Fig. 4.
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4. Discussion

The present behavioral study provides evidence for a role

of the kappa opioid receptors in mediating the anticonvul-

sant-like behavioural effects of tramadol. Tramadol, a

synthetic and centrally acting Fatypical_ opioid (Raffa et

al., 1992; Scott and Perry, 2000) was demonstrated to have

anticonvulsant effects in the MES paradigm in mice.

Furthermore, both tramadol and the classical anticonvulsant

drug diazepam (Rogawski and Porter, 1990; Rang et al.,

2003) produced qualitatively similar responses in the MES,

the effects of tramadol could be attributable either to its

direct action at the kappa opioid receptor or to an indirect

consequence of GABA receptor modulation. The latter also

seems likely because flumazenil, a specific central antago-

nist to BZD receptors (Brogden and Goa, 1991), attenuated

the anticonvulsant behavioural response of tramadol. Con-

sistent with this interpretation are the previous interesting

findings which have shown kappa opioids to be active in

several animal behavioural models of convulsions (Tortella

et al., 1986, 1989; VonVoigtlander et al., 1987; De Sarro et

al., 1993; Fischer et al., 1993; Yajima et al., 2000).

Moreover, MR2266 is a more specific kappa opioid receptor

antagonist (Laorden et al., 1991) while naltrindole effec-

tively blocks delta opioid receptors (Reisine and Pasternak,

1996). This contrasts with that seen with non-selective

opioid receptor antagonist, naloxone that is relatively a

potent mu antagonist at low doses (Tallarida et al., 1978)

while it preferentially blocks kappa receptors at high doses

(Tortella et al., 1986; Reisine and Pasternak, 1996). The

greater efficacy of MR2266 relative to naloxone and

naltrindole in blocking the anticonvulsant effects of

tramadol suggests that these effects were also mediated by

the activation of kappa opioid receptors. This is in line with

previous observations that nor-binaltorphimine, a selective

kappa opioid antagonist and/or naloxone at high doses

blocks kappa receptor-mediated behaviours induced by

pentazocine, nalbuphine, and by more selective kappa

opioid receptor agonists such as U-50488H and U-54494A

in rodents (Tortella et al., 1986, 1989; Fischer et al., 1993;

Manocha et al., 1997, 1998a).

Diazepam is an effective BZD receptor ligand that binds

to the Fbenzodiazepine receptor_ on the GABAA receptor

complex (GRC) and selectively potentiates the effects of

GABA on GABAA receptors (Feldman et al., 1997; Rang et

al., 2003). Both muscimol and GABA are selective agonists

at GABAA receptors (Sieghart, 1992). In this current study,

diazepam, muscimol, and GABA all produced anticonvul-

sant-like effects in the MES paradigm. The behavioural

pattern, as manifested by a significant anticonvulsant

behaviour, suggests that their response was more likely

associated with effects on GABAergic transmission (i.e.,

GABAA receptor activation) as opposed to effects on the

opioid receptor. Furthermore, the more selective central BZD

receptor antagonist flumazenil alone did not produce any

effects in the MES test but it antagonized the anticonvulsant
effects of diazepam; it shows that BZD–GABAA receptors

are probably involved in these diazepam effects.

Interestingly, an active dose of GABA, muscimol, or

diazepam also augmented the anticonvulsant-like behaviour

produced by tramadol. Based on these behavioural obser-

vations, the augmentation of protective effect of tramadol on

MES seizures by GABAergic agents, like diazepam,

GABA, and muscimol, suggests that GABAA–BZD mech-

anisms may be participating in at least some of the

tramadol’s anti-MES effect. Furthermore, the reversal of

diazepam’s facilitatory effect on tramadol protection of

MES convulsions by flumazenil indicates that the BZD site

on BZD–GABAA receptor complex could possibly be

involved in the action of tramadol in the brain. This

suggestion also gets credence from observations, where

flumazenil alone even attenuated the anti-MES seizure

effect of tramadol when administered alone. Consistent

with the above observations are the previous findings which

have addressed kappa agonists (U-50488H, butorphanol) to

be effective against GABAA receptor antagonist, pentyle-

netetrazole (PTZ) or bicuculline-induced convulsions in

mice (Pircio et al., 1976; Yajima et al., 2000) and blockade

of their anti-MES effect by flumazenil (Manocha et al.,

2003a,b).

Baclofen is a selective agonist at GABAB sites (Bowery,

1993), by contrast y-aminovaleric acid (DAVA) preferably

antagonizes GABAB-mediated responses (Schwarz et al.,

1988). Baclofen was shown to produce anticonvulsant

effects in the MES paradigm. The behavioural pattern, as

manifested by a significant anticonvulsant behaviour, high-

lights that this particular response of baclofen was more

likely associated with profound effects on GABAergic

transmission (i.e., GABAB receptor activation) as opposed

to effects on opioid receptor. DAVA when administered

alone, did not produce any effects on MES, but it

antagonized the anticonvulsant effects of baclofen, suggest-

ing that the effects of baclofen are GABABergic in origin.

Furthermore, the augmentation of the anticonvulsant action

of tramadol by baclofen and prevention of the anticonvul-

sant effect of tramadol alone and when administered in

combination with baclofen by DAVA suggests that apart

from GABAA, GABAB receptors probably play a role in the

antiseizurogenic effects of tramadol.

There is a growing evidence that the NMDA subtype of

excitatory amino acid (EAA) receptors play an important

role in epilepsy (Meldrum, 1992). MK801 is a non-

competitive NMDA receptor antagonist that acts at a site

within the ion channel of the NMDA receptor complex

(Wong et al., 1986). In the present study, MK801 produced

anticonvulsant-like effects in the mouse MES paradigm.

Interestingly, MK801 also enhanced the anticonvulsant

effects of tramadol on MES seizures, therefore suggesting

that the anticonvulsant activity of tramadol is at least in part

mediated at NMDA receptors. Consistent with these

observations are the previous studies that highlight the fact

that kappa opioids modulate glutamate-mediated excitatory
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synaptic transmission in the central nervous system (CNS),

both in the guinea pig and rat (Conner-Kerr and Terrian,

1993; Simmons et al., 1994; Cheng and Kojic, 1995) while

tramadol and its M1 metabolite inhibit the NMDA receptors

expressed in Xenopus oocytes (Hara et al., 2005). Addi-

tionally, there is sufficient evidence describing the neuro-

protective effects of selective kappa opioids (U-50488H, U-

54494A, GR 89696) in certain animal models of cerebral

ischaemia (Birch et al., 1991) and NMDA-induced brain

injury (Hudson et al., 1991). More importantly, the

combination of NMDA receptor antagonists, with opioids,

may lead to potentiation of opioid’s clinical effect (Wie-

senfeld-Hallin, 1998).

In conclusion, specifically the kappa opioid receptor

subtype, alone or interdependent with the GABA and

NMDA receptor, is likely to play a role in the mediation

of anticonvulsant effects of tramadol. It appears that opioid

receptors, such as kappa, BZD–GABAA-coupled receptor

system, GABAB receptors, and NMDA receptor channel

probably play a role in the anti-MES response produced by

tramadol. Also, the mouse MES paradigm used in the

current study, was quite sensitive for opioidergic com-

pounds but was not designed to reveal a residual role for

opioid receptors in the effects of tramadol. These present

data with tramadol provide an important information that the

kappa opioid receptor may be a target for the development

of anticonvulsants for grand mal seizures, and opioid

compounds might be useful as adjuncts to conventional

antiepileptic drugs (AEDs). Moreover, the shortcomings of

the experiments are with the systemic route of drug

administration in which it is quite difficult to discriminate

the blood–brain barrier (BBB) penetrability from other

variables (Oldendorf et al., 1972). The present findings can

be replicated in an elaborated way to delineate specifically

the roles for opioid receptors, and other complementary

receptors in various convulsive models, may be better

addressed and strengthened by receptor binding studies

using some more selective opioid ligands.
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