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Abstract:

Background: The aim of the study was to examine effects of an acute and chronic treatment with trazodone, a serotonin antagonist

and reuptake inhibitor (SARI), on the protective activity of four classical antiepileptic drugs provided in the maximal electroshock

test in mice.

Methods: Electroconvulsions were produced in mice by means of an alternating current (50 Hz, 25 mA, 0.2 s) and delivered via ear-

clip electrodes. Motor impairment in animals were assessed in the chimney test, and long-term memory deficits were quantified in

the passive-avoidance task. Brain concentrations of antiepileptic drugs were analyzed by fluorescence polarization immunoassay.

Results: The obtained results showed that a single administration of trazodone (up to 40 mg/kg) did not influence the electroconvul-

sive threshold. In contrast, chronic treatment with the antidepressant (40 mg/kg) significantly increased this parameter. Furthermore,

both single and chronic administration of trazodone reduced the anticonvulsant effect of phenytoin and carbamazepine against the

maximal electroshock. However, the antidepressant remained without effect on the anticonvulsant action of valproate and phenobar-

bital. Some interactions between trazodone and antiepileptic drugs may have a pharmacodynamic background. Both, acute and

chronic treatment with the antidepressant diminished the brain concentration of phenytoin. Chronic trazodone lowered the brain lev-

els of carbamazepine and phenobarbital. Moreover, acute and chronic trazodone increased the valproate concentration in the brain.

As regards undesired effects, acute and chronic trazodone (40 mg/kg), alone and in combination with phenytoin, significantly im-

paired long-term memory in tested animals, evaluated in the passive avoidance task. Acute trazodone (40 mg/kg) alone and com-

bined with phenytoin produced also significant motor deficits in mice, as measured in the chimney test.

Conclusion: The obtained results allow to conclude that trazodone is not a good candidate for an antidepressant drug in epileptic

patients.
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Introduction

It is widely accepted that the proper treatment of de-

pression co-existing with epilepsy may improve the

outcome of both disorders [29]. Therefore, the choice

of drugs used for a combination should be properly

considered. Almost all antidepressants in overdose

may induce seizures in both experimental and clinical

conditions. Selective serotonin reuptake inhibitors

(SSRIs) and serotonin/norepinephrine reuptake in-
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hibitors (SNRIs), exhibit the lowest proconvulsive

potential and are considered as drugs of choice in pa-

tients with concomitant epilepsy and depression [29].

In fact, numerous experimental studies confirmed that

enhancement of noradrenergic and/or serotonergic

neurotransmission might increase both antidepressant

and anticonvulsant effects [20]. This would suggest

that antidepressants with such a mechanism of action

should even improve the course of epilepsy. In vivo

electrophysiological study in the rat brain showed that

sustained 14-day trazodone administration enhanced

serotonergic neurotransmission. The antidepressant

reduced serotonin reuptake, increased serotonin re-

lease by decreasing the inhibitory function of 5-HT1B
autoreceptors, and activated postsynaptic 5-HT1A re-

ceptors [14, 21]. Trazodone shows also moderate po-

tency at blocking 5-HT2A receptors [14, 28], which, at

least theoretically, increases the binding of serotonin

to 5-HT1A receptors. All these effects may contribute

to the antidepressant action of trazodone. The antide-

pressant acts also as an antagonist of a1 and H1 recep-

tors. This blockade, in turn, facilitates sleep. It is

worth stressing that clinical effects of trazodone ap-

plied at the dose range of 25–150 mg/kg result mainly

from its antagonistic action on 5-HT2A, a1 and H1 re-

ceptors [36].

Effects of antidepressant drugs on seizure phenom-

ena, in contrast to antidepressant effects, can be ob-

served even after the first injection. In experimental

studies, the electroconvulsive threshold was elevated

by several tricyclic antidepressants [22], SSRIs,

SNRIs, and mianserin [3–5, 7, 29]. Moreover, some

of mentioned antidepressants may also potentiate the

anticonvulsant effect of several conventional antiepi-

leptics [3–5, 7]. Effects of chronic administration of

antidepressant drugs are more challenging and less

predictable. However, such experimental protocols

correspond more to clinical practice, thus providing

a valuable complement to procedures based on the

single drug application. For instance, although acute

fluoxetine increased the threshold for electroconvul-

sions, chronic treatment decreased [27] or failed to af-

fect this parameter [7]. Similarly, acute milnacipran

showed an anticonvulsant action [4], but chronic appli-

cation of this antidepressant exhibited proconvulsive

properties and diminished the action of valproate and

phenytoin against the maximal electroshock test [3].

In this study, we decided to continue our research

and examine the influence of trazodone on the an-

tielectroshock action of conventional antiepileptics.

From a theoretical point of view, enhancement of the

serotonergic neurotransmission induced by this drug

may be beneficial in the treatment of depression co-

existing with epilepsy. At present, trazodone, consid-

ered as a safe and well tolerated antidepressant, is in-

creasingly being used in the treatment of depression,

panic attacks, aggressive behavior, agoraphobia, in-

somnia and cocaine withdrawal [17]. Results of the

present study may help to determine whether trazo-

done would be advantageous in the combined treat-

ment with classical antiepileptic drugs in epileptic pa-

tients with depression.

Materials and Methods

Animals

Experiments were carried out on male Swiss mice

weighing 20–25 g. The animals were housed in col-

ony cages with free access to food (chow pellets) and

tap water. The experiments started after 7-day accli-

matization to standardized laboratory conditions

(temperature 21 ± 1°C, a natural light-dark cycle).

The tested groups, consisting of eight animals, were

randomly assigned. All experiments were performed

in spring months (from March to June) between

9:00 a.m. and 2:00 p.m. Each mouse was used only

once. The Local Ethical Committee of Lublin Medi-

cal University approved all experimental procedures

of this study (license number 45/2008).

Drugs

The following drugs were used in this study: trazo-

done, carbamazepine, phenytoin (all three drugs from

Sigma-Aldrich, St. Louis, MO, USA), valproate mag-

nesium (a generous gift from ICN-Polfa, Rzeszów,

Poland), and phenobarbital (Polfa, Kraków, Poland).

Valproate was dissolved in distilled water, while tra-

zodone, carbamazepine, phenytoin, and phenobarbital

were suspended in a 1% solution of Tween 80

(Sigma-Aldrich, St. Louis, MO, USA). All drugs

were prepared each day as fresh solutions or suspen-

sions and administered intraperitoneally (ip) in a vol-

ume of 0.01 ml/g body weight. Trazodone was admin-

istered in a single injection 30 min before tests (acute

protocol), or it was given for 14 days every 24 h, on

the last day – 30 min before tests (chronic protocol).
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Antiepileptic drugs were injected only once, pheny-

toin – 120 min, phenobarbital – 60 min, while val-

proate and carbamazepine – 30 min before electro-

convulsions and behavioral tests. The dose range of

trazodone was based on doses used by Silvestrini et

al. [33]. Time of trazodone injection was determined

experimentally as time of the maximal effect against

electroconvulsions. Dose ranges and times of admini-

stration of antiepileptic drugs were established experi-

mentally in our previous studies [3–7].

Electroconvulsive threshold and maximal

electroshock seizure test

Electrically-induced seizures in rodents are a well-

known animal model of tonic-clonic convulsions [16].

Electroconvulsions were produced by a Hugo

Sachs generator (Rodent Shocker, type 221, Freiburg,

Germany). An alternating current (50 Hz, fixed cur-

rent intensity of 25 mA, maximum stimulation volt-

age of 500 V) was delivered via ear-clip electrodes.

The stimulus duration was 0.2 s. Tonic hindlimb exten-

sion (the hindlimbs of animals outstretched 180° to the

plain of the body axis) was considered as the endpoint.

The electroconvulsive threshold was evaluated as

CS50, which is the current strength (expressed in mA)

necessary to induce tonic convulsions in 50% of ani-

mals. To estimate the electroconvulsive threshold, at

least four groups of mice (eight animals per group)

were challenged with currents of various intensities

(4–12 mA). CS50 values were calculated by computer

from the equation of an intensity-response curve

based on the percentage of convulsing animals [24].

The protective efficacy of antiepileptic drugs was

determined as their ability to protect 50% of animals

against the maximal electroshock-induced tonic

hindlimb extension and expressed as respective val-

ues of the median effective dose (ED50). To evaluate

each ED50 value (in mg/kg), at least four groups of

mice received progressive doses of an antiepileptic

drug and were challenged with the maximal electro-

shock test. ED50 values were calculated by computer

from the equation of a dose-response curve based on

the percentage of convulsing animals [24].

Chimney test

The effect of antiepileptic drugs, trazodone, and com-

binations of trazodone with antiepileptics on motor

coordination was quantified in the chimney test [2]. In

this test, animals had to climb backward up the plastic

tube (25 cm length, 3 cm inner diameter). Motor im-

pairment was indicated by the inability of mice to per-

form this test within 60 s.

Step-through passive-avoidance task

The effect of antiepileptic drugs, trazodone, and trazo-

done/antiepileptics combinations on time of retention

was assessed in the step-through passive-avoidance that

may be recognized as a measure of long-term memory

[43]. The drug-treated mice were placed in an illumi-

nated box (10 × 13× 15 cm) connected to a large dark

box (25 × 20 × 15 cm), which was equipped with an

electric grid floor. Entrance of the animals to the dark

box was punished by an electric foot shock (0.6 mA for

2 s; facilitation of acquisition). The mice that did not en-

ter the dark compartment within 60 s were excluded

from the experiment. On the next day (24 h later), the

same animals, without any treatment, were put into the

illuminated box and observed up to 180 s. The median

time to enter the dark box was subsequently calculated.

The control (vehicle-treated animals) did not enter the

dark box within the observation time limit. The results

were shown as medians with 25th and 75th percentiles.

Measurement of brain concentrations of

antiepileptic drugs

Mice were administered one of the conventional an-

tiepileptic drugs + vehicle or the respective antiepi-

leptic drug + trazodone. The antidepressant was ap-

plied in a single injection or chronically for 14 days.

Animals were killed by decapitation at times respec-

tive to those scheduled for the maximal electroshock

test. Brains were removed from skulls, weighed, and

homogenized using Abbott buffer (Abbott Laborato-

ries, North Chicago, IL, USA; 2:1 vol/weight) in an

Ultra-Turrax T8 homogenizer (IKA-Werke, Stauffen,

Germany). The homogenates were centrifuged at

10,000 × g for 10 min. The supernatant samples

(75 µl) were analyzed by fluorescence polarization

immunoassay for phenytoin, carbamazepine, val-

proate, or phenobarbital content using a TDx analyzer

and reagents exactly as described by the manufacturer

(Abbott Laboratories, North Chicago, IL, USA). All

concentrations of antiepileptic drugs are expressed in

µg/ml of brain supernatants as the means ± standard

deviation (SD) of at least eight determinations. More

details upon this method may be found in Borowicz

et al. [7].

Pharmacological Reports, 2012, 64, 1135�1145 1137

Trazodone and antiepileptic drugs in the maximal electroshock test
Kinga K. Borowicz et al.



1138 Pharmacological Reports, 2012, 64, 1135�1145

Fig. 2. Effect of the acute treatment with trazodone (TRA) on the anticonvulsant action of carbamazepine – CBZ (A), valproate – VPA (B),
phenytoin – PHT (C), and phenobarbital – PB (D) against maximal electroshock-induced seizures in mice. Data are presented as median effec-
tive doses (ED50s with SEM values), at which antiepileptic drugs protected 50% of animals against seizures. All drugs were administered ip:
trazodone, valproate, and carbamazepine – 30 min, phenobarbital – 60 min, and phenytoin – 120 min before electroconvulsions; * p < 0.05 vs.
control (animals treated with an antiepileptic plus saline)

Fig. 1. Effect of the acute (A) and chronic (B) treatment with trazodone (TRA) on the electroconvulsive threshold in mice. Data are presented as
median current strength (CS50 with SEM) producing tonic convulsions in 50% of animals. Acute TRA was injected ip 30 min before the test.
Chronic TRA was applied for 14 days, the last time was 30 min before electroconvulsions; *** p < 0.001 vs. control (animals treated with saline)



Statistics

ED50 values with their respective 95% confidence

limits were estimated using computer log-probit

analysis according to Litchfield and Wilcoxon [24].

Subsequently, standard error (SEM) of the mean val-

ues were calculated and compared by the Student’s

t-test [6].

Qualitative variables from the chimney test were

compared by the Fisher’s exact probability test,

whereas the results obtained in the step-through

passive-avoidance task were statistically evaluated

using the Kruskal-Wallis nonparametric analysis

of variance (ANOVA) followed by post-hoc Dunn’s

test.

Total brain concentrations of antiepileptic drugs

were evaluated with the unpaired Student’s t-test.

The significance level was set at p £ 0.05.

Results

Electroconvulsive threshold test

Acute trazodone, applied at doses of 10–40 mg/kg, did

not affect the electroconvulsive threshold evaluated as

5.1 ± 0.40 mA. Similarly, chronic trazodone adminis-

tered at lower doses (10 and 20 mg/kg) was not effec-

tive in the electroconvulsive test in mice. However, the

antidepressant administered chronically at the dose of

40 mg/kg significantly increased the threshold from 5.1

± 0.55 mA to 6.7 ± 0.37 mA (Fig. 1).

Maximal electroshock test

Both acute and chronic trazodone, administered

alone, was ineffective in the maximal electroshock
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Fig. 3. Effect of the chronic treatment with trazodone (TRA) on the anticonvulsant action of carbamazepine – CBZ (A), valproate – VPA (B),
phenytoin – PHT (C), and phenobarbital – PB (D) against maximal electroshock-induced seizures in mice. Data are presented as median effec-
tive doses (ED50s with SEM values), at which antiepileptic drugs protected 50% of animals against seizures. All drugs were administered ip,
trazodone for 14 days and antiepileptic drugs in a single injection: valproate and carbamazepine – 30 min, phenobarbital – 60 min, and pheny-
toin – 120 min before electroconvulsions; * p < 0.05, ** p < 0.01, *** p < 0.001 vs. control (animals treated with an antiepileptic plus saline)



test in mice. Single administration of the antidepres-

sant (10–40 mg/kg) failed to influence the protective

action of valproate (ED50 = 234.0 ± 7.50 mg/kg) and

phenobarbital (ED50 = 17.9 ± 1.54 mg/kg). On the

other hand, acute trazodone applied at 20 and 40 mg/kg

significantly diminished the antiseizure action of

phenytoin, increasing its ED50 value from 8.2 ± 0.81

to 12.2 ± 0.79, and 12.5 ± 1.65 mg/kg, respectively.

Single injection of trazodone (40 mg/kg) also attenu-

ated the action of carbamazepine, elevating its ED50
value from 11.4 ± 1.13 to 15.4 ± 1.13 mg/kg (Fig. 2).

Chronic trazodone, applied at the subprotective

doses of 10 and 20 mg/kg, decreased the antiseizure

action of phenytoin and carbamazepine. The respec-

tive ED50 values of phenytoin were changed from 9.9

± 0.86 to 14.3 ± 1.62, and 16.2 ± 1.65 mg/kg, respec-

tively. ED50 values of carbamazepine elevated from

12.5 ± 0.70 to 16.9 ± 1.37 and 17.2 ± 1.28 mg/kg, re-

spectively. Chronic administration of trazodone did

not significantly influence control ED50 values of val-

proate (245.0 ± 10.36 mg/kg) and phenobarbital (25.0

± 1.06 mg/kg; Fig. 3).

Chimney test and step-through passive-

avoidance task

Trazodone (applied acutely or chronically at doses of

20 and 40 mg/kg) and conventional antiepileptic

drugs administered alone (at doses equal to their ED50
values) did not cause any motor impairment in mice.

Among all combinations of trazodone with antiepilep-

tic drugs, only this with phenytoin (12.5 mg/kg) and

acute trazodone (administered at the highest dose of

40 mg/kg) resulted in a significant motor deficit.

Single administration of trazodone (20–40 mg/kg)

and classical antiepileptics alone did not impair long-

term memory in mice. However, the combined treat-

ment with acute trazodone (20 and 40 mg/kg) and

phenytoin (12.2 and 12.5 mg/kg, respectively) led to

significant memory deficits. Similarly, chronic trazo-
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Tab. 2. Effect of chronic trazodone, conventional antiepileptic drugs
alone and in combination with trazodone on motor performance and
long-term memory

Treatment
(mg/kg)

Animals impaired
(%)

Retention time
(s)

Vehicle 0 180 (180, 180)

TRA (10) 10 180 (100, 180)

TRA (20) 0 180 (180, 180)

TRA (40) 0 127.5 (53, 180)*

CBZ (12.6) – ED50 0 140 (110, 180)

CBZ (16.9) 0 153.5 (40, 180)

CBZ (16.9) + TRA (10) 0 135 (48, 180)

CBZ (17.2) – ED50 10 180 (56, 180)

CBZ (17.2) + TRA (20) 0 180 (180, 180)

CBZ (17.2) + TRA (40) 10 99 (81, 180)

PHT (9.9) – ED50 10 180 (180, 180)

PHT (14.3) 0 180 (180, 180)

PHT (14.3) + TRA (10) 0 175 (51, 180)

PHT (16.2) 0 175 (105, 180)

PHT (16.2) + TRA (20) 0 180 (142, 180)

PHT (18.1) 0 170 (100, 180)

PHT (18.1) + TRA (40) 0 67.5 (44, 91)**

* p < 0.05, ** p < 0.01 vs. control. For details see the legend to Table 1

Tab. 1. Effect of acute trazodone, conventional antiepileptic drugs
alone and in combination with trazodone on motor performance and
long-term memory in mice

Treatment
(mg/kg)

Animals
impaired (%)

Retention time
(s)

Vehicle 0 180 (180, 180)

TRA (20) 0 180 (136, 180)

TRA (40) 0 172 (53, 180)

CBZ (11.4) – ED50 0 180 (180, 180)

CBZ (15.4) 10 180 (180, 180)

CBZ (15.4) + TRA (40) 0 180 (79, 180)

PHT (8.2) – ED50 0 180 (170, 180)

PHT (12.2) 0 180 (180, 180)

PHT (12.2) + TRA (20) 0 116 (83, 148)**,##

PHT (12.5) 10 180 (180, 180)

PHT (12.5) + TRA (40) 60*,# 76.5 (27, 148)***,###

Results are expressed as percentage of animals that failed to per-
form the chimney test and as median retention time (with 25th and
75th percentiles), during which the animals avoided the dark com-
partment in the passive avoidance task. Statistical analysis of data
from the chimney test was performed by using the Fisher’s exact
probability test, whereas the results from the step-through passive
avoidance task were analyzed using the nonparametric Kruskal-
Wallis ANOVA test followed by Dunn’s post-hoc test. TRA, trazodone;
CBZ, carbamazepine; PHT, phenytoin; * p < 0.05, ** p < 0.01, *** p <
0.001 vs. control; # p < 0.05, ## p < 0.01, ### p < 0.001 vs. respective
antiepileptics alone



done (40 mg/kg), applied either alone or in combina-

tion with phenytoin (18.1 mg/kg) markedly dimin-

ished long-term memory in mice (Tab. 1, 2).

Influence of trazodone on total brain concentra-

tions of antiepileptic drugs

Acute trazodone (40 mg/kg) significantly decreased

the brain concentration of phenytoin (12.5 mg/kg),

and increased that of valproate (208.5 mg/kg).

Chronic trazodone (40 mg/kg) markedly reduced

the brain concentrations of phenytoin (8.5 mg/kg),

carbamazepine (17.2 mg/kg) and phenobarbital

(25.2 mg/kg). Chronic administration of the antide-

pressant increased, however, the brain level of val-

proate (223.9 mg/kg) (Tab. 3, 4).

Discussion

Results of this study suggest that only chronic treat-

ment with trazodone leads to the protective effect in

the electroconvulsive threshold test in mice. Either

acute or chronic trazodone reduces, however, the an-

tielectroshock properties of phenytoin and carba-

mazepine, remaining ineffective on the action of val-

proate and phenobarbital. Revealed interactions may

be, at least partially, explained by pharmacokinetic

events, since both acute and chronic trazodone sig-

nificantly lowered the brain concentration of pheny-

toin. Similarly, chronic, but not acute trazodone, di-

minished the brain level of carbamazepine. Neverthe-

less, pharmacokinetic interactions were also noticed

between the antidepressant and the two remaining an-

tiepileptic drugs in spite of the lack of any change of

their antiseizure activity. In details, acute and chronic

trazodone increased the brain concentration of val-

proate. This suggests that a possible antagonistic in-

teraction between the two medicines may be masked

by pharmacokinetic phenomena. Moreover, chronic

administration of trazodone decreased the brain level

of phenobarbital, which may, in turn, mask a probable

synergistic interaction. It should be stressed that the

existing data on the action of trazodone in other ani-

mal seizure models are very scarce. The only avail-

able study was published more than 40 years ago.

In this report, acute treatment with AF 1161 (up to

80 mg/kg), a tool substance corresponding to trazo-

done, failed to affect pentylenetetrazole-, strychnine-,

and maximal electroshock-induced convulsions in

mice. Furthermore, the antidepressant administered at

a higher dose of 100 mg/kg appeared to have some

proconvulsant effects [34]. Results obtained in the

pentylenetetrazole seizure model were confirmed in

our study. On the other hand, proconvulsant action of

trazodone found by Silvestrini et al. [34] can be at

least partially involved (apart from pharmacokinetic

events) in the trazodone-induced reduction of the anti-
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Tab. 4. Effect of chronic trazodone on the brain concentrations of
conventional antiepileptics in mice

Treatment (mg/kg) Brain concentration (µg/ml)

VPA (223.9) + vehicle 58.52 ± 8.56

VPA (223.9) + TRA (40) 73.48 ± 16.08*

CBZ (17.2) + vehicle 4.65 ± 0.70

CBZ (17.2) + TRA (40) 3.18 ± 0.89**

PB (25.2) + vehicle 9.02 ± 1.13

PB (25.2) + TRA (40) 7.68 ± 1.28*

PHT (18.1) + vehicle 2.99 ± 0.71

PHT (223.9) + TRA (40) 2.14 ± 0.64*

Data are presented as the means ± SD of at least eight determina-
tions. Statistical analysis of the brain concentrations of antiepileptic
drugs was performed using the unpaired Student’s t-test. VLF, venla-
faxine; CBZ, carbamazepine; PB, phenobarbital; PHT, phenytoin;
VPA, valproate; * p < 0.05, ** p < 0.01 vs. control group

Tab. 3. Effect of acute trazodone on the brain concentrations of con-
ventional antiepileptics in mice

Treatment (mg/kg) Brain concentration (µg/ml)

VPA (208.5) + vehicle 50.50 ± 5.64

VPA (208.5) + TRA (40) 66.94 ± 6.70***

CBZ (15.4) + vehicle 3.14 ± 0.93

CBZ (15.4) + TRA (40) 3.86 ± 0.77

PB (13.3) + vehicle 11.57 ± 2.49

PB (13.3) + TRA (40) 11.26 ± 1.37

PHT (12.5) + vehicle 2.30 ± 0.65

PHT (12.5) + TRA (40) 1.53 ± 0.26**

Data are presented as the means ± SD of at least eight determina-
tions. Statistical analysis of the brain concentrations of antiepileptic
drugs was performed using the unpaired Student’s t-test. VLF, venla-
faxine; CBZ, carbamazepine; PB, phenobarbital; PHT, phenytoin;
VPA, valproate; ** p < 0.05, *** p < 0.001 vs. control group



convulsant effects provided by phenytoin and carba-

mazepine.

According to Duncan and Taylor [12], trazodone

may be recommended, along with representatives of

SSRIs and SNRIs, as the first-line treatment of co-

existing depression and epilepsy. It should be remem-

bered, however, that there are single reports on the

proconvulsant action of trazodone in clinical condi-

tions. The drug applied at the therapeutic dose-range

induced generalized seizures in two non-epileptic pa-

tients [8, 23].

Most literature data relate to SSRIs. Representa-

tives of this group did not lower the seizure threshold

in patients with epilepsy [33]. In experimental condi-

tions, acute [7], but not chronic fluoxetine [5] raised

the electroconvulsive threshold in mice. This can sug-

gest that initial anticonvulsant properties of the drug

may change over time. In the pentylenetetrazole-

induced clonic convulsions, fluoxetine showed either

anticonvulsant [40] or proconvulsant [1, 27] action.

Some authors observed no significant effects of

SSRIs on experimental convulsions [9].

Although venlafaxine and milnacipran belong to

the same group of SNRIs, they showed different pro-

file of the anticonvulsant action against electrocon-

vulsions [6]. In other experimental studies, acute ven-

lafaxine showed proconvulsant [32], anticonvulsant

[30] or no significant action on seizures [1]. However,

most experimental data argues for the anticonvulsant

effect of venlafaxine. Therefore, it can be supposed

that this antidepressant can be more advantageous

than SSRIs in patients with co-existing epilepsy and

depression. In clinical practice, venlafaxine induced

seizures in overdose (1,300 mg), but it seems to be

safe at therapeutic doses [45].

Among antidepressants with receptor mechanism

of action, mirtazapine, blocking a2, 5HT2 and 5HT3
receptors, did not affect either pentylenetetrazole- or

maximal electroshock-induced convulsions in mice

[47]. Mianserin, blocking a1, a2, and 5HT2 receptors,

increased the electroconvulsive threshold after acute

administration, but chronic treatment significantly de-

creased this parameter [3].

The exact mechanism of anticonvulsant action of

antidepressant drugs is usually explained by an in-

crease in serotonergic and/or noradrenergic neuro-

transmission [18, 19, 37, 44]. From this point of view,

all representatives of SSRIs, SNRIs and trazodone,

should be almost equally effective in all seizure mod-

els. In fact, available experimental data are rather

equivocal. Moreover, tianeptine, a drug decreasing se-

rotonin concentration in the synaptic cleft, showed

anticonvulsant activity against pentylenetetrazole-

induced convulsions in mice [9]. This strongly sug-

gests that other mechanisms must contribute to the an-

ticonvulsant action of antidepressant drugs. In fact,

purinergic, glutamatergic, and nitrergic mechanisms

may be involved in the anticonvulsant properties of

tianeptine [41]. Uzbay et al. [42] documented that the

beneficial effect of tianeptine in pentylenetetrazole-

induced seizures in mice is mediated by adenosine A1
receptors. Recent studies showed that the antide-

pressant-like action of tianeptine and 3-[(2-methyl-4-

thiazol-4-yl)ethynyl]-pyridine (MTEP), a selective

antagonist of the metabotropic glutamate receptor

subtype mGluR5, may be regulated by NMDA [25] or

NMDA and AMPA [46] subtypes of ionotropic gluta-

matergic receptors. It should be remembered that both

these receptors are strongly involved in seizure phe-

nomena [29]. The anticonvulsant action of fluoxetine

may be mediated by allopregnanolone, the potent in-

hibitory neurosteroid [40]. Other SSRIs can reduce

seizure propagation by blocking T-, N-, and L-type

Ca2+ channels [10].

Choice of the proper antidepressant drug for epi-

leptic patients should be based not only on its isolated

activity in a battery of seizure models, but also on in-

teractions with antiepileptic drugs. Since clinical data

are very limited, our knowledge about such interac-

tions comes from experimental studies, conducted

mainly in the model of maximal electroshock in mice.

Antidepressant drugs with own anticonvulsant prop-

erties usually, but not always, potentiated the action of

antiepileptic drugs. For instance, acute amitriptyline,

desipramine, and imipramine enhanced the protective

action of valproate [22]. Acute fluoxetine potentiated

the anticonvulsant action of valproate, carba-

mazepine, phenobarbital, and phenytoin, while

chronic fluoxetine enhanced that of valproate, carba-

mazepine, and phenytoin. However, most of these in-

teractions had a pharmacokinetic character [5, 7].

Considering SNRIs, acute milnacipran enhanced the

protective action of carbamazepine and phenobarbital,

but chronic administration failed to affect the anticon-

vulsant efficacy of antiepileptics. The pharmacoki-

netic contribution to observed interactions was un-

likely. Furthermore, both single and chronic applica-

tion of venlafaxine potentiated the action of valproate

without affecting brain concentrations of this antiepi-

leptic.
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Finally, although acute treatment with mianserin

increased the effectiveness of valproate, phenytoin,

and carbamazepine, chronic administration reduced

the anticonvulsant action of these antiepileptics. In

this case, all revealed interactions appeared to be

pharmacodynamic [3]. In light of these observations,

trazodone seems to possess quite different profile of

action against electrically-induced seizures than other

antidepressant drugs. It appears that the most compa-

rable drug to trazodone is mianserin. It is worth

stressing that both antidepressants act antagonistically

towards 5HT2, a1 and a2 receptors. Both antidepres-

sants administered chronically are able to decrease the

protective activity of some antiepileptic drugs. In the

case of mianserin, such properties may directly result

from the proconvulsant action of the antidepressant.

In contrast, trazodone administered chronically

showed per se the anticonvulsant action, but it signifi-

cantly decreased the protective efficacy of phenytoin

and carbamazepine. This strongly suggests that the

observed effect of antidepressants in seizure models

may be mediated by quite different mechanisms than

in their interactions with antiepileptic drugs.

There are no available data on pharmacokinetics of

trazodone in animals. In humans, the antidepressant is

metabolized by CYP3A4 isozyme. Therefore, the se-

rum concentration of trazodone is increased by

CYP3A4 blockers (ritonavir, ketoconazole) and de-

creased by CYP3A4 inductors (carbamazepine) [11,

24]. In two case reports, it was indicated that trazo-

done increased the serum level of phenytoin [35]. In

another one, the authors showed that trazodone raised

the serum concentration of carbamazepine [31]. Re-

sults of our study remain in conflict with these find-

ings. Nevertheless, brain drug concentrations (the

present study) and plasma drug levels (the cited case

reports) may not be always similar. Also, it should be

kept in mind that pharmacokinetic interactions in ani-

mals often do not coincide with those in humans.

Most of the previously tested antidepressant drugs,

administered alone or in combination with antiepilep-

tic drugs, did not produce motor and long-term mem-

ory deficits in mice [3–7]. Trazodone was not so

beneficial in this respect. Chronic application of this

drug impaired long-term memory, while acute and

chronic trazodone co-administered with phenytoin in-

duced both motor and memory deficits in tested ani-

mals.

Many experimental data on antidepressant drugs

has been confirmed in clinical conditions. Several

drugs increasing the risk of seizures in humans [15]

showed also proconvulsant activity in animal seizure

models. This applies, for instance, to bupropion [39],

mianserin [3], and maprotiline [38]. On the other

hand, fluoxetine, with an established anticonvulsant

activity in several seizure models [5], improved also

seizure control in humans [13].

In summary, despite anticonvulsant effects in the

electroconvulsive threshold test, trazodone reduced

the protective properties of phenytoin and carba-

mazepine against the maximal electroshock in mice

and potentiated the adverse effects of phenytoin in the

chimney and passive-avoidance tests. Additionally,

the antidepressant easily interacted pharmacokineti-

cally with antiepileptic drugs.

Conclusion

Taking into account all these findings, trazodone does

not seem to be a good candidate for clinical trials in

patients with epilepsy co-existing with depressive dis-

orders.
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