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Abstract:

Background: The aim of the study was to analyze the influence of acute and chronic treatment with tianeptine, an antidepressant se-

lectively accelerating presynaptic serotonin reuptake, on the protective activity of classical antiepileptic drugs in the maximal elec-

troshock test in mice.

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

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

avoidance task, respectively. Brain concentrations of antiepileptic drugs were measured by fluorescence polarization immunoassay.

Results: Acute and chronic treatment with tianeptine (25–50 mg/kg) did not affect the electroconvulsive threshold. Furthermore, tia-

neptine applied in both acute and chronic protocols enhanced the anticonvulsant action of valproate and carbamazepine, but not that

of phenytoin. Neither acute nor chronic tianeptine changed the brain concentrations of valproate, carbamazepine or phenytoin. On

the other hand, both single and chronic administration of tianeptine diminished the brain concentration of phenobarbital. In spite of

this pharmacokinetic interaction, the antidepressant enhanced the antielectroshock action of phenobarbital. In terms of adverse ef-

fects, acute/chronic tianeptine (50 mg/kg) and its combinations with classic antiepileptic drugs did not impair motor performance or

long-term memory in mice.

Conclusion: The obtained results justify the conclusion that tianeptine may be beneficial in the treatment of depressive disorders in

the course of epilepsy.
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Introduction

The anticonvulsant action of some tricyclic antide-

pressants was first reported more than twenty years

ago. This finding was quite surprising since some rep-

resentatives of this group of drugs were known to be

proconvulsant, especially in overdose [42]. Further-

more, some other antidepressants, including bupro-

pion, maprotiline, clomipramine and tetracyclic mian-

serin, were reported to have the essential epilepto-

genic potential [19]. For this reason, the anti-

depressant therapy in epileptic patients was often

avoided and used only as the last resort. The observa-

tion that tricyclic antidepressants may enhance the ef-
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ficacy of antiepileptic drugs in animal models of epi-

lepsy encouraged many clinicians to treat depression

co-existing with epilepsy. It soon became clear that

the proper treatment of depression co-existing with

epilepsy may improve the outcome of both disorders

[43]. Therefore, the choice of appropriate drugs seems

to be crucial for effectiveness of such a complex ther-

apy. Nowadays, two classes of antidepressants are

particularly recommended for epileptic patients – se-

lective serotonin reuptake inhibitors (SSRIs) and se-

lective serotonin/norepinephrine reuptake inhibitors

(SNRIs) [26, 27, 43, 46, 53].

The most documented monoamine hypothesis of de-

pression involves imbalances in serotonergic, noradrener-

gic and possibly dopaminergic neurotransmission [28].

A majority of antidepressant drugs reverses monoamine

deficits. Interestingly, such a negative correlation may

also exist between brain serotonin/norepinephrine con-

centrations and seizure phenomena. This relationship has

been observed in a variety of electrical, chemical and ge-

netic seizure models [12, 37, 38, 40]. Furthermore, repre-

sentatives of SSRIs, SNRIs and some other drugs, restor-

ing monoamine balance in the brain, were reported to

raise the convulsive threshold and enhance the protective

effects of antiepileptic drugs [5–8, 11, 43].

However, enhanced serotonergic neurotransmis-

sion does not always lead to anticonvulsant effects.

For instance, some SSRIs proved to be ineffective in

such seizure models as the maximal electroshock and

pentylenetetrazole (PTZ)-induced convulsions in

mice [13, 57]. Furthermore, the conception that sero-

tonin deficits contribute to seizure initiation and

propagation was challenged by the drug tianeptine.

This antidepressant inhibited clonic PTZ convulsions,

although it decreases serotonin concentration in the

synaptic cleft [13].

Tianeptine has a tricyclic structure but shows dif-

ferent pharmacological properties than tricyclic anti-

depressants. In contrast to classical tricyclics and

SSRIs, it selectively accelerates presynaptic serotonin

reuptake [35]. Electrophysiological studies have

proved that tianeptine shows no affinity for known

neurotransmitter receptors and does not inhibit

MAO-A and MAO-B. Chronic tianeptine administra-

tion did not change affinity of a1A, a1B, a2A, a2B, a2C,

b1, b2, 5-HT1–5-HT7, D1–D5, NMDA, AMPA, kai-

nate, benzodiazepine or GABAB receptors but in-

creased the mesolimbic release of dopamine and en-

hanced the responsiveness of the a1-adrenergic sys-

tem [2, 29, 39]. Tianeptine is most commonly used in

the treatment of mild to moderate depressive disor-

ders. Additionally, it exerts also anxiolytic, cytopro-

tective and procognitive effects. The clinical efficacy

of tianeptine seems to be equivalent to that of SSRIs,

while tolerability may be even better – tianeptine

lacks sedative, autonomic, and cardiovascular effects

of tricyclics and is less likely to cause sexual dysfunc-

tion or nausea as compared to SSRIs [33]. It is worth

noting that tianeptine possesses also some antidepres-

sant and anxiolytic effects after ethanol withdrawal

[21, 32, 33, 48].

Aforementioned findings prompted us to examine

the influence of tianeptine on the antielectroshock ac-

tion of conventional antiepileptics. Results of the

present study can also help to assess the usefulness of

tianeptine in the treatment of depression in patients

with co-existing epilepsy.

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 the study: tia-

neptine (Coaxil, Servier, France), carbamazepine,

phenytoin, valproate sodium (all three drugs from

Sigma-Aldrich, St. Louis, MO, USA), and phenobar-

bital (Polfa, Kraków, Poland). Valproate was dis-

solved in distilled water, while tianeptine, carba-

mazepine, phenytoin, and phenobarbital were sus-

pended in a 1% solution of Tween 80 (Sigma-Aldrich,

St. Louis, MO, USA). All drugs were prepared each
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day as fresh solutions or suspensions and adminis-

tered intraperitoneally (ip) in a volume of 0.01 ml/g

body weight. Tianeptine was administered 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). Antiepileptic

drugs were injected only once, phenytoin – 120 min,

phenobarbital – 60 min, while valproate and carba-

mazepine – 30 min before electroconvulsions and be-

havioral tests.

Electroconvulsive threshold and maximal elec-

troshock seizure test

Electrically-induced seizures in rodents represent

a well-known animal model of tonic–clonic convul-

sions [24].

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 ex-

tension (the hindlimbs of animals outstretched 180° to

the plain of the body axis) was considered as the end-

point.

The electroconvulsive threshold was evaluated as

CS50, which is a 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). Subsequently, an intensity-response curve

was calculated on the basis of the percentage of

convulsing animals. In the electroconvulsive thresh-

old test, tianeptine was applied in the dose range of

25–50 mg/kg, established on the basis of doses used

in the model of PTZ-induced convulsions [49, 50].

The protective efficacy of antiepileptic drugs and

their combinations with tianeptine was determined as

their abilities to protect 50% of animals against the

maximal electroshock-induced tonic hindlimb exten-

sion and expressed as respective values of the median

effective dose (ED50). To evaluate each ED50 value (in

mg/kg), at least four groups of mice received progres-

sive doses of an antiepileptic drug with a fixed dose of

tianeptine (or vehicle in control groups) and were

challenged with the maximal electroshock test.

A dose-response curve was constructed based on the

percentage of mice protected [31]. Since tianeptine

did not exhibit its own anticonvulsant action, it was

used in the maximal electroshock in the same dose

range as it was in the electroconvulsive threshold test.

In the case of positive interaction between an antiepi-

leptic drug and tianeptine, the dose of tianeptine was

gradually decreased until it remained ineffective.

Chimney test

Effects of antiepileptic drugs, tianeptine, and combi-

nations of tianeptine and antiepileptics on motor coor-

dination was quantified in the chimney test [4]. 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, tianeptine and tia-

neptine/antiepileptics combinations on time of reten-

tion was assessed in the step-through passive-

avoidance that may be recognized as a measure of

long-term memory [51]. The drug-treated mice were

placed in an illuminated box (10 × 13 × 15 cm) con-

nected 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 elec-

tric foot shock (0.6 mA for 2 s; facilitation of acquisi-

tion). The mice that did not enter the dark compart-

ment within 60 s were excluded from the experiment.

On the next day (24 h later), the same animals, with-

out 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 antie-

pileptic drugs

Mice were administered one of the conventional an-

tiepileptic drugs + vehicle or the respective antiepi-

leptic drug + tianeptine. 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-
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ries, North Chicago, IL, USA, 2 : 1 v/w) 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

micrograms per milliliter of brain supernatants as the

means ± standard deviation (SD) of at least eight de-

terminations.

Statistics

ED50 values with their respective 95% confidence

limits were estimated using computer log-probit

analysis according to Litchfield and Wilcoxon [31].

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

ues were calculated and compared with the Student’s

t-test [8].

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 by the use of the unpaired Student’s

t-test. The significance level was set at p £ 0.05.

Results

Electroconvulsive threshold test

Tianeptine applied once or repeatedly at doses of 25,

37.5 and 50 mg/kg, did not affect the value of electro-

convulsive threshold, which was evaluated as 7.8

± 0.52 in the acute protocol, and 7.4 ± 0.49 mA in the

chronic treatment (Fig. 1).

Maximal electroshock test

Both acute and chronic tianeptine, administered

alone, was ineffective in the maximal electroshock

test in mice. Single administration of the antidepres-

sant at doses of 6.25, 12.5, 25 and 50 mg/kg signifi-

cantly enhanced the anticonvulsant action of

valproate, decreasing its ED50 from 265.4 ± 14.63

mg/kg to 223.9 ± 10.63, 198.8 ± 10.64, 194.4 ± 9.36

and 192.0 ± 8.97 mg/kg, respectively. Acute tia-

neptine applied at the same doses diminished the ED50
value of carbamazepine from 16.6 ± 0.82 mg/kg to

12.0 ± 1.13, 12.0 ± 1.13, 10.9 ± 1.01 and 10.2 ± 1.04

mg/kg. Single administration of tianeptine (12.5, 25,

50 mg/kg) enhanced the action of phenobarbital,

reducing its ED50 from 24.7 ± 1.70 mg/kg to 20.6

± 1.44, 17.7 ± 2.07 and 14.2 ± 1.82 mg/kg, respec-

tively. On the other hand, tianeptine (up to 50 mg) ap-

plied in the acute protocol did not affect the antisei-

zure action of phenytoin against the maximal electro-

shock (Fig. 2).

Chronic tianeptine, applied at the dose range

6.25–50 mg/kg potentiated the antiseizure action of

valproate and carbamazepine. The respective ED50
values of valproate were changed from 274.1 ± 19.66

to 235.0 ± 16.70, 219.0 ± 16.62, 198.8 ± 16.62 and

194.4 ± 16.62 mg/kg, respectively. ED50 values of

carbamazepine decreased from 13.9 ± 1.56 to 11.1
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Fig. 1. Effect of the acute (A) and chronic (B) treatment with tia-
neptine (TNP) on the electroconvulsive threshold in mice. Data are
presented as median current strength (CS50 with SEM) producing
tonic convulsions in 50% of animals. Acute TNP was injected ip
30 min before the test. Chronic TNP was applied for 14 days; the last
time was 30 min before electroconvulsions
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Fig. 2. Effect of the acute treatment with tianeptine (TNP) 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 effective doses (ED50s with SEM values), at which
antiepileptic drugs protected 50% of animals against seizures. All
drugs were administered ip: TNP, VPA and CBZ � 30 min, PB �
60 min, and PHT � 120 min before electroconvulsions. * p < 0.05,
** p < 0.01, *** p < 0.001 vs. control (animals treated with an
antiepileptic plus saline)

Fig. 3. Effect of the chronic treatment with tianeptine (TNP) on the an-
ticonvulsant 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 me-
dian effective doses (ED50s with SEM values), at which antiepileptic
drugs protected 50% of animals against seizures. All drugs were ad-
ministered ip, TNP for 14 days and antiepileptic drugs in a single in-
jection: VPA and CBZ � 30 min, PB � 60 min and PHT � 120 min before
electroconvulsions. * p < 0.05, ** p < 0.01, *** p < 0.001 vs. control
(animals treated with an antiepileptic plus saline)



± 2.84, 9.4 ± 1.66, 9.5 ± 3.55 and 9.2 ± 1.35 mg/kg,

respectively. Chronic administration of tianeptine

(12.5–50 mg/kg) enhanced the action of phenobarbi-

tal, decreasing the ED50 of the drug from 21.4 ± 2.45

to 17.4 ± 3.20, 17.2 ± 1.99 and 16.7 ± 1.41 mg/kg.

Tianeptine (up to 50 mg/kg) applied for 14 days did

not affect the action of phenytoin (Fig. 3).

Chimney test and step-through

passive-avoidance task

Tianeptine (applied either acutely or chronically at the

dose of 50 mg/kg) and conventional antiepileptic

drugs administered alone (at doses equal to their ED50
values) did not cause any impairment of motor per-

formance or long-term memory in mice. Similarly,

combinations of acute or chronic tianeptine with an-

tiepileptics, providing a 50% protection against elec-

troconvulsions, did not result in significant undesired

effects. Insignificant motor impairment was observed

only in 10% of animals treated with acute tianeptine

(50 mg/kg) and phenytoin (5.8 mg/kg). Major deficits

in long-term memory were noted after the combined

treatment of acute tianeptine (50 mg/kg) and val-

proate (192.0 mg/kg). The median time of retention

was shortened from 180 (180, 180) s in the control

group to 158 (137, 180) s in the treated group. This

difference did not reach, however, the level of signifi-

cance (data not shown in Tables).

Influence of tianeptine on total brain concentra-

tions of antiepileptic drugs

Both acute and chronic tianeptine (50 mg/kg) signifi-

cantly decreased the brain concentration of phenobar-

bital, remaining without effect on the brain concentra-

tions of valproate, carbamazepine and phenytoin

(Tabs. 1, 2).

Discussion

Results presented herein suggest that either single or

chronic administration of tianeptine does not exhibit

any effect on the electroconvulsive threshold. Both

single and chronic administration of the antidepres-

sant enhanced the anticonvulsant action of valproate,

carbamazepine and phenobarbital. Tianeptine remained,

however, without any significant effect on the anti-

electroshock properties of phenytoin.

Interactions between tianeptine and valproate or car-

bamazepine seem to have a pharmacodynamic nature.

The only pharmacokinetic interaction was revealed be-

tween tianeptine and phenobarbital, in which tianeptine

384 Pharmacological Reports, 2013, 65, 379�388

Tab. 1. Effect of acute tianeptine on the brain concentrations of con-
ventional antiepileptics in mice

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

VPA (192.0) + vehicle 45.69 ± 6.62

VPA (192.0) + TNP (50) 39.23 ± 4.13

CBZ (10.2) + vehicle 0.35 ± 0.11

CBZ (10.2) + TNP (50) 0.26 ± 0.08

PB (14.2) + vehicle 4.51 ± 0.46

PB (14.2) + TNP (50) 3.39 ± 0.30***

PHT (5.8) + vehicle 6.48 ± 1.02

PHT (5.8) + TNP (50) 6.01 ± 0.87

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. TNP � tia-
neptine; CBZ � carbamazepine; PB � phenobarbital; PHT � pheny-
toin; VPA � valproate; *** p < 0.001 vs. control group

Tab. 2. Effect of chronic tianeptine on the brain concentrations of
conventional antiepileptics in mice

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

VPA (194.4) + vehicle 53.03 ± 9.31

VPA (194.4) + TNP (50) 47.34 ± 6.68

CBZ (9.2) + vehicle 0.30 ± 0.14

CBZ (9.2) + TNP (50) 0.23 ± 0.10

PB (16.7) + vehicle 4.91 ± 0.52

PB (16.7) + TNP (50) 3.31 ± 0.20***

PHT (8.2) + vehicle 7.39 ± 1.04

PHT (8.2) + TNP (50) 6.36 ± 0.96

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. TNP � tia-
neptine; CBZ � carbamazepine; PB � phenobarbital; PHT � pheny-
toin; VPA � valproate; *** p < 0.001 vs. control group



significantly decreased the brain concentrations of

phenobarbital. In spite of this fact, the antidepressant

potentiated the antielectroshock action of phenobarbi-

tal. Therefore, it may be assumed that pharmacoki-

netic events reduced to a certain degree the potency of

interaction between the two tested drugs.

Although tianeptine itself did not affect the electro-

convulsive threshold, some tianeptine analogs were

reported to inhibit PTZ-induced convulsions in mice

[44] and rats [13]. Furthermore, this antidepressant at-

tenuated audiogenic seizures in ethanol-withdrawn

rats [48]. The anticonvulsant action of most antide-

pressant drugs may be explained by an increase in se-

rotonergic and/or noradrenergic neurotransmission

[26, 27, 46, 53]. However, this does not apply to tia-

neptine. One of the hypotheses assumed that tia-

neptine could specifically produce the anticonvulsant

effect via adenosine A1 receptors [49, 50]. Adenosine

is a well-established inhibitory neuromodulator [14,

21] whose anticonvulsant action has been confirmed

in many studies [10, 17, 39]. Moreover, numerous

data showed that adenosine A1 receptor density was

enhanced in specific brain regions following PTZ-

induced seizures [1, 2, 36, 47].

Another possible mechanism of the tianeptine anti-

convulsant action may be associated with normaliza-

tion of glutamatergic tone and modulation of synaptic

plasticity in the brain. Numerous studies have shown

that N-methyl-D-aspartate (NMDA) receptor antago-

nists increase the electroconvulsive threshold in mice

[57]. Treatment with tianeptine prevented stress-in-

duced increase in NMDA receptor-mediated currents

in the rat amygdala and CA3 hippocampal region [30,

34]. But on the other hand, tianeptine increased phos-

phorylation of GluR1 subunit, thus potentiating AMPA

(a-amino-3-hydroxy-5-methyl-4-isoxazole propion-

ate) receptor-related events in frontal cortex in mice

[34]. Wegener et al. [55] showed that local admini-

stration of tianeptine also decreased hippocampal ni-

tric oxide (NO) synthesis. This effect may be related

to reduced NMDA-mediated calcium influx into neu-

rons, which in turn inhibits calmodulin-dependent ac-

tivation of NO synthase (NOS) [22]. Interestingly,

several NOS inhibitors exhibited anticonvulsant prop-

erties in a variety of experimental studies [3]. It has

also been shown that tianeptine enhances dopaminer-

gic neurotransmission. Repeated administration of

this antidepressant drug increased the functional re-

sponsiveness of dopamine D2/D3 receptors [18]. In

addition, tianeptine (10 mg/kg, ip) increased extracel-

lular concentration of dopamine in nucleus accum-

bens and striatum of rat brain [25]. Previous studies

have indicated that combined anticonvulsant-anti-

depressant effects may be related to elevated hippo-

campal dopamine or serotonin concentrations [43].

Summing up, anticonvulsant properties of tianeptine

seem to be mediated by purinergic, glutamatergic,

nitrergic and dopaminergic mechanisms.

As it has been evidenced in previous experiments,

most antidepressants potentiate the action of some

classical antiepileptic drugs, even if they do not ele-

vate the electroconvulsive threshold. Such an effect

has been demonstrated in the case of acute and

chronic fluoxetine [7, 11], milnacipran and venlafax-

ine [6, 8]. However, most of the revealed interactions

between fluoxetine and antiepileptic drugs had a phar-

macokinetic nature. Mianserin and trazodone showed

quite different properties. Acute treatment with mian-

serin enhanced, while chronic administration reduced

the protective action of some antiepileptics. All re-

vealed interactions appeared to be pharmacodynamic.

On the other hand, both single and chronic admini-

stration of trazodone reduced the anticonvulsant ef-

fect of two classical antiepileptics, however, most in-

teractions were pharmacokinetic, as in the case of

fluoxetine [9]. The unusual effects of mianserin and

trazodone in the maximal electroshock test in mice

may result from their antagonistic action on 5HT2, a1
and a2 receptors [5]. Interestingly, SSRIs and SNRIs

may interact with quite different antiepileptic drugs

after acute and chronic treatment. In contrast, the in-

fluence of tianeptine on classical antiepileptic drugs

was more stable than the similar effect of antidepres-

sants enhancing the brain serotonergic neurotransmis-

sion. Tianeptine potentiated the action of the same

drugs (valproate, carbamazepine and phenobarbital)

either after single or after repeated administration. It

could be assumed that this effect is at least partially

due to a unique mechanism of action of tianeptine,

which enhances purinergic and attenuates glutamater-

gic neurotransmissions. Actually, glutamatergic re-

ceptor antagonists and purinergic A1 receptor ago-

nists potentiated the anticonvulsant action of some

classic antiepileptic drugs in the maximal electro-

shock in mice [10, 56]. Unfortunately, there are no ex-

perimental or clinical data published in the available

literature that refer to pharmacodynamic interactions

between tianeptine and antiepileptic drugs.

Pharmacokinetic data are available, however, they

are rather scarce. The terminal half-life of tianeptine
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and its main metabolite in rats was 2.5 and 6.5 h, re-

spectively. During chronic treatment (10 mg/kg for 15

days), accumulation of the drug was rather negligible.

Tianeptine rapidly appeared in the brain, but at con-

centrations less than those in plasma [15]. Clinical

studies showed that tianeptine was not primarily me-

tabolized by the cytochrome P450 system, indicating

less likelihood of pharmacokinetic interactions with

other drugs [52]. Results of our work fully confirmed

these findings.

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. Tianeptine showed similar prop-

erties in the chimney test and the passive-avoidance

task. In addition, numerous clinical data indicate that

treatment with tianeptine is not associated with in-

creased risk of addiction and does not result in unde-

sired cognitive, psychomotor, sleep, cardiovascular

and body weight effects [52]. All of these findings re-

inforce the opinion that tianeptine is a safe drug. On

the other hand, it should be stressed that tianeptine af-

fords rapid relief of depressive symptoms and has

equivalent antidepressant efficacy to several tricyclic

drugs and SSRIs. Chronic treatment with tianeptine

may even decrease the incidence of depression re-

lapse and recurrence [53].

Nowadays, it is widely accepted that depressive

disorders may be associated not only with an imbal-

ance of neurotransmitters but also with an impairment

of neural plasticity and cellular resilience. Interest-

ingly, tianepitine acts by normalizing this impairment

[34]; in in vitro experiments tianeptine reduced acute

stress-induced structural remodeling in hippocampus

[16, 41, 54]. Moreover, this antidepressant exhibits

neuroprotective and procognitive effects. It is as-

sumed that tianeptine triggers a cascade of cellular

adaptive reactions, including phosphorylation of glu-

tamatergic receptors, which may mediate benefits at-

tributed to the treatment with this drug.

Conclusion

Taking into account the favorable pharmacological

profile of tianeptine in humans, results of our study

suggest that tianeptine seems to be a good drug candi-

date for the treatment of epileptic patients with coex-

isting depressive disorders.

Acknowledgment:

This study was supported by a grant from the Medical University

of Lublin, Poland.

References:

1. Angelatou F, Pagonopoulou G, Kostapoulos G: Altera-

tions of adenosine A1 receptors in different mouse brain

areas after pentylenetetrazol-induced seizures but not in

the epileptic mutant mouse ‘tottering’. Brain Res, 1990,

534, 251–256.

2. Ansseau M: The paradox of tianeptine. Eur Psychiatr,

1993, 8, Suppl 2, S89–S93.

3. Banach M, Piskorska B, Czuczwar SJ, Borowicz KK:

Nitric oxide, epileptic seizures, and action of antiepilep-

tic drugs. CNS Neurol Disord Drug Targets, 2011, 10,

808–819.

4. Boissier JR, Tardy J, Diverres JC: A new simple method

to explore a sedative action: the chimney test (French).

Med Exp (Basel), 1960, 3, 81–84.

5. Borowicz KK, Banach M, Zarczuk R, £ukasik D,

£uszczki JJ, Czuczwar SJ: Acute and chronic treatment

with mianserin differentially affects the anticonvulsant

activity of conventional antiepileptic drugs in the mouse

maximal electroshock model. Psychopharmacology,

2007, 195, 167–174.

6. Borowicz KK, Furmanek-Karwowska K, Morawska M,

£uszczki JJ, Czuczwar SJ: Effect of acute and chronic

treatment with milnacipran potentiates the anticonvulsant

activity of conventional antiepileptic drugs in the maxi-

mal electroshock-induced seizures in mice. Psychophar-

macology, 2010, 207, 661–669.

7. Borowicz KK, Furmanek-Karwowska K, Sawicka K,

£uszczki JJ, Czuczwar SJ: Chronically administered

fluoxetine enhances the anticonvulsant activity of con-

ventional antiepileptic drugs in the mouse maximal elec-

troshock model. Eur J Pharmacol, 2007, 567, 77–82.

8. Borowicz KK, Go³yska D, £uszczki JJ, Czuczwar SJ:

Effect of acutely and chronically administered venlafax-

ine on the anticonvulsant action of classical antiepileptic

drugs in the mouse maximal electroshock model. Eur

J Pharmacol, 2011, 670, 114–120.

9. Borowicz KK, Gurdziel E, Czuczwar SJ: Trazodone re-

duces the anticonvulsant action of certain classical antie-

pileptics in the mouse maximal electroshock model.

Pharmacol Rep, 2012, 64, 1136-1145.

10. Borowicz KK, £uszczki JJ, Czuczwar SJ: 2-Chloro-

adenosine, a preferential agonist of adenosine A1 recep-

tors, enhances the anticonvulsant activity of carba-

mazepine and clonazepam in mice. Eur Neuropsycho-

pharmacol, 2002, 12, 173–179.

11. Borowicz KK, Stêpieñ K, Czuczwar SJ: Fluoxetine en-

hances the anticonvulsant effects of conventional antiepi-

386 Pharmacological Reports, 2013, 65, 379�388



leptic drugs in maximal electroshock seizures in mice.

Pharmacol Rep, 2006, 58, 83–90.

12. Browning RA, Wood AV, Merrill MA, Dailey JW, Jobe

PC: Enhancement of the anticonvulsant effect of fluoxet-

ine following blockade of 5-HT1A receptors. Eur J Phar-

macol, 1997, 336, 1–6.

13. Ceyhan M, Kayir H, Uzbay IT: Investigation of the ef-

fects of tianeptine and fluoxetine on pentylenetetrazole-

induced seizures in rats. J Psychiatr Res, 2005, 39,

191–196.

14. Chin JH: Adenosine receptors in brain: neuromodulation

and role in epilepsy. Ann Neurol, 1989, 26, 695–698.

15. Couet W, Girault J, Latrille F, Salvadori C, Fourtillan JB:

Kinetic profiles of tianeptine and its MC5 metabolite in

plasma, blood and brain after single and chronic intrape-

ritoneal administration in the rat. Eur J Drug Metab

Pharmacokinet, 1990, 15, 69–74.

16. Czéh B, Michaelis T, Watanabe T, Frahm J, de Biurrun

G, van Kampen M, Bartolomucci A, Fuchs E: Stress-

induced changes in cerebral metabolites, hippocampal

volume, and cell proliferation are prevented by antide-

pressant treatment with tianeptine. Proc Natl Acad Sci

USA, 2001, 98, 12320–12322.

17. De Sarro G, De Sarro A, Di Paola ED, Bertorelli R:

Effects of adenosine receptor agonists and antagonists on

audiogenic seizure-sensible DBA/2 mice. Eur J Pharma-

col, 1999, 371, 137–145.

18. Dziedzicka-Wasylewska M, Rogóz Z, Skuza G, Dlaboga

D, Maj J: Effect of repeated treatment with tianeptine

and fluoxetine on central dopamine D2/D3 receptors.

Behav Pharmacol, 2002, 13, 127–138.

19. Edwards JG, Wheal HV: Assessment of epileptogenic

potential: experimental, clinical and epidemiological ap-

proaches. J Psychopharmacol, 1992, 6, 204–13.

20. File SE, Andrews N, Al-Farhan M: Anxiogenic re-

sponses of rats on withdrawal from chronic ethanol treat-

ment: effects of tianeptine. Alcohol Alcohol, 1993, 28,

281–286.

21. Fredholm BB: Adenosine, adenosine receptors and the ac-

tions of caffeine. Pharmacol Toxicol, 1995, 76, 93–101.

22. Garthwaite J, Garthwaite G, Palmer RM, Moncada S:

NMDA receptor activation induces nitric oxide synthesis

from arginine in rat brain slices. Eur J Pharmacol, 1989,

172, 413–416.

23. Harden CL, Goldstein MA: Mood disorders in patients

with epilepsy: epidemiology and management. CNS

Drugs, 2002, 16, 291–302.

24. Holmes GL: Animal model studies application to human

patients. Neurology, 2007, 69, Suppl 3, S28–S32.

25. Invernizzi R, Pozzi L, Garattini S, Samanin R. Tianeptine

increases the extracellular concentrations of dopamine in

the nucleus accumbens by a serotonin-independent

mechanism. Neuropharmacology, 1992, 31, 221–227.

26. Jobe PC: Common pathogenic mechanisms between de-

pression and epilepsy: an experimental perspective. Epi-

lepsy Behav, 2003, 4, S14–S24.

27. Jobe CJ, Browning RA: The serotonergic and noradren-

ergic effects of antidepressant drugs are anticonvulsant,

not proconvulsant. Epilepsy Behav, 2005, 7, 602–619.

28. Jobe PC, Dailey JW, Wernicke JF: A noradrenergic and

serotonergic hypothesis of the linkage between epilepsy

and affective disorders. Crit Rev Neurobiol, 1999, 13,

317–356.

29. Kato G, Weitsch AF: Neurochemical profile of tia-

neptine, a new antidepressant drug. Clin Neuropharma-

col, 1988, 11, Suppl 2, S43–S50.

30. Kole MH, Swan L, Fuchs E: The antidepressant tia-

neptine persistently modulates glutamate receptor cur-

rents of the hippocampal CA3 commissural associational

synapse in chronically stressed rats. Eur J Neurosci,

2002, 16, 807–816.

31. Litchfield JT, Wilcoxon F: A simplified method of evalu-

ating dose-effect experiments. J Pharmacol Exp Ther,

1949, 96, 99–113.

32. Lôo H, Malka R, Defrance R, Barrucand D, Benard JY,

Niox-Rivière H, Raab A et al.: Tianeptine and amitrip-

tyline. Controlled double-blind trial in depressed alco-

holic patients. Neuropsychobiology, 1988, 19, 79–85.

33. Malka R, Lôo H, Ganry H, Souche A, Marey C, Kamoun

A: Long-term administration of tianeptine in depressed

patients after alcohol withdrawal. Br J Psychiatry, 1992,

160, Suppl 15, 66–71.

34. McEwen BS, Chattarji S, Diamond DM, Jay TM,

Reagan LP, Svenningsson P, Fuchs E: The neurobiologi-

cal properties of tianeptine (Stablon): from monoamine

hypothesis to glutamatergic modulation. Mol Psychiatry,

2010, 15, 237–249.

35. Mennini T, Mocaer E, Garattini S: Tianeptine, a selective

enhancer of serotonin uptake in rat brain. Naunyn-

Schmiedebergs Arch Pharmacol, 1987, 336, 478–482.

36. Pagonopoulou O, Angelatau F, Kostopoulos G: Effect of

pentylenetetrazol-induced seizures on A1 adenosine re-

ceptor regional density in the mouse brain: a quantitative

autoradiographic study. Neuroscience, 1993, 56, 711–716.

37. Pasini A, Tortorella A, Gale K: The anticonvulsant ac-

tion of fluoxetine in substantia nigra is dependent upon

endogenous serotonin. Brain Res, 1996, 724, 84–88.

38. Periciæ D, Laziæ J, Strac DS: Anticonvulsant effects of

acute and repeated fluoxetine treatment in unstressed and

stressed mice. Brain Res, 2005, 1033, 90–95.

39. Petersen EN: Selective protection by adenosine receptor

agonists against DMCM-induced seizures. Eur J Pharma-

col, 1991, 195, 261–265.

40. Prendiville S, Gale K: Anticonvulsant effect of fluoxet-

ine on focally evoked limbic motor seizures in rats. Epi-

lepsia, 1993, 34, 381–384.

41. Rocher C, Speeding M, Munoz C, Jay TM: Acute

stress-induced changes in hippocampal/prefrontal cir-

cuits in rats: effects of antidepressants. Cerebral Cortex,

2004, 14, 224–229.

42. Rosenstein DL, Nelson JC, Jacobs SC: Seizures associ-

ated with antidepressants: a review. J Clin Psychiatry,

1993, 54, 289–299.

43. Salzberg MR, Vajda FJE: Epilepsy, depression and anti-

depressant drugs. J Clin Neurosci, 2001, 8, 209–215.

44. Sánchez-Mateo CC, Darias V, Albertos LM, Expósito-

Orta MA: Psychopharmacological effects of tianeptine

analogous hetero[2,1] benzothiazepine derivatives.

Arzneimittelforschung, 2003, 53, 12–20.

45. Smolders I, Clinckers R, Meurs A, De Bundel D, Portelli

J, Ebinger G, Michotte Y: Direct enhancement of hippo-

campal dopamine or serotonin levels as a pharmacody-

Pharmacological Reports, 2013, 65, 379�388 387

Tianeptine and antiepileptics in maximal electroshock model
Kinga K. Botrowicz et al.



namic measure of combined antidepressant-

anticonvulsant action. Neuropharmacology, 2008, 54,

1017–28.

46. Statnick MA, Maring-Smith ML, Clough RW, Wang C,

Dailey JW, Jobe PC, Browning RA: Effect of 5,7-

dihydroxytryptamine on audiogenic seizures in geneti-

cally epilepsy-prone rats. Life Sci, 1996, 69, 1763–1771.

47. Tchekalarova J, Sotiriou E, Georgiev V, Kostopoulos G,

Angelatou F: Up-regulation of adenosine A1 receptor

binding in pentylenetetrazol kindling in mice: effects of

angiotensin IV. Brain Res, 2005, 1032, 94–103.

48. Uzbay T, Kayir H, Celik T, Yuksel N: Acute and chronic

tianeptine treatments attenuate ethanol withdrawal syn-

drome in rats. Prog Neuropsychopharmacol Biol Psy-

chiatry, 2006, 30, 478–485.

49. Uzbay IT, Kayir H, Ceyhan M: Effects of tianeptine on

onset time of pentylenetetrazole-induced seizures in

mice: possible role of adenosine A1 receptors. Neuro-

psychopharmacology, 2007, 32, 412–416.

50. Uzbay IT, Kayir H, Ceyhan M: Tianeptine inhibits

pentylenetetrazole-induced seizures in mice via adeno-

sinergic receptors. Eur Neuropsychopharmacol, 2004,

14, Suppl 3, S3.

51. Venault P, Chapouthier G, De Carvalho LP, Simiand J,

Morre M, Dodd RH, Rossier J: Benzodiazepines impair

and beta-carbolines enhance performance in learning and

memory tasks. Nature, 1986, 321, 864–866.

52. Wagstaff AJ, Ormrod D, Sencer CM: Tianeptine: a re-

view of its use in depressive disorders. CNS Drugs,

2001, 15, 231–259.

53. Wang C, Mishra PK, Dailey JW, Jobe PC, Browning RA:

Noradrenergic terminal fields as determinants of seizure

predisposition in GEPR-3s: a neuroanatomic assessment

with intracerebral microinjections of 6-

hydroxydopamine. Epilepsy Res, 1994, 18, 1–9.

54. Watanabe Y, Gould E, Daniels DC, Cameron H,

McEwen BS: Tianeptine attenuates stress-induced mor-

phological changes in the hippocampus. Eur J Pharma-

col, 1992, 222, 157–162.

55. Wegener G, Volke V, Harvey BH, Rosenberg R: Local,

but not systemic, administration of serotonergic antide-

pressants decreases hippocampal nitric oxide synthase

activity. Brain Res, 2003, 959, 128–134.

56. Wojtal K, Borowicz KK, B³aszczyk B, Czuczwar SJ:

Interactions of excitatory amino acid receptor antago-

nists with antiepileptic drugs in three basic models of ex-

perimental epilepsy. Pharmacol Rep, 2006, 58, 587–598.

57. Yilmaz I, Sezer Z, Kayir H, Uzbay TI: Mirtazapine does

not affect pentylenetetrazole- and maximal electrocon-

vulsive shock-induced seizures in mice. Epilepsy Behav,

2007, 11, 1–5.

Received: June 15, 2012; in the revised form: October 16, 2012;
accepted: November 2, 2012.

388 Pharmacological Reports, 2013, 65, 379�388


	267	Dr. Gert Schulze, M.D. (1941Œ2013). In memoriam.
	Helmut Coper, Krystyna Ossowska, Hans Rommelspacher
	271	Review Œ Vitamin D and the central nervous system.
	Ma³gorzata Wrzosek, Jacek £ukaszkiewicz, Micha³ Wrzosek, Andrzej Jakubczyk, Halina Matsumoto, Pawe³ Pi¹tkiewicz, Maria Radziwoñ-Zaleska, Marcin Wojnar, Gra¿yna Nowicka

	279	Review Œ Fever development in neuroleptic malignant syndrome during treatment with olanzapine and clozapine.
	Anna Szota, Ewa Og³odek, Aleksander Araszkiewicz

	288	Review Œ Oxidative stress, polyunsaturated fatty acids-derived oxidation products and bisretinoids as potential inducers of CNS diseases: focus on age-related macular degeneration.
	Jerzy Z. Nowak

	305	Review Œ Mydriasis model in rats as a simple system to evaluate a2-adrenergic activity of the imidazol(in)e compounds.
	Joanna Raczak-Gutknecht, Teresa Fr¹ckowiak, Antoni Nasal, Roman Kaliszan

	313	Review Œ Biochemical and pharmacological characterization of isatin and its derivatives: from structure to activity.
	Parvaneh Pakravan, Soheila Kashanian, Mohammad M. Khodaei, Frances J. Harding

	336	Attenuation of stress-induced behavioral deficits by lithium administration via serotonin metabolism.
	Tahira Perveen, Saida Haider, Wajeeha Mumtaz, Faiza Razi, Saiqa Tabassum, Darakhshan J. Haleem

	343	s Receptor antagonist attenuation of methamphetamine-induced neurotoxicity is correlated to body temperature modulation.
	Matthew J. Robson, Michael J. Seminerio, Christopher R. McCurdy, Andrew Coop, Rae R. Matsumoto

	350	Nisoxetine blocks sodium currents and elicits spinal anesthesia in rats.
	Yuk-Man Leung, Chin-Chen Chu, Chang-Shin Kuo, Yu-Wen Chen, Jhi-Joung Wang

	358	Antinociceptive synergy between diclofenac and morphine after local injection into the inflamed site.
	Jorge E. Torres-López, Elizabeth Carmona-Díaz, José L. Cortés-Peñaloza, Crystell G. Guzmán-Priego, Héctor I. Rocha-González

	368	Changes in the Egr1 and Arc expression in brain structures of pentylenetetrazole-kindled rats.
	Janusz Szyndler, Piotr Maciejak, Aleksandra Wis³owska-Stanek, Ma³gorzata Lehner, Adam P³a�nik

	379	Effect of acute and chronic tianeptine on the action of classical antiepileptics in the mouse maximal electroshock model.
	Kinga K. Borowicz, Monika Banach, Barbara Piskorska, Stanis³aw J. Czuczwar

	389	Effects of N-(morpholinomethyl)-p-isopropoxyphenyl- succinimide on the protective action of different classical antiepileptic drugs against maximal electroshock-induced tonic seizures in mice.
	Dorota ¯ó³kowska, Mateusz Kominek, Magdalena Florek- £uszczki, Sergey L. Kocharov, Jarogniew J. £uszczki

	399	Single centre 20 year survey of antiepileptic drug-induced hypersensitivity reactions.
	Barbara B³aszczyk, Monika Szpringer, Stanis³aw J. Czuczwar, W³adys³aw Lasoñ

	410	Effects of sesquiterpene, flavonoid and coumarin types of compounds from Artemisia annua L. on production of mediators of angiogenesis.
	Xiaoxin X. Zhu, Lan Yang, Yujie J. Li, Dong Zhang, Ying Chen, Petra Kostecká, Eva Kmoníèková, Zdenìk Zídek

	421	Changes in antioxidant capacity of blood due to mutual action of electromagnetic field (1800 MHz) and opioid drug (tramadol) in animal model of persistent inflammatory state.
	Pawe³ Bodera, Wanda Stankiewicz, Katarzyna Zawada, Bo¿ena Antkowiak, Ma³gorzata Paluch, Jaros³aw Kieliszek, Boles³aw Kalicki, Andrzej Bartosiñski, Iwona Wawer

	429	Lymphocyte-suppressing, endothelial-protective and systemic anti-inflammatory effects of metformin in fenofibrate-treated patients with impaired glucose tolerance.
	Robert Krysiak, Anna Gdula-Dymek, Bogus³aw Okopieñ

	435	Anisomycin suppresses Jurkat T cell growth by the cell cycle-regulating proteins.
	Chunyan Yu, Feiyue Xing, Zhengle Tang, Christian Bronner, Xijian Lu, Jingfang Di, Shan Zeng, Jing Liu

	445	In vivo effect of oracin on doxorubicin reduction, biodistribution and efficacy in Ehrlich tumor bearing mice.
	Veronika Hanuıová, Pavel Tomıík, Lenka Kriesfalusyová, Alena Pakostová, Iva Bouıová, Lenka Skálová

	453	Synergistic anti-cancer activity of the combination of dihydroartemisinin and doxorubicin in breast cancer cells.
	Guo-Sheng Wu, Jin-Jian Lu, Jia-Jie Guo, Ming-Qing Huang, Li Gan, Xiu-Ping Chen, Yi-Tao Wang

	460	In vivo and ex vivo responses of CLL cells to purine analogs combined with alkylating agent.
	Jolanta D. ¯o³nierczyk, Arleta Borowiak, Jerzy Z. B³oñski, Barbara Cebula-Obrzut, Ma³gorzata Rogaliñska, Aleksandra Kotkowska, Ewa Wawrzyniak, Piotr Smolewski, Tadeusz Robak, Zofia M. Kiliañska

	476	Effects of vitamin D3 derivative Œ calcitriol on pharmacological reactivity of aortic rings in a rodent PCOS model.
	Gabriella Masszi, Agnes Novak, Robert Tarszabo, Eszter Maria Horvath, Anna Buday, Eva Ruisanchez, Anna-Maria Tokes, Levente Sara, Rita Benko, Gyorgy L Nadasy, Csaba Revesz, Peter Hamar, Zoltán Benyó, Szabolcs Varbiro

	484	Effects of single and repeated in vitro exposure 
of three forms of parabens, methyl-, butyl- and propylparabens on the proliferation and estradiol secretion in MCF-7 and MCF-10A cells.
	Anna Wróbel, Ewa £. Gregoraszczuk

	494	Luminal melatonin stimulates pancreatic enzyme secretion via activation of serotonin-dependent nerves.
	Katarzyna Nawrot-Por¹bka, Jolanta Jaworek, Anna Leja-Szpak, Joanna Szklarczyk, Stanis³aw J. Konturek, Russel J. Reiter

	505	Benzylpenicillin inhibits the renal excretion 
of acyclovir by OAT1 and OAT3.
	Jianghao Ye, Qi Liu, Changyuan Wang,Qiang Meng, Huijun Sun, Jinyong Peng, Xiaochi Ma, Kexin Liu

	SHORT COMMUNICATIONS
	513	Orexins/hypocretins stimulate accumulation of inositol phosphate in primary cultures of rat cortical neurons.
	Jolanta B. Zawilska, Anna Urbañska, Paulina Soko³owska


	517	How to combine non-compartmental analysis with the population pharmacokinetics? A study of tobacco smoke™s influence on the bioavailability of racemic citalopram in rats.
	Wojciech Jawieñ, Jagoda Majcherczyk, Maksymilian Kulza, Ewa Florek, Wojciech Piekoszewski

	Phil-Dong Moon, Hyun-Ja Jeong, Hyung-Min Kim
	532	Note to Contributors

	content
	cont
	contents_3'2005
	contents
	abstract
	spis tresci
	indeks
	Contents
	spis tresci N
	contents
	cont_2_2010
	cont_4_2010
	PR 4 2010

