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Abstract:

In this paper, the anticonvulsant characteristics of doxepin were evaluated in numerous experimental seizure models, including

maximal electroshock (MES)-, pentylenetetrazole (PTZ)-, isoniazid (ISO)-, 3-mercaptopropionic acid (3-MP)-, bicuculline (BIC)-,

thiosemicarbazide (THIO)-, and strychnine (STR)-induced seizures. In addition, the acute adverse-effect profile of doxepin with re-

spect to impairment of motor coordination was assessed with a mouse rotarod test. The evaluation of the time-course and dose-

response relationships for doxepin provided evidence that the peak maximum anticonvulsant activity and acute adverse effects oc-

curred 5 min after intraperitoneal (ip) administration. The results also revealed that doxepin had excellent anticonvulsant activity

against maximal electroshock-induced seizures in mice with a median effect value (ED50) of 6.6 mg/kg. The assessment of acute ad-

verse effects in the rotarod test revealed that doxepin induced acute neurotoxicity, and its median toxic dose (TD50) was 26.4 mg/kg.

Additionally, doxepin showed anticonvulsant activity in several chemically-induced seizure models, including ISO, 3-MP, BIC, and

THI. Based on this study, we can conclude that the antidepressant drug doxepin may be useful for treatment of depression in patients

with epilepsy due to its short time to peak maximum anticonvulsant activity after ip administration (5 min) and remarkable anticon-

vulsant activity (6.6 mg/kg).
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Introduction

The neurobiological relationships between epilepsy

and affective disorders are receiving increased atten-

tion [13, 20]. Co-morbid depression correlates with

the poorest quality of life among epileptic patients

[12], and suicide seems to be one of the leading

causes of death in this group [11]. Some research has

revealed that major depression is common in patients

with epilepsy [18, 22], and many of these patients re-

quire treatment with antidepressants. Furthermore,

depression increases the risk of suicide [24, 25] and

accounts for a large proportion of the elevated suicide

rate in epileptic patients [35]. Therefore, the contin-

ued search for new, safer, and more effective drugs
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with both anticonvulsant and antidepressant activities

is an imperative and challenging field in medicinal

chemistry. The use of antidepressant drugs in epileptic

patients has been a concern for clinicians because of

reports that these drugs have proconvulsant or anti-

convulsant effects [1].

Doxepin, a tricyclic antidepressant (TCA), has

been widely used in the treatment of major depression

and other psychiatric disorders [2]. Although it has

been used at much higher doses to treat depression ef-

fectively for a number of decades, it offers unique po-

tency and selectivity for antagonizing the 5-HT recep-

tor at lower doses [38]. Doxepin, like other TCAs, ex-

erts its action through several mechanisms, such as

blockade of �-2-adrenergic, N-methyl-D-aspartate, and

histaminergic H2 receptors and inhibition of the reup-

take of 5-HT and norepinephrine [10, 33]. It has been

reported by Palmer et al. [30] that doxepin was active

against NMDLA-induced convulsions/mortality, MES,

and the sc-PTZ test, but not MK801 binding. Stach et

al. [39] stated that doxepin was somewhat effective

against amygdala-kindled seizures in rabbits, but less

effective than imipramine. Another report demon-

strated that doxepin in doses of 5 to 400 mg/day im-

proved seizure control in patients treated with

doxepin over 3 years [27].

In the present study, we evaluated the time-course

and dose-response relationships for both anti-electro-

shock action and acute neurotoxicity of doxepin. Gen-

erally, in the maximal electric shock seizure (MES)

test, one can determine the anti-seizure effects of

agents or drugs that suppress tonic-clonic seizures and,

to a certain extent, partial convulsions in humans [23].

The acute neurotoxic profile of doxepin was deter-

mined by the rotarod test, in which impairments in the

motor co-ordination of animals treated with different

drugs were evaluated. Additionally, the anticonvulsant

properties of doxepin were evaluated for seizures

induced by pentylenetetrazole (PTZ), isoniazid (ISO),

3-mercaptopropionic acid (3-MP), bicuculline (BIC),

thiosemicarbazide (THIO), and strychnine (STR).

Materials and Methods

Animals

The experiments were carried out on adult KunMing

mice (18–22 g) of either sex. They were housed in

a quiet, temperature- and humidity-controlled room

(22 ± 2°C and 60 ± 5%, respectively) in which a 12-h

(light/dark) cycle was maintained. All experiments

were performed at the same time of day and during

the light period. Each mouse was used only once. All

procedures used in the present study were in accor-

dance with the Guide for the Care and Use of Labora-

tory Animals as adapted by the National Institutes of

Health (Washington, DC, USA, 1996). Local ethical

committee approval was also obtained. All efforts

were made to minimize animal suffering and to re-

duce the number of animals used.

Drugs

Doxepin was commercially obtained and was purified

by silica gel chromatography with ethyl acetate : pe-

troleum ether, 3:1, v/v. The six chemical agents (PTZ,

ISO, 3-MP, BIC, THIO, and STR) were obtained from

Sigma. Doxepin was dissolved in saline and adminis-

tered intraperitoneally (ip) in a volume of 5 ml/kg

body weight. PTZ, ISO, 3-MP, STR, and THIO were

dissolved in saline. BIC was suspended in a solution

of 1% Tween-80 and 0.5% CMC-Na.

The maximal electroshock (MES) test and the rota-

rod test [21].

The MES test and rotarod test were carried out ac-

cording to the standard description in the Antiepilep-

tic Drug Development Program (ADD) of the Na-

tional Institutes of Health (USA) following previously

described testing procedures. Electro-convulsions were

produced by an electric stimulation generator (JTC-1,

ChengDu, China). Seizures were elicited with a 60-Hz

alternating current of 50 mA intensity in mice. The

current was applied via ear-clip electrodes for 0.2 s.

The criterion for the occurrence of seizure activity

was tonic hindlimb extension.

In the rotarod test, animals had to climb on 1-inch-

diameter knurled plastic rod rotating at 6 rpm for

1 min. Neurotoxicity was indicated by the inability of

an animal to maintain equilibrium in each of three trials.

Chemically induced seizures [8]

At 5 min after the administration of doxepin at various

doses, the animals were given a sc dose of pentylenete-

trazole (85 mg/kg), an ip dose of isoniazid (250 mg/kg),

an ip dose of thiosemicarbazide (50 mg/kg), a sc dose

of 3-MP (40 mg/kg), a sc dose of strychnine (1.2 mg/kg),

or an ip dose of bicuculline (30 mg/kg). The doses
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that prevented clonic convulsion (for PTZ) or tonic

convulsions (for ISO, 3-MP, BIC, THIO, and STR) in

50% of the treated animals were calculated (ED50).

Statistics

Groups of 10 mice were given a range of intraperito-

neal doses of doxepin until at least three points were

established in the range of 10–90% seizure protection

or minimal observed neurotoxicity. From the plots of

these data, the respective ED50 and TD50 values and

95% confidence intervals were calculated by means

of Trimmed Spearman-Karber method [15].

Results and Discussion

As shown in Table 1, ip-administered doxepin exerted

excellent anticonvulsant activity in the MES test in

mice. The experimentally derived median effective

dose (ED50) value ranged 6.6–18.3 mg/kg, depending

on the pretreatment time of doxepin. The time-course

and dose-response relationships revealed that the

strongest anticonvulsant activity was found 5 min af-

ter doxepin was administered ip in the MES test, with

an ED50 value of 6.6 mg/kg. The drug’s anti-MES ac-

tivity did not show any differences at 15 and 30 min

after ip administration. Evaluation of the acute ad-

verse effect profile of doxepin revealed that the agent

exerted its maximum adverse effects at 5 min after ad-

ministration (Tab. 2). For this pretreatment time, the

neurotoxicity of doxepin was also the lowest, with

a median toxic dose (TD50) value of 26.4 mg/kg.

However, along with the increase in pretreatment

time, neurotoxicity decreased little by little until it

was more than 72 mg/kg when the pretreatment time

was up to 120 min. The dose was not increased in

consideration of the tolerance of the animals and the

proconvulsant properties at higher doses of doxepin.

As shown in Figure 1, it is obvious that for doxepin,

both the ED50 and TD50 values increased proportion-

ally with the increase in pretreatment times. These re-

sults were used to calculate the protective index (PI)

values at different treatment times; values ranging

from 3.0 to 4.0 were obtained. Evaluation of the PI

values for doxepin revealed an extremely small differ-

ence between the agent doses producing neurotoxic

action and those exerting anti-MES action in mice.

Evaluation of the anticonvulsant activity of

doxepin in numerous chemically induced seizures re-

vealed that doxepin was effective against seizures in-

duced by ISO, 3-MP, BIC, and THIO in mice. As

shown in Table 3, doxepin showed the strongest activ-

ity against THIO-induced seizures, with an ED50

value of 4.3 mg/kg. A slightly higher dose that ranged

from 5.9 to 8.8 was required to suppress BIC-, 3-MP-,

and ISO-induced seizures. However, doxepin pro-
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Tab. 1. Pharmacological profile of doxepin following its ip administra-
tion in mice

Time
(min)

N Dose
(mg/kg)

Anticonvulsion rate
(%)

ED50

(mg/kg)

5 10 4.65 10 6.6 (5.3–8.2)

10 5.58 30

10 6.70 60

10 8.04 70

10 9.65 90

15 10 5.58 10 8.2 (6.4–10.6)

10 6.70 30

10 8.04 50

10 9.65 70

10 11.57 80

30 10 5.58 10 8.2 (6.4–10.6)

10 6.70 40

10 8.04 40

10 9.65 70

10 11.57 80

60 10 8.04 20 11.8 (9.1–15.2)

10 9.65 20

10 11.57 40

10 13.89 70

10 16.67 90

120 10 13.89 20 18.3 (13.4–24.9)

10 16.67 30

10 20.00 60

10 24.00 90

N – number of animals tested in the MES seizure. Results are pre-
sented as the median effective doses (ED�� values) with 95% confi-
dence limits in parentheses. The ED�� values reflect the doses that
protected 50% of the tested animals against MES-induced seizures.
Doxepin hydrochloride was administered ip at 5, 15, 30, 60, and
120 min before electroshock evaluation



duced no protective effects against PTZ- and STR-

induced seizures with doses up to 30 mg/kg, which

was slightly higher than the TD50 value (26.4 mg/kg)

of doxepin in the rotarod test at 5 min after ip admini-

stration. The ED50 values determined for the agent in

PTZ- and STR-induced seizure models were repudi-

ated. Based on these results, PI values ranging from

3.0 to 6.1 were obtained in these chemically induced

models. The evaluation of PI values for doxepin re-

vealed an extremely small difference between the

agent doses producing neurotoxic action and those ex-

erting anticonvulsant actions against various chemi-

cally induced seizures in mice.

In the rotarod test, when doses of more than

50 mg/kg doxepin were administered, a transient

clonic seizure was induced by doxepin in approxi-

mately 1 h. This finding is in agreement with previous
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Tab. 2. The neurotoxicity profile of doxepin following its ip administra-
tion in mice

Time
(min)

N Dose
(mg/kg)

Toxic rate
(%)

TD50

(mg/kg)
PI

5 10 24.11 30 26.4 (19.4–36.0) 4.0

10 28.94 60

10 34.72 90

10 41.67 100

15 10 24.11 30 27.4 (19.7–38.0) 3.3

10 28.94 60

10 34.72 70

10 41.67 100

30 10 24.11 30 30.6 (23.0–40.7) 3.7

10 28.94 50

10 34.72 60

10 41.67 80

60 10 24.11 20 35.4 (27.4–45.7) 3.0

10 28.94 40

10 34.72 50

10 41.67 70

10 50.00 80

120 10 60.00 0 > 72 > 3.9

10 72.00 0

N – number of animals tested in the rotarod test. Results are pre-
sented as the median toxic doses (TD�� values) with 95% confidence
limits in parentheses. The TD�� values correspond to doxepin doses
that impair motor coordination in 50% of the animals tested in the ro-
tarod test. Doxepin hydrochloride was administered ip at 5, 15, 30,
60, and 120 min before neurotoxicity evaluation. Protective index (PI)
is a ratio of the TD�� and ED�� values

Tab. 3. Anticonvulsant effects of doxepin in various experimental
mouse models of chemically induced seizures in mice

Seizure
model

N Dose
(mg/kg)

Anticonvulsion
rate (%)

ED50

(mg/kg)
PI

PTZ 10 30 0 – � –

ISO 10 6.70 10 8.8 (6.5–12.0) 3.0

10 8.04 40

10 9.65 70

10 11.63 80

3-MP 10 3.88 20 5.1 (3.8–7.0) 5.2

10 4.65 30

10 5.58 60

10 6.70 90

10 8.04 100

BIC 10 4.65 20 5.9 (4.1–8.4) 4.5

10 5.58 40

10 6.70 70

10 8.04 90

THIO 10 3.23 20 4.3 (3.2–5.9) 6.1

10 3.88 50

10 4.65 50

10 5.58 80

STR 10 30 0 – –

� – no activity was found at a dose of 30 mg/kg. Results are presented
as the ED�� values with 95% confidence limits in parentheses. The
ED�� values reflect doses that protected 50% of the tested animals
against chemically induced seizures. Doxepin was administered ip
at 5 min before the seizure test. PI is the ratio of TD�� value from the
rotarod test (26.4 mg/kg) and the ED�� values for chemically induced
seizures

Fig. 1. The ED�� and TD�� values at different pretreatment times in the
maximal electroshock seizure test and in the rotarod test in mice



studies that documented that overdoses of TCA drugs

induce seizures, but may have anticonvulsant proper-

ties at lower doses. Further, some reports have dem-

onstrated that most antidepressant agents have a pro-

pensity to lower the seizure threshold, while some are

associated with a clinical risk of seizures [31, 26].

Further, overdosing with antidepressants (ADs) has

a strong cardiotoxic effect [32]. Our findings indi-

cated that there is an extremely small difference be-

tween the doses of doxepin producing anticonvulsant

effects and those producing acute adverse effects in

mice, as shown in Table 2.

The results of these chemically-induced seizure

tests showed that doxepin was effective in controlling

the seizures induced by ISO, 3-MP, THIO, and BIC,

but failed to control those induced by PTZ and STR.

This effect is similar to that of FXT, which is an anti-

depressant that has anticonvulsant effects on audio-

genic seizures during ethanol withdrawal in rats [42]

and is ineffective against PTZ-induced seizures in

mice [7]. Furthermore, Borowicz et al. [4, 5] exam-

ined the interactions of antiepileptic drugs with

fluoxetine and mianserin, and found that FXT signifi-

cantly increased the electroconvulsive threshold at the

doses of 25, 20, and 15 mg/kg. Moreover, FXT in-

creased the anticonvulsive potential of carbamazepine

(CBZ), diphenylhydantoin (DPH), valproate (VPA),

and phenobarbital (PB), producing a dose-related de-

crease in their ED50 values against MES with both

acute and chronic treatment. Acute application of mi-

anserin may potentiate the anticonvulsant actions of

some antiepileptics, but its chronic administration can

lead to the opposite effect [3].

PTZ and ISO have been reported to induce seizures

by inhibiting �-aminobutyric acid (GABA) neuro-

transmission. THIO and 3-MP were observed to be

competitive inhibitors of the GABA synthesis enzyme

glutamate decarboxylase (GAD); these chemicals in-

hibit the synthesis of GABA, thus decreasing the

GABA level in the brain. STR directly antagonizes

the inhibitory spinal reflexes of glycine [8]. BIC acts

competitively by blocking the action of the GABAA

receptor. On account of its partial effectiveness, it is

difficult to report doxepin as having anticonvulsant

effects via influencing GABAergic neurotransmis-

sion. However, it can control the seizures induced by

ISO, 3-MP, THIO, and BIC, and this might suggest

that doxepin exhibits a broad spectrum of anticonvul-

sant activity in animal models of partial and general-

ized epilepsy. The mechanism by which some TCA

drugs are effective in the MES test or other chemical

tests might involve inhibition of the reuptake of 5-HT

and norepinephrine and the blockade of the choliner-

gic, histaminergic, 2-adrenergic, N-methyl-D-aspartate

receptors [9, 10, 33, 40].

Several neurotransmitter systems may be involved

in both epilepsy and depression. However, noradrena-

line and serotonin (5-hydroxytryptamine, 5-HT) play

the main role in their co-existence. Several lines of

evidence suggest that the central histaminergic neuron

system plays an important role in inhibiting convul-

sions in animals [14, 28, 29, 37]. Elevated extracellu-

lar levels of limbic noradrenalin, 5-HT, and dopamine

(DA) are associated with both antidepressant and anti-

convulsant actions [17, 41]. There is evidence that

overdoses of TCA drugs cause seizures, although at

lower doses, these drugs may have anticonvulsant

properties [34]. In an experimental study by Kleinrok

et al. [20], acute treatment with two TCAs, namely

imipramine and amitriptyline, provided a significant

anticonvulsant effect, increasing the electroconvul-

sive threshold in mice. Furthermore, the two TCAs

potentiated the protective efficacy of valproate against

maximal electroshock-induced seizures. Moreover, it

was reported that selective 5-HT reuptake inhibitors

have very low proconvulsant potential and may be

safely used in patients with epilepsy [35]. Pharma-

cological treatments that enhance 5-HT neurotrans-

mission and can suppress experimentally induced sei-

zures have been shown to possess antagonistic prop-

erties at presynaptic 5-HT1A autoreceptors [6]. The

5-HT synthesized in the central nervous system is in-

volved in various brain functions as well as in the pa-

thophysiology of neuropsychiatric disorders. 5-HT

mediates its effect via more than 14 molecularly iden-

tified receptors, including some with splice variants

and others with isoforms created by mRNA editing

[16, 36]. Researchers have suspected that the mecha-

nism of the anticonvulsant action of fluoxetine (FXT)

is due to the enhancement of endogenous 5-HT trans-

mission.

From this study, one can conclude that since

doxepin has a broad spectrum of anticonvulsant ac-

tion and requires a short time to achieve its maximum

anticonvulsant effects (5 min after ip administration)

in modulating seizure processes in the brain, it may be

advantageous in the treatment of epilepsy in de-

pressed patients by improving their seizure control.
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