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Abstract

In this article, we review published preclinical and clinical studies that examine the role of female ovarian steroids (estrogen and pro-

gesterone) in epilepsy. Its effects on the reproductive and endocrine system are well known but a large and growing body of evi-

dences indicates that the hormones also exert neuroprotective effects on the central nervous system. Estrogen crosses the blood-brain

barrier due to its low molecular weight and lipophilic properties and easily reaches the neuronal tissue. Estrogens and progesterone

influence neuronal activity and are important for normal brain functions. It is commonly accepted that estrogens may increase neu-

ronal excitability and thus mediate proconvulsant effects whereas in case of progesterone, various preclinical and clinical studies

have proved that progesterone shows anticonvulsant effects. To concise our review we concluded that the effects of estrogens and

progesterone on seizures depend on various factors, such as treatment duration and latency prior to the seizure testing, dose, hormo-

nal status, the seizure type/model used and sex.
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Abbreviations: CE – catamenial epilepsy, CNS – central nerv-

ous system, DMSO – dimethyl sulfoxide, DNA – deoxyribonu-

cleic acid, E1– estrone, E2 – estradiol, E3 – estriol, EEG –

electroencephalography, EPR – estrogen to progesterone ratio,

ER – estrogen receptor, ERX – estrogen receptor, ERa – estrogen

receptor a, ERb – estrogen receptor b, NMDA – N-methyl-D-

aspartate, OVX – ovariectomized, PR – progesterone receptor,

PR-A – progesterone receptor A, PR-B – progesterone receptor

B, PRKO – progesterone receptor knockout mice, PTZ – pen-

tylenetetrazole, RU 486 – progesterone receptor antagonist

Definition and prevalence of epilepsy

Introduction

Epilepsy is an important neurological emergency with

risk of mortality and morbidity. It is the second most

common neurological disorder after stroke. It afflicts

between 0.51 percent of the population worldwide

[2]. It is estimated that there are 5,500,000 persons in

India, 2,000,000 in USA and 300,000 in UK [96].
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Definition

Epilepsy is a disorder characterized by recurrent sei-

zures of cerebral origin presenting with episodes of

sensory, motor or autonomic phenomenon with or

without loss of consciousness.

Epilepsy and its epidemiology

The prevalence of a disorder is the proportion of

a population with that disorder at a given point in

time. Many of the reported differences can be attrib-

uted to variations in study methodology (e.g., case

definition, ascertainment) and population structure

(e.g., age). Increased prevalence and incidence may

be related to factors such as low socioeconomic

status, limited access to health care and environ-

mental exposures such as neurocysticercosis [9].

Established upon the basis of single study on inci-

dence of epilepsy, the number of one third India’s

population is rural, new cases of epilepsy each year

would be close to half a million. The number of peo-

ple with epilepsy in rural areas will be approximately

4.1 million [97].

Definition of estrogen

Estrogens are a group of compounds named for their

importance in the estrous cycle of humans and other

animals, and functioning as the primary female sex

hormones.

Types of estrogens

1. Steroidal

2. Non-steroidal

Steroidal

The three major naturally occurring estrogens in

women are (Fig. 1):

a. Estrone (E1)

b. Estradiol (E2)

c. Estriol (E3).

Non-steroidal

A range of synthetic and natural substances have been

identified that also possess estrogenic activity [22].

1. Synthetic substances of this kind are known as

xenestrogens.

2. Plant products with estrogenic activity are called

phytestrogens.

3. Those produced by fungi are known as myces-

trogens.

Corpus luteum, placenta and ovaries are the places

where estrogens are produced primarily by develop-

ing follicles. Production of estrogens is stimulated by

luteinizing hormone in the ovaries. Other tissues such

as liver, adrenal glands and the breasts also produce

estrogens in smaller amounts. These secondary

sources of estrogens are especially important in post-

menopausal women. Estrogen is also produced by fat

cells [74].

Functions

The actions of estrogens are mediated through the es-

trogen receptor (ER), which is a dimeric nuclear pro-

tein that binds to DNA and controls gene expression.

Estrogen (ERa and ERb) enters passively into the cell

where it binds to and activates the estrogen Era and

ERb receptor. The estrogens ER complex binds to

specific DNA sequences called a hormone response

element to activate the transcription of some 137 ER-

regulated genes, of which 89 are direct target genes

[52]. Since estrogens enters all cells, their action is

dependent on the presence of the ER (ERa and ERb)

[62] in the cell. The ER a are involved in regulation

of reproductive neuroendocrine and several behav-

ioral functions, whereas the role of ER b in the brain

is rather modulatory [71]. The ER is expressed in spe-

cific tissues including the ovary, uterus and breast.

Estrogens are present in both men and women;

they are usually present at significantly higher levels

in women of reproductive age. They promote the de-

velopment of female secondary sexual characteristics,
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Fig. 1. Describing the three types of estrogen namely, E1 – Estrone,
E2 – Estradiol and lastly E3 – Estriol



such as breasts and are also involved in the thickening

of the endometrium and other aspects of regulating

the menstrual cycle.

Mode of action of estrogens

Estrogens exerts its neuroprotective effects via multi-

ple mechanisms at cellular and molecular level. They

occur either by estrogens receptor (ER) dependent or

ER independent mechanism. Estrogen requires ER at

physiological level to protect the brain but it does not

require the ER at pharmacological level to do the same.

Estrogen receptor dependent mechanism

The mechanisms of estrogens ERa and ERb are

highly complex in case of excitatory effects. Estro-

gens ERa and ERb are biologicals mediated by two

distinct estrogens receptors – ERa and ERb [51, 62].

Estrogen binding to the “classic” ERa or ERb in the

nucleus leads to cascade of events ultimately leading

to modulation of target genes. ERa is widely distrib-

uted in the brain and reproductive organs in females

as well as males, whereas ERb is more widely distrib-

uted in the female brain. Some cellular effects of es-

trogens are thought to be mediated by the ERX,

a “membrane receptor” for estrogen that is not

blocked by pharmacological antagonists of nuclear

estrogen receptors [78, 100]. However, ERX is not

completely characterized in the brain. Besides its

classical estrogen receptor-mediated effects, estradiol

affects neuronal excitability due to its organizational

effects on synaptic structure and function [58, 77].

This mechanism possibly is apparent in estradiol’s

ability to raise glutamate receptor-mediated excitatory

neurotransmission [95, 109] and diminish GABAer-

gic inhibition [73]. Estradiol acts on neurons within

the limbic system, cerebral cortex and other regions

important for seizure susceptibility. Either direct and

indirect effects on glutamate receptor subtypes effect

through an increase in dendritic spine density of hip-

pocampal N-methyl-D-aspartate (NMDA) receptor and

have been shown to be involved in estradiol modula-

tion of the NMDA receptor function [85, 111, 112].

There is an increase in number and density of den-

dritic spines and excitatory synapses on hippocampal

neurons due to chronic exposure of estradiol in rats

that could enhance the synchronization of synapti-

cally driven neuronal firing in the hippocampus. This

mechanism could be relevant to estradiol proconvul-

sant effects in animal models. Recently, novel mecha-

nism underlying the estrogen regulation of hippocam-

pus seizure activity have been proposed.

Estrogen receptor independent mechanism

The mechanism underlying pharmacological actions

of estrogens appears to be different as it does not in-

volve transcription of a new gene. Hence, high levels

of estradiol appear to protect through non-ER medi-

ated effects. Estradiol levels pharmacologically can

rapidly and reversibly decrease N-methyl-D-aspartate

induced currents, reducing the excitation thus leading

to reduced excitatory cell death caused by neurode-

generative injury. Estrogen then pressurises members

of nitric oxide synthase family to improve vasodila-

tory actions on cerebral blood vessels and this im-

proves the blood flow in compromised brain regions.

Jover [42] determined the actions of estrogens in

a global ischemia model in which neuronal damage

occurs in the hippocampus region. He observed that

estradiol treatment attenuated markers of apoptosis,

thus estradiol exerts its neuroprotective actions by

suppressing factors that mediate apoptotic pathways

of cell death.

Epilepsy and estrogens in preclinical and

clinical studies

Velišková [104] has reported that sex hormone influ-

ences the brain from early development like organiza-

tional and nutritional effects are mediated either via

specific. Estrogen crosses the blood-brain barrier due

to its low molecular weight and lipophilic properties

and easily reaches the neuronal tissue. McEwen and

Segarra [64] reported that estrogen effects are medi-

ated either via specific receptors or as direct effects on

the neurotransmitter receptors. Sex hormone receptors

are widely distributed in the central nervous system

(CNS). Specifically, the estrogen receptors exist as in-

tracellular form.

Administration of estrogens in animal models has

been reported to have either no effect, increase or de-

crease effect on seizures. For example, estrogens ad-

ministration to adult male mice or ovariectomized rats

attenuates neither kainic acid nor pentylenetetrazole

(PTZ)-induced seizures [13, 38, 76, 82]. The rate of
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kindling was not altered when estrogens were admin-

istered in young rats [88] but acute estrogen treatment

(30 or 50, but not 10 µg) to adult male amygdaloid-

kindled rats, leads to an intensification of seizures

[85]. The latency to onset of kainic acid-induced sei-

zures was decreased due to administration of estrogen

but estrogens administration, on the other hand, in-

creases the latency to NMDA-induced seizures [93].

Estrogens’ anti-seizure effects include that estradiol

replacement blocks the ovariectomized induced in-

crease in the susceptibility to cyclosporine A-induced

convulsions [99] and that total number of seizures

produced by infusions of NMDA was reduced by es-

trogen administration [44]. In part due to the variable

effects of estrogen on seizures, it has been proposed

that estrogens may have independent effects on sei-

zure behavior and to protect the hippocampus from

damage that seizures produce [38, 50]. There are three

biologically active estrogens: 17-bestradiol, estriol

and estrone. Each estrogen is considered the principal

estrogen at different periods throughout life; that is,

17-bestradiol is the most potent estrogen in menstru-

ating women, estriol is most abundant during preg-

nancy and estrone is the major estrogen during meno-

pause. Estradiol is the most potent and abundant form

of estrogen in menstruating women, this form of es-

trogen is the most widely studied and thought to play

a major role in the exacerbation of seizures in women

with epilepsy [70].

Almost 160 years ago the relationship between es-

tradiol (E2) and neuronal excitability has been ob-

served and described [31, 53].The proconvulsant ef-

fects of estradiol have been demonstrated in both

clinical and experimental observations in humans as

well as animal models of epilepsy. Logothethis and

colleagues [55] recorded increased EEG epileptiform

activity, including increases in both spike frequency

and seizures, when conjugated equine estrogens were

infused during the premenstrual period in women

with epilepsy. This observation was replicated by Ja-

cono and colleagues [41] and led to the hypothesis

that the increase in seizure activity observed in the pe-

riovulatory period is likely due to the estradiol surge

that is relatively unopposed by progesterone during

this portion of the menstrual cycle. This correlates

with Herzog’s clinical observations of the periovula-

tory and perimenstrual patterns of CE [36] (Fig. 2).

Increased seizure frequency in the periovulatory pat-

tern in ovulating women and perimenstrual pattern of

anovulatory women is thought to be mediated by the

proconvulsant effects of estradiol and lack of oppos-

ing progesterone in both of these contexts. Various

experimental data in animal models have provided ex-

haustive evidence of neuroprotective properties of

17-bestradiol. This hormone increases neuronal sur-

vival after different forms of brain injury in vivo and

protects neuronal cultures from serum or growth fac-

tor deprivation, anoxia and excitotoxicity [27, 32, 63,

108]. Previous studies of estradiol administration in

rodents exhibited its proconvulsant effects. Estrogens

applied to cortex could increase seizures [61]. In addi-

tion to this, estradiol was shown to facilitate PTZ in-

duced kindling [57], amygdala-kindled seizures [14]

and kainic acid-induced seizures [112] in adult female

rats. Clinically also, it exacerbates seizures in women

with epilepsy [80, 81]. Pre-treatment with b-estradiol

in female rats showed neuroprotective effects on

status epilepticus induced neuronal damage [112].

b-Estradiol was also reported to attenuate clonic sei-

zures induced by kainic acid in male mice [13]. Other

animal studies confirmed that E2 can facilitate sei-

zures activity. E2 has been shown to decrease local-

ized hippocampal and medial amygdala electro-

graphic seizures threshold [98] and facilitate electro-

shock convulsions [113] as well as seizures kindled

from several brain areas [14, 15, 40] or induced

chemically [40]. Early studies on ovariectomized rats
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Duration of the cycle (Days)

Fig. 2. Temporal relationship between female ovarian hormones and
occurrence of catamenial seizures during the menstrual cycle. The
upper panel illustrates the strong relationship between seizure fre-
quency and estradiol/progesterone levels. The lower panel illustrates
the three types of catamenial epilepsy. The vertical gray bars (left and
right) represents the likely period for the perimenstrual type, while the
vertical gray bar (middle) represent the likely period for the periovula-
tory type. The horizontal dark gray bar (bottom) represents the inade-
quate luteal type that likely occurs starting early ovulatory to men-
strual phases



by estradiol administration revealed proconvulsant ef-

fects [54, 113, 114]. Afterwards, estradiol has been

shown to facilitate kindling and audiogenic seizures

in animals [14, 15, 40, 98, 107]. Corresponding stud-

ies has reported that acute b-estradiol administration

of E2 is proconvulsant [115], b-estradiol has procon-

vulsant effect of acute E2 administration on PTZ in-

duced seizures in naive females has been also re-

ported [28]. However, in ovariectomized female rats,

b-estradiol administration has an anticonvulsant ef-

fect on seizures induced by agents effecting the

GABA system such as picrotoxin [90] or cyclosporine

A [99] and seizures induced by NMDA [44] or kainic

acid [112] compared with ovariectomized rats with no

estrogens replacement. When compared with young

adult female rats, natural decline of sex hormone lev-

els in aged female rats exhibited proconvulsant effect

on kainic acid-induced seizures [17]. Thus, these data

suggest that in rats, alike to human conditions, in

some seizure models loss of sex hormones (ovariec-

tomy or aging) leads to increased susceptibility to sei-

zures, whereas, chronic administration of b-estradiol

has no effect on flurothyl [102] or pilocarpine seizure

threshold [26]. Lastly, b-estradiol has proconvulsant

effects on electroshock-induced seizures [114].

Conflicting data exist on the association between es-

trogens and epileptic seizures. Generally, it is believed

that neuronal excitability gets increased by estrogens

and it also mediates proconvulsant effects [21, 104].

There are animal and clinical data to show that estro-

gens also have anticonvulsant effects [44, 82, 103].

Earlier studies of estradiol administration in ro-

dents have revealed proconvulsant effects. Estrogens

applied to cortex could increase seizures [61]. In addi-

tion to this, estradiol was shown to facilitate PTZ in-

duced kindling [57] in amygdala-kindled seizures

[14] and kainic acid-induced seizures [110] in adult

female rats. While most of the studies show procon-

vulsant effects of estradiol, there are also studies

which report anticonvulsant and neuroprotective ef-

fects. Pre-treatment with b-estradiol in female rats

showed neuroprotective effects on status epilepticus

induced neuronal damage [80, 105]. b-Estradiol was

also reported to attenuate clonic seizures induced by

kainic acid in male mice [13].

Though a large number of studies are available for

the estradiol (E2), there are relatively very few studies

evaluating the role of other two estrogens on seizures.

Barha and co-workers [8] recently reported a reduced

percentage of animals with hippocampal neuronal

loss following estrone (E1). It was also shown to sig-

nificantly decrease the percentage of animals with

clonic seizures and their mortality in kainate-induced

seizures [13].

Estradiol has been known to play a role in the exac-

erbation of seizures in women with epilepsy [6, 41,

55, 70]. During a normal menstrual cycle, an increase

in plasma estradiol levels during follicular and luteal

phase has been found. First investigator to character-

ize the relationship between seizures and steroid hor-

mones was Backstrom in year 1976 [6]. In women

suffering from epilepsy, a direct proportional relation-

ship between seizure susceptibility and the estrogen-

to-progesterone ratio (EPR) was observed, peaking in

the premenstrual and preovulatory periods and declin-

ing during the midluteal phase. Logothetis and col-

leagues [55] have demonstrated that intravenous infu-

sions of estrogen were associated with rapid interictal

epileptiform activity in women with epilepsy and sei-

zures were exacerbated when estrogen was given pre-

menstrually. Thus, it is hypothesized that estrogens

may facilitate some forms of catamenial seizures. The

periovulatory catamenial exacerbation has been at-

tributed to the midcycle surge of estrogen that is rela-

tively unopposed by progesterone until early luteal

phase [55]. During perimenstrual period, an increase

in the ratio of estrogen-to-progesterone levels might

at least partly contribute to the development of peri-

menstrual seizure exacerbation [12, 37].

Progesterone

Definition

Progesterone is known as a steroid hormone involved

in female menstrual cycle, pregnancy (supports gesta-

tion) and embryogenesis of humans and other species.

It is produced in the ovaries (by the corpus luteum), the

adrenal glands, and during pregnancy, in the placenta.

Progesterone is also stored in adipose (fat) tissue.

Action of progesterone on CNS and its

clinical significance

As it has already been established, progesterone is

synthesized from cholesterol that converts pregne-

nolone to progesterone (Fig. 3), and this biosynthesis

806 Pharmacological Reports, 2013, 65, 802�812



takes place in mitochondria. Cholesterol is conveyed

by two mitochondrial membrane proteins and they

are: the peripheral benzodiazepine receptor and ster-

oidogenic acute regulatory protein. Since the enzymes

responsible for progesterone biosynthesis are located

in different CNS areas, therefore, progesterone can be

synthesized within the CNS [65]. It has been proved

by in vitro and in vivo animal experiments [11, 33, 43]

that neuron cells and glial cells are able of biosynthe-

sizing progesterone. Data in vitro suggest that neuron

progesterone levels are significantly higher than the

ones of glial cells. A major key role is played by cel-

lular interactions in biosynthesis of progesterone in

CNS [1].

Kumon with his workmates [47] concluded that

progesterone treatment enhanced neurologic out-

comes and diminished cortical infarct size in nor-

motensive and spontaneously hypertensive male rats.

Morali et al. [68] reported that in a stroke model,

when progesterone was given (8 mg/kg, intravenous)

to rats, they significantly decreased loss of pyramidal

neurons in the cornu ammonis 1 and 2 fields of the

dorsal hippocampus, indicating neuroprotective activ-

ity of progesterone. Recently, Sayeed et al. deter-

mined that progesterone and its metabolite allopreg-

nanolone were found to be beneficial in treatments for

stroke caused by temporary or permanent middle

cerebral artery occlusion model [86–88]. These above

mentioned studies emphasize the clinical significance

of progesterone in treatment of acute stroke. Proges-

terone is also clinically significant in treatment of

various diseases like edema [83, 116], necrosis [18,

19, 92] and blood-brain barrier compromise [3, 4].

Motta with his workmates concluded that progester-

one combined with antiepileptic therapy was well tol-

erated and resulted in a significant reduction of sei-

zure frequency in majority of patients with catamenial

epilepsy [71].

Mode of action of progesterone

Progesterone exhibits its physiological actions

through progesterone receptors (PR) [101] for exam-

ple, in progesterone-responsive target cells, progester-

one binds to cytoplasmic PRs and the hormone-

nuclear receptor complexes translocate to the cell nu-

cleus where they activate or silence the transcription

of downstream gene networks, hence, affecting the
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Fig. 3. Molecular mechanisms of progesterone and its metabolite allopregnanolone in the brain. The two mechanisms by which progesterone
affects seizure susceptibility are (i) Left panel of diagram showing binding to progesterone receptors (PRs) and (ii) Right panel of diagram
showing metabolism to GABA-A receptor-modulating neurosteroids. Progesterone binding to PRs that leads to activation of neural gene ex-
pression in the brain. Neurosteroid allopregnanolone is synthesized from progesterone in peripheral tissues and in the brain. Allopregnanolone
binds as well as potentiate the GABA-A receptor function leading protective effects against seizures. GABA-A receptors are pentameric with
five protein subunits that form the chloride ion channel pore. Allopregnanolone binding site is thought to be at the neurosteroids binding site.
There are different classes of subunits, GABA-A receptors are mostly composed of a, b and g or d subunits. Progesterone and neurosteroids
are shown to affect GABA-A receptor expression. Thus, there may be an interaction between genomic and non-genomic actions of progester-
one in modulation of seizure activity



physiological response of the target cell. PR is of two

subtypes, PR-A and PR-B, they arise from the same

gene but they exhibit different physiological proper-

ties. They are functionally different mediators of pro-

gesterone [72]. A ligand-independent pathway of PR

activation via phosphorylation mechanisms (e.g., by

dopamine activation of PR) has been characterized in

the brain [59, 60].

In central nervous system, PRs are widely distrib-

uted and they are engaged in progesterone-mediated

reproductive behavior [59, 75]. Antiseizure effects of

progesterone are not related to interactions with clas-

sical PR, this can be justified by the following – to be-

gin with, the progesterone demonstrates its antiseizure

effects very hastily, they are also inconsistent with de-

layed genomic actions from the hormone, to add its

antiseizure activity is not ceased by the PR antagonist

RU486 [66]. To conclude, in PR knockout (PRKO)

mice progesterone’s antiseizure activity was not re-

duced [79], which are produced by a null mutation of

the PR gene that abrogates both the PR-A and PR-B

subtypes. Frye and his associates [24] supported the

notion that progesterone’s antiseizure activity is due

to its reduced metabolite allopregnanolone.

According to another mechanism, progesterone

along with its metabolites bind to numerous cellular

receptors and amend their activity, progesterone acts

both as a s-1 receptor antagonist) indirectly modulat-

ing the NMDA receptor [67] and as a GABAA recep-

tor agonist (through conversion to its 3a-pregna-

nolone) metabolites [117]. Progesterone may arrest

oxidative damage in the CNS [30, 84].

Preclinical and clinical studies

Anticonvulsant properties of progesterone were first

reported in year 1942, by Hans Selye [91] in the PTZ

test. Accordingly, progesterone achieved its reputa-

tion of having antiseizure activity in a variety of ani-

mal models of epilepsy a long time ago [7, 16, 35, 36,

39, 49, 56]. Various studies have confirmed the potent

anticonvulsant activity of progesterone in miscellane-

ous animal models of epilepsy [25, 39, 45, 49, 66].

Progesterone inhibits seizures in the PTZ kindling and

maximal electroshock tests [46, 56, 79]. To protect

against seizures induced by glutamate receptor ago-

nists, progesterone is required in high sedative doses

[45, 46, 79]. Studies in animals have demonstrated

that by disabling the genomic progesterone receptors

via pharmacological agents or knockout mice, proges-

terone continues to have anticonvulsant effects in ani-

mal brains in the same way it does in animals without

chemical or genetic manipulations [66, 79]. Proges-

terone may act antagonistically, synergistically or in-

dependently of the effects of estrogens [5, 10, 20, 23,

29, 34].

In clinical studies progesterone has been found to

reduce seizures [7, 35, 36]. This suggestion that pre-

menstrual seizure exacerbations could be explained

on the basis of “rapid decline” or “withdrawal” of the

antiseizure effects of progesterone was given by Laid-

law [48], and it was later confirmed in human [6] and

animal studies [69, 94, 106]. These studies positively

point that seizures are associated with a rapid decline

in progesterone at immediately before, during and af-

ter menstruation.

Summary with future perspectives

Epilepsy and female sex steroids have complex inter-

actions. Hormones (estrogens and progesterone) may

alter the seizure threshold, frequency and severity of

seizures. In due course, epilepsy may alter the repro-

ductive hormonal and sexual functions in women and

men. In conclusion, studies in both humans and ani-

mals provided evidences that female ovarian steroids

have effect on seizure susceptibility.

To precise our review we concluded that the effects

of estrogens on seizures depend on various factors,

such as treatment duration and latency prior to the sei-

zure testing, estrogen dose, hormonal status, the sei-

zure type/model used, and sex of the animal used. Nu-

merous preclinical and clinical studies have pointed

that estrogens have contradictory effects. Some ani-

mal studies suggest estrogen as proconvulsant while

there are few studies which are exhibiting it as an anti-

convulsant. Under normal conditions, estrogens have

diverse effects on the nervous system.

To brief our review we concluded that the effects of

progesterone on seizures depend on various factors,

the mode of action and effects of progesterone differ

depending on its relative concentration, as treatment

duration and latency prior to the seizure testing, pro-

gesterone dose and the seizure type/model used etc.

A large body of preclinical and clinical studies sug-

gests that progesterone has neuroprotective properties

but there are few studies which projects progester-

one’s inability to show neuroprotective effects in fe-

males. Progesterone has been found to be beneficial

in numerous animal species and several models of
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neuro-injury, as progesterone exerts a wide range

of beneficial effects. A better understanding of hor-

mone-brain interactions should promote a variety of

innovative approaches to an improved treatment

of epilepsy through both behavioral and pharmaceuti-

cal interventions. Future studies are clearly warranted

to determine the specific role of neurosteroids in the

pathogenesis of epilepsy.

References:

1. Akwa Y, Sananes N, Gouezou M, Robel P, Baulieu EE,

Le Goascogne C: Astrocytes and neurosteroids: metabo-

lism of pregnenolone and dehydroepiandrosterone. Regu-

lation by cell density. J Cell Biol, 1993, 121, 135–143.

2. Ali A, Pillai KK, Vohora D: Evidence of the anti-

epileptic potential of amiloride with neuropharmacologi-

cal benefits in rodent models of epilepsy and behaviour.

Epilepsy Behav, 2004, 145, 880–884.

3. Allport VC, Pieber D, Slater DM, Newton R, White JO,

Bennett PR: Human labour is associated with nuclear

factor-kB activity which mediates cyclo-oxygenase-2 ex-

pression and is involved with the functional progesterone

withdrawal. Mol Hum Reprod, 2001, 7, 581–586.

4. Allport VC, Slater DM, Newton R, Bennett PR: NF-kB

and AP-1 are required for cyclo-oxygenase 2 gene ex-

pression in amnion epithelial cell line (WISH). Mol Hum

Reprod, 2000, 6, 561–565.

5. Attali G, Weizman A, Gil-Ad I: Opposite modulatory ef-

fects of ovarian hormones on rat brain dopamine and se-

rotonin transporters. Brain Res, 1997, 756, 153–159.

6. Backstrom T: Epileptic seizures in women related to

plasma estrogen and progesterone during the menstrual

cycle. Acta Neurol Scand, 1976, 54, 321–347.

7. Backstrom T, Zetterlund B, Blom S, Romano M: Effect

of intravenous progesterone infusions on the epileptic

discharge frequency in women with partial epilepsy.

Acta Neurol Scand, 1984, 69, 240–248.

8. Barha CK, Galea LA: Influence of different estrogens

on neuroplasticity and cognition in the hippocampus.

Biochim Biophys Acta, 2010, 180, 1056–1067.

9. Banerji PN, Filippi D, Allen Hauser W: The descriptive

epidemiology of  epilepsy – a review. Epilepsy Res,

2009, 85, 31–45.

10. Becker JB, Rudick CN: Rapid effects of estrogen or pro-

gesterone on the amphetamine induced increase in stri-

atal dopamine are enhanced by estrogen priming: a mi-

crodialysis study. Pharmacol Biochem Behav, 1999, 64,

53–57.

11. Bitran D, Foley M, Audette D, Leslie N, Frye CA: Acti-

vation of peripheral mitochondrial benzodiazepine recep-

tors in the hippocampus stimulates allopregnanolone

synthesis and produces anxiolytic-like effects in the rat.

Psychopharmacology (Berl), 2000, 151, 64–71.

12. Bonuccelli U, Melis GB, Paoletti AM, Fioretti P, Murri

L, Muratorio A: Unbalanced progesterone and estradiol

secretion in catamenial epilepsy. Epilepsy Res, 1989, 3,

100–106.

13. Budziszewska B, Leœkiewicz M, Kubera M, Jaworska-

Feil L, Kajta M, Lasoñ W: Estrone, but not 17b-estra-

diol, attenuates kainate-induced seizures and toxicity in

male mice. Exp Clin Endocrinol Diabetes, 2001, 109,

168–173.

14. Buterbaugh GG: Estradiol replacement facilitates the ac-

quisition of seizures kindled from the anterior neocortex

in female rats. Epilepsy Res, 1989, 4, 207–215.

15. Buterbaugh GG, Hudson GM: Estradiol replacement to

female rats facilitates dorsal hippocampal but not ventral

hippocampal kindled seizure acquisition. Exp Neurol,

1991, 111, 55–64.

16. Craig CR: Anticonvulsant activity of steroids separabil-

ity of anticonvulsant from hormonal effects. J Pharmacol

Exp Ther, 1966, 153, 337–343.

17. Dawson RJ, Wallace DR: Kainic acid-induced seizures

in aged rats: Neurochemical correlates. Brain Res Bull,

1992, 29, 459–468.

18. Djebaili M, Guo QM, Pettus EH, Hoffman SW, Stein

DG: The neurosteroids progesterone and allopreg-

nanolone reduce cell death, gliosis, and functional defi-

cits after traumatic brain injury in rats. J Neurotrauma,

2005, 22, 106–118.

19. Djebaili M, Hoffman SW, Stein DG: Allopregnanolone

and progesterone decrease cell death and cognitive defi-

cits after a contusion of the rat pre-frontal cortex. Neuro-

science, 2004, 123, 349–359.

20. Dluzen DE, Ramirez VD: Progesterone enhances

L-dopa-stimulated dopamine release from the caudate

nucleus of freely behaving ovariectomized-estrogen-

primed rats. Brain Res, 1989, 494, 122–128.

21. Edwards HE, Burnham WM, Mendonca A, Bowlby DA,

MacLusky NJ: Steroid hormones affect limbic after dis-

charge thresholds and kindling rates in adult female rats.

Brain Res, 1999, 838, 136–150.

22. Fang H, Tong W, Shi LM, Blair R, Perkins R, Branham

W, Hass BS et al.: Structure-activity relationships for

a large diverse set of natural, synthetic, and environ-

mental estrogens. Chem Res Toxicol, 2001, 14, 280–294.

23. Fernández-Ruiz JJ, de Miguel R, Hernández ML, Ramos

JA: Time-course of the effects of ovarian steroids on the

activity of limbic and striatal dopaminergic neurons in

female rat brain. Pharmacol Biochem Behav, 1990, 36,

603–606.

24. Frye CA, Rhodes ME, Walf A, Harney J: Progesterone

reduces pentylenetetrazol-induced ictal activity of wild-

type mice but not those deficient in type I 5a reductase.

Epilepsia, 2002, 43, 14–17.

25. Frye CA, Scalise TJ: Anti-seizure effects of progesterone

and 3a,5a-THP in kainic acid and perforant pathway

models of epilepsy. Psychoneuroendocrinology, 2000,

25, 407–420.

26. Galanopoulou AS, Alm EM, Velíšková J: Estradiol re-

duces seizure-induced hippocampal injury in ovariecto-

mized female but  not in male rats. Neurosci Lett, 2003,

342, 201–205.

27. Garcia-Segura LM, Azcoitia I, DonCarlos  LL: Neuro-

protection by estradiol. Prog Neurobiol, 2001, 63, 29–60.

Pharmacological Reports, 2013, 65, 802�812 809

Female ovarian steroids in epilepsy
Mohammad N. Alam et al.



28. Gevorkyan ES, Nazaryan KB, Kostanyan AA: Modify-

ing effect of estradiol and progesterone on epileptic ac-

tivity of the rat brain. Neurosci Behav Physiol, 1989, 19,

412–415.

29. Gomez-Mancilla B, Bedard PJ: Effect of estrogen and

progesterone on L-dopa induced dyskinesia in MPTP-

treated monkeys. Neurosci Lett, 1992, 135, 129–132.

30. Goodman Y, Bruce AJ, Cheng BB, Mattson MP: Estrogens

attenuate and corticosterone exacerbates excitotoxicity, oxi-

dative injury, and amyloid b-peptide toxicity in hippocam-

pal neurones. J Neurochem, 1996, 66, 1836–1844.

31. Gowers WR: Epilepsy and other chronic convulsive dis-

eases. J A Churchill, London, 1881.

32. Green PS, Simpkins JW: Estrogens and estrogen-like

non-feminizing compounds. Their role in the prevention

and treatment of Alzheimer’s disease. Ann NY Acad Sci,

2000, 924, 93–98.

33. Guennoun R, Fiddes RJ, Gouézou M, Lombes M, Bau-

lieu EE: A key enzyme in the biosynthesis of neuroster-

oids, 3b-hydroxysteroid dehydrogenase/D5-D4-isomerase

(3b-HSD), is expressed in rat brain. Brain Res Mol Brain

Res, 1995, 30, 287–300.

34. Hernández ML, Fernández-Ruiz JJ, de Miguel R: Time-

dependent effects of ovarian steroids on tyrosine hy-

droxylase activity in the limbic forebrain of female rats.

J Neural Transm Gen Sect, 1991, 83, 77–84.

35. Herzog AG: Progesterone therapy in women with com-

plex partial and secondary generalized seizures. Neurol-

ogy, 1995, 45, 1600–1662.

36. Herzog AG: Progesterone therapy in women with epilepsy

a 3-year follow-up. Neurology, 1999, 52, 1917–1918.

37. Herzog AG, Klein P, Ransil BJ: Three patterns of cata-

menial epilepsy. Epilepsia, 1997, 38, 1082–1088.

38. Hoffman GE, Moore N, Fiskum G, Murphy AZ: Ovarian

steroid modulation of seizure severity and hippocampal

cell death after kainic acid treatment. Exp Neurol, 2003,

182, 124–34.

39. Holmes GL, Weber DA: The effect of progesterone on

kindling: a developmental study. Brain Res, 1984, 318,

45–53.

40. Horn AC, Buterbaugh GG: Estrogen alters the acquisi-

tion of seizures kindled by repeated amygdala stimula-

tion or pentylenetetrazol administration in ovariecto-

mized female rats. Epilepsia, 1986, 27, 103–108.

41. Jacono JJ, Robertson JM: The effects of estrogen, pro-

gesterone, and ionized calcium on seizures during the

menstrual cycle of epileptic women. Epilepsia, 1987, 28,

571–577.

42. Jover T: Estrogen protect against global ischemic in-

duced neuronal death and prevent activation of apoptotic

signalling cascades in the hippocampal. J Neurosci,

2002, 22, 2115–2124.

43. Kabbadj K, El-Etr M, Baulieu EE, Robel P: Pregne-

nolone metabolism in rodent embryonic neurons and as-

trocytes. Glia, 1993, 7, 170–175.

44. Kalkbrenner KA, Standley CA: Estrogen modulation of

NMDA-induced seizures ovariectomized and non-

ovariectomized rats. Brain Res, 2003, 28, 244–9.

45. Kokate TG, Banks MK, Magee T, Yamaguchi S, Ro-

gawski MA: Finasteride, a 5a-reductase inhibitor, blocks

the anticonvulsant activity of progesterone in  mice.

J Pharmacol Exp Ther, 1999, 288, 679–684.

46. Kokate TG, Cohen AL, Karp E, Rogawski MA: Neuro-

active steroids protect against pilocarpine- and kainic

acid-induced limbic seizures and status epilepticus in

mice. Neuropharmacology, 1996, 35, 1049–1056.

47. Kumon Y, Kim SC, Tompkins P: Neuroprotective effect

of postischemic administration of progesterone in spon-

taneously hypertensive rats with focal cerebral ischemia.

J Neurosurg, 2000, 92, 848–852.

48. Laidlaw J: Catamenial epilepsy. Lancet, 1956, 271,

1235–1237.

49. Landgren S, Bäckström T, Kalistratov G: The effect of

progesterone on the spontaneous interictal spike evoked

by the application of penicillin to the cat’s cerebral cor-

tex. J Neurol Sci, 1978, 36, 119–133.

50. Lasoñ W: Effects of estrogens on seizures and neurotox-

icity. Pol J Pharmacol, 2000, 52, 59–62.

51. Lewandowski SKK, Kaczmarek L: Estrogen receptor po-

tential functional significance of a variety of mRNA iso-

forms. FEBS Lett, 2002, 524, 1–5.

52. Lin C-Y, Ström A, Vega VB, Kong SL, Li A, Yeo AL,

Thomsen JS et al.: Discovery of estrogen receptor a tar-

get genes and response elements in breast tumor cells.

Genome Biol, 2004, 5, R66.

53. Locock C: Discussion of paper by EH Sieveking. Analy-

sis of 52 cases of epilepsy observed by the author. Lan-

cet, 1857, 1, 527–528.

54. Logothetis J, Harner R: Electrocortical activation by es-

trogens. Arch Neurol, 1960, 3, 290–297.

55. Logothetis J, Harner R, Morrel F: The role of estrogens

in catamenial exacerbation of epilepsy. Neurology, 1959,

9, 352–360.

56. Lonsdale D, Burnham WM: The anticonvulsant effects

of progesterone and 5a-dihydroprogesterone on

amygdala-kindled seizures in rats. Epilepsia, 2003, 44,

1494–1499.

57. Lu W, Wen-qin CAI, Zhong Y: Effects of estrogen on as-

trocyte and synaptic  plasticity in hippocampus of PTZ

kindling rat model of epilepsy. Acta Academic Medici-

nae Militaris Tertiae, 2006, 4, 280–286.

58. Maclusky NJ, Luine V, Hajszan T: The 17a and 17b iso-

mers of estradiol both induce rapid spine synapse forma-

tion in the CA1 hippocampal subfield of ovariectomized

female rats. Endocrinology, 2005, 146, 287–293.

59. Mani SK, Allen JMC, Lydon JP, Mulac-Jericevic B,

Blaustein JD, DeMayao FJ, Conneely O, O’Malley BW:

Dopamine requires the unoccupied progesterone receptor

to induce sexual behavior in mice. Mol Endocrinol,

1996, 10, 1728–1737.

60. Mani SK, Mitchell A, O’Malley BW: Progesterone recep-

tor and dopamine receptors are required in D9-tetrahydro-

cannabinol modulation of sexual receptivity in female rats.

Proc Natl Acad Sci USA, 2001, 98, 1249–1254.

61. Marcus EM, Watson CW, Goldman PL: Effects of ster-

oids on cerebral electrical activity. Epileptogenic effects

of conjugated estrogens and related compounds in the cat

and rabbit. Arch Neurol, 1966, 15, 521–532.

62. Matthews J, Gustafsson JA: Estrogen signalling a subtle

balance between ER a and ERb. Mol Interv, 2003, 3,

281–292.

810 Pharmacological Reports, 2013, 65, 802�812



63. McEwen BS, Lee SJ: Neurotrophic and neuroprotective

actions of estrogens and their therapeutic implications.

Annu Rev Pharmacol, Toxicol, 2001 41, 569–591.

64. McEwen BS, Segarra AC: Estrogen increases spine den-

sity in ventromedial hypothalmic neurons of peripubertal

rats. Neuroendocrinology, 1991, 54, 365–372.

65. Mellon SH, Griffin LD, Compagnone NA: Biosynthesis

and action of neurosteroids. Brain Res Rev, 2001, 37,

3–12.

66. Mohammad S, Abolhassan A, Pourgholami MH: Evalua-

tion of the anticonvulsant profile of progesterone in male

amygdala-kindled rats. Epilepsy Res, 1998, 30, 195–202.

67. Monnet FP, Mahe V, Robel P, Baulieu EE: Neuroster-

oids, via s receptors, modulate the [3H] norepinephrine

release evoked by N-methyl-D-aspartate in the rat hippo-

campus. Proc Natl Acad Sci USA, 1995, 92, 3774–3778.

68. Morali G, Letechipia-Vallejo G, Lopez-Loeza E: Pos-

tischemic administration of progesterone in rats exerts

neuroprotective effects on the hippocampus. Neurosci

Lett, 2005, 382, 286–290.

69. Moran MH, Smith S: Progesterone withdrawal, procon-

vulsant effects. Brain Res, 1998, 807, 84–90.

70. Morrell MJ: Epilepsy in women: the science of why it is

special. Neurology, 1999, 53, S42–S48.

71. Motta E, Golba A, Ostrowska Z, Steposz A, Huc M,

Rusnak JK, £uszczki JJ et al.: Progesterone therapy in

women with epilepsy. Pharmacol Rep, 2013, 65, 89–98.

72. Mulac-Jericevic B, Mullinax RA, DeMayo FJ, Lydon JP,

Conneely OM: Subgroup of reproductive functions of

progesterone mediated by progesterone receptor-B iso-

form. Science, 2000, 289, 1751–1754.

73. Murphy DD, Cole NB, Greenberger V, Segal M: Estra-

diol increases dendritic spine density by reducing GABA

neurotransmission in hippocampal neurons. J Neurosci,

1998, 18, 2550–2559.

74. Nelson LR, Bulun SE: Estrogen production and action.

J Am Acad Dermatol, 2001, 45, S116–124.

75. Parsons B, Rainbow TC, MacLusky NJ, McEwen BS:

Progestin receptor levels in rat hypothalamic and limbic

nuclei. J Neurosci, 1982, 2, 1446–1452.

76. Perez J, Zucchi I, Maggi A: Estrogen modulation of the

g-aminobutyric acid receptor complex in the central

nervous system of rat. J Pharmacol Exp Ther, 1988, 244,

1005–1010.

77. Pozzo-Miller LD, Inoue T, Murphy DD: Estradiol in-

creases spine density and NMDA dependent calcium

transients in spines of CA1 pyramidal neurons from hip-

pocampal slices. J Neurophysiol, 1999, 81, 1404–1411.

78. Ramirez VD, Zheng J, Siddique KM: Membrane proges-

terone receptors for estrogen, progesterone and testoster-

one in the rat brain fantasy or reality. Cell Mol Neuro-

biol, 1996, 16, 175–198.

79. Reddy DS: Role of neurosteroids in catamenial epilepsy.

Epilepsy Res, 2004, 62, 99–118.

80. Reddy DS: The role of neurosteroids in the pathophysi-

ology and treatment of catamenial epilepsy. Epilepsy

Res, 2009, 85, 1–30.

81. Reddy DS: The role of neurosteroids in the pathophysi-

ology and treatment of epilepsy. Epilepsy Res, 2008, 83,

12–39.

82. Reibel S, Vivien-Roels B, Le BT, Larmet Y, Carnahan J,

Marescaux C, Depaulis A: Overexpression of neuropep-

tide Y induced by brain-derived neurotrophic factor in

the rat hippocampus is long lasting. Eur J Neurosci,

2000, 12, 595–605.

83. Roof RL, Duvdevani R, Heyburn JW, Stein DG: Proges-

terone rapidly decreases brain edema: treatment delayed

up to 24 hours is still effective. Exp Neurol, 1996, 138,

246– 251.

84. Roof RL, Hoffman SW, Stein DG: Progesterone protects

against lipid peroxidation following traumatic brain in-

jury in rats. Mol Chem Neuropathol, 1997, 31, 1–11.

85. Rudick CN, Woolley CS: Estrogen regulates functional

inhibition of hippocampal CA1 pyramidal cells in the

adult female rat. J Neurosci, 2001, 21, 6532–6543.

86. Saberi M, Pourgholami MH, Jorjani M: The acute effects

of estradiol benzoate on amygdala-kindled seizures in

male rats. Brain Res, 2001, 891, 1–6.

87. Sayeed I, Guo Q, Hoffman SW: Allopregnanolone,

a progesterone metabolite, is more effective than proges-

terone in reducing cortical infarct volume after transient

middle cerebral artery occlusion. Ann Emerg Med, 2006,

47, 381–389.

88. Sayeed I, Wali B, Stein DG: Progesterone inhibits

ischemic brain injury in a rat model of permanent middle

cerebral artery occlusion. Restor Neurol Neurosci, 2007,

25, 151–159.

89. Schultz-Krohn WA, Thompson J, Holmes GL: Effect of

systemic estrogen on seizure susceptibility in the imma-

ture animal. Epilepsia, 1986, 27, 538–541.

90. Schwartz-Giblin S, Korotzer A, Pfaff DW: Steroid hor-

mone effects on picrotoxin- induced seizures in female

and male rats. Brain Res, 1989, 476, 240–247.

91. Selye H: The antagonism between anesthetic steroid hor-

mones and pentamethylenetetrazol (metrazol). J Lab Clin

Med, 1942, 27, 1051–1053.

92. Shear DA, Galani R, Hoffman SW, Stein DG: Progester-

one protects against necrotic damage and behavioral ab-

normalities caused by traumatic brain injury. Exp Neu-

rol, 2002, 178, 59–67.

93. Slamberova R, Vathy I: Estrogen differentially alters

NMDA- and kainate-induced seizures in prenatally mor-

phine- and saline-exposed adult female rats. Pharmacol

Biochem Behav, 2000, 67, 501–505.

94. Smith SS, Gong QH, Hsu FC, Markowitz RS, french-

Mullen JMH, Li X: GABAA receptor a4 subunit sup-

pression prevents withdrawal properties of an endoge-

nous steroid. Nature, 1998, 392, 926–930.

95. Smith SS, Waterhouse BD, Woodward DJ: Locally ap-

plied estrogens potentiate glutamate-evoked excitation of

cerebellar Purkinje cells. Brain Res, 1988, 475, 272–282.

96. Sridharan R: Epidemiology of epilepsy. Current Science,

2002, 82, 664.

97. Sridharan R, Murthy BN: Prevalence and pattern of epi-

lepsy in India. Epilepsia, 1999, 40, 631–636.

98. Terasawa E, Timiras PS: Electrical activity during the es-

trous cycle of the rat cyclical changes in limbic struc-

tures. Endocrinology, 1968, 83, 207–216.

99. Tominaga K, Yamauchi A, Shuto H, Niizeki M, Makino

K, Oishi R: Ovariectomy aggravates convulsions and

hippocampal g-aminobutyric acid inhibition induced by

Pharmacological Reports, 2013, 65, 802�812 811

Female ovarian steroids in epilepsy
Mohammad N. Alam et al.



cyclosporin A in rats. Eur J Pharmacol, 2001, 430,

243–249.

100. Toran-Allerand CD, Guan X, MacLusky NJ, Horvath

TL, Diano S, Singh M, Connolly Jr ES et al.: ER-X

a novel plasma membrane-associated, putative estrogen

receptor that is regulated during development and after

ischemic brain injury. J Neurosci, 2002, 2, 8391–8401.

101. Tsai MJ, O’Malley BW: Molecular mechanisms of ac-

tion of steroid/thyroid receptor superfamily members.

Annu Rev Biochem, 1994, 63, 451–486.

102. Velíšek L, Velišková J, Etgen AM, Stanton PK, Moshé

SL: Region-specific modulation of limbic seizure sus-

ceptibility by ovarian steroids. Brain Res, 1999, 842,

132–138.

103. Velišková J: Estrogens and epilepsy: why are we so ex-

cited?. Neuroscientist, 2007, 13, 77–88.

104. Velišková J: The role of estrogen in seizures and epi-

lepsy: the bad guys or the good guys? Neuroscience,

2006, 138, 837–844.

105. Velišková J, Velišek L, Galanopoulou AS, Sperber EF:

Neuroprotective effects of estrogen on hippocampal cells

in adult female rats after status epilepticus. Epilepsia,

2000, 41 Suppl 6, s30–35.

106. Voiculescu V, Hategan D, Manole E, Ulmeanu A: In-

creased susceptibility to audiogenic seizures following

withdrawal of progesterone. Rom J Neurol Psychiatry,

1994, 32, 131–133.

107. Werboff LH, Havlena J: Audiogenic seizures in adult

male rats treated with various hormones. Gen Comp En-

docrinol, 1963, 8, 389–397.

108. Wise PM, Dubal V, Wilson ME, Rau SW, Bottner M,

Rosewell KL: Estradiol is a protective factor in the adult

and aging brain: understanding of mechanisms derived

from in vivo and in vitro studies. Brain Res Rev, 2001,

37, 313–319.

109. Wong M, Moss RL: Patch-clamp analysis of direct ster-

oidal modulation of glutamate receptor-channels. J Neu-

roendocrinol, 1994, 6, 347–355.

110. Woolley CS: Estradiol facilitates kainic acid-induced,

but not flurothyl-induced, behavioral seizure ativity in

adult female rats. Epilepsia, 2000, 41, 510–515.

111. Woolley CS, McEwen BS: Estradiol regulates hippocam-

pal dendritic spine density via an N-methyl-D-aspartate

receptor-dependent mechanism. J Neurosci, 1994, 14,

7680–7687.

112. Woolley CS, Weiland NG, McEwen BS, Schwartzkroin

PA: Estradiol increases the sensitivity of hippocampal

CA1 pyramidal cells to NMDA receptor-mediated synap-

tic input correlation with dendritic spine density. J Neu-

rosci, 1997, 17, 1848–1859.

113. Woolley DE, Timiras PS: Estrous and circadian periodic-

ity and electroshock convulsions in rats. Am J Physiol,

1962, 202, 379–382.

114. Woolley DE, Timiras PS: The gonad–brain relationship

effects of female sex hormones on electroshock convul-

sions in the rat. Endocrinology, 1962, 70, 196–209.

115. Woolley DE, Timiras PS, Woodbury DM: Some effects

of sex steroids on brain excitability and metabolism.

Proc West Pharmacol Soc, 1960, 3, 11–23.

116. Wright DW, Bauer ME, Hoffman SW, Stein DG: Serum

progesterone levels  correlate with decreased cerebral

edema after traumatic brain injury in male rats. J Neuro-

trauma, 2001, 18, 901–909.

117. Wu FS, Gibbs TT, Farb DH: Inverse modulation of

gamma aminobutyric acid- and glycine-induced currents

by progesterone. Mol Pharmacol, 1990, 37, 597–602.

Received: May 20, 2012; in the revised form: January 27, 2013;

accepted: February 16, 2013.

812 Pharmacological Reports, 2013, 65, 802�812


	771	Review Œ Serotonin discovery and stepwise disclosure of 5-HT receptor complexity over four decades. Part I. General background and discovery of serotonin as a basis for 5-HT receptor identification.
	Manfred Göthert

	787	Review Œ Research advances in basic mechanisms of seizures and antiepileptic drug action.
	W³adys³aw Lasoñ, Ma³gorzata Chlebicka, Konrad Rejdak

	802	Review Œ Female ovarian steroids in epilepsy: A cause or remedy.
	Mohammad N. Alam, Aakifa Ahmad, Fahad A. Al-Abbasi, Aftab Ahmad
	813	Effects of serotonin (5-HT)1B receptor ligands on amphetamine-seeking behavior in rats.
	Joanna Miszkiel, Edmund Przegaliñski


	823	Synthesis and neuromodulatory effects of TRH-related peptides: inhibitory activity on catecholamine release in vitro.
	Luigi Brunetti, Annalisa Chiavaroli, Alessandra Cocco, Claudio Ferrante, Anna Ferrucci, Grazia Luisi, Giustino Orlando, Francesco Pinnen, Michele Vacca

	836	Identification of Dmt-D-Lys-Phe-Phe-OH as a highly antinociceptive tetrapeptide metabolite of the opioid-neurotensin hybrid peptide PK20.
	Patrycja Kleczkowska, Engin Bojnik, Anna Leœniak, Piotr Kosson, Isabelle Van den Eynde, Steven Ballet, Sandor Benyhe, Dirk Tourwé, Andrzej W. Lipkowski

	847	Different effects of postnatal caffeine treatment on two pentylenetetrazole-induced seizure models persist into adulthood.
	Jana D. Tchekalarova, Hana Kubová, Pavel Mareı

	854	Differential effects of LY294002 and wortmannin on neurons and vascular endothelial cells in the rat retina.
	Kaori Ueda, Tsutomu Nakahara, Kaori Akanuma, Asami Mori, Kenji Sakamoto, Kunio Ishii

	863	LPS-induced oxidative stress and inflammatory reaction in the rat striatum.
	Karolina Noworyta- Soko³owska, Anna Górska, Krystyna Go³embiowska

	870	Can the antiplatelet effects of cangrelor be reliably studied in mice under in vivo and in vitro conditions using flow cytometry?
	Hassan Kassassir, Karolina Siewiera, Rados³aw Sychowski, Cezary Wata³a

	884	Exendin-4 and GLP-1 decreases induced expression of ICAM-1, VCAM-1 and RAGE in human retinal pigment epithelial cells.
	Mariola Dorecka, Krzysztof Siemianowicz, Tomasz Francuz, Wojciech Garczorz, Agnieszka Chyra, Agnieszka Klych, Wanda Romaniuk

	891	Disparate effects of anti-TNF-a therapies on measures of disease activity and mediators of endothelial damage in ankylosing spondylitis.
	Mariusz Korkosz, Jerzy G¹sowski, Andrzej Surdacki, Piotr Leszczyñski, Katarzyna Pawlak-Buœ, S³awomir Jeka, Maciej Siedlar, Tomasz Grodzicki

	898	Influence of NADPH oxidase inhibition on oxidative stress parameters in rat hearts.
	Paulina Kleniewska, Marta Michalska, Anna Gor¹ca

	906	Exposure to alcohol and tobacco smoke causes oxidative stress in rats.
	Ewa Ignatowicz, Anna Wo�niak, Maksymilian Kulza, Monika Señczuk- Przyby³owska, Francesco Cimino, Wojciech Piekoszewski, Marek Chuchracki, Ewa Florek

	914	Exposure to ethanol and tobacco smoke in relation to level of PCNA antigen expression in pancreatic and hepatic rat cells.
	Ewa Wiœniewska, Anna Dylik, Maksymilian Kulza, Ewa Florek, Wojciech Piekoszewski, Monika Señczuk-Przyby³owska, Andrzej Marsza³ek

	927	Combination of omeprazole with GLP-1 agonist therapy improves insulin sensitivity and antioxidant activity in liver in type 1 diabetic mice.
	Vishal Patel, Amit Joharapurkar, Nirav Dhanesha, Samadhan Kshirsagar, Jaysukh Detroja, Kartikkumar Patel, Tejal Gandhi, Kirti Patel, Rajesh Bahekar, Mukul Jain

	937	Metabolic effects of the HIV protease inhibitor  Œ saquinavir in differentiating human preadipocytes.
	Monika Boci¹ga-Jasik , Anna Polus, Joanna Góralska, Urszula Czech, Anna Gruca, Agnieszka „liwa, Aleksander Garlicki, Tomasz Mach, Aldona Dembiñska-Kieæ

	951	Comparative evaluation of different doses of PPAR-g agonist alone and in combination with sulfasalazine in experimentally induced inflammatory bowel disease in rats.
	Prasad Byrav D.S., Bikash Medhi, Ajay Prakash, Amitava Chakrabarti, Kim Vaiphei, Krishan L. Khanduja

	960	Effect of infliximab on metabolic disorders induced by Walker-256 tumor in rats.
	Daniele R. Miksza, Camila O. de Souza, Hely de Morais, Aline F. da Rocha, Gláucia R. Borba-Murad, Roberto B. Bazotte, Helenir M. de Souza

	970	Anti-nephrolithic potential of resveratrol via inhibition of ROS, MCP-1, hyaluronan and osteopontin in vitro and in vivo.
	Sang Hyuk Hong, Hyo-Jung Lee , Eun Jung Sohn, Hyun-Suk Ko, Bum Sang Shim, Kyoo Seok Ahn, Sung-Hoon Kim

	980	1,2-Diazole prevents cisplatin-induced nephrotoxicity in experimental rats.
	Venugopal V. Prabhu, Narayanan Kannan, Chandrasekharan Guruvayoorappan 

	SHORT COMMUNICATIONS
	991	Involvement of NMDA and AMPA receptors in the antidepressant-like activity of antidepressant drugs in the forced swim test.
	Ma³gorzata Wolak, Agata Siwek, Bernadeta Szewczyk, Ewa Poleszak, Andrzej Pilc, Piotr Popik, Gabriel Nowak


	998	Partial agonist efficacy of EMD386088, a 5-HT6 receptor ligand, in functional in vitro assays.
	Magdalena Jastrzêbska-Wiêsek, Agata Siwek, Grzegorz Kazek, Barbara Nawieœniak, Anna Partyka, Monika Marcinkowska, Marcin Ko³aczkowski, Anna Weso³owska

	1006	Dose-depending effect of intracerebroventricularly administered bradykinin on nociception in rats.
	Magdalena Bujalska-Zadro¿ny, Anna de Cordé, Krystyna Cegielska-Perun, Emilia G¹siñska, Helena Makulska-Nowak

	1012	Enalapril enhances the anticonvulsant activity 
of lamotrigine in the test of maximal electroshock.
	Krzysztof £ukawski, Tomasz Jakubus, Agnieszka Janowska, Grzegorz Raszewski, Stanis³aw J. Czuczwar

	1018	Are anti-inflammatory properties of lipoic acid associated with the formation of hydrogen sulfide?
	Magdalena Dudek, Anna Bilska-Wilkosz, Joanna Knutelska, Szczepan Mogilski, Marek Bednarski, Ma³gorzata Zygmunt, Ma³gorzata Iciek, Jacek Sapa, Dominik Bugajski, Barbara Filipek, Lidia W³odek

	1025	Marsanidine and 7-Me-marsanidine, the new hypotensive imidazolines augment sodium and urine excretion in rats.
	Magdalena Wróblewska, Joanna Kasprzyk, Franciszek S¹czewski, Anita Kornicka, Konrad Boblewski, Artur Lehmann, Apolonia Rybczyñska

	1033	Tissue distribution of gold nanoparticles after single intravenous administration in mice.
	Marek Wojnicki, Magdalena Luty-B³ocho, Marek Bednarski, 
Magdalena Dudek, Joanna Knutelska, Jacek Sapa, 
Ma³gorzata Zygmunt, Gabriel Nowak, Krzysztof Fitzner
	1039	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

