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ABSTRACT

Neuroactive steroids are the certain steroids that alter neuronal excitability via
the cell surface through interaction with certain neurotransmitter receptors.
Neuroactive steroids regulate physiological functions of the central nervous
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INTRODUCTION high voltage-activated Ca*? channel, Na* channel, Ca**-
activated K channel, and anion channels.?

Steroid hormones act as transcription factors and regulate

gene expression which is exerted by binding to their In general, neuroactive steroids are the steroids which
respective intracellular receptors." However, certain regulate the neuronal activities and physiological
steroids may alter neuronal excitability via the cell functions of the CNS*® They are classified as
surface through interaction with certain neurotransmitter endogenous steroids and exogenous (synthetic) steroids
receptors. The term ‘neuroactive steroid” has been coined based on the source or production site. Endogenous
for steroids with these particular properties. Molecular steroids are subdivided into hormonal steroids (produced
basis for the action of neurosteroids is explained by their by the endocrine glands) and neurosteroids (produced by
genomic effects (limited by the rate of protein the nervous tissue) [Figure 1].°

biosynthesis and requiring a time period from minutes to

hours) and nongenomic effects (the modulatory effects Neuroactive steroids have shown numerous important
requiring only milliseconds to seconds). This provides a modulatory effects on brain functions and brain diseases.
broad spectrum action of neuroactive steroids on These effects are exerted by modulating almost all kinds
neuronal function and plasticity." Neuroactive steroids of  classical  synaptic  transmission including
also act on various neurotransmitter receptors and glutamatergic, GABAergic, cholinergic, noradrenergic,
voltage-dependent  ion  channels, especially y- dopaminergic and serotonergic synaptic transmission,
aminobutyric acid (GABA), N-methyl-D-aspartate either by altering the responsiveness of postsynaptic
(NMDA), a-amino-3-hydroxy-5-methyl-4- receptors or by the presynaptic release of
isoxazolepropionic acid (AMPA), kainate, glycine, neurotransmitters.”  As they modulate GABAergic
serotonin,  sigma-1, nicotinic and  muscarinic transmission, endogenous neurosteroids though to play a
acetylcholine receptors, as well as T-type Ca** channel, role in the physiological regulation of seizure
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susceptibility in individuals with epilepsy. Many studies
have proven that they play important roles in the
pathology and treatment of neurological disorders
including, epilepsy such as catamenial epilepsy,
childhood epilepsy, stress induced seizures, temporal lobe
epilepsy, alcohol withdrawal seizure, infantile spasm and
status epilepticus. However, there is no evidence that
alterations in  neurosteroid levels can  cause
epileptogenesis in the absence of pre-existing epilepsy.*

BIOSYNTHESIS OF NEUROSTEROIDS

Endogenous neuroactive steroids can be synthesized de
novo in the brain as well as in adrenal glands, ovaries and
testes. Among these compounds, the 3a,50- and 3a,5B-
reduced metabolites of progesterone (3a,50- and 3a,5p-

tetrahydroprogesterone), deoxycorticosterone (3a,5a- and
30,58 tetrahydrodeoxycorticosterone),
dehydroepiandrosterone (DHEA) (30,5a- and 3a,58-
androsterone) and testosterone (3a,50- and 3a,5f-
androstanol) enhance GABAergic neurotransmission and
produce inhibitory neurobehavioral effects such as
anticonvulsant, anxiolytic and sedative actions. The
excitatory neuroactive steroids include the sulfated
derivatives of pregnenolone and DHEA as well as the 3a,
5a- and 30, 5p-reduced metabolites of cortisol.">® The
biosynthetic pathway for these steroids is shown in
Figure 2.°

NOMENCLATURE

The nomenclature of the steroids is provided in Table 1.

| Neuroactive steroids |

N
[ Endogenous steroids ]
\r
__________ Voo v
 Neurosteroids | _Hormonal steroids |
- Pregnenolone - Estradiol
- Pregnenclone sulfate - Progesterone
- Progesterone - Testosterone
- Allopregnanolone - Glucocorticoid

- Dehydroepiandrosterone
- Dehydroepiandrosterone

sulfate

v

[ Exogenous steroids ]

- Alphaxalone
- Ganaxolone (GNX)
- Steroid-3a-hydroxy-5p-pregnan-

20-one hemisuccinate

- Dehydroepiandrosterone

Figure 1: Classification of neuroactive steroids.’

Table 1: IUPAC and conventional nomenclature.®

IUPAC name

Conventional (trivial) names

Abbreviation

Sa-pregnane-3a-ol-20-one,

3a-hydroxy-5a-pregnan-20-one 3a,50-tetrahydroprogesterone, 3a,5a-THP
allopregnanolone
5B-pregnane-3a-0l-20-one,
3a-hydroxy-5B-pregnan-20-one 3a,5p-tetrahydroprogesterone, 30,5B-THP

pregnanolone

30,2 1-dihydroxy-5a-pregnan-20-one

5a-pregnan-3a, 21-diol-20-one,
3a0,50-tetrahydrodeoxycorticosterone

30,50-THDOC

30,2 1-dihydroxy-5B-pregnan-20-one

5p-pregnan-3a, 21-diol-20-one,
30,5B-tetrahydrodeoxycorticosterone

3a,58-THDOC

IUPAC: International Union of Pure and Applied Chemistry; THP: Tetrahydroprogesterone;
THDOC: Tetrahydrodeoxycorticosterone.
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Figure 2: The biosynthetic pathway for neuroactive steroids.’
The inhibitory neuroactive steroids with potent GABA 4 receptor-positive modulatory effects are highlighted in light blue
box; whereas the excitatory neuroactive steroids with weak GABA 4 receptor antagonist effects are highlighted in dark
blue box.

B Benzodiazepine
GABA
Barbiturate
Steroid

Figure 3 (A and B): Schematic and binding sites of GABA, receptor’, (A) A single subunit of the GABA, receptor,
highlighting topology. M1-M4 represent transmembrane domains. The M2 transmembrane domain forms an important
part of the chloride channel pore. (B) Pentameric structure of a typical GABA, receptor. Several putative sites of
modulatory drugs, including neurosteroids, are shown. It also shows steroids act on the GABA receptor from within the
transmembrane domains which is supported by pharmacological studies and by recent site-directed mutagenesis studies.

International Journal of Basic & Clinical Pharmacology | November-December 2012 | Vol 1 | Issue 3  Page 152



Patil CY et al. Int J Basic Clin Pharmacol. 2012 Dec;1(3):150-159

MODULATION OF GABA, RECEPTORS BY
NEUROACTIVE STEROID

GABA, receptors

GABA receptors are pentameric-heteromer and belong to
the Cys-loop family of ligand-gated ion channels.’
Though the GABA-gated conductance has inhibitory
influence on the cell, postsynaptic GABA response can
be excitatory or inhibitory. Variations in GABAa
receptors depend upon structure of the subunits.
Functional channels of GABA, receptor are formed by
the assembly of two a subunits (from al, 02, a3, a4, a5,
a6), two B subunits (from B1, B2, B3) plus one additional
subunit, often a y subunit (from y1, y2, y3) but sometimes
from a o, g, m, or 0O subunit.” The alB2y2 subunit
combination is the most common combination in the
mammalian brain.” Moreover, the y2 subunit is
particularly important for synaptic localization/clustering
of GABA, receptors as it contains sequence motifs,
which are responsible for synaptic targeting.

A schematic of a single GABA, receptor subunit and the
pentameric receptor with sites of action for important
modulatory drugs are shown in Figure 3A and 3B
respectively.’

Interaction with GABA, receptors

The 3a-reduced metabolites of progesterone and
deoxycorticosterone  ( 3a,5a-tetrahydroprogesterone
Ba,5a-THP and 30,50 tetrahydrodeoxycorticosterone
/3a,5a-THDOC respectively) were the first steroids that
have shown to have modulatory effect on neuronal
excitability via their interaction with GABA type A
receptors.”® The most prominent interaction of
neurosteroids with GABA, receptors is potentiating
action rather antagonistic actions and is seen with the
endogenous 3a,5a-THP (allopregnanolone), 3a,5B-THP
(pregnanolone), 3a50-THDOC and 3a5B-THDOC.7
This positive allosteric modulatory action is because they
enhance the GABA-evoked chloride current either by
increasing frequency and/or by increasing duration of
openings of the GABA-gated chloride channel.>"® As
neurosteroids are synthesized from cholesterol via
progesterone  or  deoxycorticosterone;  therefore,
fluctuations in their levels may influence the modulatory
effects that neurosteroids have over the function of the
GABA, receptors.>’

Non-competitive antagonist action is seen with steroids
sulfated at C3, typified by pregnenolone sulfate (PS) and
sulfated pregnane steroids, with either o or J
stereochemistry at C3 and at C5.°" The ICs, (half
maximal inhibitory concentration) values for the action of
this class of neuroactive steroids is typically in the high
nanomolar to micromolar range. Finally, 33-OH steroids
can also antagonize GABA, receptors but the potency
and perhaps efficacy of 33-OH steroids is weaker than
that of sulfated steroids.’

Recent studies have shown evidence of two sites of
neurosteroid action on GABA, receptors. One site spans
the M1 and M4 transmembrane domains of the a-subunit
and accounts for the potentiating actions of some
steroids. Another site, between the M1 domain of the o-
subunit and the M3 domain of the pB-subunit, is
responsible for direct gating of the channel by steroids.
Schematic representation of these sites is shown in Figure
4." Various studies conducted have shown direct gating
by steroids is inefficient, with maximum responses less
than the responses generated by saturating GABA. In
spite of this, small currents resulting from direct gating
can have a significant impact on cellular excitability.
Furthermore, studies done recently have reported that the
onset and offset kinetics of direct gating are particularly
slow.” This may be the reason which has led to an under-
appreciation of the potency of neurosteroids directly
activating the channel.

@ Direct gating
» Potentiating

Figure 4: Top-down view of the pentameric GABAA
receptor showing proposed sites of potentiation and
direct gating for neurosteroids.’

Neuroactive steroids are among the most potent and
efficacious modulators of GABA, receptors. When
compared with benzodiazepines their potency is less
(half-maximum effects in the nanomolar concentration
range), but generate higher maximum potentiation of
GABA responses and therefore they are more efficacious.
On the other hand, neuroactive steroids are less
efficacious and more potent than barbiturate.” Many
review articles in the literature show that the action of
neurosteroids is highly specific, being both brain region
and neuron dependent. This selectivity is due to the
composition of the GABA, receptor subunit, the
differential expression of steroid-synthesizing and
metabolizing enzymes, and local steroid metabolism and
phosphorylation mechanisms.>® Neuroactive steroids act
on both synaptic and extrasynaptic GABA, receptors.
Moreover, extrasynaptic GABA, receptors are highly
sensitive to neurosteroids® and appear to play a vital role
in the neuronal plasticity changes that accompany stress,
puberty and the ovarian cycle.>®

Expression of the GABA, receptors
Previously, it was assumed that the neuroactive steroids
do not regulate gene expression because they do not bind
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to a known intracellular steroid hormone receptor.
Research done using a cotransfection system with
recombinant progesterone receptors and the mouse
mammary tumour virus (MTV) has shown that the
neuroactive steroids like 3a,5a-THP and 3a,5a-THDOC
activate gene expression effectively and enhance the
nuclear translocation.*

Recently, it has been shown that both chronic exposure
and withdrawal from exogenous neurosteroids increase
expression of the GABAA receptor a4-subunit to produce
CNS hyperexcitability. This increase in the expression of
the oad-subunit is responsible for benzodiazepine
insensitivity, one common factor in experimental rodent
models and the clinical presentation of premenstrual
dysphoric disorder.

CLINICAL IMPORTANCE OF NEUROSTEROIDS
IN EPILEPSY

Neurosteroids  including,  allopregnanolone  and
tetrahydrodeoxycorticosterone (THDOC) that act as
positive GABA, receptor modulators have shown to
exhibit broad-spectrum anticonvulsant effects in diverse
rodent seizure models. They protect against seizures
induced by GABA, receptor antagonists including
pentylenetetrazol (PTZ) and bicuculline and they are
effective against pilocarpine-induced limbic seizures and
seizures in kindled animals.’®*® Neurosteroids are also
highly effective in suppressing seizures due to
withdrawal of GABA, receptor modulator drugs
including neurosteroids and benzodiazepines. However, it
is seen in animal studies that neurosteroids may
exacerbate  generalized  absence  seizures.*'*"
Neurosteroids differ from benzodiazepine that they do
not act on the benzodiazepine site of GABA, receptors
and also they are able to modulate all isoforms of
GABA, receptors, including benzodiazepine-insensitive
one. As a result anticonvulsant tolerance is not seen with
neurosteroids in contrast to benzodiazepines.'®**” Thus,
neurosteroids have the potential to be used in the chronic
treatment of epilepsy and laid the basis for clinical trials.

The sulfated neurosteroids pregnenolone sulfate and
dehydroepiandosterone sulfate, which act as GABAa
receptor  antagonists are  proconvulsant  when
administered at high doses into the brain, producing
seizures and status epilepticus.’® It is unlikely that they
exist endogenously even if they do, their concentrations
is not sufficiently high to exert proconvulsant effects.
Therefore, their physiological relevance is unclear.
However, it is known that the proconvulsant effects of
these steroids can be blocked by co-administration of
allopregnanolone or other neurosteroids that positively
modulate GABA, receptors.® There is some limited
evidence that endogenous neurosteroids play a role in
regulating epileptogenesis making them potentially useful
for disease modifying therapeutic activity.?>%

Ganaxolone, the synthetic 3b-methyl analogue of
allopregnanolone (3a- hydroxy-3p-methyl-5a-pregnan-
20-one) is the only neurosteroid that has been evaluated
in human clinical trials for the treatment of epilepsy.”®
Various safety and pharmacokinetic studies conducted on
human subjects including children have shown that
ganaxolone is well tolerated. However, it is associated
with dose limiting adverse effects such as sedation and
somnolence which are reversible. Ganaxolone is
metabolized by CYP3A to 16-hydroxyganaxolone, which
is inactive and then to various multihydroxylated
metabolites. Despite the metabolism by microsomal
enzyme, the information available to date indicates that
ganaxolone will have low drug-drug interactions.***
Therefore, it could be administered easily with
concomitant antiepileptic drugs. However, clinical trials
having large sample size and with randomized, controlled
and double blind study design are needed before its use in
clinical practice.

Catamenial Epilepsy

Catamenial epilepsy is a form of pharmacoresistant
epilepsy in which seizure exacerbations occur in cyclical
manner during particular phases of the menstrual cycle in
women with pre-existing epilepsy. It is estimated that up
to 70% of women of child-bearing age with epilepsy
experience  catamenial  seizure  exacerbations.”>*’
Catamenial epilepsy is classified into three forms: (1)
perimenstrual (C1: days -3 to 3) and (2) periovulatory
(C2: days 10 to -13) in normal cycles, and (3) luteal (C3:
days 10 to 3) in inadequate luteal phase cycles, wherein
day 1 is the first day of menstrual flow and ovulation is
presumed to occur 14 days before the subsequent onset of
menses (day -14).2* Neurosteroids have been implicated
only in the seizure exacerbations which occur during
perimenstrual period which is also the most common
form of catamenial epilepsy. It is hypothesized that
withdrawal of progesterone derived neurosteroids
predispose to seizure because of enhanced brain
excitability.

During follicular phase of the menstrual cycle, circulating
progesterone along with its metabolite allopregnanolone
levels are low but their level rise in the mid-luteal phase
for about 10 to 11 days. However during late luteal phase
circulating  progesterone  levels decline causing
withdrawal of the anticonvulsant effects of
neurosteroids.?® Circulating THDOC levels though lower
than those of allopregnanolone fluctuate during the
menstrual cycle, with higher levels in the luteal phase.
Study done recently suggested that serum THDOC levels
could contribute to catamenial epilepsy, but it appears to
be less relevant.*** An important question, whether the
local brain synthesis of neurosteroids also fluctuates is
still unanswered.

Pliability in GABA, receptors during perimenstrual
period is also thought to play a role in the enhanced brain
excitability, which leads to increase in seizure
susceptibility in perimenstrual catamenial epilepsy.*
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However, there is a lack of conclusive evidence that
changes in expression of brain GABA, receptor subunit
occurs during the human menstrual cycle. Studies in rats
have shown that prolonged exposure to allopregnanolone
causes increased expression of the 04 GABA, receptor
subunit in hippocampus. This results in decreased
benzodiazepine sensitivity of GABA, receptor as
benzodiazepines only act on GABA, receptors containing
y2 subunits and not containing a4 or o6 subunits.”’
Treatment of rats with allopregnanolone also results in
transient increased expression of the & subunit in
hippocampus. It can coassemble with o4 to form
nonsynaptic (perisynaptic/extrasynaptic) GABA,
receptors and increased benzodiazepine-insensitive tonic
current. 33 However, it is unclear that increased o
subunit expression has relevance in catamenial epilepsy
as increase in § subunit may be transitory.

Therefore, an important result of increased o4 subunit
into synaptic GABA, receptors causes accelerated decay
of synaptic currents generated by these receptors, which
results in reduced inhibition.** Neurosteroids cause a
prolongation of the decay of GABA-mediated synaptic
currents. As a result during the luteal phase, presence of
high levels of allopregnanolone and the acceleration due
to o4 substitution are balanced.?* However, at the time of
menstruation when neurosteroids are withdrawn; synaptic
inhibition is diminished resulting in enhanced excitability
predisposing to seizures.

The neurosteroid withdrawal rodent model of catamenial
epilepsy was used to investigate therapies for
perimenstrual catamenial epilepsy.®*** A major outcome
was that conventional antiepileptic drugs , like
benzodiazepines and valproate, have reduced potency in
protecting against seizures during the period of enhanced
seizure susceptibility following neurosteroid withdrawal.
This situation was similar to the catamenial epilepsy in
women where breakthrough seizures occur despite
treatment  with  antiepileptic  drugs.  Moreover,
neurosteroids including allopregnanolone, THDOC and
their 5p-isomers, were found to have enhanced activity in
the perimenstrual catamenial epilepsy model.® This
suggested a novel approach of “neurosteroid
replacement” for the treatment of catamenial seizure
exacerbations.?*

While neurosteroid reduction by itself does not lead to
epilepsy, it is well established that endogenous
neurosteroids do modulate seizure susceptibility in
epileptic animals. Moreover, in the catamenial epilepsy
model neurosteroid withdrawal causes markedly greater
seizure provocation, consistent with earlier studies
demonstrating enhanced seizure susceptibility in acute
seizure models. Importantly, it supports the concept that
neurosteroid replacement may be useful in the treatment
of seizures associated with neurosteroid fluctuations such
as catamenial epilepsy.*Although neurosteroids seems to
be the most direct approach to the treatment of

catamenial epilepsy, there is only limited circumstantial
data available to support their use.*

A neurosteroid could be administered in a “pulse” prior
to menstruation but continuous administration throughout
the month is preferred. Continuous administration would
avoid withdrawal of the therapeutic agent, which itself
could predispose to seizures, also there is difficulty in
predicting the time of menstrual periods in many women.
They are administered at low doses to avoid sedative side
effects. Though, it contributes little to anticonvulsant
activity during most of the menstrual cycle, at the time of
menstruation increased potency of the neurosteroid would
confer protection against perimenstrual  seizure
exacerbations. It is noteworthy that there is no
corresponding increases in side effects (mainly
sedation).?* Therefore, enhanced side effects which would
negate the potential of the therapeutic approach, would
not be expected to occur.

No neurosteroid is currently approved. The data from
human clinical trials suggests that adjunctive cyclic
progesterone supplementation may be useful in women
with catamenial epilepsy.>”*® However, there are chances
that Progesterone therapy in women may cause hormonal
effects such as breakthrough vaginal bleeding, breast
tenderness, weight gain, sedation and emotional
depression. In the treatment regimen used in the clinical
trials, progesterone is administered only after cycle day
14 and is tapered and discontinued during days 26 to 28,
as it is believed that starting earlier than mid-cycle would
interfere with normal cycling causing irregular bleeding
and abrupt discontinuation can result in rebound seizure
exacerbation. An advantage of hormonally-inactive
neurosteroids is that they have no hormonal adverse
effects and can be administered throughout the cycle,
simplifying the treatment regimen.**%

Preliminary uncontrolled open label study was conducted
to evaluated safety and efficacy of ganaxolone in women
with catamenial epilepsy.?#***® These women received
oral ganaxolone (300 mg/day, twice a day) starting on
day 21 of the menstrual cycle and continued up to third
day of next menstrual cycle. It showed that ganaxolone
appeared to reduce their catamenial seizures. Study also
showed that it was well tolerated and was associated with
no hormonal adverse effects. However, further clinical
trial with a randomized, controlled study design is
required before this agent can be recommended for
clinical use.

Stress-Induced Seizure

Body respond to physiological stress by increasing
circulating levels of neurosteroids. Stress results in
stimulation of hypothalamo-pituitary-adrenal (HPA) axis
leading to enhanced synthesis of adrenal cortisol and
neurosteroid, deoxycorticosterone (DOC).***° THDOC is
derived nearly exclusively from adrenal sources, while
allopregnanolone is derived either from brain, adrenal
gland and/or gonads proved in animal studies.”* Acute
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stress such as swimming, foot shock or carbon dioxide
exposure elicit rapid rise in plasma and brain levels of
THDOC and allopregnanolone.**** Normal plasma levels
of THDOC fluctuate between 1 and 5 nM, but following
the acute stress it increase to 15-30 nM and might reach
40-60 nM during pregnancy. On the other hand,
allopregnanolone levels typically reach 70-160 nM
during the third trimester of pregnancy and have been
measured as high as 220 nM.*

Various animal studies have shown that stress-induced
neurosteroids elevate seizure threshold and have
anticonvulsant effects against seizures induced by PTZ
and  other  GABAjreceptor  antagonists.*This
anticonvulsant action of stress induced neurosteroids
could be due to circulating neurosteroids synthesized in
peripheral tissues or to those produced locally in the
brain. Though, stress-induced enhanced neurosteroid
production and their protective effect against seizure is
seen in animals,* it is unlikely to see reduction in seizure
frequency associated with stress in epileptic patients.
Indeed, stress has been reported to trigger seizure activity
in persons with epilepsy.* During the stressful episodes,
it is expected to have fluctuation in adrenal hormone
levels and may be the withdrawal of THDOC during such
fluctuations is associated with seizure provocation.
Alternatively, other unidentified hormonal factors with
proconvulsant activity may be responsible for stress-
induced increases in seizures. However, the type of stress
experienced by patients with epilepsy is a chronic type,
and it is likely that it has different endocrinological
consequences than acute stress. The effects of
fluctuations in neurosteroids on seizures in chronic stress
remain to be studied.

Temporal Lobe Epilepsy

Epilepsy is commonly associated with sexual and
reproductive dysfunction.*® Patients of temporal lobe
epilepsy (TLE) particularly men often have diminished
libido and sexual potency that is associated with low
testosterone levels.*” There are two factors which can be
attributed to this hypogonadal state, firstly, effects of
certain hepatic enzyme-inducing antiepileptic drugs and
secondly, the connections between temporal lobe
structures such as the amygdala and hypothalamic nuclei
that governs the production and secretion of gonadotropin
releasing hormone, which is responsible for suppression
of the hypothalamic-pituitary-gonadal axis by limbic
seizures.***

A study conducted on men have shown that after
temporal lobe epilepsy surgery, serum androgens level
becomes normal which results in successful seizure
control. However, normalization of serum androgens is
not seen in those that continue to have seizures,
supporting the observation that seizures are responsible
for the hypoandrongenic state.® As noted earlier,
testosterone serves as a precursor for neurosteroids like
androstanediol which are a positive modulator of GABAA
receptor that is responsible for their anticonvulsant

properties.****° Studies have shown that serum levels of
these neurosteroids are reduced in men with epilepsy
compared with control subjects.* Therefore, neurosteroid
replacement might be a useful therapeutic approach.

However in temporal lobe epilepsy there are some
biological factors which may influence the sensitivity of
endogenous neurosteroids and therefore could have an
influence on the efficacy of exogenous neurosteroids
used in epilepsy therapy. Studies in a status epilepticus
model of TLE have shown that in the dentate gyrus there
is a reduction in 8-subunit containing GABA, receptors,
also the neurosteroids modulation of synaptic currents is
diminished along with presence of a4 subunit containing
receptors at synapses.> All of these changes may reduce
the efficacy of endogenous neurosteroids and may
facilitate seizures in epileptic animals. Therefore, before
considering the neurosteroid replacement therapy in TLE
these biological factures should be considered.

Alcohol Withdrawal Seizures

Ethanol, when administered systemically at moderate
doses of (1-2.5 g/kg) is believed to activate HPA axis.
This causes increase in plasma and brain neurosteroids
that may contribute to many of the it’s behavioural
effects in rodents.® Chronic ethanol administration
causes elevation of neurosteroids like, allopregnanolone
and THDOC and their enhanced anticonvulsant actions
These effects are associated with increases in the
sensitivity of GABAa receptors to neurosteroids.>
Though endogenous neurosteroids may protect against
ethanol withdrawal seizures but, ethanol induction of
allopregnanolone is diminished in tolerant and dependent
animals. Reduced availability of allopregnanolone under
such circumstances may be a factor that predisposes to
alcohol withdrawal seizures. Therefore, neurosteroid
replacement could possibly be useful in the treatment of
alcohol withdrawal seizures.>

Status Epilepticus

Status epilepticus is an emergency neurological
condition. It is characterized by persistent seizures lasting
more than 30 minutes, resistance to benzodiazepine
treatment and progressive internalization of synaptic
GABA, receptors. Therefore, new therapies with novel
mechanism of actions are needed for refractory status
epilepticus.* During the attack of status epilepticus, the
extra synaptic 6-subunit containing GABA, receptors
that generate “tonic” inhibition do not internalize.
Considering this factor, neurosteroids having positive
modulatory action on GABA, receptors with strong
anticonvulsant activity, could be more effective for
treatments of status epilepticus.**® Preclinical studies
involving animal model have shown that neurosteroids
like THDOC can effectively terminate chemically
electrographic and behavioural status epilepticus.”
Treatment with THDOC successfully aborted seizures
with sustained suppression of status epilepticus, with
efficacy superior to the benzodiazepine. In addition,
THDOC therapy may confer significant neuroprotection

International Journal of Basic & Clinical Pharmacology | November-December 2012 | Vol 1 | Issue 3  Page 156



Patil CY et al. Int J Basic Clin Pharmacol. 2012 Dec;1(3):150-159

by diminishing the neuronal cell death associated with
status epilepticus. Further studies are needed to clarify
whether neurosteroids might be valuable in the treatment
of status epilepticus.

Infantile Spasm

Infantile spasm is catastrophic form of epileptic
encephalopathy in infants and young children. ACTH has
been used for many years as a treatment for infantile
spasms. Despite the numerous studies in literature
reporting effectiveness of ACTH and oral steroids in
treatment of infantile spasm, the exact mechanism is
unknown.”® Clinical benefits of ACTH in infantile
spasms thought to be due to release of
adrenocorticosteroids and neurosteroids. Recent studies
show that several newer anticonvulsant agents (such as
vigabatrin and benzodiazepines), which are positive
allosteric modulators of GABA, receptors, are as
effective as ACTH in acutely controlling infantile
spasms. Ganaxolone, a novel neuroactive steroid,
however has demonstrated better efficacy and tolerability
in children with intractable infantile spasms. Results of
an open-label, add-on trial of ganaxolone showed that it
is safe and effective in treating refractory infantile spasms
patients.” However further investigation is required
before starting its clinical use.

CONCLUSIONS

Awareness of the prominent role of neurosteroids in
neurological disorders is rapidly increasing. Numerous
basic and clinical investigations carried out over the past
few year support their central role in normal
physiological functioning as well as in illness.
Neurosteroids that are positive modulator of GABAA
receptor have potent anticonvulsants action and may
regulate  various neuronal excitability networks.
Neurosteroids are believed to play a role in the regulation
of seizure susceptibility in the setting of pre-existing
epilepsy. Although, preliminary investigation into the use
of neurosteroid analogues or manipulation of the
neurosteroid system in treatment remain promising, such
as the use of ganaxolone in epilepsy. Further studies are
required to  determine  whether  “neurosteroid
replacement” is a useful approach for epileptic seizures
related to endogenous neurosteroid fluctuations, such as
in catamenial epilepsy.
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