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Tonic GABAA Receptor-Mediated Signaling in Epilepsy
Matthew C Walker and Dimitri M Kullmann*.1

GABAA receptors can mediate a “tonic” form of signaling that is not time-locked to presynaptic action 
potentials, and which depends upon detection of ambient GABA by extrasynaptic receptors. This form of 
signaling is cell type specific. In dentate granule cells, it is positively modulated by endogenous neurosteroids, 
which undergo changes related to hormonal status and stress.

Tonic currents profoundly modulate the input–output relationships of individual neurons. However, tonic 
currents can have a paradoxical excitatory role, either by depolarizing neurons or via a network effect (because 
of a dominant effect on interneurons). Tonic currents hyperpolarize thalamocortical neurons and so modulate 
their firing pattern from regular to burst firing.

Tonic currents are preserved or increased in models of focal epilepsy, even in the face of a loss of synaptic 
inhibition. This may represent a compensatory change that prevents seizure generation. Tonic currents are 
increased in animal models of absence epilepsy, and promote the generation of spike-wave discharges. Some 
substances selectively target tonic currents, including certain anesthetics, neurosteroids and gaboxadol. Drugs 
that elevate the ambient GABA concentration, including the antiepileptic drugs tiagabine and vigabatrin, also 
potentiate tonic currents, contributing both to their antiepileptic and to their pro-absence effects.

Fast inhibitory signaling in the brain has conventionally been considered to be predominantly mediated by the 
vesicular release of GABA from presynaptic terminals onto post-synaptic GABAA receptors.1 Transient opening 
of such receptors results in a brief increase in postsynaptic permeability to Cl−, generating an inhibitory 
postsynaptic potential (IPSP) that reduces the probability of firing of the neuron. However, there is abundant 
evidence that GABA can also act relatively far from its site of release, and this, together with several other 
discoveries in the last two decades, has contributed to a re-appraisal of the roles of GABAA receptors in 
modulating neuronal and circuit excitability.1
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Much of the new understanding of GABAergic transmission comes from in vitro brain slice experiments, which 
allow direct postsynaptic recording of IPSPs or, by voltage-clamping the postsynaptic neuron, inhibitory 
postsynaptic currents (IPSCs). Importantly, during the synchronous activation of many synapses, sufficient 
GABA can “spill” out of the synapse to activate extra-synaptic GABAA and also metabotropic GABAB receptors, 
prolonging the IPSP.2,3 This may serve to dampen excessive network activity. More recently, a slower form of 
signaling has been described in which high affinity, slowly desensitizing GABAA receptors detect low 
concentrations of ambient GABA in the extracellular space even in the absence of evoked release. This has been 
termed tonic GABAA receptor mediated inhibition (Figure 1).1,4

Tonic GABAA receptor activity was evident in some of the first patch-clamp studies of GABAergic inhibition in 
the rodent hippocampus5, and were later described in layer III cells of somatosensory cortical slices.6 In these 
and other studies, application of a GABAA receptor antagonist reduced the resting membrane conductance and 
produced a shift in the baseline “holding” current required to clamp neurons at a given membrane potential 
(Figure 1). Shortly afterwards, GABAA receptor mediated tonic currents were described in cerebellar granule 
cells.7,8 Application of GABAA receptor antagonists in this preparation not only resulted in a shift in the 
baseline current but also decreased the background noise, consistent with block of stochastic channel openings. 
These tonic currents are both developmentally regulated and cell-type specific.1,4 Indeed, in some neurons, the 
tonic current represents a greater proportion of the total GABAA receptor mediated current than that mediated 
by spontaneous synaptic activity. 1,4

Although the tonic activity of GABAA receptors is often termed “tonic inhibition”, it is important to bear in 
mind that GABAA receptors do not always inhibit neurons. Opening of these receptors has two main effects: a 
membrane potential change and a decrease in membrane resistance. The membrane potential change caused by 
opening of GABAA receptors depends on the electrochemical gradients for Cl−, and to a lesser extent, HCO3− 

ions which also move through the open channel.9 Irrespective of whether the receptors are activated phasically 
(by local presynaptic exocytosis) or tonically (by ambient GABA), these gradients determine if GABAA receptors 
de- or hyperpolarize the neuron. In mature neurons, GABAA receptors are generally hyperpolarizing, but early 

Figure 1. Voltage-clamp recording from a dentate gyrus granule cell in the presence of glutamate receptor blockers. Inhibitory 
post-synaptic currents (IPSCs) are represented by phasic inward currents (downward deflections) which are inhibited by the GABAA 
receptor blocker picrotoxin. Picrotoxin also blocks the tonic current which results in an outward shift of the holding current.
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in development, they can be depolarizing because the intracellular Cl− concentration is high.9 These voltage 
changes further interact with sub-threshold voltage-dependent conductances, and propagate within dendrites. 
GABAA receptor opening also shunts excitatory inputs by decreasing the resistance of the membrane, and this 
provides an additional mechanism that reduces the excitability of the post-synaptic cell irrespective of whether 
GABAergic signaling is de- or hyper-polarizing.

GABAA RECEPTOR SUBTYPES UNDERLYING TONIC 
CONDUCTANCES
GABAA receptors are pentameric structures composed of five subunits from a possible choice of 19 subunits.10 

Other than those containing the ρ subunit (which form a separate class of “GABAC” receptors), GABAA 
receptors usually consist of two (from a repertoire of 6) α subunits, two (from 3) β subunits, and another subunit 
(usually a γ or δ subunit). There are thousands of possible subunit combinations; however only relatively few are 
expressed with any frequency in the mammalian central nervous system. The specific subunit combinations 
confer different channel conductances, affinities for GABA, and kinetics. Moreover, different subunits alter the 
response of the receptors to endogenous and exogenous modulators, including Zn2+ and neurosteroids. The 
sub-cellular location of GABAA receptors (synaptic versus extrasynaptic) is also determined by subunit 
composition. As a general rule γ subunits are required for synaptic expression; however γ subunit containing 
receptors are also found extrasynaptically.11 δ-subunit containing GABAA receptors, in contrast, are exclusively 
extrasynaptic. The β subunit may also play a role in determining the location, trafficking and pharmacology of 
GABAA receptors.12 Importantly, the receptors mediating tonic currents are different from those contributing to 
the peak synaptic currents and tend to have a high affinity for GABA, desensitize slowly and incompletely in the 
presence of the agonist, and are probably located extrasynaptically. However, as hinted above, the distinction 
between receptors mediating phasic and tonic inhibition is blurred, because during intense synaptic activity, 
exocytosed GABA can diffuse out of the synaptic cleft and overwhelm transporters to activate peri- and extra- 
synaptic receptors.13,14

Among the receptor subtypes that contribute to tonic signaling are α4βxδ receptors, which have been proposed 
to mediate the tonic current in dentate granule cells15–17 and thalamocortical neurons18–20, and α6βxδ 
receptors that mediate the tonic current in cerebellar granule cells.8,16,21 Other receptor subtypes may also 
mediate tonic currents, including α5βxγx receptors in CA1 pyramidal cells22 and ɛ-containing receptors in 
hypothalamic neurons.23 The ɛ-subunit containing GABAA receptors, which occur not only in the 
hypothalamus but also in the amygdala and locus coerelus, are of specific interest in this regard, as they can open 
spontaneously in the absence of GABA, but desensitize with high concentrations of GABA.23 This leads to the 
prediction that tonic GABAA receptor-mediated currents in these brain structures should be paradoxically 
“turned off” by increases in extracellular GABA. It is likely that other GABAA receptor subunit combinations are 
also expressed extrasynaptically and are able to mediate a tonic current. Some whole-cell patch-clamp data 
complemented by single channel recordings support the presence of a zolpidem-sensitive GABAA receptor that 
can mediate a tonic current in the hippocampus, implying the presence of α1, α2 or α3 with a γ subunit.24,25 

These subunit combinations are not usually associated with high affinity, extrasynaptic receptors, but rather low 
affinity, synaptic receptors. Receptors with unusual subunit composition, such as αxβ3 without either γ or δ have 
also been inferred on the basis of sensitivity to GABA and Zn2+ as well as single channel conductance.26 These 
studies serve to illustrate our lack of knowledge of the full range of GABAA receptor subtypes, a situation that is 
not helped by the poor availability of subtype-specific agonists and antagonists. Moreover, there is growing 
evidence that within one cell type (e.g. CA1 pyramidal cells, dentate gyrus granule cells and interneurons), more 
than one receptor subtype may contribute to the tonic current.25,27–31 A heterogeneous population of receptors 
with different affinities mediating tonic current increases the number of potential modulators and also extends 
the range of extracellular GABA concentrations that can modulate excitability of the neuron.
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FUNCTIONS OF TONIC GABAA RECEPTOR CURRENTS
The physiological importance of tonic GABAA receptor-mediated currents is supported by the finding that 
genetic deletion of the α6 subunit, resulting in the absence of tonic inhibition in cerebellar granule cells, leads to 
a compensatory up-regulation of two-pore K+ channels to restore the resting membrane conductance.32 There is 
also considerable evidence that tonic currents mediate a qualitatively different form of inhibition from that 
generated by synaptic currents. Clearly, tonic currents provide a form of signaling over a different time-scale 
than that mediated by phasic synaptic currents. Although the mechanisms that modulate tonic conductances are 
poorly understood, it is likely that they fluctuate only relatively slowly, on a timescale of seconds to days. Among 
mechanisms that have been reported to modulate tonic inhibition are alterations in receptor expression, 
variations in extracellular GABA concentrations, changes in endogenous neuromodulators (in particular 
neurosteroids), and a variety of neuroactive drugs, both therapeutic and recreational4. Thus, tonic GABAA 
receptor-mediated signaling is far more than a background leak conductance, and the developmental and 
computational roles of tonic signaling in different neurons are beginning to attract attention.

Tonically active GABAA receptors have been detected in embryonic neocortical cells in situ in the ventricular 
zone33, prior to synapse formation in hippocampal principal cells.34 Currents mediated by these receptors have, 
therefore, been hypothesized to play a part in neuronal development. This hypothesis has received further 
support from the observation of tonic currents in developing dentate gyrus granule cells; these currents are 
depolarizing because of the high intracellular chloride concentration, and have been suggested to have a trophic 
effect, promoting dendritic development.35

In neurons where the Cl− reversal potential is close to the resting membrane potential, the major effect of 
tonically active GABAA receptors is to increase the membrane conductance. This will reduce the membrane time 
constant4, and at the same time attenuate rapid fluctuations in membrane voltage arising from the action of 
excitatory synapses. The consequences for the computational properties of individual neurons are difficult to 
predict. In particular, spontaneous fluctuations in membrane potential play an important role in setting the 
slope or gain of the input-output relationship of a neuron.36–39 Information is encoded in very different ways in 
different brain circuits, and the effect of the tonic conductance on the input-output relationship is likely to 
depend on whether information is represented as changes in the rate of firing of individual neurons (“rate 
coding”) or as changes in the recruitment of neurons to firing threshold (“sparse coding”).39 For small neurons 
that use rate coding (such as cerebellar granule cells), there is convincing evidence that the gain of the input-
output slope is sensitive to tonic inhibition.36,39 In contrast, tonic inhibition has less effect on the gain of the 
input-output function of a complex neuron that uses sparse coding (such as a hippocampal pyramidal cell), and 
instead has a larger effect on the offset of the input-output curve (Figure 2).37,39 Such an effect on offset is 
further promoted by a strong outward rectification of the tonic current in hippocampal pyramidal cells.37 This 
effect on excitability may contribute to increasing the threshold for induction of long term potentiation.40 These 
considerations provide a possible explanation for the finding that genetic ablation or pharmacological reduction 
of tonic currents mediated by α5 subunits, which contribute to tonic currents in hippocampal pyramidal cells, 
increases the rate of spatial learning.41–43 However, this increased rate of learning may be at the expense of a 
general increase in the probability of a neuron to fire, loss of sparse network activity, and consequently a 
decrease in the ability to discriminate different input patterns.

Tonically active GABAA receptors not only shunt excitatory currents, but also affect the membrane potential. In 
many neurons in the adult brain GABAA receptors hyperpolarize the membrane, and this aspect of tonic 
currents further reduces neuronal firing. However, in situations in which GABAA receptor-mediated currents 
are strongly depolarizing, tonic current can have a paradoxical excitatory effect by bringing neurons closer to 
action potential threshold. Tonic activation of presynaptic GABAA receptors on mossy fiber terminals has such a 
depolarizing effect, promoting glutamate release and long-term potentiation.44 Furthermore, in the thalamus 
the hyperpolarizing effect of tonic currents can change the firing pattern of thalamocortical neurons from a 
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regular firing to a burst-firing pattern19, which is important for the generation of sleep rhythms (such as slow 
waves during deep sleep) and also for absence seizures (see below).

To understand the network effects of tonic GABAA signaling, it is also necessary to consider its relative 
magnitude in different cells types.4,25 Under baseline conditions in vitro, the GABAA receptor-mediated tonic 
current in hippocampal interneurons is considerably larger than the current mediated by spontaneous IPSCs, 
and thus is an important determinant of interneuron excitability.25 In keeping with this, a low concentration of 
picrotoxin that relatively selectively inhibits tonic currents significantly increases the frequency of spontaneous 
IPSCs in hippocampal pyramidal cells. These findings suggest that tonic conductances in interneurons act as a 
homeostatic regulator of synaptic inhibition of principal cells: if the ambient GABA concentration decreases, 
interneurons become more excitable, resulting in an increase in the frequency of GABA receptor-mediated 
IPSCs in pyramidal cells.25 Conversely, an increase in ambient GABA concentration would be expected to 
render interneurons relatively less excitable, leading to a decrease in synaptic inhibition, while tonic inhibition of 
pyramidal neurons increases (Figure 3). What are the likely network consequences of a shift from synaptic to 
tonic inhibition in pyramidal cells? The decrease in synaptic inhibition would be expected to decrease membrane 
voltage fluctuations and therefore to increase the gain of the neuron’s input amplitude-firing probability curve, 
and at the same time to shift it to the left (decrease offset). However, this shift due to the decrease in synaptic 
inhibition may be more than compensated by the increase in tonic inhibition.37 The net effect would therefore 
be to increase neuronal gain while maintaining or increasing the offset.37 Interestingly, extracellular GABA has 
been shown to increase in the hippocampus when an animal is stressed or exposed to a new environment45,46, 
and by increasing neuronal gain such an effect is likely to promote neuronal firing and long term potentiation, 
whilst the increase in neuronal offset prevents indiscriminate neuronal firing.

Cell-type specificity has also been reported in the thalamus; tonic GABAA receptor-mediated currents are 
present in thalamocortical neurons but not in the reticular thalamic neurons.18,19 The thalamocortical neurons 
gate sensory input into the neocortex, whilst the reticular thalamic neurons are inhibitory and provide the main 
synaptic inhibitory drive onto thalamocortical neurons. Therefore, in contrast to the hippocampus, the synaptic 
inhibitory currents onto thalamocortical neurons are likely to remain unaltered by a local increase in 
extracellular GABA.

Tonic inhibition likely plays a role in numerous other brain functions. For example, in the striatum, tonic 
GABAA receptor-mediated signaling has been shown to be larger in D2 dopamine receptor-expressing spiny 
stellate cells that project to the globus pallidum (the so-called “indirect” pathway), than in D1-expressing cells in 
the “direct” pathway that project to the substantia nigra.47 This difference appears to result from a complex 
interplay of expression of α5 subunits and β3 phosphorylation by protein kinase A, which itself is activated or 
inhibited by D1 and D2 receptors respectively.48 These findings provide a mechanism for dopamine release to 
shift the balance of strength of signaling via the direct and indirect pathways.

TONIC INHIBITION IN THE HIPPOCAMPUS AND TEMPORAL LOBE 
EPILEPSY
Tonic GABAA receptor currents have been described in dentate granule cells15,49, hippocampal pyramidal 
cells50 and hippocampal interneurons.25 The receptors predominantly mediating tonic current in these three cell 
types are different. In CA1 pyramidal cells, the receptors are predominantly those containing α5 and γ 
subunits22, whilst in dentate granule cells, the tonic current is predominantly mediated by receptors containing 
α4 and δ subunits.16 δ subunits also contribute to tonic currents in interneurons.51

Neurosteroids increase the efficacy of GABAA receptors containing the δ subunit52 and thus increase tonic 
conductances.16,53 Indeed, the synthetic neurosteroid ganaxolone has entered clinical trial for the treatment of 
epilepsy.54 In addition, neurosteroids alter δ and α4 subunit expression.55,56 This effect appears to depend upon 
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the length of exposure, with short-term exposure to allopregnalone resulting in increased ™ subunit expression 
and increased tonic currents in dentate granule cells57, whilst longer-term exposure can result in ™ subunit and 
GABAA receptor down-regulation.58 Short-term increases in neurosteroids occur with acute stress and during 
the menstrual cycle, and it is likely that these effects contribute to changes in seizure threshold under these 
conditions.56,57,59 Indeed, withdrawal from neurosteroids can result in a lowered seizure threshold60, and an 
effect on tonic inhibition provides an attractive candidate mechanism to explain the menstrual variation in 
seizure frequency (catamenial epilepsy).61 In some conditions of chronic stress or during pregnancy, the effect of 

Figure 2. The input-output function of a pyramidal cell can be represented by the probability of neuronal firing plotted against 
the amplitude of the input (black curve). Synaptic noise reduces the gain (slope) of the input-output function because inputs that 
would otherwise be sub-threshold occasionally summate with positive membrane potential fluctuations, thus reaching firing threshold 
(red curve). Tonic currents, in contrast, predominantly affect offset, shifting the curve to the right (blue curve).

Figure 3. Tonic GABAA receptor-mediated currents in interneurons of the hippocampus are relatively larger and more sensitive 
to low ambient GABA concentrations than are currents in pyramidal cells. As the GABA concentration increases, interneurons 
become less excitable and so phasic inhibition of pyramidal cells is “switched off”, whilst tonic inhibition of pyramidal cells increases.
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down-regulation of receptors mediating tonic inhibition is probably compensated by the increase in circulating 
neurosteroids directly enhancing the efficacy of remaining receptors.

Seizures themselves and epilepsy can also affect GABAA receptor-mediated inhibition. In particular, prolonged 
acute seizures alter GABAA receptor expression, and the epileptogenic process is accompanied by differential 
changes in subunits. During status epilepticus, there is an internalization of synaptic GABAA receptors62,63 

providing a candidate mechanism for loss of benzodiazepine potency.64 However, extrasynaptic δ containing 
receptors are preserved.65 The efficacy of drugs that act on tonically active GABAA receptors, such as some 
anesthetic agents66,67, may therefore be maintained during status epilepticus. With the development of chronic 
temporal lobe epilepsy, animal models indicate that δ subunit expression decreases in dentate granule cells68 and 
α5 subunit expression decreases in CA1 pyramidal cells.69 Since these subunits contribute to tonic GABAA 
receptor currents in dentate granule cells and CA1 pyramidal cells, respectively, tonic inhibition in these cell 
types would be expected to decrease. Surprisingly, this is not the case: tonic currents are maintained or increased 
during epileptogenesis.28,30,70 This is not secondary to a decrease in GABA uptake, but is rather the result of the 
substitution of one set of extrasynaptic GABAA receptors by another and/or translocation of synaptic receptors 
to extrasynaptic sites. Although the tonic currents are preserved, their pharmacology changes because of the 
subunit alterations.28,30 What is perhaps more surprising is the maintenance of these tonic currents, even in the 
face of quite marked decreases in synaptic inhibition. The preservation of tonic currents is also evident in 
resected tissue from patients with refractory temporal lobe epilepsy.71

The network implications of the relative preservation of tonic, but loss of phasic, inhibition can only be 
speculated on, but are likely be similar to the effects observed when extracellular GABA increases: an increase in 
neuronal gain but a maintenance or increase in the offset of the input-output curve.37 The tonic current 
probably provides an adequate inhibitory restraint under conditions of low network activity, but as activity 
increases there may be two consequences: first inadequate fast compensatory changes through feed-forward and 
feed-back inhibition, and second increased neuronal gain resulting in larger numbers of firing neurons. This 
may provide the ideal conditions for seizure generation. This hypothesis could also explain why seizures are rare, 
intermittent events in people with even severe epilepsy.

TONIC INHIBITION IN ABSENCE SEIZURES AND ABSENCE 
EPILEPSY
Tonic currents are expressed in thalamocortical cells but not in reticular thalamic neurons.18,19 Such currents 
hyperpolarize thalamocortical neurons, and thus predispose to burst firing by de-inactivating T-type Ca2+ 

channels and/or activating the hyperpolarization-activated cation conductance. Tonic GABAA receptor 
signaling has therefore been proposed to be intimately involved in both the generation and pharmacology of 
absence seizures. Specifically, an increase in tonic currents in thalamocortical neurons results in neuronal 
hyperpolarization, and so a change of thalamocoritcal neuron firing from regular to burst patterns, promoting 
spike-wave generation. Several lines of evidence support this hypothesis.72,73 First, drugs that increase tonic 
currents in thalamocortical neurons promote absence seizures. This has been observed in animal models treated 
with GABA uptake inhibitors or with 4,5,6,7-tetrahydroisoxazolo[5,4-c]pyridin-3-ol (THIP), a drug that acts 
specifically on δ-containing receptors.74,75 Thalamocortical seizures, or their spike-wave EEG signature, have 
also been observed in humans in whom extracellular GABA concentrations have been increased by the 
administration of tiagabine, a GABA uptake inhibitors, or vigabatrin, a GABA transaminase inhibitor (both 
drugs used in therapy of partial epilepsy).76 Second, gamma-hydroxybutyrate (GHB), a drug that is well 
recognised to induce absence seizures, increases extracellular GABA in the thalamus.72,77 Third, δ subunit 
knockout mice are resistant to the pro-absence effects of such drugs.72 Fourth, increased tonic currents in 
thalamocortical neurons, and reduced GABA transporter activity, have been reported in animal models of 
spontaneous absence seizures (e.g. Genetic Absence Epilepsy Rat from Strasbourg - GAERS, lethargic mice, 
stargazer).72,73,78 Lastly, knockdown of the δ subunit in thalamocortical neurons in GAERS using antisense 
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oligodeoxynucleotides inhibits absence seizures.72 It is also noteworthy that polymorphisms in δ subunits in 
humans have been associated with familial generalised epilepsies.79 However, interestingly these genetic variants 
tend to decrease GABAA receptor function and so how this change in tonic current contributes to the generation 
of absence seizures remains unclear.

TONIC INHIBITION AS A TARGET FOR ANTIEPILEPTIC DRUGS
There are two main approaches to target tonic inhibition: to target the specific GABAA receptor subtypes that 
mediate tonic inhibition, and to increase extracellular GABA concentrations.

α4δ containing receptors, which underlie tonic currents in dentate gyrus granule cells, are positively modulated 
by neurosteroids.16,53 In addition, they are particularly sensitive to anesthetic agents (such as propofol) and to 
THIP.20,66,67,80 Since these receptors are maintained in status epilepticus despite the internalization of γ-
containing GABAA receptors, they could be a useful target in the later stages of status epilepticus when there is 
increasing benzodiazepine resistance. This may explain the usefulness of propofol as an anesthetic and anti-
convulsant agent in the later stages of status epilepticus.81 Similarly, the preservation of tonic currents in partial 
epilepsy argues for the use of drugs that target these receptors. Ganaxalone, a synthetic neurosteroid, is one such 
drug;54 however, because the δ subunit is down-regulated by chronic exposure to neurosteroids, this approach 
may not be effective in the long term. δ subunit-containing receptors can also be directly activated by drugs such 
as THIP. A problem with this approach is lack of spatial specificity, in that such drugs target not only dentate 
granule cells but also thalamocortical neurons, thus inducing sleep and at higher concentrations anesthesia. In 
addition, as mentioned above, such drugs can have a pro-absence effect. Indeed, these drugs have been 
disappointing in animal seizure models.82

A further confounding factor when using GABAA receptor subtype specific drugs is that epileptogenesis results 
in subunit alterations that may decrease the efficacy of these compounds. This may be the case for the δ subunit 
in dentate gyrus granule cells (but see71) and also for the expression of the α5 subunit in hippocampal pyramidal 
cells.28

As for increases in extracellular GABA concentration, this can be achieved by inhibiting GABA transporters 
(tiagabine) or by decreasing GABA breakdown by GABA transaminase (vigabatrin). Another approach would be 
to increase GABA synthesis and it has been argued that some presently available antiepileptic drugs (e.g. 
valproate) may work partly via this mechanism83. Decreasing GABA uptake would seem an ideal approach to 
decreasing network excitability but this suffers from four important problems. First, although a specific inhibitor 
(for instance that targets GAT1) may be effective at increasing the tonic current in the hippocampus, this may 
not be the case in the neocortex where GAT3 can compensate for GAT1 inhibition.84 Second, as discussed 
above, increasing extracellular GABA will also have an effect on interneurons, so decreasing synaptic inhibition 
and paradoxically increasing network excitability.25 Third, increasing tonic inhibition in the thalamus can 
promote the generation of absence seizures.72 Fourth, increasing extracellular GABA also activates pre- and 
post-synaptic GABAB receptors and this can have complex network effects, both reducing excitability and 
synaptic inhibition (the latter by inhibiting vesicular GABA release).85 Lastly, reversal of GABA transporters 
during neuronal activity may even be a mechanism by which extracellular GABA can be increased during 
excessive neuronal activity.86 Thus, although tiagabine is an effective antiepileptic drug, it has been described to 
have, in some circumstances, pro-absence effects and its efficacy in humans is, overall, disappointing. Use of 
vigabatrin is also hampered by many of the same problems; its clinical use is also limited by concentric visual 
field restriction, which most likely results from GABA accumulation in the retina.87

CONCLUSION
Tonic currents have a profound effect on network excitability and are not lost in focal epilepsy. They therefore 
represent an attractive target for antiepileptic drug therapy. However, the hyperpolarization mediated by tonic 
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currents in the thalamus may contribute to the generation of absence seizures. A promising area for future 
development is to target modulation of tonic currents in principal neurons, especially if the GABAA receptors 
subunits mediating them differ pharmacologically in the “epileptic” and healthy brain.
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