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• In the vast majority of inhibitory synapses in the 
mammalian brain, GABA is the neurotransmitter 
responsible for mediating inhibition.

• Drugs that interfere with GABA transmission lead to 
severe overexcitation of neural circuits and, 
ultimately, to convulsive seizure discharge.

• However, the dynamics of CNS GABA transmission are 
considerably more complex.

• Blockade of GABA transmission can be convulsant or 
anticonvulsant depending upon the neuroanatomical 
site.

Gale K. Role of GABA in the genesis of chemoconvulsant seizures. Toxicol Lett. 1992 Dec;64-65 Spec No:417-28.



4

Area Tempestas 
(deep prepiriform 
cortex)

Maggio R, Gale K. Seizures evoked from area tempestas are 

subject to control by GABA and glutamate receptors in substantia 

nigra. Exp Neurol. 1989 Aug;105(2):184-8.

Substantia Nigra 
(midbrain)

Iadarola MJ, Gale K. Substantia nigra: site of anticonvulsant activity

mediated by gamma-aminobutyric acid. Science. 1982 Dec 

17;218(4578):1237-40.
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• Specific convulsant sites: “area 
tempestas” (deep prepiriform 
cortex); inferior colliculus.

• Specific anticonvulsant sites: 
superior colliculus

Gale K. Role of GABA in the genesis of chemoconvulsant seizures. Toxicol Lett. 1992 Dec;64-65 Spec No:417-28.

Drugs that block GABA-mediated neurotransmission: GABA synthesis 
inhibitors (isoniazid, mercaptopropionic acid, AOAA) and GABA receptor 
antagonists (bicuculline, picrotoxin PTZ, β-carbolines, TETS)
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GABAergic Synapse

GAT-1
GABA
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Subunit Architecture and Physiological Role 
of GABAA Receptors

Outside-out Patch Recording



9 [Meldrum BS and Rogawski MA, Neurotherapeutics 2007;4:18-61]

Pharmacology of Synaptic and Extrasynaptic GABAA

Receptors

Synaptic Extrasynaptic

Benzodiazepines, zolpidem active

Neurosteroids active
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Neurosteroids

SynapticExtrasynaptic

Inhibitory Synapse

Inhibitors
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Picrototoxin
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TETS
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Tiagabine Enhances Hyperpolarizing and 
Depolarizing GABA Synaptic Responses

Monosynaptic IPSPs evoked in presence of CNQX and CPP

Jackson MF, Esplin B, Capek R. Activity-dependent enhancement of hyperpolarizing and depolarizing γ-aminobutyric acid 

(GABA) synaptic responses following inhibition of GABA uptake by tiagabine. Epilepsy Res 1999
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32-year-old patient with absence 

epilepsy and primary generalized TC 

seizures developed first absences 

status epilepticus when treated with 

tiagabine
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mGAT1 KO mouse is slightly more 

sensitive than the WT mouse to PTZ-

induced seizures

PTZ (40 mg/kg, i.p.) decreased 

observable activity in WT and 

heterozygotes while causing 

preconvulsive states and mild seizures in 

mGAT1 KO mice

PTZ (70 mg/kg), all WT and heterozygotes 

survived with severe seizures, whereas 

mGAT1 KO mice showed severe seizures, 

and one of three died

mGAT1 KO Mouse Phenocopies Some Effects of Tiagabine

Dizziness, asthenia, somnolence (sedation), nonspecific nervousness, 

tremor, and ataxia
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Anticonvulsant Activity of Intravenous Muscimol in Rats

Muscimol GABA
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GAT-1 Is Present in Immature Brain But 
Not Functionally Active

medial entorhinal cortex

Entorhinal cortex

Hippocampus

Immature Adult

GAT-1

In situ
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Muscimol Facilitates Seizures in 
Immature Brain

Bilateral nigral infusion of muscimol

Latency to Flurothyl
Convulsion
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Muscimol GABA Gaboxadol (THIP)
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GABAB Receptors
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Injection of Baclofen into Midline Thalamus
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• Baclofen augments hippocampal γ 
oscillations and promotes pathological 
discharge in the CA3 network of chronic 
epileptic mice in a dose-dependent 
manner

• Reduced inhibition of CA3 PCs and 
enhanced presynaptic GABAB receptor 
activation

• Enhanced activation of presynaptic 
GABAB receptors leads decreased GABA 
release and consequent disinhibition 
and hyperexcitability of pyramidal cells.

Chronic kainate model mTLE

Proepileptic Activity of Baclofen is Due to Disinhibition
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GABAB Receptors
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The End
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Elevated GABA levels in GAERS rats in ventral 

thalamus because of reduced uptake; also in 

stargazer and lethargic mice

Enhanced tonic GABA current through activation of 

extrasynaptic GABA-A receptors

THIP Induces SWDs in normal Wistar rate
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My Task: Provide basic 
pharmacological information to set 
the stage for thinking about 
laboratory based research to identify 
potential treatments for SLC6A1.

• Pharmacological therapy
• Gene therapy
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Limited or variable efficacy

Psychiatric side effects at 

supratherapeutic does in abuse liability 

in drug abusers
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Single Channel Currents in Excised Outside-Out Patches from 
Recombinant GABAA Receptor Transfected Cells
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Extrasynaptic Synaptic
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