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GABAergic blockade

GABAergic blockade refers to the inhibition or reduction of the activity of GABA (gamma-aminobutyric
acid) neurotransmission in the nervous system. GABA is the primary inhibitory neurotransmitter in the
brain, meaning it generally reduces neuronal excitability and prevents overstimulation. When
GABAergic signaling is blocked, the usual inhibitory effect is diminished, leading to increased neuronal
activity and excitability.

Mechanism of Action

GABA Receptors: GABA exerts its effects primarily through GABA receptors, of which there are two
main types: GABA_A and GABA_B. GABA_A Receptors: These are ionotropic receptors that, when
activated by GABA, open chloride channels, leading to hyperpolarization (making the neuron less
likely to fire). GABA_B Receptors: These are metabotropic receptors that work through G-proteins and
can cause a slower, prolonged inhibitory effect. Blockade Mechanisms: GABAergic blockade can be
achieved through antagonists that bind to GABA receptors and prevent GABA from exerting its
inhibitory effects, or through other means that reduce the synthesis, release, or action of GABA.

Effects of GABAergic Blockade

Increased Excitability: Blocking GABAergic inhibition can lead to increased neuronal firing, as the
usual “brake” on excitatory activity is removed. This can result in heightened alertness, anxiety, and
even convulsions or seizures in severe cases. Altered Neural Networks: Without proper GABAergic
inhibition, neural circuits can become dysregulated, leading to abnormal patterns of activity. This can
affect cognitive functions, sensory processing, and motor control.

Clinical and Experimental Contexts

Research Tool: GABAergic blockade is often used in research to study the role of inhibitory
neurotransmission in various brain functions, such as learning, memory, and behavior. By blocking
GABAergic signaling, researchers can observe the effects of reduced inhibition on neural circuits.
Pharmacological Agents: Certain drugs, like bicuculline and picrotoxin, are used to block GABA_A
receptors and study the resulting effects on neural activity. These agents can induce seizures in
experimental settings, helping researchers study epilepsy and other conditions. Clinical Implications:
In some clinical situations, GABAergic blockade may be relevant to understanding certain neurological
and psychiatric conditions, such as epilepsy, anxiety disorders, and schizophrenia, where
dysregulation of inhibitory signaling plays a role.

Potential Consequences

Seizures: GABAergic blockade can lead to hyperexcitability in the brain, which may manifest as
seizures. This is because GABA normally prevents the kind of synchronized, excessive firing of
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neurons that characterizes seizures. Behavioral Changes: Reduced GABAergic activity can cause
anxiety, restlessness, and other behavioral changes due to the lack of inhibitory control over neural
circuits involved in emotion and cognition. Neurotoxicity: Prolonged or excessive blockade of
GABAergic signaling can lead to excitotoxicity, where excessive neuronal firing results in damage or
death of neurons, a process implicated in neurodegenerative diseases. In summary, GABAergic
blockade involves the inhibition of GABA-mediated neurotransmission, leading to increased neuronal
excitability. While it is a useful tool in research, it can have profound effects on brain function,
potentially leading to seizures, behavioral changes, and neurotoxicity if not carefully controlled.

Lakhani et al. identified the specific features of cellular or network activity that were maintained after
the perturbation of GABAergic blockade in two different systems: mouse cortical neuronal cultures
where GABA is inhibitory and motoneurons in the isolated embryonic chick spinal cord where GABA is
excitatory (males and females combined in both systems). They conducted a - comprehensive
analysis of various spiking activity characteristics following GABAergic blockade. We observed
significant variability in many features after blocking GABAA receptors (e.g. burst frequency, burst
duration, overall spike frequency in culture). These results are consistent with the idea that neuronal
networks achieve activity goals using different strategies (degeneracy). On the other hand, some
features were consistently altered after receptor blockade in the spinal cord preparation (e.g. overall
spike frequency). Regardless, these features did not express strong homeostatic recoveries when
tracking individual preparations over time. One feature showed a consistent change and homeostatic
recovery following GABAA receptor block. They found that spike rate within a burst (SRWB) increased
after receptor block in both the spinal cord preparation and cortical cultures, and then returned to
baseline within hours. These changes in SRWB occurred at both single cell and population levels. The
findings indicate that the network prioritizes the spiking dynamics within a burst, which appear to be
variable under tight homeostatic regulation. The result is consistent with the idea that networks can
maintain an appropriate behavioral response in the face of challenges.Significance statement
Homeostatic plasticity plays a critical role in maintaining optimal neural function, particularly during
development when the system undergoes repeated functional challenges. In our current study, GABA
receptor activity was blocked in two different systems, one in which GABA is inhibitory and another in
which GABA is excitatory. In both, we observed that the spike rate within a burst (SRWB) consistently
increased and homeostatically returned to control levels in the continued presence of the blocker,
demonstrating the importance of SRWB maintenance. When a network is called into action or is
functionally engaged during a synaptic barrage, a critical feature that is homeostatically maintained is
the spike rate during this activity, which would be crucial for network behavioral performance 1).
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