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DESCRIPTION
General anesthetics have been used in clinical practice for more 
than 150 years, yet their precise mechanisms of action have 
remained elusive. These substances induce a state of reversible 
unconsciousness and widespread central nervous system 
depression, affecting various aspects of brain function such as 
amnesia, analgesia (pain relief), immobility and 
unconsciousness. Despite their long history of use, a 
comprehensive understanding of how these anesthetics work at 
the molecular and cellular levels has only recently begun to 
emerge. At the heart of these advances lies the observation of 
how general anesthetics interact with specific molecular targets, 
especially ion channels that are regulated by voltage or 
neurotransmitters.

The general effect of anesthetics is characterized by the 
suppression of excitatory neurotransmission and the 
enhancement of inhibitory neurotransmission. This results in 
the depression of neuronal activity across the Central Nervous 
System (CNS). However, the detailed mechanisms that produce 
this effect are complex, involving multiple regions of the brain 
and various molecular pathways. Recent study has identified ion 
channels as central players in the action of general anesthetics, 
providing important insights into how these drugs work on a 
cellular level.

Molecular targets and ion channels

A growing body of records suggests that ion channels particularly 
those that are either voltage-gated or regulated by 
neurotransmitters are essential molecular targets for general 
anesthetics. Inhaled anesthetics, such as isoflurane and 
chloroform, are chemically distinct but share common effects in 
their ability to induce a reversible loss of consciousness. These 
anesthetics have been shown to activate two-pore-domain 
potassium (K2P) channels, such as TREK-1, which are involved 
in maintaining the resting membrane potential in neurons. 
TREK-1 channels are activated by these anesthetics, which 
enhances the outward flow of potassium ions, leading to

hyperpolarization of the cell and a reduction in neuronal 
excitability.

Anesthetics were traditionally thought to primarily target cellular 
membranes, but for decades, no definitive mechanism was 
identified to explain their effects on ion channels. Recent 
studies have shed light on the role of lipid rafts specialized micro 
domains within cell membranes in mediating the effects of 
anesthetics. For example, chloroform and isoflurane disrupt the 
localization of Phospholipase D2 (PLD2) to these lipid rafts, 
leading to the production of Phosphatidic Acid (PA), a signaling 
lipid that activates TREK-1 channels. This interaction highlights 
a membrane-mediated target for inhaled anesthetics, offering a 
more refined view of how these substances influence neuronal 
activity.

The role of neurotransmitter receptors

Beyond ion channels, general anesthetics also interact with 
neurotransmitter receptors, which mediate excitatory and 
inhibitory signaling in the brain. In particular, general 
anesthetics have been shown to influence receptors involved in 
both excitatory and inhibitory neurotransmissions. Excitatory 
neurotransmitters, such as glutamate and acetylcholine, promote 
depolarization in neurons and increase neuronal activity. On the 
other hand, inhibitory neurotransmitters, like Gamma-
Aminobutyric Acid (GABA) and glycine, reduce neuronal firing 
by hyperpolarizing the cell. nicotinic Acetylcholine Receptors 
(nAchRs), which are involved in synaptic conduction, are one 
example of a receptor affected by anesthetics. Activation of these 
receptors leads to the influx of cations, resulting in Excitatory 
Postsynaptic Currents (EPSCs). General anesthetics block these 
EPSCs, demonstrating their inhibitory effects at low 
concentrations. At a broader level, the rapid onset and recovery 
from anesthesia suggest that anesthetic targets must be able to 
regulate neuronal activity over a timescale consistent with the 
behavioral changes that occur during anesthesia. Inhaled 
anesthetics, for example, must quickly depress the activity of 
neurons in key brain regions, leading to loss of consciousness, 
while also allowing for fast recovery once the drug is removed.
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CONCLUSION
In conclusion, while general anesthetics have been used for 
more than a century, recent study has significantly advanced our 
understanding of their mechanisms of action. These anesthetics 
affect various ion channels, neurotransmitter receptors and lipid 
raft signaling pathways, all of which contribute to their ability to 
depress neuronal activity and induce a reversible loss of 
consciousness. The interaction of anesthetics with ion channels 
like TREK-1, the modulation of neurotransmitter receptor 
activity and the disruption of lipid rafts and activation of PLD2 
all play significant role in changing the anesthetic state. 
However, due to the complexity of anesthesia effects on the 
brain, a complete and unified model is still developing. 
Continued observation of these molecular targets and signaling 
pathways will likely yield further insights into the fundamental 
nature of general anesthesia, with potential implications for 
improving anesthetic drugs and minimizing their side effects in 
clinical practice.
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The dynamic nature of these processes emphasizes the 
importance of specific molecular interactions, including those at 
ion channels and neurotransmitter receptors.

The role of lipid rafts and phospholipase D2

The involvement of lipid rafts in general anesthesia is an area of 
particular interest in current study. Lipid rafts are specialized 
regions within cellular membranes that play a role in organizing 
membrane proteins and facilitating signal transduction. The 
disruption of lipid rafts by general anesthetics like chloroform, 
isoflurane, diethyl ether, xenon and propofol has been shown to 
activate PLD2 and produce PA. This lipid signaling pathway is 
important for the activation of TREK-1 channels, which mediate 
the depressant effects of anesthesia.

Studies on fruit flies have demonstrated that the disruption of 
lipid rafts and the activation of PLD2 are essential for the 
sensitivity to anesthesia. Flies lacking PLD2 are resistant to the 
sedative effects of anesthetics, supporting the idea that PA and 
lipid raft signaling play an important role in determining the 
thresholds for anesthetic sensitivity. This finding represents a 
significant step forward in understanding the molecular basis of 
anesthesia.
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