
‘Alive but not Kicking’:
The Molecular Neurobiology of Anesthesia.



Before anesthesia……..



Early anesthetic use:
In surgery In recreation



Technology for administration of volatile 
anesthetics is developed for major surgery.



How do anesthetic agents affect neuronal 
function?



4 Questions , 4 Techniques:

1) How is neuronal communication affected by anesthetic agents? 
Technique: Electrophysiology using isolated neurons

2) What family of neuronal receptors is modulated by anesthetics? 
Technique: Xenopus oocyte expression system

(3) Where do anesthetic molecules bind?
Technique: Cultured cells transfected with relevant receptors

(4) What are long-term side effects of anesthetics on neuronal tissue?
Technique: DNA microarray technology



1) Whole-cell patch-clamp recordings from 
isolated mammalian neurons.



Clinical concentrations of anesthetics do not affect Na+, Ca2+

and K+ voltage-gated currents in native membranes.



At clinical concentrations, volatile anesthetics 
enhance currents evoked by the inhibitory 

neurotransmitter, GABA.



4 Questions , 4 techniques:

1) How is neuronal communication affected by anesthetic agents?
-Anesthetics modulate postsynaptic neurotransmitter-gated 
currents.

2) What family of neuronal receptors is modulated by anesthetics? 

3) Where do anesthetic molecules bind?

4) What are long-term side effects of anesthetics on neuronal tissue?



2) Xenopus oocyte expression system



From oocyte recordings, the nicotinic 
acetylcholine receptor channel is shown to be 

modulated by anesthetic agents.



A whole family of neurotransmitter-gated 
channels are modulated by the action of 

anesthetic agents



4 Questions , 4 techniques:

1) How is neuronal communication affected by anesthetic agents?
-Anesthetics modulate postsynaptic neurotransmitter-gated currents.

2) What family of neuronal receptors is modulated by anesthetics? 
-A homologous family of neurotransmitter-gated ion channels are 
all affected by anesthetic agents.

3) Where do anesthetic molecules bind?

4) What are the long-term side effects of anesthetics on neuronal 
tissue?



3) Where do anesthetic molecules bind?



Stereoisomers of Isoflurane



Current recordings from cultured cells 
transfected with GABA receptors demonstrate 

stereoselectivity of anesthetic action.



Same stereoselectivity is observed in vivo.



Stereoselectivity was not observed in 
anesthetic binding to lipids.



Anesthetics prolong ion channel opening of 
GABA receptors



4 Questions , 4 techniques:

1) How is neuronal communication affected by anesthetic agents?
-Anesthetics modulate postsynaptic neurotransmitter-gated currents.

2) What family of neuronal receptors is modulated by anesthetics?
-A homologous family of neurotransmitter-gated ion channels are all 
affected by anesthetic agents.

3) Where do anesthetic molecules bind?
-Anesthetic molecules modulate channel activity by binding 
directly to channel proteins not to the lipid bilayer.

4) What are long-term side effects of anesthetics on neuronal tissue?



4) Microarray Technology
Screening of whole or partial  
genomes for differential gene 
expression between tissues.



Laser scanners read relative levels of fluorochromes
(dyes) for differential gene expression analysis.



Future Questions for Research at Smith College:

1) What neuronal genes are differentially expressed after exposure to 
anesthetic/sedative/anxiolytic agents?
Use DNA microarray experiments on custom-made or neurobiology-
focused arrays to monitor long-term changes in neuronal gene 
expression. 

2) What receptor subunits are important for anesthetic action?
Measure anesthetic sensitivities in various cultured cell-lines transfected
with different combinations of receptor subunits.

3) What specific regions on channel proteins enable anesthetic binding?
Record from mutant channels (e.g. site-directed mutagenesis) expressed 
in Xenopus oocytes.
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