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Editorial

Volatile anesthetic antagonism by long-chain free fatty acids
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selves enhance the agonist binding [4], it may not be
necessary for free fatty acids to have opposite effects on
ion channels to those of anesthetics to antagonize the
anesthetic effects.

Recently, a target molecule for in vivo anesthesia by
propofol has been identified, using the elegant knock-in
mouse technique. With this technique, in mice, a muta-
tion was introduced into a GABAA receptor �3 subunit
that eliminated the propofol potentiation of GABAA

receptors but did not alter other physiological functions
[8]. The elimination of or profound reduction in anes-
thetic behaviors by propofol in these mice strongly sug-
gests that the GABAA receptor is a major determinant
of propofol anesthesia in vivo. Thus, the antagonism of
propofol anesthesia in rats by the GABAA receptor
antagonists picrotoxin and gabazine [9] may be an
example of anesthetic antagonism at a target molecule
level. However, propofol anesthesia can also be re-
versed by an anticholinesterase agent, physostigmine
[10,11]. Because physostigmine does not affect GABAA

receptors [12], the antagonism of propofol anesthesia by
physostigmine may be an example of anesthetic antago-
nism induced by an action on a molecule other than the
anesthetic target. Thus, it may not be necessary for
anesthetic antagonists to act on the anesthetic target
itself. In this context, free fatty acids may not directly
affect an anesthetic target protein to antagonize the
action of volatile anesthetics.

Although it is difficult to clarify whether anesthetics
bind to a specific site on the membrane protein, evi-
dence using the techniques of photoaffinity labeling [13]
and sulfhydryl-specific agents [14] suggests that anes-
thetic actions on ion channels are due to binding at a
specific site. Thus, the ideal selective anesthetic antago-
nist would be a competitive antagonist at such an anes-
thetic binding site. However, as discussed by Hanada et
al. [1], free fatty acids may not compete at a specific
anesthetic binding site on the ion channel, because free
fatty acids are negatively charged and isoflurane is un-

If there were a specific anesthetic antagonist available
without side effects, clinical management of general
anesthesia would benefit greatly. However, such an
anesthetic antagonist is not available, partly because the
mechanisms of general anesthesia in the central nervous
system have yet to be fully elucidated. In this issue of
the Journal of Anesthesia, Hanada et al. [1] expand their
earlier interesting finding that myristate, a saturated
free fatty acid with 14 carbons, antagonizes volatile an-
esthetics in goldfish [2]; they show that the antagonizing
effects of long-chain free fatty acids are determined not
only by their hydrophobicity but also by the ability of
their molecular configuration to perturb lipid mem-
brane structures [1]. Thus, they suggest that free fatty
acids alter the function of membrane protein by both a
direct action on membrane protein, and an indirect ac-
tion through lipid bilayers.

As a result of recent research into anesthetic mecha-
nisms, membrane proteins, especially ligand-gated and
other ion channels, have been considered as plausible
target molecules of general anesthetics [3]. Although
free fatty acids are shown to regulate the activity of ion
channels, the reported effects do not seem very consis-
tent. For example, in respect of the effects of unsatur-
ated free fatty acids on the agonist binding or function
of GABAA (γ-aminobutyric acid type A) receptors,
both potentiation [4,5] and inhibition/no effect [6,7]
have been reported, although the experimental condi-
tions were different. Thus, to understand the mecha-
nism of volatile anesthetic antagonism by free fatty
acids, more evidence concerning interactions between
volatile anesthetics and free fatty acids may be required
for each ion channel. Because the enhancement of the
agonist binding of GABAA receptors by pentobarbital
is decreased by unsaturated fatty acids, which them-
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charged. Nevertheless, free fatty acids may be attractive
as antagonists, because no remarkable adverse effects
from free fatty acids were observed in goldfish [1], and
free fatty acids are essential human nutrients. Further
studies in mammals will be needed to more fully exam-
ine the abilities and safety of free fatty acids as volatile
anesthetic antagonists.

References

1. Hanada R, Tatara T, Iwao Y (2004) Antagonizing potencies of
saturated and unsaturated long-chain free fatty acids to isoflurane
in goldfish. J Anesth 18:89–93

2. Tatara T, Kamaya H, Ueda I (2002) Myristate, a 14-carbon fatty
acid, effectively reverses anesthesia. Anesthesiology 97:518–520

3. Yamakura T, Bertaccini E, Trudell JR, Harris RA (2001) Anes-
thetics and ion channels: molecular models and sites of action.
Annu Rev Pharmacol Toxicol 41:23–51

4. Koenig JA, Martin IL (1992) Effect of free fatty acids on GABAA

receptor ligand binding. Biochem Pharmacol 44:11–15
5. Witt MR, Poulsen CF, Lukensmejer B, Westh-Hansen SE,

Nabekura J, Akaike N, Nielsen M (1999) Structural requirements
for the interaction of unsaturated free fatty acids with recom-
binant human GABAA receptor complexes. Ann NY Acad Sci
868:697–700

6. Schwartz RD, Yu X (1992) Inhibition of GABA-gated chloride
channel function by arachidonic acid. Brain Res 585:405–410

7. Nabekura J, Noguchi K, Witt MR, Nielsen M, Akaike N (1998)
Functional modulation of human recombinant γ-aminobutyric
acid type A receptor by docosahexaenoic acid. J Biol Chem
273:11056–11061

8. Jurd R, Arras M, Lambert S, Drexler B, Siegwart R, Crestani F,
Zaugg M, Vogt KE, Ledermann B, Antkowiak B, Rudolph U
(2003) General anesthetic actions in vivo strongly attenuated by
a point mutation in the GABAA receptor �3 subunit. FASEB
J 17:250–252

9. Sonner JM, Zhang Y, Stabernack C, Abaigar W, Xing Y, Laster
MJ (2003) GABAA receptor blockade antagonizes the immobiliz-
ing action of propofol but not ketamine or isoflurane in a dose-
related manner. Anesth Analg 96:706–712

10. Fassoulaki A, Sarantopoulos C, Derveniotis C (1997) Physostig-
mine increases the dose of propofol required to induce anaesthe-
sia. Can J Anaesth 44:1148–1151

11. Meuret P, Backman SB, Bonhomme V, Plourde G, Fiset P (2000)
Physostigmine reverses propofol-induced unconsciousness and
attenuation of the auditory steady state response and bispectral
index in human volunteers. Anesthesiology 93:708–717

12. Li CY, Wang H, Xue H, Carlier PR, Hui KM, Pang YP, Li ZW,
Han YF (1999) Bis(7)-tacrine, a novel dimeric AChE inhibitor,
is a potent GABAA receptor antagonist. Neuroreport 10:795–
800

13. Pratt MB, Husain SS, Miller KW, Cohen JB (2000) Identification
of sites of incorporation in the nicotinic acetylcholine receptor of
a photoactivatible general anesthetic. J Biol Chem 275:29441–
29451

14. Mascia MP, Trudell JR, Harris RA (2000) Specific binding sites
for alcohols and anesthetics on ligand-gated ion channels. Proc
Natl Acad Sci USA 97:9305–9310


