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This review article presents 3 theories related to ligand
diffusion, general anesthesia and sleep. The first theory
describes the diffusion of molecules across a protein
surface to a receptor. It is based on the effect of the
amino acid side chains on the protein surface on the
structure of bulk water nearby. This influence creates
pathways, called chreodes, through the water near the
protein surface, permitting a rapid diffusion of mole-
cules to the receptors.

A second theory involving the role of chreodes pres-
ents a mechanism of action of nonspecific anesthetic
agents. These agents interrupt the diffusion of neuro-

everal articles have appeared during the last 5

years presenting a new concept describing

neurotransmitter molecule diffusion to a

receptor,'” a possible mechanism of general

anesthetic action,* and a hypothesis of a cause
of sleep.” These processes are dependent on water: its
dynamic character, its structure, and the influence that
solutes or stationary structures have on it. The novelty of
this hypothesis and its broad relation to areas of our clin-
ical focus make it a subject to review.

Liquid water is a dynamic substance, constantly
changing its structure by making and breaking hydrogen
bonds. Diffusion of a substance through water is a move-
ment through the spaces (about one-third of the total
volume) between clusters of hydrogen-bonded water
molecules. The presence of other molecules has a varying
influence on water molecules in their vicinity depending
on the properties of the different species. Polar molecules
(a hydrophilic property) in the solution attract water
molecules into an intimate contact. Nonpolar molecules
(a hydrophobic property) are not bound to water mole-
cules, influencing local organization of water.

Chreode Theory of Molecule Diffusion

Using dynamic models, these hydrophilic and hydropho-
bic properties were studied to determine their effects on
the water molecules immediately adjacent to a protein
surface.!” In a protein molecule each amino acid side
chain intruding into the bulk water influences the water
structure. The cavities between clusters of hydrogen-
bonded water molecules are in a dynamic state, forming,
joining with other cavities, breaking away, and re-forming
in response to hydrogen bonding affinities. All of this is
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transmitter molecules to their receptors, bringing on
the anesthetic effects.

Finally, building on the similarities of anesthesia and
sleep, a theory is presented proposing that an external
agent influences sleep in a way similar to that of the
nonspecific anesthetic molecules. This external agent is
proposed to be elemental nitrogen. Several observa-
tions are presented to support this mechanism.

Keywords: Nonspecific anesthetic mechanism, protein
surface water, sleep from nitrogen effect, sleep theory.

due to the influence of the hydrophilic and hydrophobic
states of the amino acid side chains. These passageways,
called chreodes,! facilitate neurotransmitter molecule dif-
fusion through water close to the receptor protein surface.
It was proposed that neurotransmitter molecules crossing
a synapse encounter the receptor protein molecule and are
captured within water close to the protein surface. They
are then guided to the receptor through a series of water
chreodes created by the influence of each amino acid side
chain on the protein surface. Dynamic models used in this
study supported this hypothesis.!”

Several consequences of this hypothesis are evident
based on pharmacodynamic behavior. One observation
related to this hypothesis of chreode passage is the phe-
nomenon of lag, the time passage before an effect of a
drug molecule is observed in a pharmacological test
system. The lag may reflect the time needed for a mole-
cule to displace the normal neurotransmitter molecule
from the chreodes leading to the receptor. The sequel to
this observation is persistence; the measured effect from
the receptor activation that continues for some time after
the washout of a test molecule from the system. The pres-
ence of a neurotransmitter molecule in a chreode is pro-
posed to resist the immediate washout process. The ve-
locity of enzyme reactions may be explained in part by
the facilitated diffusion of the substrate molecule through
chreodes to the enzyme active site and the facilitated de-
parture of the product molecule away from the active site
through other chreodes.

Nonspecific Volatile Anesthetic Activity
In a subsequent article building on the chreode hypothe-
sis,* the presence of the chreodes associated with each re-
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ceptor on a protein surface was presented as a target for
nonspecific volatile anesthetic agents. A prominent view is
that weak binding, not characteristic of a specific drug-re-
ceptor encounter, occurs to produce the anesthetic effect
with the volatile, nonspecific drugs. The proposed molec-
ular mechanism of anesthesia is based on small encounters
at many sites on a protein, not at the receptor on its
surface. The nonspecific general anesthetic agent may act
at many receptor landscapes, producing an interference of
a neurotransmitter passage to their receptors. A decline in
many receptor functions characterizes anesthesia.

Inhalational general anesthetic molecules are approxi-
mately the same size as those of amino acid side chains,
and hydropathic states are similar to those of the hy-
drophobic side chains.* These 2 molecular properties are
influential in controlling the creation of the hydrophobic
effect. An anesthetic molecule in or near a chreode may
alter the original pattern, disrupting the normal diffusion
of the neurotransmitter to the receptor. When nonspecif-
ic molecules were modeled with the simulated chreode,
they interfered with the diffusion and a slower diffusion
rate occurred.® Because of the diversity of landscape struc-
tures associated with different receptors and the differ-
ences among the structures of the anesthetic molecules,
there are some differences in the clinical profiles of each
anesthetic drug. The interactions of inhaled anesthetic
molecules with the chreodes are weak and nonspecific.

The patterns of the side chains forming the chreode
may create local asymmetries that produce different re-
sponses to chiral isomers of an anesthetic agent. Another
recent study has modeled segments of chreodes using cel-
lular automata dynamics.® When the diffusion behavior
of chiral molecules was compared in the model, there
were modest differences in the rate of diffusion among
stereoisomers. This corresponds to the stereospecificity
observed with some general anesthetics.”

In summary, the presence of an inhalation anesthetic
drug in a chreode system supporting a neurotransmitter
diffusion to a receptor was proposed to influence the
structure of the chreodes, each in a characteristic way de-
pending on their molecular structures. This leads to the
altered function of the chreode, thereby reducing the dif-
fusion and the receptor response. The summation of
these numerous diffusion disruption events was pro-
posed to produce clinical anesthesia.

Relation Between General Anesthesia

and Sleep

It is believed that multiple receptors must be involved for
anesthetic action to account for the variety of observed
effects.®!! General anesthesia and sleep have some re-
markably similar physiological and behavioral effects.!?
There is strong support for the hypothesis that neuronal
networks that regulate natural sleep are involved in seda-
tion and anesthesia.®!>1* Sleep and anesthesia eliminate
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wakefulness via many brain regions.!> Among these the
pons has become a focus of study of arousal states.'®!
Cholinergic neurotransmission in the pons is a causal
factor in arousal state control.?***

The ideal anesthetic state is a composite of reversible
characteristics including analgesia, amnesia, uncon-
sciousness, and skeletal muscle relaxation.”> Normal
sleep also requires the timed coordination of these char-
acteristics.”® General anesthetics produce the uncon-
scious state by, in part, interfering with central nervous
system (CNS) cholinergic neurotransmission.?’>!
Cortical acetylcholine release is greater during wakeful-
ness and rapid eye movement (REM) sleep than during
non-REM sleep and anesthesia.’*?* Cholinergic brain-
stem neurons produce an activated cortical electroen-
cephalogram (EEG) during wakefulness. During non-
REM sleep and general anesthesia there is a decrease in
pontine cholinergic neurotransmission and a deactivated
cortical EEG. The spindles in the EEG for halothane have
the same appearance and frequency as the spindles for
non-REM sleep.’”>” These observations led to the con-
clusion that the mechanism of both sleep and anesthesia
is an inhibition located in neurotransmission systems,
prominently CNS cholinergic, leading to a loss in the
waking state. If the mechanism is the same, then the pos-
sibility arises that sleep may be invoked by an exogenous
source, just as is general anesthesia.

ATheory of Sleep

The chreode model of neurotransmitter molecule diffu-
sion and its possible role in the mechanism of general
anesthesia led to the consideration of the closely related
natural phenomenon of sleep.” A recent review describes
what is currently known about anesthesia and sleep, rec-
ognizing that there is a significant similarity between
these 2 processes.”® Anesthesia has a primal event, the in-
troduction of an exogenous agent. From the water
chreode theory of general anesthesia, this is a nonspecif-
ic chreode-modifying drug, a general anesthetic.

A recently proposed hypothesis of the origin of sleep
was based on the water chreode theory and its role in the
mechanism of anesthesia.” It was based on the hypothe-
sis that sleep is due to an exogenous substance, some-
times referred to as a sleep factor. The mechanism is the
same as in anesthesia—various chreodes associated with
receptors in the CNS and elsewhere are interfered with.
These receptors function in many ways in neurotrans-
mission and reuptake and are affected in varying degrees,
producing a pattern of physiological responses collective-
ly called sleep.

What is this exogenous substance leading to sleep? It
was proposed that it is nitrogen.’ Nitrogen makes up 78%
of the air we breathe, drawn in with oxygen, which is es-
sential for life. Nitrogen is inert; current studies reveal
that it plays no role in any life process, but all terrestrial
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life has evolved in the presence of nitrogen. Nitrogen is
taken into the body with each breath and is distributed
throughout like a nonspecific, volatile anesthetic drug.
While a person is awake, there is an increasing accumu-
lation of nitrogen in tissues. At some point there is
enough nitrogen to interfere with a wide variety of chre-
odes, causing some decline in their function. This is the
onset of sleepiness, ultimately leading to sleep. During
sleep, intermediate states occur as a result of variations in
the level of the nitrogen overburden. The nitrogen level is
influenced by the slower respiration rate during sleep.
Sleep produces a net reduction in the accumulated nitro-
gen concentration, producing a lessened effect on the
chreodes, ultimately allowing a return to a waking state.
The chreode targets of the nitrogen may be associated
with several neurotransmitters in the CNS that are im-
portant to the sleep state, and they also may be a cascade
of receptors throughout the body.

Nitrogen is known to produce anesthesia and is well
known as the cause of the deep diving condition of nitro-
gen narcosis. Trudell and colleagues®®> have studied the
anesthetic effect of noble gases and hydrogen and nitro-
gen. The common features among these gases is their
chemical inertness, approximately spherical shape, and
their relatively small size. The gases, hydrogen, helium,
and neon are not reported to be anesthetic, but argon,
krypton, xenon, and nitrogen are. Trudell and colleagues
concluded that the anesthetic effect was a chemically non-
specific encounter at certain sites in the living system. The
minimum alveolar concentration of the 4 anesthetic gases
showed that the value for nitrogen was the highest, indi-
cating a low level of potency. Thus, at 1 atmosphere there
is no immediate anesthesia or sleep produced. An accu-
mulation over a considerable period of time would be the
only way to account for an influence on sleep.

Sleep-deprived individuals require less volatile anes-
thetic to produce anesthesia or to potentiate the onset
and duration of isoflurane anesthesia.*® Sleep deprivation
is hypothesized to be an excess accumulation of nitrogen,
resulting in a smaller amount of anesthetic drug required
to create the conditions for chreode disruption. Nitrogen
was studied for its effect on the decrease in sodium
channel currents because of increases in the percentage of
channels in the inactive state.”! The results were the same
as with volatile general anesthetics.*** Abraini** has re-
ported that some of the mechanisms of nitrogen and
argon narcotic action appear to be similar to those of clin-
ical inhaled anesthetics.

In these articles,'” a mechanism focusing on diffusion
of agents through water is described and proposed as the
event leading to receptor function, general anesthesia,
and sleep. Sleep is hypothesized to be an emergent prop-
erty of a complex series of modifications of systems that
function normally in the waking state. This hypothesis of
the role of nitrogen as the exogenous sleep factor is com-
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patible with many observations and with the complex
pattern of endogenous events currently recognized.
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