Theoretical Aspects of Narcosis

Preparation of a Solid Hydrate of Halothane

P. van der Heem, Ph.D.*

The molecular theory of anesthesia, as formu-
lated by Pauling, relates anesthesia to formation
of gas hydrates in the brain. It would imply that
all anesthetic agents can form gas hydrates.
‘While many kinds of gas hydrates have been pre-
pared in artificial environments, preparation of
the hydrates of some important anesthetic agents
has not yet been reported.

Preparation of a solid halothane hydrate is de-
scribed in this paper. The hydrate was obtained
as a white precipitate, slightly heavier than water.
It had a melting point of 7° C.

Cas HYDRATES are solid compounds that con-
sist primarily of water. The water molecules
in a gas hydrate are attached to each other
without binding with the molecules of the
hydrating agent.t Water molecules form a
skeleton somewhat similar to, but less dense
than ice because this structure contains many
cavities of molecular size. These cavities are
dispersed through the water skeleton in a
regular pattern. The skeleton can exist only
if a fraction of the cavities is filled with mole-
cules of a hydrating agent. When it exists,
the thermal stability is often higher than that
of ice; that is, the skeleton will melt at a tem-
perature higher than 0° C

When hydrate formation occurs, the num-
ber of cavities that become filled with an agent
molecule depends not only on concentration
of the agent, but also on size and other char-
acteristics of the molecules. Thus a mixture
of hydrating agents, with different molecular
sizes, often fills a larger fraction of cavities
than a single agent. This results in a higher
thermal stability of the mixed hydrate. Mixed
hydrates that melt between 15 and 20° C.
(atmospheric pressure) have been reported.?
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Note of a hydrate melting point as high as.

37° C. has not been found in the lltemtum
However, the molecular theory of anesthesi
as formulated by Pauling? the pres

U fel

ence of hydrating agents in the brain, whid
could form mixed hydrates with this order ¢
stability. But these hydrates would be formeg
only when an anesthetic agent also is presenk

During anesthesia, the anesthetic agent
transported to the brain and dissolved in tlg
cerebral fluid. According to the theory,
agent immediately forms very small mixed h
drate crystals. These crystals would interfefg
with electrical processes responsible for shorg
range y and consci The intcﬁ
ference would cause narcosis.

This paper describes an attempt to prcp:ug
in vitro a simple hydrate from halothang
(CF3CHCIBr) and water. When the mxug
experiment proved unsuccessful, it was r&
peated with an additiona! stabilizing hydrating
agent. Hydrogen sulfide (H,S) was chostﬂ
because it is described as an extremely eﬂ'eg
tive stabilizer.* Under those circumstan:
it was possible to prepare a hydrate; its theg
mal stability was determined. A comparison
was made with two similar hydmtes prepar03
from chloroform (CHCl;) and H.S, and ﬁuore;
trichloromethane (CFCl,) and H.S.

Procedure

Formation. A glass beaker containing 308
ml. of water was cooled to 0° C. Forty gmms
of liquid halothane and ice were added. Ig:
facilitates hydrate crystallization as well as
temperature control. Hydrate formation als
ways is accompanied by evolution of heaf
When ice is present, some of it melts and thg
temperature remains at 0° C. A few drops 3
an cmulsifier * were added to facilitate m@

® Triton X-100 { Rohm and Haas).
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mate contact between the two liquid phases.
The mixture was agitated vigorously with a
magnetic stirrer. After stiring for one hour,
no solid material had formed. Therefore, hy-
drate formation did not occur.

When H,S was introduced at a rate of a
few bubbles per second, a flocculent white
compound bcg:m to precipitate after approxi-
mately 20 min. After another half hour, more
precipitate formed. A viscous milky slurry
was obtained. Heating this white material
transformed it into liquid halothane and wa-
ter. Thermal stability of the white precipi-
tate was higher than that of simple hydrogen
sulfide hydrate, which melts very close to
0° C. Therefore, it was concluded that the
product was a mixed hydrate of halothane
and H.S.

Decomposition. To obtain a better equilib-
rium, the hydrate slurry was stirred for a few
more hours without introduction of additional
H.S. The slurry was transferred into a 500-
ml. Dewar flask provided with a magnetic
stirrer and a small submerged electric heating
element. The flask was covered, and the tem-
perature was read at fifteen second intervals.
Heat was regulated with a variable trans-
former to mise the temperature at a rate of
0.5 to 1° C. per minute.

Heating a homogeneous liquid causes tem-
perature to change linearly with time, but if
the liquid contains material which melts, in-
crease in temperature will be interrupted at
this material's melting point. Temperature
will not rise as long as melting material is pres-
ent but will rise after all material becomes
molten. When several materials of different
melting points are present in the slurry, a pe-
riod of constant temperature can be observed
at the melting point of each substance.

In the apenmcnt described herein, an in-
terruption in tempcmture rise was observed
for app ten when the tem-
perature reached 7° C. A slow temperature
change of 0.5° C. was observed during this
period, indicating that the decomposing hy-
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drate was not completely uniform in composi-
tion.
Results

Halothane hydrate stabilized with H,S

melted at approximately 7° C. It is a volu-

white precipil hat heavier

than water. Hydrate prepared in a similar

from chloroform and H.S melted at

13° C. A hydrate obtained from fluorotri-
chloromethane and H.S melted at 14.5° C.

Conclusions

Experimental results show that halothane
has the proper chemical and physical charac-
teristics to form hydrates when effective stabi-
lizers are present.

Thermal stabilities of CHCl; hydrate and
CFCly hydrate (both stabilized with H.S)
are rather similar. CFCl; has much weaker
anesthetic properties than CHCl3.> Therefore,
it scems unlikely that the thermal stability of
a mixed hydrate, prepared in the laboratory
from an anesthetic agent and H.,S, is indica-
tive of the anesthetic potency of that agent.

The author acknowledges_the of N.
Evkovich, who developed details of the experi-
mental procedures fol!owcd and who performed
the reported ax-?leﬂm

Halothane ( unth:me) for this study was sup-
plied by Ayerst Laboratories.
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