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DI VER NARCCSI S, FROM MAN TO CELL MEMBRANE
Prof. W Paton
(Cceans 2000, 1973)

| think there are nine hurdlesinthedivers Gand National and, of these, there
are two that may or may not prove to be insurnountabl e obstacl es, anaesthesia
by inert gases and the effects of pressure per se.

Firstly, to bring out two points about anaesthesia:

Some ti me ago we at t he Medi cal Research Council di d some work on car bon di oxi de
i ntoxication: three colleagues and | breathed carbon di oxi de at 20 per cent,
15 per cent, 12 1/2 per cent and 10 per cent in oxygen, meanwhil e signing our
nanes conti nuously. Delicate changes inour hand-witing became apparent al nost
i medi ately, and finally we reached a stage of total illegibility - at which
poi nt we were in fact unconscious, failing to respond to comands, and ammesi c.

What | want to point out here is that even though we were unconsci ous, we were

still tryingto dothe tasks allottedto us, still tryingtowite. So a person
can be quite fundanentally affected and yet still persist in his previous
behavi our.

The second point is that even when conpl etely unconsci ous i n these conditions,
we were far frombeing at a state of surgical anaesthesia. There is a great
di fference between the quantities of narcotic of these anaesthetic drugs that
will affect a man’s operational efficiency - his judgement, resourceful ness or
ability to adhere to a programme - and t he ambunts necessary to attai n surgi cal
anaest hesi a.

The reason that nost of us believe that anaesthesia is effected by nol ecul es
getting into the fatty part of the body is that if you nmeasure the tendency of
gases togointo fat, and correlate this with the potency of the gases, you get
an extraordi nary correl ati on whi ch devi ates fromt he expect ed by, perhaps, about
20 per cent, and | think one should rely on this to showthat it is a fatty,
as opposed to watery, part of the body that is really involved at the nol ecul ar
| evel .

Compari son of Rank Order of Inert Gases Low

Low Hi gh
Deconpr essi on sickness (1/Poo for nice) H N Ar SFg N0
Water solubility SFs He N Ar NoO
Fat solubility H N Ar SFg N0
Total body solubility H N Ar SFg N0

Poo i s t he maxi mumpressure fromwhi ch a rapi d deconpressi on to at nospheric
pressure is possible w thout hazard after |ong exposure.

Conparison of the liability of various gases to produce deconpression
sickness withtheir water and fat-solubility, showi ng the best correl ation
withfat solubility (or total body solubility, towhichfat solubility makes
the major contribution with nost gases).

The next question is, of course, what do we nean by a fatty part of the body?
Menmbranes are aninportant class of fatty material. Al our cells havealiniting
menbrane which i s a sheet of fatty nol ecules with a water-attractive head, and
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pairs of peripheral tails that dip down |ike double | eaflets. One can envisage
t he anaest hetic nol ecul e - whether it i s chl oroform xenon or nitrogen - getting
anong these leaflets and di sorgani sing them

There i s anot her sort of potential hydrophobic or fattiness and that isthelunps
- macronol ecules - in the menbranes, which transport glucose, carry ions and
nmedi ate the responses to drugs. Crystallographers have found that these big
protein nol ecul es (nacronol ecul es) can coil in a variety of ways so that the
wat er-attractive areas of the nol ecul e and t he hydrophobi c or fatty conponents
may | ocaliseinregions. If this occurs, thereis asort of bindingforce between
the simlar fatty nmaterials and it has been suggested that the fatty regi on nmay
even hold the nmolecule in position in the menbrane. Now, if one inserted an
intrusive nolecule which has an affinity for fat, it mght disorganise the
bi ndi ng whi ch hol ds the nacronol ecul es.

The next step in our researches both supported this theory and brought us into
the field of very high pressures. In our work at Oxford with Brian Smith, Ray
Smith and Keith M1l er we queri ed as t o whet her hel i umor neon coul d anaest heti se
if pressure were increased sufficiently, and we wanted to be able to conpare
t he ef fects of pressure appliedthrough a gas (which woul d di ssol ve i nthe body),
wi th pressure applied hydrostatically.

For our experinents we chose the Crested Italian Newt, which is anphi bious. The
newt, like us, if turned on its back, tends to right itself and if the aninal
is conpletely normal it has a hundred per cent response to this rolling reflex.

At pressures of up to 120 - 150 atnospheres, the newt only just began to be
af fected by neon. A sinilar experinment with heliumproduced roughly the sane
results with the newt 50% affected at about 150 at nospheres. This night have
been “anaest hesi a”.

Next, we exposed the same aninal to water - in which there are no strange gas
nol ecul es. This time the newmt responded fully at 100 at nospheres pressure but
agai n began to be affected at 120 at nospheres upwards. W concl uded, therefore,
that if helium and neon are anaesthetics one cannot prove this because the
pressure takes effect first.

Then we cane to an interesting question: suppose one conbi ned high pressure
and anaesthesia, would they add or even nutually potentiate, or nutually
ant agoni se? W began by exposi ng the newt to about 30 at nbspheres of nitrogen
this virtually blotted out its ability toright itself. Then the pressure was
further raised using helium regarding this as equivalent to hydrostatic
pressure; the aninmal presently recovered as the pressure was increased unti
it practically got back to normal. However, eventually the pressure effect re-
established itself and the newt was roughly fifty per cent paral ysed, but not
as originally, at approxi mately 150 at nospheres, but at about 250 at nospheres.
I't | ooked as though pressure coul d ant agoni se anaest hesi a, whi ch woul d support
the general theory of the noblecule getting into the fatty material, thus
impairing its function.

It is known that when anaesthetic dissolves, menbranes expand very slightly;
at a surgically anaesthetic concentration they expand by about 0.5 per cent.
If one estimates thernodynanically how much pressure is needed to neutralise
this expansion, one finds that it agrees closely with the pressure we needed
to antagoni se anaesthesia. Thus, it |ooks as though expansion is linked to
anaesthesia, and if you can prevent the expansion (by pressure) you prevent
anaest hesi a.
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One might think the pressure sinply drove the nitrogen nol ecul es out of the
menbr ane; but anal ysis shows that this effect (which can be cal cul ated) cannot
account for it. Instead it appears that in general the entry of inert nol ecul es
i ntothe menbrane expands it, that anaest hesi a occurs whenthi s expansi onreaches
a certaincritical level (estimted as around 0.5%, no doubt because of sone
di sorgani zation of the structure, and that reversing this expansi on by sheer
hydrostatic pressure reverses the anaesthesi a.

* *x * *x * * *x *
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PHYSI CAL FI TNESS EXERCI SES

Proposed new unit of neasurenent:

There are unconfirmed reports that the SUMare shortly to i ssue details of new
Fi t ness St andards based on t he 50 yards sprint neasurenent unit proposed by the
Victorian M nister for Youth, Sport and Recreati on, M Brian Di xon. He had not ed
the general lack of interest by the public in inproving their health through
joggi ng or cycling, even by the use of stationary cycles. It is his hope that
people will be induced to undertake i ndoor athletics on a regular basis. That
the RAN should be in the van of this experinment is only natural.

A $30, 000 study has reveal ed that people can be considered in regard to their
attitude to this matter to fall into five groups. Goup 1 “the drifters”,
conpri ses the 59%who prefer food and listeningtorecords to makingthe effort.
Group 2, about 19% feel inadequate regarding their athletic performances
following failures during their school life. Goup 3 was called “the self
i mprovers” and was t he 11%who t hought their athletic activities were worthwhile
as a way of |ooking good. The fourth Group, about 6% gave an inpression of
great activity but tal ked rather nore than they performed. Only 5%were in the
“super-tuned young lions” category who are really active and get on with it,
finding the inactivity of others surprising.

M Di xon, who is a regular norning runner and father of four children, adnits
to being in the “super-tuned” group. He says that his Departnent nust nowtake
a new approach to physical fitness. “W need to enphasise activity as fun, and
just incidentally as useful”, he said, adding that he believed that sexual
i ntercourse as physical activity had the fitness val ue of a 50 yard sprint. “If
you are a bedroomathlete there i s no reason why your recreational activities
can’t be enjoyed”, he said.

Pronul gation of the newtests is eagerly awaited.



