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here are at present two major schools of thought concerning
cie method of chemical action of pgeneral anesthetics in producing
hesla. Though the anesthetic effect seems to be in evidence
in omany parts of living things, explanations of the effect arc
voually postulated with respect to the nervous system - that system
more responsive to anesthesia than are others. One theory
pocziulates various modes of direct physical-chemical action by the
cneztinetic agent on the lipid and protein components of the nerve

cclls and synaptic reglons. The second theory suggests the forma

O

f labile hydrate microcrystals in the synaptic fluid. These
"microecrystals" /involving anesthetic molecules, small ions, charged
protein slde chalns, and water are thought to cause an impedance
changse 1In the synapse by slowing down the lonic species involved

in theme Thus they have an anesthetizing effect on nerve impulse

transmission. This i1s the Pauling theory of anesthesla (1).

Pauling

~
L]

points out that the trend in pressure required for

)

nesthesia of varlious gases indicates that the effect of general

o

nesthetics results from a van der Waals interaction with the
encepvhalanic fluid or membrane of the synapse. Hydrates simllar to
the type Pauling proposes are known to exist in waler solutlions at
lowver temperatures in the absence of proteins - for example the
Ke-JZ HoO hydrate @ 0° (2), and his calculations show that their
enthalpy of formatlion may be readlily understood in terms of van
der Vaals stabilization of the hydrate by Xee.

Sxperimentally it is quite difficult to distingulsh between the
lipid and hydrate theories. As will be seen below, the work
nresented here attempts to meke use of the different sizes of

cavities in Pauling's proposed clathrate structure for this purpocse.



2oegt previous work on this problem of general anesthesia has
seen performed on biological systems. These experiments suffer
Severely from the variability in response of blological systems,
end the errors in this data are therefore so great as to make
thernodynawle conclusioﬁs difficult. Also the compexity of such
systems confuses interpretation of their resvonse. Some studiles
of zolubility of anesthetic agents in protein solutions and the
viscozlitles of such solutions have been begun (3), but so far no
adequately quantitative measure of a property change in a living
or model system under the influence of anesthetic agents hes been
reported.

’

The purnose of these experiments was to find a quantitatively

measurable system in which to gain evidence pertaining to the

existence of Pauling's suggested microcrystals. We also hoped to

crnonstrate the impedance increase which he has proposed will accompary
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thelr formation in anethetized systems. The work was part of a
group project under the direction of Professor L. Pauling and Dr.
V. F. Dove during the summer of 1962. Other individuals on the
project were Lawrence Hall, John Aupers, Peter Hall, and Lawrence
Oliver.

Studies were undertaken using a model system of 10% by welght
bovine serum albumin (BSA) and .15 F NaCl in water. Qualitatively,
the anesthetic effects on BSA side chain pK's, anesthetic solubilities,
enesthetic entroples of solutlion, anesthetic effects on solutlon
end membrane conductivitfsy: and anesthetlc effects on the buoyant
density of bovine mercaptalbumin (BMA) were investigated by the
group. Of these, the solublility work by Lawrence Eall and the

buoyant density experiments which I conducted are especially



interesting. Hell investigated the solubility of CHIz and HpS in
the 2Z4 system and in polyglutemic acid, polylysine, and various
ael salt solutions. This work is continuing.

The object of the density gradient experiments was to investigate
the effeclt of anesthetlic agents on the buoyant density of BMA., If
the Pauling theory is correct, a co-operative anesthetlc effeot
nicht be expected when two anesthetics with different sized molecules
nplied to the system. If a blg moleculed anesthetic which 1s
the cize of the larger hole in the proposed structure is added, a
certain amount of anesthetic effect should be observed., If likewlcse
a cmell molecule’ i1s added, an effect should be observed. Then, if

both the large and the small are added at the same time, the increascd

(»1

stabilization from filling all the cavities in the hydrate would cause

o

mere than additive effect, The effect observed in these experiments
wego the change in buoyant density of 3MA as it became assocliated
with the anesthetlic molecules which were chosen for thelr size and
high density. It will be seen that, although such a co-cperative
effect was observed, the changes in density involved were so small
that no final conclusiohs should be drawn from the data as it stands.

Pure BMA which had been prepared by Ifft (4) was used. The salt
concentration was, of course, dictated by the gradient method rather
then our physiological model.

Filrst Ifft's experiment of detemining the buoyant density of Z2MA
in CsCl with a NaAc-HAc buffer at 25°C was reproduced (4). His value
was 1.282, mine 1.284, This run was done in a single, double sector

cell. Further runs were done in twin double sector cells.

The first run belng satisfactory, I chose CHIz for the first



"orzothetic" experiment., Theoretically thils molecule has a poor
t.z2 Tor the structures which Pauling has proposed, since it is o
1ittle larger than the largest cavity in the postulated clathrate.
“ovcrer, 1t was chosen because Hall's work had demonstrated a marked
dorendence of CHI3 dissolved on BSA concentratlion and because 1t
Lars & useful density, 4.0 g/ml. The first attempt showed that 2
was Jlenatured by stirring with CHIB (2 solid) if high salt
rcentrations were present. Therefore, the BMA and buffer solutions
were saturated with CH13 and the CsCl added thereafter. A buoyant
densgity of 1.291 d.u. Or an increase of 007 d.u. over untreated
B4 was found.  The approximate concentration of GHIB wvas determined
ircetly in the centrifuge cells in a Cary spectrophotometer. Uslng
the extinctlon coefficient determined by Hall, I calculate that
gpnroximately 3 CH 13 were present for each BMA molecule. I° ras not
dctermined how much of this was bound to the protein.

Next I investigated an anesthetic agent of more ideal size (size
of the large cavity) and less ideal density (1.5 d.u.), CHGlz. ‘Uhen
I uced anesthetics which were llquid, the experiments were run
with an excess of liquid in the bottom of the cell. There was some
deneaturation with CHClsz, but most of the BMA banded at a density of
1.288 or an increase of ,004 d.u. Though this shift is significant,
I honed to have a larger effect to work with in the co-operative
effect experiment; so I chose another agent.

CHBrz, a liquid of high density (2.9 d.u.) was ﬁried. This run
nroduced a very large increase of around 070 d.u. However, the stock

olution of GHBr3 was observed to have a brovn tinge which might have

been Bro. To test the effect of Bro on my system, I prepared e run



using CHCL3 treated with Brp until its color matched that of the

%. This run produced a density shift of .030 to ,040; and, when

ceveral attempts to purify the CHBrz of 3rp falled, I abandoned CH3r3.
With 1ittle time remaining, we decided to try CBry, a solid of

duesiionable anesthetic properties but a high density (3.4 deu.). A

preliminary run showed a significant increase in density, so I

T YPAAT A Ay
DX "‘\‘_-;Ja,fl’

% ed two twin double sector runs to test for a possible co~woperative
effect with Xe. CBry is about the size of the larzg cavity and Xe is
about the size of the small cavity. In the first run, one sector
contained BMA and the other BMA and Xe. In the second run, one sector
contained ZMA and C3ras; while the other contained BMA, CBra, and Xe.

The samples were;saturated by diffnusion by letting them stand for

12 hours over s£0lid CBry and under approximately one atmosphere of

e, The resulting buoyant densities were as follows:

Sector Contents Adelle
3MA Xe ' 1.292
Rv ndl
3MA 1.291
4.\ SMA Xe CBry 1312
Run2
BMA CBry 1..3508

Keening in mind the possible error of .002 d.u., the effect seems
to be more than additive. Also, it 1s interesting that Xe gives
no increase by iltself. Mldway through the summer I visited the lab

of C. A. Muehlbaecher at the University of California School of
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fedlcine in San Franclisco. She is working on anesthetic solubllitles
in protein solutions using a gas chromatograph for analysis, and

she had preliminarily found no increase in Xe solubility in HpO with
the a2ddition of 3BSA. If we are correct, it would appear that BIA does
not bind Xe. Yet, there may be a co-operative effect as indicated

by run #2 above.,



flovever, why does BMA here show a density of 1.291? This run
was done in a different centrifuge which was not in so good a
condition as and had entirely different temperature calibrations
oran that used 1n my inltiel runs. Though certalnly comparable
with their twins in the same run, itils understandable how these
cities could very some from the initial runs. An additional
dancer may be bromination, although I don't know how this could
be affected by Xe.

Unfortunately, the series of experiments is incomplete. The
interesting ones, need to be reproduced and further clarifying
exnmeriments based upon thenm.

The CBry~Xe experiment at 25°G and the CHI3 experiment at 25°C
need to be repeated. I suggest also that the method of saturatlng

ERE)

with Zle be improved by placing the entire centrifuge cell in a Xe

.O

illed chamber rather than running tubes to the filling holes of
the cell.,

Though the effects so far observed are small, with careful work
they may prove gquantitative enough to be of value. Perhaps by
lowering the temperature to 20°C the effect will be increased a
significant amount in the CBry~Xe system. Also, a similar series
usling CH015 in place of CB¥4 might prove quite interesting in view
or the known exlstence of CHClze2Xe.1THpO clathrates at lower .

temperatures. I hope to be able to perform these experiments during

the coming summer.
Exoerimental

The experiments were all done using a sample of the BYA purified



by IffL (4). All were buffered to »pH 5.5 with .0l I Naic-HAc
oufTer; all were run at 25 C; all were spun at 55,000 rom in the
centiriiuses Indicated on the accompanying sheet. Run #1 was

neriormed using one double-sector, epoxy-aluminum centerpiece

and the calculated gradient for this system. Two of thes

~ A - - .
conterpleces were em

'O

loyed in e:periments f2 - #12. By arranging
oz zan sclution densities in the two on eithercifide of the nrotein
dercity eccording to the method developed by Ifft and Vinograd (5),
e zradlents in these runs were determined by experiment. In
crporiments 13 and fl4 the cells contained again different solutions

as 1ndl

o

ated in the tabulation. Lens Lties were determined from

active index measurements corrected for protein content using
the Tormulae glven by Ifft (4). The double sector centernieces were
scratehed in the following way to allow equllibrium of meniscus

L

beiwecen the experiment and the vlank,

Scrdches
Y‘o‘for‘ /r

center

e was introduced through brass tubes fitted into the filling nole

Q

-

wne cells; CH013 and CHBrB were present as liquid layers in the
cell bottoms during the runs, and the solutlong were saturated with
and C3Bry before introduction into the cells.

I would like to thank Dr. Jerome Vinograd and Dr. J. H. Fessler
for instruoting me in the use of the Centrifuge and advising me
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lative to the technique used in these experiments.
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on of Gradient Runs

DN
Dig

B4 + CHI
BYA + CHIS
ZMA +CHC14
BlSA +CHBYS
BiA +CHBry

BMA + CHBI‘B

BMA + CHC 13 + Bro

BMA+ Xe
BMA

BMA + Xe
BMA+ CBry
BMA + Xe

BHA

BMA + Xe +CBry

BYA ¥ CBry

e,, of Comwponent
AY

1.284

1,288 éband)
ppt)

. - e -
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1.292
1.291
1.312

1,308

Comments

vluggsed scratch
denat. den. on salt

“3 CHIz/BMA Fo denats
Some denaturation
Drive failure

Off Fleld

Leak

No leak Optice outv of
adjustnent.
Cell bottonm

No leak not in photo.
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Centrifu~es Used

Centrifu=e

Hodze's
Hodge's
Fodge's
Hodge's
Bonner's
Vinograd's - Antony

insheimer's -« 1578

L

Sinsheimer's - 1579
Delbruck's
Delbruck's
Delbruck's
Delbruck's
Sinsheimer's - 1582

Vinograd's - Antony

285
186
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