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·_:'he1"e are at present two major schools of thouc;ht concerninc, 

t.::.:.J ,~ethod of chemical action of e;eneral anesthetics in producin.0 

~.r:.csthesia. Though the anesthetic effect seems to be in evidence 

7 · , "' "'ny pe.1"tc of living things, explanations of the effect are 

t:suc:.1ly postulated with respect to the nervous system - that syst0r:1 

b2:'...n: more responsive to anesthesia than are others. One theory 

::)ostl,,.lo, tes various modes of direct physical-chemical action by the 

2~:c:,:::"c. i:etic acent on the lipid and protein components of the nerve 

cells and synaptic regions. The second theory suggests the formation 

of labile hydrate microcrystals in the synaptic fluid. Ynese 

11microcrystals 11 ,involving anesthetic molecul'es, small ions, charsed 

:n ... otein side chains, and water are thou5ht to cause an impedance 

chanse in the synapse by slowing do1r.n the ionic species involved 

hi ther:1. T11us they have an anesthetizing effect on nerve impulse 

transmission. This is the Pauling theory of a..~esthesia (1). 

?aulins points out that the trend in pressure required for 

anesthesia of various gases indicates that the effect of 3ener~l 

2.nosthetics results from a van der 1,1aals interaction with the 

encei)halunic fluid or membrane of the synapse. Hydrates similar to 

the type Pauling proposes are knovm to exist in water solutions at 

lo·Her temperatures in the absence of proteins - for example the 
7' 

2·:e•S4 H20 hydrate@ 0°0 (2), and his calculations show that their 

enthalpy of fonnation may be readily understood in terms of van 

der ".'Iaals stabilization of the hydrate by Xe. 

Ex·perimentally it is quite difficult to distinguish between the 

lipid and hydrate theories. As will be seen below, the work 

~resented here atte~pts to make use of the different sizes of 

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



~-=o st l)l"evious 1-:-ork o:n this problem of c;eneral anesthesia has 

·jee:rt perfor'm.ed on biolo3ical systems. These experiments suffer 

.severely from the variability in response of biological syste:ns, 

a::.d the errors in this data are therefore so great as to make 

tt.c:-::•:'iiOdyna:nic conclusions d.ifficul t. .Also the compexi ty of such 

systems con.fuses interpretation of their response. Some studies 

of solubility of anesthetic agents in protein solutions a...~d the 

visco2ities of such solutions have been begun (3), but so far no 

adeQuately quantitative measure of a property change in a livin0 

or r.1oclel system under the influence of anesthetic agents hes been 

':':1.e l)uri,o se of these experiments ,-ras to find a quan ti ta ti vely 

measur-able system in which to gain evidence pertainine; to the 

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

de:-:·,o::istra:te the impedance increase which he has proposed will accorn:x:'...17J 

their formation in anethetized systems. The work was part of a 

c:r"OU}) project under the direction of Professor L. Pauling and Dr. 

•:!. F. Dove dur:img the summer of 1962. Other individuals on the 

project were Lawrence Hall, John Aupers, Peter Hall, and La,vrence 

Oliver. 

Studies were undertaken usine; a model system of 10% by wei3ht 

bovine serum albumin (BSA) and .15 F NaCl in water. Qualitatively, 

the anesthetic effects on BSA side chain pK's, anesthetic solubilities, 

c:.1.1es thetic entropies of solution, anesthetic effects on solution 

a::.--1d membrane conductivity,::: and anesthetic effects on the buoyant 

density of bovine rnercaptalbumin (Bl-CA) were· investi3a ted by the 

c;roup. Of these, the solubilj:ty work by Lawrence Hall and the 

buoyant density e},._'l)eriments which I conducted are especially 



i:n.tor·e stir..3. Ho.11 investisated the solubility of CHI3 ar..d H2S in 

the 2:::: .. 1 sy s t em and in polJslutamic acid, polylysine, and various 

:·:: cd.c1 salt solutions. This 1;:01'"'k is continuing . 

I:"le object of the density cradient experiments 1,-ras to inve stisc.. te 

tl~ao ~J:t f ect of anesthetic asents on the buoyant density of 37-0\.. If 

t:rw l'aulinc theory is correct, a co-operative anesthetic effect 

:-:, i 0ht be expected when two anesthetics with different sized molecules 

2.re ::i.~;plied. to the system. If a big moleculed anesthetic Hhich is 

t h e s ize of the lar3er hole in t h e proposed structure is added , a 

c erteJ.1-i amount of anesthetic effect should be observed. If lil-': e1·ri s e 

a sme.11 molecule' is added, an effect should be observed. Then, if 

both the lars e and the small are added at the sa~e time, t h e increa se~ 

stabilization from filling all the cavities in the hydrate would co.u s0 

.s:. ,11c re than additive effect. T'.ne effect observed in these experiments 

,1as t he change in buoyant density of m -'.:li. as it became associated 

1-Il tr.!. t h e ane s thetic molecules which were chosen foi-> their size and 

hi5h densityo It will be seen that, although such a co-operative 

effect was observed, the changes in density involved were so small 

t hat no final conclusiohs should be drawn from the data as it stands. 

Pure Bl":..t which had been prepared by Ifft (4) was used. The salt 

conc enti->ation was, of course, dictated by the gradient metr~d rather 

t h~n our physiolo3ical model. 

First Ifft' s e:;.,__-periment of determining the buoyant density of 31,:A 

i n CsCl ·with a NaAc-HAc buffer at 25°c was reproduced (4). His value 

'\·ras 1.282, mine 1.284. This run was done in a sine;le, double sector 

cell. Further runs were done in t1-1in double sector cells. 

The first run being satisfactory, I chose CHI3 for the first 



Theoretically this molecule has a poor 

:::: .. ::::o for· the st1--·uctures which Paulin5 has proposed, since it is c1 

larsest cavity in the postulated clathrato~ 

~-:o,.- ,c:- :=:r, it vras chosen because Hall's work had demonstrated a r.;ar·ked. 

,5_ ::..':_-· .::::---,d.ence of CHI3 dissolved on BS.A concentration and because it 

t.a:: a useful density, 4.o e;/ml. The first attempt showed. that 3J>:~\. 

11: ; :-3 _:enatu1"ed by stirring with CHI3 ( a solid) if hi3h sa.l t 

co:1.::;entrations were present. Therefore, the BMA and buffer solutions 

1:rex>e saturated with CHI3 and the CsCl added thereafte1". A buoyant 

density of 1.291 d.u. or an increase of .007 d.u. over untreated 

3I:A 1ras found. , The approximate concentration of GHI3 1·ras deterrniried. 

di.r·octly in the centrifuge cells in a Cary spectrophotometer. Usins 

the e:-:tinc ·::.ion coefficient determined by Hall, I calculate that 

2.:,::_,r·o:-:iY:1ately 3 CHI3 were present for each Blv:A molecule. T" ·as not 

~.10ter·mined ho·w much of this Has bound to the protein. 

~;ext I investi5ated an anesthetic agent of more ideal size ( size 

of the larc;e cavity) and less ideal density (1.5 d.u.), CHC13 • 1.1hen 

I used anesthetics ·which were liquid, the experiments were ru.I1 

·ui th an excess of liquid in the bottom of the cell. There was come 

den2-turation with CHCl3, but most of the BMA banded at a density of 

10288 or an increase of .oo4 d.u. Though this shift is si3nificant, 

I hoped to have a larger ef feet to wo1"'k ·with in the co-operative 

effect experiment; so I chose another agent. 

CI--IBr3 , a liquid of high density (2.9 d.u.) was tried. This run 

)roduced a ver--J large increase of around .070 d.u. However, the stock 

solution of CHBr3 was observed to have a brovm tinge which mic;ht have 

been Br2. To test the effect of Br2 on my system, I prepared a run 



usins CHCl3 treated with Br2 until its color matched that of the 

CEBr3~ This r-,..1.n produced a density shift of .030 to .040; and, \-rhen 

s0v,2ro.l attempts to purify the CHB!) of 3r2 failed, I abandoned CE3r3. 

' . .-i th little time remaining, ,-re decided to try CBr4, a solid of 

c~ues'.:.ion2.ole anesthetic properties but a hig..'1. density (3.4 d.u.)o A 

I~ r·olir:, ina:cy run sho,,red a si5nificant increase in density, so I 

:::>1"e~ared two tv.rin double sector runs to test for a possible covopera ti ve 

effect with Xe. C3r4 is about the size of the large cRvity and Xe is 

aoout the size of the small cavity. In the first run, one sector 

contained :m.:A and the other BlCA and Xe. In the second run, one sector 

contained 3l:L4. and CBr4; while the other contained i3MA, CBr4, and Xe. 
! 

'I'l'1e samples were saturated by diffusion by lettine; them stand for 

12 hours over solid CBr4 and under approximately one atmosphere of 

:-:e" T:."1.e resulting buoyant densities were as follows: 

Sector Contents 

Keepin0 in mind the possible error of 

1.292 

1.291 

1.312 

1.308 

.002 d.u., the effect seems 

to be more then additive. Also, it is interesting that Xe gives 

no increase by itself. Midwat through the summer I visited the lab 

of C. A. I:,:uehlbaecher at the University of California School of 

I'-:ed.icine in San Francisco. She is working on anesthetic solubilities 

in pro tein solutions using a 3as chromatocraph for analysis, and 

she had prelir.:iinarily found no increase in Xe solubility in H20 -..-ri th 

the ad.di tion of BSA. If ·we are correct, it vrould appear t1:1at BSA does 

not oind Xe. Yet, there may be a co-operative effect as indicated 

::iy Y".J.n /1-2 above. 



IIO1rnver, why does m,L.:\. here show a density of 1 .. 291? This run 

H,;'.. ~, c1O:::-1e in a different centrifuce which was not in so 0ood a 

co~1dl tion as and had entirely d.iff erent temperature cali b1~a tio:--is 

::.:::-_cm tl1at used in my initial runs. Though cert$1..inly comparable 

1.'i. t l , their t,--rins in the same run, i t~.i s understandable ho1-r these 

d -::::1 ::: i ties could varrJ some from the initial runs. .An additional 

daY-1[:_:e:c> may be br.om:tnation, although I don't know how this could 

be affected by x:e. 

U:.1fortuna tely, the series of experiments is incomplete. The 

inte:.,.es tins ones., need to be reproduced and further clarifying 

e:·=::_)eriments based upon them. 

The CBr4-Xe eA~eriment at 25°c and the CHI3 experiment at 25°0 

need to be repeated. I sussest also that the method of saturatin5 

111 th ]:e be improved by placing the entire centrifuc;e cell in a Xe 

filled chamber rather than runnin5 tubes to the filling holes of 

the cell. 

Though the effects so far obseNed are small, with careful ,-;-ork 

they may prove quantitative enough to be of value. Perhaps by 

• the temperature to 20 C the effect will be increased a 

sic:;nificant amount in the CBr4-Xe system. Also, asimilar series 

in place of CBr4 might prove quite interesting in view 

of the kno1m existence of CHC13 •2Xe•l7H2O clathrates at lower ,_, 

teJ1peratures. I hope to be able to perform these experiments during 

the coming summer. 

Ex.9erimental 

The experiments were all done usin5 a sample of the B:-C.A purified 



~JY Ifft (4). All were buffered to pH 5.5 with eOl ?-: I:-TaAc-EAc 

indicated on the accomnanvinr~ sheet. - ,; - Run ,]l 1·,as 

:.'.'-'•3::c·i"ormed usinc one double-sector, epoxy-aluminum ce11ter·.9iece 

2.~1C:. the calc .. llated c;radient for this system. Two of these 

c ,:nto1"pieces vrere employed in e::::periments //2 - 7;12. Ey arranc;ins 

t::.2 .::an solution densities in the tvo on either,':.sfde of the protein 

d2n;.::i. ty s.ccordinc; to the method developed by Ifft and Vinoc;rad. ( 5), 

'.,L:,.e 2)--"aG..ients in these runs were determined by e:-:peri:21ent. In 

c:·:y:::-:.-ol.:r,ent:: ,/13 and 1Jl4 the cells contained asain different solutio:c.ts 

e.s :i.nd.icateci in the tabulation. I;ensi ties were deter.nined froni. 

l"'8fl.,..c:•.c tive inde:-: measurements corrected for protein content usli.10 

tl·iG :"orn:ul8-e r;i ven by Ifft ( 2.J-) • T'De double sector centerr:,iece s 1-:er2 

sc:c-t.tched in the followinc; Hay to allow equilibrium of meniscus 

bet' .. 'cen the e:,:periment and the blank. 

~~e '\.'as intr·o:luced throu5h brass tubes fitted into the fillin3 r..oles 

of tl1e cells; CHC13 and CHBr3 1,rere present as liquid layers in th-2 

cell bottoms du.Pine; the runs, a....YJ.d the solutions. 1,,rere saturated wit:::. 

e.nd C3rL~ before introduction into the cells. 

I would like to thank Dr. Jerome Vinograd and Dr. J. H. Fessler 

for instr~ctins me in the use of the Centrifuge and advisinc me 

:.'."ela ti ve to the technique used in these experiments. 
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Ta':Jul ati on of' Gl''c.dient Runs 

Comnonent ~of Co:r:monent 

1.284 

-----

1.291 

1.288 
~
band) 

1.296 ppt) 

-----

B:EA+ Xe 

Bl•::A + Xe 

1.292 

1.291 

1.312 

1.308 

C Off•':! en ts 

one cell, calcul2.ted 
c;radJ.en.t 

:plussed SCl"?atcl;. 
dena t. d e~) . on sal t cone .. 

Some denaturation 

Drive failure 

Off Field 

Leak 

No leak } O:itic :::. ou.Jc.. of 
adjust.~,:0nt . 
Cell bottom 

No leak not in photo. 



Qent:rifu ~es Used 

?.un !] Centrifu ·-,je Sni:::ico .. 'J. 
fl ir 

1 Dr. "Tod,...e' s n G 443 

2 Dr. Hodc;e's l~43 

3 Dr. TT d I r.O e,e S 11A3 

4 Dr. Hodse's 443 

5 Dr. Bonnel"' s 521 

6 Dr. Vino n:rad's - Antony 186 ..., 

7 Dr, Sinsheimer's 1578 264 

8 Dr. Sinsheimer's - 1579 264 

9 Dr. Del brucl-;: ' s 285 

10 Dr. Delbruck' s 285 

11 D~ .. 
... . Delbruck' s 285 

12 Dr. Del bruc1: 1 s 264 

13 Dr. Sinsheimer' s - 1582 285 

14 Dr. Vinogl"•ad I s - ..-mtony 186 
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