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SUM MAR��

Time mobility of benzyl alcoimol mnolecunles mm en’ytimrocyte menumbranes has been meas-

ured by rnrcleam’ nmmagnmetic resonance n’elaxationm. At low concentrationms the alcoimol mole-
cules are stromugly innmrnobihizecl by time membn’anme structure, thus (lecm’eases as the con-
centration rises 1)ut stan’ts to increase again at 60 mxn. Suspensions of membrane lipid
produce similar effects on n’elaxatiomm at low concentrations but simow no upswing at high

conucentrations. Separated nmembranue protein imas a large effect on benzyl alcohol relaxa-

tion rate as have en’ythrocyte membramues pretreated with 300 mmu� benzyl alcohol.
These results surggest that as a n’esult of insertion of time anesthietic in the nuembrane

the lipid becomes disor’dered anmd finally exposes time protein, making available biniding
sites in time pn’otein whicim am’e occult in the untreated nnenmmbrane.

IN i’RODU CTION

Time ability to l)n’Odurce conductionm block
in nerve fibers is found in a very large

mmumber of chenmmical substances of ex-

tremely diverse structures. These range
from noble gases, sinuple paraffinus, alcohols,

ether’s, and halogenated alkanes to alkyl-

amines, cyclic ureides, and sterols. Tine
range of structures encompassed nmakes a

specific chemical interaction withu the mcmii-

brane seem unlikely anud imas favored time
searcim for physical correlates. Overtonu anmd

Meyer’ first pointed out imow w’ell tine
potency of anesthuetics cor’relatecl withm their

pan’tition constants between lipids or hipo-

piuihic solvents aimd water, and subsequrenmt
wor’k imas shown timat such correlations are
often excellent, particularly in honmmologous
series and wimen corrections have beemu made
for thernumodynaimuic activity and molar vol-

umne (1-5).
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Time interaction of time amiesthietic with

time nnmermmbrane imuvoives at least two proc-

esses, a primary one which may alter time
nueniml)ranue organizationm amid, secondary to

thus, changes mu ionic permeability ensue
wimich are directly responsible for conduc-

tion block. If we are to understand tire
numolecular events leading to anesthesia

timere is a need to investigate the primary
immter’action. It imas been known since the

observations of Traunbe (6) that anesthetics

can nimake erythr’ocytes less sensitive to
hmennmolysis by imypotonic solutions, and re-

cently Seenimanu (7-1 0) has made an exten-

sive study of the effects of drugs on the
lysis of red cells. Witim few exceptions this

effect is biphasic: in low concentrationm the
cells are made muuore resistant to osnnnotic
stress bunt at higher concentration complete

lysis occurs whicim is independent of os-
mumotie stress. In the stabilizing concentn’a-

tionus of drug there is an increase of
nmmenmbr’anue area presunmably due to inser-

tion of time drug inuto time membrane, and

thuis may account in part for the greater re-
sistance to iuemolysis. In the lytic concen-

trations mmuenmbranme structure is disorga-
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nized amid finally enmulsificationm occur’s.

Seernamm imas simow’mm timat timeme is a very
good corr’elatiomu huetweenu time conmcentn’a-

tions of (lm’rng timat irodumce stabilization of
time erythmnocyte and those wimicim cause con-

duction block in nmerves, so that it is likely
that sinumilar nmenml)nanme changes are respon-
sible for both pimenonmuena. Corn’esponding

to lysis in erytimrocytes is time development
of ir’n’eversii)le nerve block studied by Skou
( 1 1 ) , amid imere againu a conmmon basis is

likely.

Discussiomms of time molecunlar basis of
ammesthctic action have usually been based

on time relationship to oil/water partition
coefficiemut r’cferrcd to previously, which can

be interpreted as inumplyinmg that anuesthesia
is time result of inmsem’tiomm of a fixed volume
of ammesthetic “atonmus” into the lipid of the

menmbrane. Feathuerstone and Muehulbacher
(12) imave been pan’ticularly at pains to

j)oint out thuat anestimetics also interact
with proteins thuroungim residues containimug
nonpolar side chaimus and although no sys-

tematic studies have been carried out it is
likely that partition inuto protein also cor-
relates with time straightforward lipid/water

partition. Time relevance of this will appear
later.

Time problem of how insertion of runes-
thietic into time membrane leads to altera-
tionms in time conumplex static and dynamic

ionic pernmmeahihities that are concerned in
excitation and conduction in nen’ve fibers
is difficult to investigate experimentally.

Tine most widely imeld thmeon’y is timat the
inmtennmal pressrrr’e in time menmbm’ane is in-

creased anmd this distorts the can’rier sys-

tems so timat their operation is distuirbed.
An alternuative explaimationu is suggested by
time occurrence of lysis at imighuer concen-
tratiorm of the anesthetics. This so clean’ly
indicates a sen’ious disorder of mumembn’ane
structure that it does not seem unlikely

that a lesser degree of disorderinug exists in

time anmesthetic range and thuat it is thus re-
arn’aiugenmmenmt rather timan internal pressure

that pei’tunr’l)s the ionic conducting systems.
The rmmembrane is a imiglmly ordered struc-

tur’e as denmnomustnated by time sharp X-ray
reflections at low angle, and it is accepted

that this order is due primarily to the

iarahlel side-by-side packing of time lipids

�vitli time heads inn contact witim a hydro-

l)imi lie ermvironmnment anm(l time hmvdn’ocarbon
tails either’ mi contact withu time tails of the

other half of a binmuolecumlar leaflet or with
huy(lropiiobic residuncs of time stronmmal pro-

tein. It w’ounld he expected that an runes-

timetic molecule inserted inuto the mmmembrane
w’ould find itself in a imigimly constrained

environnment anmd imence its molecular mo-
tion would be nmunch reduced conumpared to

that eithmer mu water’ or in bulk liquid or
lipid. Indeed time envin’ommmmment woumid more
resemble that founnd in the crystalline

state. Measurcnmmenmts of the molecular mo-
tion of time anesthmetic in the membrane

mmmight timerefone provide a sensitive meas-
ure of time degree of ordering of the mem-
braime arid of bimuding to membramue com-

l)Onents. If time insertion of the anesthetic
led predonmuinantly to an incm’ease in in-

ternal pressure, time mobility of time runes-
thuetics mighmt progressively decr’ease as time

ammestimetic conmcenmtnation increased ; on the
otimer hand if time predominant molecular

change in time nmenmbranue is disorden’ing, the
constraint on the anesthetic nmolecules

should decn’ease anud hence the rate of
mmmolecular rotation should increase. There

renumaimus time possibility that time anesthetic

merely fills in spaces without appreciable
change in the nmmernbn’amme order, in which
case tine notation of time anesthetic will not

be immam’kedly concentration dependent. The

possibilities merutioned so fan’ do nmot in-
volve specific bindinmg sites. If such sites

are imuvolved w’e nimay expect to see satura-
tion of these sites with increasing concen-

tratiomm.

Time rotational rate of molecules contain-

immg atonmms with nmumclear nmmagnmetic moments
can be nmmeasumr’ed by time teclmmmique of
nurchear magnetic relaxation because under

time commditions of relatively free molecular’
mumotion in solutiomu, tine rate at which a

pem’tumrbed population of nuclear spins at-

tains equihibm’iunmmm is inversely proportional
to time rate of numolecumlar nmotionm (13, 14).
Time n’ate of attainment of equihibr’ium is
knowmm as time relaxation rate and mmmay be

estinmatcd fm’om time hue width in slow pas-

sage nuclear’ nmagnetic resonance spec-
tn’oscopy; when nmoleculan’ motion is re-

duced, the spectral lines are broadened and
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reduced in ammuplitude. In the present study

time relaxation rate of time protons in a

selected anesthetic inns been nnneasur’ed in

time presence of various cell mermmbn’ane

h lmrehan’ationms.

�n ETHODS

Pi’epa i’a t io a of e i’�j throc�j te iiie nith cc iies.

Er’vthrocyte inmemmmbr’anes were l)m’ePare(l by

a imn’ocedure dune to Dr. V. Marcimesi (per-
sonmal comnmmummication) . Human blood col-

lected mu acid citrate-dextm’ose was cen-

tn’ifuged at 2000 g for 15 numin, and time

plasma and buffy coat were removed. The
cells were wasimed twice with 4 volumes of

0.9% NaCl. The cells were thmenu hysed in
8-10 volumes of 5 fliM Tris-HC1 buffer pH
7.5 containing 1 m�i sodium edetate. After
centrifugatiomm at 38,000 g for 10 mm time

deposit was again treated with 10 volunmues
of the Tris-HCI-edetate bunifen’ and then
centrifuged again at 38,000 q. Timis step

removes most of time residual hemoglobin
and a single wash with 0.5 �r NaCl at this

stage also helped to conuplete time removal
of adsorbed imenmoglobin. Tn’eatnmmenut with
buffer was then repeated 2 or 3 tinumes more
until the centrifuged deposit was off-white

or pale yellow in colon’. Time memb)ranes

were thmenm wasimed twice with distilled water

and stored at 4#{176}.Before use they w’ere

equilibrated twice with NMR buffer. Of
the dry weight of time membrane pn’epara-
tion, 1-2% was iuemumoglobin; this is siumuilar
in amount to that found mu time prepara-

tions of Dodge et al. (15) ammd Weed et al.

(1 6). Electron nuuicn’oscopy of thin Eponm
sections of thuese memmubranues revealed closed

profiles of very clean unit menubranes (un-
purbhished observations of Dm’. V. Mar-
chuesi).

A further assessmenmt of tine stn’umctural
integrity of these nuenubranes was ol)tained
by measurement of their Na-K-ATPase ac-

tivity. Time basal Mg-ATPase activity was

of time order of 40 nmoles of P04 released

pen’ milligram of memmubn’ane pen’ hoinn’. This
was increased 40-50% in time pr’esence of
optimal amounts of Na anud K. Thus is of

a similar magnnitunde to thuat reported by
I)unniuam anmd Glynn (17).

Pretreatment of membranes ninth bcnzyl

alcohol, A suspemusion of the nmmenmil)n’anes in

��‘nmten’ was brought to 300 mM hemuzyl alco-

inol 1)v eximaurstive (iialysis for’ 24 inn’ at 4#{176}C.
Time bernzvl al(oirol was reduced to less

tinanm 1 .0 n-nM i)\’ rel)(’atedl centrifungatiomn
arid ��‘ashing of tine nmnenmhn’anes witim time

T):() i)unffen’ for N)SIR nneasuremennts (see
l)elOW’)

Pi’cpai’ation of membrane lipi(ls. Thne

C0:� nuetinod of Parl)art (18) was used to

l)repnmr’e lange qnrarntities of erythrocyte
ghosts for lipid extraction. Phasnmua and

b)uffv haven’ wer’e n’ennoved as before. The

packed cells w’ere ivsed in 10 volunnmes of
C02-satumrated (histilled water at 4#{176}.Time
gimosts were further tn’eated as described by

Parpart. An etimanol-etimer (3: 1 v/v) cx-
tract of the lipid frommu timese ghosts was

obtained by time inmetimod of de Gier and
van Deenen (19) . Tine pale yellow extract
was evaporated under N2 amid reduced pres-
sure at 18#{176}.It was prepared for N�s1R

studies by sonication of a 2.0% sunspensionu

in NMR buffer for 5 mm with a Branson-
type probe sonicator.

Prepara ticin of erythrocy te iiiem bra inc

protein. A sialoprotein fraction w’as pre-

pared from en’ythrocyte gimosts by time
butanol method of Maddy (20) . After cx-
hmaustive dialysis against distilled water in

time cold, the pr’otein was freeze dried. Time
nmaterial contained less thuan 5% of the

lipid present in unmtn’eated mennnbrammes.
Most of time (lry pn’otein readily resus-

penuded mu NMR hunifer to give a slightly
turbid solurtionu, which w’as centrifuged be-

fom’e unse.

N1IR in easure men ts. The nnmenmibr’anue

prepan’ation was cqunihibr’ated witim a D�O
biuffer commtainming 45 num� NaCl, 30 mni

sodiunnnm acetate, anmd 5 nnmr NaH2PO1/

Na�HPO1 dissolved mu 99.7% D�O. Tine

‘pH” (umnucorr’ected) was adjursted to 7.4.
Benzvl alcoinol (anmalytical grade) was dis-
solved in tine sanme i)unffer. A nmixtunre of

benzyl alcohol solution armd nmmembrane sums-

pensionm was mmmade an(l timen piPetted inmto

standard 5 nuim N�IR tubes and nnueasum’e-
numemnts nmmade after a umminimunm of 12 hi’.
Sinmmilar tubes were pm’epared with anmes-

timetic alone arnd with surspemusions of menn-
branme lipid arid str’onmal protein.

Rehaxationm nmmeasinrennments were made inn
a Variann A6OA N\IR speetr’ommmeter at 60



4

90 METCALFE, SEEMAN, ANI) BURGEN

�f ot. P/carmacol. 4, 87-95 (1968)

Nlcs arid at time equnihibr’iunTr tennperatumm’e of
the inuser’t, whicin was 40#{176}.Sufficienmt tinmne

��‘as allowel for time tube and its contenmts

to come into tiner’mumal balance before nmmeas-
urements were comnumenced.

All relaxation nimeasuremmmenmts were made

at a sweep span of 2 cs/em arid a sweep
rate of 0.4 cs/sec. Care was taken to erm-

sure that time radiofrequemmcy power �

below time level causinug saturation. Time
signal from the numetimyl protons of time

acetate was unaltered by the presence of
erythrocyte nmateriah and was used for fine
adjustment of time field imonmuogeneity anud
for’ correction of tine line widths for instru-

nmermtal broadening (0.3-0.5 cs) . Time true

line width of the acetate numetimyl was takemu

to be 0.1 cs.
All measuremmmenmts w’ere mmmade at least

six times amid mean values were taken. Line
widths i�v� were nieasunn’ed at half nmmaxi-

mum height. Time relaxation rate (1/T2) is

given by �r�v �.

Measureinen t of part it �O 11 coefflcen ts.

One milliliter of nuuemhrane surspension was

ruuixed with 0.5 or 1.0 nil of a benzyl alco-

imol solution conutainming 4 num�uC benzyl al-
coimol-14C irm 45 rumi NaC1, 5 mum� sodiurmm

phosphate buffer pH 7, mm a 7 ml poly-
pn’opylene centn’ifuge tube closed with aim
aluminum centm’ifuge cap and left at 23#{176}

or 40#{176}for 1 hr before cenmtr’ifuging. Contn’ol
tubes were treated in time same way except
that 1 ml of water replaced the ghost sus-

pension.
Using a fixed-angle rotor preimeated to

23#{176}or 43#{176}tine tui)es wen’e cenutm’ifurged at

38,000g for 11 mm on’ at 55,000g for’ 6
mm. Time rotor was preheated to 43#{176}1)e-
cause its temperature fell 3-4#{176}during cen-
trifuging. Ahiquots, 0.2 ml, were added to
10 mmii of scintihlatiorm mediumum (21) and

counted in a Nuclear-Chicago liquid semi-

tihlation spectr’ometer. All measurements
were made in triplicate.

The partitionm coefficient was calculated

from time relation

J) - (C�V) - (].[V - Mq/D�

- G�’ Mg/D

winere C� and G� an’e time counting rates inn
the supernatants of the control and cx-

perinmental tubes, V is time total volume of
fluid in the tube, Mg is the mass of dry

weight of cell membranes in the tube, and
D is the density of the ghosts-this was

assumed to be 1.0. Note that partition co-

efficients were deten’mined in H2O, not D2O.
Effect of benzyl alcohol on hypotonic

hemolysis. This was carried out as de-
scribed previously (7-10).

RESULTS

Tn’ials with a nuunumber of anesthetics
readily showed that line broadening oc-

curred in the presence of erythrocyte menu-

branes. Benzyl alcoimol was selected for

furtimer study because it exerts its effects

on er’ytimrocyte rnenmbm’anes in time concerm-

tration range 5-250 mnmi as judged from its
effects on hemolysis in hypotonic solution;
this is a satisfactom’y range for nmagnetic

n’esonamuce mumeasuurenmments. The five protons
on time aromatic n’inugof benzyl alcohol are

rmmagmmeticahhy equivalent and give a single

resonance line well suited to line width

rumeasurements. Benuzyl alcohol is also fn’ee

fronm time conmplicationu of ionizing gn’ounps.
Figun’e I sinows time signal fronm the

2 cps

Fia. 1. Resonance lines of I/ce aromatic proton.�

in benzyl alcohol

Time currve on time left shows the line obtained

with 150 m�n benzvl alcohol in D20 buffer. The

curve on tue right time same concentration of

henzyl alcolmol in time presence of 1.0% by weight

of erythrocyte membranes. The gain of the am-

phifier was increased x4 for this curve. Tenmpera-

ture, 40#{176}C.

ar’onmatic protons of benzyl alcohol at a

concentration of 150 m� together with time
same signal in the presence of erythrocyte
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membranes at a concentn’atioru of 1.0% 1)y
weight. The symnnmetrical n’esonanmce signal

was considerably broadened and reduced

in amplitude by tine presence of time numem-
l)n’anes.

\Vimen time concenmtratiomn of bemuzvl alco-

hol was varied inn time n’ange 3-300 m� inn
time buffer solutiomm in time absence of mem-

branes the line width was innaffeeted and
time mimean value was 0.55 es. However, in

the presence of a constanut conmcemntn’ation of
rmienibranes time line widtim was greatest at
3 nnm�i and steadily decreased as tine con-

cenutn’ation increased to 60 num�i, above timis
concentratiorm the line widtim inmcn’eased at
least up to 150 nmmr (Fig. 2). At hiighmer

50

3 5 10 20 50 100 200
mM BenzyL aLcohoL

Fia. 2. Line width of the aromatic proton line

of benzyl alco/col at concentrations from 3 to 150

mxn

(A) In D20 buffer; (B) with the addition of

1.0% by weight of erytimrocyte nmembranmes. Line

widths have been corrected for instrumental

broadening. Temperature, 40#{176}C.

concentrations time line width was variable
and tended to change with tinmue. At timese
concentrations the physical state of the

membrane suspensions was obviously al-

tered. The membramues became agglutinated

and tine chumps of membranes tended to
settle out. Time inconsistent finmdinmgs in tine
resonance measurenmments wen’e dune to time

inhonmogeneity of time suspensionm, amid inn
all subsequent exper’inmments the Imigimest conu-

cenmtrationu of bermzyl alcohnoi studied was
150 nmn�.t. Tine concentration series was cx-
ammmined inn several preparations of menu-

bramues arid was founnd to i)e highly con-
sistenmt.

The sirspenmsionu of en’vtimn’oeyte mmcmi-
hranmes l)rovidles a system imi which tine

major part of time total benzyl alcohmol

present renumains in tine aqueous pinase and

a minor 1)art is dissolved in time mennnbm’anues.

In such a systenmu, provided that tine rate of
excimange of benmzyl alcoimol molecules be-

tweeru tine numemmmh)n’aneand continuours phases

is fast conmipared with tine n’elaxationm rates

in time two pinases, tine mnueasurm’ed relaxation
rate will be equal to time w’eigimted nmuean of

time relaxation rates in free soiurtion amid in
the memumbramnes (22).

Timins

1 1
=a� +(i-a)�-

w’hmer’e I /T2 is time n’elaxationu i’ate �r�v �)

arid a is time fraction of tine total benuzyi

alcohol which is in tine nmuennmbr’amme phmase.
Determination of thne partition coefficient

showed timat it u�’as littledependent on con-

centm’atiomu urp to 20 m�i, but thmereafter
m’ose as tine concentration increased so that

whereas it was 1.7 at 2 nmuxn it inicreased to

4.1 at 200 m�r (Fig.3).

40

2 5 20 50 100 300

mM Benzyl ancohor

lic;. 3. J’arlition (‘OeIi(’idnts of I)(flZf/l (zI(�)/ccc�’

between I/ce nie,nhca,ce au! II�() 1),ifbi

\Vinenu tIne appr’opr’iate l)ar’tition coefficient
was used! to calcunlate tine values of
(1/T�) ice cicrane it canu be seen fn’onm Fig. 4
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that tine general sinal)e of time cunrve was
similar’ to that mm Fig. 2. At time lowest con-
centratiomm (3 nmi) time relaxation n’ate was

570 sec’ anm(l it fell to a nmmirminnnunimof 189
sec’ at 60 rmmr. Sinnce tine n’elaxation n’ate

inn tine absence of nimennbranmes was ( 1/T2) free

1 .73 secm it cann be seenm that tine rota-

tiomu of tine aronimatic group was reduced by
a factor’ of 110- to 330-fold in time mem-
brane. For comparison time relaxation rate

of benzyl alcohol dissolved in a liqurid tri-

glyceride oil (corn oil) was 8.9. secm. The
restn’ictiorm of nmoleculan’ mmmotion was very

100

Fia. 4. Lacier cccrce: Relaxation cute of

aromatic protons of benzyl (11(0/101 in the meni-

brane phase

Calcimlated fronmm the data of Fig. 2, arid! tine

partition coeffiriinmts of Fig. 3 usinmg time (qua-
tionm gj\.(fl mm the text.

I /)/)(i’ Cii i’iC. lie liiOl(/sis (if /c incauc c r��t/c roe ytes

In 67.5 rn�r NaC1, 10 nmn� sodmunm I)inospimates

1iH 7.0 at 37.5CC in time presenmee of benzyl al-

uolnol. I.ndh point taken at 25 minutes.

consi(ler’ablc and munch greater tlmanm in a
liqunid lipid. Since in the low conmcemmtration
ranmge time reduction in n’elaxationm rate as

time concentn’ationu is nmcn’eased is nmot ac-

conmpanic(l by a decrease in partition co-
efficient bunt n’ather bi’ an incn’ease, it is

unnhikely that satumm’able binding sites play
any imimpor’tanmt pan’t mm the stabilization of

l)enuzyl alcoinol in timis mange.

Comparison with the Effects of

Benzyl Alcohol on lie inolysis

In Fig. 4 time effects of benmzyl ;tlcoimol on
henmolysis are also shmownm. It will be nmoted

timat the n’anmge of commccmmtrationm where the

numenumbrane is progressively more stabilized
against osmotic imenmohysis coincides with

the region wiren’e time relaxation rate is also
decreasing and timat there is a reasonable
agreenmment between tine concentration caus-
mug henumolysis amid time unpturn in time re-
laxation rate.

Relaxation of Jkinziji Alcohol in Separated

Fractions of the Ei’ythrocyte

Membi’a inc

Lipids. The lipids obtained by chmlorofornn
metimanol extm’action of erythrocyte mem-

branmes were sunspenuded in NMR buffer by
0 sonication. Time benzyl alcohol signal was

broadened by time pm’esence of lipid and in

time low concentr’ation range the curve rain
parallel to timat of intact membranes, bunt

with fun’ther increase in benzyl alcohol con-
centration time relaxation rate continued to
fall (Fig. 5). There was no exact cor-

respondence in concentm’ation or composi-
tion of tine lipid with that in the whole
nimembranes because pan’t of the lipid did

not enter into stable suspension on sonica-
tion, so that time magnitude of the relaxa-
tionu rates should not be regarded as ex-
actly conmuparable witin that of the

membranes.

Protein. A solution of stromal protein
was prepared arid! in its presence the r’e-

laxation of henzyl alcoimol was increased far
immore than by w’iuole meimmbranes; the n’e-
laxationu rate decreased steeply with in-

cn’ease in alcohol concentration in a man-

mien’ surggestive of satun’ation of binding sites
at high concenmtr’ations. In the case of
saturated sites time fraction of material

bournd decn’eases as time concentration rises;

since the observed relaxation rate is time
w’eighted nmean of the relaxation rates in
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the free and bournd states, a progressive

decrease in the observed relaxation rate
occurs as time concentration is increased.

D �‘. E

3 5 10 20 50 100 200

mM Benzyl aLcohol

I’ma. 5. Line widl/ls of aromatic potons (if

hcnzyl alcohol

A and B are the sammne as in Fig. 2; C mm tine

presence of 0.6% sonicated lipids extradtedl fronm

erythrocyte membranes; D in tine presence of

0.9% stronmal protein; E in time presence of 0.85�

erythrocyte membranes pretreated with 300 mM

benzyl alcohol. All results obtained at 40#{176}Can(l

corrected for mnstrunnmental broa lemming.

Effect of Pretreatment of Membranes

with Benzyl Alcohol

Since higim conmcentr’ationms of ammesthnetics

produce morphological changes inn cell menu-
branmes on time uritrannuicroscopic scale, it

was of some inter’est to see nvhnether’ time
in’n’eversible physiological effects p r’oduncedl

by tinese concentrations were also acconmm-
parmied by irrevem’sil)le effects as fan as the
environment available to bennzyl alcoimol
numolecules was concerned. Preparatiorms of
erythrocyte membranes were exposed to

300 muM I)enzyl alcohol for’ a per’iod of 24

inn’. Tine nmenml)n’anes were �vashmed repeatedly
�vitin bunffer to n’enuove time 1)enuzyl alcohol
arid then a concentration sen’ies with benzvl

alcohol was prcpan’ed as with fresh mem-

i)r’anes. Time relaxation n’ate found in this
(Xi)erinmment is also seen iii Fig. 5. It will be

seen tinat tine cunr’ve is very sinnmilar to that
oI)tainedl withm time separated stronmal pm’o-

tein. As withi time separated mumenimbrane frac-
tions the concentration of mumembranmes solids
��‘as omuly approxinumately tine same as in tine

control exper’inmient witim fresh nuuembm’anues.

DISCUSSION

Tine cinannges in rehaxatiomm rate of 1)enzyl

alcohol founnd in timese expen’imenuts an’e most
readily explained on the following imypotime-

sis, The primar’y site of interaction of tine

alcohol is witim time lipid part of time mmmcmii-
brane. As the amounut of benzyh ahcoimoh in

the memumbrane is increased time alcohol finds
itself in an increasingly nmore mobile en-

vironnmienut as evidenced by the fall off in
relaxation rate. This implies timat time regu-
har arrangement of imydn’ocarbonm chains in
the membrane is being increasingly dis-

turrbed. Very sinuilar changes occurr mm tine

lipid sunspensionu-one courld imagine surchm
changes progressing toward complete (us-
on’(lering of the lipid at high emmougim alco-
imol concentratiorns so that time enmviron-

nnent of time alcohol would timen com’responud

in pr’inmciple to that of liquid lipid in which
it huas a conimparativehy low n’elaxatiomm rate.

In the whiole menmbn’anne however’ this comi-
tinuous fall in relaxation rate is n’eversed
at about 60 mM.

Fine r’esunlts with stm’onuna 1 l)n’oteinn shmowed
a mucim greater effect onm relaxation rate

than l)y either lipid or by nnenmbr’aine alone

except at time imigimest conmcemmtrationm. This

sunggests that time sti’oruial pn’otein has corn-

bimming sites that exert a vcm’y strorug mum-
nmobihizing effect onm benuzyl alcoimol. Tine
mmmost inuunmiediate question to be answen’cd

is why tine stromal protein in situ (lo�s mnot

produce surcim a str’omng effect. Two possible
answ’er’s pn’esenmt thmemnmselves, Tine first is

tinat in time intact nuennnhn’ane tine lipid and

l)n’Oteinman’e associated into hipoprotein inn
sunchu a w’ay that time l)roteifl binmdimug sites

am’e aln’eady ursed in stabilizing tine hipo-
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pn’otein architecturre, anmd imemmce are numasked
or’ urnmavailable for interaction with the

annestinetic. The secommd possibility is that
a (‘omifOrminatiOn cimange occunm’s in the pro-
tern wineru time lipid is nenmoved wimicim in-
creases the availability of hmydn’opimobic

sites. Similar chmanges are believed to occurr

mu globular proteins as a n’esult of a change
winieh brings hydropimohic groups normally

iii the interior of time i)rOtein to the sur-
face, It is not necessam’y to go so far as to

sunggest that commuplete denaturationu or deg-
n’adationm of stn’onmmal protein has occurred;

ini(leed thus does not seenmu probable as time
str’onual preparationms remain soluble.

�\Ve would suggest tinerefon’e timat time up-

turn inn time m’elaxation m’ate seenm at higher
conmcermtrationms in time pn’esenmce of menu-

branes is due to dissociatioru of lipid from
time protein stronuma with uncovem’ing or ac-
tivation of binuding sites on time protein.

Time relatively smunahl nmagnitude of the up-
swing is dune to tine fact timat time concen-
tration range whmem’e proteimi binding is be-
conmming significant is also one where the

effect on relaxation is snuahl compared to

that at lower concenutrationus. Time behavior
of nuenmubranues pretr’eated witim benzyl al-
�oimol shows clean’ly time ir’reversibility of

time effects of higin concentrations of anes-
timetics on time memhn’ane structun’ah or-

ganization. Despite the n’etent.ion of lipid
in tine nuuembrane its n’elationship to the

proteinm imas been disrupted so timat the
separated type of pn’oteinu bimmdinmg is evi-
dent over time full range of benzyl alcohol
eommeenitn’ations.

While time inmten’h)retation of resunlts we

have favored! sunggests tlmat the imuitial and
pen’hmaps most imnportanut site of action is jim
time lipid nmmoiety of time meimmbm’ane, we can-
not exclude time possibility of extensive in-

ten’actions with time pnoteinm part of the
nmennmhn’amme if timese did mmot lead! to strong
innnmobihizatiorm of tine alcohol molecurles.

By its very nature tine NMR i’elaxatiomu
nnmethmod is donminmated by strommgly inunmuobil-

izcd nnolecunles l)n’ovidcd they are present
in equrivahent anmmournts. Timurs if we were to
sunppose that equal anmnoumnts of alcohmol were

react imig wit hi lipid and with a poorly im-
mnnohihizing site in tine pnoteinm, time latter

would go unnoticed. Our’ results are quite

compatible withu the possibility that the

interaction of benzyl alcohol in the range
below 60 m�i is with undissociated hipo-
pm’otein considered as a unit. Either possi-

biiity could be conceived of as leading to
interference witim nmmenubrane processes con-

cerned in ionic pen’meation.
Time method described in this paper is

being extended to time study of a wide range
of anesthetics. It is also a most promising
method for studying alterations in cell

membranes in response to a variety of cir-

cumstances.
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