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Phos~tildy|eholine bHayer membranes containing 2H-labelled n - ~ r t e ~  have been slud[ed by ZH-NMR ~s ~ mede~ 
system tot  the investigation of nmleenlar theories of general anesthesia. The solubilities of n-~lkanes in lipid biiayers 
~ve been de~m;-ned by ~ of the relative intensiti~ of a powder pattern signal arising from orientafionJy 
ordered, r ~ n l n ~ a a e - ~ f l e  ~ aud a sharp signal in the ZH.NMR spectnan resulting from isotropic~y reofien6x~ 
a ~  "ihe ordering profdes for the oniered n-alkane as determined from the quadrupale splitfings for di|ferent 
segmenls ~dong the chain are s ~ u ~ .  to those described earlier for n-hexane, n-octane and n-dodecane, suggesting that 
the restricted motions undergone by the n-~Ikanes of chain length from 6 to 19 are basically shnfiar. For this 
homoIogo~; series of n- ' ,~mu~ it was fmmd that membfmte solubility dropped sharply at an aIkane chein length which 
depended mt HIll chain length, degree of tmsaturafion, cholesterol concentration in the bilayer, and ~emperatm'e. The 
results ~ that the im:orlmrat~a of tj-a~kanes in l|pkl bilayers is a complex function of ||pkl c o i t i o n .  The 
huplh:afions ,~ {~se  remits in relationship to the observed 'ent-off in anesthetic potency in the n.a~kane h e ~  
series are di~mssed, 

The nature of the interacfiea of n-alkanes with phos- 
pholipid bilayer ,~emhranes is of inter~t for a number 
of reasons. Firstly, alkanes are important in the pre- 
paration of planar black lipid membranes which have 
been used for man-v years in the study of electrolyte and 
non-eleetrol~e tra.asport across membranes [1]. Sec- 
ondly, a knowledge of the manner in which alkanes are 
exranged in bilayers should further our understanding 
of how to treat the bilayer as a solvent for other 
molecules [2]. Finally, alkanes have several pharmaco. 
logical effects [3], which are believed to result from their 
interactions with cellular memb~-anes. 

One pharmacological effect of n-alkanes, especially 
the shorter chain analogs, is the ability to act as general 
anesthetics. Haydon et al. [4] po:~tulated that this ability 
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was due to interactions with the bilayer. The detailed 
mechanism by which this occurs, whether the alkane 
binds initially to a lipid site or directly to a membrane 
protein, remains unknown a1~d has been the subject of 
much discussion [5-7]. It has been known for many 
years that a sudden drop in the potency of an alkane as 
an anesthetic occurs at a well-defined chain length o[ 
between C 6 and Cio ,depending on the species [8,9]. For 
example, Mullins showed that mice were anesthetized 
by n-nonane, but were unaffected by n-decane [10]. It 
has been postulated that this cut-off in anesthetic 
potency resdts from either a sudden drop in solubility 
of n-alkanes as one ascends the homologous series [I1] 
or from decnmsed binding of n-alkanes at a hydro- 
phobic site of defined size on an unknown target pro- 
tcin in the central nervous system [12,13]. 

It is apparent that. if the lipid-based unitary theories 
of general anesthesia are to be consistent with the 
observed cut-off in anesthetic potency in the n-alkane 
series, it is essential to determine their solubilities in 
bilayer membranes. BLM experiments by White [14] 
and Fettiplace et al. [15] with phosphatidylcholine bi- 
layers showed that n-alkane solubility indeed decreased 
with increasing chain-length, but that the cut-off in 
solubility occurred at tetradecane. Similarly, Coster and 
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Laver [16] found a decrease in the incorporation of 
n-alkanes into egg-PC bilayers as the chain length in- 
creased. A further set of BLM experiments by Haydon's 
group [4] in which cholesterol was m/xed w/th egg-PC 
yielded capacitance me2~urements which sho~ed that 
the cut-off L'z solubility occurred at n-nonane, ia bet,er 
agreement with the capacities of the n-ailcanes to act as 
anesthe~cs. 

Previous :H-NMR studies of n-alkane-con,a/niog 
phosphol/pid mulfibilayers, by Pope et at. [17.1It] and 
Jacobs and Wh/te [19] have focussed on mea,.:uring 
oriemational ordering of both the n-alkane and lipid 
components of the membrane rather than on meas~lfing 
the solubilities of noalka~es in the bilayer. The form of 
the order parameter profiles for the n-alknne chains is 
consistent with a model in which the chaius are inter- 
calated between the lipid hydro~trbon chains. A model 
in which the Mkan¢ molecules were 'sandwiched" ire- 
twecn monolayers at the bilayer center could therefore 
be ruled out. The former model based on 2H-NMR 
results is in agreement with both X-ray [17,20] and 
neutron diffraction [21] data, 

Is the course of these earl/er -'H-NMR studies [17,18] 
a number of spectra were recorded which indicated that 
the n-alkane was costained not only in the bilayer but 
also in a separate phase which was in slow exchange (on 
the NMR time-scale) with the ordered or 'dis~lved" 
component., in such cases a sharp central peak appeared 
in the spectrum which indicated that alkane molecules 
were reorienting isotropically. The component repre- 
sented alkane in a disordered environment which was 
insoluble in the b/layer. The present work has extended 
and quantified these results. It is an attempt to de- 
termine the dependence of the solubility of n-alkane in 
bilayers, upon n-aikane chain length, lipid acyl chain 
length and unsaturation, cholesterol concentration, and 
temperature. 

Experimental Procedures 

Materials 
Unlabelled DMI~ °, DPPC, DSPC and egg-PC were 

obtained from Avanti Polar Lipids, Inc., Birmingham, 
AL. Perdenterated n-alkanes, ZH20 and deuterium-de- 
pleted water were purchased from MSD Isotopes, 
Montreal, Canada and Sigma Chemical Co., St. Louis, 
MO. Perdeuterated n-nonane was prepared by catalytic 
exchange at high temperature and pressure, of n-de- 
canoic acid with 2H20 in a pressure vessel [22]. If more 
severe conditions than those described in this reference 
were employed, approximately 15% of the decarboxy- 
lated product, perdeuterated n-nonane, was obtained in 
addition to the major product, perdeuterated n-de- 
canoic acid. The desired product was isolated by ether 
extraction from the basic reaction mixture. The alkane 

wa~ purified by fractional distillation to give material 
with physical properties con.~Lstent with published data. 

Sample preparazion and data acquisition 
Lipid-b/layer samples of known composition were 

.made by" addition of appropriate qvamitie, s by micro- 
syringe of perdeuterated n-alkane and 2H-depleted 
water to a 5 mm o.d. glass tube containit~g a known 
amount of pure dry phospholipid. Depending on the 
volatility of the n-alkan¢, cooling with ice, staid CO 2 or 
l/quid nitrogen was employed during the additions. The 
molar ratios of alkane/ lipid/ water were either 
0.1 : 1 : 25 or 0.5 : 1 : 25. A number of bitayer samples 
conh-.,dning 25 tool% cholesterol (molar ratio of lipid/" 
cholesterol=3:l)  were also prepared. In these in- 
stances the PC and cholesterol were co-dissolved in 
chloroform and the solvent removed with a stream of 
dD" N2 gas followed by drying under high vacuum for 
12-24 Ix 

The above NMR samples tubes were thea flame 
sealed, and the contents thoroughly mixed by equilibra- 
tion at a temperature above the main gel to liquid-crys- 
tall/ne phase transition (Tin) of the lipid, as well as by 
repeated centrifugation_ 2H-NMR spectra were re- 
corded at 14-15 g above Tm on a Braker CXP-300 
sp~trometer operating at 46.063 MHz using a quadm- 
pole echo pulse sequence. Typically, spectral widths 
were in the range 25-40 kHz_ Integrals were obtained 
digitally, Further details about data acquisition and 
processing, the spectrometer, and its sample tempera- 
ture control system are described in previous publica- 
tions [17,18,23.24]. 

Interpretation of  NMR spectral parameters 
The theory of 2H-NMR as applied to bilayer mem- 

branes is well established and a full discussion can be 
roland elsewhere [25,26]. Of the s~eral parameters that 
can be measured in the 2H NMR spectrum, relative 
signal intensifies and time-averaged quadrupole cou- 
pl/ngs (~o) have been utilized in this study. In measur- 
ing the distribution of :H-labelled n-alkanes between 
hulk phases it has been assumed that rehfive signal 
intensities accurately reflect relative populations of 2H- 
nuclei in the different bulk phases. In the case of fast 
anisotropic motions in systems with a random or spheri- 
cal distribmion of director axes, such as aqueous multi- 
lam~llar dispersions of l/pids, the latter parameter, v o, is 
directly proportional to the quadrupole splitting (Az,,) 
between the 90 ° edge singularities of the uniaxial spec- 
tral powder pattern (i.e. the Puke doublet). This quan- 
tity is given by: 

A o, = (3/4)vQ.~(3/2) cos"o, - (1/2)) 

where ~0 is the solid-state quadrupole coupling constant 
associated with a gives C-:H, bond and ((3/2)c0s2o, - 
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(1/2)), or the order parameter c, is the time-aver- • . , C  - ~ H ,  

age :J~ the quantity in brackets, taken over all angles 
(o,) hat the C-Zi~-i, band direction assumes with respect 
to tl~. time averaged principal ax~ of the electric-field- 
gradient tensor during the time-course of the NMR 
measurement. A ~ r o  value for the order para~neter can 
result from a 2H-labelled site in a molecule being in a 
phase where it u.adergees rapid isotropic motion or it 
can result from. a situation where the time-averaged 
orientation of the C-ZH, bond with respect to the most 
ordered or principal molecular axis, is at the 'magic' 
angle (cos-11~/3"). Earlier 2H-NMR studies of n- 
alkane-c, on~xfing phospliolipid bilayets suggest that this 
is unlikely, so that any sharp spectral fignals can prob- 
ably be assigned totally to solute undergoing rapid 
i~otropic motion. The NMR technique is unable, how- 
ever, to determine unambiguously whether that compo- 
nent exists as microlenses between the two monolayers 
of the bilayer, or as micelle-like aggregates at the water- 
lipid interface. 

Result~ and Disemsien 

Representative 46.063 MHz 2H-NMR spectra of 9 
tool% solutions of perdeuterated n-dodecane and n- 
hexadecane in bilayers of DMI'C are shown in Figs. 
l(a) and (b), r,~:ctively. The most prominent features 
of the spectrum in Fig. l(a) are two broadened powder 
patterns. The pattern with maxima separated by ap- 
prox. 8 kHz, co~sists of several unresolved Pake doub- 
lets, which on the basis of published data [17,18! were 
assigned to the ten methylene sites in n-dodecane. The 
central powder pattern with splitting width of approx. 2 
kHz was assigned to the two me:hyl groups. The spec- 
trum in Fig. l(a) differs somewhat from those reported 
earlier [17,18] for the same system, in two features; 
namely, the resolution is poorer and a small sharp peak 
in the center is evident, reflecting the presence of an 
isotropic component in the sample. This peak accounts 
for about 1% of the total signal. The poorer resolution 
results from the higher hydrations used in this study 
(l ipid/H20 = 1:25), it being noted earlier that better 
resolved spectra were obtained at lower hydration 
( l ipid/H20 = 1:9). This study was undertaken at the 
higher hydration so as to more closely approximate a 
biological situation. Another problem associated with 
higher hydrations is that the time taken for the relative 
intensity of the central peak compared to that of the 
ordered components to rea~ch a constant value (i.e., 
equilibration time) becomes inordinately long. In the 
case of the longer chain alkanes this may be several 
weeks, even at the water concentration used here. In 
general it is found that the percentage of ordered 
material increases with time. In addition, at higher 
hydrations, the separation of the ordered and isotropic 
components in the spectra are tiifficult particularly in 
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Fig. I. Representative 2 H-NMR spectra o? perdeuterated n-alkanes in 
lipid bilayers formed from DMPC/H20/n-alkane (1:25:0.1): (a) 

n-dodecane. T ~ 310 K: (b) ~-hexadecane. T = 310 K. 

the case of the short chain n-alkanes and at higher 
alkane concentrations. The problem here is that the 
isotropic peak becomes broad (presumably either due to 
a shorter T2, or to exchange of alkane between isotropic 
and ordereo environments occurring at a rate which is 
intermediate on the NMR time-scale) and is difficult to 
separate from the C2H3 peak of the ordered compo- 
nent. The above factors are largely responsible for the 
scatter obser~*ed in measurements of the relative amounts 
of ordered and disordered components. 

The corresponding data for n-hexadeeane (Fig. ] (b)) 
show a large isotropic signal which accounts for 50% of 
the total spectral intensity. The ori.~n of the minor 
isotropic peak slightly down field of the major isotropic 
signal is unknown. Spectra of n-hexadeeane-d34 mixed 
with 2H-depleted water indicate that this peak does not 
result from a different chemical shift associated with 
any of the segments in hexadecane. One possibility is 
that one isotropic peak arises from n-hexadeeane micro- 
lenses between the monolayers of the bilayer and the 
other peak from micelle-like aggregates of hydrocarbon 
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Fig. l 2H-NMR spectra recount at 310 K of (a) perdeuterated 
n-nonane in lipid b/layers of mola~ composition DMPC/cholc~terol/ 
HzO/n-nanane (1:033:.75:0.1). and (b) n-liexane in bih~cers of 

composition DMIg2/¢ba~csterol/H20/n-liexan¢ (1 : 0.33: 25 : 0.5), 

at the fipid/water interface, although it wo~ld not be 
possible on NMR evidence alone, to make assignments. 
The spectra for each of the n-alkanes of chain length 
greater than ten show the same features as those de- 
scribed above. In the case of n-bexane a further iso- 
trop;,e peak was observed which was attributed to solute 
varJor above the bulk sample in the NMR tube. 

The ordered component in Fig. l(b) on expansion 
shows a spectrum sin,3!ar to that for n-dodecane (Fig. 
l(a)~. This is also true for the other n-alkanes exanfined 
m this study. In some instances hadividual methylene 
singularities in the broad methylene signal could be 
resolved (Fig. 2a). The similmity in the spectra fo;" 
various n-alkanes infers that ~ey all undergo similar 
types of motions in the bilayer. These motions, which 
have been described earlier by us [17,18] and by Jacobs 
and White [19], include a shuffling between the two 
monolayers in a direction normal to the bilayer sur/ace, 
as well as rotation about this normal axis and 
gauche-trans isomerizatinn. 

Although the poor spectral resolution in most cases 
of the signals in the ordered component precludes a 

detailed comparison of quadrnpole splittings at analo- 

were observed. At constant alkane concentration in the 
bilayer and at comparable reduced temperatures the 
mgthylcne and n'~thyl spl~ttings for a g/yen alkane tend 
to decrease with increasing phospholipid acyl chain 
length. The effect is more pronounced for long chain 
alLanes (nonadecane) than for shorter chain analogs 
(e.g., octane). Generally lower splittings were observed 
for the n-alkan~ in egg-PC than in any of the PC with 
saturated chains. These results probably reflect the 
greater volume in the center of the bilaycr in the case of 
eocg-PC. Thus, molecules of n-aikane intercalated in 
egg-PC b/layers would be expected to experience greater 
mofional freedom and hence be more disordered. The 
addition of cholesterol to the lipid brayer increases the 
methylene spl/tfings for any given alkane. At a lipid to 
cholesterol ratio of 3 to L typically the increase is 2-3 
kHz. These observations arc consistent with the well- 
known ordering effect of cholesterol [27]. Increasing the 
concentration of an n-alkane in the bilayer is found to 
decrease the methyl and methylene splittings of the 
solute. Since the ordering of the solute reflects that of 
the lipid acyl chains, this result shows the disordering 
effect n-alkanes have on bilayer structure. A similar 
effect is observed with increasing temperature in a given 
phospholipid/n-alkane system. 

The parameter of more direct concern in this study, 
however, is not the quadrnpole splluing but the relative 
signal intensity of the isotropic and ordered compo- 
nents in the ZH-NMR spectrum, which gives a measure 
of the solubility of an alkane in the lipid bilayer. Figs. 
l(a) and 0a) show integral plots which can be used to 
determine the relative contributions to the overall signal 
of the Lsotropic and ordered components. In determin- 
hag the contribution of the ordered component, al- 
lowance was always made for the signals in the 'wings': 
that is. the part of the powder pattern between the 0 ° 
and 90 ° edge singularities. Separation of the isotropic 
and ordered components by this method is straightfor- 
ward for the longer chain n-alkanes and low solute 
concentrations. It becomes difficult, however, for octane 
and hexane parti~larly at increased solute concentra- 
tions, since the splltfings for the ordered component 
decrease with increasing alkane concentrations, while 
the linewidth of the isotropie component becomes 
broader in the shorter chain alkanes, reflecting a reduc- 
tion in spin-spin relaxation time T 2. (This is illustrated 
in Fig. 2b for the case of n-hexane in a DMPC/ 
cholesterol (3:1) bilayer for an al "kaae/lipid ratio of 
0.5.) 

The solubilities of n-alkanes in egg-PC and egg-PC/ 
cholesterol bihyers, determined as described above, are 
shown in Fig. 3 as a f~.mction of n-alkane chain length. 
Under our experimen~.al conditions for a molar ratio of 
alkane/iipid/i[-IzO of 0.1 : 1:25, at 37°(2, there is a 
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Fig. 3. Plot of percentage of mdered spectral component versus 
n-alkane chain length l,w b/layers of molar composition, egg.PC~n- 
alkane/H20 (1:0,1:25) and cggdYC/cholcsterol/n-alkane/H20 
(1:033:0.1:25). Dashed lkes are plots of hydrocarbon layer thick- 
hess (right-hand scale) o[ BLM fo;mcd with different n-alkanes, 
versus n-alkane chain lcngh~ The latter data are from Haydon ct aL 

14l. EYL egg-PC. 

trend of reduced sohibility of the alkanes with in- 
creasing alkane chain length. Howe,~er, it is not particu- 
larly marked, with n-nonadecane still ,h,zing 80% soluble 
in the bilayer. The addition of cholesterol, so that the 
molar ratio of egg-PC/cholesterol is 3 : L results in a 

reduction in alkane solubilities which is most pro- 
nounced for the longer-chain alkanes. The solubility of 
n-nonadecane drops to about 35%. 

In the same figure is also plotted the hydrocarbon 
layer thickness of black lipid membranes (BLM) formed 
with different n-alkanes, as determined by Haydon et 
al. [4]. The point of sudden decline in bilayer thickness 
in both the egg-PC and egg-PC/cholesterol BLM, which 
can be attributed to decreased absorption of n-alkane 
[4], differs considerably from that found by NMR solu. 
billty measurements. It would be difficult to duplicate 
the conditions of these BLM experiments in our NMR 
observations, partly because the exact amount of n-al- 
kane absorbed in the BLM bilayer is unknown. In a 
steady-state situation, the alkane in the bilayer is in 
thermodynamic equilibrium with bulk lipid-alkane solu- 
tion in the surrounding Plateau-Gibbs border (atmu~as) 
and with n-alkane ;.n the aqueous solution. NMR mea- 
surements of the concentration dependence of alkane 
solubility (vide infra), show it to be reduced $.t higher 
concentrations, the effect being enhanced by the pres- 
ence of cholesterol. In addition our measurements for 
egg-PC bilayers were made at 37°C in contrast to the 
BLM experiments which were performed at 20 o C. NMR  
measurements of n-alkane solubility in DMPC and 
egg-pc ilayers, with and without cholesterol show that 
n-alkane solubility increases with increasing tempera- 
ture (vide infra). Hence, lower overall solubility would 
be expected for data collected at  20°C. Thus, the two 
sets of data in Fig. 3 may not be comparable. 

n-Aikane solubility in DMPC as well as egg-PC 
bilayers was examined, and the results are shown in Fig. 
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Fig. 4. Plot of percentage of ordered spectral component versus n-alkane chain-length for bilayers of molar composition (a) diacylphosphafidykho- 
liac/n.alkane/H20 (t :0.] :25) and (b) diacylphosphatidylchoSne/chote,,terol/n-alka,e/H20 (! :0.33:0.] :2S). Spectra for DMPC, DPPC and 
DSPC ,:onl0inme: bilayers were recorded at 310. 329 and 345 K, respectively (T~ • ]4 K). EYL egg-PC; DML, DMPC; DPL. DPPC; DSL. DSPC. 
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4(a). Clearly, the longer chain n-alkanes were far less 
- - - I - . L I -  U l l a y t ; l  J>. ~wuuic in DMPC than in egg-PC '-:' . . . . .  To investi- 
gate the dependence on n-alkane solubility as a func- 
tion of lipid acyi chain length, these experiments were 
repeated [or DPPC and DSPC b/layer dispersions. Mea- 
surements in all cases were made 14-15 K above the 
main thermal transition of the phospholipid (DPPC, 
T = 329 K; DSPC, T = 345 K). n-Alkanes with a chain 
length of 12 carbons or fewer were almost completely 
soluble in all the bilayers examined. However, the longer 
chain n-zAkan~ showed increasing solubility as the chain 
length of the lipid acyl chains increased. For example, 
hexadecane is 50% dissolved in DMPC, 68% dissolved 
in DPPC and 88% dLssolved in DSPC. Both n-hexade- 
cane and n-nonadecane were more soluble in egg-PC 
b/layers than in dispersior,~ of Dglh~ which has saturate,~l 
acyl chains of comparable !¢ngth to those in egg-PC. A 
similar pattern emerged for bilayer dispersions contain- 
ing 25 tool% cholesterol (Fig. 4(b)). While solubilities of 
the n-alkanes up .to and including n--dodecane remained 
high, the solubilities of the longer chain n..alkanes were 
reduced most by the presence of cholesterol. For exam- 
ple, n-hexadccane which is 50~ dissolved in DMPC 
bilayers is almost completely insoluble in D M P C /  
cholesterol bilayers. The solubility difference betw~n 
bilayers no~ containing cholesterol and those that do, 
decreases as the length of the lipid aqrl chain increases. 
For imtance n-hexadecane is 88% di.sso;;¢~l in DSPC 
b/layers but onIy 63% dL~solved in DSPC/cholesterol 
b/layers. Thus, cholesterol reduces the so~,~hility of 
n-alkanes in lipid b/layers, the size of the effect being 

depcndem upon the chain length of both the n-alkane 
and phosphatidylchol/ne. 

it is informative to consider how these data re|ate to 
theoretical proflicdons of the state of the hydrophobie 
interior of  a bilayer. The molecular mean-field calcula- 
tions of Green and Haydon [28] have predicted the 
order-parameter profile for the acyl chains of DPPC 
The theoretical profile agrees well with the experimental 
values measured by 2H-NMR [25]. The profile shows a 
"plateau" re#on extending from carbons 2 to 10, which 
is entropically less favorable to the inclusion of n-al- 
kane molecules. The more disordered region near the 
bilayer midplane is predicted to be the favored location 
of hydrophobic solutes. Shorter chain alkanes might be 
expected to fit easily into this region. As the chain-length 
of the n-alkane increases, a point is reached at which 
the en:h'e n-nlka,~e chain can no longer be accommod- 
ated in the disordered re#on but must extend partially 
into the more ordered region. Alkanes of this chain 
length and longer would tend to be less soluble in the 
bdayer. In this frameworL the almost complete solubil- 
ity of n-alkanes up to n-dodecane in all b/layers, both in 
the absence and presence of cholesterol, would imply 
that the disordered region is large enough to easily 
accommodate n--dodecane, n-Hexadecane, however, 
must extend partially into the ordered region of the 
bi!ayer and would consequently tehd to be less soluble. 
The higher solubility of n-hexadecane in egg-PC and 
DSPC bilayers implies that the disordered region is 
larger for lipids with longer acyl chains. 

It has been shown [25] that the order-parameter 
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Fig. 6. Plot of percentage of ordered spectral component versus 
n-alkane/lipid ratio. For bilayers of molar composition, egg-PC/n-al- 
kane/H20 (1 : x :251 and EYL/cholesterol/n-alkane/H20 

(1:033: x:25)_ Spectra we.m recorded at 310 K. EYL egg-PC. 

profile flattens as the temperature increases, and at the 
same time the plateau region disappears. In the context 
of the model described, we predict that n-alkane solu- 
bility in the bilayer would increase. The plot of per- 
centage of ordered component versus temperature for 
DMPC, egg-PC and egg-PC/cholesterol bilayers con- 
raining n-alkanes (Fig. 5(a) and (b)) shows this to be the 
case. This effect is more pronounced for the longer 
chain n-alkanes. 

The addition of cholesterol to a bilayer is kno.an [27] 
to increase the order of lipid chain segments in contact 
with the rigid portion of the molecule which is "anchored' 
by the hydroxyl group near the water/lipid interracial 
region. Thus, the order-parameter plateau region of the 
lipid acyl chains should become more ordered in the 
presence of  cholesterol. This would in turn be expected 
to reduce the solubility of n-alkanes which extend into 
this region. Our data show that the addition of 25 reel% 
cholesterol to the bilayer has little effect on the solubili- 
ties of n-alkanes up to n.dodecane but substantial 
reductions in solubility were observed for n-hexadecane 
and n-nonadecane. 

Finally the effect of k-;creasL-~g ',,he ratio ef n-alk~ne 
to lipid on the percentage of ordered component in the 
spectrum, was investigated. The results (Fig. 6) show a 
decrease in ordered component with increasing n-al- 
kane/egg-PC. The effect is more marked for n-dode- 
cane than for n-octane. The addition of cholesterol to 
the bilayer accentuates the difference between the ef- 
fects of n-dodecane and n.octane on decreasing the 
percentage of ordered component. The results suggest 

that at high n-alkane concentrations, n-octane can still 
be enti,'-~ly accommodated in the disordered region of 
the bilayer, whereas some n-dodecane molecules have 
been forced either out of the bilayer (disordered compo- 
nent) of' into the ordert~ region. Cholesterol, by filling 
up the void spaces in the disordered region of the 
bilayer exaggerates these differences between n-dode- 
cane and n-octane. 

In corclusion, our data confirm that the solubility of 
n-alkanes in multibilayer dispersions is chain-length 
dependent. Solubilit~r is also dependent upon the chain 
length of the acyl chain of the lipid, the presence of 
cholev.erol in the bilayer, temperature and concentra- 
tion of the n-alkane. All of these trends are consistent 
with a model in which the n-alkane "dissolves" in the 
disordered region of the biiayer at its center. The impli- 
cation, of these data in regard to the molecular mecha- 
nism of general anesthesia is that the "cut-off' in 
anesthetic potency in the n-alkane series may be the 
resu!t of a drop in solubility in the bilayer with increas- 
ing chain.length. To more firmly establish this, it would 
be necessary to show that the drop in solubility, of 
alkanes in membranes of identical lipid composition to 
that of the anesthetic site, occurs at the same chain 
length to that for which the drop in anesthetic potency 
takes place in a given species. Since the site of general 
anesthesia remains unknown, the lipid composition at 
that site cannot as yet be determined. Consequently it is 
still not possible to decide u,,ambiguously between a 
lipid based unitary theory or direct protein binding, but 
the present results suggest that the former cannot be 
ruled out. 
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