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Summary 

The separate effects of benzyl alcohol on the hydrocarbon and polar-head 
region capacitances and conductances of phosphatidylcholine bimolecular lipid 
membranes were obtained from measurements of the very low frequency 
impedance dispersion. It was found that  the conductance of the hydrocarbon 
region (and, to a lesser extent,  the polar-head region) increased progressively 
with increasing concentrations of benzyl alcohol in the external solution. The 
polar-head capacitance did not  show a systematic dependence on the concen- 
tration of benzyl alcohol. 

At low concentrations of benzyl alcohol (7.5 /~M) the capacitance of  the 
hydrocarbon region was not  significantly affected by the alcohol. At high con- 
centrations (/>7.5 mM) of benzyl alcohol, however, the capacitance of this 
region was reduced by ~25%. This is interpreted in terms of an increase in the 
thickness of this region caused by a straightening of the otherwise kinked, 
folded (across neighbouring molecules} and perhaps even partially inter- 
digitated hydrocarbon tails of the phosphatidylcholine molecules. This effect 
of benzyl alcohol is probably closely related also to the apparent increase in the 
fluidity of the membrane. The effect of benzyl alcohol on the thickness of the 
hydrocarbon region of  the membrane provides a ready insight into its mode of 
action as a local anaesthetic. 

Introduct ion 

Benzyl alcohol, a local anaesthetic, is known from NMR and ESR studies to 
produce a fluidization of both cell and bimolecular lipid membranes [1,2].  At 
concentrations up to ~130 mM, benzyl alcohol has a stabilising effect against 
osmotic haemolysis of human erythrocytes [1,2],  and also reduces the critical 
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potential difference required for electrical breakdown [3]. To extend the 
utility of probe molecules such as benzyl alcohol in the study of membrane 
organization and to elucidate its action as a local anaesthetic, it would be 
desirable to determine the separate effects of benzyl alcohol on the polar-head 
and hydrocarbon regions of the bimolecular lipid membrane. 

Such information can be obtained by measuring the small (2--3%) dispersion 
in membrane capacitance, C, with frequency in the range 0.1--100 Hz [4].  
This, Maxwell-Wagner, dispersion in C and the concomitant  dispersion in the 
conductance, G, arise from interfacial polarisation due to the presence within 
the membrane of layers having different conduction and dielectric properties. 
Such substructural layers can therefore be detected and characterised by 
measurement of the overall C and G of the membrane as a function of 
frequency. A technique to measure this small dispersion in C and G, in phos- 
phatidylcholine bimotcular lipid membranes at these low frequencies, was 
recently described [4,5]. In the present communicat ion we present results of 
experiments in which we have used this technique to determine the separate 
effects of benzyl alcohol molecules on the electrical parameters of the polar- 
head and hydrocarbon regions of the bimolecular lipid membrane. 

Materials and Methods 

(a) Generation o f  the membranes 
The bimolecular lipid membranes formed from a film of egg-phosphatidyl- 

choline in n-tetradecane which was painted over a hole (1.2 mm in diameter) 
in a polycarbonate septum dividing a "Perspex" cell into two compartments.  
All the results reported here were obtained with membranes which were 
entirely "black"  except for a small region (<1%) occupied by the toms. The 
cell was filled with a 1 mM KC1 solution containing benzyl alcohol in concen- 
trations of 0, 7.5 pM, 7.5 mM or 75 mM. All experiments were performed at 
18+_ 2°C. 

(b ) Measurements o f  membrane capacitance and conductance 
The apparatus which allows us to measure the capacitance and conductance 

of the bimolecular lipid membrane in the frequency range 0.1--100 Hz with 
sufficient accuracy to detect the Maxwell-Wagner dispersion has been described 
in detail previously [4]. It uses a four-terminal measurement to avoid the large 
errors (relative to the magnitude of the expected total dispersion) which are 
otherwise introduced by the necessary vectorial subtraction of the complex, 
frequency-dependent impedance of the solution-electrode system. 

(c) Determination o f  the structural parameters 
In the bimolecular lipid membrane each of the two polar-head regions can be 

represented by a capacitance, Cp, in parallel with a conductance, Gp. These 
regions sandwich the hydrocrabon region which can also be represented by a 
capacitance, CH, and a conductance, GH. 

The overall capacitance and conductance of the bimolecular lipid membrane 
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is then frequency-dependent  and is given by * 

~2CHCp/2(Cp/2  + CH) + (Gp/2)2CH + G~Cp/2  
C m  = (Gp/2 + GH) 2 + w2(Cp/2 + CH) 2 

GHGp/2(Gp/2  + GH) + co2[C~Gp/2 + (Cp/2)2GH] 
Gm= (Gp/2 + GH) 2 + co2(Cp/2 + Cn) 2 (1) 

The measured impedance obtained with the four-terminal technique yielded 
the capacitance and conductance between the equipotential surfaces at which 
the tips of  the potential  electrodes were located. These capacitances and con- 
ductances refer therefore to those of  the bimolecular lipid membrane in series 
with the two thin slices of  solution between the membrane and the potential 
measuring electrodes. The separate impedance of these slices of solution, 
although relatively small, was determined from measurements in the absence 
of  the bimolecular lipid membrane and was (vectorially) allowed for in the 
results presented. 

In the unstirred solution layer the presence of  the membrane may create 
regions in which the conductivi ty is different from that in the bulk solution 
phase. Corrections made for the electrolyte impedance between the potential 
electrodes (determined in the absence of a membrane} will not  eliminate these 
additional elements. Such conductance elements would need to be specifically 
incorporated into the expressions for the total C and G of the membrane 
system. The electrical equivalent circuit for the complete  system is shown in 
Fig. 1. Assuming that the impedances of the "bu lk"  electrolyte slices between 
the bimolecular lipid membrane and the tips of the potential electrodes have 
already been allowed for, the total capacitance C and conductance G of the 
membrane system when a surface layer conductance element **, G~, is present 
is then given by 

Cm(G~/2) 2 
C = 2 2 (Gin + G~/2) 2 + co C m 

GmG~/2(Gm + G~/2) + co2C2mG~/2 
G = (Gin + G~/2) 2 + G92C2m (2) 

From the variation of  the total C and G with frequency it is possible to 
deduce the individual values of  CH, GH, Cp, Ge and G~, since each of these 
parameters affects a different feature of  the dispersion curves. This is illustrated 
in Fig. 2 which also illustrates the sensitivity of  the determination of  each of  
the polar-head and hydrocarbon region parameters. 

Below 1 Hz, in unmodif ied phosphatidylcholine bimolecular lipid membranes 
in 1 mM KC1, the hydrocarbon region conductance is so low that the C and G 

* T h e  P o l a r - h e a d  r e g i o n s  a r e  t a k e n  t o  b e  i d e n t i c a l  a n d  f o r  c a l c u l a t i o n  p u r p o s e s  t h e y  m a y  be  l u m p e d  
together.  In  a p r e v i o u s  p u b l i c a t i o n  [ 4 ] ,  E q n .  1 w e r e  i n c o r r e c t l y  t r a n s c r i b e d .  H o w e v e r ,  t h e  n u m e r i -  
ca l  r e s u l t s  q u o t e d  t h e r e  w e r e  c o r r e c t .  

**  S u c h  l a y e r s  a d j a c e n t  t o  t h e  m e m b r a n e  wil l  a l so  h a v e  a n  e q u i v a l e n t  c a p a c i t a n c e  ( s h o w n  d o t t e d  in  
F ig .  1) .  H o w e v e r ,  e s t i m a t e s  o f  P o s s i b l e  v a l u e s  o f  t h i s  c a p a c i t a n c e  (e .g .  t h a t  d u e  t o  t h e  d i f f u s e  ionic 
d o u b l e  l a y e r  [ 6 ]  ) s h o w  t h a t  t h e  r e a c t i v e  a d m i t t a n c e s  o f  s u c h  e l e m e n t s ,  c e r t a i n l y  a t  f r e q u e n c i e s  
~ 1 0 0  H z ,  a r e  s m a l l  c o m p a r e d  w i t h  t h e  v a l u e s  o f  G~ e s t i m a t e d  f r o m  o u r  p r e s e n t  r e s u l t s .  
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Fig. 1. The equ iva lent  c i rcu i t  f o r  the b lmo leeu la r  l ip id  membrane.  F.aeh subst ructura l  layer  is represented 
by a parallel combination of an equivalent capacitance and conductance (hydrocarbon, subscript H; polar 
head, subscript P; modified surface layer, subscript £). 
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Fig. 2. The  e f fec t  of  vaxying the p a r a m e t e r s  CH, GH, Cp and  Gp  on the  dispers ion charac ter i s t ics  p red ic ted  
by equa t ions  (1) and  (2) for  the  th ree  l ayer  m o d e l  of  the b i m o l e c u l a t  lipid m e m b r a n e  and surface  e l e m e n t  
G~. The  full line in each case is a p lo t  of the  e qua t i ons  using a c o m m o n  set of  values of the p a r ame te r s ;  
these are i nd i ca t ed  in the legend of  the a p p r o p r i a t e  d iagram.  In all cases, G~ was 10 0 0 0  # ~ - 1  / cm 2. The 
e f fec t  of  va ry ing  G£ is s h o w n  separa te ly  in Fig. 3. I t  is clear  t ha t  each  of the p a r a m e t e r s  cons ide red  af fec ts  
very  d i f f e r en t  fea tures  of  the capac i t ance  and c o n d u c t a n c e  dispers ion character is t ics .  By f i t t ing Eqns,  1 
and 2 to  the e x p e r i m e n t a l  da ta  it  was possible,  for  a given m e m b r a n e ,  to d e t e r m i n e  each p a r a m e t e r  as 
fol lows:  G H and C H wi th  ~1%, Cp and  Gp  each wi th in  +10% and G~ within  a fact(~" of 2. 
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Fig. 3. The  e f f e c t  o f  the  va lue  o f  t h e  c o n d u c t a n c e ,  G£,  o f  the  surface  l ayer  in the  unst irred s o l u t i o n  reg ion  

on  the  t h e o r e t i c a l  d i spers i on  curves .  The  values  o f  the  p a r a m e t e r s  C H, G H, Cp and  Gp  are the  s a m e  as for 
the  ful l  l ine  p l o t s  s h o w n  in Fig. 2. The  value o f  G~ a f f e c t s  the  d i spers ion  character i s t i c  in C o n l y  at h igh  
f r e q u e n c i e s .  

of the bimolecular lipid membrane are effectively equal to C H and GH. The 
correlation between the experimental data and that predicted by equations (1) 
and (2) is most sensitive to the values introduced for CH and GH; thus a 0.1% 
change in CH or a 1% change in G H produces a decrease of 0.1 in the correlation 
coefficient * of  the corresponding C or G curves (which are typically 0.95 for 
C and 0.85 for G). 

The value of  Cp determines the magnitude of  the first dispersion in bimolec- 
ular lipid membrane capacitance in the frequency range 1--10 Hz. Ce and Gp 
both affect the frequency range over which this dispersion occurs (see Fig. 8 in 
ref. 4 and also Fig. 2 of  the present results). It was found that for a particular 
membrane a 10% change in the optimum values for Cp and Gp resulted in a 
decrease of  25% in the correlation between the experimental data and the 
theoretical curves. 

G~ affects only the high frequency region ( ~ 1 0 0  Hz) of  the dispersion 
characteristics. This is illustrated in Fig. 3. When GQ has a value of  10 000 p ~ - i  

* T h e  c o r r e l a t i o n  c o e f f i c i e n t  u s e d  here  is g iven b y  ( see  ref .  7). r = (1 - -  ~ S~h/S2x) 1/2, w h e r e  S t h  ~s 
the  d i f f e r e n c e  b e t w e e n  the  t h e o r e t i c a l  and  m e a n  e x p e r i m e n t a l  values  at  a given f r e q u e n c y  and  Sex 
is the  s tandard  d e v i a t i o n  o f  the  e x p e r i m e n t a l  values  at  t h a t  f r e q u e n c y .  
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cm 2 (~ order of magnitude found for bimolecular lipid membranes in 1 mM 
KC1) it significantly influences the dispersion in C at frequencies/> 70 Hz. The 
value of  G~ also has a marked effect on the frequency range where the disper- 
sion in total conductance occurs. When G~ is greater than 60 000 p~t-~/cm 2 the 
dispersion curve for the capacitance, up to 100 Hz, is unaffected by the 
presence of  this element. The limited data at these frequencies did not allow us 
to determine G~ to better than a factor of 2. 

Results 

When benzyl alcohol was present in the external solution the "thick" film, 
from which the bilayer membrane formed, appeared more fluid. This was 
evident, for example, from the absence of whorls of coloured fringes which are 
usually seen when benzyl alcohol is not present. With benzyl alcohol present 
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l i p i d  m e m b r a n e  m a d e  in  1 m M  K C I  c o n t a i n i n g  7 . 5  g M  b e n z y l  a l c o h o l .  T h e  P o i n t s  r e p r e s e n t  t h e  a v e r a g e  a t  
e a c h  f r e q u e n c y  o f  5 r u n s  o n  t h i s  m e m b r a n e .  T h e  v e r t i c a l  b a r s  i n d i c a t e  t h e  s t a n d a r d  e r r o r s  ( t h e s e  a re  v e r y  
s m a l l  i n  r e s u l t s  f o r  t h e  c o n d u c t a n c e ) .  T h e  fu l l  l i n e s  a re  t h e  t h e o r e t i c a l  d i s p e r s i o n s  p r e d i c t e d  b y  E q n s .  1 
a n d  2 w i t h  t h e  f o l l o w i n g  P a r a m e t e r s .  C H = 0 . 5 4 3  # F / e r a  2, G H = 0 . 2 8  # ~ - l / c m  2,  Cp  = 6 0  # F / c m  2,  Gp  = 
4 5 0  g ~ - l / c m  2,  G£  = 7 0 0 0  # ~ - 1 / c m  2.  T h e  c o r r e l a t i o n  c o e f f i c i e n t  b e t w e e n  t h e  d a t a  p o i n t s  a n d  t h e  
t h e o r e t i c a l  c u r v e  w a s  0 . 9 8  f o r  t h e  c a p a c i t a n c e  a n d  0 . 9 5  f o r  t h e  c o n d u c t a n c e .  T h e  f i r s t  d i s p e r s i o n  in  C, 
o v e r  t h e  f r e q u e n c y  r a n g e  1 - - 1 0  H z ,  is  d u e  t o  t h e  p r e s e n c e  o f  t h e  p o l a r - h e a d  r e g i o n .  T h e  a d d i t i o n a l  d i s p c r -  
s i o n  ~ 7 0  Hz  is  d u e  t o  t h e  p r e s e o c e  o f  t h e  s u r f a c e  c o n d u c t a n c e  e l e m e n t  G£ .  
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7.5 #M or 7.5 m M  b e n z y l  a lcohol .  At  each  f r e q u e n c y ,  the Points  s h o w n  are the average values f r o m  5 runs  
on the  one  m e m b r a n e .  The  ver t ical  bars indica te  the s t anda rd  errors .  The  full curves  are plots  of  Eqns.  1 
and 2 wi th  the  fo l lowing p a r a m e t e r s :  

Benzyl  a lcohol  ( p F / c m  2) ( p ~ - l / c m  2) 

C H Cp G H Gp  G~ 

0 (bare)  0.51 36 0 ,076  3 0 0  2800  
7.5 #M 0 .543  60 0 .28  4 5 0  7 0 0 0  
7.5 m M  0 . 362  35 0 .64  540 4 0 0 0  

The co r re l a t ion  coef f ic ien ts  b e t w e e n  the d a t a  po in ts  and  the  theore t ica l  curves  are  ind ica ted  on  the 
d iagram.  At  7.5 pM benzy l  a lcohol  had  only a re la t ively smal l  e f f ec t  on the  capac i t ance ,  which  was wi thin  
the var ia t ion  f rom m e m b r a n e  to  m e m b r a n e  for  bare  bi layers .  At  7.5 mM c o n c e n t r a t i o n ,  h o w e v e r ,  the 
benzy l  a lcohol  p r o d u c e d  a large decrease  in the m e a s u r e d  capac i t ance  (al all f requenc ies  measu red ) .  This 
( ~ 2 5 % )  decrease  in capac i t ance  was due  to  the  d rop  in CH, the capac i t ance  of  the h y d r o c a r b o n  region 
(cf. Fig. 2a). Increas ing  c o n c e n t r a t i o n s  of  benzy l  a lcohol  progress ively  increased  the  low f r e q u e n c y  con-  
d u c t a n c e  of  the m e m b r a n e ;  this ref lects  largely a progressive increase in GH,  the  h y d r o c a r b o n  region con-  
d u c t a n c e  (cf. Fig. 2). 

the interference fringes were uniform and horizontal which indicated that the 
film was wedge-shaped and thinning evenly. The breakdown potentials of  the 
bimolecular lipid membranes were invariably below 40 mV (in contrast with a 
typical value of  ~ 150 mV in the absence of  benzyl alcohol. 

Fig. 4 shows the variation with frequency of  C and G for a bimolecular lipid 
membrane made in 1 mM KC1 containing 7.5 #M benzyl alcohol. 

Our present experimental results indicate the need to include the surface- 
layer conductance element. However, the measurements were not extended to 
sufficiently high frequencies, for technical reasons *, to allow us to determine 
G~ very accurately. 

* At  high f requenc ies  the  l imi ta t ions  on the  m a x i m u m  sampl ing  ra te  of  the  analogue-digi ta l  conve r t e r s  
forced  us to progress ively  r educe  the  n u m b e r  of  samples  of  vol tage  and  c u r r e n t  t aken  in each cycle 
with a s u b s e q u e n t  loss of  a ccu racy  in the d e t e r m i n a t i o n  of  C and  G. In a p rev ious  s t u d y  [ 4 ] ,  some-  
w h a t  m o r e  severe e q u i p m e n t  l imi ta t ions  p r e v e n t e d  us f r o m  ex t r ac t ing  the c o n d u c t a n c e  e l e m e n t  G~ 
f rom the i m p e d a n c e  of  the slices of  bu lk  e l ec t ro ly te  b e t w e e n  the po ten t i a l  e lec t rodes  and  the 
m e m b r a n e .  
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TABLE I 

EFFECT OF BENZYL ALCOHOL ON THE SUBSTRUCTURE PARAMETERS OF PHOSPHATIDYL- 
CHOLINE BIMOLECULAR LIPID MEMBRANES 

This data was obtained by fitting the experimental dependence of C and G on frequency to Eqns, 1 and 2. 

The values quoted are mean values obtained from several sets of measurements on different membranes 

(the number is indicated in brackets in the first column). The errors indicated represent the total scatter 
in the results. 

C o n c n .  o f  b e n z y l  p F / c m  2 p ~ Z - 1 / c m  2 

a l c o h o l  . . . . . . . . .  

C H C p  G H G p  G~ 
_ _  L 

0 (6 )  0 . 5 1  ± 0 , 0 5  36  -+ 10  0 . 0 7  ± 0 . 0 5  4 5 0  + 2 0 0  3 0 0 0  ± 5 0 0  

7 .5  p M  ( 3 0 )  0 . 5 2  ± 0 . 0 5  4 0  +- 15  0 . 3 1  ± 0 . 0 5  5 5 0  4 : 2 0 0  6 0 0 0  ± 3 0 0 0  

7 .5  m M  ( 1 8 )  0 . 3 9  ± 0 , 0 3  35  +- 10  0 . 5 9  ± 0 . 0 5  5 0 0  ± 2 0 0  7 0 0 0  -+ 2 0 0 0  
75  m M  (1 )  0 . 2 5  15  1 . 0 5  6 0 0  4 4 0 0  

Fig. 5 shows the effect  of varying the concentrat ion of  benzyl alcohol in the 
aqueous phase. {Note that  the scale for capacitance is much compressed com- 
pared with that of Fig. 4). It is clear that  at 7.5 mM concentration,  benzyl 
alcohol produced a dramatic decrease in the capacitance of  the bilayer at all 
frequencies < 1 0 0  Hz. At the lower concentrat ion (7.5 pM) benzyl alcohol did 
not  affect  the membrane capacitance in this manner. 

Increasing concentrat ions of  benzyl alcohol in the external solution had the 
effect  of  progressively increasing the membrane conductance,  (See Fig. 5b.) 

While the experimental dispersion in C and G of the bilayers could always 
be fi t ted to the Eqns. 1 and 2 (with correlation coefficients better  than 0.95 
for C and 0.85 for G), there were variations between membranes in the 
individual parameters required for such a fit. A summary of  these parameters so 
determined for solutions containing 0, 7.5 pM, 7.5 mM and 75 mM benzyl 
alcohol is given in Table I. It is clear that  benzyl alcohol at concentrations 
/>7.5 mM dramatically reduced the hydrocarbon region capacitance, CH. The 
hydrocarbon region conductance G H progressively increased with increasing 
benzyl alcohol concentration.  

Similarly the conductance,  Gp, of  the polar-head region increased with 
increasing benzyl alcohol concentration,  although by not  nearly as much as 
GH. No systematic dependence of  the polar-head capacitance, Cp, or the surface 
layer conductance,  G~, on benzyl alcohol concentrat ion was apparent. The 
value of  G~ for an unmodif ied bimolecular lipid membrane in 1 mM KC1 corre- 
sponds approximately to the conductance of  a 100 pm thick slice of the 
electrolyte.  

Discussion 

The increase in the conductance of the bimolecular lipid membranes,  
particularly that  of  the hydrocarbon region, with increasing concentration of 
benzyl alcohol in the external solution is not  surprising in view of its effect on 
the fluidity of  the membranes.  
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The unexpected * feature of  our present findings was the decrease in the 
value of the capacitance, CH, of the hydrocarbon region when the external solu- 
tion contained/>7.5  mM benzyl alcohol. This {>25%) decrease in CH could, in 
principle, arise from either: ( a )A decrease in dielectric constant,  ell, of the 
hydrocarbon region (by >25%) and/or  (b) An increase in the thickness, 5H of 
this region. The dielectric constant  of the hydrocarbon region (usually ~2) 
should not  be decreased by the sorption of benzyl alcohol {dielectric constant 
13.1 [8] ). Considerations of ion partitioning, which would be reflected in the 
conductance, support this conclusion. 

To explain the decrease in the capacitance, CH, we would then need to 
postulate that  the thickness, ~n, of the hydrocarbon region increases. The 
increase in thickness required would depend on the dielectric constant  of this 
region. The reported values of dielectric constants of alkanes (CnH2n+2) which 
are unbranched and long (n > 12) all exceed 2 [8,10,11].  This value for the e H 
of the unmodified bimolecular lipid membrane then gives the lower limit for 
the thickness, 5H, of the hydrocarbon region as 3.45 nm. A more likely value of 
e H for the bilayer is 2.13 [4,10,11,12]. The corresponding thickness 5H, is 
3.7 nm for the unmodified bimolecular lipid membrane, which agrees with 
detailed theoretical predictions [9]. On this scheme we would need to 
postulate that  in the unmodified bimolecular lipid membrane, the hydrocarbon 
chains are partially kinked (for example, double-gauche forms predominate) or 
the chains are folded across neighbouring phosphatidylcholine molecules, or 
some interdigitation and/or coiling of the chains occurs (c.f. also ref. 12 in 
which similar conclusions were reached). In 7.5 mM benzyl alcohol a value of 
eH= 2.13 would give ~H ~ 4.9 nm. This is some 0.3 nm greater than the fully 
extended length of two hydrocarbon chains of the predominant phosphatidyl- 
cholines present in egg lecithin [ 11]. 

We can thus account for the increase in thickness when benzyl alcohol is 
present at 7.5 mM concentration by a straightening of the otherwise kinked 
and/or  folded fat ty acid chains. The small (0.3 nm) increase beyond this may 
be due to a sparing inclusion of benzyl alcohol molecules between the two 
halves of the bilayer or retention of n-tetradecane. 

It is interesting at this juncture to comment  briefly on the anaesthetic 
properties of benzyl alcohol. Thus, for instance, some crucial part of an excita- 
tion module in the nerve membrane could simply be buried by the increase 
(~1.2 nm) in thickness. When the thickness of the hydrocarbon region of the 
bilayer is increased in the presence of the anaesthetic the bilayer around the 
protein modules will need to be distoreted or dimpled to accomodate the hy- 
drophobic portions of the protein units. This would set up a radial compression 
and axial tension in the conduction module (closing the channel). Alternatively, 
if the hydrophilic forces between the two ends of the excitation module and 
the aqueous phases were sufiiciently strong, any imcrease in the width of the 
hydrocarbon region would tend to stress the module. 

If the hydrocarbon region is treated as an incompressible fluid (see also ref. 
9), at least up to a thickness equal to twice the fully extended chain length, 

* P r e l i m i n a r y  e x p e r i m e n t s  in  t h i s  l a b o r a t o r y  a l so  s h o w  a d e c r e a s e  in  t h e  h i g h  f r e q u e n c y  (1 K H z )  
capacitance o f  t h e  m e m b r a n e s  o f  t h e  m a r i n e  a l g a e  Valon ia  vcn t r i cosa  in  t h e  p r e s e n c e  o f  1 0  m M  
b e n z y l  a l c o h o l .  
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then the increase in thickness of this region in 7.5 mM benzyl alcohol would 
need to be interpreted in terms of a decrease in the area per phosphatidyl- 
choline molecule in the bimolecular lipid membrane. It has been suggested that  
the effect of benzyl alcohol on breakdown [3] and stability [13] in cell 
membranes may be an indirect effect resulting from alterations in the interac- 
tions between the lipids and the proteins of the membrane. On our present 
findings of the effects of benzyl alcohol on the hydrocarbon chains, such 
alterations would not  be unexpected. 
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