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Abstract—Sodium 22 efflux was measured, at various temperatures both in the presence and absence
of dibucaine or propranolol, in multilamellar liposomes composed of different phosphatidylcholines
and dicetylphosphate. Such vesicles display a marked increase in sodium permeability in the tempera-
ture region of the phase transition of the component phospholipid. Both local anesthetics lower the
temperature of onset of this permeability increase, the extent of the reduction being dependent upon
the anesthetic concentration. The liposomes used in these experiments possess a negative charge due
to the presence of dicetylphosphate. When exposed to dibucaine, these vesicles develop a significant
positive surface potential at the same temperature at which this anesthetic increases 2?Na efflux. In
a parallel series of experiments, a spin-labeled fatty acid ester was incorporated into similar liposomes
and the mobility of the label used as a measure of lipid hydrocarbon chain motion. The phase transition
of a phospholipid is associated with a marked increase in fatty acyl chain motion. Both anesthetics
lower the temperature at which the lipid chains display significant motional freedom. These observations
indicate that dibucaine and propranolol interact with liposomes so as to bring about the phase transi-
tion (i.e. melt the hydrocarbon chains) of the membrane lipids at a temperature below that at which

this event normally occurs.

Local anesthetics block nerve conduction by interfer-
ing with the increased sodium conductance associated
with the rising phase of the action potential [1]. Even
though their mechanism of action is not completely
understood, a number of studies have drawn attention
to a correlation between anesthetic potency and the
ability to interact with phospholipids [2]. Although
biological membranes, such as that of the nerve cell,
are complex structures, current evidence suggests that
a phospholipid bilayer forms the backbone of the
membrane with proteins embedded to a variable
depth in this lipid matrix [3]. The correlation noted
above, together with the important role of phospho-
lipids in cell membrane structure, suggests that the
main site of action of these agents is the lipid matrix
of the nerve cell membrane. Cationic local anesthetics
display a rather complex interaction with phospho-
lipid membranes. These agents can adsorb onto both
neutral and negatively charged membranes, resulting
in marked changes in both surface charge and ion
permeability [4]. However, other observations indi-
cate that these same agents can also significantly per-
turb the hydrocarbon core of such membranes so as
to “fluidize” this region of the bilayer [5, 6]. It is this
perturbation that is explored more fully in this paper.

MATERIALS AND METHODS

Materials. Egg phosphatidylcholine (PC) was
extracted from fresh eggs and purified by alumina and
silicic acid chromatography [7]. Dimyristoyl and
dipalmitoyl PC were purchased from CalBiochem,
Calif. Each of these phospholipids showed a single
spot on thin-layer chromatography. All three phos-
pholipids were stored as stock chloroform solutions
under N, at —20°. Dicetylphosphate (DCP) was
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obtained from Sigma Chemical Co., St. Louis, MO,
and 22Na as the chloride salt from Amersham/Searle.
Dibucaine was purchased from K & K Laboratories
while propranolol was generously supplied by Ayerst
Laboratories, Montreal, Canada. All other chemicals
were of reagent grade wherever possible. Twice dis-
tilled water was used for all experiments.

Preparation of lipid vesicles (liposomes). Egg
PC-DCP liposomes were prepared by previously de-
scribed methods [7]. Briefly, appropriate aliquots of
stock chloroform solutions of egg PC and DCP to
give a mole ratio of 95% PC, 5% DCP, were dried
under vacuum in a glass tube. The required salt solu-
tion in a volume of 1 ml/15 umoles lipid and contain-
ing tracer amounts of 2?NaCl if efflux measurements
were to be made, was then pipetted into the tube
and the mixture mechanically shaken on a rotamixer.
This step was carried out at room temperature and
continued until all of the lipid was suspended. The
resulting milky dispersion was left overnight at room
temperature under N,.

The preparation of dimyristoyl or dipalmitoyl PC
(95%)-DCP (5%,) liposomes required a modification
of the above described method. These saturated phos-
pholipids form characteristic vesicles only when the
temperature exceeds their phase transition tempera-
ture (23° for dimyristoyl PC, 41° for dipalmitoyl PC).
Hence, the salt solution, in which the lipid was dis-
persed, was pre-heated to 50° and the tube, when not
applied to the rotamixer, was immersed in a water
bath also at 50°. The final suspensions were left over-
night under N, at either room temperature for dipal-
mitoyl PC-DCP vesicles or at 5° for dimyristoyl
PC-DCP vesicles.

Measurement of **Na efflux. After overnight equlib-
ration, a given lipid dispersion was passed down a
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column of Sephadex G-50 coarse (Pharmacia, Mon-
treal) to remove excess tracer not trapped within the
liposomes. Dimyristoyl PC-DCP vesicles are very
leaky in the temperature region of their phase transi-
tion, which is close to room temperature. Therefore,
these liposomes were eluted from “chilled” Sephadex
using a salt solution previously cooled to 5. This
was done to reduce the loss of trapped isotope while
this particular lipid was still on the column. One-ml
portions (about 1 umole) of eluted lipid were pipetted
into dialysis bags, which were then sealed and
dropped into stoppered-glass tubes containing 10 ml
of aqueous solution. All tubes were placed in a shak-
ing water bath maintained at the desired temperature.
The efflux rate was measured over a 3-hr period. At
the termination of each experiment, the *Na content
of the various tubes and bags was counted on a Nuc-
lear—Chicago gamma scintillation counter. Effluxes
are expressed as the percentage of initial trapped
radioactivity lost over the 180 min. This 3-hr flux
period was chosen primarily to allow sufficient counts
to collect in the bulk aqueous phase in those exper-
iments performed at low temperatures and hence in-
volving small leakage rates,

Electrophoretic measurements. The electrophoretic
mobility of different liposome populations was
measured at various temperatures in a cylindrical
microelectrophoresis chamber [8]. Under the in-
fluence of an electric field, the vesicles will migrate
toward the electrode of opposite polarity. For a given
lipid particle, the mobility is expressed as the velocity
(um-sec” Y/unit potential gradient (V-ecm™'). For
each sample, the mobility of at least ten to fifteen
liposomes was measured and the results were aver-
aged. The range of values was never greater than
+ 10 per cent of the mean.

Electron spin resonance (ESR) spectroscopy. Two
spin-labeled fatty acid esters, with the following gen-
eral formula, were obtained from Syva Corp., Palo
Alto, Calif.

CH4(CH,),—C—(CH,),—COOCH;

O N—O

in which T (m,n) =1 (12,3) and Il (m,n) = II (5,10).

The label in a stock chloroform solution was added
to the lipid prior to drying at a concentration of 1
mole/100 moles total lipid. Hence, the composition
of the liposomes by mole ratic was PC 94%, DCP
5% and probe 1%, Electron spin resonance spectra
were recorded on a Varian E3 X-band spectrometer
with 100 kHz modulation using a special quartz flat
cell placed in a custom-designed quartz temperature
control probe [9]. The temperature of the sample was
maintained at better than +1° during the measure-
ment.

RESULTS

Permeability experiments. Dimyristoyl, dipalmitoyl,
and dimyristoyl-dipalmitoyl PC-DCP membranes
show a sharp increase in permeability in the region
of their phase transition temperatures (Figs. 1 and
2). When dibucaine or propranolol is present, the in-
crease in 2*Na efflux appears at a temperature about
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Fig. 1. Effect of dibucaine and propranolol on 2?Na efflux.
Liposomes composed (by mole ratio) of dimyristoyl PC
95%, DCP 5% (upper half) or dipalmitoyl PC 95%, DCP
5% (lower half) were dispersed in 50 mM NaCl, 22NaCl
and 6 mM Tris-HCL, pH 7.5. Each liposome preparation
was divided into three portions to measure *?Na efflux,
at a specific temperature, in the absence (control) and in
the presence of either dibucaine (I mM) or propranolol
(1 mM). The ordinate refers to the percentage of initial
trapped isotope lost over 3 hr. Experimental points for
each temperature represent a separate experiment per-
formed in quadruplicate. The results illustrated are the
means with error bars indicating the range of values
obtained. To simplify the figure the error bars have been
given for only some of the points.

5° lower than that which occurs in untreated lipo-
somes.

Vesicles containing egg PC, which is above its tran-
sition temperature over the whole temperature range
examined, show no permeability maximum either in
the presence or absence of the two local anesthetics
(Fig. 2).

The experiments described above were all per-
formed at a fixed anesthetic concentration of 1 mM.
This concentration was chosen on the basis of pre-
vious work carried out in this laboratory [4]. Figure
3 summarizes a series of experiments illustrating the
effects of higher concentrations of dibucaine on the
22Na permeability of dimyristoyl PC-DCP lipo-
somes. Dibucaine (1 mM), as already noted, causes
a significant increase in ??Na efflux at 20° but not
at 15°. A 2 mM concentration significantly increases
sodium transport at 20°, but also produces a modest
increase at 15°. Dibucaine (4 mM) markedly enhances
sodium permeability even at 15°,
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Fig. 2. Effect of dibucaine and propranolol on 2*Na efflux.
Liposomes composed (by mole ratio) of dimyristoyl PC
47.5%, dipalmitoyl PC 47.5%, DCP 5% (upper half) or egg
PC 95%, DCP 5% (lower half) were dispersed in 50 mM
NaCl, 22NaCl, and 6 mM Tris-HCl, pH 7.5. Each lipo-
some preparation was divided into three portions to
measure 22Na efflux, at a specific temperature, in the
absence (control) and in the presence of either dibucaine
(1 mM) or propranolol (1 mM). The ordinate refers to
the percentage of initial trapped isotope lost over 3 hr.
Experimental points for each temperature represent a sep-
arate experiment performed in quadruplicate. The results
illustrated are the means with error bars indicating the
ranges of values obtained. To simplify the figure the error
bars have been given for only several points.

Electrophoretic mobility measurements. Negatively
charged liposomes of identical composition to those
used in the permeability experiments were electro-
phoresed at different temperatures both in the pres-
ence and absence of dibucaine (Fig. 4). Both dimyris-

*Unfortunately, neither of these two parameters, 2T or
., could be used throughout the whole temperature range.
Actually the spectra obtained from labeled dipalmitoyl or
dimyristoyl PC-DCP liposomes at temperatures below the
phase transition temperature appear to be a composite of
two populations of spin probes. For example in the spectra
of Fig. 5, measured at 20°, the low and high field deflec-
tions measured by the separation 2T, are characteristic
of a highly immobilized nitroxide group. The sharper lines
encompassed by the low and high field extrema, however,
are more characteristic of a mobile nitroxide group. Most
likely, when the lipid is in the gel state, some of the probe
molecules partition into the water phase, giving rise to
this mobile population.

toyl and dipalmitoyl PC-DCP “control” liposomes
become slightly more negatively charged as the tem-
perature is increased. However, no significant discon-
tinuities occur over the temperature ranges examined.
In the presence of dibucaine, an abrupt change in
electrophoretic mobility occurs at about 18° for
dimyristoyl PC-DCP vesicles and at about 37" for
dipalmitoyl PC-DCP vesicles. In both cases, the lipo-
somes develop a significant positive charge over a
narrow temperature interval. It is also evident from
Fig. 4 that at temperatures below the phase transition
temperature some anesthetic molecules still adsorb
onto the membrane surface since the electrophoretic
mobility of ihe lipid particles is less negative in the
presence of dibucaine than in its absence.

Spin probe experiments. Two different spin probes
were used to label the liposomes. Assuming that the
probe molecules align themselves parallel to the phos-
pholipid hydrocarbon chains with their polar groups
at the membrane-water interface, then the two spin
labels will monitor motion at different planes within
the bilayer. The nitroxide group of probe I (12,3) will
lie close to the lipid-water interface, while the nitrox-
ide group of Il (5,10) will be buried deeper within
the hydrocarbon core. The main information sought
from the ESR spectra was the effect of the two local
anesthetics on probe, and hence fatty acyl chain,
motion. Since only relative changes in mobility were
examined, two empirical parameters were used to
semi-quantitate spin label motion. For ESR spectra
performed at low temperatures the separation
between the low and high field extrema (2T) was
measured. Increasing molecular motion is character-
ized by a narrowing of this separation [10]. With
sufficient probe motion. however, the high field deflec-
tion disappears making it impossible to measure 2T .
For these spectra the rotational correlation time t,
was calculated according to the following formula

[11]:
T, =65 x 1071 Wo[(hoth — 1)'? — 1]

where Wo, ho, h — 1 are all defined in Fig. 5.

This equation is only valid for times less than about
2 nsec [12]. Increasing probe mobility is associated
with a smaller value for 7.*

Figure 5 illustrates some representative spectra
obtained with dipalmitoyl PC-DCP vesicles labeled
with II (5,10) and measured in the presence and
absence of dibucaine. The “motion parameters™ 2T
and t_ for all of the spectra are summarized in Fig.
6.

In the case of dipalmitoyl PC-DCP liposomes,
both probes display a moderate increase in mobility
(as indicated by a decrease in 2T ) over the tempera-
ture range of 10-30°. Above this temperature, probe
mobility significantly increases as manifested by a dis-
appearance of the upper field deflection and by a pro-
gressive decrease in 7. Label I1 (5,10) shows a rather
marked increase in motion between 35 and 40°. The
deeper probe, 11 (5,10), displays more molecular
motion than the superficial one. In the presence of
the two anesthetics, the above described changes in
probe motion occur at a lower temperature. In the
case of I (12,3), the upper field deflection disappears
after 25° and in the case of Il (5,10) it disappears
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Fig. 3. Effect of different concentrations of dibucaine on
22Na efflux. Liposomes composed (by mole ratio) of dimyr-
istoyl PC 95%;, DCP 5%, were dispersed in 50 mM NaCl,
22NaCl, and 6 mM Tris-HC], pH 7.1. Each liposome prep-
aration was divided into four portions to measure 2?Na
efflux, at a specific temperature, in the absence (control)
and in the presence of three different concentrations of
dibucaine. These experiments were performed at pH 7.1,
since a 4 mM solution of dibucaine could not be prepared
at a higher pH. The ordinate refers to the percentage of
initial trapped isotope lost over 3 hr. Experimental points
for each temperature represent a separate experiment per-
formed in quadruplicate. The results illustrated are means
with error bars indicating the ranges of values obtained.

after 20° with propranolol and 25° with dibucaine.
The rotational correlation times are lowered by the
anesthetics but become equal to those of control lipo-
somes by 45°.

Dimyristoyl PC-DCP vesicles display qualitatively
similar results. Probe motion increases modestly over
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the range 10-20°. Above this temperature, the upper
field deflection disappears and 7, decreases with rising
temperatures. Again the deeper probe possesses more
motion than the superficial one at all temperatures.
The parameter 2T decreases significantly for I (12,3)
between 15 and 20° in the presence of both anesthe-
tics. In the case of II (5,10), the upper field deflection
disappears after 15° in the presence of propranolol
and after 10° in the presence of dibucaine. Above 20°
both anesthetics have no consistent significant effect
on probe motion.

DISCUSSION

The purpose of this study was to examine the inter-
action of cationic local anesthetics with phospholipid
bilayer membranes and in particular with the hydro-
carbon interior of such membranes. The two anesthe-
tics used in these experiments were chosen for several
reasons. First, the pK values of these two agents are
different [4]. In the case of dibucaine the pK is 8.5,
while for propranolol it is 9.45. Hence at pH 7.5,
which is the pH at which most of the permeability
and all the spin label experiments were performed,
the concentration of uncharged dibucaine molecules
will be about ten times greater than the concentration
of uncharged propranolol molecules. The observation
that dibucaine and propranolol were equally effective
in both the permeability and ESR spectroscopic ex-
periments would exclude the possibility that only the
uncharged molecule is the active species. However,
it is possible that either the charged species alone
or that some combination of charged and uncharged
forms is responsible for the observed effects. Second,
space filling models of these two molecules [4] are
remarkably similar except for the presence of a 4-car-
bon group projecting from the ring structure of dibu-

dipalmitoyl

T
20

T
25

—

35

T

30 a0 45 50

temperature (°C)

Fig. 4. Effect of dibucaine on electrophoretic mobility. Liposomes composed (by mole ratio) of dimyr-
istoyl PC 95%, DCP 5%, or dipalmitoyl PC 95%, DCP 5%, were dispersed in 50 mM NaCl and
6 mM Tris-HCI, pH 7.5. The electrophoretic mobility of the lipid vesicles was measured at different

temperatures both in the absence (open symbols)

or presence (closed symbols) of 1 mM dibucaine.

Each point represents the mean of at least ten to fifteen measurements with the range of values being

within + 10 per cent of the mean. The ordinate has the units ym sec™'-V

“!l.em.
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Fig. 5. Effect of dibucaine on spin-labeled dipalmitoyl PC-DCP vesicles. Liposomes composed (by

mole ratio) of dipalmitoyl PC 94%, DCP 5%, spin label II (5,10) 1%, were dispersed in either 50

mM NaCl and 6 mM Tris-HC), pH 7.5 (control) or 50 mM NaCl, 6 mM Tris-HC), pH 7.5, and
1 mM dibucaine. Electron spin resonance spectra were recorded at the indicated temperatures.

caine. Most likely these molecules are oriented with
their polar ends at the membrane-water interface and
their “lipophilic” portion extending into the bilayer.
By virtue of this 4-carbon tail, dibucaine should pene-
trate more deeply into the membrane than proprano-
lol. Again the observation that these two anesthetics
were equally effective in the permeability and spin
label experiments implies that the deeper penetration
of dibucaine is not essential to bring about the effects
described in this study.

The model system used in these experiments con-
sists of an aqueous suspension of lipid vesicles or lipo-
somes. The physical characteristics and properties of
liposomes have recently been reviewed by Bangham
et al. [13]. Each of these vesicles consists of a series
of concentric unbroken bimolecular phospholipid
membranes, separated by discrete and isolated inter-
nal aqueous compartments. One particularly attrac-
tive feature of this model membrane is that it lends
itself to a number of different physical measurements.
In this study for instance, identical liposome popula-
tions were used to measure 22Na efflux, to assess
changes in surface charge, and to monitor hydro-car-
bon chain motion via the spin label technique. Since
the same membrane system was used for all of these
different measurements, the results become directly
comparable.

Liposomes were formed from three phosphatidyl-
cholines differing in their fatty acyl composition.
Dimyristoyl PC has a phase transition temperature
(To) of 23° while the T, values for dipalmitoyl and

egg PC are 41 and about —10° respectively [13, 14].
An equimolar mixture of dimyristoyl and dipalmitoyl
PC possesses a single transition temperature interme-
diate between that of the two individual phospho-
lipids [14]. The T. of a phospholipid represents the
temperature at which the gel to liquid crystal phase
transition occurs. In the gel condition, the lipid chains
are in a quasi-crystalline state while these same chains
become much more mobile and “fluid” above the
transition temperature. In essence, the fatty acyl
chains “melt” as the lipid is heated above its T..
Recent studies [15, 16] have demonstrated the exist-
ence of a maximum in the permeability of both elec-
trolytes and non-electrolytes in the vicinity of the
transition temperature of the membrane lipids. This
permeability increase is a function of such variables
as the length of the hydrocarbon chains being less
marked for dipalmitoyl than dimyristoyl PC mem-
branes. In the region of the T, some of the lipid will
be present in the gel state, while some will already
be melted and present in the liquid crystal form. It
is postulated that the increased permeability is due
to enhanced diffusion across discontinuities present
at the boundary regions between liquid and solid lipid
domains. Dimyristoyl, dipalmitoyl and dimyristoyl-
dipalmitoyl PC-DCP liposomes all display a local
maximum in ?Na efflux in the region of their phase
transition temperatures. In the presence of the two
local anesthetics, the onset of the increase in 2?Na
transport is shifted to a lower temperature, the shift
being greater, the higher the anesthetic concentration.
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Fig. 6. Effect of dibucaine and propranolol on the “motion
parameters” 2T and t.. Upper half: Liposomes composed
(by mole ratio) of dimyristoyl PC 94%, DCP 5%, and either
spin label T (12,3) or II (5,10) 1%, were dispersed in 50
mM, NaCl and 6 mM Tris-HCI, pH 7.5. Electron spin
resonance spectra were recorded at the temperatures indi-
cated on the abscissa both in the absence (control) and
presence of dibucaine (1 mM) or propranolol (1 mM). The
parameters 2T and . are described in the text. Symbols
used are as follows: open symbols: liposomes containing
probe I (12,3); closed symbols: liposomes containing probe
1T (5,10); circles: no anesthetic (control); triangles: dibu-
caine 1 mM; and squares: propranolol 1 mM; Each point
is the mean value obtained from five separate spectra.
Error bars denote the ranges of values obtained and to
simplify the figure have been given for only some of the
points. However, in the case of the parameter 7, the data
were reproducible to within 8 per cent. Lower half: These
spectra were recorded from spin-labeled liposomes con-
taining dipalmitoyl PC. Otherwise, experimental details
and symbols used are the same as those described above.

These observations indicate that the anesthetics have
caused the lipid fatty acyl chains to melt at a lower
temperature than that which normally occurs. This
conclusion is supported by the results of the spin label
experiments. Two fatty acid ester spin probes were
incorporated into liposomes to monitor lipid chain
motion. The underlying assumption of this technique
is that the mobility of the spin-labeled probe is a
valid measure of the molecular motion of the sur-
rounding phospholipid fatty acyl chains. Spin-labeled
dimyristoyl PC-DCP vesicles show a large increase
in probe mobility as the temperature exceeds 20°.
This change corresponds closely with the T, of dimyr-
istoyl PC of 23° At all temperatures, molecular
motion increases toward the centre of the membrane

consistent with 1he fluidity gradient hypothesis [17].
Dipalmitoyl PC-DCP liposomes display an increase
in probe mobility above 30° with the deeper probe
showing a rather marked increase in mobility between
35 and 40°. These changes occur at a slightly lower
temperature than the T, of dipalmitoyl PC, which
is 41°. As with dimyristoyl PC-DCP liposomes, the
deeper probe possesses more molecular motion than
the superficial one. For both types of liposomes,
probe motion increases at a lower temperature in the
presence of the anesthetics than in their absence.

In the case of dimyristoyl PC-DCP liposomes,
there is good agreement between the spin label studies
and the permeability experiments. Anesthetic-treated
vesicles demonstrate an increase in probe motion
above 15° and an increase in **Na efflux between
15 and 20", For dipalmitoyl PC-DCP liposomes the
correlation is not as good. The anesthetics induce an
increase in probe motion above 25”, yet 22Na permea-
bility does not change until a temperature between
35 and 40" is reached. These results indicate that, at
least in this lipid, the anesthetics begin to “melt” the
hydrocarbon chains at a temperature about 10" below
that at which these agents increase 2?Na efflux.

The surface adsorption of anesthetic molecules was
monitored by measuring changes in electrophoretic
mobility. The term “surface adsorption” refers chiefly
to the position of the charged group. However, as
already discussed, these molecules are most likely
oriented with their polar ends at the membrane-water
interface and their non-polar part extending into the
bilayer. In essence, the charged end is used in these
experiments as a “marker” for the whole molecule.
No attempt has been made to quantitate the change
in electrophoretic mobility in terms of the number
of dibucaine molecules adsorbed. It should be recalled
that the electrophoretic mobility measures the electri-
cal potential not at the actual membrane-water inter-
face, but rather a finite distance away at the hydro-
dynamic slip plane of the lipid particle. In addition,
the surface area of multilamellar liposomes is difficult
to define precisely.

An abrupt increase in the surface concentration of
anesthetic molecules occurs at about the same tem-
perature at which these agents increase **Na efflux.
The mechanism underlying this temperature-depen-
dent process is probably as follows. At low tempera-
tures a small number of anesthetic molecules adsorb
onto the surface. At a certain temperature, dependent
upon the lipid, the anesthetic begins to induce a
“melting” of the bilayer. This change would result in
an enhancement of the adsorption process perhaps
by permitting more hydrophobic interactions between
the non-polar part of the molecule and the membrane
interior. The enhanced adsorption would result in
more melting, which in turn would lead to more
adsorption, etc. The melting-adsorption sequence is
similar to an “autocatalytic” process. In the case of
dipalmitoyl PC-DCP vesicles, the spin label studies
support this mechanism. The anesthetics begin to in-
crease lipid chain motion at 257, about 10-12" below
the temperature at which the electrophoretic mobility
abruptly changes. Associated with the change in elec-
trophoretic mobility, a further “melting” of the bilayer
occurs as manifested by a marked increase in motion
of probe II (5,10) between the temperatures 35 and
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40°. For dimyristoyl PC-DCP liposomes the same
mechanism probably applies, although the anesthetic-
induced changes in spin label motion and electro-
phoretic mobility appear to occur, within experimen-
tal error, at the same temperature.

The adsorption of anesthetic molecules results in
the development of a significant positive membrane
surface charge. The charge reversal observed in the
presence of dibucaine indicates that this agent binds
to the membrane by forces other than those of purely
electrostatic origin. As already alluded to, these non-
electrostatic forces probably represent hydrophobic
interactions between the non-polar part of the dibu-
caine molecule and the hydrocarbon interior of the
bilayer. In addition, the observation that dibucaine
renders the liposomes positively charged yet increases
22Na permeability implies that the increased 2*Na
movement occurs across regions of the membrane
relatively unaffected by the surface charge. On the
basis of charge considerations alone, sodium efflux
should have been reduced.

The relationship between the capacity of these
anesthetics to lower the phase transition temperature
of saturated phospholipids and their ability to block
nerve conduction must remain speculative at the
moment. However, it is interesting that inhalation
anesthetics also depress the phase transition tempera-
ture of bilayer membranes composed of dipalmitoyl
PC [18]. As noted in the beginning, of this paper,
the proteins of biological membranes are embedded
to variable depths in a phospholipid bilayer matrix
which can be viewed as a solvent system for these
proteins. Furthermore, the state of fluidity of this sol-
vent appears to be important for the proper function-
ing of these proteins, many of which are involved in
transport processes [19]. Anesthetics, by changing the
transition temperature of the phospholipids and
hence the fluidity of the lipid solvent, might secondar-

*It should be recalled that the conductance of a phos-
pholipid bilayer is extremely small when compared to the
conductance of the usual biological membrane. Hence, a
reduction in ion flow through the “sodium channel” will
overshadow any small increase in permeability that may
occur in the surrounding lipid bilayer.

ily impair the function of those proteins which consti-
tute the so-called sodium channel*
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