Gen. Physiol. Biophys. (1987). 6, 271 277 271

pH-Dependent Effects of Local Anaesthetics
in Perturbing Lipid Membranes
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Abstract. The effects of local anaesthetics lidocaine. benzocaine. carbisocaine
and carbisocaine derivatives, KaQ-7 and Ka-O. in perturbing bovine brain lipid
membranes or egg lecithin membranes were compared at pH 6.0: 7.0: and 8.0.
The electron spin resonance method with stearic acid labeled at carbon position
16 as the spin probe was employed. The perturbation effects of lidocaine and
Ka-O were found to increase with increasing pH of the sample. whereas the
effect of carbisocaine decreased with increasing pH. The perturbation effects of
benzocaine and KaQ-7 were independent of pH. The pH-dependent perturba-
tion effects of the local anaesthetics tested on lipid membrane fairly correspon-
ded with their pH-dependent potency to block nerve action potentials.
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Introduction

The potency of some local anaesthetics to block nerve action potentials depends
on pH. Strobel and Bianchi (1970) observed that the local anaesthetic action of
lidocaine on intact frog sciatic nerves was increased at pH 9.2 compared to that
at pH 7.2, whereas the blocking potency of quaternary derivatives of lidocaine,
QX-314 and QX-572 in squid giant axons was independent of pH (Frazier et al.
1970). The pH-dependence of the blocking potency of the lipophilic local
anaesthetic carbisocaine and its hydrophilic derivative Ka-O and quaternary
derivative KaQ-7 on rat sciatic nerve have been studied in our laboratory. The
efficiency of carbisocaine has been found to decrease with increasing pH.
whereas that of Ka-O to increase with increasing pH: the effect of KaQ—7 was
independent of pH (Stankovicova et al. 1986)
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The aim of the present work was to investigate the efficiency of local
anaesthetics in perturbing lipid membrane at different pH, and to compare this
efficiency with the potency of the local anaesthetics to block action potential on
nerves.

Materials and Methods

Lidocame. HCI was from Plaliz and Bauwer (USA). Benzocaine was from Medica (Czechoslovakia).
Carbisocaine. Ka-O and KaQ-7 were synthesized by Dr. L. Bene$ and Di. H. Szocsova (Inst. Exper
Pharmacol. Bratslava). The chemical formulae of the anaestheties tested are shown i Fig. 1.
The stearic acid spin label with a dinethyloxazolidinyl group at carbon 16. 1{1.14). was purchased
from SY VA (U'SA ). All other chemicals were from commercial sources and were of analytical grade
Total hipids from bovine brain were isolated according 10 Folch et al. (1957). and yolk lecithin
according 1o Singleton ¢t al. (1963). Samples for ESR measurements were prepared as follows: Spin
labeled steanc acid (spin probe hpid molar ratio of ar Jeast 1:100) was dissolved in chloro-
form methanol and the solvent was evaporated in a stream of nitrogen followed by evacuation. The
lipids were hydrated with a buffer containing 100 mmol | NaClL 20 mmoel | TRIS and 20mmol |
PIPES . HCl at a given pH. and vortexed. The respective local anaesthetic in the buffer was added
to the hpid suspension. In order to attain equihbranon of the Jocal anaesthetcs in the hpid
membrane the samples were somicated in bath and subjected to frecze-thaw-vortex cyeles for several
tmes. The hnal lipid buffer rauo in the samples was 1:30w w. The concentrations of local ana-
esthetics reported n the present paper refer o those in the aqueous phase immidiately after drug
addiiion and not 1o final concentranions after equihibration with membranes. Filty pl of the sample
suspension was filled into a glass capillary and ESR spectra were recorded in an ERS-230 spec-
trometer
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To assess the retative effiviency ol the local anaestheties i pertarbing the hpd membranes at
different pH, the purameter 4, was evaluated directly from the inner splitung of ESR spectra, The
parameter 4 s hincarly proportional to the order purameter ol the spin probe in the membrane
(Gaflney 1976) The higher the 4. the lower the order parameter. and the higher the disorder
(flurdity) of the membranc, The values of 4 were expressed in Tesla units Since. in the samples
containing lecithun the motion of the spin probe 1(1.14) was not sufficiently anisotropic to allow
resolution of the outer and mner hyperfine sphittings. the rotational conclation time 1, was
calculated from the ESR speciva according to Lai and Cheng (1982) Fos relative comparison of the
anaesthetic efficiency in perturbing membranc. the pradients A4 | AC weie used (OndriaSet al. 1983
Ondrias et al. 1984) The higher the absolute value of the gradient, the higher the etficiency of the
anaesthetic in perturbing hipid membrane

Resulis

The perturbation effects of lidocuine and carbisocaiue at the mermbrane carbon
16 level were pH-dependent, as revealed by the spin probe (1, 14) (Fig. 2). The
parameter 4, for control sanples was higher at ptl 6.0 than at pH 8.4. From
a comparison of the gradients of 44 'AC at pH 8.4 and pH 6.0 it follows that
lidocaine was 1.9 times more efhcient in perturbing the membrane at pH 8.4
than at pH 6.0; carbisocaine acted in the opposite direction. being 9.4 times
more efficient at pH 6.0 than at pH 8.4
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Fig. 2. The dependence of parameter 4, of the  Fig. 3. The temperature dependence of para-
spin probe on carbisocaine (circles) and hdo-  meter 4, of the spin probe in total lipid mem-
caine (triangles) concentrations (C)in total lipid  branes at pH 6.0 (+), 7.0 (@) and pH 8.0 ( x ).
membranes at pH 6.0 (full symbols) and pH 8.4 Full lines represent control samples and broken
{open symbols). Temperature 23°C lines samples with carbisocaine (Smmol'l).

The temperature dependence of the parameter 4, of the spin probe in a control
bovine lipid membrane and a4 membrane with carbisocaine are shown in Fig. 3.
The parameter 4 _increased approxiniately linearly with the temperature in all
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samples. In the control sample. A, increased with the decreasing pH. Car-
bisocaine shifted the parameter 4, to higher values. To compare the effects of
carbisocaine on membrane fluidity at different pH, the values of 4 at 37°C for
“arbisocaine and the control sample, calculated from the temperature depen-
dence. were substracted at the given pH. The values of A4, substracted for
carbisocaine are given in Fig. 4. The parameter A4 for Smmol/l and 10 mmol/I
carbisocaine decreased with increasing pH. The parameters A4 for Ka-O,
KaQ-7 and benzocaine at different pH are shown in Fig. 5. The parameter A4
increased with increasing pH for Ka-O. yet it did not significantly depend on pH
for KaQ-7 or benzocaine.
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Fig. 4. pH-dependence of parameter A4, of the  Fig. 5. pH-dependence of parameter A4 | of the

spin probe in total lipid membranes for car-  spin probe in total lipid membranes containing

bisocaine at Smmol/l (@) and 10 mmol/l { x ). local anaesthetics at concentrations: 4 — Ka-0.

Temperature 37°C. 40mmol 1 (@) and 80 mmol1(O): B KaQ-7.
Smmol/l (+). and benzocaine 40 mmol/l ( x ).
Temperature 37°C,

To investigate the pH-dependent perturbation effect of carbisocaine on a
simpler lipid membrane, the lecithin-buffer system was used. Since the motion
of the spin probe I(1,14) was almost to be isotropic, the rotational correlation
time 1, was calculated from the ESR spectra. From the Debye equation the
correlation time of the spin probe should depend linearly on 5/ 7. where n is the
viscosity and T is the temperature in °K. We therefore plotted the values of
In(T. 1) versus temperature (Fig. 6) to estimate the fluidization effect of car-
bisocaine on the lecithin membrane. Fig. 6 shows that the value of In(7T. )
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decreased with the increasing temperature for control samples and for samples
with carbisocaine. The values for carbisocaine were lower than those for con-
trols at each given pH. However, no significiant pH-dependent effect of car-
bisocaine could be observed.

In(T.Taug)
-15.2¢ ;
‘154£I B =1
-15.6+ 1
-15.8} 4 'Fig. 6. The temperature dependence of para-
meter In(7. zz) of the spin probe in lecithin
membranes at pH 6.0 (@) 7.0 (O) and 8.0 (+ ).
Full lines represent control samples and broken
lines samples with carbisocane (10 mmol/l).
Discussion

We observed that the effect of some local anaesthetics in perturbing lipid
membranes was pH-dependent. The perturbation effects of lidocaine and Ka-O
(Figs 2. 5) increased with pH, corresponding to their pH-dependent anaesthetic
potency. Strobel and Bianchi (1970) found that the local anaesthetic action of
lidocaine on intact frog sciatic nerves was increased at pH 9.2 as compared to
that at pH 7.2. Stankovi¢ova et al. (1986) found the anaesthetic action of Ka-O
on isolated rat sciatic nerve in vitro to increase with increasing pH. The EC,,
values of Ka-O at pH 6.0, 7.2 and 8.4 were (in pmol/l) 230 + 30; 24 + 3; and
23 + 3, respectively.

The perturbation effects of carbisocaine concentrations tested were pH-depen-
dent in bovine brain lipid membranes, but they were pH independent in lecithin
membranes. This may suggest that the pH-dependent effect would depend on
the lipid composition of the membrane. The perturbation effect of carbisocaine
in bovine brain lipid membranes decreased with increasing pH (Fig. 4) as
corresponding to the pH-dependent potency of this anaesthetic to block action
potential on isolated rat sciatic nerve in vitro, with ECy, values at pH 6.0, 7.2,
and 8.4 pH of (in pmol/l) 0.8 + 0.1: 7 4+ 1; and 20 + 2, respectively (Stan-
kovicova et al. 1986).
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The lipid membrane perturbing effects of benzocaine and KaQ-7 (Fig. 5) did
not significantly depend on pH: this also is in agreement with their anaesthetic
potency since Hille (1977) found that the effect of benzocaine on single mye-
linated fibers from frog sciatic nerve was pH-independent. and Stankovicova et
al. (1986) found EC, values of anaesthetic potency of KaQ-7 on isolated rat
sciatic nerve in vitro of (in pmol/l) 25 + 4: 44 + 4: and 49 + 3 at pH 6.0: 7.2:
and 8.4, respectively.

The pK, values of the tertiary amine local anaesthetics lidocaine. car-
bisocaine and Ka-O in solution are within a range of 79 (the pK, values may
be shifted in lipid membranes). Consequently. these anaesthetics are mostly
positively charged at low pH while being mostly neutral at higher pH. Since the
perturbation effects of the tertiary amine anaesthetics were pH-dependent. and
the effects of the neutral anaesthetic benzocaine and the quaternary anaesthetic
KaQ-7 were not significantly pH-dependent, the perturbation effects may be
assumied to be associated with the ratio of neutral to positively charged anaes-
theties in the membrane. The perturbation effect of carbisocaine decreased and
that of Ka-O increased with increasing pH. Since the chemical formulations of
the latter anaesthetics are similar, with carbisocaine being more hpophilic as
compared to Ka-O, their opposite pH-dependent perturbation effects may be
associated with their different lipophilicity (Stole and Stankovicova 1986).

The correspondence between the pH-dependent propensities of the local
anaesthetics to perturb lipid membranes and to block action potential on nerves
suggests, that the pH-dependent anaesthetic potencies of these drugs may be
mediated. in part at least. by their perturbation effects on membranes.

References

Folch J.. Lees M., Stanley G. H. S, (1957): A simple method for the isolation and purification of
total lipides from animal tssues. 1. Biol. Chem. 226, 497 - 509

Frazier D T.. Narahashi T.. Xamada M. (1970): The side of action and active form of local
anesthetics. 11. Experiments with quaternary compounds. 1. Pharmacol. Exp. Ther. 171,45 51

Gallney B. J. (1976): Pracucal considerations for the caleulation ol order parameters for fatty acid
or phospholipid spin labels in membranes. In: Spin Labeling. Theory and Apphceations (Ed. L.
J. Berliner). pp. 564 571, Academic Press. New York

Hille B. (1977): The pH dependent rate of action of local anesthetics on the node of Ranvier. J. Gen.
Physiol. 69, 475 496

Lai C-S.. Cheng S-Y. (1982): Rotational and lateral diffusions of’ L-thyroxine in phospholipid
bilayers. Biochim. Biophys. Acta 692, 27 32

Ondrias K.. Balgavy P.. Stole S., Horvath L. 1. (1983): A spin lubel study of the perturbation effect
of tertiary amine anesthetics on brain lipid liposomes and synaptosomes. Biochem. Biophys.
Acta 732, 627 -635

Ondrias K.. Stole S.. Benes L.. Balgavy P. (1984): Perturbation effect of local anaesthetics on



Local Anaesthetics and Membrane Perturbations 277

synaptosomes: Variation with depth of the spin label probe. Gen. Physiol. Biophys. 3, 327 337

Singleton W. S_. Gray M. S., Brown M. L.. White J_ J. (1965): Chromatographically homogenous
lecithin rom egg phospholipids. J. Amer. O1l Chem. Soc. 42, 53 56

Stankovicovi T.. Stole S.. Szécsova H.. Benes L. (1986): pH-dependence of local anaesthetic activity
of carbisocaine and its derivatives. Drug. Exp. Clin. Res. 12, 761 764

Strobel G. E.. Bianchi C. P. (1970): The effects of pH gradients on the acuon of procaine and
lidocaine in intact and desheathed sciatic nerves. J. Pharmacol. Exp. Ther. 172, 1 17

Stole S.. Stankovicovi T. (1986): Effect of local anesthetics: New aspects. Drug. Exp. Clin. Res. 12,
753 760

Final version accepted April 23, 1986



