
996

ЦИТОЛОГИЯ  том 61  № 12  2019

ЗАХАРОВА и др.

duced by polyenes, peptides and lipopeptides. Colloids
Surf. B: Biointerfaces. 166 : 1–8.

Efimova S.S., Ostroumova O.S. 2015. Modifiers of the dipole
potential of lipid bilayers. Acta Naturae. 7 : 73–82.

Efimova S.S., Zakharova A.A., Schagina L.V., Ostroumova O.S.
2016. Local anesthetics affect gramicidin A channels via
membrane electrostatic potentials. J. Membr. Biol. 249 :
781–787.

Hickey R., Hoffman J., Ramamurthy S. 1991. A comparison of
0.5% ropivacaine and 0.5% bupivacaine for brachial plexus
block. Anesthesiology. 74 : 639–642.

Hille B. 1977. Local anesthetics: Hydrophilic and hydrophobic
pathways for the drug-receptor reaction. J. Gen. Physiol.
69 : 497–515.

HoEgberg C.-J., Lyubartsev A.P. 2008. Effect of local anesthetic
lidocaine on electrostatic properties of a lipid bilayer. Bio-
phys. J. 94 : 525–531.

Klein S.M., Greengrass RA, Steele S.M., D’Ercole F J., Speer K P.,
Gleason D.H., DeLong E.R., Warner D.S. 1998. A compar-
ison of 0.5% bupivacaine, 0.5% ropivacaine, and 0.75%
ropivacaine for interscalene brachial plexus block. Anesth.
Analg. 87 : 1316–1319.

Kopeikina L.T., Kamper E.F., Siafaka I., Stavridis J. 1997. Modu-
lation of synaptosomal plasma membrane-bound enzyme ac-
tivity through the perturbation of plasma membrane lipid
structure by bupivacaine. Anesth. Analg. 85 : 1337–1343.

Lee A.G. 1976. Model for action of local anesthetics. Nature.
262 : 545–548.

Malheiros S.V., Pinto L.M., Gottardo L., Yokaichiya D.K., Frac-
eto L.F., Meirelles N.C., de Paula E. 2004. A new look at the
hemolytic effect of local anesthetics, considering their real
membrane/water partitioning at pH 7.4. Biophys. Chem.
110 : 213–21.

Markham A., Faulds D. 1996. Ropivacaine. A review of its phar-
macology and therapeutic use in regional anaesthesia.
Drugs. 52 : 429–449.

McGlade D.P., Kalpokas M.V., Mooney P.H., Chamley D.,
Mark A.H., Torda T.A. 1998. A comparison of 0.5% ropiv-
acaine and 0.5% bupivacaine for axillary brachial plexus
anaesthesia. Anaesth. Intensive Care. 26 : 515–520.

Montal M., Muller P. 1972. Formation of bimolecular mem-
branes from lipid monolayers and study of their electrical
properties. Proc. Natl. Acad. Sci. USA. 65 : 3561–3566.

Ragsdale D.S., McPhee J.C., Scheuer T., Catterall W. 1994. A.
Molecular determinants of state-dependent block of Na+

channels by local anesthetics. Science. 265 : 1724–1728.
Seeman P. 1972. The membrane actions of anesthetics and

tranquilizers. Pharmacol. Rev. 24 : 585–655.
Singer M.A. 1977. Interaction of dibucaine and propanol with

phospholipid bilayer membranes-effect of alterations in
fatty acyl composition. Biochem. Pharmacol. 26 : 51–57.

Smith C.P., Auger M., Jarrell H.C. 1991. Molecular details on
anesthetic–lipid interaction. Ann. N.Y. Acad. Sci. 625 :
668–684.

Starke-Peterkovic T., Turner N., Vitha M.F., Waller M.P.,
Hibbs D.E., Clarke R.J. 2006. Electric field strength of
membrane lipids from vertebrate species: Membrane lipid
composition and Na+–K+ – ATPase molecular activity.
Biophys. J. 90 : 4060–4070.

Strichartz G.R., Sanchez V., Arthur G.R., Chafetz R., Martin D.
1990. Fundamental properties of local anesthetics. II.
Measured octanol: Buffer partition coefficients and pKa
values of clinically used drugs. Anesth. Analg. 71 : 158–170.

Wright S.N., Wang S.-Y., Xiao Y.-F., Wang G.K. 1999. State-de-
pendent cocaine block of sodium channel isoforms, chi-
meras, and channels coexpressed with the β1 subunit. Bio-
phys. J. 76 : 233–245.

Yarov-Yarovoy V., Brown J., Sharp E.M., Clare J.J., Scheuer T.,
Catterall W.A. 2001. Molecular determinants of voltage-de-
pendent gating and binding of pore-blocking drugs in
transmembrane segment IIIS6 of the Na (+) channel α
subunit. J. Biol. Chem. 276 : 20–27.

Yokoyama S. 1998. Correlation between pharmacological po-
tency and micellar surface potential of local anesthetic.
Toxicol. Lett. 100–101 : 365–368.

Yun I., Cho E.S., Jang H.O., Kim U.K., Choi C.H., Chung I.K.,
Kim I.S., Wood W.G. 2002. Amphiphilic effects of local an-
esthetics on rotational mobility in neuronal and model
membranes. Biochim. Biophys. Acta. 1564 : 123–132.

Zakharova A.A., Efimova S.S., Schagina L.V., Malev V.V., Os-
troumova O.S. 2018. Blocking ion channels induced by an-
tifungal lipopeptide syringomycin E with amide-linked lo-
cal anesthetics. Sci Rep. 8 : 11543.

THE POSSIBLE MECHANISMS OF THE DEVELOPMENT OF TOXICITY 
OF LOCAL AMINOAMIDE ANESTHETICS: LIPID-MEDIATED ACTION 

OF ROPIVACAINE
A. A. Zakharovaa, *, S. S. Efimovaa, V. A. Koryachkinb, D. V. Zabolotskiib, and O. S. Ostroumovaa

aInstitute of Cytology of the Russian Academy of Sciences, St. Petersburg 194064 Russia
bSaint-Petersburg State Pediatric Medical University, St. Petersburg, 194100 Russia

*e-mail: zakharovaaa@incras.ru

The work is devoted to the identification of the molecular mechanisms of action of local anesthetic ropivacaine and
other aminoamides, mepivacaine and bupivacaine, on the physicochemical properties of the membranes: the
boundary potential and its components, the permeability for f luorescent marker, the temperature and cooperativity
of the main transition of membrane forming lipids and mosaic organization of the bilayer; and also the processes of
the formation and functioning of ion channels of the various nature in the planar lipid bilayers. It was found that
ropivacaine, mepivacaine and bupivacaine, increased the membrane boundary potential mainly due to a change in
the surface charge of the bilayer. It was demonstrated that the permeability of lipid vesicles for calcein increased with
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the introduction of aminoamides, while the temperature and cooperativity of saturated phosphocholines decreased.
The effect of the anesthetics on the packing density of the lipids in the membrane depended on the hydrophobicity
of their molecules. A comparison of the effects of aminoamides on the functioning of different ion channels allowed
to indentify three mechanisms action of aminoamides anesthetics: by the increasing the surface potential of the
membrane, decreasing the packing density of lipids in the membrane and blocking ion channels.

Keywords: local anesthetics, membranes, liposomes, ion channels, membrane dipole potential, spontaneous curva-
ture, f luidity, heterogeneity


