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SUM MARY

The pressure-area curves were determined for syntimetic L-a- (dipalmitoyl) lecithin

monolayers on subsolutions containing the minimum blocking concentrations of the

local anesthetics �-naphthol thymol, ephedrine, procaine, tetracaine, phenyltoloxamine,

quinine, and dibucaine. It is shown that there is an approximately linear relationship
between the log of the rate of change of time surface pressure with concentration of these

anesthetics and the product of the mole refraction and ionization potential. This corre-

lation is related to a partition function based upon the London interaction energy.

INTRODUCTION

This paper is an extension of previous
work (1) on techniques of investigating
the action of local anesthetics. A semi-

theoretical expression for the partition

function for local anesthetics distributed

between the cell membrane surface and the
adjacent extracellular solution was pre-

�ented. The relation is

ln (MBC) = ln C’� - KR0I

svlmere MBC is the minimum blocking con-

centration defined as the minimmmum concen-

ti’ation in the external solution imecessary

for block of excitability (1). C9 is the immini-
mmmum blocking concentration of molecules

at time surface, R0 the mole refraction, and

I time ionization potential. K is primarily

a function of interaction distances and was

considered as a first approximation to be a

constant.
Tlmis approach is based upon the differ-

‘Present address: Research and Development

Laboratory, Corning Glass \Vorks. Corning, New

\oik.
2 The valu� for (MBC) and time iinIuit 11,1

are taken fronm a previous Imalier (1). In time case

of the anesthetics which have tertiary amine

groups, (MBC) represents the concentration of

time nonionized base.

eimce in the Londomm interaction emmergy of
the local anestimetic molecule in the aqueous
solution and at time cell membrane surface.

Timere is evidence timat Pimospholipid nmole-

cules play a role in biological membrane

structure (2, 3) . Timerefore it seems appro-
priate to investigate time imature and extent

of interaction between time local anesthetic
and pimospimohipid immolecules. One way of

studyiimg this interaction is by measuring

(1) time surface tension at the phospholipid

monolayer/aqueous solution interface in

time presence of local anesthetic molecules

(4, 6).

In this work time pressure-area curves

were determined for synthetic L-a- (dipal-
mitoyl) lecithin monolayers on subsolutions

whiclm contained 5 mr� phosphate buffer,
pH 6.8, and the minimum blocking con-

centration of 8 local anesthetics.
We wisim to timank Dr. 1). P. Agin for

suggesting this problem to us and for as-

sistance with time design of the experimental

setup.

METHOD AND MATERIALS

A 1 nm�sI solutiomm of svimtimetic L-n-!eeithiim-

(dipalumitoyl) iim n-imexane/etimyl a icolmol

4: 1 (\T:1,T) � quickly dripped onto a

solution contaiimiimg a 5 tmmr pimospimate huf-

fer, pH 6.8, ammil variotms concentrations of
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local anestlmetic. A Roger Gilmmiont i)leci-

sion immicrosyringe was used to dispense the

monolayer solution. Time subsolutioim was
contained in a Teflon-coated ahmmmminuimm

surface tray (24.1 X 14.0 X 1.6 cm) and

compressed �vitlm a Lucite l)arrier. Time en-

tire tray was inmmmmelse(l imm a � hatim at
25.3 ± 0.3#{176}whelm had a Lucite cover.

The surface pm’essure was determmmimmed by

the Wilhelmmmv l)late nmetilo(i (7) . Time sur-
face tensioims of time anestimetic solutions
without mommolayer were immeasured by using

time plate-detacimimment tecimniqime (8) . A glass
coverslip ��‘as suspeimded frommm a Statimarn

Microseale accessory wimich was attacimed
to a Statimam universal transducing cell
(Model UC2) . Time output of time cell was

measured witim a Keitimley I 49 immihhiiniero-
voltmeter. Surface areas were immeasured to

1%. Surface l)1�essures weme immeasimred to

±0.05 dyne/cm at about 100% relative
imumidity. Calibration was acimieved by add-

ing known weights to the transducer.
Compressiomm of time filmmm was pemforimmed

mmmaimuallv at a rate of about 4 A� per mole-
cule per imminute. Reductiomm of the area

was starte(i after a steady Vflhl.ie of time

surface tensiomm was noted. Timis usually
occurred after 30 mm to 1 lu. The value of

time surface pmessui’e was taken at time end

of 2 mm at each area. An immerease in the

surface tension witim time was imoted in
most cases below areas of 60 A2 per mole-

cule of lecithmin. Any rate of iimcrease greater

than 0.5 dyne/cm mm was regarded as

“collapse” and the experimeimt was imalted.
Each pressure-area curve presented in

time Results section is the average of at
least two immeasurements. Time curve where

the 5 nm� phospimate solutioim was employed

is the average of 6 experinments. Time stand-

ard error is about ±0.05 dvmme/cnm for time

phospimate solution and about ±0.3 dymme/

cm for time aimestlmetic solutions.

Time chemicals were reagent grade and

were used witimout furtimer purification. Time

synthetic lecitimin (dipalmitoyl) was pur-

chased frommi Mann Researcim Laboratory

as a cimroimmatograpimie standard. The water

used was redistihled in a Pyrex#{174} distilla-

tion unit.

RESULTS AND DISCUSSION

Time J)1essure-area (yr-A) curve for symm-

timetic L-a-(dipaimitoyl)lecitimin on a 5 m�r

phospimate buffer, pH 6.8, is consistent witim

time recent work of Simaim and Schulman
(9) . This cui’ve and time �r-A plots for the

same monolayer on solutions containing

time MBC of 8 local anestimetics are shown

in Fig. 1. We imave plotted the surface pres-
sure, ir, against time area per molecule of
lecitimin. Time surface pressure in these

curves is defimmed as

7r y -

wimere �‘ is the surface tensioim of time 5 m�i

l)hOsl)imate solution witimout time monolayer
of lecitimin and y’ is time value of the surface

tension of time nmoimolayer covered solution.

Figure 1 demonstrates time striking simi-
larity of time 7�-A curve of each anesthetic.
Time MBC of time anestimetic lowers time sur-

�4E
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FIG. 1. Plot of t/ie surface pressure ir of lecithin

monolayers versus t/ie aica per niolecule of

lecit Iiin on so bsolution_s containing the minimum

blocking concentration (Table 1, column 4) of S

local anest/ictics u-it/i 5 mM phosphate buffer,

p11 O.�, at 2.5.3 ± 0.3

I ace teimsion of time lecitimin/water interface
by approximately time saimme amount, and
the 71-A curve follows a similar relation
between the surface teimsiomm and surface
area of time lecithin immonolayer. This is in

accord with the work of Skou (5). Skou’s

results cannot. he quantitatively compared



LOCAL ANESTHETICS 583

�1!ol. Pliaiinacol. 3, 581-585 (1967)

to out’s simmce he worked witim a immonolayer
of unidentified lipids extracted froimm peripim-
eral nem’ve. However, time changes iim rr that

he noted are of time same ordem’ of immagmmi-

tude and were also independemmt of the area
of time monolayer.

Timese changes in surface tension caim be
dealt with itm a seimmiquantitative nmanmmer

by using time timernmodynammiic ammalysis of
Skou (5) and time relationslmip 1)etweemm time
i\IBC and time molecular paraimmeters R0 and

I iim Eq. ( 1 ) . Only the clmange imm � due to

time addition of local anestimetic at a coim-
stant area per molecule of lecitimin mono-

layer will be considered.
Following Skou’s use of Gibbs’ adsoll)-

tion theoremm�i iim time case of a hipoid mimono-

layer in equilibriuimm witim aim aqueous solti-

tion of time local anestimetic, we imave

1�=�L� (‘)

I?T3C -

w’imei’e 1-’ is time a�)pa1’emmt sum’faee (ommernt ia-

tion of time local ammestimetic in immoles per

square centimimeter of surface, C is time coim-

centration of time anestimetic in time sul)solu-
tiomm in ImmM/l, � is time surface pi’esstmm’e imm

dynes/cm, R time gas constaimt, and T time

absolute teimmperature . Tim time dei’ivatioim of

Eq. (2) time usual slmi)stitution of commcemm-

trations for activities is made ammd time term

for the virtual change in time free emmergy of

time insoluble nmonolavem’ is eoimsidere(I imegli-

gil)le.
By multiplyiimg hotim sides of Eq. 2) by

time factor d�, wimere d is sommme arbitrary

deptlm of time surface plmase, we imave

� F C #{228}ir
(I (lifT �C (3

wimere C. m’epresemmts time surf ace commcen-
tration of time local anestlmetic imm mmmt/l.
Timis equation nmay be conmbiimed w’itim Eq.
(1) to obtain

197r -

lii = I’�.lf�,I + iii (IRT

Siimee time nminiimmunm blockiimg coimceimtm’a-

tions of local anestimetic are geimem’ally quite
low, we can approximmmate time ternm oim time
left in Eq. (4) witlm time relatiomms

37r �7r �7r
1mm � 1mm = him ‘%JB(’ (4a)

is defined as

..�ir = 7I� - 7r = -

wlmere ir and �‘ m’efer to the immonolaver oim

time 5 n1�sI pimospimate buffet’ aloime. � and y�

ai�e time vali.ies of time surface pm’essure and
tensiomm, 1’es�)ectively, of time mmmommolayer-

l)imosPimate ijuffei’-local anestimetic s vstenm.
Assuimmiimg timat all time gloss approxiimma-

tiomms nmade so far are reasonable, Eq. (4)

requires a linear relatioimslmip between ln

�r/�C, whicim imas been appi’oximated by

time ratio of iimcrements in #{163}�1/MBC, with

time i)1’0c1�iet RI. Fom’ ��7T we coimsiiler time

TABI.E 1

*‘.�,1rface aitiiilij-striieto re correlation

of local anesthetics

1)ecrease in surface tensioii causeil b� time mini-

nmunm blocking iommeent ration ( \IB(’) of local
anesthetic witimout lecithin monolayer (column 2);

decrease in surface tension caused by MBC of time
heal anesthetic at 100 A2/nmolecule of lecithin
monolayer (column 3); Time MBC of the local

atmestimetie fronm reference (1) (colunmn 4); time

l)rn(hi(t of nmole refract ion I?� aiid ionization

potent itt I froimm i(f(9(it(( (1) (coltmnmn 5).

2 3 4

-.� .�z -log 5

(dviie/ (dyne/ (MBC) 1t01

1 (10) (nm) nm�i) I cm3eV)

�-Naphtimol 0.6 7 5 0.0 36S

Thynmol 0.0 5. 6 0. 52 412

Ephedrine 1.3 Ii .7 0.M 457

Procaine 1.0 12.S 1.67 543

Tetracaine (LU 12.6 2.9 619

Pimenyl- 0.3 14.5 3.2 703

toloxami lie

Quinine 1.M 14.7 3.6 750

Dibucaine 2.0 13.4 4.2 S55

values of �r and 7T* itt time initial area of

100 �2/immolecule of lecithin. These values
(4) of � alm(1 timose of the pro(luct R01 and time

log (MBC) are pm’esemmted in Table I ,2 Also

iimcluded iim Table 1 , for coimml)ariion, are

time values of -_�y, time decrease in time

surface tensioim of 5 mimM pimospimate solutioim

caused by time nminimmmummmblocking coimeemm-
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tration oi time local anesthetic \vitimout the
lecithin monolayer.

Figure 2 presents the plot of log �r/
MBC versus R01. It appears from this plot

that the molecules presented in Table 1
follow the relation described by Eq. (4).

Equation (4) supports the previous
model which resulted in Eq. (1). In otimer
words, the partition funetioim for the distm’i-
bution of local ammestimetic between time

0

�0 tOO 200 300 400 500 600 700 800 900

R0 I

FIG. 2. Plot of 1/ic logarithm of the ratio (.�r/

MBC’) (Table 1, colunins 3 and 4) of 8 local

(lliestii(!tiCS (Table 1, column 1) versus the prod-
mci of the mole refraction R. and ionization po-

tential 1 (Table 1, column 5)

lecitimin/water interface and time adj acent

subsolution can be correlated with a
molecular model wimicim is based on time

London interaction energy.

This suggests timat the mode of iimterac-

tion wimich causes time lowering of time sur-
face tension involves time London immterac-

tion energy. Timere are many possible
models consistent witim timis approach. Two
primary examples are interaction between

the nonpolar segments of time lecithin and
anesthetic molecules to form a mixed mono-

layer (10), aimd interaction between the
local anesthetic molecule and water mole-
cules at the lecithin/water interface [e.g.,
clathrate formation (11, 12)1 wimich in
turn causes a decrease in the attractioim
between the polar groups of the lecithin
molecule and time adjacent subsolution.

One partition function describes time dis-
tribution of the local ammestimetie molecules
in two differemmt systemmms: (a) time distribu-

(ion of loetti an(’stimeti(’ iiiolecnles betweeim

the lecitlmiim/water interface ammd time sub-
solution, and (b) time distribution between

time site of local anestimetic activity and the

extracelluiar solution. Namely, the results

of this report lend support to the hypothe-
sis timat the site of local anestimetic activity

is at the cell menmbi’ane and that interac-

tion between imonpolar gm’oups is of primary

iimmportance.

There is fum’timer evidence that ionic in-

teraction is also involved in the blocking of

nerve excit.al)ility. Many poiyvalent ions

such as Fe3�, Alm*, La3�, Cr3�, Co2�, and

Cd2� reversibly block time action poteimtial

of nerve cells (13) ; aimd after time initial
exposure of nerve to tertiary amine local

aimestimetics, lowem’immg the pH of time external

solution increases the effectiveness of timese
ageimts (14, 15). Theme are also reports dIe-

sem’il)ing iommic intem’action between tertiary

:iimmine local anestimetics and pimospimolipids
13, 16).

A IflO(.lel imicomporatitmg botim nonpolar and

ionic iimteractioims between local anestimetics

aimd time site of activity imas been suggested
i)y Blaustein and Goldimmaim (13). Inhibition

of electrically induced changes in a phos-
pholipi(l immemi)rane system is caused by

l)enetratiolm of time lipid section by non-
polar agemmts (or segimments) and by ioimic
interaction between local atmestimetic and

time plmospimolipi(i’s 1)01:11’ imead. A test of timis

model would he to examine time additivity

of local aimestimetic potency of cations such
as Fe�. A1�, etc. and immolecules such as

tolimene om’ f3-mmapimtlmoi.
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