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Abstract Some electric properties of some fatty a-
cids(arachidic, arachidonic, elaidic &nd lsuric) and
fatty escid-cholesterol mixtures were determined. The
I=I1(U) plots revealed & hysteresis behaviour, the
hysteresis ares being dependent on the cholestercl
content. ¥rom the I = I(%) plots , the relexation
time 7 end the space charge Qsp were determined

and it was shown that in csese of arechidic scid-cho-
lesterol mixtures 141 moler, T and Qsp reached mex-

ima., The results ere explsined by considering & hop-
ping mechanism for conduction.
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INTRODUCTION

Fatty acids are a class of biologically important lipids.
They are constituents of membrenes and intracellular or-
ganelles snd plaey & role in some biological processes
such es transmission of information across membranes.

Singer and Nicholson1 have elaborated the mosaic mo-~
del of the bioclogicel membreane. Later it has been shown
that the fluidity of the membrene depends not only on the
intrinsic or extrinsic proteins but &lso on the concen-
tration of ions crossing the membrene or on the pH2’3’4.

In some biologicel membrenes, & liquid crystalline
state was also founds.

The investigstions concerning the mesomorphic beha-

viour of the various lipidic systems may be of importance
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in elucidating some properties of the biological membranes
connected to their fluidities or to their electrical be-
heviour.

This is the reason why we investigate, in this paper,
several properties of some fatty acids, constituents or
forerunner constituents of biological membrenes, as well
a8 the behaviour of mixtures of these fatty acids with
cholesterol.

EXPERIMENTAL DATA

The following fatty acids were investigeted : lauric acid
( CH3(CH2)IOCOOH }, arachidic acid ( CH3(CH2)18COOH Y,

elaidiec acid {( CH3(CH2)7CH=CH(CH2)7COOH ) and arachidonic
acid. The investigated fatty acids exhibit thermotropic,
enanthiotropic mesomorphism of the smectic C¢-type within
the following temperature ranges : 73-75.3°C ( erachidic
acid), 35-45°C (lauric acid ) 40-51°C ( elaidic acid )
end 3-19°C (arachidonic acid )",

Mixtures of these fatty acids with cholesterol: 241,
1+#1 end 142 (molar) were also studied. The mixtures were
obtained by solving the fatty acids in carbon tetrachlo-
ride in the desired percentage. After stirring and letting
the solvent evaporate, liquid crystsl cells 20 p thick
with transparent and conductive electrodes were filled by
capillarity with the mixtures. All the investigated mix-
tures exhibited smectic C phase, the mesomorphic range be-
ing lerger when compared to the pure fetty acids6’7’8.

The mesogenic interval was enhanced when the fatty
acids were subjected to high electric field strenghts
(104—105 V/cm) end when cholesterol or other additives

. . 6,3
were introduced into the mixtures ' .

Here we report some of the electrical measurements
we mede
I = I(U) plots
The temperature wes kept constant during the experiments.
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the precision wes + 0.01°% ; it was measured with the aid
of differentiel copper-constantan thermocouples attached

to the liquid crystel cell. At & desired temperature, the
current was determined when the voltage wes first increa-~
sed and then decressed. The I = I(U) plots reveeled an e~
lectric hysteresis, which was dependent on the cholesterol

percentage. In some investigated samples a domain of nega-
tive resistances was noticed when the voltage was increased

The I = I(U) plot obtained for pure srachidonic acid
at 9°C, within the smectic phase, is shown in Figure 1.

TpA)

10 Inax= A

06

0 20 30 L0 Uty

FIGURE 1 The I=I(U) plot for arachidonic acid.

The hysteresis ares ig first increased when choleste-
rol is sdded to arachidonic scid (Figure 2) and then it
is decreased when the cholesterol percentasges are higher.

The conductivity of the mixture 142 is increased
while the conductivity of the mixture 241 is decreased
when compared to the one of the pure acid.

If & saturated acid (arachidic) or unssturated acid
{elaidic) is added to the mixture arachidonic acid-cho-
lesterol 2+1 , the conductivity is increased by one order
of magnitude and a significent remenent polarization is

noticed.



Downloaded by [Tomsk State University of Control Systems and Radio] at 14:55 18 February 2013

232/[576] M. HONCIUC ET AL.

Nle
Tng= 19.86pA

16}

8 L
0 2 30 0w uwvl

FIGURE 2 The I = I(U) plot for the arschidonic scid-
cholesterol mixture 142, obtained at 20 C
(smectic C phase ).
I = 1I(t) plots
The temperature and the voltage were kept constant ; when
the current resched a seturation value, the voltage was

switched off and the evolution of the current was follo-
wed in time. In most cases the current is cancelled after
a few minutes (Figure 3) ; in cholesterol-fatty acid mix-
tures 1l¢l molar, no cencellation of the current was no-
ticed, the seample remaeining polsrized several desys (Fi=-
gure 4 ).

I(nA) 3

700

100 300 Kf—*—-—‘ Hs)

FIGURE 3 The I = I(t) plot obtained at 20°¢ for
srachidonic secid-cholesterol mixture 241
molar ( smectic C phase ).
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FIGURE 4 The I = I(t) plot obtained at 20°¢ for
erachidonic acid-cholesterol mixture 1ls¢l
molar ( smectic C phase ).

This behaviour is similar to the one encountered
in dielectrics exhibiting spontaneous polarization or in
solids where the currents are space-charge limited.

The I = I(t) plots allow for the determination of
the rélaxation time of charge carriers and of the space
charge within the sample. '

Using the method described by Tanevg, we obteained

the results which sre summed up in Table I.

DISCUSSION

It hes been proved that, by adding cholesterol to fatty
scids, spectacular changes occur in relaxstion time of
charge carriers, space charge accumulated within the sam-
ple end hysteresis area as determined from the I = I(U)
plots.

When mixtures of cholesterol with arachidic or ars&-
chidonic acid are examined, the effects are maximal in
case of 141 percentages. When the cholesterol percentage
is increased, as for instence in case of 1+2 mixtures,
the conductivity is increased and the relaxation time is

decreased when compeared to the other cases.
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TABLE I Releaxation time T eand space charge Qsp for
some fatty acids and mixtures+ .
Substeance T (9) Qsp ( x 109 c)
arachidic acid 125 10
lauric acid 100 8
srachidonic acid 29 1240

erachidonic acid-
cholesterocl mix-~
ture 241 (molar) 25 63.8

arachidonic acid-~
cholesterol mix-
ture 1l#l (molar) 40 852

arachidonic acid-
cholesterol mix-
ture l+2v(molar) 6 463

+)The results were qptained at temperatures within the

smectic C range : 74 C (arachigic acid ), 40°c (lauric
acid),9 C(arsachidonic acid) 20°C ( arachidonic acid-
cholesterol mixtures ).

This behaviour suggests that under such circumstances
an additional phase is formed ; the mixture contains clus-
ters of pure fatty acid and cholesterol embedded in the
homogeneous mixture ; consequently, the conductivity of
the mixture will be changed. The existence of these clus-
ters was evidenced by microscopicel investigations.

such & case is known to occur when the interaction of
water molecules with phospholipid molecules is considered
in the presence of cholesterollo. The peculier behaviour
of such systems is explained by considering the effect of
cholesterol on the polar groups of the phospholipids. The
properties of this "bound water" ere considerably diffe-
rent from those of the "bulk water®.

As the systems investigeted by us are not hydrated,
it may be suggested that the effect of cholesterol on
arachidic or arachidonic &cid consists in changing the
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space charge distribution ; in this way the mobilities of
the ions or electrons will be changed when &n external
field is switched on.

The existence of this internal space charge will give
rise to changes in the orientation of the molecules and
their associated textures , as it was shown by us in
other papersé’ll.

In order to explain the conduction mechanism in mix-
tures containing cholesterol, a theoretical model was pro-
posed by one of us 12. This model is based on the follo-
wing hypotheses :

l. when a d.c., electric field is switched on, each
individual charge A g attached to a molecule or to a
cluster is shifted slong virtual channels generated by the
electric field and favoured by the presence of the choles-
terol. This explains the increase of the conduction in mix-
tures containing high cholesterol percentages. The inter-
nal current will be obtained by a summation of the indivi-
dual currents corresponding to each moving charge. The
drift velocity of charges determines the dependence of
the current on time. This model is similar to the one in-
troduced by Lénger et 3113.

2. When the voltage is switched off, the charges &at-
tached to molecules or clusters &re in excited states. In
order to reach the equilibrium state, the system under-

goes transitions to staetes of lower energies :

El -—-’ E2 .._ﬁ * o0 __> En+1= Ao
where Ao is the equilibrium energy level (ground state).

The electric charge is subjected to the internel
field of the space charge, whose distribution was genera-
ted by the previous external field. The shifting of these
cherges through the virtual channels ig described by a
hopping mechanism characterized by a distribution of po-
tential barriers.
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