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ELECTRICAL PROPERTIES OF SOXE FATTY ACIDS - CHOLES- 
TEROL MIXTURES 

MARIA HONCIUC' , CORNELIA M O T O C ~ ,  NIHAELA DURIITRU~ 
KAZVAN MITROI~, L I D I A  STERIAN~ AND RALUCA HONCIUC 2 
1. Po ly techn ica l  I n s t i t u t e  o f  Buchares t ,  Romania 
2.  Medicine and Pharmacy I n s t i t u t e  o f  Bucharest  

Abs t r ac t  Some e l e c t r i c  p r o p e r t i e s  o f  some f a t t y  a- 
c i d s ( a r a c h i d i c ,  a r ach idon ic ,  e l a i d i c  and l a u r i c )  and 
f a t t y  ac id -cho le s t e ro l  mix tures  were determined.  The 
I = I ( U )  p l o t s  r evea led  a h y s t e r e s i s  behaviour ,  the 
h y e t e r e s i s  a r e a  being dependent on the c h o l e a t e r o l  
conten t .  From t h e  I = I (%) p l o t s  , t h e  r e l a x a t i o n  
t ime z and t h e  space charge Q were determined 
and i t  w a s  shown t h a t  i n  case  o f  a r e c h i d i c  acid-cho- 
l e s t e r o l  mix tures  b + l  molar ,  Z and Q reached max- 
ima. The r e s u l t s  a r e  expla ined  by cons ide r ing  a hop- 
ping mechanism for conduction. 

(Received March 15, 1991) 
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INTRODUCTION 

F a t t y  6 C i d S  a r e  a c l a s s  o f  b i o l o g i c a l l y  impor tan t  l i p i d s .  
They a r e  c o n s t i t u e n t s  o f  membranes and i n t r a c e l l u l a r  o r -  
g a n e l l e s  snd p l a y  8 r o l e  i n  some b i o l o g i c a l  p rocesses  
such as t ransmiss ion  o f  in format ion  a c r o s s  membranes. 

S i n g e r  and Nicholson' have e l a b o r a t e d  t h e  mosaic mo- 
d e l  o f  the b i o l o g i c a l  membrane, L a t e r  i t  has been shown 
tha t  t h e  f l u i d i t y  o f  t h e  membrane depends n o t  only on t h e  
i n t r i n s i c  o r  e x t r i n s i c  p r o t e i n s  bu t  a l s o  on t h e  concen- 

I n  some b i o l o g i c a l  membranes, a l i q u i d  c r y s t a l l i n e  

The i n v e s t i g a t i o n s  concerning t h e  mesomorphic beha- 

t r a t i o n  o f  i ons  c r o s s i n g  t h e  membrane o r  on t h e  pH 2,314.  

5 s t a t e  was a l s o  found . 
v i o u r  o f  the v a r i o u s  l i p i d i c  systems may be o f  importance 
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230/[574] M. HONCIUC ET AL. 

i n  e l u c i d a t i n g  soue p r o p e r t i e s  of  the b i o l o g i c a l  membranes 
connected t o  t h e i r  f l u i d i t i e e  o r  t o  t h e i r  e l e c t r i c a l  be- 
haviour  . 

This is the reason  why w e  i n v e s t i g a t e ,  i n  t h i s  paper ,  
s e v e r a l  p r o p e r t i e s  o f  some f a t t y  a c i d s ,  c o n s t i t u e n t s  o r  
forerunner  c o n s t i t u e n t s  o f  b i o l o g i c a l  membranes, as w e l l  
as t h e  behaviour o f  mixture8 o f  t h e s e  f a t t y  a c i d s  wi th  
chOlesterQ1. 

EXPERIBgENTAL DATA 

The fo l lowing  f a t t y  a c i d s  were i n v e s t i g a t e d  : l a u r i c  ac id  
( CHg~CH2)10COOH 1, a r a c h i d i c  a c i d  ( CHg(CH2)18COOH >, 
e l a i d i c  acid 
ac id .  The i n v e s t i g a t e d  f a t t y  a c i d s  e x h i b i t  thermotropic ,  
enan th io t rop ic  mesomorphism of the  smect ic  c-type w i t h i n  
t h e  fo l lowing  temperature  ranges  : 73-75 .'I°C ( a r a c h i d i c  
a c i d ) ,  35-45OC ( l a u r i c  ac id  ) 4O-5l0C ( e l h i d i c  a c i d  
and 3-19OC ( a rach idon ic  a c i d  ) n 

Mixtures o f  t h e s e  f a t t y  a c i d s  w i t h  c h o l e s t e r o l :  2i1, 
1+1 and 1+2 (molar)  were a l s o  s tud ied .  The lnixtures  were 
obta ined  by s o l v i n g  t h e  f a t t y  a c i d s  i n  carbon t e t r a c h l o -  
r i d e  i n  t h e  d e s i r e d  percentage.  A f t e r  s t i r r i n g  and l e t t i n g  
t h e  so lven t  evapora te ,  l i q u i d  c r y s t a l  c e l l s  20 t h i c k  

w i t h  t r a n s p a r e n t  and conduct ive e l e c t r o d e s  were f i l l e d  by 
c a p i l l a r i t y  w i t h  the  mixtures .  All t h e  i n v e s t i g a t e d  mix- 
t u r e s  exh ib i t ed  smect ic  C phase,  t h e  mesomorphic range be- 
i n g  l a r g e r  when compared t o  t h e  pure f a t t y  a c i d s  

a c i d s  were subjec ted  t o  h igh  e l e c t r i c  f i e l d  s t r e n p h t s  
(10 -10 V/cm) and when c h o l e s t e r o l  o r  o t h e r  a d d i t i v e s  
were introduced i n t o  t h e  mixtures  

we made : 

CHg(CH2)7CH=CH(CH2)7COOH ) and arachidonic  

'6 

6,798. 

The mesogenic i n t e r v a l  w a s  enhanced when t h e  f a t t y  

4 5  
6 , 8  

Here we r e p o r t  some of t h e  e l e c t r i c a l  measurements 

I = I ( U )  p l o t s  
The temperature  wes kep t  cons t an t  d u r i n g  t h e  experiments.  
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ELECTRICAL PROPERTIES OF SOME FATTY ACIDS [575]/231 

t h e  p r e c i s i o n  was 2 O . 0 l o C  ; it was measured w i t h  t h e  a i d  
o f  d i f f e r e n t i a l  copper-constantan thermocouples a t t a c h e d  
t o  t he  l i q u i d  c r y s t a l  c e l l .  A t  a d e s i r e d  tempera ture ,  the 
c u r r e n t  waa determined when t h e  vo l t age  was f i r s t  inc rea -  
sed and t hen  decreased.  The I = I ( U )  p l o t s  r e v e a l e d  an e- 
l e c t r i c  h y s t e r e s i s ,  which was dependent on t h e  c h o l e s t e r o l  
percentage.  I n  some i n v e s t i g e t e d  samples a domain of  nega- 
t i v e  r e s i s t a n c e s  was no t i ced  when t h e  vo l t age  was inc reased  

The I = I ( U )  p l o t  ob ta ined  f o r  pure a rach idon ic  ac id  
a t  g 0 C ,  w i t h i n  t h e  smect ic  phase,  i s  shown i n  F i g u r e  1. 

FIGURE 1 The I=I(U) p l o t  for a rech idon ic  ac id .  

The h y s t e r e s i s  a r e a  i s  f i r s t  inc reased  when cho le s t e -  
rol is  added t o  a rachidonic  a c i d  ( F i g u r e  2 )  and then  i t  
i s  decreased when t h e  c h o l e s t e r o l  percentages  Eire h igher .  

The conduc t iv i ty  o f  t h e  mixture  142 i s  inc reased  
whi le  t h e  conduc t iv i ty  o f  t h e  mixture  2+1 is decreased 
when compared t o  the one o f  t h e  pure ac id .  

If ti s a t u r a t e d  a c i d  ( a r e c h i d i c )  o r  unsa tu ra t ed  ac id  
( e l a i d i c )  is added t o  the mixture  a rach idon ic  acid-cho- 
l e s t e r o l  2+1 , t h e  conduc t iv i ty  i s  inc reased  by one o r d e r  
of magnitude and a s i g n i f i c a n t  rernanent p o l a r i z a t i o n  i s  
not iced .  
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16 - 

0 -  

c 
20 30 10 U(V) 

FIGURE 2 The I = I(U) p l o t  f o r  the a rach idon ic  acAd- 
c h o l e s t e r o l  mix ture  1+2, obta ined  a t  20  C 
( smec t i c  C phase ). 

I = I ( t )  p l o t s  
The temperature  and the  voltt ige were kep t  cons t an t  ; when 
t h e  c u r r e n t  reached a a a t u r a t i o n  va lue ,  the vo l t age  was 
switched o f f  and t h e  evo lu t ion  o f  t he  c u r r e n t  was follo- 
wed i n  time. I n  most cases the c u r r e n t  i s  cance l l ed  a f t e r  
a few minutes (F igu re  9 )  ; i n  c h o l e s t e r o l - f a t t y  a c i d  mix- 
t u r e s  1+1 molar,  no c a n c e l l a t i o n  of  t h e  c u r r e n t  was no- 
t i c e d ,  the sbmple remaining po la r i zed  s e v e r a l  days (F i -  
gure  4 1. 

I h A l  A 

700 * 
100 300 t(sl 

FIGURE 3 The I = I(t) p l o t  ob ta ined  a t  2OoC f o r  
a rechidonic  s c i d - c h o l e s t e r o l  mixture  2+1 
molar ( srnectic C phase 1. 
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ELECTRICAL PROPERTIES OF SOME FATTY ACIDS t.57711233 

I h A )  A 

60 

30 

L 

100 200 300 LOO 1(S) 

FIGURE 4 The I = I ( t )  p l o t  ob ta ined  a t  2Ooc f o r  
a rach idon ic  a c i d - c h o l e s t e r o l  mix ture  1+1 
molar ( smect ic  C phase ) .  

T h i s  behaviour i s  s imilar  t o  t h e  one encountered 
i n  d i e l e c t r i c s  e x h i b i t i n g  spontaneous p o l a r i z a t i o n  o r  i n  
s o l i d s  where t h e  c u r r e n t s  a r e  space-charge l i m i t e d .  

The I = I ( t )  p l o t s  a l low f o r  t he  de te rmina t ion  o f  
t h e  rOlaxa t ion  t i m e  o f  charge c a r r i e r s  and of t h e  space  
charge w i t h i n  t h e  sample. 

Using t h e  method described by Tanevg, we obta ined  
t h e  r e s u l t s  which are summed up i n  Table I. 

DISCUSSION 

I t  has been proved t h a t ,  by adding c h o l e s t e r o l  t o  f a t t y  
tscids, s p e c t a c u l a r  changes occur  i n  r e l a x a t i o n  t ime o f  
charge c a r r i e r s ,  space  charge accumulated w i t h i n  t h e  sam- 
p l e  and h y s t e r e s i s  a r e a  as determined from t h e  I = I ( U )  

When mixtures  of c h o l e s t e r o l  with a r a c h i d i c  o r  arb- 
p l o t s .  

ch idonic  ac id  a r e  examined, t h e  e f f e c t s  a r e  maximal i n  
case  o f  1+1 percentages.  When t h e  c h o l e s t e r o l  p e r c e n t a p  
i s  inc reased ,  as f o r  i n s t a n c e  i n  case  o f  1+2 mix tu res ,  
t h e  conduc t iv i ty  i s  inc reased  and t h e  r e l a x a t i o n  t ime i s  
decreased  when compared t o  t h e  o t h e r  cases .  
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234/[578] M. HONCIUC ET AL. 

TABLX I Relaxa t ion  t h e  %and  space  charge Qsp f o r  
some f a t t y  a c i d s  and mixtures  + )  

Subs t &n c e 

a r a c h i d i c  ac id  125 10 
l a u r i c  ac id  100 8 
s rach idon ic  cc id  29 1240  
s r ach idon ic  ac id -  
choles  t e r o l  inix- 
t u r e  2+1 (molar )  25 
a rhchidonic  ac id-  
c h o l e s t e r o l  mix- 
t u r e  1+1 (molar)  40 
a rachidonic  ac id -  
c h o l e s t e r o l  mix- 
t u r e  11-2 (molar) 6 

6'5 .& 

85 2 

463 

+)The r e s u l t s  were oa t a ined  a t  tempera tures  w i t h i n  t h e  
sinectic c; range : 74 C ( a r a c h i g i c  a c i d  ), 4Ooc ( l a u r i c  
a c i d )  , 9 O C (  arachidonic  a c i d )  20 C ( a rach idon ic  acid- 
c h o l e s t e r o l  mix tures  ). 

T h i s  behaviour sugp;ests t h a t  under such circumstances 
an a d d i t i o n a l  phase i s  formed j t h e  mixture  con ta ins  c lus -  
t e r s  o f  pure f a t t y  a c i d  and c h o l e s t e r o l  embedded i n  t h e  
homogeneous mixture  ; consequent ly ,  t h e  conduc t iv i ty  of  
t h e  mixture  w i l l  be changed. The e x i s t e n c e  of t h e s e  c lus -  
t e r s  was evidenced by microscopica l  i n v e s t i g a t i o n s .  

such  a case  i s  known t o  occur  when t h e  i n t e r a c t i o n  o f  
water molecules w i t h  phosphol ipid molecules i s  considered 
i n  the  presence of  c h o l e s t e r o l l o .  The p e c u l i a r  behaviour  
of such systems i s  expla ined  by cons ide r ing  the  e f f e c t  of 
c h o l e s t e r o l  on the p o l a r  groups o f  t h e  phosphol ip ids .  The 
p r o p e r t i e s  o f  t h i s  "bound water"  a r e  cons iderably  d i f f e -  
r e n t  from those  o f  t h e  "bulk water" .  

As t h e  systems i n v e s t i g a t e d  by us a r e  n o t  hydra t ed ,  
i t  may be suggested t h a t  t h e  e f f e c t  o f  c h o l e s t e r o l  on 
a r a c h i d i c  o r  a r ach idon ic  a c i d  c o n s i s t s  i n  changing t h e  
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ELECTRICAL PROPERTIES OF SOME FATTY ACIDS [579]/235 

space  charge d i s t r i b u t i o n  ; i n  t h i s  way t h e  m o b i l i t i e s  o f  
t h e  i o n s  or e l e c t r o n s  w i l l  be changed when an  e x t e r n a l  
f i e l d  is switched on. 

r i s e  t o  changes i n  t h e  o r i e n t a t i o n  o f  the molecules  and 
t h e i r  a s s o c i a t e d  t e x t u r e s  , as it was shown by us  i n  
o t h e r  papers  . 
t u r e s  con ta in ing  c h o l e s t e r o l ,  a t h e o r e t i c a l  model was pro- 
posed by one o f  u s  12. This  model is based on t h e  f o l l o -  
wing hypotheses  : 

1. When a d.c. e l e c t r i c  f i e l d  i s  switched on,  each 
i n d i v i d u a l  charge A q a t t a c h e d  t o  a ntolecule or t o  a 
c l u s t e r  i s  s h i f t e d  a long  v i r t u a l  channels genera ted  by t h e  
e l e c t r i c  f i e l d  and favoured by the presence o f  the choles -  
t e r o l .  This exp la ins  t h e  i n c r e a s e  of  the conduct ion i n  mix- 
t u r e s  c o n t a i n h e  h igh  c h o l e s t e r o l  percentages .  The i n t e r -  
nal  c u r r e n t  w i l l  be obta ined  by a summation o f  the i n d i v i -  
dua l  c u r r e n t s  corresponding t o  each moving charge.  The 
d r i f t  v e l o c i t y  of charges  de te rmines  t h e  dependence o f  
the c u r r e n t  on t i m e .  This  model is s i d l a r  t o  the one in- 
t roduced by Lgnger e t  a1 . 

2.  When the  vo l t age  is  switched off, t h e  charges  at-  

tached t o  molecules o r  c l u s t e r s  are i n  e x c i t e d  s ta tes .  I n  
o r d e r  t o  r each  t h e  equ i l ib r ium s t a t e ,  the  system under- 
goes t r a n s i t i o n s  t o  s t a t e s  o f  lower e n e r g i e s  : 

The e x i s t e n c e  of t h i s  i n t e r n a l  space  charge w i l l  g i v e  

6,11 

I n  order t o  exp la in  the conduction mechanism i n  mix- 

13 

E 1 - j  E2 --3 . * *  + ',+I= '0 

where ko i s  t h e  equ i l ib r ium energy l e v e l  (ground s t a t e ) .  

The e l e c t r i c  charge i s  sub jec t ed  t o  t h e  i n t e r n a l  
f i e l d  o f  t h e  space charge,  whose d i s t r i b u t i o n  was genern- 
ted  by the previoue e x t e r n a l  f i e l d .  The s h i f t i n g  o f  t h e s e  
charges  through t h e  v i r t u a l  channels  i s  desc r ibed  by a 
hopping mechanism cha rac t e r i zed  by a d i s t r i b u t i o n  o f  po- 
t e n t i a l  b a r r i e r s .  
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