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SUMMARY

The effect o f  columbinic acid (5 trans, 9 cis, 12 cis, octadeca-trienoic acid) sup­
plemented to  a fat-free d iet on the fatty acid composition and its correlation to the 
physical properties o f  several tissues o f  rats, was studied. The absence o f  lipids in the 
diet produced the typical changes in the fatty acid composition characteristic o f  
essential fatty acid (EFA) deficiency, namely a significant increase in the relative 
percentage o f  m onoenoic fatty acids with a concomitant decrease in linoleic and 
arachidonic acids and a rise in eicosa-5,8,ll-trienoic acid in liver, kidney, lung and 
spleen homogenates.

Columbinic acid supplemented to a fat-free diet for 24  or 48 hr was incorporated 
into the different tissues and was partially elongated to 7 trans, 11 cis, 14 cis eicosa- 
trienoic acid, but it was not desaturated. It modified the fatty acid spectrum o f the 
lipids in the different tissues returning it to a similar composition o f  non-EFA de­
ficient animals, except for a decrease o f  linoleic acid. The absence o f  lipids in the diet 
produced an increase in the 1-6 diphenyl-1,3,5-hexatriene (DPH) steady-state fluores­
cence anisotropy (rs) in liver microsomes, that was corrected b y  the administration o f  
columbinic acid for 24  hr. It is concluded that columbinic acid produced a change in 
the pattern of total fatty acid composition o f  the different tissues studied which 
induced a favorable effect on the physical properties o f  the liver microsomal mem­
branes (rg), leading to an improvement on the fatty acid deficiency in those mem­
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branes. Besides, columbinic acid would also exert a favorable effect in the short term, 
but not in the long-term eicosanoids production.

INTRODUCTION

Linoleic acid (1 8 :2 g j6 ) is th e  d ie ta ry  precursor o f a fam ily of poly­
u n sa tu ra ted  acids having th e  sam e term inal co6 s tru c tu re  w here cis double 
bo n d s are a lte rn a ted  w ith  —CH2 — groups. T he acids o f th is series which 
includes arachidonic acid (20:4co6) are considered th e  principal essential 
p o ly u n sa tu ra ted  fa tty  acid in  m am m alian  tissues, since anim als are unable 
to  synthesize linoleic acid de novo. T he absence o f  po lyunsatu rated  fatty 
acids o f  this series in  th e  d ie t leads to  an  essential fa tty  acid (EFA) de­
ficiency in young ra ts, characterized  b y  m acroscopical and microscopical 
sym ptom s, and b iochem ical a lte ra tio n s  (1-3). S upp lem entation  of the 
d ie t w ith  acids o f  linoleic fam ily re tu rn  th e  afo re-m entioned  parameters 
tow ards no rm ality  (1 ,3 ,4 ). This e ffec t u n d o u b ted ly  depends on the 
specific s tru c tu re  o f th e  fa tty  acid m olecule since o th e r polyunsaturated 
acids w ith  sim ilar u n sa tu ra tio n  b u t d iffe ren t doub le  bo n d  disposition or 
trans stru c tu re , d o  n o t ex ert the  sam e effec t. I t  is w ell-know n that in 
anim als these acids are im p o rtan t co m p o n en ts  o f phospholipids and 
cho lestero l esters, and  th en  are indispensable in  th e  s tru c tu re  o f  mem­
branes and  lipopro te ins. Besides, it has been  d em o n stra ted  th a t important 
physiological fu n c tio n s o f p o ly u n sa tu ra ted  fa tty  acids o f  co6  series are 
de term ined  b y  th e ir  conversion to  eicosanoids: prostaglandins, trom­
b o  xanes and  leuko trienes.

Linoleic acid is converted  b y  an  a lte rn a ted  series o f  desaturating and 
elongating  reac tio n s to  1 8 :3 006 (7 -linolenic acid ) 20:3c06 (dihomo-
gam m a-linolenic acid) ■* 20:4co6 (arach idon ic acid) * 2 2 :4 co6 ->• 22 :5w6 . 
D ihom ogam m alinolenic and arach idon ic  acids m ay be converted by 
cyclooxygenase an d  lipooxygenase enzym es to  eicosanoids. Therefore, 
on  som e occasions i t  has been  proposed  th a t p robab ly  all o r a t  least the 
largest p a r t o f  E F A  defic iency  sy m ptom s are  a consequence o f  eicosanoids 
defic iency .

T o  e lucida te  th is p o in t and  to  establish if  linoleic acid stru c tu re  perse 
has specific essential fu n c tio n s in anim als, i t  is th ere fo re  im portant to 
develop an  ex p erim en ta l m odel to  te s t it .

H outsm iiller (5 ) in tro d u ced  co lum bin ic acid (5 t, 9c, 12c 18:3) to 
s tu d y  various fu n c tio n s  o f  essential fa tty  acids. T he m ost important 
charac te ristic  o f  th is acid is th e  A5 tran s  doub le  b o n d  p resen t in  addition 
to  th e  s tru c tu re  o f  linoleic acid w hich b locks its  A6  desa tu ra tion  and the 
fu r th e r  conversion to  d ihom ogam m alinolen ic acid and  arachidonic acid. 
T herefo re , it can n o t  be a su b stra te  fo r  eicosanoids synthesis. However, 
it can  be in co rp o ra ted  w ith o u t any  tran sfo rm atio n  in to  com plex lipids. 
O n th e  o th e r  h an d , hydrogenation  o f  th e  trans d oub le  b o n d  o f  columbinic 
acid th a t  w ould  convert th e  fa tty  acid in to  linoleic acid , does no t occur 
in ra ts  (5 ). C olum bjnic acid supp lem ented  to  th e  d ie t o f  EFA'-deficient 
ra ts  im proves som e physiological and biochem ical aspects o f  the defi­
ciency: ’ e.g. re s to ra tio n  o f  skin perm eab ility  (6 ), and  reduction  o f hepatic 
c o n te n t o f  fa tty  acid sy n th e tase  (7) as well as m icrosom al fa tty  acid A9 
desaturase (8 ).
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It has been  largely suggested th a t th e  physical dynam ic p roperties  o f 
the membrane lipid m a trix  can  regulate several m em brane-associated 
biological functions (9), such as su b stra te  tran sp o rt (10-12) o r  enzym e 
activities (13-15). P hospholip ids are  necessary co n stitu en ts  o f  m em branes 
and their s tru c tu re  an d  physical p ro p e rtie s  depend on th e  fa tty  acid com ­
position. T he u n sa tu ra ted : sa tu ra ted  fa tty  acid ra tio  is considered  in  m any 
cases as a fa c to r th a t  determ ines tran sitio n  tem p era tu re  an d  “flu id ity ”  
changes o f phospho lip ids (1 6 ), and  it is k n o w n  th a t  th is  ra tio  is m odified  
by many physiological and  patho log ical agents (17-19).

Taking in to  acco u n t th e  proceeding considerations, th is re p o r t deals 
with a s tudy  o f  th e  fa tty  acid com position  o f the hom ogenate  and 
microsomal frac tio n  o f  several tissues, and th e ir  co rre la tion  w ith  the 
physical p roperties o f  m icrosom al m em branes o f  ra ts  fe d  a balanced  d ie t, 
a fat-free d ie t a n d  a fa t-free  d ie t supp lem en ted  w ith  co lum bin ic acid.

MATERIAL AND METHODS 

Animals and Their Treatment

The experim ents w ere carried  o u t w ith  2 4  m ale w eanling ra ts  o f  the 
Wistar stra in . A nim als w ere fed  ad libitum  fo r  o n e  m o n th  on  e ith e r a 
balanced d ie t consisting of: (in cal) 5 5 ° /o  starch , 2 0 ° /o  casein an d  2 5 ° /o  
sunflower seed oil (6  anim als), o r  on  a  fa t-free  d ie t  com prising  7 3 .4 ° /o  
starch and 2 6 .6 ° /o  d e fa tted  casein (1 8  anim als). B o th  d ie ts  w ere sup­
plemented w ith  4 g ° /o  o f  , m inerals and  2 g ° /o  o f  a vitam ins m ix tu re  (20). 
Water was also given ad libitum. A fte r  a m o n th , th e  ra ts  o n  th e  fat-free 
diet were divided in  th ree groups o f  six  anim als each . O ne g roup  was 
maintained on  th e  sam e d ie t, w hile in th e  o th e r groups th e  d ie t  was sup ­
plemented w ith  co lum binic acid (1 -5g°/o) on ly  fo r  24  o r 4 8  h r .  A t th e  
end of this tim e all th e  ra ts  w ere sacrificed. T he co n tro l g roups o f  ra ts  
fed the fat-free d ie t and  those receiving the balanced d ie t, w ere also 
sacrificed a t th e  sam e tim e.

Analytical Procedure

The rats w ere  killed  by  d ecap ita tio n  and  exsangu inated . B lood was 
allowed to  clo t, sem m  was rem oved and th e  fa tty  acid com p o sitio n  ana­
lyzed. Livers, k idneys, lungs a n d  spleens w ere excised , im m ediately  placed 
in ice-cold hom ogenizing m ed ium , and  hom ogenized (21).

The m icrosom al frac tio n  was ob ta in ed  from  an a liq u o t o f  th e  h o m o ­
genate o f  d iffe ren t tissues b y  d iffe ren tia l u ltracen trifu g atio n  a t  4 °C , as 
already described (22). T h e  p e lle t w as resuspended  in  th e  corresponding  
homogenizing so lu tion  (1 :2  v/v) and  th e  p ro te in  c o n te n t m easured by  the  
dowry’s tech n iq u e  (23). T he lip ids o f  th e  hom ogenates, m icrosom es and  
serum were ex trac ted  w ith  ch lo ro fo rm -m ethano l (2 :1  v/v) follow ing the 
procedure o f  F o lch , Lees and Sloane-Stanley (24 ). T he fa tty  acids o f 
lipids w ere converted  to  m e th y l esters an d  ana lyzed  o n  a H ew lett-Packard , 
Model 5840-A, gas liquid ch rom atograph  equ ipped  w ith  a flam e ion ization  
detector. T he co lum n  was packed  w ith  1 0 ° /o  SP 2 3 3 0  co a ted  o n  Chro- 
•Posorb WAW 100-120 m esh , S upelco  In c ., B ellefonte, PA, USA. T he
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oven tem p era tu re  w as program m ed from  140 to  2 2 0 °C  at 3°C /m in  to 
separate  m eth il esters ranging from  12 to  22:6oo3. R e ten tio n  tim e and 
peak  areas w ere determ ined  electron ically  using a H ew lett-Packard Re­
p o rtin g  In teg ra to r. Iden tifica tio n  o f  m ethy l esters was m ade by com­
parison  w ith  k n o w n  m eth y l ester s tandards.

Steady-State Fluorescence Anisotropy Determinations (rs)

T h e fluorescence p robe l,6 -d ip h en il- l,3 ,5 -h ex a trien e  (DPH) was 
purchased  from  A ldrich  Chem ical C o. T h e  fluorescence an iso tropy  mea­
surem ents (352  nm  exc ita tion  - 435 nm  em ission) w ere do n e  a t  37°C, 
follow ing th e  p rocedure  o f  S hinitzky an d  B arenholz (25 ) in  an  Aminco- 
B ow m an sp ec tro flu o ro m ete r equipped w ith  tw o glan prism  polarizers, 
l ig h t  scattering  was less than  5° / o  and  fluorescence values were cor­
rected  correspond ing ly . T he phospho lip id :d ipheny l-hexatriene ratio  was 
alw ays m ain ta ined  a t  m ore th an  200 :1  (m ol: m ol) in  o rd e r to  minimize 
p robe-p robe in te rac tio n s  and  p e rtu rb a tio n s  o f  m em brane b ilayer.

T he steady-sta te  fluorescence an iso tropy  w as calculated  using the 
equa tion :

r ,  _  I|1 — G  I-L

S Iy +  2  G  Ij_

w here G = IhvA hh *s a co rrec tion  fa c to r  arising from  instrum en tal factors; 
Ihh  and fhv are th e  fluorescence in tensities d e tec ted  w ith  th e  excitation 
po larizer in h o rizon ta l position  and  th e  analyzer in  h o rizo n ta l o r vertical 

positions, respectively .
R esults w ere calculated  as m ean ± SEM. S ta tistica l analyses w ere made 

by  the  conventional “ t ” test.

RESULTS AND DISCUSSION

Effect o f  EFA Deficiency

T he relative percentages o f to ta l fa tty  acids in serum , liver, kidney, 
lung and spleen o f ra ts  fed  fo r a m o n th , e ith e r a balanced  d ie t or a fat- 
free  d ie t are show n in Table 1. In all tissues s tud ied  (ex cep t serum ) the 
m ajor percentage o f non-essential fa tty  acid was palm itic acid . T he higher 
level o f  palm itic acid in  lung, as com pared to  o th er tissues, m ay reflect 
th e  relevance o f d ipalm itoy l-phosphatidy lcho line m olecule in  this tissue 
since it is a pu lm onary  su rfac tan t (26 ,27 ) critica l fo r the  organ function.

A lthough it has been  described th a t  th e  co n trib u tio n  o f k idney , lung 
and  spleen on th e  fa tty  acid synthesis does n o t exceed 2 ° /o  o f  the total 
fa tty  acid synthesis in the  ra t (2 8 ), the  e ffec t o f th e  absence o f poly­
u n sa tu ra ted  fa tty  acids in  the  d ie t is clearly re flected  in the fa tty  acid 
com position  o f all o f them . It resu lted  in a significant increase o f  m °n(£ 
u n sa tu ra ted  fa tty  acids in all the  tissues, expressing an  increase in A9 
desa tu ra tio n  activ ity  already show n in the livers o f  ra ts  m ain tained  under 
th is k ind  o f  d ie t (29-31). A  significant decrease in  dipalm itoyl-phosphati- 
dy lcho line was also described in  lungs o f the E FA -deficient ra ts  (32-34).
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The relative percentages o f  linoleic acid as well as its m etabolic  p ro d u c t, 
arachidonic acid , decreased as a consequence o f  th e  absence o f  linoleate 
in the d ie t. Nevertheless, as the linoleic acid decrease was larger than  
¿ a t  o f arachidonic acid , th e  ra tio  20 :4o)6 /18:2oo6 increased. Oleic 
acid was converted  in to  eicosa-5 ,8 ,11-trienoic acid; this non-essential 
fatty acid increased significantly in all the  tissues analyzed rising the 
triene:tetraene ra tio  (20:3co9/20:4oo6) several fo lds above th e  co n tro l 
levels.

Effect o f Columbinic Acid

The effect o f  the  ad d itio n  o f co lum binic acid fo r 24 an d  48 h r, to  the 
fat-free d ie t on  th e  to ta l fa tty  acid com position  o f serum , liver, k idney , 
lung and spleen is show n in T ables 2 and  3. I t is clear th a t  the  p a tte rn s  
obtained reflect th e  d ie ta ry  fa tty  acid adm inistered. C olum binic acid was 
rapidly incorporated  in  all th e  tissues investigated, b u t  th e  relative per­
centages o f  th is acid in  k id n ey , lung an d  spleen w ere low er th an  in  liver 
and serum. T he low er percentage inco rporation  o f co lum binic acid in 
those tissues can b e  th e  resu lt o f d iffe ren t enzym e activ ity  or specificities 
in these tissues o r o f  a delayed supply. T he presence o f  2 2 :3  (9 t, 13c, 16c) 
acid in the tissues (Tables 2 an d  3) suggests th a t som e o f  the colum binic 
acid was fu r th e r m etabolized  via chain  elongation . N evertheless, the  p re­
sence of th e  AS tran s doub le  bond  im pedes the  in tro d u c tio n  o f doub le  
bonds.

The ad d itio n  o f  co lum binic acid to  the  d ie t evoked reduced  ra tio s  o f 
16:1/16:0 and  1 8 :1 /1 8 :0  in liver (T able 2 ) suggesting th a t colum binic 
acid in the  d ie t can  in h ib it th e  activ ity  o f  A9 desaturase, e ffec t th a t  was 
also shown in k idney  and  lung. These conclusions are in  accordance w ith  
previous resu lts show ing th a t  co lum bin ic  acid added  to  th e  d ie t p roduced  
a decrease o f  fa tty  acid sy n th e tase , acetyl-C oA  carboxilase (3 5 ) and  A9 
desaturase (8 ). Sim ilarly, the adm in istra tion  o f cis-unsaturated  acids o f 
the linoleic acid fam ily  also p roduced  a deactivation  o f A9 desaturase 
previously increased b y  a  fa t-fre e  d ie t (2 9 ). C olum binic acid n o t only 
evoked the  afo re-m entioned  e ffec t on m onoenoic  acid , b u t also  p roduced  
a reduction in  the  relative percentages o f  20:3oo9 in  all th e  tissues studied 
in this w ork , suggesting th a t  colum binic acid is able to  in te rru p t th e  
eicosatrienoic acid synthesis. A decrease in  20:3co9 level was also show n 
feeding E F A —defic ien t ra ts  w ith  lino leate, lino lenate o r arach idonate  
(36,37). T herefo re , co lum binic acid seem s to  be  as e ffic ien t as po ly­
unsaturated co6 fa tty  acids in depressing th e  level o f  2 0 :3 o )9 .

Columbinic acid induced  a decrease on the relative co n cen tra tio n  o f 
linoleic acid in all th e  tissues s tu d ie d . Since in sp ite o f  th e  trans A5 double 
hond, colum binic acid has a very sim ilar s tru c tu re  to  linoleic acid , this 
effect could be  d u e  to  the  rep lacem ent o f  linoleic acid by  co lum bin ic acid 
*n phospholipid m olecules. In consequence, the linoleic acid released can 
be fu rther desa tu rated  and  elongated  via arachidonic acid. A rachidonic 
acid w ould be  th en  released to  serum  w here the relative co n cen tra tio n  o f 
this acid was found  to  increase significantly  (Table 2). This s ta tem en t is 
agreement w ith  th e  increase o f 2 0 :4 o o 6 /l 8:2a>6 found  in  all tissues 
studied u n d er colum binic acid trea tm e n t. T herefore, we m ay conclude 
that colum binic acid w ould  p roduce  a release o f linoleic acid fro m  d ep o t
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evoking a new supply  o f  su b stra te  fo r  eicosanoids b iosynthesis th a t  w ould 
persist until th e  to ta l co n sum ption  o f linoleic acid. On th e  o th er h an d , 
Elliot et al. (38 ) have recen tly  show n th a t co lum binic acid can b e  a 
substrate for cyclooxygenase and  lipoxygenase. T he p ro d u c ts  principally  
fonned were hydroxiderivative n o t cyclized s tructu res. The top ical appli­
cation o f  th e  lipoxygenase p ro d u c t to  paw s o f  E F A -d e fic ien t ra ts  
produced a reso lu tion  o f  th e  scaly d erm atitis  sim ilar to  th a t  induced  by  
columbinic acid itself.

Effect on Microsomal Membrane Dynamics

The effect o f  th e  d iffe ren t d ie ts  on th e  fluorescence an iso tro p y  o f 
DPH m icrosom al m em branes is show n in T able 4. T he fa t-free d ie t p ro d ­
uced an increase in  th e  DPH steady-sta te  fluorescence an iso tro p y  in  liver 
microsomes ind icated  b y  a decrease in  th e  ro ta tio n a l m ob ility  o f  the  
probe in th e  m em brane lipid phase, as com pared  to  th e  m icrosom es 
obtained from  anim als m ain ta ined  on  a balanced  d ie t. T he previously 
mentioned effec t o f th e  fa t- f re e  d ie t on  th e  m em brane dynam ics was 
corrected a fte r th e  adm in istra tion  o f  co lum bin ic acid du rin g  2 4  h r.

The d iffe ren t d iets d id  n o t p ro d u ce  any m odifications in  th e  ro ta tional 
mobility o f th e  p ro b e  in  th e  m em brane lipid phase in  lung  o r k idney .

hi connection  w ith  these resu lts ob ta in ed  b y  fluorescence m easu­
rements in th e  ra ts  fed  a fa t-free  d ie t, i t  is im p o rtan t to  rem ark  th a t  liver

TABLE 4

VARIATION OF FLUORESCENCE ANISOTROPY (rs) o f 1,6-DIPHENYL- 
HEXATRIENE (DPH) BY DIFFERENT DIETS IN MICROSOMAL MEMBRANES 

OF KIDNEY, LIVER AND LUNG

Tissue Diet rs

BD 0.187 ± 0 .001a
Kidney FFD 0.184 ± 0.0008

FFD + Columbinic 
24 hr

0.186 ± 0 .0005

BD 0.114 ± 0 .0005  
P <  0.001

Liver FFD 0.124 ± 0.0009  
P <  0.001

FFD + Columbinic 
24 hr

0.109 ± 0 .0 0 3

BD 0.189 ± 0 .0005
Lung FFD 0.182 ± 0.0004

FFD + Columbinic 0.186 ± 0.0003
24 hr

* Results are the mean o f 6 rats ± 1 SEM.
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m icrosom e com position  show ed typical changes o f  EFA  deficiency 
(T able 5), nam ely an  increase in  th e  levels o f  m onoeno ic  acids and 20:3 
co9, concom itan tly  w ith  a decrease o f  linoleic and arachidonic acids. 
These changes a ltered  th e  u n sa tu ra ted isa tu ra ted  fa tty  acid ra tio  from 5.13 
to  3 .68 , value th a t increased to  4 .92  w hen the anim als were fed with 
colum binic acid.

I f  the  relative p ro p o rtio n  o f  un sa tu ra ted  to  sa tu ra ted  fa tty  acids could 
b e  one o f  th e  facto rs th a t  co n tro l th e  flu id ity  o f  lip ids (3 9 ), th e  increase

TABLE 5

COMPARATIVE FATTY ACID COMPOSITION OF LIVER MICROSOME LIPIDS 
OF RATS FED A BALANCED DIET, A FAT-FREE DIET AND A FAT-FREE DIET 

SUPPLEMENTED WITH COLUMBINIC ACID FOR 2 4  hr

Fatty acid Balanced diet 

° /o

Fat-free diet 

° /o

Fat-free diet supplemented 
with columbinic acid 

° /o

14:0 0.2 ± 0.04a 0.5 ± 0.04 0.3 ± 0 .0 3
16:0 18.5 ± 0 .5 22.4 ± 0.4 18.2 ± 0 .3
16:1 1.2 ± 0.2 5.5 ± 0 .5 2.8 ± 0 .1 *
18:0 16.0 ± 0 .5 14.8 ± 0.9 16.8 ±0 .7
18:1 12.2 ± 0 .3 21.1 ± 0 .9 14.8 ± 0 .7*
18:2co6 13.8 ± 0 .8 6.9 ± 0.3 3.7 ± 0 .1*
18:3 (5t 9c 12c) ------ ------ 10.9 ± 0 .6*
7 -  18:3 0.4 ± 0 .1 0.5 ± 0.1 tr
2 0 :3 o )9 0.9 ± 0.05 5.0 ± 0 .2 3.1 ±0.2*
20:3co6 1.3 ± 0 .1 1.7 ± 0.4
20:3 (7111a 14c) ------ ----- 1.5 ±0 .2
20:4co6 26.1 ± 0 .5 14.4 ± 0 .6 17.0 ± 0 .04
22:3 (9t 13c 16c) ------ ------ 1.7 ± 0 .2
2 2 :4 to 6 1.8 ± 0.2 0.8 ± 0 .1 1.0 ± 0 .1
22 :5 0 )6 3.9 ± 0.3 2.8 ± 0 .1 3.3 ± 0 .1
22 :5 0 )3 0.8 ± 0.1 0.6 ± 0 .1 0.8 ± 0 .1
22 :6 0 )3 2 .9  ± 0.3 3.0 ± 0 .2 4.1 ±0 .2

2 0 :3 o )9 /2 0 :4 o )6
20:40) 6 /18:20) 6

0.03
1.89

0.35
2.09

0.18
4.59

OBI/SFAb 5.13 3.68 4.92

a Results are the mean o f  6 rats ±  1 SEM.

b Double bond index _ Z (number unsaturated mol x  number double bonds)

Saturated fatty acid Z number saturated mol

* p <  0.01 compared to the fat-free diet.
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in the rs observed in  the  liver m icrosom es o f  ra ts  fed  a fa t-free  d ie t could  
be attributed to  a fall on  th e  u n sa tu ra ted :sa tu ra ted  fa tty  acid ra tio . In 
this respect, i t  is im p o rtan t to  s ta te  th a t  the  adm in istra tion  o f  co lum binic 
acid returns th e  dynam ic p roperties  o f  th e  liver m em branes tow ards the  
values obtained in  th e  anim als fed  a balanced d ie t, in  correspondence w ith  
an increase o f  th e  u n sa tu ra ted :sa tu ra ted  fa tty  acid ratio .

CONCLUSIONS

The results ob ta ined  in the  p resen t ex p e rim en t clearly show  th a t, as 
already know n, the  absence o f  lipids in  th e  d ie t  produces typ ical changes 
in the fatty  acid com position , n o t on ly  in th e  liver b u t  also in  k id n ey , lung 
and spleen, w hich are characteristics o f  E FA  deficiency. Colum binic acid 
supplemented to  a fa t-free  d ie t is rap id ly  inco rporated  in to  the  d iffe ren t 
tissues displacing linoleic acid due to  its  sim ilar s tru c tu re , and  perm itting  
the conversion o f  the  released linoleic acid to  arachidonic acid. T here­
fore, it produces a partia l re tu rn  o f  the  p a tte rn  o f  to ta l fa tty  acid com ­
position to norm ality . This e ffec t, how ever, m ay be only effective in  
arachidonic acid p ro d u c tio n  and eicosanoids b iosynthesis u n til linoleic 
acid depot becom es exhausted , since co lum bin ic acid is  n o t converted  to  
arachidonic acid.

Notw ithstanding co lum binic acid w ould  apparen tly  rep lace  lino le ic  
acid in EFA deficiency in m em brane s tru c tu res  in  a  beneficial w ay, since 
it not only im proves th e  skin perm eab ility  d efec t an d  th e  scaly derm a titis  
produced by  E FA  defic iency  (4 ,5 ,3 8 ) b u t  i t  also leads to  a  recovery  o f 
the dynamic p roperties  ( r s) o f  m em brane lipid b ilayers.

It is n o t easy to  deduce i f  th e  in h ib ito ry  e ffec t p roduced  b y  colum ­
binic acid on A9 d esa tu ra tio n  an d  oleic, palm itic and  eicosa-5,8,11- 
trienoic acid (2 0 :3 w 9 ) b iosyn thesis is e ith e r beneficial o r n o t. In  EFA  
deficiency w hen arachidonic acid is n o t synthesized because o f  th e  ab­
sence of substrate  (linoleic acid), th e  increase o f  oleic acid com pensates 
the decrease o f unsa tu ra ted  acid (linoleic acid) in  m em branes and  2 0 :3 oj9 
occupies th e  place o f arach idonic acid in  phospho lip ids. T herefo re , 
although 2 0 :3 gj9 is n o t converted  to  eicosanoids, oleic and 20:3u>9 
acids, it w ould favor m em brane flu id ity  m ain tenance.
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RESUMEN

EFECTO DEL ACIDO COLUMBINICO ALIMENTARIO EN LA COMPOSICION 
DE ACIDOS GRASOS, Y PROPIEDADES FISICAS DE MEMBRANAS 

DE DIFERENTES TEJIDOS DE RATAS DEFICIENTES EN ACIDOS GRASOS
ESENCIALES (AGE)

Se estudió el efecto del agregado de ácido colum bínico (5 trans, 9 cis, 12 cis 
octadeca-trienoico) a una dieta libre de grasas sobre la composición de ácidos grasos 
de distintos tejidos de rata, y  estos datos se correlacionaron con las propiedades físi­
cas de dichos tejidos. La ausencia de lípidos en la dieta produjo cambios en la compo­
sición de ácidos grasos que son característicos de la deficiencia de ácidos grasos esen­
ciales (AGE). Se observó un incremento significativo del porcentaje relativo de ácidos 
grasos monoenoicos acompañado de una disminución de los ácidos linoleico y  araqui- 
dónico y  un aumento del ácido eicosa-5,8,ll-trienoico en los homogenatos de hígado, 
riñón, pulmón y  bazo.

El ácido colum bínico agregado a una dieta libre de grasas durante 24 ó  48 horas se 
incorporó en los distintos tejidos, elongándose parcialmente al ácido eicosa-7 trans, 
11 cis, 14 cis-trienoico, pero sin ser desaturado. El ácido columbínico modificó el 
perfil de composición de ácidos grasos de los lípidos en los distintos tejidos, de manera 
tal que su porcentaje de distribución fue similar al observado en los animales no defi­
cientes en AGE, excepto por el descenso del ácido linoleico. La ausencia de lípidos 
en la dieta produjo un incremento en la anisotropía de fluorescencia determinada 
con excitación continua (rg) del l,6-difenil-l,3,5-hexatrieno (DPH) en microsomas 
hepáticos, que se corrigió con la administración de ácido columbínico durante 24 hr.

Se concluye que el ácido columbínico produjo un efecto favorable de corto alcan­
ce sobre las propiedades físicas de la membrana microsomal hepática (rs) atribuible a 
las modificaciones en la composición de ácidos grasos. El ácido columbínico, por lo 
tanto, induciría también un efecto favorable a corto plazo sobre la producción de 
eicosanos, pero no así a largo plazo.
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