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SUMMARY. The purposes of this study were to determine: a) the 
incorporation of labeled [^H] arachidonic acid on the intestinal 
mucosa, the liver and plasma, after 1,3 and 5 hours of administration,
b) preferential incorporation by different tissues, c) and the effects on 
experimental rats with thioacetamide-induced cirrhosis, after four 
weeks of a dietary supplementation with nucleotides and long-chain 
polyunsaturated fatty acids. 209 female Wistar rats were divided into 
two groups (control and TA A group). The TAA group was given 300 
mgofthioacetamide/L, in theirdrinking water for four months. After 
this period, a sample of 6 rats were taken from each group and 
examined, to evaluate the biochemical and histological changes of 
the experimental model, and 36 rats were taken to determine the 
incorporation of radioactivity by the groups. The rest of the animals 
were divided into four subgroups. Each group, receiving a 
supplementary diet with only long-chain polyunsaturated fatty acids 
and/or nucleotides or neither, for 4 weeks. After four months of 
thioacetamide, the incorporation of the [^H] arachidonic acid showed: 
a) an increased within 3 h in the intestinal mucosa, b) a decreased in 
the liver after 3 to 5 h c) and a drastic decrease in the plasma after 3 
to 5 h. With a dietary supplementation of long-chain polyunsaturated 
fatty acids and nucleotides combined, there was a decrease of 
accumulate [% ] arachidonic acid in the intestine and a increase in the 
liver and plasma. The simultaneous supply of dietary polyunsaturated 
fatty acids and nucleotides was beneficial in the reversal of 
abnormalities of the lipid metabolism, in this experimental model of 
liver cirrhosis.
Key words: Arachidonic acid, cirrhosis, liver, nucleotides, 
polyunsaturated fatty acids, thioacetamide.

RESUMO. Influencia dos nucleotídeos dietéticos e ácidos graxos 
poliinsaturados na incorporadlo de [^H] ácido araquidonico na 
cirrose hepática experimental. Os objetivos deste estudo foram 
determinar: a) a incorporado de [^H] ácido araquidonico na mucosa 
intestinal, fígado e plasma, após 1, 3 e 5 horas de administragáo da 
emulsáo radioativa, b) a incorporado preferencial em diferentes 
tecidos e c) os efeitos do tratamento dietético, por quatro semanas, 
com nucleotídeos e ácidos graxos poliinsaturados, em ratos com 
cirrose hepática induzida portioacetamida. 209 ratas da raga Wistar, 
foram divididas em dois grupos (controle e TAA). O grupo TAA 
recebeu a tioacetamida na concentrado de 300 mg/L, disso) vido na 
água de bebida, por quatro meses. Após este período, urna amostra de 
6 animáis de cada grupo foram sacrificados para confirmado das 
mudanzas bioquímicas e histológicas, características do modelo 
experimental e trinta e seis animáis foram utilizados para determinar 
a incorporado do radioisótopo. O restante dos animáis foram divi­
didos em quatro subgrupos. Cada grupo recebeu urna dieta suplemen- 
tadacom ácidos graxos poliinsaturados e nucleotídeos, isoladamente 
ou combinados. Após quatro meses de tioacetamida, a incorporado 
do [% ] ácido araquidonico resultou em: a) aumentada retendo na 
mucosa intestinal após 3 h, b) reduzida retendo no fígado após 3 e 
5 horas, c) urna importante redugáo no plasma após 3 e 5 horas. O 
tratamento dietético com ácidos graxos poliinsaturados e nucleotídeos 
combinados promoveu urna redugao do [^H] ácido araquidonico 
acumulado na mucosa intestinal e num aumento da incorporad® no 
fígado e plasma. A suplementagao simultánea de ácidos graxos 
poliinsaturados e nucleotídeos dietéticos foi benéfica para reverter 
anormalidades do metabolismo lipídico existentes, neste modelo 
experimental de cirrose hepática.
Palavras chave: Acidos graxos poliinsaturados, ácido araquidonico, 
cirrose, fígado, nucleotídeos, tioacetamida.

INTRO DUCTIO N

Protein-energy m alnutrition is often found in chronic liver 
disease, especially in alcoholics. Recent studies on liver 
cirrhosis and nutrition have shown a specific nutritional 
deficiency o f  long-chain polyunsaturated fatty acids (PUFA)( 1 - 
4).

Changes in the PUFA profile o f  plasm a in liver disease

w ere for the first tim e, described in 1966 by Caren and Corbo 
(5). Later on, Cabré et al (I)  show ed sim ilar changes in human 
cirrhosis, where low  plasm a levels o f saturated fatty acids and 
PUFA  were found. The latter show ing specific decreases in 
the linoleic and arachidonic acid.

PUFA are the m ajor com ponents o f  structural lipids o f 
b iom em branes and p lay  a  m ajor and vital role in the 
m aintenance o f fluidity and m em brane integrity (6).



There is an evidence to  suggest that recognized PUFA 
deficiency, particularly o f  arachidonic acid, m ay contribute to 
the m alfunction o f  various organs in  liver cirrhosis, and as 
such be detrim ental to  patients suffering from  liver cirrhosis 
(7).

The etiology o f  PUFA  deficiency in  liver cirrhosis is not 
fully understood, though there are various hypotheses such as: 
decrease in food intake, m alnutrition, dysfunction hepatic and 
m alabsorption (2,8,9).

T he PUFA  intracellular m etabolism  has been extensively 
studied. The way PU FA  traverses the plasm a m em brane to 
enter the cells has been described as a  dual m echanism  i.e. the 
facilitated and sim ple diffusion (10,11). On the other hand 
little has been learned about PUFA  uptake and intracellular 
m etabolism  in liver cirrhosis.

Recently, in an experim ental study we have suggested that 
a 2 w eeks diet on long-chain polyunsaturated fatty acids, 
could attenuate the fatty acid deficiency in liver cirrhosis (3). 
B ut w e failed to  show the positive effects o f dietary treatm ent 
w ith PUFA, over a 2 weeks period, on hum an cirrhosis 
(unpublished data).

Studies have shown the beneficial effects o f nucleotides as 
m odulators on the both lipoprotein m etabolism  (12,14) and 
intestinal and hepatic synthesis o f  desaturases (15,16), as well 
as, tissue regeneration in liver cirrhosis (17,22), but the effects 
o f  PUFA  intracellular m etabolism  on liver cirrhosis is still 
unclear.

Based on the above, we decided to investigate the PUFA 
intracellular m etabolism , and its effects on an experimental 
m odel o f liver cirrhosis, that assim ilates human cirrhosis (2), 
when introduced in a diet w ith nucleotides.

The purposes o f this study were to: a) determ ine the 
incorporation o f [^H] arachidonic acid in the intestinal mucosa, 
liver and plasm a after a tim e period o f 1, 3 and 5 hours, b) to 
exam ine whether there was a preferential incorporation by 
different tissues, c) and finally to exam ine w hat effects, after 
a 4 weeks period, a dietary supplementation o f long-chain 
po lyunsaturated  fatty acids and nucleotides has on the 
incorporation o f  [^H] arachidonic acid in different tissues.

MATERIALS AND METHODS

Animals
209 adult fem ale W istar rats (Fundagáo Oswaldo Cruz- 

Brazil), w ere kept in wire bottom  cages, in am ean temperature 
o f 22°C and a light dark cycle o f 12 h. All animals received 
hum ane care throughout the experim ent, and all protocol in 
accordance with institutional guidelines for animal research 
was followed.

Experimental design
Initially, the anim als were divided in two groups: a control 

group and a tioacetham ide-treated group (TAA-group). The

initial w eight was 135,70 ±4,37 vs. 137,88 ±3,85 g (mean + 
SEM) to control and TAA-group, respectively. There was no 
significant difference in body w eight between tw o groups.

The control group received ju s t water, and the TAA group 
received, a d  libitum , water with 300 m g o f thioacetamide/L 
for a period o f 4 m onths, according to the procedure set out in 
M oreira et a l (2).

Both groups received a standard chow diet (A.F.GU ANDU- 
Brazil). During 4 m onths, the body w eight was measured 
twice a month.

A fter 4 m onths o f  treatment, and an extra 3 days without 
TAA (in order to reduce the acute effects o f  TAA), six rats 
from  each group were taken for exam ination. The samples rats 
were anesthetized w ith diethyl ether and decapitated, so the 
biochem ical param eters and histological changes could be 
evaluated.

Blood sam ples w ere taken from  the sam ples rats for 
analysis. The sam ples w ere collected in heparinized and 
sodium  citrate tubes, then centrifuged, to separate the plasma 
from  the cells and determ ine the prothrom bin time, at 1500 x 
g for 10 minutes.

L ater 36 rats were taken (18 from each group). Each rat 
rec e iv e d  1 m L  o f  the rad io a c tiv e  em u ls io n , applied 
intragastrically through a poly vinil tube, under a light anesthetic 
(ether diethyl), and then 6 sam ples rats w ere chosen at 1,3 and 
5 hours intervals and decapitated after as per H jelte et al (23), 
but with slight m odifications i.e. in the tim e intervals o f the 
sacrifices.

The rest o f  the rats in  the TAA and controlled groups, were 
divided into 4 subgroups, each group was given a separate diet 
over a 4 weeks period, as follow: a sem i-purified diet (SP) 
co n ta in in g : 23%  p ro te in  (ca lc iu m  c a se in a te ) , 64,6%  
carbohydrates (cellulose 5%, sucrose 14,9%, com  starch 
44,6%) and 7% fat (66% olive oil, 23%  soy oil, 11 % medium- 
chain tryglicerides), plus other m inerals and vitamins according 
the international standards (ILAR)24, or a polyunsaturated 
fatty acids diet (SP+PUFA) containing the SP diet plus 6% fat 
and extra 1% polyunsaturated fatty acids (a concentrate fish 
oil (Denmark) with 18% Eicosapentaenoic acid (EPA), 12% 
Docosahexaenoic acid (DHA) and 5% others PUFA was used 
as source o f n-3 PUFA), or a nucleotides diet (SP+NT) 
containing the SP diet plus 50 m g each o f (AM P, IMP, CMP, 
GM P and UM P) per 100 g o f diet or PUFA+nucleotide diet 
(SP+PUFA+NT) containing a com bination of SP diet plus 
PUFA and nucleotides. The fatty acid com position o f the diets 
can be seen in Table 1.

Throughout the dietary treatment, food intake was measured 
on a daily basis. The weight, however, was m onitored on a 
weekly basis.

A fter four weeks the rats w ere subm itted to the same 
procedure m entioned above (23), and then a selected number 
were decapitated at intervals o f  1, 3 and 5 hours.



TA BLE 1
Fatty acid com position o f dietary lipids

Falty acid (% ) SP SP +PU FA S P+PU FA + N T SP+N T

ISFA 32,88 25,08 23,75 32,88

IM UFA 46,43 54,14 55,94 46,43

C18:2 6 14,30 12,40 12,20 14,30

018:3 n-6 0,45 0,36 0,38 0,45

C20:2 n-6 0 ,52 0,34 0,06 0,52

C20:3 n-6 0 ,24 0,27 0,15 0,24

C20:4 n-6 0,35 0,32 0,38 0,35

C22:l n-6 0,52 0,39 0,38 0,52
C22:4 n-6 1,10 1,09 1,10 1,10
C24:l n-6 1,57 0,36 0,06 1,57
IPU FA  n-6 19,05 15,53 14,33 19,05
C18:3 n-3 2,72 1,61 1,51 2,72
C18:4 n-3 0,25 0,26 0,28 0,25
C20:5 n-3 0,27 2,20 2,20 0,27
C22:6 n-3 0,35 1,42 1,76 0,35
IPU FA  n-3 3,59 5,49 5,75 3,59
IPU FA  > 20  C n-6 4,65 2,77 2,13 4,65

IPU FA  > 20 C n-3 0,62 3,62 3,96 0,62

Results are expressed as percentages in 100 g of dietary lipids

Preparation of radioactive emulsion
The labeled arachidonic acid (AA) {5,6,8,9,11,12,14,15- 

3H}(50 |iC i) was obtained from  D U PONT (USA). The 
radioactive em ulsion was prepared as follows: a  10% (v/v) 
triolein emulsion, was obtained by m ixing 0,5 m L triolein with 
4,5 mL NaCl containing 1,0% (w/v) arabic gum. The m ixture 
was subjected to ultrasonic waves for 3 m inutes at 30 second 
intervals. The [3H] arachidonic acid was added to achloroform  
solution containing 1,0 m g egg phosphatidylcholine. The 
solution w as d ried  using  n itrogen  and then d ispersed  
immediately in 2,0 mL N aCl (0,9%) and added to 12,5 m L o f 
the triolein emulsion.

The radioactivity o f samples was tested by using the 
BECKMAN liquid scintillation spectom eter, and m easured in 
dpm. An aliquot o f  the radioactive substance was used as 
standard in these experim ents. The results are expressed as 
percent incorporation into 0,5 g o f tissue.

Lipids analysis
Plasma and dietetic lipids were extracted using the Lepage 

& Roy method (25). Lipids from  other tissues were extracted 
using the Stansbie et a l m ethod (26). The dietetic fatty acid 
com position  w as q u a n tif ie d  by c a p illa ry  g as -liq u id  
chromatography using a PERKIN ELM ER AUTOSYSTEM  
chromatograph (USA) equipped with a  30-m SP-2330 column, 
film

thickness 0,20 pm  (0,25 m m  ID). The injetor and detector 
were set at 250 and 300°C, respectively. Initial oven temperature 
was 170°C and raised at a rate 2°C/m in to 210°C and then 
maintained for 30 minutes. Helium  was used as carrier gas 
with a flow rate o f 1:5 mL/min. As internal standard heptanoic 
acid (C17:0) w as used.

Biochemical analysis
Plasma tryglicerides levels were determined using the Soloni 

method (27) and acommercial kit from BIOCLIN (Brazil). Total 
cholesterol using the BOERINGER kit (USA). Aspartate 
aminotransferase (AST) and alanine aminotransferase (ALT) 
were determined using the Reitman and Frankel method (28) and 
acommercial kit from BIOLAB (Brazil). Alkaline phosphatase 
was determined using the Roy method (29) and a commercial kit 
from ANALISA (Brazil) and prothrombin time was determined 
using the BIOCLIN kit (Brazil).

Histology
After the animals were killed, the livers were rem oved 

immediately. Samples were taken from the left lobe for 
analysis with light microscopy. The tissues were fixed in a 
solution o f formaldehyde, acetic acid and methanol (10%, 
10%, 80%) respectively, then dehydrated in ethanol, cleared 
in xylene and em bedded in paraffin. The sections were stained 
w ith hem atoxylin and eosin (HE) and M assons trichrom e and 
examined under a Leitz Dialux m icroscope (Germany).

Statistical analysis
All results are expressed as a  m ean ±  SEM . W e used the 

S tudent's unpaired t test to com pare the data from the different 
experimental groups, and the one way A N OV A  and Ducans 
test to com pare the mean values overall.

RESULTS

The m ortality rate for the thioacetam ide (TAA group), 
w hich was introduced orally in the drinking water, was 4%. 
The liver, after 4 m onths o f TA A  show ed all the characteristics 
o f  hypertrophic nodular cirrhosis i.e. nodular surface, firm in 
texture and yellow ish in color. There were also signs of 
induced fibrous septa, inflam atory cell infiltration o f the portal 
tract and ductular proliferation. (Fig 1A and IB).

During the 4 weeks o f  the supplem entary dietary treatment, 
the average food intake was low er in the TA A-group than 
control group (Table 2). The TA A  subgroups lost a lot o f 
weight com pared to the control subgroups, and even with the 
supplementary dietary treatm ent, none o f the TA A  subgroups 
recovered their full body weight. The final average weight was 
299,27+1,67 vs. 237,69+1,39 (m ean±SEM ) to control and 
TAA-group, respectively (p< .001).

Table 3 presents the biochem ical results. TAA treated rats 
without the supplem entary dietary treatm ent had a higher 
concentration o f plasm a cholesterol and low er concentrations 
of triglycerides. Therew as asignificant change in transaminase 
A ST activity com pared with the control group, but the 
transam inase ALT showed little variation. The alkaline 
phosphatase activity and prothrom bin tim e were significantly 
higher in the TAA group.



F IG U R E  1
Light m icroscopy  after four months o f  th ioacetam ide 

administra tion . 1(A) control group (H E x 10). 1(B) Fihrous 
septa, inf lam atory  cell infil tration o f  the portal tract and 

ductu lar  proliferation are visible in the group treated with 
th ioacetam ide (M asson x 10)

T A B L E  2

D ietary intake during  four weeks o f  supplem entary  treatment

Diets C O N TRO L TA A -group

SP 17,47±0,36 15.7710.33 **
SP+PUFA 16,64±0,36 16,66+0,30 NS
SP+PU FA +N T 17,59±0,47 15,8610,36*
SP+N T 20,03 +0,52*** 16,3710,32 **
R esults are expressed as m ean ±SEM
A bbreviations: sem i-purified  diet (SP), sem i-purified  plus \%  
polyunsaturated fatty acids diet (SP+PUFA). sem i-purified plus 
polyunsaturated fatty acid and 50m g‘7r nucleotides diet (SP+PUFA+NT). 
sem i-purified plus 50mgi?- nucleotides diet (SP+NT)
Com parisons betw een control vs. TA A -group were made by Unpaired 
S tudent’s test NS (no significant)
*¡><.05 **p< .001

C om parisons am ong mean values were m ade by one-way ANOVA 
and a posteriori D ucans test 
***/>< .05

T A B L E  3
Plasma param eters  after four months o f  thioacetamide 

adminis tration

Param eters C O N TRO L TAA

C1IO (mg/dl) 
TG (mg/dl) 
AST (UI/L) 
ALT (Ul/L) 
AP (Ul/L)
PT (s)

47.77±2,25
25.86±3.59
42,92±! ,65
5.86±2.02
31,38±0.90
2,74±0,12

68,59±4,77* 
23.20±0.47 NS 
127,30±35.84* 
9,37±l ,61 NS 
48,45 ±0.91** 
5,02±0.03**

Results are expressed as m ean ±SEM . A total o f 6 Control and 6TAA 
animal were used of each param eter.
Abbreviations: Cholesterol (CHO ), triglycerides (TG), aspartate 
am inotransferase (AST), alanine am inotransferase (ALT), alkaline 
phosphatase (AP), prothrom bin time (PT)
NS (no significant)
* p< .05 ** p< .001

The recovery percentage o f  j-^H] arachidonic acid in 
intestinal content in the T A A  group was low er than the control 
group after 1 and 3 h. respectively (Table 4).

T A B L E  4
Percentage o f  recovery o f  [3H] arachidonic  acid in intesti­

nal content after 1. 3 and  5 hours

Group 1 h 3 h 5 li

Control 0,46910.06 1.1310,44 0,39510,05
TAA 0,13710,02* 0.33210,05 NS 0,35010,15 NS

Results are expressed as mean ±SEM
Com parisons betw een control r.v.TAA group were m ade by unpaired, 
Students t test.
NS (no significant)
* /x .0 0 1  reading in dpm

The T A A -gro up  show ed a significant d ifference in the 
incorporation o f  [3H] arachidonic  acid at 3 h stage with an 
overload in the intestinal mucosa. T hough  the trend continued 
until the 5 h, but the d ifference was no longer significant.

In the liver specim ens o f  the T A A  group  there was a 
decrease in the radioactive levels. O ne  striking feature was a 
significant decrease in the proportion o f  [3 H] arachidonic acid 
found in the p lasm a at the 3 and 5 stages (Table 5).

After four w eeks on the dietary supplem enta tion  o f  PUFA 
and nucleotides, there was an apparent change: The TAA 
subgroups show ed different levels o f  incorporation of [3H] 
arachidonic  acid in the intestinal m ucosa . At the 1 h stage the 
incorporation was significantly h igher in the T A A  subgroups 
treated with sem i-purified  diet (SP) and semi-purified plus 
polyunsaturated  fatty acids d iet (SP+PU FA ).  A fter  3 h, only 
the  p o ly u n s a tu r a t e d  fa t ty  a c id s  an d  n u c le o t id e s  diet



(SP+PUFA+NT) sh o w e d  a s ign if ican tly  lo w er  level o f  
ndioaclivity retained in the intestinal m ucosa  when com pared  
with other subgroups. This was confirm ed in the control

subgroups as well. A t the 5 h stag there w as an increased level 
o f  in c o rp o ra t io n  in all T A A  s u b g ro u p s  in c lu d in g  the 
S P + P U F A + N T  subgroup  (Fig. 2).

T A B L E  5
Percentage o f  incorporation o f  [-*H] arachidonic acid in the intestinal mucosa, liver and p lasm a after four

months o f  th ioacetam ide

Tissue
1 h

CONTROL 
3 h 5 h 1 h

TAA  
3 li 5 h

Intestinal
Mucosa 6.5411,6 3.8011,5 2,5810,4 5,7610,95 NS 8,8910,69* 3.5811.13N S
Liver 1,0410,5 0.0810,01 0,1610,06 1,6610,39 NS 0,0610,0  INS 0,0710,05 NS
Plasma 0,4810,07 0,9110,007 1,15+0,004 0,23+0,05 NS 0,3610,04* 0,51 1 0  .02*

Values are means ±SEM * p< .001 
reading in dpm

F IG U R E  2
Percentage of incorporation o f  [3H] arachidonic  acid in the 

intestinal mucosa  after dietary treatm ent for 4  weeks. 
*p<.001 * * p<.05

F IG U R E  3
Percentage o f  incorporation o f  [3H] arachidonic  acid in the 
liver after dietary treatm ent for 4  w eeks. *p< .001*  * p<.05
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The liver show ed  a s ignificantly  h igher incorporation o f  
I H] arachidonic ac id  occurred  in the T A A  subgroups treated 
With SP and S P + P U F A  diets. A fter  3 h, there was a significant 
tncrease o f  incorporation in all T A A  subgroups, especially 
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diets (Fig. 3).
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Results from the radioactivity  in the p lasm a show ed the 
im portance o f  the dietary supplem enta tion  in the T A A  group. 
After the 3h period all diets show ed a higher  incorporation o f  
[^H] arachidonic  acid in the p lasm a o f  the T A A  group, 
especially  in the (S P + P U F A + N T ) subgroup. T hough  this 
level was only m ainta ined by the S P + N T  and S P + P U F A + N T  
subgroups until the 5 h stage (Fig. 4).



F IG U R E  4
P ercentage o f  incorporation o f  [^H] arachidonic  acid in the 

p lasm a a lte r  dietary treatm ent for 4 weeks. *p<.00l * * 
p<.()5
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O ur results  have show n that the liver dam age  caused in rats 
by chronic  T A A  intoxication resembles hum an  cirrhosis, in 
both  its b iochem ical and m orpholog ica l  form as seen in 
p revious studies (2,30,31).

This experiment with labeled fatty acids, revealed important 
differences in them etabo lism  o f  [^H] arachidonic acid between 
the T A A -trea ted  and control rat groups.

The proportion  o f  radioactive material recovered from the 
intestinal con ten t after lh  in the T A A  group  was significantly 
low er than the control group, and  continued to be so until the 
3 h stage. O ne  reason for this, though  it is by no m eans certain, 
cou ld  be the d ifference in the gastric  em pty ing  time between 
the tw o groups.

In addition, we noted a  m arke t difference in the proportion 
o f  [^H] a rachidonic  acid in the intestinal m ucosa  and plasma. 
A  prono un ced  accum ulation  o f  radioactivity was observed in 
the intestinal m uco sa  at the 3h stage. O n the other hand, the 
recovery o f  [^H] arachidonic acid in the p lasm a was significant 
decrease  after 1, 3 and 5 h stages.

P revious studies have show n an abnorm al retention o f  
orally or intravenously administred labeled fatty acid in intestine 
o f  rats with  essential fatty acid deficiency (32,33).

It is well established that under norm al conditions long 
chain fatty acids are absorbed as esters, mainly lriacylglicerojs 
(TG) and integrated as very low dense lipoprotein (VLDL) 
via the lymph (34). Fat absorption  m ay be im paired because of 
defective secretion o f  the absorbed  lipids, making them  
accum ulate  intracellularly as triacylglicerol (33).

There is  evidence o f  the existence o f  subnormal intraluminal 
concentrations o f  bile salts in liver cirrhosis (34). It is now  
knew  that bile salts are im portant not only to lipid solub ility  
b u t  a lso, to ac t  as an in t race l lu la r  m o d u la to r s  o f  the 
ntonoacylglycerol pathway in intestinal mucosa  (35). It is 
possible that the retention o f  radioactive material under our 
experimental conditions, was due to impaired  absorptive and 
metabolic conditioning (36,37).

The results o f  our experim en t on model l iver cirrhosis, has 
confirmc previous observations that there is a preferential 
transitory incorporation o f  arachidonic  acid in the intestinal 
mucosa, evidenced  in special condit ions as in the essential 
fa tty-acid deficient rats (23) and from  secondary effects of 
ethanol (38).

The 4 w eeks dietary treatm ent revealed  changes in the 
incorporation o f  [^H] arachidonic  acid into the intestinal 
mucosa. The notew orthy observation  was that the semi­
purified plus polyunsaturated  fatty acids and nucleotides diet 
(S P + P U F A + N T ) prom oted  a  decrease  in the retention time of 
[^HJ arachidonic  acid in the intestinal m ucosa  o f  the TAA- 
group al ter 3 h but not after 5h, w hereas the SP, SP+PUFA or 
S P + N T  had no such effect.

The m ost striking result o f  this study was the significantly 
high recovery o f  [^H] arachidonic  acid in the plasma after 3 
and 5 h periods in the T A A -g rou p  fed with SP+PUFA+NT, 
even in presence o f  high intestinal retention o f  radioactive 
material.

Previously Jenkins e t a l  (39) described  in liver cirrhosis, 

that the abnormalities o f  absorption capacity  via the lym ph  can 
lead to a probably  additional portal absorption o f  unesterified  

PUFA.
Som e authors have  quantif ied  the portal venous flow of 

different fatty acids and found that polyunsaturated  fatty acids 
arc partially absorbed in the portal blood, but this route is 
relatively m inor  one under normal conditions (40.41).

Based on the our results, its conceivable  to suggest that 
under these experimental conditions can there is a compensatory 
portal absorption, at least in part, due to the intraluminal bile 
salts deficiency.

In the current study, we have clearly  dem onstra ted  that the 
low plasm a levels o f  P U F A  in liver cirrhosis, at least in part
can be expla ined  by d is tu rbances in the absorption and

metabolic qualities o f  the intestinal mucosa. These disturbances, 

how ever  cannot be norm alized  with a  nutritionally adequate 

diet, but can be attenuated with modulators o f  lipid m etabolism , 

such as nucleotides (42).
Further investigation need be conducted  to establish the



m o s t  efficient d o ses o f  dietary su pp lem en tation , and period  o f  

treatment, and w h eth er  d ie ta ry  n u c le o t id e s  and P U F A  
combined m ight have a therapeutic e ffec t on hum an cirrhosis.
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