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The relationship of serum very low density lipoproteins (VLDL) to hepatic lipid composition was studied 
after 28 days of protein depletion to determine the interactions between dietary protein levels and the 
essential fatty acid (EFA) availability. This was examined in rats using a dietary combination of 20% or 
2% casein with 5% vegetable oils, variable in their n-6:n-3 fatty acid ratios. Rats were divided into four 
groups, SFC (20% casein + 5% sunflower oil); SFd (2% casein + 5% sunflower oil); SC (20% casein 
+ 5% soybean oil); Sd (2% casein + 5% soybean oil). Dietary protein depletion decreasedphospholipid 
and protein concentrations in liver and VLDL, whereas triacylglycerol amounts were enhanced in liver, 
but lowered in VLDL. Dietary protein depletion strongly depressed VLDL apolipoproteins. Protein- 
deficient groups (SFd and Sd) exhibited, in both liver and VLDL, decreased linoleic acid in triacylglycerol 
fractions and depressed both arachidonic and linoleic acids in phospholipid fractions. In spite of short 
periods of dietary treatment, protein depletion involved an impairment in EFA availability. Total n-6 
polyunsaturated fatty acids contents were diminished in liver and VLDL lipids, while total n-3 polyunsatu- 
rated fatty acids contents were diminished in only VLDL triacylglycerol and phospholipid. Furthermore, 
sunflower oil amplified this impairment, and the lack of et-linolenic acid involved a greater diminution in 
n-3 polyunsaturated fatty acids and enhanced 20:3 n-9 and 22:5 n-6, especially in phospholipid fractions. 
In this experiment, in spite of a short period of dietary treatment, protein depletion strongly impairs EFA 
metabolism and accentuates the a-linolenic acid deficiency. 
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Introduction 

Linoleic acid [18:2 n-6] and ot-linolenic acid [18:3 n-3] 
are considered essential fatty acids (EFA) for mammals. 
These fatty acids are transformed by desaturation and 
elongation into more polyunsaturated fatty acids 
(PUFA). Some PUFA [ i.e., 20:4 n-6 and 20:5 n-3] are 
precursors of prostaglandins and leukotrienes, et-Lin- 
olenic, linoleic, and oleic acids compete with each other, 
especially for the microsomal A6 desaturase activity.1 
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EFA deficiency involves impairments in liver lipids 
(i.e., fatty liver).2 Liver steatosis is the main biochemical 
sign that occurs in children suffering from kwashiorkor. 
Impaired transport of triacylglycerol by very low density 
lipoprotein (VLDL) from the liver has been incrimi- 
nated in the hepatic steatosis observed in rats fed a low 
protein diet. 3 We showed in a previous study that the 
low level of VLDL may be attributable to a reduction 
in the synthesis of VLDL apolipoproteins. 4 Protein dep- 
rivation affects metabolism of PUFA2 Hill and Holman 6 
reported the effects of various dietary protein levels 
(5-40%) in rats using hydrogenated coconut oil on 
EFA availability, and indicated that signs observed in 
EFA deficiency are amplified with low protein intake. 
But in their study, EFA deficiency concerned both lino- 
leic and et-linolenic acids. Koletzko et al. 7 showed that 
analysis of the different plasma lipid classes in malnour- 
ished Nigerian children revealed the presence of EFA 
deficiency. 

© 1993 Butterworth-Heinemann J. Nutr. Biochem., 1993, vol. 4, July 399 



Research Communications 

Thus, data obta ined in those studies indicated a rela- 
tionship between protein level and the development  of 
E F A  deficiency. However  there is scarce data on the 
metabol ism of E F A  in protein malnutrit ion. Indeed,  in 
children it is difficult to study these interferences with 
accuracy because numerous  dietary deficits are usually 
associated with protein deficiency. On the other hand, 
E F A  deficiency generally includes both linoleic and a-  
linolenic acids. Similarly, in studies of  protein depriva- 
tion in animals, little at tention has been accorded to 
P U F A  in protein-depleted diets. Feeding these diets 
may increase E F A  requirements  and precipitate mar- 
ginal E F A  deficiency. 

In this study, E F A  and protein intakes were deter- 
mined exactly, and diets were provided for a short pe- 
riod. The aim was to assess the qualitative differences 
in liver and V L D L  fatty acid composit ions and the E F A  
bioavailability in growing rats fed dietary combinations 
of adequate  and low levels of  casein with sunflower oil 
(deficiency in et-linolenic acid) or soybean oil (adequate  
in both a-linolenic and linoleic acids), and to determine 
if short periods of protein deficiency would also involve 
diminished n-3 and n-6 P U F A  bioavailabilities. 

Materials and methods 

Animals and diets 
Forty male Wistar rats (Iffa Credo, l'Arbresle, Lyon, France) 
weighing 80 +- 6 g at the beginning of experiment were allowed 
free access to an adequate diet (20% casein and 5% olive oil) 
for 10 days. After this adaptation period (when their weight 
was 115-+ 7 g) they were randomized into four equal groups. 
For 28 days, two groups (controls) were fed diets containing 
20% casein and either 5% sunflower oil (0.1% a-linolenic 
acid and 65.5% linoleic acid) (composition as percentage of 
total fatty acids: 16:0, 6.5; 16:1 n-7, 0.1; 18:0, 4.7; 18:1 n-9, 
21.3; 18:2 n-6, 65.5; 18:3 n-3, 0.1; 20:0, 0.4; 20:1 n-9, 0.1; 
22:0, 0.8; 24:0, 0.2) (SFC), or 5% soybean oil (7.5% a- 
linolenic acid and 54.8% linoleic acid (composition as percent- 
age of total fatty acids: 16:0, 10.3; 16:1 n-7, 0.1; 18:0, 3.9; 
18:1 n-9, 22.1; 18:2 n-6, 54.8; 18:3 n-3, 7.5; 20:0, 0.4; 20:1 n- 
9, 0.2; 22:0, 0.4) (SC). Two other groups were fed a low- 
protein diet (2% casein) and either 5% sunflower oil [SFd], 
or 5% soybean oil (Sd). Compositions of the diets are shown 
on Table 1. 

Diets were isoenergetic (16280 KJ/kg) and contained the 
same amounts of lipid, vitamin, mineral, and fiber. Animals 
were kept in wire-bottom cages at constant temperature 
(24 ° C) and humidity (60%), with a light cycle (07.00-19.00). 
They ate and drank ad libitum. We followed the general guide- 
lines for the care and use of laboratory animals recommended 
by the European Community. 8 

Blood samples 
On day 28 of the experiment, after 6 hours of fasting, rats 
were bled from the abdominal aorta under anesthesia (pento- 
barbital-Na, 60 mg/kg body weight). Plasma was obtained 
by low speed centrifugation and preserved with 0.26 mmol 
disodium EDTA and 3 mmol sodium azide. 

Isolation of VLDL fraction from total lipoproteins 
VLDL fraction was isolated by a single spin discontinuous 
gradient according to the method of Redgrave et al. 9 modified 
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by Meghelli-Bouchenak et al. 4 Purified VLDL fraction (d < 
1.006) was dialyzed against 0.15mol/L NaCI, lmmoi/L diso- 
dium EDTA, at pH 7.4, at 4 ° C for 24 hours, in spectra/ 
Por 2 dialysis tubing (Spectrum Medical Industries, Inc; Los 
Angeles, CA USA). 

Apolipoprotein (Apo) electrophoresis 
After partial delipidation, VLDL-apolipoproteins (VLDL- 
Apo) were estimated using sodium dodecyl sulfate gradient 
gel electrophoresis (SDS PAGE, 2.5--->20%) using the 
method of Meghelli-Bouchenak et al. 4 Electrophoresis was 
performed in an LKB 2001-001 ventrical electrophoresis unit 
(LKB Produkte, Broma, Sweden) at 4 ° C for 18 hr with 20 
mA / gel slab. After staining with Coomassie brilliant blue G 
250, gels were scanned at 600 nm with a densitometer (Model 
Profil 26 Sebia, Lille, France). Apolipoprotein was quantified 
semiquantitatively with the densitometer tracings. The per- 
centage of the area relative to each apolipoprotein was 
multiplied by the total apolipoprotein concentration of each 
serum sample. Data were expressed as arbitrary units (AU). 

Livers 
Livers were removed, washed with cold saline, quickly ex- 
cised, blotted, and weighed. About 1 g of the greatest lobe 
was homogenized in an ultraturax for lipid extraction. About 
100 mg of the same lobe was homogenized at 4 ° C in a Potter 
Elvejhem homogenizer and used for protein determination. 

Chemical analysis 
Total lipids of plasma VLDL and liver were extracted ac- 
cording to Folch et al. 1° Phospholipids (PL) and triacylglycer- 
ols (TG) fractions were isolated by thin layer chromatography 
according to Stahl et al. 11 PL and TG fractions were methyl- 
ated, then fatty acid analysis of PL and TG fractions were 
performed by gas liquid chromatography, lz [Becker Gas Chro- 
matograph Packard 417 (Becker Instruments, Downer 
Groves, IL, USA), equipped with a glass column: length 39 
m; internal diameter: 0.3 ram; stationary phase: carbowax 20 
M; flow rate: H2, 6 mL/min; inlet heater: 202 ° C; detector 
temperature: 240 ° C] using heptadecanoic acid as internal 
standard. Identification of fatty acids was performed with 
commercial standards by means of relative retention times. 
Areas were calculated with an ENICA 21 integrator (Delsi 
Instrument, Suresnes, France). PL were quantified by the 
measure of phosphorous, according to Bartlett's method? 3 
Protein contents were evaluated by the technique of Lowry 
et a1.14 using bovine serum albumin as standard. 

Statistical analysis 
Statistical evaluation of the data was carried out by analysis 
of variance (ANOVA) and by classification of the means using 
Duncan's new multiple range test.15 Differences were consid- 
ered significant if P < 0.05. 

Results 

Body weights and food intake (Table 2) 
In spite of similar food and energy daily intakes per kg 
body weight, SFd and Sd groups weighed only 50% of 
their respective control groups. 
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Table 1 Diet compositions 

Sunflower oil diets Soybean oil diets 

SFC SFd SC Sd 
20% casein 2% casein 20% casein 2% casein 

g/kg diet 
Milk Casein a 200 20 200 20 
DI-Methionine b 3 3 3 3 
Corn starch c 587 767 587 767 
Sucrose 50 50 50 50 
Fiber (agar-agar) a 50 50 50 50 
Salt mix d 40 40 40 40 
Vitamin mix ~ 20 20 20 20 
Sunflower oiP 50 50 
Soybean oiF 50 50 

The diets were isoenergetic (16280KJ/kg) and given as powdered form. 
aProlabo, Paris, France. 
bMerck, Darmstadt, Germany. 
oEts Louis Frangois, Saint Maur les Foss6s, France. 
dUAR B205 (Villemoisson 91360 Epinay-S/Orge, France). Minerals provided the following amounts (g/kg diet): calcium, 4; potassium, 2.4; 
sodium, 1.6; magnesium, 0.4; Iron, 0.12; trace elements: manganese, 0.032; copper, 0.005; zinc, 0.018; cobalt, 0.0004; iodine, 0.0002. 
eUAR 200 (Villemoisson 91360 Epinay-S/Orge, France). Vitamin mixture provided the following amounts (mg/kg diet): thiamin, 40. riboflavin, 
30; nicotinic acid, 140; pyridoxine, 20; pyridoxal, 300; cyanocobalamin, 0.1; ascorbic acid, 1600; dl e-tocopherol, 340; menadione, 80; calcium 
panthotenate, 200; choline, 2720; folic acid, 10; paraaminobenzoic acid, 100; biotine, 0.6; retinol, 12; cholecalciferol, 0.125. 
fLesieur, Boulogne Billancourt, France. 

Table 2 Food intake, body weight, liver, and VLDL lipid compositions from rats fed adequate or deficient protein diets with sunflower or 
soybean oils 

Sunflower oil diets Soybean oil diets 

SFC SFd SC Sd 
(20% casein) (2% casein) (20% casein) (2% casein) 

Food intake (g/24h.kg body weight) 68 -+ 6 71 _+ 13 76 _+ 11 69 -+ 8 
Energetic intake (KJ/24h.kg body weight) 1108 - 97 1157 __ 211 1238 _+ 179 1124 _+ 130 
Body weight (g) 292 _+ 17 a 149 _+ 27 b 291 _ 46 a 144 _+ 24 b 
Liver (g) 8.76 _+ 0.23 a 5.89 -+ 0.20 b 8.85 _+ 0.42 a 5.52 -+ 0.13 b 
Liver 

Relative liver weight (g/lOOg body weight) 3.01 -+ 0.09 b 3.93 + 0.25 a 3.04 +_ 0.19 b 3.82 -+ 0.18 a 
Protein (mg/g liver) 177.0 -+ 11.6 ~ 168.0 _+ 7.4 .b 181,0 _+ 12.0 a 158.0 _+ 7.8 b 
Total lipid (mg/g liver) 51.2 _+ 10.4 b 141.0 _+ 8.0 a 46,0 +_ 3.1 b 112.0 _+ 17.5 a 
Lipid/protein (mg/mg) 0.28 -+ 0.05 b 0.83 -+ 0.07" 0.25 + 0,03 b 0.72 _+ 0.08 a 
Phospholipid (mg/g liver) 43,9 - 2.4 a 34.1 + 3.6 bc 37.0 +_ 3.1 b 32.0 + 1.1 c 
Triacylglycerol (mg/g liver) 5.4 + 0.4': 62.1 + 3.2 a 4.6 _+ 0.3 ° 42.2 + 2.7 b 

VLDL 
Proteins (g/L serum) 0.030 -+ 0.004 a 0.012 _+ 0.004 b 0.030 -+ 0.008 ~ 0.010 _+ 0.003 b 
Phospholipid (mmol/L serum) 9.10 + 1.16. 3.74 + 0.74 b 8.29 _+ 1.22 a 3.39 -+ 0.51 b 
Triacylglycerol (mmol/L serum) 0.86 -+ 0.01 b 0,33 _+ 0.05 d 1.09 _+ 0.10. 0.45 -+ 0.03 ° 

SFC, 20% casein + 5% sunflower oil; SFd, 2% casein + 5% sunflower oil; SC, 20% casein + 5% soybean oil; Sd, 2% casein + 5% soybean 
oil. Values are given as means _+ SEM for six rats per group. After ANOVA, classification of the means was performed with Duncan's new 
multiple range test. Means with different superscript letters in the row are significantly different (P < 0.05). 

Absolute and relative liver weights (Table 2) 
In SFd and Sd groups, livers weighed 62 and 72% of 
their respective control groups. The relative liver 
weights were enhanced by dietary protein depletion. 

Protein, triacylglycerol and phospholipid liver 
contents (Table 2) 
In control groups sunflower enhanced liver PL contents 
compared with soybean oil. Protein deficiency involved 
a slight decrease in protein (for Sd) and PL (SFd and Sd) 

contents, but a high gain in total lipids, which was essen- 
tially due to TG contents. In SFd group, total lipid and 
TG contents were major in comparison with Sd values. 

VLDL (Table 2) 
Protein and PL and TG contents of VLDL were lower 
in both protein-deficient groups. Compared with sun- 
flower oil, soybean oil increased VLDL-TG contents. 
Moreover, VLDL-TG contents were diminished by sun- 
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flower oil in control group (SFC) compared with SC 
group. 

Fatty acid composition of liver-TG 
Overall fatty acid contents (mg/g liver) were elevated 
with dietary protein depletion [Table 3a]. These in- 
creases were more pronounced in the SFd group than 
in the Sd group, except for 20:5(n-3) and 22:6(n-3). 
Dietary protein depletion enhanced 20:4(n-6) to 18:2(n- 
6) and 20:3(n-9) to 20:4(n-6) ratios. 

Relative fatty acid composition [Table 3b] showed 
total (n-6) fatty acid (particularly linoleic acid) decrease 
and 22:5(n-3) increase in both protein deficient groups. 

Compared with sunflower oil, soybean oil enhanced 
22:5(n-3) and lowered 22:5(n-6). Moreover, 20:3(n-9) 
to 20:4(n-6) and 20:4(n-6) to 18:2(n-6) ratios were de- 
pressed with soybean oil diets. 

Fatty acid composition of liver-PL (Tables 4a 
& 4b) 
Total (n-6) fatty acid contents (arachidonic and linoleic 
acids) and unsaturated to saturated fatty acid ratio were 
diminished by dietary protein depletion. 20:3(n-9) and 
22:5(n-6) contents, 20:3(n-9) to 20:4(n-6) and 20:4(n- 
6) to 18:2(n-6) ratios were enhanced in Sd and SFd 
groups (with a greater increase in SFd group). 16:1(n- 
7) was diminished in both protein-deficient groups, 
whereas 18:1(n-9) was raised in Sd group, but decreased 
in SFd group. Furthermore, in this latter group, total 
(n-3) fatty acids were more strongly depressed. 

Compared with sunflower oil, soybean oil lowered 
total (n-6) fatty acids and the unsaturated to saturated 
fatty acid ratio, but raised total (n-3) fatty acids. Total 

saturated fatty acids in SFC group and total monounsat- 
urated fatty acids in SC group were depressed. 

Fatty acid composition of VLDL-TG 
Except for 18:0, 22:0, and 24:1(n-9), overall fatty acid 
contents (mg/100 mL serum) were diminished with 
dietary protein depletion (Table 5a). Total (n-6) and 
(n-3) fatty acid contents were depressed in both protein 
deficient groups. 22:5(n-6) and 20:3(n-9) contents were 
particularly enhanced in SFd group. Relative fatty 
acid composition (Table 5b) indicated a decrease in 
linoleic acid and total (n-6) fatty acids in both protein- 
deficient groups and an enhancement in 20:4(n-6) 
to 18:2(n-6) ratio. Moreover, with dietary protein 
depletion the unsaturated to saturated fatty acid ratio 
was depressed. 

Compared with sunflower oil, soybean oil enhanced 
total (n-6) and (n-3) fatty acid contents, and in propor- 
tion only total (n-3) fatty acids. 

Fatty acid composition of VLDL-PL 
Except for 16:1(n-7) and 24:0 in Sd group and 22:5(n-3) 
in SFd group, overall fatty acid contents were diminished 
with dietary protein depletion (Table 6a). Total (n-6) and 
(n-3) fatty acids were depressed in both protein-deficient 
groups. The percentages of fatty acid compositions 
(Table 6b) showed that dietary protein depletion dimin- 
ished total (n-6) fatty acids (arachidonic and linoleic 
acids). Moreover, SFd group involved the highest 
22:5(n-6) level and the lowest 22:6(n-3) level. In Sd 
group the unsaturated to saturated fatty acid ratio was 
the most reduced. 

Compared with sunflower oil, soybean oil depressed 

Tab le  3a Fatty acid contents of hepat ic  t r iacylg lycerols from rats fed adequate  or def icient protein diets with sunflower or soybean oils 
(mg/g liver) 

Sunf lower oil diets Soybean oil diets 

SFC SFd SC Sd 
20% casein 2% casein 20% casein 2% casein 

Fatty acids (mg/g liver) 
14:0 0.12 -+ 0.02 ° 1.17 + 0.02 a 0.09 ± 0.00 c 0.88 -+ 0.08 b 
16:0 2.00 -+ 0.14 b 20.08 ± 2.10 a 1.89 _+ 0.14 b 16.17 -+ 0.79" 
16:1 (n-7) 0.20 -+ 0.06 b 1.11 ± 0.43 ~ 0.19 + 0.05 b 1.47 -+ 0.29 a 
18:0 0.28 -+ 0.06 ° 6.69 ± 1.05~ 0.34 __ 0.05 c 3.94 ± 0.29 b 
18:1 (n-9) 1.30 ± 0.09 c 21.08 ± 1.30 a 1.08 _+ 0.08 c 12.48 _+ 0.46 b 
18:2 (n-6) 0.49 _+ 0.06 c 4.03 ± 0.24" 0.50 _± 0.04 ° 2.60 _+ 0.71 b 
20:0 0.05 +- 0.01 c 0.37 ± 0.12 a 0.09 _+ 0.02 c 0.12 +_ 0.04 b 
20:1 (n-9) 0.03 -+ 0.01c 0.68 ± 0.24 a 0,02 _ 0.00 c 0.16 _+ 0.04 b 
20:3 (n-9) 0.05 -+ 0.01c 1.98 + 0.43 a 0.01 _+ 0.00 '~ 0.37 _+ 0.08 b 
20:4 (n-6) 0.16 -+ 0.02 ° 1.48 ± 0.06 a 0.11 + 0.01 c 0.71 _+ 0.17 b 
20:5 (n-3) ND ND 0.06 _+ 0.01 b 0.12 + 0.04 . 
22:5 (n-3) 0.02 ± 0.00 'j 0.43 ± 0.06 b 0.05 _+ 0.01 ° 0.13 _+ 0.25 a 
22:5 (n-6) 0.13 ± 0.02 c 2.10 + 0.18.  0.03 _+ 0.01 d 0.46 ± 0.13 b 
22:6 (n-3) 0.09 ± 0.02 bc 0.67 ± 0.24 a 0.06 _+ 0.01 c 0.12 +_ 0.04 b 
24:0 0.03 + 0.00 c 0.18 ± 0.06 a 0.01 _+ 0.01 b 0.50 _+ 0.17 ab 
Total (n-6) 0.78 _+ 0.1 c 7.61 ± 0.48 a 0.64 _+ 0.06 ° 3.77 +_ 1.01 b 
Total (n-3) 0.11 _+ 0.02~ 1.10 ± 0.30 ~ 0.21 _ 0.03 b 1.37 _+ 0.33" 

Values are means +- SEM for six rats. SFC, 20% casein + 5% sunf lower oil; SFd, 2% casein + 5% sunflower oil; SC, 20% casein + 5% 
soybean oil; Sd, 2% casein + 5% soybean oil. After ANOVA, classif ication of the means was performed with Duncan's new multiple range 
test. Means with di f ferent superscr ipt  letters in a row for the same fatty acid are signif icantly different (P < 0.05). ND = not detected. 
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Table 3b Fatty acid composi t ion of hepatic tr iacylglycerols from rats fed adequate or deficient protein diets with sunflower or soybean oils 
(mg/10Omg fatty acids) 

Sunflower oil diets 

SFC 
20% casein 

SFd 
2% casein 

Soybean oil diets 

SC Sd 
20% casein 2% casein 

Fatty acids wt % (mg/100mg fatty acids) 
Total saturated 49.4 -+ 5.5 45.4 _+ 6.0 52.0 -+ 3.5 51.5 -+ 3.3 
20:3 (n-9) 1.0 -+ 0.2 ° 3.2 .+ 0.7 a 0.3 -+ 0.1 c 0.9 -+ 0.2 b 
Total monounsaturated 17.3 -+ 1.5 14.7 _ 1.3 14.5 .+ 2.0 18.8 -+ 2.2 
18:2 (n-6) 9.8 .+ 1.2 a 6.5 _+ 0.4 b 10.8 -+ 1.7 a 6.2 +_ 1.1 b 
20:4 (n-6) 3.1 -+ 0.5" 2.4 .+ 0.1 ° 2.4 _+ 0.4 b 1.7 - 0.4 b 
22:5 (n-6) 2.6 -+ 0,5 a 3.4 .+ 0.3 a 0.7 .+ 0.2 b 1,1 .+ 0.3 b 
Total (n-6) 15,5 .+ 2.2 a 12.3 _+ 0.8 b 13.9 -+ 2.3 ~° 9.0 +- 1.8c 
20:5 (n-3) ND ND 1.3 + 0.1 a 0.3 -+ 0.1 ° 
22:5 (n-3) 0.4 .+ 0.1 ~ 0.7 _+ 0.1 ° 1.1 .+ 0,2 b 2.7 -+ 0.6 ~ 
22:6 (n-3) 1.8 _+ 0.4 ~ 1.1 _+ 0.4 ~ 1.3 _+ 0.1 ~ 0.3 -+ 0.1 b 
Total (n-3) 2.2 .+ 0.5 b 1.8 .+ 0.8 ° 3.7 _+ 0.4 ~ 3.3 -+ 0.8 a° 
U nsatu rated/satu rated 1.02 1.20 O, 88 0.88 
20:4 (n-6)/18:2 (n-6) 0.31 0.37 0,22 0.27 
20:3 (n-9)/20:4 (n-6) 0.32 1.33 0.12 0.53 

Values are means -+ SEM for six rats. SFC, 20% casein + 5% sunflower oil; SFd, 2% casein + 5% sunflower oil; SC, 20% casein + 5% 
soybean oil; Sd, 2% casein + 5% soybean oil. After ANOVA, classification of the means was performed with Duncan's new multiple range 
test. Means with different superscript letters in a row for the same fatty acid are significantly different (P < 0.05). ND = not detected. 

Table 4a Fatty acid contents of hepatic phosphol ipids from rats fed adequate or deficient protein diets with sunflower or soybean oils (rag/ 
g liver) 

Sunflower oil diets Soybean oil diets 

SFC SFd SC Sd 
20% casein 2% casein 20% casein 2% casein 

Fatty acids (mg/g liver) 
14:0 1.4 ___ 0.3 1.3 _+ 0.1 1.0 _+ 0.2 1.1 _+ 0.1 
16:0 10.0 ___ 0.9 9,2 _+ 0.4 9.9 _+ 0.6 9.3 -+ 0.6 
16:1 (n-7) 1.1 ___ 0.2 a 0.6 -+ 0.1 b 1.1 + 0.3 a 0.6 -+ 0.1 b 
18:0 5.8 --_ 0.5 b 5.4 _+ 0.5 b 7.4 _+ 0.7 a 5.2 - 0.7 b 
18:1 (n-9) 6.5 + 0.6 ~ 4.2 _+ 0,4 ° 4.2 _+ 0,4 ° 5.4 _+ 0.4 o 
18:2 (n-6) 5.2 ___ 0.6 ~ 2.2 + 0,2 ° 3.4 + 0.7 b 1.6 _+ 0.6 ° 
18:3 (n-6) 0.3 -+ 0.1 0.2 -+ 0.0 ND ND 
20:1 (n-9) 0.4 ± 0.1 a 0.3 + 0.0 ~ 0.2 -+ 0.0 b 0.1 _+ 0.0 o 
20:3 (n-9) ND 0.7 -+ 0.1 a ND 0.4 _+ 0,1 b 
20:3 (n-6) 0.6 --_ 0.0 a 0.5 -+ 0.2 ~b 0.4 _+ 0.1 b traces 
20:4 (n-6) 9.9 --- 0.1 a 4.9 - 0.4 c 6.9 - 0.5 b 4.4 _+ 0.3 c 
20:5 (n-3) 0.4 ___ 0.1 traces traces traces 
22:0 0.3 -_ 0.1" 0.3 -+ 0.0 ~ traces 0.1 _+ 0.0 o 
22:5 (n-3) 0.3 - 0.0 b traces 1.2 - 0.2 ~ 0.9 -+ 0.3 a 
22:5 (n-6) 0.8 __ 0.4 b° 1.6 _+ 0.2 a 0.3 +- 0.1 c 0,6 -+ 0.1 ° 
22:6 (n-3) 0.4 + 0.1 oc 0.3 -+ 0,1 c 0,9 + 0.1. 0.6 -+ 0,1 b 
24:0 0.3 + 0.1 0.3 -+ 0.1 traces 0.2 + 0.1 
Total (n-6) 16.8 ___ 1.2 ~ 9.4 + 1.0 b 11.0 _+ 1.4 o 6.6 -+ 1.0 ° 
Total (n-3) 1.1 + 0.2 o 0.3 -+ 0.1 c 2.1 -+ 0.3 ~ 1.5 + 0.4 ao 

Values are means - SEM for six rats. SFC, 20% casein + 5% sunflower oil; SFd, 2% casein + 5% sunflower oil; SC, 20% casein + 5% 
soybean oil; Sd, 2% casein + 5% soybean oil. After ANOVA, classification of the means was performed with Duncan's new multiple range 
test, Means with different superscript letters in a row for the same fatty acid are significantly different (P < 0.05). ND = not detected. 

22:5(n-6) and enhanced 22:5(n-3) contents. Soybean oil 
enhanced the relative proportion of total (n-3) fatty 
acids. 

VLDL apolipoproteins (Figure 1) 
Overall VLDL apolipoproteins were strongly dimin- 
ished by dietary protein depletion. Soybean oil diets 

involved lower B48 and higher Aiv values compared with 
values obtained with sunflower oil diets. 

Discussion 

The relationships between serum VLDL and liver lipids 
in kwashiorkor have been studied, 4,16 but never with 
consideration for qualitative changes in EFA. 
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Table 4b Fatty acid composit ion of hepatic phosphol ipids from rats fed adequate or deficient protein diets with sunflower or soybean oils 
(mg/ lOOmg fatty acids) 

Sunflower oil diets Soybean oil diets 

SFC SFd SC Sd 
20% casein 2% casein 20% casein 2% casein 

Fatty acids wt % (mg/100mg fatty acids) 
Total saturated 40.7 _+ 3.7 b 51.5 -+ 3.5 ~ 49.9 _+ 4.4 a 52.2 _+ 3.8 a 
20:3 (n-9) ND 2.2 + 0.4 ~ ND 1.3 -+ 0.5 ° 
Total monounsaturated 18.3 _+ 1.7 a 15.7 _+ 1.6 ab 14.8 _+ 2.1 o 18.4 _+ 1.3, 
18:2 (n-6) 11.9 _+ 1.2, 6.8 -+ 0.7 ~ 9.1 ± 1.9 a 5.3 + 2.1 b 
20:4 (n-6) 22.5 _+ 1.9 ~ 15.3 _+ 1.3 ~ 18.6 _+ 1.4 b 14.2 _+ 0.6 ~ 
22:5 (n-6) 1.8 _+ 0.6 b 5.0 _+ 1.0 ~ 0.9 + 0.2 ~ 1.7 ___ 0.4 b 
Total (n-6) 37.9 _+ 4.3 ~ 29.0 + 3.6 ° 29.6 +_ 3.6 b 21.3 _+ 3.1 c 
20:5 (n-3) 1.0 _+ 0.3 ~ 0.1 _+ 0.0 b 0.2 _+ 0.0 ~ 0.1 -+ 0.0 b 
22:5 (n-3) 0.6 _+ 0.1 b 0.2 _+ 0.0 c 3.2 _+ 0.7 . 3.0 -+ 1.0, 
22:6 (n-3) 1.0 + 0.2 b 0.8 -+ 0.2 ° 2.3 _+ 0.4 a 1.9 _+ 0.3 ~ 
Total (n-3) 2.6 + 0.6 b 1.1 _+ 0.2 c 5.7 _+ 1.1 a 5.0 -+ 1.3 a 
U n satu rated/Satu rated 1.44 0.93 1.00 0.88 
20:4 (n-6)/18:2 (n-6) 1.9 2.3 2.0 2.7 
20:3 (n-9)120:4 (n-6) 0.14 0.09 

Values are means -+ SEM for six rats. SFC, 20% casein + 5% sunflower oil; SFd, 2% casein + 5% sunflower oil; SC, 20% casein + 5% 
soybean oil; Sd, 2% casein + 5% soybean oil. After ANOVA, classification of the means was performed with Duncan's new multiple range 
test. Means with different superscript letters in a row for the same fatty acid are significantly different (P < 0.05). ND = not detected. 

Table 5a Fatty acid contents of VLDL tr iacylglycerols from rats fed adequate or deficient protein diets with sunflower or soybean oils (mg/ 
100mL serum) 

Sunflower oil diets Soybean oil diets 

SFC SFd SC Sd 
20% casein 2% casein 20% casein 2% casein 

Fatty acids (mg/100mL serum) 
14:0 3.1 _+ 0.8 a 0.7 _+ 0.1 b 2.6 _+ 0.6 a 1.0 + 0.4 b 
16:0 19.0 _+ 1.2 a 8.9 _+ 1.0 b 22.8 _+ 1.7 ~ 12.0 _+ 1.4 b 
16:1 (n-7) 4.6 -+ 0.6 a 2.8 _+ 0.3 b 4.0 _+ 0.6 a 2.9 _+ 0.6 ° 
18:0 1.9 _+ 0.5 2.5 _+ 0.3 3.0 -+ 0.9 2.5 + 0.8 
18:1 (n-9) 27.2 _+ 5.0 a 8.8 _+ 0.5 o 33.8 _+ 2.9 a 12.6 + 2.3 o 
18:2 (n-6) 9.3 -+ 2.1 ~ 0.9 _+ 0.3 ° 13.3 + 2.4 a 1.9 _+ 0.5 ° 
18:3 (n-3) 0.6 -+ 0.1 ° 0.1 _+ 0.0 o 1.0 _+ 0.2 ~ 0.5 + 0.0 b 
18:3 (n-6) ND ND 0.6 _+ 0.1" 0.2 _+ 0.1 ° 
20:0 0.8 -+ 0.1 a 0.2 _+ 0.0 ° 0.5 -+ 0.1 ° 0.4 _+ 0.1 ° 
20:1 (n-9) 0.9 - -  0.3 ab 0.3 --+ 0.1 c 1.3 --+ 0.2 a 0.7 ± 0.2 b 
20:3 (n-9) ND 0.1 _+ 0.0 ND ND 
20:3 (n-6) 0.4 + 0.1 ~° 0.5 _+ 0.1~ 0.2 _+ 0.0 b traces 
20:4 (n-6) 1.8 -+ 0.4 a 0.4 _+ 0.2 ° 2.4 _+ 0.3 a 0.7 _+ 0.0 ° 
20:5 (n-3) 0.4 _+ 0.1 ° 0.2 + 0.0 c 0.9 -+ 0.4 ~ 0.3 _+ 0.0 ° 
22:0 1.0 + 0.5 0.5 _+ 0.1 1.0 + 0.4 0.8 + 0.4 
22:5 (n-3) traces traces 0.5 -+ 0.1 traces 
22:5 (n-6) 0.4 ± 0.1 c 0.7 _+ 0.0 o 2.0 + 0.2 a 0.8 _+ 0.2 ° 
22:6 (n-3) 0.6 _+ 0.1 ° 0.1 _+ 0.0 o 2.0 _+ 0.5 a 0.5 ± 0.1 ° 
24:0 0.8 -+ 0.1 ~ 0.3 + 0.0 o 0.7 + 0.1 ~ 0.5 _+ 0.3 a° 
24:1 (n-9) 1.9 _+ 0.7 ab 0.9 _+ 0.3 b 1.1 _+ 0.5 ab 2.1 _+ 0.5 a 
Total (n-6) 11.9 _+ 2.8 b 2.5 _+ 0.6 d 18.5 _+ 3.0 ~ 3.6 ± 0.8 ° 
Total (n-3) 1.6 _+ 0.3 ° 0.4 _+ 0.1 ~ 4.4 _+ 1.2 a 1.3 _+ 0.2 b 

Values are means _+ SEM for six rats. SFC, 20% casein + 5% sunflower oil; SFd, 2% casein + 5% sunflower oil; SC, 20% casein + 5% 
soybean oil; Sd, 2% casein + 5% soybean oil. After ANOVA, classification of the means was performed with Duncan's new multiple range 
test. Means with different superscript letters in a row for the same fatty acid are significantly different (P < 0.05). ND = not detected. 
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Table 5b Fatty acid composit ion of VLDL tr iacylglycerols from rats fed adequate or deficient protein diets with sunflower or soybean oils 
(mg/100mg fatty acids) 

Sunflower oil diets Soybean oil diets 

SFC SFd SC Sd 
20% casein 2% casein 20% casein 2% casein 

Fatty acids wt % (mg/100mg fatty acids) 
Total saturated 35.1 _+ 4.5 b 44.0 _+ 5.4 a 32.2 _+ 4.4 b 43.1 _+ 5.2 ~ 
20:3 (n-9) ND 0.5 -+ 0.1 ND ND 
Total monounsaturated 45.7 _+ 8.8 43.8 -+ 3.8 43.4 + 4.5 43.3 _+ 8.8 
18:2 (n-6) 12.3 +_ 2.9 ~ 3.3 +- 0.5 b 14.0 _+ 2.7 . 4.9 _+ 1.3 b 
20:4 (n-6) 2.4 -+ 0.5 1.3 _+ 0.7 2.5 _+ 0.3 1.8 _+ 0.2 
22:5 (n-6) 0.6 -+ 0.3 b 2.6 + 0.1 ~ 2.1 _+ 0.6 ~ 2.1 _+ 0.6 ~ 
Total (n-6) 15.9 - 3.9 ~ 9.1 _+ 1.7 b 19.5 + 3.7 a 9.4 _+ 2.5 b 
20:5 (n-3) 0.6 -+ 0.1 0.8 +_ 0.2 1.0 _+ 0.4 0.8 _ 0.0 
22:5 (n-3) traces traces 0.5 _+ 0.1 traces 
22:6 (n-3) 0.8 - 0.2 b 0.4 _+ 0.10 2.1 + 0.6 ~ 1.2 _+ 0.2 b 
Total (n-3) 2.2 -+ 0.4 b 1.6 -+ 0.4 ~ 4.7 - 1.4 a 3.3 _+ 0.3 ~ 
U nsatu rated/satu rated 1.81 1.22 2.10 1.29 
20:4 (n-6)/18:2 (n-6) 0.2 0.4 0.2 0.4 
20:3 (n-9)/20:4 (n-6) 0.38 

Values are means _+ SEM for six rats. SFC, 20% casein + 5% sunflower oil; SFd, 2% casein + 5% sunflower oil; SC, 20% casein + 5% 
soybean oil; Sd, 2% casein + 5% soybean oil. After ANOVA, classification of the means was performed with Duncan's new multiple range 
test. Means with different superscript letters in a row for the same fatty acid are significantly different (P < 0.05). ND = not detected. 

Table 6a Fatty acid contents of VLDL phosphol ipids from rats fed adequate or deficient protein diets with sunflower or soybean oils (mg/ 
100mL serum) 

Sunflower oil diets Soybean oil diets 

SFC SFd SC Sd 
20% casein 2% casein 20% casein 2% casein 

Fatty acids (mg/100mL serum) 
14:0 0.9 -+ 0.1, 0.3 -+ 0.0 b 0.9 -+ 0.2 a 0.3 _ 0.0 b 
16:0 4.5 -+ 0.3 a 1.8 _+ 0.2 b 5.7 _+ 0.8 a 2.5 _+ 0.2 b 
16:1 (n-7) 1.7 _+ 0.2a 0.6 -+ 0.1 b 0.8 -+ 0.2 b 0.3 _+ 0.0 b 
18:0 5.3 -+ 1.0 ~ 2.6 - 0.3 b 3.7 _+ 1.0 .b 1.8 + 0.30 
18:1 (n-9) 3.5 -+ 0.5 . 2.3 _--- 0.2 b 2.9 _+ 0.4 ab 1.6 _+ 0.2 c 
18:2 (n-6) 4.0 + 0.3, 1.3 --- 0.1 b 4.2 + 0.5- 1.2 _ 0.1 b 
20:0 0.3 + 0.1 0.1 _+ 0.0 0.1 _+ 0.0 0.1 _+ 0.0 
20:1 (n-9) 0.3 +- 0.1, 0.1 - 0.0 b 0.5 - 0.1" 0.1 _ 0.0 b 
20:4 (n-6) 3.8 -4- 0.5 . 1.1 _+ 0.2 b 3.9 -+ 0.5 a 1.0 _+ 0.2 t' 
22:0 0.4 -+ 0.4 . 0.1 _+ 0.0 b 0.4 _+ 0.1 a 0.1 _+ 0.0 b 
22:5 (n-3) 0.3 -+ 0.1 b 0.2 +- 0.0 bc 0.7 _+ 0.1 a 0.1 _+ 0.0 o 
22:5 (n-6) 0.9 +- 0.1 a 0.5 -+ 0.1 b 0.5 - 0.0 b 0.2 _+ 0.0 o 
22:6 (n-3) 0.6 -+ 0.1 a 0.1 _+ 0.0 b 0.7 _+ 0.1 a 0.2 + 0.1 b 
24:0 0.6 -+ 0.2" 0.3 ± 0.0 b 0.2 _+ 0.0 b 0.1 _+ 0.0 b 
24:1 (n-9) 0.7 _+ 0.3 ~ 0.3 ± 0.0 b 0.5 -+ 0.2 ~ 0.2 _+ 0.0 b 
Total (n-6) 8.7 -+ 0.9 ~ 2.9 _+ 0.4 b 8.4 - 1.1" 2.4 _+ 0.3 b 
Total (n-3) 0.9 -+ 0.3 ~ 0.3 - 0.0 b 1.4 +_ 0.2 ~ 0.3 _+ 0.1 b 

Values are means -+ SEM for six rats. SFC, 20% casein + 5% sunflower oil; SFd, 2% casein + 5% sunflower oil; SC, 20% casein + 5% 
soybean oil; Sd, 2% casein + 5% soybean oil. After ANOVA, classification of the means was performed with Duncan's new multiple range 
test. Means with different superscript letters in a row for the same fatty acid are significantly different (P < 0.05). 

The aim of this experiment was to evaluate the bio- 
availability of EFA and their derivatives by the study 
of detailed quantitative and qualitative changes in liver 
and VLDL fatty acid compositions in rats subjected to 
low protein diets in combination with two oils differing 
in their ot-linolenic acid contents. 

In both protein-deficient groups, the increment in 
total hepatic lipids was extensive, as observed in a previ- 
ous experiment. 4 Data showed that the TG accumula- 
tion in liver observed with dietary protein depletion was 

in relation with the decreased synthesis of VLDL-apo 
and perhaps with a greater peripheral uptake of VLDL 
by other tissues than liver.17 

Generally, ot-linolenic acid deficiency is obtained 
when rats are fed a free tx-linolenic acid diet over very 
long periods or for two or three generations. TM Bourre 
et a1.19 estimated et-linolenic and linoleic acids require- 
ments for developing rats to be about 0.4% and 2.4% 
of total calories intake or 2 g/kg and 12 g/kg of food 
intake, respectively. In this study, sunflower and soy- 
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"table 61} Fatty acid composition of VLDL phospholipids from rats fed adequate or deficient protein diets with sunflower or soybean oils 
(mg/lOOmg fatty acids) 

Sunflower oil diets 

SFC 
20% casein 

SFd 
2% casein 

Soybean oil diets 

SC Sd 
20% casein 2% casein 

Fatty acids wt % (mg/100mg fatty acids) 
Total saturated 43.5 _+ 6.5 43.9 _+ 6.3 42.5 _+ 8.3 47.3 _+ 6.3 
20:3 (n-9) ND ND ND ND 
Total monounsaturated 22.2 -+ 3.7 ab 28.1 _+ 3.6 a 18.4 _+ 3.5 b 22.5 _+ 4.0 ab 
18:2 (n-6) 14.4 _+ 0.9 a 10.9 _+ 1.1 b 16.1 _+ 1.9 a 11.7 + 1.2 b 
20:4(n-6) 13.7 -+ 1.7 a 9.2 _+ 1.3 b 15.1 _+ 2.2 a 10.0 _+ 2.2 b 
22:5 (n-6) 2.2 + 0.4 b 4.2 _+ 0.8 a 2.1 _+ 0.4 b 2.2 _+ 0.4 b 
Total (n-6) 30,3 + 3.0 ~ 24.3 _+ 3.2 b 33.3 _+ 4.5 a 23.9 _+ 3.8 b 
20:5 (n-3) ND ND ND ND 
22:5 (n-3) 1.2 -+0.4 b 1.7 + 0,4 ab 2.6 _+ 0.7 ~ 1.4 _+ 0.7 ab 
22:6 (n-3) 2,0 -+ 0.3 ~ 1.2 _+ 0.4 b 2.8 _+ 1.1 a 2,2 _+ 0.5 ab 
Total (n-3) 3,2 + 1.1 ~ 2.9 _+ 0.8 b 5.4 _+ 1.8 a 3.6 _+ 1.2 ~b 
U nsatu rated/satu rated 1.28 1.26 1,34 1,0 
20:4 (n-6)/18:2 (n-6) 0.95 0.84 0.94 0.85 

Values are means - SEM for six rats. SFC, 20% casein + 5% sunflower oil; SFd, 2% casein + 5% sunflower oil; SO, 20% casein + 5% 
soybean oil; Sd, 2% casein + 5% soybean oil. After ANOVA, classification of the means was performed with Duncan's new multiple range 
test. Means with different superscript letters in a row for the same fatty acid are significantly different (P < 0.05). ND = not detected. 
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Figure 1 VLDL-apolipoprotein (VLDL-apo) distribution from young rats fed adequate or deficient protein diets with 
sunflower or soybean oils for 28 days. Values are expressed as arbitrary units (AU)/L serum. Each column represents 
means _ SEM for six rats per group. SFC, 20% casein + 5% sunflower oil; SFd, 2% casein + 5% sunflower oil; SC, 
20% casein + 5% soybean oil; Sd, 2% casein + 5% soybean oil. Data were compared for each apo. Statistical evaluation 
of the data was conducted by ANOVA and classification of the means with Duncan's new multiple range test. Means 
in a panel with different superscript letters were significantly different (P < 0.05). 

bean oil diets contained 0.05 g and 2.5 g of a-linolenic 
acid and 29 g and 28 g of linoleic acid, per kg diet 
respectively. Therefore, overall diets brought an ade- 
quate linoleic acid content, but both sunflower oil diets 
were strongly depleted in a-linolenic acid. 

After 28 days of experiment, in both protein-deficient 
groups, in spite of adequate level of 18:2(n-6) in diets, 

the relative fatty acid composition showed decreased 
total (n-6) fatty acids, mainly linoleic acid, in overall 
fractions studied. The fatty acid contents decreased sim- 
ilarly, except in liver TG, in which they were enhanced 
by dietary protein depletion. Absolute and relative ara- 
chidonic acid values were only depressed in PL fractions 
(liver and VLDL). In liver PL the decrease in both 
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arachidonic and linoleic acids, essentially originating 
from membranes, indicated that the bioavailability of 
these PUFA was decreased in liver by protein-deficient 
diets. In this experiment, the 20:4(n-6) to 18:2(n-6) ratio 
was enhanced by protein-deficient diets in liver, VLDL 
TG, and liver PL, whereas DeTomas et al. 2° showed 
that partial protein deprivation is associated with a de- 
creased 20:4(n-6) to 18:2(n-6) ratio in PL from rat liver. 
These conflicting data may be explained by differences 
in the age of rats or in the duration, degree, and type 
of protein malnutrition. 

Increased 20:3(n-9) content and 20:3(n-9) to 20:4(n- 
6) ratio are generally accepted as indicators of EFA 
deficiency. In our study, in liver TG and PL this ratio 
value exceeded the normal range (<0.2) defined by 
Holman. 6 Furthermore, 20:3(n-9) in VLDL-TG was de- 
tected only in the SFd group. EFA deficiency obtained 
with hydrogenated coconut oil (deficient in both a-lin- 
olenic and linoleic acids) and associated with a protein- 
deficient diet involves a higher increase in 20:3(n-9) and 
a lower decrease in 20:4(n-6) concentrations in fatty 
acid composition of heart and hepatic PL than those 
obtained with EFA deficiency alone. 21 20:3(n-9) to 
20:4(n-6) ratio and 20:4(n-6) to 18:2(n-6) ratio were 
always greater in SFd group than in Sd group. Defi- 
ciency in ot-linolenic acid (sunflower oil diets) seemed 
to involve a decreased competition in microsomal A6 
desaturase activities, which appeared unaltered by di- 
etary protein depletion. This consequently increased (n- 
6) fatty acid desaturation. Total (n-3) fatty acid contents 
were depressed in VLDL (TG and PL) in both protein- 
deficient groups. The relative fatty acid composition 
showed decreased (n-3) PUFA in liver PL for the SFd 
group only. Dietary protein depletion enhanced 22:5(n- 
6) in overall lipid fractions studied, and to a larger extent 
in the SFd group, suggesting that the elongase and 
desaturase activity of (n-6) fatty acids were still op- 
erating, but also perhaps that the utilization of 22:5(n- 
6) might be decreased. On the other hand, compared 
with sunflower oil, soybean oil enhanced total (n-3) fatty 
acid contents and especially 22:5(n-3), and diminished 
total (n-6) fatty acid contents, especially 22:5(n-6). But 
in VLDL-TG, total (n-6) and (n-3) fatty acid contents 
were more elevated with soybean oil, because VLDL- 
TG concentrations were majored with this oil compared 
with sunflower oil values. However, the relative fatty 
acid composition in VLDL-TG only showed increased 
(n-3) fatty acids. Linolenate deficiency involves a reduc- 
tion in the proportions of series (n-3) fatty acids in 
liver of rats 22 and leads to an accumulation of 22:5(n- 
6), which replaces the deficient 22:6(n-3). 19 Dietary et- 
linolenic acid deficiency studied over three generations 
shows a great decrease of series (n-3) PUFA in liver 
PL, particularly in 22:6 (n-3), which is compensated 
for by a very high increase in 22:5 (n-6). TM As in our 
experiment, ot-linolenic acid-deficient rats (in both sun- 
flower oil diets) show the greatest 22:5 (n-6) and the 
lowest 22:6(n-3) values in liver PL, particularly in the 
SFd group. Therefore dietary protein depletion seems 
to accentuate et-linolenic acid impairment. Increment in 
22:5 (n-6) could be attributable to higher A4 desaturase 

activity or to lower utilization [A4 desaturase activity 
involved the desaturation of 22:5 (n-3) to 22:6 (n-3) or 
22:4 (n-6) to 22:5 (n-6)]. Rats fed sunflower oil diets 
were deficient in 18:3 (n-3) then in 22:5 (n-3) and it 
could decrease the competition between 22:5 (n-3) and 
22:4 (n-6) for A4 desaturase activity. This activity in- 
creases with linolenate deficiency in rat liver. 23 

In our study, absolute values of overall apos were 
decreased by dietary protein depletion. The reduction 
in synthesis of total VLDL-apos has been observed in 
perfused livers by Yagasaki and Kametaka 24 and would 
originate from the decrease in rough endoplasmic reticu- 
lum of hepatic cells of rats fed on a low-protein diet. 
Data obtained in this study and previous reports 4,25 
proved that the reduced synthesis of liver VLDL-apo 
is a cause of impaired export of hepatic TG that involves 
fatty liver. Apo B and apo C, the major VLDL-apos 
of rat, mainly originating from liver, which are impaired 
by dietary protein depletion, are particularly low in 
protein deficient rats. 

In conclusion, protein depletion involves an impair- 
ment in EFA availability. Total (n-6) PUFA contents 
are diminished in liver and VLDL, while total (n-3) 
PUFA contents are lowered in VLDL TG and PL only. 
Furthermore sunflower oil amplifies this impairment 
and the lack of a-linolenic acid involves a greater dimi- 
nution in (n-3) PUFA and enhances 20:3(n-9) and 
22:5(n-6), especially in PL fractions. In this experiment, 
in spite of a short period of dietary treatment, protein 
deficiency strongly impairs EFA metabolism and accen- 
tuates the a-linolenic acid deficiency. 
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Abbreviations 

Apo 
EFA 
PL 
PUFA 
SC 
Sd 
SFC 
SFd 
TG 

apolipoprotein 
essential fatty acids 
phospholipid 
polyunsaturated fatty acids 
20% casein + 5% soybean oil 
2% casein + 5% soybean oil 
20% casein + 5% sunflower oil 
2% casein + 5% sunflower oil 
triacylglycerol 
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