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ABSTRACT 
 
The objective of this study was to evaluate the incorporation of omega-3 fatty acids (n-3 FA) on male Swiss mice 
livers receiving diets based on linseed oil (LO) for up to 56 days. The mice were sacrificed at  7, 14, 28, 42, 56 days 
and FA concentration was analyzed by gas chromatography. A total of 13 FA were identified on LO feeds 
presenting alpha-linolenic acid (LNA) contents of 26.97 %. A total 22 FA were identified in the livers of the mice. 
Part of the LNA was converted into n-3 FA (20:3n-3, eicosapentaenoic acid-EPA, 22:5n-3, and docosahexaenoic 
acid- DHA), and some of the LNA was stored in the liver. LNA, EPA and DHA concentrations (mg/g total lipids ) 
from 0 days  for up 56 days increased from 1.29 to 18.90 (LNA), 0.20 to 18.90 (EPA) and 41.26 to 99.17 (DHA).The 
concentration of n-3 FA in the livers varied with the duration of the LO diet. During LO feed, n-6 FA concentration 
fell and n-3 FA concentration rose through the experimental period. 
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INTRODUCTION 
 
Mice are used in experiments because of their 
biological similarities to human beings. They are 
monogastric mammals and present metabolic 
routes and DNA segments similar to those of 
human beings (Harris, 1997; Leon, 2005). Linseed 
oil is the richest known source of alpha-linolenic 
acid (LNA, 18:3n-3), a precursor of the long chain 
n-3 PUFA series (de Souza et al., 2008; Tonial et 
al., 2009). LNA and linoleic acid (LA, 18:2n-6) 
are essential fatty acids and are metabolized by the 
same sequential desaturation and elongation 
enzyme systems, which results in the production 
of long chain polyunsaturated fatty acids (LC-

PUFA) of the n-3 and n-6 series, respectively. The 
conversion into their longer chain homologues 
occurs by a combination of subsequent reactions 
involving ∆6 desaturation of LNA to 18:4n-3 and 
of LA to 18:3n-6, followed by elongation and ∆5 
desaturation to eicosapentaenoic acid (EPA) and 
arachidonic acid (AA, 20:4n-6), which finally 
undergo elongation and ∆4 desaturation to produce 
docosapentaenoic acid (22:5n-6) and 
docosahexaenoic acid (DHA, 22:6n-3) (Qiu, 2003; 
Schaeffer et al., 2006). Currently, there is a great 
interest in the roles of omega-3 (n-3 LC-PUFA) 
and omega-6 (n-6 LC-PUFA) in human health and 
metabolism. 
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The typical western diet has high levels of n-6 FA 
in the form of vegetable oils, such as sunflower 
oil, corn oil, cottonseed oil, and especially soybean 
oil, which is the most consumed oil in the world. 
On the other hand, lower intake of n-3 FA occurs, 
as for example, through the intake of linseed oil 
and fish oil (Visentainer et al., 2005). The level of 
dietary n-3 FA may be changed by the 
concomitant intake of other types of fats. It is 
recognized that n-6 and n-3 FA compete for 
elongation and desaturation. This competition for 
∆6 desaturase affects the incorporation of n-3 LC-
PUFA metabolites in tissues, which affects the 
impact of n-3 LC-PUFA on chronic disease (James 
et al., 2000).  
The intake of n-6 FA promotes the role of AA as a 
precursor of the 2-series prostanoids and the 4-
series leukotrienes in the metabolism of 
eicosanoids. This creates a proinflammatory, 
proaggregatory environment that may affect the 
development or progression of chronic diseases 
(Garófolo and Petrilli, 2006). The intake of n-3 
polyunsaturated fatty acids (PUFA) (from linseed 
oil or marine oils) partially replaces the 20:4n-6 in 
the eicosanoid metabolism, favoring the less 
inflammatory and aggregatory 3-series prostanoids 
and 5-series leukotrienes (Surette, 2008).  
The competition between n-6 and n-3 FA may be 
clinically important and may affect the 
development or progression of diseases (Vancassel 
et al., 2007). It is worth nothing that AA is 
important for fetal growth and the metabolism of 
prostaglandins (Calder, 2006; Innis, 2007), while 
among LC-PUFA, EPA and DHA have received 
much attention from the scientific communities 
because of their positive role in human health 
(Carl et al., 2009; Calder, 2006; Chapkin et al., 
2009). Studies in humans have also demonstrated 
the conversion of LNA to EPA and DHA 
(Harnack et al., 2009). 
Thus, this study aimed to evaluate the 
incorporation of LNA and the conversion of LNA 
into their long-chain homologues in the liver of 
mice fed linseed oil as a function of feeding time 
of 56 days. 
 
 
MATERIALS AND METHODS 
 
Animal and diets 
Thirty-six male Swiss mice, weighing 25.0 ±2.0 g 
 

aged four weeks old were fed commercial diet 
supplemented with 3% (w/w) sunflower oil (Table 
1). The experiment with linseed oil diet (3.0% 
w/w, Table 1) was carried out for eight weeks (56 
days). The mice were randomly assigned to six 
groups of six specimens each in two replicates and 
were individually kept in polycarbonate cages and 
fed linseed oil diets ad libitum. The temperature 
was controlled at 23-24°C with 12-h light/dark 
cycles.  This study was performed in accordance 
with the guidelines of the Ethics Committee for 
Research with Animals of UEM (No. 9751/2007-
PRO), according to Brazilian Laws. 
On the first day, six mice were sacrificed, starting 
at day zero (before the beginning of the treatments 
with linseed oil) and every day thereafter (7, 14, 
28, 42, 56 days). After the mice were killed, the 
liver was removed and kept in polyethylene bags 
in N2 atmosphere at -18°C. In the beginning of 
each analysis, the liver samples were allowed to 
equilibrate to room temperature, diced, and 
homogenized. 
 
Total lipids, moisture, and fatty acid 
composition  
Total lipids (TL) in the liver and feed were 
determined according to Bligh and Dyer (1959) 
and moisture, according to Cunniff (1998). Fatty 
acid methyl esters (FAME) were prepared by 
methylation of total lipids by Maia and Rodriguez-
Amaya (1993). The methyl esters were separated 
by gas chromatography using a Varian 3300 
(USA) gas chromatograph fitted with a flame 
ionization detector (FID) and a fused-silica CP-
select CB-Fame capillary column (100 m x 0.25 
mm id., 0.25 µm cyanopropyl CP-7420) (Martin et 
al., 2008). Injector and detector temperatures were 
at 240 oC. The column temperature was 
maintained at 165 oC for 12 min and programmed 
from 165 to 180 º C at 40 ºC/min for 15 min and 
from 180 to 240 ºC at 15 °C/min to 18 min. The 
ultra-pure gas flows were: 1.4 mL.min-1 carrier gas 
(hydrogen), 30 mL.min-1 make-up gas (nitrogen), 
300 mL.min-1 synthetic air and 30 mL.min-1 
hydrogen flame gas, split injection, 1:100 ratio. 
Samples were injected in triplicate. Retention 
times and peak area % values were automatically 
computed by a Varian 4290 integrator. For the 
identification of fatty acids, fatty acid retention 
times were compared to those of standard methyl 
esters (Sigma, USA).  
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Table 1 - Composition, total lipid content, and fatty acid composition of the experimental diets   
Ingredients (% w/w) Commercial diet Linseed oil diet 

Soybean meal 37.4 37.4 
Wheat meal 6.9 6.9 
Ground corn 45.0 45.0 
Linseed oil 0.0 3.0 
Sunflower oil 3.0 0.0 
Bicalcium phosphate 2.5 2.5 
Calcareous 0.4 0.4 
NaCl 0.3 0.3 
PremixA 4.5 4.5 
Total lipids (%) 7.76±0.53 7.60±0.68 
Fatty acid compositionb Means ± SD Means ± SD 
14:0 0.20±0.01 a 0.13±0.02 b 
16:0 12.08±0.23 a 11.29±0.08 b 
16:1n-7 0.14±0.01 0.13±0.03 
17:0 tr 0.08±0.03 
18:0 3.06±0.0a 3.74±0.03b 
18:1n-9 23.34±0.03a 22.28±0.03b 
18:2n-6 57.09±0.27a 34.69±0.03b 
18:3n-3 (LNA) 2.92±0.01a 26.97±0.11b 
20:1n-9 0.24±0.05 0.23±0.01 
22:0 0.38±0.05a 0.20±0.01b 
22:1n-9 0.17±0.07 tr 
22:2n-6 0.17±0.03a 0.09±0.02b 
24:0 0.21±0.04 0.17±0.03 

APremix. Vitamin and mineral supplements per Kg: Vit. A (500.000 UI), Vit. D3 (200.000 UI), Vit. E (5.0 g), Vit. K3 (1.0 g), 
Vit. B1 (1.5 g), Vit. B2 (1.5 g), B6 (1.5 g), B12 (4.0 g), Vit. C (15.0 g), Folic acid (500 mg), Pantotenic acid (4.0 g), BHT (17.5 
g), Biotine (50.0 mg), Coline (40.0 mg), Copper (0.5 g), Cobalt (10.0 mg), Iron (5.0 g), Inositol (10.0 g), Iodine (50.0 mg), 
Manganese (1.5 g), Nicotinamide (7.0 g), selenium (10.0 mg), Zinc (5.0 g). bValue expressed as percentage of total fatty acid 
methyl esters of six replicates analyses. Averages followed by different letters in the same line are significantly different (p<0.05) 
by Tukey’s test. Abbreviations: SD (standard deviation), LNA (alpha-linolenic acid), tr - trace (area <0.05%). 
 
 
Quantification of fatty acid methyl esters 
(FAME) 
The concentration of fatty acids in mg.g-1 of total 
lipids in liver tissue was measured against 
tricosanoic acid methyl ester (23:0) from Sigma 
(USA) as an internal standard as described by 
Joseph and Ackman (1992). The following 
formula was used to calculate the concentrations: 
 

                   AX x  WIS  x  CFX              
FA (mg.g-1 TL) = ________________ 

                  AIS  x  WX  x  CFEA 

 

where TL is total lipids, AX is the peak area of 
fatty acids, AIS is the peak area of the internal 
standard (IS) tricosanoic acid methyl ester (23:0), 
WIS is the weight (mg) of IS added to the sample 
(in mg), WX is the sample weight (in mg), CFX is 
the theoretical correction factor, and CFEA is the 
correction factor of methyl ester for fatty acids. 

 

Statistical analysis 
The values of the means were statistically 
compared by Tukey’s test at 5% with one-way 
ANOVA. Data were processed using the Statistica 
software 7.0 (StatSoft, Statistica, 2005). 
 
 
RESULTS AND DISCUSSION 
 
The total lipid contents in the diet were 7.76% 
(commercial diet) and 7.60% (linseed diet) (Table 
1). A total of 13 fatty acids were identified in the 
commercial and linseed oil diets, and the major 
fatty acids were LA, oleic acid (18:1n-9), LNA, 
palmitic acid (16:0), and stearic acid (18:0). The 
commercial diet had the highest amount of LA 
(57.09%) and the replacement of sunflower oil 
with linseed oil increased the proportions of 18:3n-
3 from 2.92% (commercial diet) to 26.97% 
(linseed oil diet). 
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The total lipids contents of mouse livers (Table 2) 
were 4.41% (commercial diet) against a mean 
value of 4.24% (linseed oil diet) and they did not 
differ significantly (p>0.05). The quantitative 
analysis of FA of livers, expressed in mg of fatty 
acids per gram of total lipid (mg/g TL), is 
presented in Table 2 and the qualitative analysis is 
shown in Figure 1. A total of 22 FA were 

identified in the livers of mice fed with the 
commercial and linseed oil diet (Fig. 1). The major 
FA were 16:0 and 18:0 (saturated), 18:1n-9 and 
18:1n-7 (monounsaturated), 18:2n-6 
(diunsaturated), and the prevailing long-chain 
polyunsaturated FA (LC-PUFA) were arachidonic 
acid (20:4n-6) and docosahexaenoic acid (DHA, 
22:6n-3).  

 
Table 2 - Total lipids content, weight, and fatty acid composition of mouse livers. 

Linseed oil diet  Commercial 
diet 0 day 7 days 14 days 28 days 42 days 56 days 

TL (%)  4.41±0.91 4.37±0.09 4.43±0.85 3.98±0.20 4.02±0.22 4.38±0.02 
Liver weight (g) 2.2±0.3 2.2±0.3 2.5±0.3 2.8±0.4 2.9±0.4 2.8±0.3 
Fatty acidsA       
14:0 1.58±0.07 1.62±0.40 1.49±0.71 1.85±0.57 1.61±0.14 1.15±0.15 
15:0 0.32±0.45a 0.56±0.06a. 1.03±0.09b 0.94±0.24b 0.78±0.07.b 0.92±0.04.b 

16:0 157.46±0.20a 175.53±3.31b 171.27±1.75a.b 175.40±3.03b 161.10±7.56a 167.07±7.83a.b 

16:1n-9 2.95±0.12a.b 2.03±0.14a.b 1.91±0.28a.b 2.90±0.76b 2.47±0.12b 2.28±0.11b 

16:1n-7 8.55±0.10 8.49±2.30.b 8.16±0.20a.b 11.82±0.45b 7.07±0.64a 6.50±0.56a 

17:0 1.62±0.05a.b 1.26±0.13b.c 1.53±0.02a.b.c 1.06±0.29c 1.78±0.07a.d 2.26±0.01d 

18:0 69.46±0.74a.b 74.75±3.05a.d 73.42±2.54a.b.d 61.84±6.25b 74.33±2.83a 87.08±2.85d 

18:1n-9 84.99±0.19a 72.50±2.30a.b 77.32±2.23a.b 75.58±2.42a.b 68.79±2.29b 64.96±1.56b 

18:1n-7 15.18±0.15a 13.39±1.39a 9.18±1.35b.c 12.93±1.87a.b 7.17±0.28c 14.14±1.71a 

18:2n-6 111.59±0.11a 106.01±2.19a 100.56±0.03a 123.25±11.66b 128.39±5.07b 125.29±3.51b 

18:3n-6 1.58±0.16a 0.52±0.05c 0.77±0.17b.c 0.92±0.18c.d 1.43±0.23e 1.14±0.15d.e 

18:3n-3 (LNA) 1.29±0.11a 11.86±1.82b 14.67±2.84b 25.87±1.13c 20.51±1.12d 18.90±0.71e 

20:1n-9 2.05±0.31a 1.45±0.08a.b.c 1.04±0.29c 1.27±0.19b.c 1.66±0.21a.b 1.89±0.02a 

20:3n-6 2.45±0.03a 1.63±0.08b 1.33±0.22b 1.82±0.34a.b 1.88±0.18a.b 1.99±0.01a.b 
20:3n-3 6.67±0.11a 8.33±0.30a.b 7.85±0.39 a.b 7.88±0.87b 7.99±0.27b 8.88±0.57 a.b 

20:4n-6 (AA) 89.01±0.20a 44.87±0.61b 45.36±3.28 b 43.69±5.59 b 44.89±1.95 b 54.22±2.31 b 
20:2n-6 1.65±0.04a.b 1.26±0.05c 1.32±0.04c 1.62±0.12b 1.94±0.09d 1.90±0.05b.c 

20:5n-3 (EPA) 0.20±0.03 10.48±0.33a 10.75±0.39 a 12.15±1.30 b 12.13±0.39 b 17.51±0.78 c 
24:0 5.28±0.05a 0.71±0.15b 1.09±0.18 b 0.97±0.31 b 1.03±0.39 b 0.75±0.02 b 

24:1n-9 14.43±0.26a 0.42±0.02b 0.48±0.02 b 0.54±0.09 b 0.51±0.05 b 0.41±0.02 b 
22:5n-3 2.68±0.04a 7.37±0.15b 8.02±0.65 b 8.66±1.15 b 8.45±0.39 b 11.75±0.83 c 
22:6n-3 (DHA) 41.26±0.44a 70.43±0.41b 73.68±2.46 b 70.89±3.71 b 75.76±2.09 b 95.13±5.15 c 
SFA 235.72±0.89a 254.43±4.53.b 249.83±3.71.b 242.06±6.99a 240.63±8.07a 259.23±8.67b 

MUFA 128.15±0.50a 98.28±7.56 b.c 98.09±4.35 b.c 105.04±3.19b 87.67±2.41c 90.18±2.38 b.c 

PUFA 258.38±0.55a 262.76±4.13a 264.31±4.93a 296.75±13.69b 303.37±5.97 b 336.71±6.70c 

n-6 206.28±0.34a 154.29±3.14b 149.34±4.07b 171.30±12.99c 178.53±5.45c 184.54±4.73c 

n-3 52.10±0.47a 108.47±2.69b 114.97±3.95b 125.45±4.34c 124.84±2.45c 152.17±5.52d 

PUFA/SFA 1.10±0.01a 1.03±0.02a 1.06±0.03a 1.23±0.07b 1.26±0.05b 1.30±0.05b 

n-6/n-3 3.96±0.03a 1.42±0.05b 1.30±0.06b 1.37±0.11b 1.43±0.05b 1.27±0.07b 

AValue (mg fatty acids/gram of the total lipids) as an average of 36 replicate analyses. Averages followed by different letters in 
the same line are significantly different (p<0.05) by Tukey’s test. Abbreviations: tr – (trace <0.2), SFA (saturated fatty acid), 
MUFA (monounsaturated fatty acid), PUFA (polyunsaturated fatty acid), n-6 (omega-6), n-3 (omega-3). 
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Figure 1 - Representative chromatogram of mouse liver’s fatty acid methyl esters. (1) 14:0; (2) 

15:0; (3) 16:0; (4) 16:1n-9; (5) 16:1n-7; (6) 17:0; (7) 18:0; (8) 18:1n-9; (9) 18:1n-7; 
(10) 18:2n-6; (11) 18:3n-6; (12) 18:3n-3; (13) 20:1n-9; (14) 20:3n-6; (15) 20:3n-3; 
(16) 20:4n-6; (17) 20:2n-6; (18) 20:5n-3; (19) 24:0; (20) 24:1n-9; (21) 22:5n-3 and 
(22) 22:6n-3. 

 
 
LNA is a precursor of the n-3 fatty acid series. 
Only LNA was present in the feeds in this 
experiment (Table 1). The level of LNA, in mouse 
livers was 1.29 mg/g (commercial diet), and under 
the linseed diet, it increased from 11.86 mg/g (7 
days) to 18.90 mg/g (56 days). The highest value 
of LNA was at 28 days (25.87 mg/g). After that, 
the values decreased to 20.51 mg/g (42 days) and 
18.90 mg/g (56 days). Part of LNA was converted 
into n-3 FA series (20:3n-3, EPA, 22:5n-3, and 
DHA) and some of the LNA were stored in the 
livers rather than converted. For the commercial 
diet, the 20:3n-3, EPA, 22:5n-3, and DHA levels 
were lower than the lowest values for the linseed 
oil diet. The highest values as a function of 
feeding duration were for LNA [25.87 mg/g (28 
days), EPA, 17.51 mg/g (56 days), and DHA, 
95.13 mg/g (56 days)]. The AA level (Table 2) of 
the commercial diet was 89.01 mg/g against 46.60 
mg/g (medium value) for the linseed oil diet 
(p<0.05); however, they did not differ significantly 
(p>0.05) with feeding duration. 
The reduction of the AA content following dietary 
LNA supplementation is well documented 
(Rambjor et al., 1996). During the last 40 years, 
the ratio of dietary (n-6) to (n-3) FA in the 
industrialized societies has increased because of 
increased consumption of vegetable oils rich in n-6 
(Surette, 2008). The estimated consumption ratio 

of n-6/n-3 is 9.8:1. It has been determined on the 
basis of USA diet, which is much higher than the 
current recommendation (i.e., 2.3:1).  Many 
countries, diet have n-6/n-3 ratio from 10:1 to 20:1 
(Simopoulos, 2002), with cases up to 50:1 
(Simopoulos, 2004). There are several 
recommendations (2:1 to 10:1) for n-6/n-3 ratio 
(Simopoulos et al., 1999; Schaefer et al., 2002; 
Chardigny et al., 2001; NCM, 1996; Matin et al., 
2006). However, there is still no consensus for 
ideal ratio of n-6 to n-3. Thus, there is need to 
stress that 2.3:1 ratio recommendation is made to 
maximize the conversion of ALA to DHA 
(Masters, 1996). This could be achieved by a 4-
fold increase in fish consumption (Kris-Etherton et 
al., 2000). In the present study, n-6/n-3 ratio fell 
approximately 3-fold for 56 days. 
The analysis of the sums and ratios is presented in 
Table 2. Concerning the feeding duration effect in 
the initial days, specifically between day 0 
(commercial diet with sunflower oil) and day 7 
(linseed oil diet), the sums of the n-6, n-3 and n-
6/n-3 ratio varied abruptly, the n-6 sums decreased 
from 206.26 mg/g (day 0) to 154.28 mg/g (7 days), 
and the n-3 sums increased from 52.10 mg/g (day 
0) to 108.47 mg/g (7 days), thus explaining the 
decrease of n-6/n-3 ratios from 3.96 to 1.42. For 
the linseed oil diet, from days 28 to 56, the PUFA, 
n-6, n-3 values and PUFA/SFA ratio increased 
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(p<0.05) in relation to day 7, and the n-6/n-3 ratio 
remained constant. However, in 56 days, PUFA 
and n-3 peaked at 336.71 and 152.17 mg/g, 
respectively. 
Table 3 shows the ratio variation for LNA, EPA, 
and DHA concentrations with time (7, 14, 28, 42, 
and 56 days) as a function of the concentration at 

day 0 (1.29 mg/g). The highest value of LNA at 28 
days was 20.05 times higher than that at 0 day. 
The EPA and DHA values were 87.55 and 2.31 
times higher at 56 days, respectively. This 
indicated that the background diets were highly 
influenced by the feeding duration. 

 
Table 3 - Ratios of LNA, EPA and DHA concentrations as a function of feeding duration relative to the day 0 
concentration. 

Fatty acids Commercial diet 
(mg/g LT) 0 day 

Ratio I 
(7 days/0 day) 

Ratio II 
(14 days/0 day) 

Ratio III 
(28 days/0 day) 

Ratio IV 
(42 days/0 day) 

Ratio V 
(56 days/0day) 

18:3n-3 (LNA) 1.29 9.19a 11.37b 20.05c 15.90d 14.65e 
20:5n-3 (EPA) 0.20 52.40a 53.75a 60.75b 60.65b 87.55c 
22:6n-3 (DHA) 41.26 1.71a 1.79a 1.72a 1.84a 2.31b 

Values followed by different letters in the same line are significantly different (p<0.05) by Tukey’s test. Abbreviations: LNA 
(alpha-linolenic acid), EPA (eicosapentaenoic acid), DHA (docosahexaenoic acid). 
 
 
The effects of the substitution of sunflower oil 
(3%, w/w) with linseed oil (3%, w/w) in mouse 
feed for 56 days resulted in significantly different 
concentrations of FA in the liver. Linseed oil feed 
afforded an increase in the concentration of n-3 
FA and a decrease in the concentration of n-6 FA 
during the feeding. The results also indicated a 
variation in FA concentrations with time during 
the feeding. 
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