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The effects of  dietary oils on the fatty acid composition and lipid peroxidation of  myelin and synaptosomes 
isolated from rat brain were studied. The animals were fed diets rich (15% wt/wt) in either long chain n- 
3 fatty acids (fish oil), n-6 fatty acids (soybean oil), or saturated fatty acids (coconut oil) for 6 weeks. 
Fish oil led to a significant increase in the n-3 fatty acid percentage in both membranes with a concomitant 
decrease in n-6 fatty acids percentage in myelin but not in synaptosomes. Soybean and coconut oils 
influenced less strictly the brain membranes' fatty acid composition. A higher peroxidation rate and a 
lower concentration of  vitamin E was observed in brain membranes of  the fish oil group compared with 
the coconut group, with intermediate values in the soybean oil group. However, no differences among the 
experimental animals were observed in thiobarbituric acid reacting substances (TBARS) of  brain mem- 
branes, although in serum TBARS concentrations increased in proportion to dietary PUFA content, 
suggesting that the brain is more protected in vivo by oxidative challenge. The data also indicate that 
dietary oils may differently affect the fatty acid composition of  isolated brain membranes, with synaptosomes 
being more susceptible to oxidative stress than myelin membranes. 

Keywords: dietary polyunsaturated fatty acids; myelin; synaptosomes; membranes fatty acids; lipid peroxidation; rat 
brain 

Introduction 

Dietary fatty acids influence brain membrane fatty acid 
composition, depending on the chemical nature of the 
fatty acid source. 1-5 Recent  studies 6-8 have shown that 
saturated (SFA) and monounsaturated long-chain fatty 
acids (MUFA)  in whole rat brain and in brain phospho- 
lipids are insensitive to changes in the dietary content 
of n-6 or n-3 fatty acids, while brain PUFA are more 
susceptible to dietary changes. 

Brain subcellular fractions are characterized by dif- 
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ferent fatty acid compositions; for example, synapto- 
somes are rich in PUFA, while myelin is rich in SFA 
and MUFA. The specific fatty acid distribution in 
brain membranes indicates its role in regulating the 
fluidity and functional activity of these structures. 
Changes in fatty acid composition lead to biochemical 
and functional alterations, such as lipid-protein inter- 
action, protein distribution, membrane permeability, 
ion transport,  etc. 9-1l Furthermore,  elevating the con- 
centration of PUFA in brain lipids could make them 
particularly susceptible to oxidative damage, consider- 
mg the high oxygen consumption of this organ. How- 
ever, differences in the susceptibility to oxidative stress 
related to the fatty acid composition of the various 
brain subceUular membranes have not yet been estab- 
lished. 

The aim of the current study is to determine the 
extent to which brain myelin and synaptosomes regulate 
fatty acid composition, lipid peroxidation, and protein 
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Table 1 Fat ty  ac id  compos i t i on  of  the d ie ta ry  l ip ids (%) 

Fat ty  ac id  Fish oil S o y b e a n  oil C o c o n u t  oil 

8:0 0.2 - -  1.3 
10:0 - -  - -  4.0 
12:0 0.1 - -  43 .7  
14:0 6.5 0.2 19.4 
16:0 17.4 11.0 11.3 
16:1 (n-7) 10.1 0.2 - -  
18:0 3.9 3.7 4.4 
18:1 (n-9) 14.8 21.2  12.3 
18:2 (n-6) 1.7 54.1 3.3 
18:3 (n-6) 1.0 0.4 - -  
18:3 (n-3) 0.3 7.2 - -  
18:4 (n-3) 4.0 - -  - -  
20 :0  - -  0.4 - -  
20:1 (n-9) 2.4 0.5 - -  
20 :4  (n-6) 1.1 0.5 - -  
20 :5  (n-3) 19.0 - -  - -  
22 :0  - -  0.4 - -  
22:1 (n-9) 1.9 - -  - -  
22 :5  (n-3) 2.4 - -  - -  
24 :0  - -  0.3 - -  
22 :6  (n-3) 12.0 - -  - -  
24:1 (n-9) 1.2 - -  - -  

Y, SFA 28.2  15.8 84.1 
~ ,MUFA 30.4  21 .8  12.3 
E P U F A  41 .6  62.2  3.3 
Y.;n-3 37.7  7.2 - -  
En -6  3.9 55.0  3.3 
~n-3 /2 ,n-6  9.7 0.1 - -  
U.I. 237  155 19 

'YSFA = sa tu ra ted  fat ty  ac id ;  Y,,MFA = m o n o u n s a t u r a t e d  fat ty  ac id;  
~ P U F A  = p o l y u n s a t u r a t e d  fat ty  ac id;  U.I. = unsatura t ion  index.  

distr ibution by analyzing the effects o f  fish oil, soybean  
oil, and coconu t  oil (rich in n-3 P U F A ,  n-6 P U F A ,  and 
S F A  respectively) on the above  parameters .  

Methods and materials 

Animals and diets 
Three groups of six male albino Sprague-Dawley rats, patho- 
gen-free SPF/COBS (Charles River, Calco, Italy), weighing 
100 + 5 g were individually housed in wire-bottom stainless- 
steel cages in a temperature- and light-controlled room (22 + 1 ° 
C, 12 hr light-dark cycle) in a pathogen-free environment. 

All groups received the same basal synthetic diet containing 
casein 20%, dl methionine 0.3%, rice starch 40%, sucrose 
17%, oil 15%, fiber 3%, salt mixture (AIN-76) 3.5%, vitamin 
mixture (AIN-76) 1%, choline chloride 0.2%, but differing 
in oil source for 6 weeks. Group 1 received fish oil (MaxEPA, 
a kind gift of Seven Seas Limited, Hull, England); group 2, 
soybean oil; and group 3, coconut oil. 

The diets were prepared weekly and stored at 4 ° C under 
nitrogen and vitamin E, and selenium contents were measured 
and equalized respectively at 57 IU/kg and 665 p~g/kg. 

At the end of the experimental period the animals were 
sacrificed by decapitation and exsanguinated brains were re- 
moved and weighed. 

Diet analysis 
Samples of experimental diets were analyzed for fatty acid 
composition by gas liquid chromatography (GLC) (Table l).iz 

The unsaturation index was calculated by multiplying the num- 
ber of double bonds by the percentage composition of individ- 
ual fatty acids and summing the values. 

Tocopherol content was determined by high pressure liquid 
chromatography according to Mc Murray et al.,13 and peroxide 
number was assayed by iodimetric titration? 4 

Serum analysis 
Vitamin A and E levels were assayed according to Bieri. ~s 
The lipid peroxide level was measured by the thiobarbituric 
acid reacting substances (TBARS) assay of Yagi. 16 TBARS 
activity was expressed as MDA equivalent using freshly pre- 
pared malonaldehyde-tetramethyl acetal solution as a stan- 
dard. 

Subcellular fractions preparation and analysis 
Myelin was isolated according to Norton and Poduslo 17 and 
synaptosomes were prepared by Percoll density gradient as 
reported by Nagy and Delgado. TM The purity of both subcellu- 
lar fractions was checked by electron microscopy. The mem- 
branes were submitted to an osmotic shock with bidistilled 
water, pelleted by centrifugation, lyophilized, and stored at 
- 20 ° C. 

Lipids were extracted from membranes with 20 volumes 
of chloroform-methanol 2:1 (vol/vol) according to Folch et 
al.,19 and the fatty acid composition determined by GLC. 12 

Vitamin E content was determined after saponification of 
freeze-dried samples, suspended in 50 mmol/L Tris-HC1 buffer 
pH 7.4 according to Buttris and Diplock. 2° Lipid peroxide 
level of brain membranes was determined on freeze-dried 
samples resuspended in bidistilled water as TBARS, ac- 
cording to the assay procedure described for lipid peroxide 
level in animal tissue. 2~ TBARS activity was expressed as 
malondialdehyde equivalents. 

Measurements of oxygen uptake during lipid 
peroxidation 
Myelin or synaptosomal suspension (0.2 mg protein/mL) were 
incubated for 2 min at 30 ° C in 50 mmol/L Tris-HCl/150 mmol/ 
L KC1 pH 7.4, containing 500 p~mol/L ADP, 200 ~mol/L 
ascorbate followed by the addition of 5 ~mol/L ferric chlo- 
ride. 22 Oxygen uptake was measured polarographically em- 
ploying a Clark electrode (YSI, Yellow Spring Instruments 
Co. Inc., Yellow Spring, OH, USA) with a Gilson 5/611 
oxigraph. Ambient oxygen concentration in the buffer (30 ° 
C) was 270 ~mol/L. 

Sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis 
Purified myelin was partially delipidated with diethyl ether/ 
ethanol (3:2 vol/vol) and solubilized with 1% sodium dodecyl 
sulfate. Proteins were separated by 12% (wt/vol) SDS-poly- 
acrylamide gel electrophoresis. The gels were stained with 
Coomassie Blue and destained and the proteins identified by 
coelectrophoresis with low molecular weight protein standards 
(Bio-Rad Laboratories, Richmond, CA USA) (MW op- 
erating range 10-100 kDa). z3 

Protein determination 
The protein concentration was determined according to Lowry 
et al. z4 using bovine serum albumin as standard. 
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Table 2 TBARS, Vitamin A, and Vitamin E concentrations of 
experimental rats levels in serum 

TBARS Vit.A Vit. E 
Diet (nmol MDA/mL) (ng/mL) (l~g/mL) 

Fish oil 4.2 +_ 0.5 a 342 _+ 61 2.64 + 0.5 a 
Soybeanoi l  1.6 _+ 0.3 b 479 -+ 79 3.18 _+ 0.9 a 
Coconut oil 1.1 + 0.2 b 445 _+ 121 4.86 _+ 0.8 b 
P 0.0001 n.s. 0.001 

Values represent the mean -+ S.D, of six animals of each dietary 
group, Values with different superscript are significantly different by 
ANOVA (Scheffe F test). 

Statistical analysis 

Statistical analysis was performed using one-factor analysis 
of variance and Sheffe t test for multiple comparison. Differ- 
ences with P < 0.05 were considered statistically significant. 

Results 

The serum concentrations of TBARS, vitamin A, and 
vitamin E are reported in Table 2. The TBARS value 
in animals fed fish oil was 2.5 and four times higher 
than the values for rats fed soybean and coconut oils, 
respectively, while in the same group vitamin E concen- 
trations were significantly lower than in the other two 
groups. Vitamin A levels showed no significant differ- 
ences. 

In Table 3 the myelin fatty acid pattern of the three 
experimental groups is reported. The total SFA, the 
total MUFA, and the total PUFA were not affected by 
dietary fatty acids. The percentage of total n-3 fatty 
acids and the ratio n-3:n-6 were significantly higher in 
the fish oil group than in the other groups, even though 
the total PUFA percentage was not altered for the de- 
crease of 18:2, 20:2, and 20:4 fatty acids of n-6 series 
(data not shown). 

The fatty acid pattern of synaptosomes from animals 
fed different dietary lipid sources is shown in Table 4. 
The lowest unsaturation index (U.I.) was found with 
the coconut oil diet and the highest with the fish oil 
diet, with an intermediate value for the soybean oil diet. 
Furthermore, the total n-3 fatty acid percentage was 
higher in the fish oil group than in the coconut group, 
while the total SFA were higher in the latter group. 

The values of the major myelin proteins, expressed 
as a percentage of total dye binding capacity, are re- 
ported in Table 5. The small basic protein (BPs) and 
the proteolipid protein (PLP) showed significant differ- 
ences among the three groups. The percentage of BPs 
decreased with the increase of dietary U.I. and n-3:n-6 
ratio. The opposite was observed with the PLP percent- 
age. No differences were found for the values of the other 
proteins. 

TBARS and vitamin E values of myelin and synapto- 
somes from the rats of the three experimental groups 
are reported in Table 6. TBARS concentration was 
not affected by the diet, while vitamin E concentration 
decreased in both subcellular fractions with the increase 
of U.I. of the dietary fat. 

In Table 7 the rate of lipid peroxidation of myelin 
and synaptosomes from the experimental groups is re- 
ported. The peroxidation rate in the fish oil group was 
significantly higher than in the coconut oil group in both 
subcellular fractions with intermediate values for the 
soybean oil group. 

Discussion 

Data on serum TBARS concentration clearly indicate 
that dietary lipids with a high unsaturation level (fish 
oil) induce an oxidative stress. This effect is very likely 
the cause of the concomitant low concentration of both 
circulating vitamin A and vitamin E levels, with the 
vitamin E level being the most sensitive and earliest 
indicator of the oxidative stress. Other studies 8 were 
unable to show any changes in serum content of both 
vitamin A and vitamin E in rats in response to dietary 
fish oil. This discrepancy could be due to the different 
experimental conditions; in fact, the diets contained a 
lower percentage of lipid and a higher level of vitamin 
E than the diets used in our experiment. 

Dietary lipids affected brain membrane fatty acid 
composition of both myelin and synaptosomes, al- 
though the magnitude of the response varied. In myelin, 
the most important changes were observed in the total 
n-3 fatty acid percentage, which was twice as high in 
the fish oil group than in the soybean and coconut oil 
groups. However, the n-6 percentage decreased (mainly 
due to a decrease of arachidonic acid), probably com- 
pensating for the total degree of unsaturation. 

Table 3 Fatty acid pattern of the myelin from rats fed the experimental diets (%) 

Fatty acid Fish oil Soybean oil Coconut oil P 

E, SFA 35.04 + 0.81 35.33 _+ 0.63 36.59 + 1.11 n.s. 
E,,MUFA 46.65 _+ 1.40 46.96 _+ 1.07 47.71 + 0.76 n.s. 
E, PUFA 17.90 + 1.94 17.41 _+ 1.39 15.53 _+ 0.48 n.s. 
~n-3 6.54 _+ 0.84 ~ 3.70 _+ 0.90 b 2.89 _+ 0.18 b 0.0001 
E,n-6 11.36 _+ 1.47" 13.71 _+ 1.12 b 12.65 _+ 0.47 ~b 0.0150 
E,n-3/F_,n-6 0.57 _+ 0.08 a 0.27 _+ 0.07 b 0.23 _+ 0.17 b 0.0001 
U.I. 124 + 7 a 118 _+ 5 ~b 113 _+ 2 b 0.0141 

Values represent the mean _+ S.D. of six animals of each dietary group. Values with different superscript are significantly different by ANOVA 
(Scheffe F test). For the explanation of symbols see Table 1. 
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Table 4 Fatty acid pattern of synaptosomes from rats fed the experimental diets (%) 

Fatty acid Fish oil Soybean oil Coconut oil P 

F_,SFA 41.61 -+ 2.15 a 45.21 _+ 0.95 b 46.77 +- 2.08 b 0.0027 
2,MUFA 18.95 +- 1.11a 18.37 +_ 0.16 a 22.92 +_ 1.99 b 0.0017 
E, PUFA 39.35 -+ 2.99 a 36.47 +_ 1.10 a 30.32 _+ 0.94 b 0.0001 
~n-3 20.35 -4- 1.72 ~ 18.00 _+ 0.40 b 14.17 _+ 1.006 0.0001 
~n-6 19.00 - 2.08 ~ 18.47 + 0.85 ~.b 16.15 _+ 1.02 b 0.0350 
F_,n-3/E,n-6 1.07 _+ 0.12 a 0.97 +_ 0.04 ".b 0.88 _+ 0.10 b 0.0307 
U.I. 210 +_ 13 a 193 _+ 4 a 167 _+ 4 b 0.0001 

Values represent the mean + S.D. of six animals of each dietary group. Values with different superscript are significantly different by ANOVA 
(Scheffe F test). For the explanation of symbols see Table 1. 

Table 5 Myelin protein composition from experimental rats (percent of dye-binding capacity) 

Protein Fish oil Soybean oil Coconut oil P 

BPs 43.13 -+- 2.35 a 47.33 _+ 1.70 b 51.87 _+ 023 ° 0.0012 
18.5 kDa 7.43 - 1.13 6.45 _+ 1.07 7.43 + 3.04 n.s. 
21.5 kDa 16.00 -+ 2.40 15.20 _+ 2.24 17.77 _+ 4.36 n.s. 
PLP 25.23 _+ 1.91 a 23.75 _+ 4.35" 15.57 _+ 6.64 b 0.0286 
HMV 8.30 + 0.59 7.08 + 1.10 7.10 + 1.30 n.s. 

Values represent the mean _ S.D. of four animals of each dietary group. Values with different superscript are significantly different by AN©VA 
(Scheffe F test). BPs, small Basic protein; PLP, proteolipid protein; HMW, high molecular weight. 

Table 6 TBARS and Vitamin E values of myelin and synaptosomes from rats fed the experimental diets 

Myelin Synaptosomes 

TBARS Vit. E TBARS Vit. E 
Diet (nmol MDA/mg protein) (ng/mg protein) (nmol MDA/mg protein) (ng/mg protein) 

Fish oil 0.48 _+ 0.05 217.8 + 32.5 a 12.7 _+ 3.2 173.2 _+ 63.3 
Soybean oil 0.48 + 0.05 282.2 _+ 76.2 a.b 11.0 +_ 0.7 157.0 _+ 8.5 
Coconut oil 0.44 _+ 0.06 346.3 _+ 60.4 b 8.00 _+ 2.3 278.3 _+ 57.4 
P n.s. 0.0399 n.s. n.s. 

Values represent the mean _+ S.D. of four animals of each dietary group. Values with different superscript are significantly different by ANOVA 
(Scheffe F test). 

Table 7 Peroxidation rate of myelin and synaptosomes of rats fed 
the experimental diets 

Myelin Synaptosomes 
Diet (nmol O2/min/mg protein) 

Fish oil 4.18 _+ 0.33 a 220.5 _ 10.6 a 
Soybean oil 2.90 _+ 0.37 b 195.6 _ 18.0 a,b 
Coconut oil 2.20 _+ 0.46 b 147.0 _+ 24.5 b 
P 0.002 0.002 

Values represent the mean _+ S.D. of six animals of each dietary 
group. Values with different superscript are significantly different by 
ANOVA (Scheffe F test). 

The differences observed in the relative protein dis- 
tribution indicate a possible loss of membrane structural 
integrity and stability because the BPs play an important 
role in maintaining a compact myelin. 25 

In synaptosomes the changes were much more pro- 
nounced in agreement with the findings of Foote et 

al. 26 on piglets fed formulas supplemented with fish oil 
during the suckling period. These studies on isolated 
membranes allowed evaluation of differences in fatty 
acid composition difficult to show in the whole brain. 

Brain membranes showed strong differences in lipid 
peroxidation status; synaptosomes showed TBARS 
concentration about 20 times that of myelin. These dif- 
ferences were evident in the peroxidation rate, which 
was significantly higher in synaptosomes than in myelin. 
Vitamin E concentrations were of the same order of 
magnitude in the two membranes, but considering that 
the protein content in synaptosomes is about twice that 
of myelin, 27 the total amount of vitamin E in synapto- 
somes was about double that of myelin membrane. Fur- 
thermore, considering that myelin contains more lipid 
than synaptosomes, 28 the higher lipid peroxidation both 
in vivo and in vitro of synaptosomes clearly indicates 
that it is the fatty acid unsaturation degree and not the 
total amount of lipids that is mainly responsible for the 
oxidative resistance of the membranes. On the whole, 
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the data indicate that even though dietary oils do not 
affect the oxidative status in vivo of brain membranes 
according to the unchanged endogenous lipid peroxida- 
tion values found by Burns et al. 29 in brain of mice fed 
fish oil enriched diet, the susceptibility to peroxidation 
increases with n-3 rich diets, probably through a higher 
consumption of vitamin E. 
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