J Korean Soc Food Sci Nutr
33(10), 1626 ~1633(2004)

Al0| R|gHAtO| &

A=A F4 & 3t3) A

| XZ Subcellular FractionsLi

Oleic Acidw9) =M0j O|X|= H&k

Effects of Dietary Fatty Acid Composition on Level of
Oleic Acid (09) in Brain Subcellular Fractions of Rats

Eun-Jung Chungl, Young-Sook Um’ and Yang Cha Lee-Kim?'

'General Education, Kangnam University, Gyeonggi 449-702, Korea
?Res. Institute of Food and Nutritional Sciences, Yonsei University, Seoul 120-749, Korea

Abstract

In recent, the roles of oleic acid, most abundant fatty acid in myelin, were investigated in relation to the
brain functions. This study examined the effects of diets either with desirable ratios of w6/w3 and P/M/S
(mixed oil-fed group: MO) or with defficient in @3 series fatty acids (safflower oil-fed group: SO) on the
oleic acid composition in RBC and brain synaptosomal, mitochondrial & microsomal phospholipids. The
desirable fatty acid composition was computer—-searched with different fats and oils to meet right ratios of
both @6/w3 and P/M/S. Diets were fed 3 weeks before conception and new-born pups were fed maternal
milk from the same mothers and same diets until 9 wks of age. At 3 wks of age, the compositions of oleic
acid in brain subcellular fractions and red blood cells were constantly remained whatever the composition
of dietary fatty acids. But at 9 wks of age, the composition of oleic acid in synaptosome and mitochondria
were significantly higher in MO group than SO group. The composition of oleic acid in milk was significantly
higher in MO group than SO group, but in case of SO group, that of oleic acid was increased by 48%, in
comparison with dietary fatty acid compositions. 4-9 desaturase index (18:0 — 18:1) of brain synaptosome
was significantly higher in MO group than SO group at 3 and 9 weeks of ages, but that of brain microsome
was higher in SO group than MO group at 9 wks of age. Taken together, the presences of oleic acid in the
diet was important to maintain brain functions. The origins of oleic acid in brain may suggests two hypotheses;
first, the central nervous system has priority for the uptake of oleic acid, and second the nervous system
can synthesize all the oleic acid it needs, independently of its presence in the diet.
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Table 1. Composition of experimental diets (wt. %)
. Experimental groupse)
Ingredients S0 MO
Carbohydrate” 65.0 65.0
Mixed oil” - 10.0
Safflower oil 10.0 -
Others” 25.0 25.0
181 w9 86 39.33
182w6" 777 24.1
18:3w3 - 2.4
204 w6 0.2 0.1
205w 3 - 0.5
226w3 - 05
Total w3 - 39
Total w6 780 24.2
Monounsaturates 9.1 40.0
Saturates 114 28.0
w6/ w3 - 6.1
P/M/SY 6.9/0.8/1.0 1.0/1.4/1.0

YThe carbohydrate was a mixture of 80% corn starch and 20%
sucrose.

PMixed oil (10% by wt) consisted of 0.5% menhaden oil, 0.5%
soybean oil, 2.0% comn oil, 2.5% canola oil, and 45%. palm
oil (This mixture was selected from the computer-searched
combmatlons of various fats and oils for this study).
¥Others contained 18% casein, 0.1%6 dL-methionine, 4.0% salt
mixture & 1.09 vitamin mixture and 2.0% carboxymethyl
cellulose.

“The quantity of each fatty acid is given as a percent of the
total fatty acids.

P/M/ S: Polyunsaturated/Monounsaturated/Saturated fatty acids.
950: safflower oil group, MO: mixed oil group.
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Table 2. Changes of body weight and brain weight in the

rat pups during the experimental periods (unit: g)
Experimental Age (weeks)
groups” 0 1 3 9
Body weight
SO 6.1£02” 141+08 380+08 194.4%62
MO 7003 13907 499*12 2198*65
Brain weight
SO 028£001 0.86*t0.01 1.34£0.01 167+0.02
MO 0.23+£0.03 083*£0.01 1.40=0.01" 1.69*0.03

Y50 safflower ol group, MO: mixed oil group.

Values are the meansSEM.

*Significantly different by Student’s ¢-test compared with the
value of SO group at p<0.05.
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Table 3. Fatty acid composition of rat milk at lactation 8th
day

Experimental groupsz)

Fatty acids

SO MO
12:0 9.49+0.305> 6.74+0.896"
14:0 10.19£0.437 7.47+1.234
16:0 20.57%1.410 25.15+£0.851"
1611 0.59+0.075 1.40£0.113"
18:0 3.17+0.056 3.78+0.264
18:1 12.73+0.301 32.24+1.861"
182w6 32.89+0.941 13.79%0.615™
183 w6 0.56%0.034 0.31£0.025"
183w3 0.33%0.010 0.85£0.033™
20:1 0.36%0.022 0.68+0.080™
20:3w6 0.89:£0.063 0.40£0.027""
20:4 %6 2.05+0.275 11420089
205 w3 0.050.005 0.47+0.035™
21 - 0.05%0.007 0.05%0.008
22406 0.69+0.180 0.23+0.059"
225w6 0.40%0.043 0.32+0.056
22503 0.08+0.021 0.34+0.050"
24:0 0.14£0.048 0.09£0.011
226 w3 0.13%0.037 0.55+0.046™
24:1 0.16 +0.006 0.18+£0.022
Saturates 44.0%1.65 438*264
Monounsaturates 149%0.42 357+1.77
Polyunsaturates 38.0%1.33 18.3+0.80"
Total w6 375%1.30 161071
Total w3 0.561-0.06 2.20£0.09™"
w6/ w3 50.0 7.14
P/M/SY 0.88/0.34/1.0 0.44/0.85/1.0

YP/M/S: Polyunsaturated/monounsaturated/saturated fatty acids.
ZSO safflower oil group, MO: mixed oil group.

values are means*SEM expressed as wt % of total fatty
acids from 7 independent analyses.

Significantly different by Student’s t—test compared with the
value of SO group at "p<0.05, “p<0.01 and ™p<0.001.
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Table 4. Monounsaturated fatty acid compositions in brain
subcellular fractions of 3 weeks old rats

Experimental groups”

Fatty acids

SO (n=10) MO (n=10)
Synaptosome
1611 0.93%0.076% 0.87=0.096
18:1 11.10x£0.078 11.32£0.130 -
20:1 0.37%0.024 0.35%0.023
22:1 ND? ND
24:1 ND ND
Mitochondria
16:1 1.14£0.069 0.99+0.077
18:1 12.72+0.254 12.88£0.189
20:1 0.38£0.030 0.36+0.011
22:1 ND ND
24:1 ND ND
Microsome
16:1 0.046+0.016 0.42+0.042
18:1 11.14+0.088 10.87£0.111
20:1 0.45+0.017 0.45+0.011
22:1 ND ND
24:1 0.271+0.024 0.281+0.032

‘”SOI safflower oil group, MO: mixed oil group.

Values are means* SEM expressed as wt % of total fatty
_acids.

¥ND: Not detected.

Table 5. Monounsaturated fatty acid compositions in brain
subcellular fractions of 9 weeks old rats

Expertmental groupsl)

Fatty acids

SO (n=10) MO (n=10)
Synaptosome
16:1 0.46%0.039” 0.43£0.031
18:1 11.840.224 13.11+0.152"
20:1 0.71£0.053 0.82£0.041
2211 0.35%£0.156 0.19+0.052
24:1 0.98%0.072 1.58+0.205
Mitochondria
16:1 0.68*0.042 0.72£0.017
181 11.73+0.128 12.60=0.106™
20:1 0.57%0.030 0.55=0.009
221 0.09£0.020 0.160.078
24:1 0.38%+0.015 0.38*=0.062
Microsome
16:1 0.23£0.029 0.21£0.006
181 11.75x0.117 12.06£0.091
20:1 0.93%+0.038 0.97£0.020
22:1 0.15=0.043 0.16+0.031
24:1 0.94£0.120 1.13£0.048

Y30 safflower oil group, MO: mixed oil group.

PValues are means*SEM expressed as wt % of total fatty
acids.

“Significantly different by Student’s ¢-test compared with the
value of SO group at p<0.01.
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Fig. 1. Oleic acid, arachidonic acid and docosahexaenoic acid composition of rat brain subcellular fractions, red blood cell and

plasma.

Synap: synaptosome, Mito: mitochondria, Micro: microsome, RBC: red blood cell, SO: safflower oil group, MO: mixed oil group.
Significantly different by Student’s t-test compared with the value of SO group at "p<0.05, “p<0.01 and ~"p<0.001.
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Table 6. 4-9 desaturation index of rat brain subcellular
fractions, RBC and plasma

Experimental groups”

SO (n=10) MO (n=10)

3 weeks
Synaptosome 0.549+0.00707 0.581 0.0080™
Mitochondria 0.642+0.0178 0.454+0.0229
Microsome 0.545+0.0147 0.561 £0.0286
RBC 0.602+0.0704 0.913+0.0262"
Plasma 0.262+0.0322 0.376+0.0191°

9 weeks
Synaptosome 0.582+0.0045 0.669%0.0073""
Mitochondria 0.668£0.0036 0.678+0.0054
Microsome 0.863£0.0030 0.582+0.0032"
RBC 0.337£0.0088 0.696+0.0233"
Plasma 0.159x0.0120 0.450=0.0171™"

,I)SOI safflower oil group, MO: mixed oil group.

PValues are means® SEM.

Significantly different by Student’s t-test compared with the
value of SO group at p<0.05, “p<0.01 and ™p<0.001.
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