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INTRODUCTION

Current model of the biomembrane is that peri-
pheral and integral membrane proteins arranged
inlipid bilayer of the membrane. Therefore, mem-
brane bound enzyme functions, lipid requiring tr
ansport systems or protein —lipid interactions with
the membrane may be dependent on the physical
properties of the phospholipids, and the content of
cholesterol in lipid bilayer of the membrane ’?.

Fatty acid composition is a major factor influen-
cing the physical state of membranes®, Alteration
of fatty acid composition of membrane lipid results
in a shift in transition temperature®®®  jmplying
that fluidity of the membrane can be modulated by
altering the fatty acyl chain components of mem-
brane phospholipids. The motional state of the
lipid phase may physically determine the ability of
the protein to undergo conformational changes
necessary for optimal catalytic aciivity of the enzyme

— substrate complex”®,

Changes in membrane lipid
composition have been obtained experimentally by
alteration of environmental temperature in poikilo-
therms and bacteria, or in homeotherms by feeding
diffecent dietary fats?!9 But previous studies on
the effect of diet fat on different membrane lipids
have suggested that brain membranes are the most

resistant to change 13

. Furthermore, since the
brain completes most of its growth during the per
iod and early in life dietary factors, particularly in
the early stages of development, can influence the
chemical composition of the brain'¥, Therefore the
present study was carried out to investigate the
effect of dietary lipid on mitochndrial fatty acid
pattern in developing rat brain. Since the corn
oil is rich in linoleic (54.2% ) and oleic (29.2% )
acids, it can be used as a good source of essential
fatty acids. In this study, we select three kinds = of
experimental diet with different amounts of corn
oil to investigate the effect of dietary lipid on mi-
tochondrial fatty ¢ 1d pattern.

MATERIALS AND METHODS

Materials

Bovine albumin ( Cohn Fraction V, 96 -99% albu-
min and remainder mostly globulins ) and BF-me-
thanol {14% boron trifluoride in methanol ) were
obtained from Sigma Chemical Company. GP 10%
SP 2330 (a cyano silicone ) on 100/120 Chromosorb
W, AW was obtained from Supelco, Inc.

Animals and Diets

Virgin female Sprague Dawley rats weighing 200
—-250gm, supplied by Animal Bleeding Laboratory
of Seoul National University, were used in this
experiment. After pregnancy, female rats were in-
dividually housed in a plexglas cage and fed experi:
mental diets ( Table 1) according to the feeding
design of Fig. 1, After parturition, litter size was
adjusted to 8 pups. The temperature and humidity
were kept 20+1T and 55+10%, respectively, Light
was also controlled and food and water provided
ad libitum.

Control group rats were fed a balanced control

Table 1. Compositions of experimental diets

Group o p_gs  D—g2
Ingredient
Corn starch 58.7 69.4 67.6
Casein 20 20 20
Cellulose? 6 5.37 5.46
Corn il 10 0.50 2.1
Vitamin mixture* 1 0.89 0.91
Salt mixture* 4 3.58 3.64
Methionine® 03 027 0.27

b¢, contrdl diet (109% corn oil) ; D—0.5, deficient diet
with 0.59% corn oil ; deficient diet with 2% cocrn oil;
Zg—cellulose from sigma chemical company®; vitamin
mixture from ICN pharmaceuticals, Ind. Life seience
group cleveland, ohio, U.S.A.; *salt mixture from ICN
Nutritional biochemicals, cleveland, ohio, U.S.A.; DL
—methionine from BDH chemicals Ltd. poole, England
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Fig. 1. Scheme of experimental design of feeding D—0.5, deficient diet

with 0.5g corn oil; D—2, deficient diet with 28 corn oil:D—O.SB,
deficient diet from birth with 0.5% corn oil; D—0.5R, deficient diet
with 0.59% caniol and rehabilitation at weaning. 10% carn id diet,

—>0.5% corn al diet, -----

diet { 10% corn oil diet ) during the experimental
period. The deficient rats were fed 0.5% corn oil
diet (D-05) and 2% corn oil diet(D-2) from
15th day of gestation. One half of control group rats
were fed 0.5% corn oil diet at birth (D -0.5B), After
weaning at 21 days, one half of D-0.5 group rats
were rehabilitated with the control diet(D-05 R).
Body weights of all offspring rats were weighed
weekly. At the age of 0,1,2,3,5 and 7 weeks, offs-
prings were randomly chosen and decapitated
during late afternoon hours. The brains were imm-
ediately frozen and stored at —60T until use.

Determination of total protein

After the brain was washed once and weighed,
the 10% brain homogenate (W/V ) was prepared
in 0.32 M ice - cold sucrose solution by a glass homo-
genizer with 45 strokes. The protein of whole brain
homogenate was determined colorimetrically by the
method of Lowry etal'® with bovine serum  albu-
min as standard. Because the protein in the range
of 0.06 -0.14mg can be determined by this method,
10% homogenate was diluted to 50 volumes and

the absorbance at 500nm was measured.

- ; 29% corn oil diet, ——— -

Lipid extraction from mitochondrial fraction

The mitochondrial fraction of rat brain was isola:
ted by the method of Wittaker and Baker !® as
described previously'”. Lipids in brain mitochon-
drial were extraced by the modified method of

Folch et al™®

Fatty acid composition of the brain mitochon
dria

Mitochondrial lipid extract was
by heating with BF ;- methanol™, One milliliter of
mitochondrial lipid extract was evaporated to dry-

transmethylated

ness under nitrogen in a centrifuge tube provided
with a teflon ~lined screw cap. One milliliter of BF ;-
methanol reagent was added under nitrogen, and
the tube was closed. tightly with the screwcap.The
tube was then heated in a boiling water bath for
30minute. After cooled, the esters were extracted
by adding 2ml of heptane, then 1ml of water, sha-
king briefly, and centrifuging until both layers
were cleared. The resulting methyl esters were de-
termined by gas-liquid chromatography (Yanaco
model G 80 with a flame ionization detector ). A 3

— 380 —



— Eui~Ju Yeo and Haymie Choi —

Table 2. Effect of dietary lipid on body weight of offsprings (2)
\Q'oup
c D~05 D-2 D-05B D-0.5R
Week
a
0 6.05+-0.02 6.13+0.14 6.144-0.03 6.05+0.02 6.13-£0.04
(48) {55) (119) (48) (55)
%k
1 15.0740.17 15.14+0.14 16.52+0.11 15.80-+0.77 15.14-+0.14
{(72) (128) (104) (56) (128)
ok *
2 32.04-+0.54 32.85-+0.25 36.35+0.30 3409:50‘45 32.851-0.25
(54) . (95) (72) (42) {95)
*k
8 54.55+1.19 55.31+0.58 59.05+0.64 54.85+-0.97 5479+1.91
(36) (64) (48) (28) (22)
ek Fk
4 8288211 80.43-+1.61 90.89+1.27 822840.78 92.58+2.00
(22) (30) (30) (16) (14)
5 127.40+3.06 121.124-2.11 136.11+2.08 127.91+0.85 136.54+284
(11) (30) (18) (14)
6 172.49+3.99 156.41+4.32" 180.90+2.61 168.20+4.43 178.53+4.26
(1) (15) (9 (14)
7 209.48--4.96 189.00-+5.95 215.17+3.37 210.37-+543 213.10+5.31
(11 (15) (9) (14)
2 :Mean+S.E

b :Number of animals used for calculation.

* :P<0.05, significantly different from control.
»* 1P {001, significantly different from control.

mm X 3m glass column packed with GP 10% SP 2330
on 100/120 Chromosorb W, AW( maximum temper-
ature;275C ) was used with a nitrogen flow of 22,5
ml/min. Columrn temperature was programmed
from 160C to 230C with increase of 4T/min and
injection temperature was operated at 200C. Identi-
fication of the esters was performed by comparison
of retention times with those of the standard esters
chromatographed under the identical conditions.
Peak areas of each fatty acid ester were obtained
by an integrator and expressed as % of total area.
Experimental data from control and deficient

groups were analyzed- by the student’s t-test.

RESULTS AND DISCUSSION

Effect of Dietary Lipid on Body and Brain
Development
In this experiment 0.5% and 2% corn oil diet

provided suboptimal level of essential fatty acids.

No signs of deficiency symptoms were noticed in
deficient dams and pups. Throughout the experi-
mental period, body and brain weights and total
protein content of brain were observed andshown
in Table 2,3,4 respectively

Before weaning, body weight of D-0.5 group rats
were a little higher than that of the control group,
but there was no significant difference between
these two groups After weaning, a decrease in the
body weight of D—0.5 group rats were observed.
At 6 and 7 weeks of age D—05 group rats were
significantly ( P<0.05 ) lower in body weight than
the control group.

Body weight of D-2 and D-05B group rats
were a little higher than that of the control group
throughout the postnatal period. But its increasing
tendency slowed down and the significant differ-
ence disappeared. And the brain weight of defici-
ent groups were higher than that of the control

group. However, there was no significant difference
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Table 3. Effect of dietary lipid on brain weight of offsprings

(g)
Toup
c D- 05 D- 2 D- 05B D- 05R
Week
a *
0 0.242:+:0.004 0.2324-0.003* 0.234-0.003 0.242:+0.004 0.232+-0.003
(34 (58) (28) (39) (58)
1 0.688-0.014 0.6974-0.013 0.731-:+0.007 0.717-£0018 0.697+0.013
(16) (32) (31) (14) (32)
*ok . ek
2 1224+0.014 1284+0.012 1.321++0.009 1294-+0.018 1.284:+0.012
{18) (31) (24) (14 (a
*
3 1.503:+0.014 1.5484-0.014 1.582+0.017 1.560--0.019 1.548-+0.014
(14) (15) (15) (10) (15)
5 1718:£0.020 1.785+0.018 1.786-+-0.015 1806+0.023 -
(11) (15) {15) (9)
7 1.860-£0.018 1.910+-0.023 1.945-+0.021 1.932--0.037 1.9034-0.017
(11) (15 (15) 9 (14)
3. Mean+S.E.
b: Number o animals used for calculation
*: P(0.05 significantly different from control.
=+: P{0.01. significantly different from control.
Table 4. Effect of dietary lipid on brain protein of offsprings (mg/g tissue)
oup
C D-05 D-2 D-0.5B D-05R
Week
a
0 82.47+2.98 83.05+1.49 7480+0.63" 82.47+2.98 83.0511.49
! 68.83+2.2%6 69.38+1.86 74.91+0.42 7L.95+0.75 69.38+1 86
2 95.45-+-1.35 95.53+1.38 %.50+1/4 97.95+1.62 95.53+1.38
3 109.78-+3.64 113334121 110.61+2.%5 112624155 113.33+1.21
5 123254121 125.44+341 121.48+£2.30 123.67-+0.91 -
4 128.60+-0.68 128.95+3.36 130.35-:2.62 127.32+3.33 129.59-+1.57
2 :Mean+S.E

*:P (0,05 significantly different from control.

in the percentage of the brain to body weightamong
the groups. Brain protein of deficient groups were
not different from the control group.

It is expected that a little bit higher body and
brain weights in deficient groups could be stemmed
from the increased food intake. Since deficient diets
had only 9% caloric density of the control dlet,
the amount of food consumed ® by the deficient
groups was more than that of the control group.
Thus the intake of the protein and other nutrients

in deficient groups may be more than that of the
control group and resulted in good development
of the deficient group rats. But the present data
demonstrated that the difference between the control
and the deficient groups decreased with age. There-
fore, lipid deficiency of the present study seems
to have an effect on physical development of the
pups, but not as severe as in other nutrients like
energy, protein,or vitamins investigated previously

by other workers 20021
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Effect of Dietary Lipid on Brain Mitochondrial
Fatty Acid Pattern

Lipid extract from the brain mitochondria was
analyzed for fatty acid composition. Palmitic (Cie:o
stearic ( C,5.0) and oleic(C,,.,)acids were the major
fatty acids comprising about 50%, and arachidonic
(C,.q) and polyunsaturated fatty acids, such as
Cy:4 Cp.5 and C,, ¢ occupied the rest. And also
small amount of saturated and polyunsaturated fatty
acids were appeared in the chromatogram. It is
summarized in Table 5.

Itis interesting to notice that fatty acids of satura-
ted short chain, such as fatty acids below C,; pal-
mitic (Cy..,) and palmitoletic (C,.,Jacid decreased
and fatty acids of C;,, and C,,,, and most of po-
lyunsaturated fatty acids increased with age.

As expected, it was found that the lipid deficient
diets caused an altered fatty acid composition of
brain mitochondria. Throughout the experimental
period, saturated and short chain fatty acids, such
as fatty acids below C,,, Cio Cie:1s Cup:00 Cisio
and C,. , were higher in the deficient groups than
control group. But polyunsaturated and/or long
chain fatty acids were mostly lower in the deficient
groups than the control group. Particularly, linoleic
{C ;. ), arachidonic acids (C,., ), and polyunsatura-
ted fatty acids longer than C,, . were significantly

lower than the degree of unsaturation, a good indi-

cator of membrane fluidity, was significantly lower
in deficient groups than the control group, indica-
ting that mitochnodrial membrane fluidity in defi-
cient group was lower than that of the control
group,

Some investigators?’? suggested the ratio of
trienes ( 20: 3 ) to tetraenes ( 20: 4, arachidonic acid)
as a biochemical index of essential fatty acid defici-
ency. Therefore, the ratio of C20:3/C20:‘1 in brain
mitochondria of offsprings were calculated and are
shown in Table 6. The ratio of the deficient groups
were a little higher than that of the control groups
throughout the experimental period The ratio of
C,0:3/C 9.4 inthe D-05 and D-2 were signifi-
cantly (P<0.05 ) higher than that of the control
group during the lactation periods. However, after
weaning, there were no significant differences in
the ratio among the groups. It seems likely that the
decreasing tendency in the ratio is associated with
the adaptation of brain to the nutritional stress.

Other investigators?® also suggested that the w-~
6/ w~3 ratio may be a good index of essential
fatty acid deficiency in brain. But our data were not
consistent with their results. In our experiment,the
most noticeable changes in the mitochondrial fatty
acids were the low percentages of w—6 series to w
~9 series fatty acids in the deficient groups. The
W-6/ w-~9 ratios are shown in Table 7. The w-
6 family of linoleic acid are arachidonic (20:4), do-

Table 6. Effect of dietary lipid on the ratio of fatty acid C,g/ Cpg:4 in brain mitochondria

Group
Week

D-05 D-2 D—05B D-0.5R

0 0.05540.006 0.056 +-0.001 0.057-+0.009 0.055-+0.006 0.056-+:0.001
1 0.032-+0.001 0.038-0.003 0.041-+0.007 0.038+0.001 0.038-0.002
2 0.0324-0.002 0.048+0.008 003260.002 0.033+0.001" 0.048:+0.00%
3 0.054+-0.001 0.060+-0.00f 0.065+0.003 0.059-£0.004 0.060+:0.001
5 0.070+0.007 0.073+0.005 0.072+0.003 0.075-+0,004 -

7 0.057+0.005 0.0644-0.004 0.058-0.004 0.068-+0.006 0.062:+0.008
2:Mean+S.E

*:P{0.05. significantly different from control
#+:P{0.01. significantly different from control.
P (0.01. significantly differentfrom D -O.S.
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Table 7. Effect of dietary lipid on the ratio of
fatty acid w~6/w~9 in brain mitochondria

Group
Week C D-05 D-2 D-05B D-0.5R

0 5294 3837 3719 5294 3837

1 5792 4944 3610 4959 49.44

2 67.62 4805 5238 50.32 48.05

3 3733 2935 30.82 3466 29.35

5 3281 2085 30.84 3075 -

7 36.77 30.69 37.02 28.63 3751

cosatetraenoic (22: 4 ), docosapentaencic (22:5), C
C,.,and C,,. . acids. And the w-9 family of oleic
are eicosatrienoic (20:3 ) and docosatrienoic (22:3)
acid. At0,1,2,3,6 and 7 weeks of age, the ratios of
w-6/w-9 in- D-0.5 group showed 27.5, 14.6, 28.9,
21.4, 9.0 and 16.5% reduction, respectively, compared
with the control. And at 0,1,2,3 and 5 weeks of age
the ratios in the D-2 group showed 37.7, 22.5, 17.4
and 6.0% reduction, respectively, as compared with
the control group. Throughout the experimental
period, the ratios oi the D—-0.5 group were lower
than those of the D~0.5B and D-2 groups. But
the D-05R group rehabilitated normally. It seems
likely thatthe w—6/w-9 ratio in the mitochondrial
fatty acid is a good indicator of lipid deficiency.

Summary

The effect of dietary lipid on brain mitochondrial
fatty acid pattern was examined by feeding preg-
nant Sprague Dawley rats with diets containing
10(C), 2(D~2),05% (D-0.5) of corn oil, At birth one
half of the control fed 0.5% diet (D-0.5B) and at
weaning, D—05% rats were rehabilitated( D-0.5R)
with the conirol diet. Throughout the experimental
period, body and brain weights and total protein
content of brain were determined, and the brains
were analyzed for mitochondrial fatty acid pattern.

Body and brain weights of the deficient groups
were a little higher than that of the control group
during the lactation period. After weaning, however

their increasing tendency slowed down and the

significant difference disappeared. Furthermore, at
6 and 7 weeks of age D-05 group rats were
significantly ( P<0.05 ) lower in body weight than
the control group. But there was no significant differ-
ence in the brain to body weight and brain pro-
tein among the groups. Therefore, the effect of
lipid deficiency on physical development appears
not as severe as in other nutrients. Fatty acid
pattern in brain mitochondria changed with age
and diet. Fatty acids of saturated short chain de-
creased and most of polynusaturated fatty acids
increased with age. The degree of unsaturation, the
ratios of triene (20:3) to tetraene (20:4 ) and w—
6 to w-9, which may be a good indicator of lipid
deficiency, showed significant differences between
the control and the deficient groups. These obser-
vations, therefore, provide an evidence that the al-
teration of dietary lipid can affect the fatty acid

composition and functions of brain mitochondria.
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