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Effect of Fish Oils on Brain Fatty Acid Composition
and Learning Performance in Rats
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ABSTRACT

The effects of sardine oilChigh in cicosapentaenoic acid | EPA) and tuna oilChigh in docosa-
hexaenoic acid © DHA, also high in EPA) on fatty acid composition of brain and lcarning
ability were evaluated in male weanling Spraguc-Dawiey rats and compared with the effccts
of com oil and becf tallow. Animals assigned by randomized block design to one of the four
experimental diet groups containing dietary lipid at 15% (w/w) level were given ad libitum
for 7 wecks. Food intake and body weight gain of the fish oil groups were significantly lower
than those of the corn oil and beef tallow groups. However. brain weights of the groups were
not significantly difterent, In the brain falty acid composition, the corn oil group showed high
concentrations of n-6 fatty acids, the fish oil groups of n-3 fatty acids, and the becf tallow
group ol saturated fatty acids. Brain EPA and DHA contents of the fish oil groups showed
significantly higher than the other groups while the brain ratio of saturated/monounsatura-
ted/polyunsaturated fatty acid was controlled in a narrow range. In a mazc test, the fish oil
groups appeared to arrive at the goal faster than the corn oil and beef tallow groups. It explaincd
that EPA in diets might efficiently convert to DHA resulting in DHA accumulation in brain
tissue and might increase the learning performance as DHA did.

KEY WORDS : sardine oil - tuna oil - brain fatty acid composition - maze test « learning abi-
lity.

Introduction

The nervous system is the organ with the se-
cond greatest concentration of lipids. immediatcly
after adipose tissue. These lipids are practicularly
all structural and participate directly in the func-
tioning of cerebral membrancs. The phospholi-
pids of excitable membrancs of the central ner-
vous system arc unusual in that there is a prevale-

nce of the polyunsaturated [atty acyl chain doco-
Accepted © October 6, 1994

sahexaenoic acid(DHA)!". Membranes from no-
nneural tissucs contain phospholipids with much
lower amounts of this (atty acyl chain.

The DHA occurs mainly at the C2 position of
the glycerol backbone of phosphlipids. Whilc sa-
turated or monounsaturated fatty acids, such as
palmitic, stearic. and oleic acids. are usually pre-
sent at the C; position. polyunsaturated fatty
acids, such as archidonic acid(AA) and DHA
usually occupy the C» position. Unlike AA, which
is widely distributed in relatively large amounts
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in cell membranes of all tissucs, DHA is scarce
in nonneural tissues?. However. in the synaptic
membranes of the brain, and in the neural and
photorcceptor outer scgments of the retina®?), the
DHA content of phospholipids is high. High le-
vels of DHA in the cerebrum and the retina sug-
gest that n-3 fatty acids may be indispensable [or
neural development in newborns. The require-
ment for DHA is very large during the devclop-
ment and differentiation of the central nervous
system. This coincides with synaptogenesis and
with the biogenesis of photoreceptor membranes.
Depletion of DHA early in life has been associa-
ted with loss of visual acuity in infants of nonhu-

96) and abnormalitics of learning

7)8)'

man primates
performance in rats

Docosahexaenoic acid is the end product of
a series of elongations and desaturations of lino-
lenic acid(LNA)Y. However, the change from o-
LNA to DHA seems to be limited in human body
whilc the change from eicosapentacnoic acid
(EPA) to DHA does not'®'?. Dictary EPA inc-
reased the brain concentration of DHA in gro-
wing animals'¥, which explained that provided
latty acid EPA was preferentially moved to brain
and used after changed to DHA. In this case,
providing Cy EPA is more useful than providing
Cis LNA. Therefore, it is necessary to {ind out
what differences are between the providing EPA
and DHA. This experiment is to discover how
two kinds of dietary fish oils, sardine oil contai-
ning 34.17% of EPA and tuna oil containing 26.40
% of DHA and 2640% of EPA, effect the brain
fatty acid composition and the learning ability
of weanling rats. Also, the water maze used was
intended to exclude the possibility of sight impai-
rment and alterations in vision-dependent beha-
viors duc to retinal photoreceptors and to test the
learning ability due to reduction in the DHA con-
tent of the brain.

Materials and Methods

1. Animals and diets

Forty male weanling Sprague-Dawley rats wei-
ghing about 50— 60g were housed singly in stain-
less steel cages, exposed to light daily between
23 1 00h and 11 : O0h, kept at a room temperature
of 20% 2T and humidity of about 60%. The ani-
mals were assigned by randomized block design
10 one of the four experimental diet groups(n=10
animals per group) and were given ad libitum
access to food and water for 7 weeks. The amounts
of food intake were measured cvery day and rats
were weighed every weck 2 hours after removing
food cups.

The diets were based on AIN-76 rodent diet
and contained by weight(%) : corn starch, 60 3
casein, 20 5 lipid, 15 ; mineral mixture(Bio-Serv.
Inc.. N.J. USA), 353
rodent diet), 1+ DL-mecthionine, 0.3 : choline
chloride, 0.2. The provided lipids were 4 different
kinds : beef tallow(Lotte-Samkang Co.) as the
source of saturated fatty acid, corn oil(Dong-bang
0il Co.) linoleic acid(n-6), sardinc oil(Kohap
Bio. Co.) EPA(n-3), and wna oil(Kchap Bio.
Co.) DHA(n-3). respectively. The fatty acid com-
position of the lour test dicts is shown in Table
1

vitamin mixture(AIN-76

2. Water maze test
The water maze(shown in Fig. 1) used before

14) was filled with water to a plat-

al our laboratory
form to make it possible for rats to swim.

Rats were put the S-G section in the water maze
and the time when the rals swam from start(S)
to goal{G)was measured. Before starting the test,
the rats practiced the way how to swim in the
S’— G’ section. The only distinguishable light was

preserved by turning up two infra-red lamps in
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Table 1. Fatty acid composition of dietary lipids!? (%)
Fauwy acid Com oil Sardine oil Beef tallow Tuna oil
14:0 0.1% 9.10 6.27 4.65
141 ND? 0.57 0.99 0.22
160 10.00 15.37 29.45 12.84
16 : 1n7 0.14 11.43 3.50 7.95
18:0 2.46 3.89 17.77 .14
18 In9 26.31 10.86 89.51 13.47
18 206 59.62 1.69 2,51 1.87
18 5n3 0.42 1.20 ND 1.09
20: 0 0.44 ND ND ND
920 % 1nY 0.48 0.41 ND 1.28
20 © 4n6 ND 1.79 ND 2.51
20 & 5n3 ND 34.17 ND 2528
22 : 6n3 ND 9.52 ND 26.40
SFA 15.03 28 36 53.49 20.65
MUFA 96.93 23.27 44.00 29,99
PUFA 60.04 48.37 2.51 57.15
Total n9® 926.79 11.27 39,51 14.75
Total ng" 59.62 248 2.51 4.58
Total n3® 0.42 44.89 ND 52.77
P/S ratio™ 4.61 1.70 0.05 2.77

1) Values are expressed as the relative % of total fatty acids.

2) Not Detected
3) Total n9=C18 : In9+C20 : 1n9+C22 ! In9

4) Towal n6=Cl18 : 2n6+C20 : 2n6+ G20 : 83n6-+C20  4né

5) Total n3=CI18 > 3n8+C20 ; 5n3+C22 : 6n3
6) P/S ratio=PUFA/SFA
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water tank 1200X1200X 360mm
maze width 110mm
maze height 360mm

Fig. 1. Shape of the water maze.

aw“

)

the laboratory. This test was performed daily at
the beginning of dark cycle(11 : 00h) six times
a week. The test was donce for three wecks from
the fifth week. The water maze we used tricd to
attenuate the effect of visual acuity on learning
ability by eliminating task with visual cues has
recently been discussed!™.

3. Brain fatty acid composition

The animals were deprived of food overnight
and decapitated. Their brains were rapidly remo-
ved and frozen. Their fatty acid composition was
measured using Fletcher's method!® and Lapage
and Roy's method'” by gas liquid chromatogra-
phy(GLC). The conditions of GLC analysis are
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shown in Table 2.

4. Statistical analysis

Data were presented as the meanst SEM. Stati-
stical evaluations werc performed by ANOVA,
and followed by Duncan’s multiplc range test for
differences between means. Nonparametric Krus-
kal-Wallis test was used for the verification of
the resulis of the water maze test'®’. For all com-
parisons, the level of statistical significance was
set al p<{0.05.

Results and Discussion

1. Food intake and body weight gain

The total food intake, body weight gain, and
food efficiency ratio(FER) are shown in Table
3. The corn oil group had the highest food intake.
Next were the beef tallow, the tuna oil, the sardine
oil in that order. Compared to the corn oil group,

Table 2. Instrument and operating condition for GLC

Tnstrument . Hewlett Packard 5890 senes 11
Detecior . Flame Tonization Dector(FID)
Column
Carrier gas(flow rate) : He(3ml/min)
1260

Detection temperature © 270T

Injection teniperature

Column temperature - [nitial 195C 30min

the sardine oil group atc a significantly small
amount. In the body weight gain, the fish oil
groups were significantly smaller than the corn
oil or beef tallow group. The body weight yain
of the corn oil group was the highest. The FER
of the corn oil and beef tallow groups was signifi-
cantly higher than that of the fish oil groups.
There was no differcnce between the two fish oil
groups.

In the case of having lots of polyunsaturated
[atty acids for a long time, vitamin E deficiency
may occur because of the incrcase of demand
and the peroxidation'®2. The peroxidation value
of the fish oils we uscd was 1.0meg/kg. Since the
fish oil itself had a-tocopherol in it(about 300mg
a-tocopherol/100g fish oil) and a-tocophcrol was
supplemented to the diets(50mg o-tocopherol/kg
diet), it scemed that the reason of low food intake
of the sardine oil group was not peroxidation of
the oil. Also, food intake related to faciors such

1 80m Fused Silica Capillary Column 0.25mm 1D, 0.25u Film Thickness

Programmed temperature from 195 to 198 at 0.5C/min

Fina 198 21lmin
Sample injected I 0.4ul

Table 3. Food intake, body weight gain, and food efficency ratio in rats fed different type of dietary lipids

for 7 weeks"

Food intake

Body weight gain Food efficency

Group () (g) Tato
Com oil 6552 * 41.3° 1352 = 7.8 021 * 0012
Sardine oil 5264 + 16.8° 731 = 8.49b 0.14 + 0.01P
Beef tallow 627.2 + 2874 1166 £ 642 0.20 £ 0.01°
Tuna oil 5656 + 42.0° 773 + 115" 0.14 = 0.01°

1) Values are means+ SEM. Values in a column not sharing a same superscript differ significandy(p<0.05)

by Duncan’s muliiple range test.
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as palatability and n-6 fatty acid deficicncy could Table 4. Brain weight in rats fed different type of

3
be attributed. However, the 15% single fish ol dietary lipids (g)

diet(w/w) showed very low FER and. therefore, Croup Brain weight
R . .. . Corn oil 1.65 = 0.08
lower level of oil in diets or mixing with n-6 and o .
; . H torod Sardine oil 1.59 = 0.05
saturated tatty acids could be considered. Beef tallow 162 + 0.03
2. Brain weight Tuna oil 157~
1) Values are meanst SEM and do n.. ciiter gl

Th= brain weights of the cxperimental groups
5 P SrOu cantly(p<0.05) by Duncar’s muliple range s

arc shown in Table 4. Therc was no significicnt anong groups.

Table 5. Brain fatty acid composttion in rats fed different type of dietary hpids! (%)
i Experimental group

Fatty acid - - - : -

Comn oil Sardine oil Beef tallow Tuna oil

1410 0.20 + 0.01"2 0.23 + 0014 023 + 0.01" 024 + 001

16 10 23.07 £ 0.65 22.02 + 0.79 25,78 + 0.63 99.74 *+ 0.89

16 2 1n? 0.44 £ 0,02 0.62 + 0.01° 0.5% + 0.02" 0.69 + 0.04°

18:0 24.04 + 035 25,88 + 0.40 24.86 + 0.34 23.90 £ 0.28

18 In9 2056 * 0.29" 21.65 £ 0.44% 21.5 = 0.28° 20.95 £ 0.4

18 : 2né 148 £ 0.08* 043 £ 0.07 0.71 + 0.09" 0.50 £ 0.09™

18 : 3n3 ND ND 005 £ 0.03 ND

20:0 0.63 £ 0.09 0.59 + 0.07 0.66 + 0.05 0.74 + 0.05

20 In9 1.85 + 0.08 1.51 £ 0.12 1.77 + 0.11 1.59 = 0.08

20 © 2n6 0.29 + 0.04¢ NDf 0.14 + 0.03b 0.05 + 0.04l

20 : 3n6 0.35 £ 0.06 027 + 0.06 0.34 + 0.04 037 + 0.02

20 © 4né 12.04 + 0.22¢ 999 + 018 11.17 £ 019" 9.5 + 0.19°

20 : 5n3 ND" 0.40 * 0.08° 0.02 £ 0.02b 0.30 + 0.082

22 1 0 0.56 + 0.08 0.46 £ 0.12 0.37 + 0.09 043 + 0.15

22 ! 1n9 0.02 £ 0.01 0.06 = 0.04 0.02 + 0.01 0.06 + 0.04

22 I 6n3 12.44 £ 0.540 16.76 + 0.35° 12.16 + 0.56° 16.55 + 0.972

24 10 077 £ 0.25 0.76 * 033 0.50 = 0.20 0.62 + 0.31

24 1 1n9 1.28 £ 043 1.07 £ 059 0.74 £ 028 0.79 + 033

SFA 49.27 £ 0.67 47.94 + 083 50.89 + 0.68¢ 48.68 + 0.77%

MUFA 24.12 + 0.28 24.92 + 044 25.00 £ 0.35 24,08 = 040

PUFA 26.60 + 048% 27.15 £ 045¢ $:.50 £ 0.49b 27.98 4 0.982

Total n3¥ 1244 £ 0.54b 17.16 % 0.56¢ 12.23 + 037" 16.83 + 0.95¢

Total n6? 15.87 £ 0.2%° 9.99 + 025 1222 £ 025" 1041 £ 0.29

Total n9®’ 28.97 £ 0.29% 24.29 + 0.44% 24.61 = 0.35 23.45 + 0.39"

P/S rado” 0.54 0.56 0.49 0.56

1) Values are meanst SEM and expressed as the relative weight % of total fatty acids.

2) Values in a row not sharing a same superscript differ significantdy(p<(0.05) by Duncan’s multiple range
esl among groups.

8) Not Detecied

4) Total n3=CI8 ! 3n3+C20 : 5n3+C22 : 6ns

5) Total n6=C18 : 2n6+C20 * 2n6+C20 : 3n6+C20 © 4nb

6) Total n9=C18 I In9+C20 : 1n9+C22 : 1n9--C24 : Ind

7) P/S ratio=PUFA/SFA
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differcnce among the groups.

3. Brain fatty acid composition

The fatty acid composition of brain is shown
in Table 5. In the content of n-3 fatty acids, LNA
(18 1 3) was not detectablc in the corn oil, sardine
oil, and tuna oil group and also was very small
in the beef tallow group. In the experiments used
perilla oil as lipid source?", there was little LNA
accumulation in brain tissuc, and it is evident
that dietary LNA may bc changed to DHA in
the body and, then DHA may accumulate in the
brain.

The EPA and DHA concentrations were high
in the sardine oil and tuna oil groups, compared
to the corn oil and beef tallow groups. The DHA
content of the tuna oil and sardinc oil groups(16.
53%, 16.76%) was significantly higher than that
of the corn oil and beef tallow groups(12.44%.
12.16%). The fact that therc was no difference
between the tuna oil and sardine oil groups indi-
cates that EPA in sardine oil could be successfully
converted to DHA and then accumulated in brain
tissuc,

The n-6 fatty acids were the highest in corn
oil group, and becf tallow group, fish oil groups
in that order.

The ratio of saturated fatty acid(SFA)/monou-
nsaturated fatty acid(MUFA)/polyunsaturated
fatty acid(PUFA) in brain tissue was 1.00/0.49/0.
54 of the com oil group, 1.00/0.52/0.56 of the sar-
dine group, 1.00/0.50/0.49 of the beef tallow group,
and 1.00/0.49/0.56 of the tuna oil. These werc dif-
ferent from the fatty acid composition of diets.
It suggests that the ratio in brain may be control-
led with a narrow range regardless of dietary lipid

composition.

4. Water maze test
The rcsults of the water maze test are shown

in Fig. 2. There was no significant difference
among the groups, but the sardine oil and tuna
oil groups appeared to swim faster than the corn
oil and beef tallow groups to arrive at the goal
platform. In the first week, the corn oil group
took the Jongest time in the test, and the tuna
oil, the sardine oil, the beef tallow in order. In
the last week of the test, however, the fish oil
groups performed the maze [aster than the corn
0il and beef tallow groups. Thercfore, it indicated
that the fish oil groups had a higher learning abi-
lity than the other groups, which agrecd with other
studies reported that the consumption of n-3 fatty
acids had an effect on improving lcarning ability.
Chung?” reported that fish oil group made less
errors in visual discrimination test than corn oil
group. In addition, when Lampty & Walker??
provided safflower oil or soy bean oil as lipid
source 1o rats, safflower o0il group showed lower
learning ability in performing Y-shaped maze.
Many experiments?25) about pregnant and lacta-
ting animals provided LNA or DHA-deprived
diets have been reported that there occurred low
brain level of DHA in thcir babies and the da-
mage of their learning ability. Therefore, consum-
ption of {ish oil abundant either in EPA or in
DHA scemed to be hclpful in performing the

maze test.
corn oil
%0 O sardine ol
40 B beef talow

n B tuna ol

Second

Test session 3

Test session 1 Teat session 2

Fig. 2. Time spent in the water maze test in rats fed
different type of dietary lipids. Bars are means
and do not differ significantly by nonparametnc
Kruskal-Wallis test among groups.
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Conclusion

This expcriment investigated the cffect of EPA
or DHA of fish oils on the brain fatty acid com-
position and the learning ability in weanling rats.

The food intake and body weight gain of the
sardine oil and tuna oil groups were significantly
lower than the corn oil and beef tallow groups.
The food efficiency ratio of the fish oil groups
was lower than the others while there was no dif-
lerence between the two fish oil groups. However,
average brain weights of the groups werc not sig-
nificantly differcnt.

In the brain fatty acid composition, the corn
oil group showed a high concentration of n-6 fatty
acids, the fish oil groups of n-3 fatty acids, and
the beel tallow group of saturated fatty acid. The
fish oil groups, sardine and tuna, had almost same
EPA and DHA contents bul significantly higher
than the other groups. However, the brain ratio
of SFA/MUFA/PUFA was controlled within a
narrow range.

In the maze test, the fish oil groups tended to
arrive at the goal faster than the corn oil and
beef tallow groups.

This study indicated that dictary EPA cfficien-
tly converted 10 DHA resulting in DHA accumu-
lation in brain tissue and might incrcase the lear-
ning performance as DHA did. Also, the brain
fatty acid composition could be changed by pro-
viding fish oils even after lactating period, when
brain growth is known to be mostly completed.
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