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Influence of Dietary Supplementation of Fish Oil at Different Life Cycle
on the Incorporation of DHA into Brain in Rats

Park, Ki-Ho * Park, Hyun-Suh
Department of Food and Nutrition, Kyung Hee University, Seoul 130-701, Korea

ABSTRACT

The incorporation of docosahexaenoic acid(DHA) and arachidonic acid(AA) into brain and
liver lipid has been compared in male pups from birth to 10 weeks old by feeding DHA-rich
experimental diets or chow diets to dams from pregnancy in rats. The experimental DHA-rich
diets contained 7g fish oil and 3g corn oil per 100g diet. There were three experimental
groups, FO-I : Dams were fed DHA-rich diet during pregnancy and lactation, and their it pups
fed the same diet until 10 weeks old. FO-II : Dams fed chow diet during pregnancy and DHA- .
diet during lactation, and their pups fed the same DHA-diet until 10 weeks. FO-III : Dams
fed chow diet during gestation and lactadon, and then the pups fed DHA-diet after weaning.
The relative % of DHA in hepatic lipid was about 12% with chow diets, but increased rapidly to
20 -25% level when DHA-rich diets were supplied after weaning. The AA(%) of FO-III group
was relatively high when a chow diet containing higher amount of linoleic acid was given, but
there was no significant difference between the groups after feeding on a DHA-rich diet. When
the DHA-rich diet was supplied from pregnancy(FO-I), the relative % of DHA in brain lipid
was 13.7% at birth and continuously increased to a maximum level(17.2%) at 3-weeks and then
was sustained until 5 weeks old. Similar levels of DHA incorporation were observed when DHA-
rich diet was supplied from lactation(FO-II). However, the pups of FO-III group showed
significantly lower levels of DHA incorporation(72%) at birth. These livels slowly increased and
reached an 87% level of FO-I at 10 weeks when the pups ate DHA-rich diets after weaning.
The relative % of AA in brain lipid was 10.4% in the FO-I group at birth, which was
significantly lower than those of other groups, but there was no significant difference between
groups after feeding DHA-rich diets in all groups. The AA(%) level increased to maximum(11 —
12%) at 3-weeks and then was slightly reduced and was sustained at about 10% after 5-weeks.
Total amounts of DNA in the whole brain rapidly reached maximum level at 3-weeks and then
was sustained at a constant level after 5-weeks. DNA content was not significantly different
between groups at birth, but it was significantly higher in FO-I and FO-1I groups than in FO-
I group at 3-weeks. However, DNA content in FO-III group was continuously increased to
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80% level of FO-I at 10-weeks after feeding DHA-rich diet since weaning. In conclusion, the
DHA(%) in whole brain was most effectively deposited when DHA-rich diet had been supplied
during pregnancy and lactation in rats. However, DHA supplementation after weaning also
improved the incorporaton of DHA into brain and content of DNA even though brain
development was almost completed, which suggests that DHA supplementation might be
necessary to improve brain development in humans during infancy as well as pregnancy and
lactation. (Korean J Nutrition 31(7) : 1100~1111, 1998)

KEY WORDS : docosahexaenoic acid(DHA) incorporation - brain DNA - late DHA supple-
mentation - arachidonic acid(AA) - fatty acid composition - fish oil.
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Fig. 1. Experimental design. FO-l1 : Dams have been fed
DHA-rich diet during pregnancy and lactation, and
then its pups fed the same diet until 10 weeks old,
FO-Il : Dams fed chow diet during pregnancy and
DHA-rich diet during lactation, and then the pups
fed the same diet until 10 weeks old, FO-III :
Dams fed chow diet during gestation and lactation,
and then the pups fed DHA-rich diet after weaning,
FO : Fish oil, co : corn oil.

Table 1a. Composition of experimental diet(g/100g diet)

Ingredients
Corn starch 59.5
Casein 20.5
Fat
Corn oil 3.0
Fish oil 7.0
DL-methionine 0.3
Choline bitartrate 0.2
o-cellulose 45
Vitamin mixture’ 1.0
Mineral mixture’® 4.0
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Table 2. Fatty acid composition of oils and chow diet

1. Modified AIN-76 Vitamin mixture
2. Modified AIN-76 Mineral mixture

Table 1b. Main fatty acid composition of diets(g/100g diet)

Diet LA o-LNA AA DHA
FO 1.90 0.18 - 1.94
Chow 2.46 0.27 0.05 0.07

FO : Fish oil diet ; LA : linoleic acid :
0-LNA : o-linolenic acid ; AA : arachidonic acid ;
DHA : docosahexaenoic acid

Fatty acid DHA-rich Comn oil Chow
C12:0 - - 0.57
Cl14:0 2.58 0.06 0.89
C16:0 16.48 10.86 17.24
C16:1 4.74 0.09 1.19
c18:0 4.14 1.66 4.74
c18:1 10.94 23.66 21.04
C18:2 1.08 60.82 46.29
C18:3 2.19 0.94 5.1
C20:0 1.56 0.15 0.38
C20:1 0.36 0.16 -
C20: 4 - - 0.85
C20:5 5.47 - 0.32
C22:6 27.65 - 1.28
Unknown 22.81 1.98 0.01
Total 100 100 100

Expressed as % distribution of fatty acid methy esters
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Fig. 3. Comparison of the relative % of arachidonic acid(AA) and docosahexaenoic acid(DHA) in liver of the rat fed FO diet
at different age. FO-I : FO diet was fed to dams from pragnancy, FO-II : fed to dams from lactation, FO-IIi : fed to
pups at 3wks old. Bars with different letter are significantly different at p<{0.05.
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Fig. 4. Comparison of the relative % of arachidonic acid(AA) and docosahexaenoic acid(DHA) and DHA/AA ratio in the

brain of rat fed FO diet at different age. FO-l : FO

diet was fed to dams from pragnancy, FO-Ii : fed to dams from

lactation, FO-lII : fed to pups at 3wks old. Bars sharing same letter are not significantly different at p <0.05.
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Table 5. Fatty acid composition of brain microsome in
the rats fed fish oil diet at different age

Experimental groups

Fatty acid FOA FO-II FOII
C14a:0 6721485 608+101  622+279
Cl6:0  2609+381 2496+1.03 31.47+10.32
Cle:1  037+£009° 042+000° 0.8440.00°
C18:0 23214428 29024432 2436+9.04
C18:1  1454+411 15064210 18.43+2.30
C18:2 0774025 0624020  0.95+0.73
C20:0  076+057 078+038  0.41+000
C20:1  066+053  0.62+0.23  0.44+0.12
€20:2  295+410 1234069  1.00+0.16
C20:4  799+147 7714098  9.12+067
C22:0  048+013" 026+009° 0.26%0.06"
C22:4 2024025 136+059° 1.37+0.68
C24:1  143+164 0784016  0.56+0.20
C22:5 0424008 028+0.17  0.28+0.14
C22:6 13054302 12074270 1045+498
SFA 57084422 60.62+557 62.34+16.71
MUFA 16604301 16104227 16.24+7.66
PUFA 26314231 23274422 21.43%9.10
n-3 12424395 12354281 10.68+5.09
n-6 1036+1.58  9.69+1.40  9.92+3.62
n3n6 1184027 1274018  0.96+0.38

Values are Mean+SE, n=7
Means with the different alphabets are significantly dif-
ferent between groups at p<0.05



3% FAQ 2ol & RolA] st =G n6 A4
2 FOIZAME &4 F 1075< 13~15%2 €3&
FEE fAske Aol BAHILH, FOI FO-IIZ
& LAE Bol ERdta de 2BAEE FEAD A7
ol n6 A FFe] BIL Ao] BAHU. a2l
n-3/n-69 ¥l&2 FO 40l FFEL Al7] o|F7H
F7tsE Aol &A= o9 Zo] 229 n-3,
n-6A18 9 AW £ET n-3/n-69] W& AF 4o
ol 0] & APt DHA st d4e 34
A& 7L Je Ao AlrEy.

Hdbeo] 2gsl= F<F DHA/AA] vl &o] &3
o2 FHEAHFig. 4. FO-I, FOIIIZANN 1%
A8E YYD Al7ldle FO-IZe )&l DHA/AAS
Hl&o] ooz wgtor} FO 40]& 4HE A7)
FEE HEo] e 2AE eI A 7
% ®op71d| HZ2AW. DHA £&2 3718k AA 75
£ Zasle H 22 ] DHA/AASY H| o] A&H o2
Z71R. o] B g Al 3077l H23
©] DHA/AAY Hlg°] 0803 A 3H6FHdle
DHA/AAS] H]&o] ¢k 1.234t}. wl&ote] 7% ¥ 23
Wl DHA/AAS] H]go] wj$ yigton] H3e] 3+ &

WS R A e 31(7) ¢ 1100~1111, 1998 /1109

A% 7ol MY o] H] &L FeA A&7
2 Z7beke A4S 8P, n6/n-39) ¥ &0 &
& AT Gotolr= =222 DHA/AA &0
23] wehgo] EaHAY.

A% 1059 HaZA e AWd2dF DHAE ¥
A o 10~12% A% BEHO ok AA = ¢
7~9% E¥Ho] UAHTable 5). ©] 2FALF 2
¥¢ DHAFEL H249] FAWEF 239 Ann
o BRAT 2 e HYew, FO-IITE FO-I
ol Bl8 94% FEOIUA T FO-NIEE 80%8 =2
Uehlo] ¥z A 2ol £Xd o &F
o AT AHE BT

4. 5| 259 DNAZT

HzZe] DNAES 24 F 1~3577K4 #3439
F7htAen 3% olFREE MM F7HEAsL 5F
HREE 433 788 AR Fig. 5). =249
DNA &% &4M e 22l F94430E #ei7t i
Aot 2% 157} HYE W FO-I3 FO-IIE Alel
o] Aele FIsH t2AlE SUAT AE IR
g 9 ojnle] A7le RN o Rkt 3 el
' RE TolA wi2A feldtA 7o FO-13

ox e lo

rr:: FOA FO4l £ FOAM [

mg/whole brain

a a

7

0
4] 1 3 5 10
Weeks after birth

5
g ¢ e
<
£ —— FO-|
% —®— FO-l
< 2
é —a&— FO
£

1

0

0 1 2 3 4 5 7 8 9 10

Weeks after birth

Fig. 5. Comparison of total content of DNA in whole brain of the rats fed FO diet at different age. FO-I : FO diet was fed to
dams from pragnancy, FO-ll : fed to dams from lactation, FO-IlI : fed to pups at 3wks old. Bars with different letter
are significantly different at p<{0.05. Top : DNA content at 0, 1, 3, 5, 10wks old, Bottom : the change of DNA for
10wks after birth.
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