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Effect of DHA-Rich Fish Oil on Brain Development and Learning Ability in Rats

Chung, Kyung Sook - Park, Hyun Suh

Department of Food and Nutrition Kyung Hee University, Seoul, Korea

ABSTRACT

Effect of DHA-ich fish oil on brain development and learning ability has been studied in Sprague
Dawley rats. Female rats were fed experimental diets containing cither com oil or fish oil at 10%(w,/w)
level throughout the gestation and lactation. Com oil was added in fish oil diet to supply essential fatty
acid at 2.3% of the calories. All male pups were weaned to the same diets of dams at 21-days after birth.
Plasma fatty acid composition was analyzed for dams and pups at 21-days, 28-days and 22-wecks after
birth. The analysis of DNA and fatty acid profile in the brain were undertaken at birth, 3, 7, 14, 21, 28
days and 22 weeks after birth and learning ability was tested at 18 — 20 weeks of age.

Regardless of dietary fats, arachidonic acid(AA) and docosahexaenoic acid(DHA) were the prin-
cipal polyunsaturated fatty acids in the brain. Rats fed CO diet showed a continuous increase of
AA content in the brain from 10.9%(at birth) to maximum 15.3% level(14-days old), while the
rats fed FO diet showed 78 — 79% of CO group throughout the period. Rats fed FO diet show-
ed higher incorporation of DHA from 15.2% at birth to a maximum level of 18.5% at 14-days,
while the rats fed CO diet showed only 7.0% incorporation of DHA at birth and a maximum lev-
el of 11.1% at 21-days. Compared to CO group, FO group showed lower ratio of chol /PL and
higher content of DHA in brain microsomal membrane, resulting in better membrane fluidity.

Total amount of DNA per gram of brain was reached maximum level at 21 days in both
groups. This would be a period of the cell proliferation during brain development. Overall, the
rats fed fish oil diet showed a higher incorporation of DHA and membrane fluidity in the brain
and better learning performances(p < 0.05). (Korean J Nutrition 29(3) : 267~277, 1996)

KEY WORDS : Docosahexaenoic acid - Arachidonic acid - Fish oil - Brain development - learn-
ing ability.
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Table 1. Diet Composition of experimental groups
(g/100g diet)
Experimental Groups
Ingredients Corn oil{CO) Fish oil(FO)
Corn Starch 59.5 59.5
Casein 20.5 20.5
Fat
Comn ol 10.0 1.8
Fish oil - 8.2
DL-methionine 0.3 03
Choline bitartrate 0.2 0.2
a-Cellulose 4.5 4.5
Vitamin mixture' 1.0 1.0
Mineral mixture’ 4.0 4.0

1) AIN-76 vitamin mix(modified without vitamin E and
vitamin A) : g/kg of mix : thiamin HCl 0.6, riboflavin
0.6, pyridoxine HCI 0.7, nicotinic acid 3, D-calcium
pantothenate 1.6, folic acid 0.2, D-biotin premix(1%)
2, cyanocobalamin(0.1%) 1, cholecalciferol(4,000,000
IU/g) 0.25, manaquinone 0.05, sucrose 990. Vitamin
A was provided at the level of 4800 IU/kg diet. Vi-
tamin E was provided at the level of 836.5 IU/kg diet
(CO diet), 970.6 1U/kg diet(FO diet).

AIN-76 mineral mix : gkg of mix : CaHPO, 500 :
NaCl, 74 : KHOHO, 220; KSO. 52; MgO,
24 ; MnCOs 3.5; FeCH:O, 6:ZnCO; 03 Na,
SeO;5H,0, 0.01; KIO;, 0.01; CrK(SO.):.H0, 0.55 ;
sucrose, finely powdered, 118.03.
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Sprague-Dawleyd ¢+7 7 187t2| & 85 5]91° i
(A% 200~250g) F T E Wro] e F o] A7}
WHAZL & JAI7IzE F S5 (corn 011 CO)%t
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23] 40| Table 1 dlxsh o] 4joje] &) AT
82 59.5%, T 20.5%, A8 10%(F ‘3%‘4
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on), FOTY 4% d4Ate F AAE3 2~
3% F7317] 15t Aol 100g7 S5 1.8g &
o] Egagitt. Agalole] Aitad2 Table 2 o
2.

3. XEEzknt x|LAxEY % DNA 24
HAE ether? mHAIZ & 57 digHelA D& A

Table 2. Fatty acid composition of experimental diet

Fatty acids Corn oil diet Fish oil” diet
% %
C12:0 - 0.02
Cl4:0 - 1.90
Cl6:0 10.83 21.03
C18:0 2.01 4.44
C18 :1 27.45 18.08
Cig:2 58.07 11.34
C18:3 1.64 1.14
C18:4 - 0.41
C20:4 - 2.34
C20:5 - 6.24
C22:6 - 2517

Expressed as relative % distribution of total fatty acid in
two experimental diets.

1) Fish oil containing DHA 30.69% by weight was add-
ed to FO diet and was supplied by Pulmuwon Food Co.
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Fig. 1. Brain and body weight change of rat fed corn oil or
fish oil.
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Table 3. Plasma fatty acid profile of dams and pups in rats fed corn il or fish oil diet

Pups

Fatty Dams 21-day" 28-day 22-week
acid ) FO CcO FO CcO FO Cco FO

% % % % % % % %
C14:0  068+010° 099+005 3.10+119° 403+054* 078+007° 1084005 047019 070+ 0.14°
c16:0 19154+ 1.15 2001 +093 19.88 +0.53° 2448 +133° 19794075 21.83£1.06° 17.98 +1.14° 2146+ 0.84°
161  153+023° 23340227 048+048°7 1.83£018° 0300047 2124013 126+030" 150+£0.27
c18:0 1492+054 1468 +061 1174+1.12 10544066 10381043 1095+040 13.26+067 1289+127
C18:1 14134103 11554056 993+1.19 9854039 13.03+041°  9.88+053° 918+178 1093151
c18:2 2303 +098° 9.98+028° 2833 + 150 13.51 £ 035°% 3222 + 1.06" 12.95 + 0.23"% 20.95 + 1.40** 15.36 + 0.97>'
c18:3  028+008 0324003 0184013 012+012  005+005 007 £0.07 ND ND
c18:4 032+001° ND® 0.55 + 0.05™' ND® 0.24 + 0.12° ND ND? ND
€20:2 ND ND 041 + 0.05° NDP 0.08 + 0.16 ND 0.24 + 0.16 ND
22:0 049+ 004° 033+004° 0734005 0084008 0294012 009+009 015+009 ND
€20:4 2234+ 149° 1356+ 1.23° 1829 + 2.73*7 1030 + 1.11°% 17.45+ 0.73*" 1364 + 054" 3349 £ 262" 28.83 + 127>
205 0524003 927+051° 042005 612+024°% 0.13£008" 814 +£036* 0.13+010° 606+ 064"
c22:4 059+008 0724012 0853006 NDP 1134013 057 £0.14> 035+0.11° 012+ 007°
241 081 +010° 052+006° 087 +012° 024+014° 138019 068 +006° 071+029° ND®
2215 006+ 004> 0934004 014+005" 097 01> ND>? 129+ 099"  ND*? 058 +0.22°
226 1244 017° 12414053 2224039 1544+ 199" 127 £010° 1686+ 099" 122 £0.14° 958 % 044>
SSFA 3545+ 075 3684+ 166 37.81 + 1457 4191 £ 187" 31204 068" 3395+ 1.21° 31.98 + 141" 3456 + 1417
SMUFA 1570 157 14214079 1008 +1.36 1154+096 1507063 1257 +054 11152193 21.92+£931
SPUFA 4860 + 149 47.13+1.26 5256+ 159 4648+ 1.64  53.13+034 5341 +112 5652+ 294 47.56+6.13
Sn3 197 + 028" 2294 +038* 292 +060° 2343 + 213  194+024 26354105 154+£033 1572£027
a6 4587 + 145° 2419 +128° 4692 +1.72°7 2368 + 176"  51.27 + 0.62>'7 27.06 + 0.66° 54.75 + 2.82>' 36.18 & 1.85°
n3n-6  0.04+001° 0.04 + 001" 0.98 + 0.05"* 0.03 + 0.01>* 0.44 £ 0.02**

1)

0.96 + 0.06°  0.06+ 0.01%" 1.03 £ 0.16"

21-day : lactation for 21 days
28-day : fed experimental diet for 1 week after weanling.

22-week : fed experimental diet for 19 weeks after weanling.
Expressed as relative % of total fatty acids.

Values are Mean + SE, N =5.

Means with different alphabets in the same row are significantly different between groups at p < 0.05.
Means with numbers in the same row are significantly different within groups at p < 0.05.
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Fig. 2. Comparison of plasma levels of arachidonic acid(AA)
and docosahexaenoic acid(DHA) in dams and pups
of rats fed corn oil or fish oil. Bars with different al-
phabets are significantly different between groups
(p <0.05). Bars with different numbers are sig-
nificantly different within groups(p < 0.05).
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Fig. 3. Comparison of the relative % of AA and DHA in-
corporated into the brain of rats fed corn oil(CO) or
fish oil(FO). Values with different alphabets are
signficantly different between groups at p < 0.05.

DHA/AA ¥l &o] m$ vgron, Aakel A5 4%
ko] APHHA o] v &L dtstA A EH o2 F7
sk A%E 291, n6/n-39 Hl&o] ¥& ERE
g ol ME Hz2 o] DHA/AAY H[&o] 4TF
ko] A H AT,

2. wamyatel X|F gt U XYMEN

Holz A2H BESH WS AX
o 2 Qgake vXy DHAE 53] Hz2ae 74
9)i= wroll T} gElo) ik B o) Fe At £
0ho-EAd0) WS 3 SEAE FFe
Zof mor A ge] AsAgo] Jee M)A, B e
vlo] <3 n-6/n-3¢] W&ol & o0& HAYL
W wazAute] DHA o] 5~7o) grasilon,
n-37) Aol AR Hol 2 Ak FolA B 4
ol2 23T A9 ¥AXALY DHA 58 A4 +F
oz molgaey 29 ool ALHUN?. EF
DHAS] 749 LNAZF R& 4% 68 4015 A
Ae Ao Mz EA FHL AT A3}

Sz

o
riE
o)
i}
ol
Ho

Weeks after born

Fig. 4. Comparison of the cummulated amount of AA and
DHA in the whole brain of rats fed corn 0il(CO) or
fish oil(FO). Values with different alphabets are
signficantly different between groups at p < 0.05.
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Fig. 5. Comparison of the effect of corn oil or fish oil diet
on the levels of cholesterol{Chol), phospholipid(PL)
and Chol/PL ratio in rat brain microsome. Bars with
different numbers are significantly different within
groups(p < 0.05). Bars with different alphabets are
significantly different between groups(p < 0.05).
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Fig. 6. Comparison of the effect of corn 0il(CO) or fish oil
(FO) diet on the relative % of AA and DHA in rat
brain microsome. Bars with different alphabets are
significantly different between groups at p < 0.05.
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Fig. 7. This shows the change of total DNA content in the
whole brain of rats fed corn 0i(CO) or fish 0il(FO)
diet. Values with different alphabet are significantly
different between groups at p < 0.05.
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Fig. 8. This shows the change of total number of cell in the
whole brain of rats fed corn oil(CO) or fish 0il(FO)
diet. Values with different alphabet are significantly
different between groups at p < 0.05.

Table 5. Learning ability test through Y-maze in rats fed

corn oil or fish oil diet (unit : day)
CO diet FO diet
7.6 £0.8 5.8 + 0.5*

Values are Mean + SE, N=12.

*Significantly different at p < 0.05
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