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Effect of DHA and Environmental Enrichment on Brain Fatty
Acid Composition and Acetylcholinesterase Activity
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Department of Home Economics, Kookmin University, Seoul, Korea

ABSTRACT

To investigate the effect of dietary docosahexaenoic acid(DHA) and environmental en-
richment on brain fatty acid composition and acetylcholinesterase(AChE) activity, two groups
of weanling Sprague-Dawley male rats were fed isocaloric diets containing 10 or 12% dietary
lipids for 7 weeks. A third group was fed 10%(w/w) dietary lipids with supplemented 2% DHA-
rich fish oil. Each diet group was housed either in a stainless steel cage individually or in a large
enriched cage with toys where 7 rats were kept together. The fatty acid composition of plasma
and brain was significantly affected by dietary lipid composition but not by environmental en-
richment. Fish oil supplementation significantly decreased plasma levels of monounsaturated fat-
ty acidsMUFA) and increased polyunsaturated fatty acids(PUFA). Fish oil supplemented
groups also maintained lower plasma n-6 fatty acids and higher n-3 fatty acids levels than uns-
upplemented groups. The fish oil supplementation significantly decreased arachidonic acid and
increased eicosapentaenoic, docosapentaenoic acids, and DHA in brain fatty acid composition.
In addition, brain DHA level in supplemented groups tended higher than the unsupplemented.
Brain AChE activity significantly increased by the environmental enrichment but not by the fish
oil supplementation. These findings suggest that the 2% fish 0il(0.57% DHA & 0.31% EPA, per
dict weight) supplementation is enough to accumulate n-3 fatty acids and to change the n-6/n-
3 ratio in brain and environmental enrichment might promote the learning ability. (Korean J
Nutrition 29(1) : 32~40, 1996)
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Table 1. Experimental groups

Group Dietary lipid Cage environment
10LI 10% lipid lsolated
10L2FI 10% lipid+2% fish oil Isolated
12LI 12% lipid Isolated
10LE 10% _lipid Enriched
10L2FE 10% lipid+2% fish oil Enriched
12LE 12% lipid Enriched
L : lipid, F : fish oil, | : isolated environment

E : enriched environment
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Table 2. Fatty acid composition of dietary lipids"” (%)
Fatty Beef Soybean Sesame Perilla  Fish

t}. o] 4o)9] P/SE .80 n-6/n-3= 3.70] Yo acid tallow oil oil oil oil
o ol A7kt P/SE 0.9, n-6/n-39) H| &L 140 49 02 ND" ND 45
L6013t o]& S ASE A FUL V(R 160 222 105 122 95 172
A, AFEHCIAE), BB ERL), BAENF D A
oA FH) 4FFE A3 2% H7HE olr= EPA 15. 18:1 367 219 293 109 165
5%, DHA 28.4%%) A f(ndtte] o328 N5 182(n-6) 7.3 565 520 300 18
AL8-3tT). o] AHF FYUE 9 AHRAIRA L Table 29 18:3(n-3) 0.7 5.6 15 48.4 0.9
HEhisld 245E Ggos %¢¢ dgsh ggg A 20T 0 ND D D ND
obls W TE mik cans Apaind B9 0 N0 0013
Isocalorlc dlet—‘ 7| Yt AR cel— 22:6(n-3) ND ND ND ND 284
lulosecllA T3S 7189 ed g 4.22kcalE T p/s¥ 015 382 315 730 179
stk AsAlole] TAE American Institute of n-6/n-3 1040 1009 3467 060  0.08
Nutrition(AIN-76)¢] 2o]zA< Aystgon B A 1) Value;; are expressed as relative weight % of total fat-
3ol X143 o] AL Table 33 24} 2) ltlyo?iiletsécted 3) PUFA/SFA
Table 3. Composition of diets (g/kg diet)
Inared Group 10Ul 10L2F1 1201 10LE 10L2FE 12LE
ngredients
Corn starch 450 405 405 450 405 405
Surcose 200 200 200 200 200 200
Cellulose 20 45 45 20 45 45
Casein 180 180 180 180 180 180
DL-Methionine 3 3 3 3 3 3
Lipid" 100 120 120 100 120 120
Beef tallow 60 60 72 60 60 72
Soybean oil 20 20 24 20 20 24
Sesame oil 10 10 12 10 10 12
Perilla oil 10 10 12 10 10 12
Fish oil 0 20 0 0 20 0
Salt mixture® 35 35 35 35 35 35
Vitamin mixture” 10 10 10 10 10 10
Choline chloride 2 2 2 2 2 2

1) The ratios of P/S and n-6/n-3 of unsupplemented fish oif groups(10LI, 1211, TOLE, 12LE) were 0.8 and 3.7 and those of
supplemented fish oil groups(10L.2Fl, 10L2FE) were 0.9 and 1.6.

2) Salt mixture(g/kg) : Calcium carbonate 300, Dipotassium phosphate 322.5
Magnesium sulfate - 7H,O 102.5, Sodium chloride 167.5, Calcium phosphate, monobasic 97.5, Ferric citrate - 6H,0
15.5, Potassium iodide 0.8, Zincchloride 1.0 Copper sulfate - 5H,0O 0.6, Manganous sulfate - H,O 5.0, Sodium selen-
ite 0.1, Chromium potassium sulfate - 24H,0 0.55

3) Vitamin Mixture(g/kg) : Thiamin - HCl 300, Riboflavin 600, Pyridoxine - HCl 700, Nicotinic acid 3000, D-calcium
pantothenate 1600, Folic acid 200, D-Biotin 20, Vitamin B,; 1, Vitamin A acetate 400000 IU, dl-e-Tocophery! acetate
(Vitamin E) 5000 1U, Cholecalciferol(vitamin Ds) 2.5, Menadione(Vitamin K) 5.0, Sucrose, finely powered to make
1000g
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Acetylcholinesterase 242 Ellman® W¥'"&
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Table 5. Effect of fish oil supplementation and en-
vironmental enrichment on food intake, body
weight gain and food efficency ratio(FER) in rats

Instrument Hewlett Packard 5890 series I

Detecor Flame lonization Detector(FID)
30m Fused Omegawax

Column Capillary Column 0.25mm
1.D., 0.25p Film Thickness

Carrier gas He(17PSI)

Injection temperature  250C

Detection temperature  260T

Column temperature 205 ¢ (isothermal run)

: ) Body weight

Group Food intake gain F.ER

(g/7week) (g/7week)

10LI 1 849.8 +£392" 2422+ 16.6 0.28 + 0.01
10L2F1 8386 + 357 238.0+ 103 0.28 +£0.01
12L 830.2 +21.0 2321+ 95 0.28+0.01
10LE 725.2% 2185 + 14.3 0.30
10L2FE 786.8 267.5 + 13.1 0.34
12LE 838.6 255.3 + 24.0 0.30

1) Values are meansSEM. Values are not significantly dif-
ferent at the a=0.05 level by Duncan's multiple
range test among T10LI, T0L2FI and 12L1 groups.

2) Values are means.
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Table 6. Effect of fish oil supplementation and environmental enrichment on plasma fatty acid composition in rats (%)

Fatty Experimental Group Significant
acid 10LI 10L2FI 124 10LE 10L2FE 12LE factor”
14:0 0.60 + 0.03*" 0.56 + 0.03*® 0.51 = 0.03° 0.63 +0.02* 0.60 + 0.05° 0.63 + 0.03° E
14:1 0.05 £ 0.006™ 0.04 = 0.008° 0.04 + 0.007* 0.07 + 0.004° 0.05 &+ 0.005* 0.06 + 0.009® F, E
15:0 0.26 £ 0.01° 031002 027 +002® 028 +0.01* 0314001 027+ 001" F
16:0 094 +0.72 21394023 2007 +0.20 2057 +0.50 21.01 031 20.56 + 0.44
16:1 238+ 021 186+ 0.09° 190+ 0.10° 247 +0.14 197 +0.08* 230+ 0.18™ F
17:0 0344002 040+003 037+001 035+002 041+002 036+002 F
18:0 10.29 + 0.36® 10.27 + 0.34™ 11.33 + 1.25° 10.02 + 0.37® 9.40 + 0.29* 9.96 + 0.30®
18:1 19.55 + 0.35* 16.00 + 0.35° 17.60 + 0.72° 20.09 + 0.35° 17.41 + 0.63° 19.79 + 0.26° F, E
18:2n6 18.10+1.17 18.07 £0.52 1801+ 070 18.49 + 0.60 18.84 +0.52 18.43 &+ 0.67
18:3n3  1.86 £ 0.16® 151 £0.09° 1.60+0.18* 1.97 +0.13° 1.71 £0.14* 1.85 + 0.09*
19:0 0354 0.06> 0.16 + 0.02° 027 +0.02° 031 +0.02*° 016 +0.02° 0.33 + 0.02° F
20:0 010+ 0.01 0.08+002 0.12+003 008+001 008+002 011002
20:1 0.09 +0.01 009 +001 010+003 014+003 009+001 013 %002
202n6 007 &+ 0.02® 0.06 + 0.02° 0.13 £ 0.02° 0.09 £ 0.02° 0.10 £ 0.02® 0.11 £ 0.02®
20:3n6 0.46 + 0.02* 0.67 + 0.03* 0.47 + 0.08* 0.42 + 0.07* 0.53 £ 0.03* 0.36 + 0.04° F, E
20:4n6 17.94 + 0.95° 13.06 + 0.45° 20.38 + 0.60° 17.78 + 0.73° 12.53 + 1.05° 18.79 + 0.49" F
205503 1.09 + 0.10°  3.81 +0.18 113 +0.15° 1.26+0.09° 3.32+030° 1.09+0.15 F
22:0 015+003 009+004 021+007 012+005 013+003 0.12 +0.04
22:5n3 049+ 012 0514015 080+012 045+0.14 075+016 043 +0.12
22:6n3 429+ 0.21° 1042+ 061° 3.88 + 0.26° 3.88 +£0.29° 10.08 + 0.55° 3.89 + 0.35° F
240 032+011 046+008 047 £0.15 029 +007 0284005 025+ 007
24:1 028+013 017+006 035+0.14 025+008 0254006 0.16+ 0.08
S SFA 3334+ 051 33.73+0.29 33.63+1.34 3264+ 058 32.37+0.53 3260+ 026 .
SMUFA 2235+ 0.55° 18.16 + 0.39° 20.00 &+ 0.70° 23.01 £ 0.36* 19.78 + 0.61° 22.44 + 0.32° F, E
SPUFA 4430 + 0.95° 48.11 + 0.31° 46.39 + 0.81® 44.35 + 0.64" 47.85 + 0.81° 44.95 + 0.47° F
P/S 133+ 0.05° 1.43 +0.02% 140+ 0.07° 136+ 0.04® 148 +0.04 1.38 £ 0.02*
3n-6" 36.57 + 0.99° 31.86 + 0.63° 38.98 + 0.53" 36.78 + 0.58° 31.99 + 0.69° 37.69 + 0.51* F
n-3Y 7.73 £ 026" 1625+ 076 7.41 +0.54° 757 +0.22° 1586 + 0.90° 7.26 + 0.28" F
n6/n3 477 + 0.25° 200+ 0.13" 549 + 053 4.88 +0.15° 2.07 +0.16° 5.25 + 0.25° F

1) Values are meansSEM and expressed as relative weight% of total fatty acids. Values with different superscripts are sig-
nificantly different at the ¢ = 0.05 level by Duncan’s multiple range test among groups.
2) Statistical significance was calculated at the ¢ = 0.05 level by 2-way ANOVA.

F : Effect of food.

E : Effect of environment.

3) X n6=C18:2+C20 : 2+C20 : 3+C20 : 4
4) 3 n-3=C18: 3+C20: 5+C22 : 5+4C22 : 6

E : Effect of interaction between food and environment
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Table 7. Effect of fish oil supplementation and environmental enrichment on brain fatty acid composition in rats
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Fatty Experimental Group Significant

acid 10LI 10L2FI 121 10LE 10L2FE 12LE factor”

14:0 0.15+0.01" 0.16+0.01 0.17+001 017+001 0164001 0.16 * 0.01

1411 0.003 + 0.003 0.003 + 0.002 ND? 0.001 + 0.001 ND ND

15:0 0.06 + 0.01 0.05+0.00 0054001 006+000 0.06+000 005000

16:0 1752 £ 0.23® 17.48 +0.21° 18.44 + 0.37° 17.67 + 0.35® 17.53 + 0.20° 17.77 & 0.34*

16:1 042 +000 042 +000 042+000 042+000 0414000 042 =+ 000

17:0 021 +001 021+001 023+£001 022+002 021+001 021 +0.01

18:0 20.83 +0.17 2055+ 0.18 21.12+0.30 20.79 £0.24 20.80 £0.19 21.01 + 0.23

18:1 2335+ 039 2344+ 043 2326+ 021 2301 £043 2312+026 2257 +0.32

18:2 0.78 + 0.03* 0.85 + 0.03® 0.90 + 0.04° 0.77 +0.04* 0.86+ 0.02* 0.84 & 0.04* F

18:3 ND 0.004 + 0.002 ND 0.003 + 0.002 0.003 £ 0.002 0.01 + 0.01

19:0 005+ 0.01 006 +000 0.06+000 005+001 0.06=+000 006000

20:0 0.85+0.02 0.88+004 082+005 095+0.13 080+002 087 +005

20:1 254+ 008 252+0.13 2394018 244+020 2552009 260+ 0.12

20206 022 +002 020+001 023+002 026+003 034+014 023 +0.01

20:3n6 061 +0.08 0.60+004 058+002 0574001 062+003 055001

20:4n6  10.09 + 0.20° 893 + 0.18° 10.48 + 0.24* 10.35 + 0.29° 9.12 + 0.12° 10.23 = 0.18° F

20:5n3 ND" 0.06 + 0.02* 0.01 £0.01° ND® 0.06 + 0.03° ND® F

22:0 070 +0.13 073012 089+012 - 086+006 090-+008 086+ 0.03

22:1 0.31+002 031+002 025+003 029+002 036x012 030+ 003

22:5n3 0.7 +£0.03%  0.34 +0.03  0.14 + 0.03* 0.14 + 0.03* 021 £ 004" 0.11 £+ 0.02° F, E

22:6n3  16.90 + 0.50® 17.59 + 0.03° 15.63 & 0.35° 16.78 £ 0.47* 17.42 + 0.49° 16.90 + 0.42*

24:0 156 = 0.07° 1.64 +0.07° 120+0.17° 1.37+0.19" 146+ 0.10® 1.55+ 0.06®

24:1 268+026 297+0.13 2704015 285+023 293+009 270+ 027
SISFA 4192 +0.21° 41.76 + 0.30° 4299 + 0.34° 42.13 + 0.26° 41.99 + 0.22° 42.53 & 0.34°
SMUFA 2930 + 0.67 29.66 + 0.62 29.02+ 0.39 29.01 £0.81 29.37 + 0.46 28.59 + 0.64
SPUFA 2877 £0.65 28584082 2798+ 052 2887 +£0.79 28.64+ 048 28.87 + 062

P/S 069 +0.02 069+002 065+002 069+002 0.68+001 068+002
Zne? 11.70 £ 0.17° 1058 + 0.17° 12.20 + 0.25* 11.94 + 0.33° 10.94 + 0.11* 11.85 + 0.22° F
>n3” 17.17 + 0.49® 18.00 + 0.69° 15.78 + 0.38" 16.92 + 0.48™ 17.70 + 0.48* 17.02 + 0.41*

n6/n3 0.69+ 0.01° 059 +0.02° 0784002 0.71+001° 062+002 070=001

1) Values are meansSEM and expressed as relative weight% of total fatty acids. Values with different superscripts are sig-
nificantly different at the ¢ = 0.05 level by Duncan's multiple range test among groups.
2) Statistical significance was calculated at the ¢ = 0.05 level by 2-way ANOVA.

F : Effect of food.

3) ND : not detected

4) 3 n-6=C18:2+C20: 2+C20 : 3+C20 : 4

E : Effect of environment.

FE : Effect of interaction between food and environment

5) ¥ n-3=C18:3+C20 : 5+C22 : 5+C22 : 6
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Table 8. Effect of fish oil supplementation and en-
vironmental enrichment on brain acetylcho-
linesterase activity in rats

Group AChE activity(pM/hr/mg tissue)
10LI 69.1 + 2.9""
10L2FI 76.0 + 5.0°
1201 778 +6.7*
10LE 88.0 £ 5.1°
10L2FE 81.2 + 4.6*
12LE 83.0 + 5.7*
Significant factor” E

1) Values are meansSEM. Values with different su-
perscripts are significantly different at the @ = 0.05 lev-
el by Duncan’s multiple range test among groups.

2) Statistical significance was calculated at the a = 0.05
level by 2-way ANOVA.

E . Effect of environment.

FFEOE FABIAA o8 2% BEY FE Ao| A
W HES ol F R e ofy|HE Rt
A, AoldAFY 74, a2 % EEEY AFF)
9 HAE 28 & 75 A

4. 59| acetylcholinesterase &4

Acetylcholinesterase(AChE) 9] 42 Table 89
X ¢k 2tk & Agel A 2oy AwakzAde AChE &
ol Qe WAR e Aoz yehgt) AlEehyel
A Bae] A4 AojA it BAE BE,
Bourres?& LNA7F A4 0] Q& sulelr x4
AN A HAANAEY dFHE 4F3 Aol viste o
Z2]9] 5-nucleotidase 40] 30% ZAstEtiar B
319921, Bernsohn} Spitz”% LAY LNAJF 4|
o] 2PN 5nucleotidase Ao} F4sgE]
LNAS HFs9dy a4 Ao A4 507 HE
olgThi ¥rElth. AChES Z-$oll % Ao)x]dtol| 2Js}of
/o] FEE wethn dvtH oz dolEadA| 1 ¢
tol7b EHA Aaeke) f52g0] AstE A AT
B8 §4%F 3¢l AChE 4o) Astdgiti= o
T An®7} 9lon Davies®d| ¢Jsld 7|oeo] 7t
B Alzheimer#atel AT &nl, dx ] AoA
AChE &A4o] ZaHgtta gt} aejuz B A3
Al o8 REIHOY 2% EE AchE 848 714
71719l T8 UL 4 4 ok

3 #4828 AchE &40 F94 4&S nx)=
AOR vEhbA 84 R53T9 AchE 84o) Q%
ol Hst] =2 AFE e 53 10LEZ9
gido] Holrt 2 10LIEEY foHoz =9t} 1
HER §HRSS ATy s G40 B24e

Z7HAZE ohle} SasEe FANY £ Aok Ak




3& ArsET

ze o 2o

o

Al AA AAvbsdtn AdEE FEE
20%, P/S 1, n-6/n-3 4)°1 -] ZDHAZH o] fr2
7} 9] AiakzAls) AchE#H o) v)x = 8k
BEo E7E TEAHES 53l Yol shgin).

Aol HAHH AFTIHFE 2371zl AIFE 7l
Aol 7k o wetA] Aol E&E F2|H Q) Ajol7} 1}
EbLbA] gkokrt,

olf 37t AR Fo] Y ¥z AAtzA
of MAlE dFe AHEE FFHF T AY Y
BlupA] Qgkow of fi3lvtel] gk 2oje] dake fo)F
A Aoz vERGTE n67 AWakE AAE FgelA A
Pk Aoz Z ot Ho A= 1 Fako] AAsia
Tkl Aoz vkt LAY 7% ZgelA
AT Zholl Aol7t YA HE&A A= 2 T vl
o] wjg- yholxltt & HzAd = JH o n67

Wate] A3 n-3A Aate] BeS YA n-
374] AakE LNASE EPAE 20 719 S0l
| @stem, DHAY A ofFrETY HZAY
DHA%Zo| tha Agate] u)

g 01 % E*Wl ‘E%% él?}%il

l‘\,‘?L' o o
o, L

i o rir i

N

e o faHTol BE ATt Bew 15

o
o
B
ol
©
2
2
L
o
o
g
2,

AChE 24014 2wl Aol Azt BAgle]
BAu3e A5l folHon Byl FrddomR
QA715e Qi) B GGl FaFS BT 4 3)
SIc}. o] ACKE #4o] 2%9] o552 47
sh14 figlenz Qo off 7L ACKE 242

Literature cited

1) Wainwright PE, Huang YS, Fleming BB, Mills DE, Red-
den P, McCutcheon D. The role of n-3 essential fatty a-
cids in brain and behavioral development : A cross-fost-
ering study in the mouse. Lipids 26 : 37-45, 1991

2) Bourre J-M, Francois M, Youyou A, Dumont O, Picoitti

W R B e gk 29(1) 1 32~40, 1996/39

M, Pascal G, Durand G. The effects of dietary ¢-linolenic

acid on the composition of nerve membranes, enzymatic

activity, amplitude of electrophysiological parameters,

resistance to poisons and performance of learning tasks

in rats. J Nutr 119 : 1880-1892, 1989

Neuringer M, Connor WE. n-3 Fatty acid in the brain

and retina : Evidence for their essentiality. Nutr Rev 44 :

285-294, 1986

4) Gibney MJ, Smith CB. The effect of a dietary supplement
of n-3 polyunsaturated fat on platelet lipid composition,

w
=

platelet function and platelet plasma membrane fludidity
in healthy volunteers. Br J Nutr 60 : 5-12, 1988

5) Seeling A, Seeling J. Effect of a single cis double bond on
the structure of a phosphohp1d b11ayer Biochemistry 16 :
45-50, 1971

6) Hansen HS. New biological and clinical roles for the n-6
and n-3 fatty acids. Nutr Rev 52 : 162-167, 1994

7) AN AR olpA ofel F9) 037 W w6 ARAE
Hol7k A2 A A8 Hx A A4t Aol v E
3k, gharod 94813 2] 26 © 661-671, 1993

8) Bazen NG. Supply of n-3 polyunsaturated fatty acids

and their significance in the centeral nervous system. In :

Nutrition and the brain Vol. 8. Wurtman R], Wurtman JJ.

eds. pp1-22, Raven press, 1990

A7, Aluminume] W] 9] ¥ 2 choline uptake % cho-

line acetyltranferase} acetylchoinesterase2] A o v

A Eghol) P AT AL A2, 1986

Wainwright P. The role of n-3 fatty acids in brain and

behavioural development. IN : The 5th ARRC(Animal

resources research center, Kok-Kuk Univ.) Internat.

Symp. pp59-85, 1994

Celedon JM, Santander M, Colombo M. Long-term ef-

fects of early undernutrition and environmental stimu-

9

=

10

=

11

=

lation on learning performance of adult rats. J Nutr 109 :
1880-1886, 1979
Galler JR, Fleischer SF, Turkewitz G, Manes M. Varying

deficits in visual discrimination performance associated

12

=

with different forms of malnutrition in rats. J Nuzr 110 :
231-240, 1980

13) Levitsky DA, Barnes RH. Nutritional and environmental

=

interactions in the behavioral development of the rat :

Long-term effects. Science 176 : 68-71, 1972

sl nddTe. @l dF A A5 A AN 2

A}, 1985

15) Fletcher DL, Britton WM, Cason JA. A comparison of
various procedures for determining total yolk lipid con-
tent. Poultry Sci 63 : 1759-1763, 1984

16) Lepage G, Roy CC. Direct transesterification of all classes

14

=

of lipids in a one-step reaction. J Lipid Res 27 : 114-120,
1986
17) Ellman GL, Courtney D, Andres V. A new and rapid



40/DHA ¥ &7 B 3} K x| At 2 A] 2 AchE 24

colorimetric determination of acetylcholinesterase activity.
Biochem Pharmacol 7 : 88-95, 1961

18) Sanders TAB, Hinds A. The influence of a fish oil high
in docosahexaenoic acid on plasma lipoprotein and vi-
tamin E concentrations and haemostatic function in heal-
thy male volunteers. Br J Nutr 68 : 163-173, 1992

19) Ruiter A, Jongbloed AW, van Gent CM, Danse LH]C,
Metz SHM. The influence of dietary mackerel oil on the
condition of organs and on blood lipid composition in
the young growing pig. Am J Clin Nutr 31 : 2159-2166,
1979

20) Galli C, Trzeciak HI, Paoletti R. Effects of dietary fatty a-
cids on the fatty acid composition of brain ethanolamine
phosphoglyceride : Reciprocal replacement of n-6 and n-3
polyunsaturated fatty acids. Biochim Biophy Acta 248 :
449-454, 1971

21) Bourre J-M, Pascal G, Durand G, Masson M, Dumont O,
Picioti M. Alterations in the fatty acid composition of rat
brain cells and of subcellular fractions induced by a diet
devoid of n-3 fatty acids. J Neurochem 43 : 342-348, 1984

22) Bourre J-M, Durand G, Pascal G, Youyou A. Brain cell
and tissue recovery in rats made deficient in n-3 fatty a-
cids by alteration of dietary fat. J Nutr 119 : 15-22, 1989

23) Bourre J-M, Bonneil M, Dumont O, Piciotti M, Nalbone
G, Lafont H. High dietary fish oil alters the brain po-
lyunsaturated fatty acid composition. Biochim Biophy Acta
960 : 458-461, 1988

24) BLA. Aol A w3/weAl AL A o) A7 Wz Al
AR A FEe] viAE 7. g A=,
1992

25) 2517 o3 % o6A A4 Alol7k D2 T Ak 4
29 5 ] vlA e dge] e AT A A4
9=, 1988

26) ol - EF9) o 441317 A M2 Ay 2
49 ezl Bl g Fue AAsey,
1993

27) Bernsohn ], Spitz FJ. Linoleic and linolenic acid de-
pendency of some brain membrane-bound enzymes after
lipid deprivation in rats. Biochem Biophys Res Commun
57 : 293-298, 1974

28) &Foll. Alo] linolenic acid®} linoleic acid3tgk W37} 31
CERFEEEE LR B R EE RS
3% olsto o) MpAbe =, 1994

29) Davies P. Neurotransmitter-related enzymes in senile
dementia of the Alzheimer type. Brain Res 171 : 319-327,
1979



