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Effect of Treatment with Docosahexaenoic Acid into N-3 Fatty Acid Deficient and Adequate Diets
on Rat Brain and Liver Fatty Acid Composition. Sun-Young Lim*. Division of Marine Environment &
Bioscience, Korea Maritime University, Busan, 609-761, Korea - Previous studies have suggested that doco-
sahexaenoic acid (DHA) supplementation into n-3 fatty acid deficient diet improved spatial learning
performance, but there was no significant difference in brain related function when DHA was added
into a n-3 fatty acid adequate diet. Here, we investigated the effect of adding DHA into an n-3 fatty
acid deficient or adequate diet on brain and liver fatty acid composition. On the second day after con-
ception, Sprague Dawley strain dams were divided into four groups as follows; n-3 fatty acid deficient
(Def), n-3 fatty acid deficient plus DHA (Def+DHA, 10.2% DHA), n-3 fatty acid adequate (Adq, 3.4%
linolenic acid), and n-3 fatty acid adequate plus DHA (Adq+DHA, 3.31% linolenic acid plus 9.65%
DHA). After weaning, male pups were fed on the same diets of their respective dams until adulthood.
In brain fatty acid composition, the Def group showed a lower brain DHA (64% decrease), which was
largely compensated for by an increase in docosapentaencic acid (22:5n-6). Brain DHA in the
Def+DHA group was increased to almost the same extent as in the Adq and Adq+DHA groups and
there were no significant differences among them. Liver fatty acid composition showed a similar pat-
tern to that of the brain, but liver DHA in the Def+DHA showed the highest percentage among the
diet groups. In conclusion, n-3 fatty acid deficiency from gestation to adulthood leads to decreased
brain DHA, which has been shown to be highly associated with poor spatial leaning performance.
Thus, adequate brain DHA levels are required for optimal nervous function.
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Fatty Acid Analysis of Rat Brain and Liver
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Fig. 1. A flow diagram illustrating study design.

Table 1. Nutrient compositions of experimental diets

Ingredients Amount (g/100 g)
Def Def+DHA Adq Adq+DHA
Casein (vitamin free) 20 20 20 20
Carbohydrate 60 60 60 60
Corn starch 15 15 15 15
Sucrose 10 10 10 10
Dextros 199 199 199 199
Maltose-dextrin 15 15 15 15
Cellulose 5 5 5 5
Salt mix. 35 35 35 35
Vitamin mix. 1 1 1 1
L-Cystine 0.3 0.3 0.3 0.3
Choline bitartrate 0.25 0.25 0.25 0.25
tert-Butylhydroquinone 0.002  0.002  0.002  0.002
Fat: Def Def+DHA Adq Adq+DHA
Hlydrogenated 755 58 689 539
Coconut oil
Safflower oil 21 21 1.93 1.93
Oleic acid 0.37 0.6
Flaxseed oil 0.58 0.58
DHASCO 21 21
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Table 2. Fatty acid composition of experimental diets (% of total
fatty acids)
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Table 3. Comparison of body and organ weights from rats fed
different diets for 15 weeks'

Fatty acid composition Def Def+DHA Adq Adq+DHA Tissue (g) Def Def+DHA Adq Adq+DHA
3 Saturates 719 594 672 568 Body 6651125 5861133°  567:13.6°  597120.9°
> monounsaturates 888 109 992 111 Brain 2.38:0.03" 215:0.02° 212:0.02° 2.05:0.05°
18:2n-6 176 175 169 169 Liver 25.040.85° 20.0+0.72° 212+145" 252+1.88°
18:3n-3 0.08 0.08 340 3.31 'Each variable represents the meantSEM, n=6.

22:6n-3 - 10.2 . 9.65
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Values for each group with different superscript roman letters
in a row are significantly different at p<0.05.
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Table 4. Effect of treatment with docosahexaenoic acid into n-3
fatty acid deficient or adequate diets on brain fatty
acid composition (% of total fatty acids)"

Fatty acids Def Def+DHA Adq Adg+DHA
14:0 0.16:0.006 0.14:0.002 0.16+0.006 0.14+0.009
16:0 18240323 17.9+0.209 18.8+0.296 18.1+0.434
18:0 16.240.087° 15.8£0.135° 17.0+0.122° 16.2£0.135
20:0 0.8820.055 0.790.039 05910131 0.72+0.056
22:0 0.780.051 0.80+0.039 0.61+0.068 0.75+0.059
24:0 142£0102 1.48:0.086 1.31:0.104 1.59+0.113
Total Sat?  37.7:0.256™ 36.9+0.245% 38.4:0.215" 37.5+0.300°°
16:1 0.35£0.021 0.38£0.005 0.34:0.007 0.39£0.013
18:1 17.7+0.162° 19.6+0.072° 17.7+0.351° 18.8+0.272°
18:1n-7 44710.024° 4.11+0.047° 4.14+0.089° 3.86+0.063°
20:1 29610172 29310129 20310358 2.70:0.233
2:1 0.36£0.025" 0.30£0.015™ 0.24+0.026" 0.26+0.020°
24:1 295£0190 3.05+0.124 25140252 3.00+0.202

Total Mono.” 28.8+0.496™ 30.4£0.332* 27.0+0.974° 29.0+0.758°

18206 041:0006" 075:0020° 05210013 0.66:0.020°
18306 0050001 0040001 0050003 0.04+0.001
20206 0150005 0180007 0440272 0.16+0.006
20306 029:0012° 0690015 0.3010.040° 057:0.022°
204n6  891:0158" 632:0.108° 8.8810.175" 6.78:0.162°
24n6 3800038 179:0.045" 3.21:0.032° 198:0.049°
256 676£0.257* 0.06:0.003° 0.41:0.023° 0.06+0.010°
Total n-6  204:0372" 9.84:0.131° 13.8:0.348" 10.2:0.200°
18303 0050004 0050001 0.04+0.004 0.04+0.003
2303 133:0078" 1540033 184:0.142" 180:0.055"
2503 0030005 0.29:0010° 0.140.002° 0.28+0.006"

22:6n-3 4.8140.322° 131£0.284" 12.2+0.310° 135+0.357°
Total n-3  6.2240.390° 15240287 1420432 154+0.392"

'Each variable represents the mean+SEM, n=6.

*Sat. means saturated fatty acids.

*Mono. means monounsaturated fatty acids.

Values for each group with different superscript roman letters
in the same fatty acid are significantly different at p<0.05.
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Table 5. Effect of treatment with docosahexaenoic acid into n-3
fatty acid deficient or adequate diets on liver fatty
acid composition (% of total fatty acids)"

Fatty acids Def Def+DHA Adq Adg+DHA
12:0 0.53:0.068" 0.21:0.022° 0.46:0.075° 0.1410.017°
14:0 250+0.156° 1.14+0.117° 2.18+0.331° 1.15:0.117°
16:0 31411406 27741462 29.7:3539 32.6:11.929
18:0 10.9:0.699° 13.8:0.384° 15.1:1.567° 10.3:1.368"
20:0 0.03+0.002 0.04+0.008 0.04+0.006 0.03+0.005
22:0 0.06:0.004 0.11+0.008 0.10:0.017 0.06:0.019
24:0 0.15:0.029° 0.3240.028" 0.27+0.053* 0.15:0.021°
Total Sat> 45611121 43311473 47.912500 44.512.380
14:1 0.32+0.012  0.05£0.007 0.20£0.039 0.06:0.009
16:1 7.90£0.562° 4.19+0.416" 5.08+0.830° 5.84+0.597°
181 19.910.760° 11.941.386° 13.8:2.100° 19.811.308"
18:1n-7 2.96:0.259° 2.39:0.105° 2.39:0.266° 2.15:0.169"
20:1 0.07+0.007 0.07+0.006 0.06+0.010 0.05+0.006
24:1 0.13£0.015 0.15:0.021 0.19£0.037 0.11+£0.016

Total Mono.” 31.3+1.297° 18.8+1.613° 21.7+2.857° 28.0+1.817°

18:2n-6 5.08+0.230° 10.3+0.624* 6.60+1.047° 5.66+0.890°
183n-6 0.19+0.018" 0.09+0.006° 0.17+0.016* 0.06:0.006"
20206 0.37+0.083" 0.12:0.022° 0.41£0.081* 0.08:0.017°
20:3n-6 09310147 12110076 1.19:0.213 0.73£0.084
20:4n-6 10.5£0.966° 4.94+0.604° 10.8+2.212° 2.94+0.521°
2:4n-6 0.25+0.036 0.03+0.003 0.15:0.028 0.02+0.006
22:5n-6 2.13£0.427° 0.0640.009° 0.54+0.105° 0.01+£0.006°
Total n6  19.5:1.600° 16.741.263° 19.813.594" 9.5141.505°
18:3n-3 nd  224+0.335" 0.12:0.013° 1.14+0.398"
20:5n-3 0.01£0.002° 0.01+0.004° 0.68+0.131* 0.19+0.037°
2:3n-3 11710107 1.81:0.172 1.49:0.311 0.85:0.142
22:5n-3 0.58£0.559" 0.40+0.067* 0.5410.116" 0.21+0.072°
22:6n-3 0.47+0.149° 16.6+1.404" 5.03+1.186° 7.67+1.564"
Total n3  2.22:0.610° 21.0:1.925" 7.73+1.731° 10.12.170°

'Each variable represents the meaniSEM, n=6.

’Sat. means saturated fatty acids.

*Mono. means monounsaturated fatty acids.

Values for each group with different superscript roman letters
in the same fatty acid are significantly different at p<0.05.
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+DHA #7}(Adg+DHA) A 7} 29kth(p <0.05). 9]
At 233 fAHA n6 AAHE F 55] 225069 e
°f n3 A ZHT(Def)olH BA3] Ehow 1836
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18:2n-6 o] dHake orth(p<0.05). N-3 A4 1(Adq)] A%,
DHA #7}(Adg+DHA)#} vl g w thiio] n64 =4
ko] gheko] f-ojF o2 =ty (p<0.05). TR L AL n3
A Ak 2402 n3 AYirto] DHAS] Z‘7}—r(Def+DHA)
2 & n37A AAkE 22:6n-39] ko] n3 AYF(Def)ol] H
ol @A =AeS 2H £ F7 UAHp<0.05). 53] o]
2lo] i (Def) o] 22:6n-69] &3 n3 A4 (Adq) ¥ DHA 3
7 (Adq+DHA)EE} o we FAE et £¢ nd
Aupiko]l AR E FE o A(Def) 7hol A 18:3n-39] &<
A9l & F71 ¢i%lou DHA 371 (Def+DHA)] %5- 7}
2 =S FFE YA ol& n3 A 2T (Def) 9
A% Ao TE 183n30] A WolAH 1=z Bxsd x4
oz AeE7] 98] AHEE ACE f3E 7t vk N3
AMAE F 183n-39] &8-S n-3 22 +DHAZ(Adq+DHA)
ol A Ekont 226n-39] FFS n3 AHEL(AdgAlA =3kt

(p<0.05). 12} % n37A AWt 2 22603 a%m n3 A4
(Adq)¥} DHA #7}-(Adg+DHA)o= 913 #ol7l g1
o o] At 243 fARSEHA n-3 x] A A3 7(Def) 9]

n6/n3] HIZ7H1L1Z & 2ol E F o222 EAdtHp
<0.05)(Fig. 2). Moriguchi 5[18]2 ¥& x&sl= x4 ¢ 4
¢k DHA 3o 35 dele »
o] %, 2459 nd Aol AR Holz 5T T
o] 777t HAS W n3 AMAbo] A A FHi-E 4o
AN & 27 n3 A2 AAF e DHAS) &k
% 943 709 DHA #3o|
& E@ehed 7Hg gkt B3]
h 95hg B A2 A4 DHAS) S S
$ %) YR 437 2gon

a 38}9214— T3 Morris water
27re] A
AW E Ho|Z
ARG E FE o n3 AAto] A6 FHiE é}"]i A AEH
Y 1 7S 2ARE, o§71(3 weeks) B (T
weeks)= 1ol 4@t 2HA0E 24 3 o7
n3 APt Fole 2w v)s:d 9] ¥ DHAE yeh)
%i; 719 E Aty FELE JEEE A3
ey ofg 7]d n3 ARARE Folls o Fol7]7te|
4%8}04 677 n3 Ao Fols uf 317199 0] 3
2gg uTsh F, Ho) DHA Fol S/ et 24
FYEEA Fobht ©] L AFS FLT W
DPAn-69] §efo] Z745o] meh ZAA 7 Al AThe
ZHH98E ¢ #7h 99wl & AT Ay

J

L
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3] 8 T 73 —‘Mﬁ 21 DHA Z47}~ 9] DHA ¢
37F B s E Fdole f0H A S @
b dstek

o of

R =

AP dtolA dehd n3 A3t 29 4olel] DHA 37}

& o )% AAEH7} Ueort nd Aol A8
9 2jo]o] DHA 371 §r914 ¥ 7% $4a07} e
Rk ol P Astol Y AYOE B AFIAE 95 A
WA Fapo] T o], Z nd A 2 0 AdTA 247
DHAS 13151 3 % 09 A 4 A 99
tfstel WESHALE NS Aol 298 4o)#Dede] A%

g o] %A% DHAZ A7}k 40| (Def+DHA) ]t} n-3

Agatel M3 FfE AolF(Adg) ¥ DHA Hrkr
(Adq+DHA)o| I3} fro] A0 & =okthp<0.05). 3o A%
A 24 Al A n-67 XIHW% % 53] 225n-69] §rao]
n3 Ak 75% T(Def)ell A #A3] Egor 204n6 F
22:4n-69] FFr o] 2o]F(Def)o] H =oL} 18:2n-6 2
203n-69] ke tthp<0.05). & n34 AWk 2 22:6n-3
o] g ARl n3 At ZHT (Def)ll A 71 Sk
on o2 Aol ey nuds o oF 64% PAEE AHE
F7F ALt £ n-6/n-39] HE n-3 A4k A Y (Def)ol
A 3352 Ao|FE F f9H0 g EYHp<0.05). T ZE
A& n3 Ak Ao DHAS 718k 2 o] (Def+DHA) <]
A, w9l 22:6n-3 o] 131% =2 n3 AW 24 7 (Adq)
2 DHA d7}-(Adq+DHA)Z 493 o)z} 9d%lt). 7+
LAk 24 Aspol A Hef A 243 FAFSHA n6 A
% E3] 225069 o] n3 At @w;L(Def) of] A
5] =9tom(p<0.05), n-3 A AT(Adg)2] 4<%, DHA A
(Adg+DHA)# ¥ gl& o thF& ] n67 xwu g
o] o] o Eokrh(p<005). N-3 Zg ol DHAS 37}
(Def+DHA)2 % n-37 #44F 2 22:6n-3¢) geko] n3 2
HT (Def)ell Hls) @A #okrHp<0.05). 53] o] 2ol
(Def)o] 22:6n-69] 3HeFe n3 24T (Adq) 2 DHA H7h#
(Adq+DHA)E T T] =& 422 el £3 n3 2%
2ol ZRE FE(Def)o] zbell M 18:3n-39] FFE 79 &
7} 919101 DHA d71#(Def+DHA) 9] A% 714 = &
F& denfiddch ol n3 AR 2T (Deh)e] B A
BE 183n37F A YoM 1w Exstd Auator Hg
27 95 A1LE Aoz Aledd. i B d1e Axz
B n3 Auhabo] A9WE 9] A4S DHA H712 95k 4

R A
HJQL‘,HIIFIO

]_

M o

DHA 3% Z7hst H20] 3 7150 AUAAES 49 3
#7h sl90sk W ol el DHAZY Z84H19 13 A
o 4% FHE Hole 7
s ¥
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