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Effect of n-3 fatty acid deficiency on fatty acid compositions of nervous system in rats reared by arti-
ficial method. Sun Young Lim*. Division of Marine Environment & Bioscience, Korea Maritime University,
Busan, 609-761, Korea — Our previous study suggested that n-3 fatty acid deficiency was associated
with significantly reduced spatial learning as assessed by Morris water maze test. Here we inves-
tigated an effect of n-3 fatty acid deficiency on rat brain, retina and serum fatty acyl compositions
at 15 wks age using a first generational artificial rearing technique. Newborn Rat pups were separated
on day 2 and assigned to two artificial rearing groups or a dam-reared control group. Pups were hand
fed artificial milk via custom-designed nursing bottles containing either 0.02% (n-3 Deficient) or 3.1%
{n-3 Adequate) of total fatty acids as o-linolenic acid (LNA). At day 21, rats were weaned to either
n-3 deficient or n-3 adequate pelleted diets and fatty acid compositions of brain, retina and liver were
analyzed at 15 wks age. Brain docosahexaenoic acid (DHA) was lower (58% and 61%, P<0.05) in n-3
deficient in comparison to n-3 adequate and dam-reared groups, receptively, while brain docosa-
pentaenoic acid (DPAn-6) was increased in the n-3 deficient group. In retina and serum fatty acid
compositions, the decreased precentage of DHA and increased precentage of DPAn-6 were observed.
These results suggested that artificial rearing method can be used to produce n-3 fatty acid deficiency
in the first generation and that adequate brain DHA levels are required for optimal brain function.
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Table 1. Nutrients and fatty acyl compositions of diets

Ingredient Amount (g/100 g)
Casein, vitamin free 20
Carbohydrate
Cornstarch 15
Sucrose 10
Dextrose 199
Maltose-dextrin 15
Cellulose 5
Salt mix 3.5
Vitamin mix 1
L-Cystine 0.3
Choline bitatrate 0.25
tert-Butylhydroquinone 0.002
n-3 n-3
Maternal ~ Deficient ~Adequate
Fat
Hydrogenated 7.75 27 27
coconut oil
Safflower oil 1.77 - -
Flaxseed oil 0.48 - -
Medium-chain - 1.3 1.3
triglyceride
18:In-9 ethyl ester - 45 42
18:2n-6 ethyl ester - 15 1.5
18:3n-3 ethyl ester - - 0.3
Fatty acid composition
18:2n-6 15.3 17.8 17.6
18:3n-3 31 0.06 32
n-6/n-3 49 296.7 55
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Table 2. Nutrient composition of artificial rat milk diets

Table 3. Fatty acid compositions of artificial rat milk

Ingredient Amount
(ng/100 ml milk)

Casein (ALACID, acid casein)® 6275
Whey protein isolate (ALACENS95)° 4600
Carbohydrate (alpha-lactose)” 1893
Serine” 288
Cystine” 25
Tryptophan” 27.0
Minerals :

NaOH" 2100

KOH® 170

GlyCaPO,’ 800

MgCl6H,0" . 183

CaCly2H,0° 210

CastH,O-Citrate” 250

NaHPO,* 114

KH,PO, 51.0

FeSOs” 3.0

ZnSO," 6.0

CuSOy" 16

MnSO," 0.07

Naf® 0.16

K’ 0.18
Carnitine” 4.0
Picolinate” 20
Ethanolamine” 34
Taurine” 15.0
Vitamine mix (dextrose)® 500
Tricholine citrate® 370
Cholesterol® 40

n-3 Def n-3 Adq

Fat Sources g/100 ml milk
MCT oil® 156 1.56
Coconut oil (hydrogenated)’ 3.24 3.24
18:1n-9 ethyl ester® 5.04 4.68
18:2n-6 ethyl ester® 216 2.16
18:3n-3 ethyl ester® - 0.36

Component sources were as follows: "NZMP (North America)
Inc, Santa Rosa, CA; bSigma-Aldrich Corp.

ST. Louis, MO; “Rx993666 Harlan, Madison, WI; “Malinkrodt,
Hazelwood, MO; *Mead Johnson Nutritionals, Evansville, IN;
nyets, Bethlehemn, PA; #99% grade, Nu-Chek Prep, Inc. Elysian,
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Fatty Acids'

n-3 Def n-3 Adq
%
>, Saturated 33.8 32.6
>, Monounsaturated 48.4 47,6
18:2n-6 163 16.6
18:3n-3 0.02 31
n-6/n-3 815 55

'Only trace quantities of long chain polyunsaturated indicat-
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less than 0.01%. Other minor peaks were not included.
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Table 4. Effect of n-3 deficiency on rat serum fatty acid com-
positions'

Dietary Group”

Fatty Acids Degc?ent A d:qiate Dam-reared
%

12:0 127+019° 2.36£032°  3.50£0.55
14:0 12140.11°  1.60£0.13" 2.55:0.28
16:0 1476053 1364060  16.1:1.23
18:0 17.1£078  17.5¢098  14.8+1.20
20:0 0.07+0.002 - -

22:0 0.12£0.01° 0.16£0.01° 0.17+0.02°
24:0 020£0.02° 0.25+0.01°  0.350.03°
Total Saturates 34.7+0.63 3551156  37.4+0.53
16:1n-7 292:008 2704024 226053
18:1n-9 159+0.71°  10.84029° 850+1.74°
18:1n-7 268:026 2304022  2.50+0.44
20:1n-9 0.18+0.01° 0.12+0.01° 0.09+0.03°
24:1n-9 0.60£0.03* 075007  0.46+0.09°
Total Monounsaturates 22.3+0.88° 16.7+0.52° 13.8:2.64°
18:2n-6 10.6:0.50  12.6#026  13.9+1.38
18:3n-6 0.32£0.04"  0.3240.03 0.140.01°
20:2n-6 0.09:0.01  0.08+0.02  0.130.02
20:3n-6 1.96£028" 1.87+020° 0.930.15°
20:4n-6 202+145  20.0£094  20.9+1.64
22:4n-6 025:0.01* 0.14£001° 0.16£0.02°
22:5n-6 2.33:0.09° 0.5140.04° 0.30£0.06°
Total n-6 35.8:085 355:0.81 36.5+2.10
18:3n-3 0.01£0.002° 0.36+0.04° 0.52+0.07°
20:5n-3 0.02+0.002° 0.76£0.08"  0.58+0.06°
22:5n-3 0.02+0.002° 0.23+0.01° 0.27+0.06*
22:6n-3 023:0.02° 3.07:0.10° 3.52+0.26"
Total n-3 0.28:0.02° 4.42:0.09° 4.89:0.29°
22:5n-6/22:6n-3 105:0.67  0.17+0.02° 0.08+0.01°
22:5n-6+22:6n-3 256+010° 3.580.09" 3.81:0.30°
Total fatty acids (uY/ml) 9.56+1.60° 7.47+0.70° 6.71+1.30°

'Each variable represents the mean + SEM, n=5, Different
symbols indicate means are significantly different among the
groups by Tukey’'s HSD test, at P<0.05.
’N-3 Deficient group contained 0.06% LNA; n-3 Adequate
group contained 3.2% LNA; Dam-reared group means that
rats were raised by their mother’s milk
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Table 5. Effect of n-3 deficiency on rat brain fatty acid compo-

Table 6. Effect of n-3 deficiency on rat retina fatty acid compo-

sitions’ sitions'
Dietary Group’ Dietary Group”
Fatty Acids Dezc?ent A dzlqiate Dam-reared Fatty Acids Dezcsient A d:q?late Dam-reared
% %
12:0 0.03£0.005 005:0.04 0.04:0.01 12:0 030£020 0144005 0.17+0.04
14:0 028006 0.27:003  0.260.02 14:0 0441007  034:003  0.35:0.03
16:0 192:031 17.7:041 182:0.52 16:0 152048 1453023 1533017
18:0 1674027 168032 17.1+0.17 18:0 2112029 205:030° 21.5:0.21°
20:0 054+0.05 0643008  0.61+0.05 20:0 027002  0.29:0.02 024001
22:0 0.48+002  058+0.05 0.59+0.06 22:0 012:002  0.15:0.02  0.10:0.01
24:0 106005 129:008  1.39+0.13 24:0 0.15£0.004" 0.18+0.04° 0.06:0.03°
Total Saturates 38.3:043 37.3:050 38.2:0.43 Total Saturates 37.6:0.36" 36.1:029° 37.8:0.20°
16:1n-7 035001  0.35:0.003 0.38+0.03 16:1n-7 057+0.07° 0.82:0.08" 0.28+0.05°
18:1n-9 16120.13°  1834027° 17.6:0.38° 18:1n-9 751:019  744:023 715015
18:1n-7 407+008  417+011  3.26£0.70 18:1n-7 2114007  198:0.05° 1.71:0.05°
20:1n-9 211£009 2761017  2.38:0.24 20:1n-9 0.27+0.01° 0.22+0.01° 0.26:0.01°
22:1n-9 021001  025:001  0.23£0.02 24:1n-9 0.23+0.05 0.29:0.03* 0.10+0.01°
24:1n-9 263:0.17 3152027  3.07:0.38 Total Monounsaturates 10.7:0.33°  10.7:0.36°  9.49:0.20°
Total Monounsaturates 25.5+0.30° 28.9:0.55°  26.9+1.07° 18:2n-6 034:0.02 053024  0.49:0.04
18:2n-6 033£0.01° 040+0.01° 0.5320.03° 18:3n-6 0.09:001  0.080.01  0.10+0.01
20:2n-6 0.12:0.02  012:001  0.14+0.01 20:2n-6 0.07:0.004 0.09:001  0.09+0.01
20:3n-6 0.29:001° 036+0.01° 0.35:0.02° 20:3n-6 0.22+0.02°  0.25£0.03* 0.15:0.01°
20:4n-6 929:021* 8.17+030° 8.51:0.20 20:4n-6 9044019 852+0.19" 8.33+0.08"
22:2n-6 0.02:0.001 0.02:0.003 0.030.003 22:2n-6 0.05:0.01  0.05:0.004
22:4n-6 3.66:0.11°  3.02:008" 2.97+0.06° 22:4n-6 231:0.04°  155:0.03° 1.49:0.03°
22:5n-6 736:023*  045+0.03° 0.37+0.02° 22:5n-6 16.8+0.93"  1.05:0.07° 0.83:0.03°
Total n-6 21.1+043°  12.61039° 12.9:0.23° Total n-6 28.8+0.85° 12.2+0.38° 10.7:0.14°
22:5n-3 0.03£001° 013:0.01° 0.14+0.01° 22:5n-3 0.09£0.03°  040+0.02* 0.34:0.02°
22:6n-3 507:025° 121020° 12.9+0.30° 22:6n-3 151£1.17°  33.7:0.84° 33.8:057°
Total n-3 510:026° 12.2:0.20° 13.0+0.29° Total n-3 15.2:1.18°  34.1:0.83"  33.9:0.68°
22:5n-6/22:6n-3 146:007°  0.04+0.002° 0.03:0.002° 22:5n-6/22:6n-3 1142011 0.03+0.002° 0.02+0.001°
22:5n-6+22:6n-3 1244037 1264022  13.2+0.30 22:5n-6+22:6n-3 3184113  348:0.81  34.3+0.64
Total fatty acids (ug/mg) 30.2+049  30.6:059  29.8+0.53 Total fatty acids (ug/mg) 14.0+1.01  13.6:0.60  13.10.99

'Bach variable represents the mean + SEM, n=5. Different
symbols indicate means are significantly different among the
groups by Tukey’s HSD test, at P<0.05.
’N-3 Deficient group contained 0.06% LNA; n-3 Adequate
group contained 3.2% LNA; Dam-reared group means that
rats were raised by their mother’s milk
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