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Effect of n-3 Fatty Acid Deficiency on Fatty Acid Composition in Brain,
Retina and Liver Using a Novel Artificial Rearing System

Sun-Young Lim

Division of Marine Environment & BioScience, Korea Maritime University, Busan 606-791, Korea

Abstract

Docosahexaenoic acid (22:6n-3, DHA) is highly enriched in membrane of brain and retina, and plays an
important role in maintaining an optimal function of the central nervous system. We investigated the effect
of n-3 fatty acid deficiency on rat brain, retina and liver fatty acyl composition at two different ages (3 wks
and 15 wks) under DHA deficient condition. Rat pups born to dams fed a diet with 3.1% of total fatty acids
as a -linolenic acid (LNA) were fed using an artificial rearing system either an n-3 deficient (n-3 Def) or
n-3 adequate (n-3 Adq) diet. Both diets contained 17.1% linoleic acid (LA) but the n-3 Adq diet also contained
3.1% LNA. Rats consuming the n-3 Def diet showed a lower brain (50% in 13 wks and 70% in 15 wks, p<0.05)
and retinal (57% in 13 wks and 63% in 15 wks, p<0.05) DHA than those on the n-3 Adq diet, which was
largely compensated for by an increase in docosapentaenoic acid (22:5n-6, DPAn-6). In the liver of the n-3
Def group, the percentage of DHA decreased by 97% at 3 wks of age with an apparent increase in DPAn-6
relative to the n-3 Adq group (p<0.05), while there was a 65% lower liver DHA in n-3 Def group at 15 wks
of age than the n-3 Adq group (p<0.05). Liver arachidonic acid (20:4n-6, AA) was increased at 3 wks of
age but decreased at 15 wks of age in the n-3 Def group compared with n-3 Adq group (p<0.05). In conclusion,
the replacement of DHA by DPAn-6 in brain and retina fatty acid composition may be related to the suboptimal
function in spatial learning, memory and visual acuity. This artificial rearing method presents a first generation
model for n-3 deficiency that is similar to the case of human nutrition that commonly employed two generation

model.
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Fatty Acid Analysis
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rDay 1 ~ 3 (Hand Feeding every 2-3 hrs for 24 hrs) \

Artificial Rearing System (Day 4-15) I

<

lr Drink Artificial Milk from Water Bottle (Day 15-21) |

L

r Pelleted diets from Weaning (3wks) to adult (15wks) I

Fig. 1. Flow diagram illustrates study design.
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Table 1. Nutrient and fatty acyl compositions of diets

Ingredient Amount (g/100 g)
Casein, vitamin free 20
Carbohydrate
Cornstarch 15
Sucrose 10
Dextrose 19.9
Maltose-dextrin 15
Cellulose )
Salt mix 35
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 2.7 2.7
coconut oil
Safflower oil 1.77
Flaxseed oil 0.48
Medium-chain 1.3 1.3
triglyceride
18:1n-9 ethyl ester 45 42
18:2n-6 ethyl ester 15 15
18:3n-3 ethyl ester 0.3
Fatty acid composition
18:2n-6 153 17.8 176
18:3n-3 3.1 0.06 3.2
n-6/n-3 4.9 296.7 55
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Table 2. Nutrient composition of artificial rat milk

Ingredient Amount (mg/100 mL milk)
Casein (ALACID, acid casein)® 6,275
Whey protein isolate (ALACENS895)” 4,000
Carbohydrate (alpherlactose)b 1,893
Serine” 288
Cystine” 225
Tryptophan” 27.0
Minerals
NaOH" 2,100
KOH® 170
GlyCaPO,’ 800
MgCl6H,0" 183
CaCl:2H,0" 210
CagdH,O-Citrate” 250
Na:HPO,* 114
KH:PO,* 51.0
FeSO4" 3.0
ZnSO4° 6.0
CuS04° 16
MnSO4° 0.07
NaF® 0.16
K1 0.18
Carnitine® 40
Picolinate® 2.0
Ethanolamine® 3.4
Taurine” 15.0
Vitamin mix (dextrose)* 500
Tricholine citrate” 370
Cholesterol® 40
n-3 Def n-3 Adq
Fat sources ¢/100 mL milk
MCT oil® 1.56 1.56
Coconut oil (hydrogenated)’ 3.24 3.24
18:1n-9 ethyl ester® 5.04 468
18:2n-6 ethyl ester* 2.16 2.16
18:3n-3 ethyl ester® - 0.36

Component sources were as follows: *®NZMP (North America)
Inc, Santa Rosa, CA; "Sigma-Aldrich Corp., St. Louis, MO;
“Rx993666 Harlan, Madison, WI; *“Malinkrodt, Hazelwood, MO;
“Mead Johnson Nutritionals, Evansville, IN; nyets, Bethlehem,
PA; #999 grade, Nu—-Chek Prep, Inc., Elysian, MN.
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Table 3. Fatty acid compositions of artificial rat milk

Dietary group

Fatty acids®

n-3 Def n-3 Adg
g/100 g
> Saturated 33.8 32.6
> Monounsaturated 484 476
18:2n-6 16.3 16.6
18:3n-3 0.02 3.1
n-6/n-3 815 55

1)Only trace quantities of long chain polyunsaturated indicating
20:4n-6, 20:5n-3, 22:5n-3 and 22:6n-3 were detected, i.e. less
than 0.01%. Other minor peaks were not included.
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Ryl E4-8 HP-5830B gas chromatography(Agilent,
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Fig. 2. Body weights over the first 24 days of artificial in
comparison to dam-reared rat pups.

The body weight is presented as the mean*SEM, n=8~10.
"p<0.01 compared dam-reared with the artificially reared groups.
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Table 4. Effect of n-3 deficiency on weaned rat brain fatty
acid compositions

Dietary group”

A ukal AP T8 n-3 A A 32Tl wlE] o
2Fo] 309% FrAsted o vk n-6 Ald el DPAn-69] e
33 F71t 2 AHE 47 olslth n-6 Al A upat
Zoll A 20:4n-6, 22:2n-69} 22:4n-6% n-3 |4k A A -3}
Hz ol B3 S48k vt Saturated A WA Fofl A = 14:0
<} 16:09] FeFe] n-3 At A el A £3E29, mono-
unsaturated XA Foll A= 16:1n-73 24:1n-9¢] &ako]
FeHp<0.05). Table 5% A% # 9] ¥ A4t 248 et
W ALR ke o] f7]9) Aupat 2 FAFSHAl F n-3
Al ekAke} ke n-3 A AE ATl A FAF] dghed
£3] ¥ 2 DHA® n-3 A4 A4 7ol )8l 70% 245 %)
& AFHE 571 UAHP<0.05). B F n-6 Wit
DPAn-6 332 n-3 A At g 7oA =f$ =gk ot (p<
0.05), 20:4n-62) ko= ¥W3}7} 9l F monounsat-
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Table 5. Effect of n-3 deficiency on adult rat brain fatty acid
compositions

Fatty acids p — ; D
n-3 deficient n-3 adequate Dam-reared Fatty acids Dietary group

g/100 g n-3 deficient n-3 adequate Dam-reared
12:0 005+001?  003+001  0.02+0.001 g/100 g
14:0 076+0.12°% 036005 043+0.02° 14:0 0230062 018+003  0.19%0.02
16:0 2274093 200%060°  196+0.09° 16:0 19.3£0.67 182£0.39 1831046
18:0 1781069  168+053" 19.6+0.08 18:0 1751026 1741019  17.2£0.19
20:0 0.27£0.06 045+0.08  048%0.01 20:0 0.58+0.04 059+0.02  054%0.03
22:0 0.11+0.01 0122005  0.07%0.01 22:0 0.52£0.03 0571004  051+0.03
24:0 0.34+0.10°  063£0.05° 091003 24:0 1.08£0.07 1.19£0.11 1.08+0.06
Total Sat. 42.0+0.32 3841088  41.2%0.10 Total Sat. 39.2+0.87 381+048  37.8+059
16:1n-7 096£0.15  0.34+0.03" 0.47+0.003° 16:1n-7 0.38%0.01 0.39%0.02 0.36%0.01
18:1n-9 12.0+0.23 127+£020 1224008 18:1n-9 16215040  17.23+021  17.33+0.31
18:1n-7 2.27+0.06 2284004 2651002 18:1n-7 4.01+0.08 380+0.03  3.31%058
20:1n-9 0.11%£001°  016£001° 02120005 20:1n-9 0712040  208+009°  2.08+0.12"
22:1n-9 0.03+£0.004™ 006+0.02°  0.01£0.004° 22:1n-9 0.15£0.04 0202001  0.20+0.02
24:1n-9 0.49+006°  086*0.12° 096+0.03° 24:1n-9 2.45+0.15 245+0.12  255%0.10
Total Mono. 1491034  164+023" 165+0.12° Total Mono. 239%017°  262+020° 258+0.59°
18:2n-6 1.03+0.26 1.09+0.10 091001 18:2n-6 0.38+0.02°  049+0.02*° 052+0.02°
18:3n-6 0.02£0.005°  0.04+0.004* 0.02%0.001° 18:3n-6 00410001  0.05+0.004 0.05£0.002
20:2n-6 025+0.02*  022+002° 0.15%001° 20:2n-6 0.100.01 0.12£0.01 0.13£0.01
20:3n-6 0.49%0.02 0541002  053£0.02 20:3n-6 0.29+001°  037+0.01° 0.36=0.01°
20:4n-6 1274018 1101028  11.1+0.08" 20:4n-6 9.91£0.31 9.09+023  9.11%0.17
22:2n-6 0.13£0.03  0.05+0.003° 0.07£0.001° 22:2n-6 0117003  0.06%0.02°  0.05+0.003"
22:4n-6 379016  327+008" 3.10%004° 22:4n-6 3831013  3.10+0.07°  3.07£0.04°
22:5n-6 576076  1631036° 1.03£0.02° 22:5n-6 890+025°  054+0.04° 037002
Total n-6 242+063  17.81064° 169+0.11° Total n-6 2361048  138+031° 12.7+0.19°
22:5n-3 0.08+0.01°  018+001° 0.30=0.01° 22:5n-3 0.05+0.01°  0.14%001° 0.15%0.01°
22:6n-3 6561099  122+069° 11.7+0.13° 22:6n-3 395+027° 1297+0.19° 13.12%0.25°
Total n-3 6.65+1.00° 123+0.69*° 12.0%£0.13° Total n-3 398+027° 13121018 13.27+0.25°
22:5n-6/22:6n-3  1.06£029°  014£0.04"  0.09%+0.002° 22:5n-6/22:6n-3  2.30£0.19°  0.04+0001° 0.03%0.002"
22:5n-6+22:6n-3 12.370.36°  13.8+045" 12.8+0.13% 22:5n-6+22:6n-3  12.940.29 135+0.21 13.5+0.24
n-6/n-3 408+0.74"  147+0.13°  1.41£0.02° n-6/n-3 593+074°  1.05%013°  096%0.02°

1)Dietary groups indicate as follow: n-3 deficient group con—
tained 0.06% LNA; n-3 adequate group contained 3.2% LNA;
Dam-reared group means that rats were raised by their
mother’s milk.

PEach variable represents the mean £ SEM, n=4~5.

Different symbols in a same row indicate significantly different
among the groups by Tukey’s HSD test, at p<0.05.

l)Dietary groups indicate as follow: n-3 deficient group con-
tained 0.06% LNA; n-3 adequate group contained 3.2% LNA;
Dam-reared group means that rats were raised by their
mother’s milk.

PEach variable represents the mean® SEM, n=4~5,

*Different symbols in a same row indicate significantly different
among the groups by Tukey’s HSD test, at p<0.05.
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Table 6. Effect of n-3 deficiency on weaned rat retina fatty

acid compositions

Dietary groupl)

Fatty acids

n-3 deficient n-3 adequate Dam-reared

g/100 g
12:0 040+0.16”7  0.48+041 055+0.32
14:0 0.81+0.16 1.03£0.18 1.48+0.30
1610 13.9:+1.96 15.0%0.71 182+1.06
18:0 15.0£2.15 15.7+1.90 175+153
20:0 0.19£0.04 0.21%0.02 0.31£0.03
22:0 0.1210.06 0.14+0.02 0.15+0.01
24:0 0.22%0.05 0.18£0.03 0.27+0.01
Total Sat. 30.6+3.85 328153 38.8+2.21
16:1n-7 0.57+0.06 0.79%0.18 0.7410.16
18:1n-9 768+1.09 7.39+2.25 6.7510.71
181n-7 1.34%0.11 1.45%0.10 159+0.10
20:1n-9 0.22+0.04 0.20+0.01 0.15+0.01
22:1n-9 010002 0091002  02110.03°
24:1n-9 0.35+0.11 0.70£0.25 0.21£0.02
Total Mono. 102+123 106+253 9.66+0.96
182n-6 1431041 2191073 164028
18:3n-6 0062001°>  008+0.01°  014%001°
20:2n-6 0.22%0.06 0.18+0.04 0.200.01
20:3n-6 0.21%0.04 0.26+0.03 0.24+0.01
20:4n-6 8341104 8.19%0.17 7.40%+0.36
22:2n-6 0.04%0.02 0.06+0.004  0.072£0.002
22:4n-6 2681T060°  152+006°  1.16+0.06
22:5n-6 839t261°  139034°  1.48+026°
Total n-6 208+396°  139+084° 1234025
22:5n-3 0.13+0.05°  038+0.04*° 0441004
22:6n-3 636+1005° 1472+298%  13.88+0098
Total n-3 6461097"  151%301°  14.3%1.03°
225n-6/22:6n-3  1.28£020°  0.13£005"  011=002°
22:5n-6+22:6n-3 148+336 16111280 15361078
n-6/n-3 330058 119038  0.88+005

1)Dietary groups indicate as follows; n-3 deficient group con-
tained 0.06% LNA; n-3 adequate group contained 3.2% LNA;
Dam-reared group means that rats were raised by their

mother’s milk.

PFach variable represents the mean*SEM, n=4~5.
¥Different symbols in a same row indicate significantly different
among the groups by Tukey’s HSD test, at p<0.05.
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Az el 34
4 7)) ate) %)

3= 2.2 frAHAl 20:4n-6, 22:4n-6,
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n-3 AuAF AT 2Tl vle] Zr)eted ot 22:5n-3,
DHA®%} & n-3 Ayk4le] @e=ke $oyxdoa 7hastedo)
(p<0.05). 3-8 & monounsaturated} 18:1n-7¢| % ¢, =
T3 n-3 AR A" Foll A n-3 A A A @ v o)
A ZFasbE S AHE 7 v (p<0.05). =9 xjuhak
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AR T vs] 2o (p<0.05), DPAn-62F DHA 9]
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Table 7. Effect of n-3 deficiency on adult rat retina fatty
acid compositions

Dietary groupl)

Fatty acids n-3 deficient n-3 adequate Dam-reared
g/100 g
14:0 047+0.04°  0.41£0.04 0.35+0.02
16:0 1491062 1611062 15.3+0.26
18:0 207+023  20.9+0.16 21.7+0.12
20:0 026004 0271002 0.250.02
22:0 0151003 0121002 0.12+0.01
24:0 020004  0.17+0.02 0.29£0.07
Total Sat. 366+075  37.9+0.70 38.00.31
16:1n-7 1434019 1131027 1.22+0.21
18:1n-9 752016  7.53+0.20 6.99+0.09
181n-7 2401006 202+£005>  1.95+0.04"
20:1n-9 0.20£001  0.21+0.01 0.190.004
24:1n-9 0361004  0.32+0.13 0.61+0.15
Total Mono. 1194028  11.3%£0.14>  11.0£009"
18:2n-6 0371004  0.37£0.03 0.45+0.02
18:3n-6 - 0.05+0.01 0.03%0.01
20:2n-6 0.12+0.03  0.09£001 0.10*0.01
20:3n-6 016001  0.16%0.02 0.160.01
20:4n-6 915+0.13* 830%0.17° 831%014°
22:2n-6 0.09+001  0.08%£0.01 0.10+0.01
22:4n-6 256005 1501003  153+002°
22:5n-6 2061083  088+0.03°  074+0.12°
Total n-6 33.1+0.85"  11.4%022°  11.1£029°
22:5n-3 0.08i0.01b 039003  042+0.03°
22:6n-3 12.63£094° 3398+052° 34.17+054
Total n-3 1271095 3441057 3441048
22:5n-6/22:6n-3 1701019  0.03+0.001° 0.02+0.004°
22:5n-6+22:6n-3 333045  349%+054 3491053
n-6/n-3 2611074 033+0.13°  032+0.02°

YDietary groups indicate as follows; n-3 deficient group con-
tained 0.06% LNA; n—-3 adequate group contained 3.2% LNA,
Dam-reared group means that rats were raised by their
mother’s milk.

PEach variable represents the mean*SEM, n=4~5.

*Different symbols in a same row indicate significantly different
among the groups by Tukey's HSD test, at p<0.05.

el = W37t Aol Niu 5(29)2 24905 n-3 A AL
A Aol & FoiF F n-3 %94t A ) G-proteinel 2] &
Az vjx & EHE A 2 A A7 7 n-3
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toretinogram test(6-8)ell4 n-3 AF | w2 A|H =3} &
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Table 8. Effect of n-3 deficiency on weaned rat liver fatty
acid compositions

Dietary groupl)

Fatty acids n-3 deficient n-3 adequate Dam-reared
g/100 g
12:0 0.98+£0.09"™ 065+0.14°  1.92+0.34°
14:0 2.19+0.32° 262+047°  581%0.75°
16:0 195+0.24 2101245 23.6+0.92
18:0 13.2+0.55 11.1+2.18 10.840.50
20:0 0.05£0.01 0.04+0.01 0.05%0.002
22:0 0.05+0.001° 0040005 0.01+0.002°
24:0 0.18+0.04°  0112004° 028+003"
Total Sat. 361054 35.6+3.22 425+159
16:1n-7 1.060.08 201064 2.09%0.18
18:1n-9 319127 202%324*  179=1.10°
18:1n-7 0.87+0.15"  122%013"  3.11+027°
20:1n-9 0.48+0.17 0.32+0.08 0.25%0.03
24:1n-9 0.28+0.10 0.10%0.02 0.17+0.02
Total Mono. 33.7+1.27° 329+371° 236+138°
18:2n-6 13.1=051° 996+0.85°  11.9+069™
18:3n-6 0.160.02 0.20+0.04 0.18+0.02
20:2n-6 0.7310.03° 032+0.11° 0361004
20:3n-6 0.55+0.08 054+0.14 0.65%0.05
20:4n-6 8.96+1.42° 443+082° 6651049
22:2n-6 0.06+0.01 0.03£0.02 0.040.003
22:4n-6 0.81£0.13 055%0.15 0.62+0.08
22:5n-6 3.96+1.017 0.63 J_f0.25b 0.65+0.03°
Total n-6 28.3+2.18° 167+181°  189+241°
18:3n-3 0.02£0001" 0681020  0.92+0.10°
20:5n-3 0.02+0.01° 0.19£0.04*  0.10+0.01°
22:5n-3 0.07£0.02° 054+0.15°  152+0.07°
22:6n-3 1.21+0.36" 346030  4.02+025°
Total n-3 1.34+0.38" 483+051° 6561044
22:5n-6/22:6n-3 4.88+1.62° 0.18+0.07°  0.16%£002°
22:5n-6+22:6n-3 5.17+£1.10 409043 4671024
n-6/n-3 352+1427*°  347+025°  2.89+0.38"

1)Dietary groups indicate as follows; n-3 deficient group con-
tained 0.06% LNA, n-3 adequate group contained 3.2% LNA;
Dam-reared group means that rats were raised by their
mother’s milk.

PEach variable represents the mean®SEM, n=4~5.
Different symbols in a same row indicate significantly different
among the groups by Tukey’s HSD test, at p<0.05.
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Table 9. Effect of n~3 deficiency on adult rat liver fatty acid
compositions

Dietary group“
n-3 deficient n-3 adequate Dam-reared

Fatty acids

g/100 g
12:0 0.19+0.042 0214004 0361008
14:0 1.77£0.15 1324020  1.48+0.16
16:0 31241589  276+101" 241+141°
18:0 7.00£029°  969+051" 1425+1.08
20:0 00210002 006+002 005001
22:0 0.04£0.005° 0.06+0.01° 0.10+0.01°
24:0 009001 0151002 0.26£0.03°
Total Sat. 401%1.82 389125 4031078
16:1n-7 891022  5361049° 438+047
18:1n-9 308+1.79°  247+163" 151+235°
18:1n-7 4.2310.76 4877044 4521049
20:1n-9 0.1240.02 014003  0.1120.01
24:1n-9 0.12+0.01 0161002 0.2610.08
Total Mono. 442+125°  352+169° 2431297
18:2n-6 204014 5051065 654060
18:3n-6 0.09£0.01 015002 0.15+0.05
20:2n-6 055+0.04°  0.13£0.03" 0.15+0.02°
20:3n-6 0411003 0771003 1.05+0.15
20:4n-6 3.8310.34°  806=057° 12.34+0.94°
22:4n-6 0.1310.02 0151001 0571038
22:5n-6 124+014*  051£0.09> 035%012°
Total n-6 8317063  148+121° 21.1+158
18:5n-3 00120001 013£004® 0.15=0.05"
20:5n-3 0.01£0.002° 0261005 0.54%0.20"
22:5n-3 0.01+0.003° 027+£004* 0.31£0.10%
22:6n-3 0174003  507+017" 616+031°
Total n-3 0202003  572%£027° 7.17%053
22:5n-6/22:6n-3  805=1.11°  0.10£0.02° 0.05:002°
22:5n-6+22:6n-3  142+0.16°  558+0.19° 6.51+040°
n-6/n-3 463+621*°  2538%0.10° 295%0.12°

1)Dietaly groups indicate as follows; n-3 deficient group con—
tained 0.06% LNA; n-3 adequate group contained 3.2% LNA;
Dam-reared group means that rats were raised by their
mother’s milk.

PEach variable represents the mean*=SEM, n=4~5.

Different symbols in a same row indicate significantly different
among the groups by Tukey's HSD test, p<0.05.
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