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Effects of ©-3 and w-6 Fatty Acids from Prenatal to Growing Period on the
Brain Growth and Behavioral Development of the Rats

Lee, Yoon-hee - Yoo, Young-sang

ABSTRACT

This study was designed to find out the effects of -3 and ©-6 polyunsaturated and sa-
turated fatty acid from prenatal to growing period on the brain growth and behavioral
development of rats.

Rats (Sprague-Dawley strain) were fed experimental diets-fish oil, corn oil or beef
tallow-with different contents of ©-3 and -6 fatty acids throughout the prenatal and
lactational period and up to 10 weeks of age.

DNA and RNA concentration of rat brain were determined at 0, 3, 6 weeks of age
and choline and acetylcholine concentrations were analyzed at 10 weeks of age.

When the rats were 7 weeks of age, position reversional test in a Y-shaped water
maze for 4 weeks was measured.

The experimental results obtained are summarized as follows.

Food intakes were significantly lower in fish oil group and body weight gain was
low in the group fed beef tallow and the groups fed fish oil and corn oil were some-
what good. Food efficiency ratio was not significantly different among the groups.

Brain weight was not affected by the fatty acid composition of experimental diets
and DNA and RNA concentrations of the rat brain were consistently maintained at
the same level. It was not different significantly among the dietary groups in the DNA
and RNA concentrations of the rat brain during the experimental period.

The acetylcholine concentration in the fish oil group was somewhat higher than the
other groups. The position reversional test in a Y-shaped water maze showed a sig-
nificant difference the score of test among the experimental groups. The score of the
rats fed the fish oil diet was significantly higher than the other groups and the con-
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centration of acetylcholine in brain was too. Therefore the correlation between the Y-

shaped water maze test score and the acetylcholine concentraton in the brain was

found.

Above finding support the content that dictary fatty acid composition does not af-

fect to the brain cell number and cell size but the behavior development is influenced.

Therefore, the improvement of behavior development is required the effective usage

of finny tribe.

KEY WORDS : fish oil - DNA - RNA - acetylcholine - Y-shaped water maze test.
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Group : )
Mating Birth Weaning

-3 0 3 67

: fish oil
\:} C : com oif
B : beef totiow
D Y water maze test

* At birth, 3, 6, 10 weeks of age 5 animals
of each experimental groups were sacrificed

* Experimental diet

* Behavior test

Fig. 1. The scheme of experimental design.
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Table 1. Composition of experimental diets (g/kg diet)
Group
. F-F-F F-F-C F-CC Cc-C-C B-B-B
Ingredients
Carbohydrates ; corn strach 650 650 650 650 650
a-cellulose 30 30 30 30 30
Protein ; Casein 180 180 180 180 180
DL-methionine 1 1 1 1 1
Fat ; Fish oil 100 100 100 - -
Corn oil - - - 100 -
Beef-tallow - - - - 100
Mineral mixture” 40 40 40 40 40
Vitamin A.D. mixture? 1 1 1 1
Fat-soluble Vitamin mixture” 2 2 2 2 2
Water-soluble Vitamin mixture® + + + + +
1 1 1 1 1

Vitamin B,,”

1) AIN-76'Y Mineral mix(g/kg mix) : CaHPO, 500, NaCl 74, K citrate - H,0 220, K,5SO, 52, MgO 24, MnCQO; 3.5, Fe Ci-

trate 6.0, ZnCO, 1.6, CuCO; 0.3, KIO, 0.01, Na,SeO, -

make 1kg

5H,0 0.01, CrK(SO.); -

2) Vitamin A - D mixture(mg/ml com oil) : Vitamin A 0.1, Vitamin D 0.01

3) Fat-Soluble Vitamin mixture(mg/ml corn oil) : DL-e-tocopheryl acetate 25, Menaquinone |

4) Water-Soluble Vitamin mixture(mg/kg diet) : Choline cholride 2,000.00, Thiamin hydrochloride 10.00, Riboflavin 20.
00, Nicotinic acid 120.00, Pyridoxine 10.00, Calcium pantothenate 100.00, Biotin 0.05, Folic acid 4.00, Inositol 500.

00, Para-aminobenzoic acid 100.00

5) Vitamin B, Solution(mg/100ml distilled water) : Vitamin By, 1

- 604 —

12H,0 0.55, Sucrose powered to



= ¥R Sl S gale] M W2 ¥ e
9 24 Ao AN FAE Bste] Asi 24

A7) -0TelA W RBalsict
5. AE|alx HA

1) 2| DNA2I RNA &&t

ZAAE AT 35 9 650 AFste] YFHBIHA
9 x99 DNAS RNA #3-2 Seiler?} Schmidt %Y
Ool| oaf A FAEHT).
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A 1074 4 A8 HE A Ysrist
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8k H4:9] choline 2 acetylcholine 338 A 4]

Table 2. Fatty acid composition of dietary fats and oils”

(%)
Fat Fish oil Com oil  Beef tallow
Fatty acid
16:0 209 231 48.4
18:0 14 1.7 11.8
18:1 @9 12.1 20.2 27.6
18:2 w-6 17.3 545 123
18:3 o3 436 0.6 -2
20:4 -6 4.7 - -
SFA 223 24.7 60.2
PUFA 65.6 55.1 12.3
P/S 29 2.2 0.2
-6 PUFA 220 545 123
w3 PUFA 43.6 0.6 -
1) HPLCo o] 3+ A At £4™
2) —— : Not detectable

3kt

6. SAHIXe

B A7y nE A0 4 AYFEe gFEA g
EFHAE 73t 24 Aged Hete] Aolo ot
SAH Fo)AHde SAS programe o|gste] ALY
9 A @A Hzes p<0.05 FEAA
Duncan’s multiple range testZ 1 #94< A58}
L, Y¥ o2 A A= p <019 p<0.05 F
9l Kruskal-wallis test2 Z53}sith.

o 9 nF

1. Alo] MF2 % MSHE

AYFEY o] A, AT 4 2o} A&
Table 35} 2t}

ol FAIZl F A7 Y Hat Ao|AHFE C-C-C
o] 718 B2 %8 4 1 ol B-B-B ¢e
2 F-F-F, FF-CTEY 9oz B2 ¥& 433
Aot o|AH F-F-FE59 o] AFFo] 3 AL of
+ 579 43 47 Ao A4 AFHse
EAATAE AET 79 FAHQ zfol7t Gt o
A2 A9 FF & F-C-Col 7HE ¢, 2
<] C-C-C, B-B-B ¥ o8, F-F-F, F-F-CZ¢
HAFS YA Frh Fo3og gt} APFE 3
Zo& B-B-BZY MFo| 71 vA Jeten v
A FE Aloldle fr A Ao} YA ALY
Ao| &L F-F-C#o] AlY ¥3aL, F-C-C, B-B-B&
& 433 BojH k. Kanematsus o] 47)&, ghol=

Table 3. Food intake, changes of body weight and food efficiency ratio

Itern

Food intake Changes of body weight (g/week) o )
Age - - - Food efficiency ratio
Group (g/day) At birth At weaning Final
F-F-F 16.7+ 8.3"? 5.92+0.16™% 423456 289.9+34.1" 0.71
F-F-C 18.0+10.0° 5.68+0.19 41.0+2.9° 294.0+46.6™ 1.05
F-C-C 199+ 84° 6.07+0.16 56.9+6.0° 269.0+28.8° 0.51
cCC 221+ 7.7° 6.23+1.57 50.0%6.1° 303.6+25.8° 0.85
B-B-B 2044+ 7.3* 6.27+0.14 469+5.0° 2429+57.0° 0.54

1) Values are given as means + S.D.

2) Means with different superscript letters within a column are significantly different from each other at p < 0.05 as det-

ermined by Duncan's multiple range test
3) N.S.; Not significant
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78 HFA FoHom Eokon, UrA] FES A
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B-B-B 0] F-F-F, F-F-CZat} f93o ol
onf BF 10577} HAAE o) 94 1 A g Ao
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FAE B 445 H9 FA #3349 B-B-B,
F-F-CZ°] A% 100gQ H9 FAE =ton 4%
3%, 65l wie] AFAE Bt vhA] T3 Heo] F
AZd 2D C-C-Col H9 FAZ RU%d F-F-F,
F-F-C, B-B-B#Et %/ Jvepdt. a2y 4%
1059 H9 FA7 Y U4™ F-F-F, F-F-C3-°| =9
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Table 4. Changes of brain weight

A

A

ke >
> 2 rlo

oo o

of acky ddon of 5V dAFME A AYF
o] 2% FR7EAddlE hEdd HE #HE e
FAZE e w0 o3 RE = aste] f9H<
Zrol7k Atk BuE et Lampteys™ & 9417
A A7 B4 AHAS APAALS o FAS
M7 &5 HT A oFf-d ddko] gAttn By o
Y Geison5?# Gallis® & 3o %A7} Z4sisctn
Hasgrt,

2 AgAF M= Aol 2 upat 24J0] M o] o
FEFE vt F 2AAF MBS A7 AF
T3 7], TH7) Folet ol f-E AT Fo] 9
A7 fro)H o goton A% 357 HuA HEE
dFAAbe] REZErly B 7|82 ASAHs 7
o] EFFIES A% AT TROE Boy o g S
A7) AHT TR gl 99 BuES wiea] o
8] gkt

2) =|°] DNAZ

9] DNA¥#3-2 Table 59 2th. g3 DNA &3
& SA4F C-C-CTol 7H¢ ¥k, F-F-F, F-F-C.
F-C-CT € B-B-BT2 A& #2/%<l atol7} Adwh.
A% 3FAdE C-C-Col L3l8] DNAZZ] 713
Ao ¥f7) gRE ofAA S5 715E 9l
F-C-C Z°] A% o1& 338 & F-F-F, F-F-C29
B3] o3 o2 DNA ggo] vobgtt. 22v 4715
< 9% B-B-B&& F-F-F, F-F-C&¥ |58 43S
Bk A% 6FH e F-F-Fao] C-C-Ca:t 9
AQ zpolE RolmA DNA ol 7H¢ B3, ve
AL F-F-FEa FARE 338 Uedld o 14 &

Age At birth 3 week 6 week 10 week
Content . Brain wt/ . Brain wt/ . Brain wt/ Brain wt/
Group Brain wilg) 100g body wt Brain wi(g) 100g body wt Brain wi(g) 100g body wt Brain wi(g) 100g body wt
F-F-F 0.19+0.01™" 3244013 1.30+001°  331+£003  1.72+£001°  1.56+0.01 1.84+£001°  0.64+0.07
F-FC  021+001° 3.674£026  1.31£0.01°  3.04£003  1.72£0.02°  1.50£0.02 1.84£0.01°  0.63£0.10
FCC  0.19+001° 319£020  1.31+£0.01°  2.59+0.03  1.85+0.01° 1.16£0.01 1.89+0.01*  0.71+£0.07
CCC  0.18+0.01° 2.94+019  1.45+0.01° 266+0.03  1.89+0.02°  1.13:+0.02 1.90+£0.01°  0.63+0.05
B-B-B  0.22+0.01* 3.46+0.19  1.3240.02° 3.09+0.05  1.84+0.02° 1.23+0.01 1.87+0.03°  0.73+0.08

1) Values are given as means + S.D.

2) Means with different superscript letters within a column are significantly different from each other at p < 0.05 as det-
emined by Duncan’s multiple range test
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Table 5. Changes of DNA and RNA concentration in the rat brain

total RNA/total DNA(mg/mg)

total RNA(mg/whole brain)

total DNA(mg/whole brain)

DNA(mg/g brain wet tissue)

Content

Age

3 week 6 week At birth 3 week 6 week At birth 3 week 6 week At birth 3 week 6 week

At birth

Group

2.56+0.08%° 4.34+0.03* 5401027

17.2140.14° 34.82+1.65"°

6.45+0.08™¥ 0.5740.03

0.22+0.01° 3.9740.05°

3.75+£0.05

1.174001™? 3.06+0.02°

F-F

F-

4294005 5.63+0.36

2.52£0.07

0.62+0.04% 17.19£0.14° 34.4112.22

3.56+0.10° 0.25+0.02° 4.01+0.05"® 6.11+0.16

3.05+0.03°

1.18+0.01°

F-F-C

255+0.06  4.40+0.15 576+0.23

0.58+0.03" 16.65+0.29° 37.36+0.85

2.90+0.07° 3.50+0.09®° 0.23+0.01° 3.78+0.05° 6.4940.20

1.18+0.01°

C-C

F-

4511004 6.10+0.56

2531003

18.33+£0.20° 37.07£0.97

* 6.12+£0.54  0.55%£003°

0.22+0.01° 4.06+0.06°

3.241031°

2.81£0.02°

1.19£0.01°

CCC

428+0.03 5.7310.84

2.50+0.10

17.0340.22° 36.19+3.05

0.63+£0.03°

3464033 0.25+0.01° 3.98+0.06™ 6.39+0.63

+ 3.02+£0.02°

1.17+£001°

B-B-B

1) Values are given as means + S.D.

°]

2) Means with different superscript letters within a column are significantly different from each other at p < 0.05 as determined by Duncan’s multiple range test

3) N.S.; Not significant
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DNA &#& £43% F-F-C, B-B-B ¥°] YA ¢
B} fojdo 2 ggron 357 Hd F-C-Co] vy
2] F-F-F, F-F-C, C-C-C, B-B-Bzl| v|&} 2 &
o] ggtrt. aejy oje)dt afo]§ Hold F DNA #%
T ¥ o] A9 FAHE AF 6771EE 4 27
7+] atol & HolX| it

Karlsson52& # o4 @4 xpiile] AQ=™ HF
o] DNAZ o] E&7 3 vusy F980z Yol
& el GAV] h7] T A BF At 2
HE HAHES7} o] 21%9 Y RFORR 35
5] oe-S st

et 2 AN S AF 35 APAT
ME AT Alold] FoHQl Aol7t ot AF 65
7b A APEzie] Aelrt gemz Ao Xt
ZA4o] ¥ AEpolle PGS vXH G ALE A}
g9,

3) =l°| ANA &2t

Table 594 R vhe} o] XA F RNA &3¢
BH 24 %= B-B-BE°] /M 33, F-F-F,
F-C-C, C-C-OZ& old) Hl#l feldoz de gae
YERITH A% 37ROl C-C-Co] 7H3 B9, F-
C-Col 7MY % §%e woln Qi ol ¥5
o) Atolel Aom AzsolAtt gl Ae 45
RITHRL 2 % 9l A% 67A0l = DNAS o] 242
o %59l 2ol7} Ylo] Ml £ Uehigte &
DNA9 tig F RNA9 H] & A£3 RNAY #4473
S8 29 AF 33HlE C-C-CFo] Uelx) 2ol v
8 9402 g HE Rolzl st 244 A%
67ACE AAHLE 2 AYE2Y FHY o7}
Q3iet. o1e] A3z v)Fof mo} Aol At 24
o stol7k BN AT 27l vNE G I0
A 27 9ee & % Ak

4) ]9 choline % acetylcholine &2t

= %9 choline ¥ acetylcholine ¥#& Table 6%
#r} oA cholined] FEEE 28 2FA AAAXE
(cholinergic neuron)9 &4do] #ojdlo] acetylcho-
line®] 49l 9&& vtk ZF choline acetylcho-
line A%} 7 choline acetyltransferase?] %%
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o} acetylcholine2.2 A3E D o] W22 7}edZ o]0
Al acetylcholine acetylchoinesterasedl 2l&td] o}
Al choline® & Hgho] 7hsslth wabA Stgo o
i Be AZAYG 229 acetylchoined ¥
X% choline®] wx9 W33 @A/ Jedetn 3
Zo| gt}

Table 694 B cholined] X AFE ol &
AQ ztol7k YeERYR] 3%ton acetylcholined) &
T} M2 ddo] Hx)= ¥4t acetylcholined) 33
= F-F-Fio] F-C-C9 v]&to] of 2uj AL frojzjo
2 g%t A9 Af EFAANRH 20FEMA a-
cetylchoine® ¥%7} 7hAsH4] ¢yhs 21?5 g
.

2 AgolMe AT 29 acetylcholined] &3]
zpo)7t AR o AFF7E 2 F-F-F, F-F-C,
F-C-C9 +AZ acetylcholine &3o] Bol guj7] &
€ HU7IFE ER71714] ol f-& Holx ARt 4%
717HA A& ARE AHAAIE %97t acetylcholine

T 7150l A718S AFHE Tl v
ato] o] FE EIZIFE AZ7I7R Yol Ay B,
ER717HA4 EQ) o] acetylcholine &Hgko] EolA of
F7F SFF71Eeld HrERdE o F oa-
cetylcholine®] #+&& ol Ax YL ¢ & AUt

B) Y& 0|2 (ki) ZAl

ST Y Syl wute] YxAE At
AAste] HrFst ek Table 7o+ vl2 Wao = ko
7h=dl 29 AlHE Faae g Jehdn p<0.1
FollA Z o 130 = FoA HolE Bolx] ¥l ¢
o] 22t AA| delle 471§& A7z AR To] ¢4
AL 33 dell= o8 A2 AT 3 gy
7], ¥57] T A Fol Urix]| FRY A ¢4
3k,

J 23 AA e} 32 AAjg)el AFFE7re] AF
o] d@Ao] QY He& Y Ful2 AAMA] Wk

i

-

i)

Table 6. Concentration of choline and acetylcholine in brain of rat

Content Choline total Choline Acetylcholine total Acetylcholine
Group (m mol/g wet tissue) (m mol/g wet brain) (m mol/g wet tissue) (m mol/g wet brain)
F-F-F 0.017£0.006™* 0.031+0.011™ 0.049+0.008™ 0.091+0.015
F-F-C 0.018+0.005 0.03240.009 0.039+0.024™ 0.070+0.043%
F-C-C 0.044+0.065 0.082+0.122 0.026+0.011° 0.049+0.022"
Cc-C-C 0.076+0.082 0.14540.156 0.031+0.009® 0.060+0.018™
B-B-B 0.086+0.098 0.16240.186 0.030+0.010® 0.057+0.019*

1) Values are given as means + S.D.

2) Means with different superscript letters within a column are significantly different from each other at p < 0.05 as det-
ermined by Duncan's multiple range test

3) N.S.; Not significant

Table 7. Elapsed time to reach the escape platform in the Y shaped water maze tes

Test

Test | Test I Test 1

Group

F-F-F 1070 7.71"™ 12.31+ 8.41"% 11.63+ 8.69"
F-F-C 13.57+£10.13 12.78+10.13° 10.53+ 7.82°
F-CC 12.13+ 895 11.70+ 7.81° 13.60+ 9.36°
cCC 11.60+ 7.68 13.07+ 7.72° 12.70+ 9.07°
B-B-B 13.19411.51 10.31+£10.30° 12.35+17.16"

1) Values are given as means + S.D

2) Means with different superscript letters within a column are significantly different from each other at p < 0.05(*), p <
0.1(**) as determined by kruskal wallis test

3) N.S.; Not significant
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ol BT B 29| 3} A9 Hujol|A] vepd uh
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o] £3l9 Y A3 dX3txn Tt

% acetylcholine %% Y& Ful2 7Ate] A4
S vlwE|RE 33} AA) of Fo|Re] Aol 93
F-F-F, F-F-Ci#9| {3 acetylcholine &30 E3to
u AFo] 7hg BASQE F-C-CFo| acetylcholine
gFm @i Yt o]AoR ulFo] Hol ¥F
DNA & 2 acetylcholine &3 Y& $ol2 ZHAL
o] A Alolol) AEBATL = Aog Bzt 1z
U A4 A5An o]E3ty AedAE (il

3 H o] &9¥AG DNA d3o] ¥y F-F-F,
F-F-CZ°] F-C-CZRt} Y& Fu2 ZHA] Ao
&g on Ho w9 FAYG DNA %3 a-
cetylcholine g#3te] AA A= DNA o] &5
£ acetylcholine %% #& o]t

£ A Aoy At 24l e 9 4l
uAE 9 ¢gley, Y3 U AL AdeMe

5 AF e o] AAo] Hlwd Foku ol ol
3l A14-Y B2 acetylcholine F#E frol4o
2 gk e choline ¥%3% acetylcholine 3%
Atojel] d#A o] YNW ML koo AFA cho-
line acetyltransferase® FALE SA431 A5
ZYH FrE2EG & o ddd Fee 2E AHE
o 339 gacetylcholine % %3+ ojgl a-
cetylcholinesterase?] @ALE ¥4 &8 20w
Bry o $r2e AnE 48 F dew vlgEd

7Eﬂ =

[—

Aolu] A At 2419] Aholzt o] AR} A5

o A}

2= AEE doliy] Yt # Ao o3 FEHY
A v 22 428 A9

Aol FFe SFFrIES A HFE ol M
22 vjsted o fE A7|17H AT T M HE A
golqit}. AT olF AFol e 54 715 4 v
718 o] o FrE A7 AAF S TR fAH e
2 Eotov} Ao AYHUA 2718 AHATY AFF
N e E5o) A9 FRANE 1 9gted
ol F AT AT F7 0| FEsld O E FEH Y&
3 38 eI Ao] E&L o fE Hurldut
A3 3 7158 M7 AFHT POl FAGeEE
71 Fa U A EES A2 vlsstgrt

Ho] RAE AY A7 55 715 4HE 2ol
7 wsked 7S AL AFHS Fol ARE H
717t A3 2Rt fodez w9 MFH HEA
9} v o]} Wholo) P BA
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w3A Ahato] woA AWAtRT 58S 4 & UL,
HNETS o Hs2gh FEo|ut ey ¥ A
el & DNATHL &2 59 AT 3FA ] Fo5d
zpo]E Hold A go] 65 HoE A AT 7t
2 2poj7} e Ao Jehgt) weba £ Ay
Az Aol At 249 Aolzt HAEY FoE
G PAA S ¢ F AU 5 F RNA &
Fo SR I = o FE AV AT Tol H7EE
A7 7 AR R veton AF 3FA R 855
718€ A7 AAE Fru 9k ey 6AdE
AZ0e 93 Aol7} 9iich. § DNAC) gt ¥
RNA®] ] 94 65 F944 glo] vl&d vEE
Eht) o)A Wy} Wil 9 Folle A2 9AT A
o) WstE B 5 Uz, WY A7) A faHE
65 Aol = AT FoF oyl dslemg Ao
Ul A upate] 8 #eo] HAAA Y nAe P FEA Al
7\ofjut 24888 o 4 AT

%9 acetylcholine &2 oj#& 7|7t AHS
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yelgon] Y¥ 02 FAERE 13 A gele &

- 609 -



w3sh a6A) At W Ao e

ol7F Aok 251, 33} AA| woll= A8 7o) S
< Aozt Vet Z, ol f-8 W77 A 2 o
W7, Zf7lowt AF e Fo] 334 AA] o vlmwH AH
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= fFeHes g WA YY Frg Aake] 44
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