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ABSTRACT

Effects of dietary fatty acids and vitamin E on antioxidant vitamin status were studied in rat brain sections. Sources of dietary fat(10
%) were safflower 0il(SO) poor in ®3 farty acid and mixed 0il(MO) with computer-adjusted fatty acid ratios (AA/DHA = 1.4, 06/
w3 =63,P/M/S=1.0/15/1, AA = 2% with(ME) and without(MO) vitamin E(500mg/kg diet). Rats were fed the three kinds
of diet from 34 wks prior to the conception. At the age of 3 & 9wks of the 2nd generation rat, antioxidant vitamins were
measured in frontal cortex(FC), corpus striatum(CS), cerebellum(CB) and hippocampus(HP) using a multiwavelength, reverse
phase gradient HPLC system. The levels of antioxidant vitamins converged to the similar value in all groups at 9wks of age. Retinol,
lycopene and cryptoxanthin levels of all experimental groups were found to be the highest in hippocampus at both 3 & 9wks of age.
The levels of vitamin E appeared to be higher in the order of HP > CS - CB> FC in MO & ME. Beta-carotene and retinol
showed the lowest level in hippocampus of vitamin E supplemented groups, even though vitamin E level tended to be higher in
other sections. It seemed that vitamin E has an inhibitory action on the uptake of beta-carotene or acts as a preferred antioxidant to
beta-carotene in certain section of the brain. By improving fatty acid balance (AA/DHA = 1.4, w6/03 = 6.3,P/M/S = 1.0/1.5/
1, AA = 2%), the levels of vitamin E, retinol, lycopene & beta-carotene tended to be higher in MO than in SO, although
cryptoxanthin became lower at 3wks of age. In short, dietary farty acids and vitamin E have different influence on antioxidant
vitamin status in different rat brain sections. The higher levels of antioxidant vitamins in hippocampus should be pursued further in
relation to behavioral development of rats. (Korean J Nutrition 34(7) : 754~761, 2001)

KEY WORDS: fatty acids, brain sections(FC: frontal cortex, CS: corpus striatum, CB: cerebellum, HP: hippocampus)
antioxidant vitamins.
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1. Mg: gMe BED B8 948 Chemical reagents

35 #7189l (methanol, ethanol. n-hexane. aceton-
itrile. tetrahydrofuran{Fisher Chemical Co. USA)%}
d-H.O(Fisher Chemical Co. USA)> 2% HPLC grade
=2 Apgslgl o AbgHol organic solvent-#5<91 0.5um
membrane filter(Gelman Science, USA)E sl
e7] % ol Abg-ahc)

Carotenoidlo-carotene. beta~carotene. lycopene(Sig-
ma Chemical Co. USA). zeaxanthin, cryptoxanthin,
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lutein(F. Hoffman La Roche Chmical Co. Switzer-
land))2} u]ElY! E(dl-o-tocopherol), retinol(Sigma Che-
mical Co. USA), 18]% tocol(F. Hoffman La Roche
Chmical Co. Switzerland)& %38t -~ 70TA Bt
shglom zpej el abdkel el A 35T

2.% H

1) 4YFE ¥ MO 1Y

Sprague Dawley strain 81# & o]&8lo &7l 28
A7 dAl 3~ 47 ARE dgrlolE ¥+ 5}04 Iﬂ-ﬁﬂ*lﬁ
L'l‘ A W75 ool 22 Aj o) & <
T 359k 9500l 22t S AAR] H W E A EEle] Fed
Aol o] 88

2@ o] 248 Table 12} AU}, o] 2 42 A4
HAle) 10% 24, 0w3A AHA-E A A7D oH(Safflower
Oil: SO)#% w6 2 w37 I”“‘P-Q sk v)gR e
ﬂ'(MlXOd Oil: MO), HePI EE ¥ 23 H(MO+B]eh)

D ME) 2.2 Rk

Table 1. Composition of experimental diets(%)

Experimental groups

Ingredient Safflower ol Mixed oil .
(50) (MO) MO + Vit E
Carbohydrate' 65.0 65.0 65.0
Protein: Casein 17.9 17.9 17.9
DL-Met 0.1 0.1 0.1
Fat: safflower oil 10
Corn oil 1.8 1.8
Soy bean oil 0.5 0.5
Palm oil 4.5 4.5
Canola oil 2.5 25
Menhaden oil 0.5 0.5
Arachidonic acid 0.2 0.2
Salt mixture’ 4 4 4
Vitamin mixture’ 1 1 1
omct 2 2 2

o-tocopherol acetate

supplementation 500

(mg/Kg diet)

1. Starch: sucrose = 80: 20

2. AIN-76 vitamin mix: g/lkg of mix: thiamin HCI 0.6 riboflavin 0.6,
pyridoxine HCI 0.7, nicotinic acid 3. D-calcium pantothenate 1.6,
folic acid 0.2, D-biotin premix(1%) 2, cyanocobalamin(0.1%) 1, re-
tinyl palmitate(vitamin A) pre-mix(250,000lU/gm) 1, cholecalciferol
(400,0001U/g) 0.25, menaquinone 0.05, sucrose 990. o-toco-
pherol 5

3. AIN-76 mineral mix: g/kg of mix: CaHPQ,, 500. NaCl, 74:
K:HO-HO, 220 K,S0,, 52: MgO, 24: MnCO,, 3.5: FeCH:0O;,
6. CuCO,, 0.3: NasSeO; 5H,0, 0.01. KIO;, 0.01; CrK(50,), -
12H,0, 0.55: sucrose, finely powdered, 118.03.

4. Carboxymethyl cellulose sodium salt
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o] F7Y 715 A 24E AFE dHste] p/
M/S HI8(1.0:1.5: 1), w6/03 H]E(6.3), AAEA}
9] 0.6%) 18]51 AA/DHA 8]8(1.4)& 2459, ue}
A, EFET(MO)L corn oil(3FAN: soy bean oil:
palm oil: canola oil(F28A} &4 AF): menhaden
oil(Zaphata, USA #l¥): arachidonic acid®| H]-&& 18

150451251512 %3 QAolti(Table 2). HEMY E<

Table 2. Fatty acid composition of dietary oils"”

Fatty acid Safflower 0il(SO) Mixed 0il(MQO)
14:0 0.08 0.83
16:0 5.45 23.83
18:0 5.84 3.16
18: 1 8.60 39.33
18 : 206 77.65 24.06
18 : 3m3 ND’ 2.58
20:0 ND T
20:3 ND ND
20 : 4wb 0.18 0.6
205 ND 0.7
22:1 ND Tr
22 1 506 ND 0.1
22 63 ND 0.5
Total w6* 78. 0 24.66
Total w3’ - 39
Total wb/w3 6.3
p* 78.0 28.1
M 9.1 40.0
S 11.4 28.0
P/M/S 6.9/0.8/1 1.1/1.4/1

1. Values are expressed as relative % of total fatty acids

2. ND: Not detected

3. Tr: Trace amount

4. Totalwo =18 :2+20:3+20:4

5.Totalw3 =18 : 3+ 20:5+22:5+22:6

6. P: Polyunsaturated fatty acids, M: Monounsaturated fatty acids,
S: Saturated fatty acids

Table 3. Instrument and operating conditions of HPLC system

Wlepal EuE Aol o} Y2 shabsl wlelule] S

FES BE 79 50mg a-tocopherol acetate/kg diet&
Z1eAew Arbatdal, HERl EE BE% S(ME)dE
500mg o-tocopherol acetate/kg diet& ¢ H.Z3IHt}.
Vitamin mixture2} mineral mixturei= AIN-76(Japan)<

AHgairt.

2) MYTEY NFL Y 7Y ZFY X %% 2q
2 ojuloll i EAR A71F =L 959 AR Eetel

A4 5 2R 1% dFd (M oR S ’*1 Zol| AlF&
FAAY. E4 F 379 oA 2zt FAAIA (P
°] )2 AES 5 0.9% NaCl 90 Mojfjo] 57
Solll iz wet weight& Z4 3t

&g 2 5E 7] & B3 s gt AT

A (frontal cortex: FC)3 MZA|(corpus striatum:
CS). #A&57)s(somatic motor function)eol] #Hoish=
A (cerebellum: CB), 18] 719%} &Fe] 59
vtHhippocampus: HP)E #& oA HoEz sjial

F -70Ce) Hakste] BAol ALEEHT

3) KRR @e HIED FE B

22 72N (40%) 0.5mlell internal standard$! to-
col £NE 150u ¥, absolute ethanol 2.5ml& 718}
A Qe F 70T water bathollA] 2831 7tdslgdct. o)
Egololl 25% Na-ascorbate 0.5ml# 5% NaOH 1mlZ
748k & 70T water bathell A 3057 7tdstgict 7ol
2y A3l Fol F/4 0.5ml¥ hexane 5mlS 7Fska
2R-7F AlAl vortexd &, 1,940 xgoll A 3087 94 2a)s)
o 4F M (hexane?)S B vacuum evaporators ©]
B3l 40ColA AxAFACE vER &S HPLC(high
performance liquid chromatography)grade ethanol
100pE 7tate] & M2 F 1 F 500E #3te HPLC
systemell F{sted FA4181Tt o] BE AY AH L 2te]
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HPLC system : Reverse phase gradient system

« Instrument . Alliance Waters 2690-separating module
« Detector
« Column

+ Mobile phase

- Waters 996 photodiode array detector(PDA), 474 fluorescence detector(FD)
: C18 Novapak 3.9x15cm column(Waters, Milford, MA)
: Solvent A(CH,CN : THF : d-H20 = 50 : 30 : 20, VAN

. Solvent B(CH,CN : THF : d-H20 = 50 : 44 : 6, v/V/v)

» Flow rate © 1.2ml/min.

» Gradient procedure :

100% solvent A for 1 minute — a 10 minute linear gradient to solvent B-— a 6 minute hold at 100% sol-

vent B — a 4 minute linear gradient back to 100% solvent A — a 2 minute equilibrium at 100% solvent A

» Wavelength : 290nm, 340nm, 450nm

= Peak identification & quantification: Millennium analysis system
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HPLC Systern% reverse phase system&= V7] &
7A€ Table 33 v} Waters 996 photodiode array
detector®] 3142 carotenoid ¥-41% $Ja)A1= 450nm.
retenoids ¥418 9814+ 340nm. 13 BlE £ A
S 981 M3= 474 fluorecence detector2t &4 290nmeoll
ko] gajoll BAlEQul, i Aok A B4 Mil-

lennium analysis system-% o|-&&}iu}
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4) WA=

B ozbiie]l EAR41S SAS(Statistical Analysis
System. Version 6.12) 32138 o] 381, FA A1z
ok FEQ bR AV Hglrgke] Ajolof thEt 4
01890 BAHE-A(oneway analysis of variance) ©|
43t9laL, p <0.05 FFllA Least Significant Diff-
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HEANE 4% Ao APwgholl #o3 zbolir
Aot 4 F 3F A H5AVE FA3) Sk 2
7 950) ol&Z77A| ehukslAl Fbeka 3R 95
A Ha3) A JebdrH(p < 0.05). o] ¥z, Fel B
A F 4~10Y Aololl HEAZF whEA Fristal, 1L
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2 s Karlssons ™ol Agdstel w3 sedo] )

&& silgh 4= sl (Table 4).
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Table 4. Body and whole brain weights of 3 & 9 week old rats (Unit : g)
Body weights Whole brain weights
Groups
3rd week 9th week 3rd week 9th week
SO 419 + 1.05 2452 + 15.8* 1.44 £ 0.02 1.78 £ 0.15*
MO 46.8 + 1.54 2524 + 154* 1.45 + 0.05 1.82 + 0.42*
ME 479 + 2.80 2525 + 22.1* 1.46 + 0.02 1.80 + 0.21*

Values are mean + SEM of 6 rats.
*: p < 0.05 compared with 3rd week.
SO: Safflower oil, MO: Mixed oil, ME: MO + vitamin E
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Fig. 1. Comparison of antioxidant vitamin concentrations in rat brain sections by experimental duration.
SO: Safflower oil, MO: Mixed oil, ME: MO + vitamin E, *: p < 0.05 compared with 3 week.



W R e 34(7): 754~761, 2001/759

Table 5. Antioxidant vitamin concentrations in rat brain sections at the age of 3 & 9 weeks

3rd week 9th week
An?ioxidant Brain sections Brain sections
vitamins
: FC cs cB HP FC cs CB HP
SO 159 +2.89° 69.1 +6.01° 327 +10.8° 567 +12.0° 160 +2.83° 345 +761™ 199 +373° 397 +538
Viamin By 916 291" 501 +798" 403 + 648° 963 +107" 17.0 £ 1.11° 325 + 167" 243 +275° 435 +3.16°
BB brain) sy 800" 676 947 499 + 9070 872 4213 219 4578 373 + 994" 229 +333° 527 595
SO 234+037° 112 +157° 738+ 115" 227 + 387" 207+045° 341+059° 3.72+063" 125 +343°
( Re“”"‘, MO 460+ 067" 156 +190° 143 -+ 1.24" 406 +142° 199+027° 348+085° 439+132° 156 +1.16°
NBE BraiN) 113 547 130 +254 888+ 256" 224 ¢ 502 284< 107 408+ 108 3844 100° 121 +125°
SO 207+ 134 140 +1.77° 115 + 213" 146 + 217 192+085" 3.54+090" 4.48+053" 518+ 099"
Beta-carotene \yry 508+ 047" 181 +569° 977+ 407" 256 + 6977 193£031" 277+ 115" 427 +107° 589+ 105"
e brain) e 743430 7034366 908+ 417 B63 152° 0874023 3324075 3284102 442+ 087
SO 1.08+0.19° 450 +082° 275+ 040" 515+ 053 059+025 141+012 071+022 376+0.13
(rlu_g/:)f;):;) MO 1712037° 460 +0.84° 334+ 024" 782+ 202° 0641031 160+018 038+007 434+0.11
ME 275+ 141  393+079 240+ 0.09 782+ 134 105+059 1414012 1.07+026 3.83+074
SO 348+ 087 164 +583 115 + 523" 267 + 729 180+032° 160+072° 1.82+4017° 413 +2.14°
C(’Vp“’xa”t_hi” MO 176+031° 635 +096" 268+ 073" 186 + 1.84° 1.09+041° 185+062" 176+044" 556+ 0.45°
BB brain) e sh 10207 7544152 240+ 079% 169 & 382 1274044 0864029 201 £079 510+ 026"

Values are mean + SEM of 6 rats

Values of different letters(a, b, ¢) are significantly different from the others at p < 0.05 within the same group
Values of different letters(A, B, C) are significantly different from the others at p < 0.05 within the same brain section
FC: Frontal cortex, CS: Corpus striatum, CB: Cerebellum, HP: Hippocampus

SO Safflower oil, MO: Mixed oil, ME: MO + vitamin £
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