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Abstract

Effects of dietary fatty acids and vitamin E on antioxidant system were studied in rat liver and serum. Sources
of dietary fat (10 wt%) were safflower oil (SO) poor in @3 fatty acid and mixed oil (MO) with computer—adjusted
fatty acid ratios (AA/DHA=14, w6/ w3=6.3, P/M/S=1.0/15/1) with (ME) and without (MO) vitamin E (500 mg/
kg diet). Rats were fed the three kinds of diet from 3~4 wks prior to the conception. At the age of 3 and
9 wks of the second generation rat, antioxidant vitamins and glutathione peroxidase (GSH-Px), superoxide
dismutase (SOD) activities were measured in the liver and serum. The concentrations of B-carotene were lower
in ME than in MO and SO in the liver at the age of 3 wks. It seemed that vitamin E has an inhibitory action
on the uptake of B-carotene or acts as a preferred antioxidant to B—carotene. The concentrations of lycopene
were lower in SO than in MO in the liver at the age of 3 wks. The concentrations of cryptoxanthin showed no
significant changes within groups. The activities of GSH-Px tended to increase in ME compared to MC and
the ratios of SOD/GSH-Px tended to decrease in ME compared to MO in the liver at the age of 3 weeks. The
activities of antioxidant enzyme at the age of 3 weeks and 9 weeks were similar. This suggested that the activity
level of antioxidant enzymes reached to the adult level at the age of 3 weeks which is the end point of lactation
period.

Key words: fatty acids, vitamin E supplementation, antioxidant vitamins, glutathione peroxidase (GSH-Px), superoxide
dismutase (SOD)
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2 #43te - caroteneﬁ Aart =8 rrd o 284
vlebel E9] 243} 325 =4 (10), B-carotene-< lipid per-
oxidationE-¢teY| peroxyl radical®} 2H-8-3}e] propagating step
£ A3t Ao g Bolv 7pA &34 Q1 hydroxyl radical
2] scavenger?l ¥|elw] E9}e] Ab3 At Al E o] ik F
HE A 4 sloka 33 oh(11). = Bendich 52 B-
carotene®- o} 2} vitamin AR A& 5 A| ¢+ canthaxan-
thin® A free radical®] quenching®} &8 =]i= 7|4 23
B lymphocyte®] ¥H-&-5& SAA1A 4 Sl5o] B = {ch12).
A3l 542 48l A 9)+ SOD+ superoxide radical &
HoO:2 A A A AAA 7] B4R I Al JA=R
A o] Fabs} uh-go] Hz1A o 2 s Al 5] o] A E =] integrity
7F &4 c}H(13). o] HoOpe catalase®t GSH-Pxell 93] H.0
2 AgE B2 ¥l SOD/(GSH-Px +catalase)2] ]|
ZA o] AbstA 2 E 8 2o T 247 o goh(14).
£ AT = IF 9 JAF F77] Skl AR oE A
Ak 24 F vjelnl EE AR AF Aol & FF3Eke] A2
Aol # 2| 23} A oA gabs) vl el e} FAks A
o] WislE obotr w2} 3¢t
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Sprague Dawley strain 83 & o]4-3}o] 373 ¢l #2471
H oAl 3~4FH e A A o) & FF3te] AujAFh &
AZE A7 FH A A= ol vl o) S AP Ao & FF3ld AF
3F2} 95 742t A H A AT G 6vteld 7k
A& Helste] B4 o] &3t

A& Alo] AL Table 13} 7t} Alo] AW} & A A
FAIL] 10%2A4, w3A A4S AP A7) F(safflower oil:
S0)# w6 R @3A AAkE A4 H8(1516)% T
T(mixed oil: MO), ¥]e}%] ES HZE% F(MO+0]els] E:
ME)eo. 2 ®F3}sc).

o] F7 715 A 2A4S AFE ) ¥ p/
M/SH]E(1.0:15:1), w6/w3 313(6.3), arachidonic acid(AA)/
docosahexaenoic acid(DHA) ¥]&(1.4)9 £71-& 9F3l+=
7189 g 73l EFHFTMO)LR 3t F, F3
F(MO) T2 corn oil(4F%FA} : soy bean oil : palm oil : canola
oll(F+2]3] A} ¥4 AF) : menhaden oil(Zaphata, USA A|-&):
arachidonic acid®] ¥]- 42 18:5:45:25:5: 22 &3} A o]
9tHTable 2). Ble}=l E9] =52 & 74l 50 mg @ —toco-
pherol acetate/kg diet& 7] 2522 715w, vlelq]l E
E 233 F(ME)l &= 500 mg a -tocopherol acetate/kg diet
& ] R3¢t} Vitamin mixture$} mineral mixtures= AIN-
76(ICN, USA)S AM8-3t9 ).
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Table 1. Composition of experimental diets (%)
Experimental groups

Ingredient Safflower Mixed oil MO+ Vit. E
oil (SO) (MO) (ME)
Carbohydrate” 65.0 65.0 65.0
Protein: Casein 179 179 179
DL-Met 0.1 0.1 0.1
Fat: Safflower oil 10
Corn oil 1.8 1.8
Soy bean oil 0.5 05
Palm oil 45 45
Canola oil 25 25
Menhaden oil 05 0.5
Arachidonic acid 0.2 0.2
Mineral mixture” 4 4 4
Vitarin mixture” 1 1 1
cMc? 2 2 2
a-Tocopherol acetate - - 500
supplementation
(mg/kg diet)

DStarch : sucrose = 80 : 20.

P AIN-76 mineral mix (g/kg of mix): CaHPOs, 500; NaCl, 74;
K2HsO7H20, 220; K2SOq4, 52; MgO, 24; MnCOsz, 3.5 FeCsH5Oy,
6; CuCOs, 0.3; NazSeOs -5H0, 0.01; KiOs, 0.01; CrK (SO -
12H20, 0.55; sucrose, finely powdered, 118.03.

¥ AIN-76 vitamin mix (g/kg of mix): thiamin HCI, 0.6; riboflavin,
0.6; pyridoxine HC], 0.7; nicotinic acid, 3; D-calcium pantothenate,
1.6; folic acid, 0.2; D-biotin premix (1%), 2; cyanocobalamin
(0.196), 1; retinyl palmitate (vitamin A) pre-mix (250,000 IU/gm),
1; cholecalciferol (400,000 [U/g), 0.25; menaquinone, 0.05; sucrose,
990; a -tocopherol, 5.

4)Carboxymethyl cellulose sodium salt.

Table 2. Fatty acid composition of dietary oils”

Fatty acid Safflower oil (SO) Mixed oil (MO)
14:0 0.08 0.83
16:0 545 23.83
18:0 5.84 3.16
181 8.60 39.33
182w6 77.65 24.06
183w3 ND? 258
20:0 ND T
20:3w6 ND ND
20:4w6 0.18 06
2055w 3 ND 0.7
22:1 ND Tr
22506 ND 0.1
2263 ND 05
Total w6” 7783 24.66
Total @3” - 39
Total wb6/w3 6.3
P 77.83 28.1
M 91 40.0
S 114 28.0
P/M/SY 6.9/0.8/1 1.0/15/1

YValues are expressed as relative % of total fatty acids.

ND: Not detected.

¥Tr: Trace amount.

“Total w6=18:2+20:3+20:4+22:5.

Total w3=18:3+20:5+22:6.

op: Polyunsaturated fatty acids, M: Monounsaturated fatty acids,
S: Saturated fatty acids.
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Chemical reagents : & 7] 4-vll (methanol, ethanol,
n-hexane, acetonitrile, tetrahydrofuran(Fisher Chemical Co.,
USA)¢}+ d-H20(Fisher Chemical Co., USA)+= =5 HPLC
gradeE AH&38l9d o] A&A o organic solvent£%4l 0.5
Pm membrane filter(Gelman Science, USA)Z o] 3}5lo] &
718k Foll ARg-3}odrt.

Carotenoid| o —carotene, B—carotene, lycopene(Sigma Che-
mical Co., USA), zeaxanthin, cryptoxanthin, lutein(F. Hoff-
man La Roche Chmical Co., Switzerland)]¢} retinol(Sigma
Chemical Co. USA), 28] 3L tocol{F. Hoffman La Roche
Chmical Co., Switzerland)-&- 73} &t -70°Cell A B3}
ow zpeAe] ApshEl AbejolA #HFshiTh

Carotenoids, retinol %% && : 7tx24 74 H(40%)
E 8A 05 mLel internal standard?! tocol £--& 747}
150 uL# 2 32, absolute ethanol 25 mL-< 7}sfe] & 412
% 70°C water bathell A 287 7tdstgdc). o] 4] 25
9% Na-ascorbate 0.5 mL3} 5% NaOH 1 mLE ~}38 ¥ 70°C
water bathell 4] 307 71 sl o). 7pde] B 438 &
o] ZF< 0.5 mL=} hexane 5 mL< 7}l 287k A A aut
g F, 1,940 X goll A 3087t Al 23t A5 (hexaneZ)
<4 ®o}A vacuum evaporatorE ©]-8-3 40°Cell Al 71241 %
t} v|elel F& M-S HPLC(high performance liquid chro-
matography) grade ethanol 100 L& 7}3led #F 2 F o
Z 50 uLE 3]38}e] HPLC systemoll 3] #4331
o] RE AY AL 29 Alo] At A o A At

HPLC system-< reverse phase systemS.2 7|7] 242
Table 33} ztc}. Waters 996 photodiode array detector®] i}
28 carotenoid ¥4 -2- ¢ 8l 4= 450 nm, retenoids 4
A8l A& 340 nmol| 3o} Ao A Ekeich e A

A 22 Millennium analysis system< ©]-£3}ic}.

%g, o

ExE o EMstE A A 24

Superoxide dismutase(SOD) ¥4 =4 : SODEA -2
Marklund ¢} Marklund(17) 2 Zidenberg-Cherr 5-(18)<] 1t
¥ 44 514 pyrogallol®] A}5-4+3H-E- SOD7}F A A8t A
=5 E3lo] F3 st} Total SOD &4 & 4 3817] 94
ZF24 0.1 goll 4912} 0.25 M sucroses 7}3le] w4 #8laL

Table 3. Instrument and operating conditions of HPLC system

1,000 rpmell 4] 307 ¥4 #-2) 8131 vH20% homogenate).
ArZ= ol 20 plL ol Tris buffer 3 mL#} pyrogallol 20 LL-E 4]
Q2 713 F AFE A9 Eslsich o] 3L Gilford
Spectrophotometer(Stasar I, 1220)5- ]88}l 73} 420 nm
oA 5E-Et FRE7F b= A RS S5t Enzyme
1 unit: pyrogallol®] auto oxidationg- 50% ®Hsl| &= 2
83 F 0] ofo &) AH&3} 3 specific acitivity= cytosol
2] 1 mg proteindll 3 %38}= enzyme unit® A3k}
Glutathione peroxidase(GSH-Px) 34 &3 : 7kx3]
2] GSH-Px &4 & Paglia®} Valentine(19) % Deagen 5-(20)
o] Whl -8 A stod HAkstp A E 714 2 o]-8-7F coupled en-
zyme procedure® A st th 7423 0.1 gofl 0.1 M ice-cold
phosphate buffer(0.25 M sucrose &% pH 7.02] buffer)Z
7}8}e] glass teflon homogenizerE o|-&38}e] FA 3 A 7}
o] FAM(20 %) 14,000 rpmel A 1A17F St HAl £ %
% ol Arz=olS 01 mL A3tk 0.8 mL ¥HE EF-E(45
mM EDTA, 4.7 mM sodium azideZ E3%t 0.125 M phos-
phate buffer, pH 7.0} 2.8 nM NADPH, 49.9 nM reduced
glutathione, 0.67 units glutathione reductases )& 71§
#,0.25 mM HoO2 0.1 mL-& 7+3}e] 188 23] 54| spec-
trophotometerE o] -£3to] 343 340 nmolj A 4H3HE gluta-
thione(GSSG)2] ¥ Aol o}& NADPHS| &3 =7t ZH4as e
£xZ 385 A8tk GSH-Px2l & 3tell H20.9]
A7l o)stke] 93 glutathione(GSH)e| A4 =] 37, reaction
mixture Y glutathione reductase®} NADPH7} 1) = ¢ GSSG
7} ohX GSHE 81 = = $ 28 F3 =0 WstE 53iA 83
o 24 GSH-Px2| &4 Ab&skadch &4 1 unite 723
1 g3 18%<¢k 435l NADPH®] nM2 wehdid ¥, specific
activity= 1mg ¥ Aol 33t E4 unito 2 4kslgl ol

N

-
¢

[

Fod 100 pLE A% & 323}

oft

7yzA 3 A o] izl ke Lowry 5(21)9 Wb e g

T
ol 31, & <A 2 = BSA(bovine serum albumin)

HPLC system : Reverse phase gradient system

: Waters 996 photodiode array detector (PDA), 474 fluorescence detector (FD)

- Instrument . Alliance Waters 2690-separating module
- Detector
+ Column : C18 Novapak 3.9x%15 cm column (Waters, Milford, MA)

- Mobile phase

: Solvent A (CH3CN : THF : d-H20O =50:30: 20, v/v/Vv)

: Solvent B (CHsCN : THF : d-H20 =50:44:6, v/v/v)

- Flow rate : 1.2 mL/min

- Gradient procedure

1 100% solvent A for 1 minute — 10 minute linear gradient to solvent B — 6 minute hold at 10026 solvent

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

- Wavelength 1 290 nm, 340 nm, 450 nm

- Peak identification & Quantification : Millennium analysis system
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SAAE]

2E A7 EARAL SAS(statistical analysis sys-
tem) Z22YPE 0|3, FAHA = AT FELAR
EA Ao AT Aole HiFt AFL A BAEA
(oneway analysis of variance) °]-83}$1 3z, p<0.05 =Tl A
Least. Significant Difference TestZ A& 7 &3}

kS,

a1t 8

ZEEZ| D "Ho| g4tsl HIER] 2o st
LCPUFA+ AW & ol 4] A3} o] free radical®} peroxide
£ A 7HsA o] w o, A E FASELS Al 2T 93
T A 2B g F 5 e AR d8A g
(1). Table 4ol = A o] A ubAt =} vl e}”] B9 B30 0} & 3§
Abstulebnl o] F2 & eIt} Retinoly =& 23] 4
A AF 379 95 EF AY 319 {4 al Zel & v}
e A dstar, A 359 A A= vlEs] EE HUkg
MEZ-A MO¥-2t} ol o2 =4 velgdeh(p<0.05).
B-carotene s AF 357 EAFH AF 957 A
oA vl etwl EE 253 MET°] MOFXR o} f-ol# ez 7}
A5 o] v tH(p<0.05). o] &= vlet] EE A7 A $of 2
g} 28 (antagonistic effect)e] 1= A2 &&f3l B-car-
otene?| FF A s3}AH 1t B-caroteneel A vletal Evb
dzpd o atst AFE FYdl= AR S5 Ix
A 8] p-caroteneFE= SOTH MOT-Ztoll= Ao]7} e}
w2 gkgkow, A= AF 950 MOT-°l SOTFHc}
& TAEF B ov f9AHQl 2] & vhetiA] = ¢sith
Lycopene =+ A% 359 7tel 4] MO, ME+ 4| B]s}e]
SOTe A oA o2 GA vebgteh(p<0.05). A o4&
AT 359} 9F 25 AT Aol & e A ol HA
< Aol xuke] B x5t T} vlelw] B B3l o8-S uix|

&4 Aaad - ol
@42 Aoz Balrh

Cryptoxanthin®] F%+= 7b3} Aol 4] AF 379 957 &
T freAal Aol & veblA] okt B A9 ol A7
Ql ]z ol 4] 9] cryptoxanthin®] == A]o] #jupite] #F
& ae3hA] ¥ SOTelA MOTs MET Xt o] 2
S 2l Bl lh22).

o]9] 9| ghilsinletnl e 2 o2zl vjelwl E9] = AT
359] Zhell A SO 189.2+34.2 ng/g, MO 214.8+45.8 ng/
g, MET 248.3+28.3 ug/g< vtetio] SOKMO<MES] 7 3
£+ 2gev, SOTH MEZ = 23 2}e](p<0.05)%
vetligFo] Bad vk drh(23). o)A dF-ellA w229
HIERR] E s = Alo]Atate| v} vl E B5ol w2 W3}
ol ATz fFrol A Aol & vpehllA] oo}, H =9 v
e}l Ex o8 23 o 3 turn over’} =8 AoE HY
(22), 222 8 Ao} ob & FdS et sl A oA
EE3 T} 2 AolE AlAT SO vlERl E¥=7E MO
TRk A vehd A AfEi e FHoEFH A
A4 0] BE A ALS RE ST el AR wo] 22417]
o Helvka sh4lvh(23,24).

HEE D EHo| eiEtE A0 By I

i
M

Table 50l & 7F2 2 2] GSH-Px9] A4S vrehigdct 4
o] 2| uhatol| whE FatstE A FAJ L WSS M ThExA
A SO MOT7He GSH-Px9] &4 -& #23F alo] &
el A odghar, wlelal E9] Avtel ule} wstr) vhebt ME
Fo 4] MOFRTE §-o4 02 7+ 9] 2(p<0.05), A3 9
Foll A o]21 @ Abol7k FASH A edghet. o] ATl A 7
Z2]2] SOD9 #A4-2 AF 357004 Aol x|ukabe] ¥ %3}
Lo mabr e Aol F Vet A] gk, vl elbel E9] AH7HA|
Holx o2 ZFaE gty B uE vl 9ch23). o] o] GSH-Px
o] &4 g SOD &4 2] ¥]&(SOD/GSH-Px)& Al4ksl
£ A} BF 3564 MOT-3 MET- o] & velulz] o

Table 4. Antioxidant vitamin concentrations in rat liver and serum at the age of 3 and 9 weeks

.. . Liver (ng/g) Serum (ug/L)
A 1)
ntioxidant vitamins  Groups 3rd week Oth week 3rd week Oth week

SO 1424+0.37° 11.2+157 1.1610.45° 1341059

Retinol MO 12.52+0.67 156+1.90 1.08+0.27° 145+0.85
ME 19.33+547 13.0%2.54 2.96+0.27° 1.95+108
SO 5.04+1.339 6.03+171 0.46+0.17 0.39+0.19%

B-carotene MO 5.08+0.47° 5.01+0.69 0.21+0.05 0.57+0.05°
ME 2.87+0.43° 4.12£0.26 0.29+0.13 0.21+0.06"
SO 1.08£0.18° 1.28+0.66 0.59+0.25 0.77+0.13

Lycopene MO 2.71£0.36% 1.4510.81 0.64%0.31 0.84+0.17
ME 2.75+0.86° 1.76£0.69 0.86+0.59 0.66+0.13
SO 1.48+0.37 1.6410.83 0.48+0.32 0.29+0.12

Cryptoxanthin MO 1.7610.31 1.35£0.26 0.19+0.41 0.29+0.22
ME 158+0.27 1.74%0.22 0.34+0.44 0.19+0.09

US0O: Safflower oil, MO: Mixed oil, ME: MO+ vitamin E.
PV alues are mean*SEM of 6 rats.

Values with different alphabets within the same column are significantly different from the others at p<0.05.
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Table 5. Antioxidant enzyme activities in rat liver at the age
of 3 and 9 weeks

Antioxidant G D Liver
enzymes roups 3rd week 9th week
2)b3)

GSH-Px SO 39.161L5.18b 52.23+12.01
U/ 0 MO 42701495 69.13+ 595
mg pro ME 63.85+2.84° 58.23+18.02

SO 0.42+0.06 0.23+0.06

SOD/GSH-Px MO 0.2810.05 0.14+0.04

ME 0.06+0.01° 0.09%0.02

Y50: Safflower oil, MO: Mixed oil, ME: MO+ vitamin E.

MValues are mean*SEM of 6 rats.

Values with different alphabets within the same column are
significantly different from the others at p<0.05.

gted, wetel B9 74 MOT-REot f94d o2 444l
t}. ol &= v|E}ul E7} superoxide radical 2 A7 H0x & F%
A9 H:0Z ASAAF= GSH-Px9] &AL Z7HAA 23
2] Akstd ~EH AT Z}i‘] 7le & st B o' Btk

Fig. 1¢+= €A 9] GSH-Px&A4 < viebligivh & Aol 4
= AF 35 A B x5 501 2 S0(42.4915.63 U/mg
prot)) oA MO(30.06 £ 1.82 U/mg prot)7X.c} GSH—PX
gAol FolA o FA Jebygd, ol 2x3 2V F
Alo] & A A g SOT2] Aol A Al F 40| 8 -8o] %—
719 Ao 2 A€} =8 vl ets] EA 7l ul& GSH-Px
o] &4 W3lE 2y AF 3F 04 = MET4 MOT- B}t
tha F7bebe A S el gl e 94 Q) Aol & Kol
A& %L, 9ol A = MOTH ME7Ee] -2 Al 2fe]
7} @A=L skt

gHabsiu|ebul o] HrbAl mAo] &4 wistel] e ®
& AhtE Ao B E g gled], Lee £ A7 (@5)d &
ksl vl etul o] A7FA] bl A4 9] SOD| &4 W skt §
Mot GSH-Px9] 42 Z7l= vk Ad A9E 19

U/mg prot GSH-Px

60 r

3rd Week 9th Week

WSO OMO EME
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I
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Fig. 1. Glutathione peroxidase (GSH-Px) activities in the
rat serum at the age of 3 and 9 weeks.
SO Safflower oil. MO: Mixed oil. ME: ME + vitamin E.

32, Kim(26)-& ¥l e}5l EE 315 400 [U¥ 45-7F .54 SOD
9} catalase®] &A1& W37t §lol 2, GSH-Px] &2 7
2¥ i ste], vl elnl B R 3a 7 A 3 7] 7ol g4
3l &4 Ao 3E v E oz AlgE) =3 Ao
whabsl ghakst g aobe] R el dig o AFAHAE B
W 3 F o DHA F3ol =2 A7 58S Ao FoA3 A
AE 2 7+2AN GSH k2] 249 GSH-Px&8A 747}
BaEqon(27), 2tZAYW @ -tocopherol ¥ ascorbic acid
% A3} vlEpnle) 24t #akE ok o) el vhsl thEke
PUFA®] A of] upe}A] A A2kl 4] PUFAS] B]8-0] Fo}A|

olol ujz} #}At3} uk-g-o] 3] zl 3P 5]o] 1 o7 e
2 GSH-Px #Ae] F7hevhy X ¥ ch28).

A A SOFANA MOT Rt} GSH-Pxe &40l ¥
A Gehd 712 Alo)o] Ex 3w ® olz} monounsaturated
fatty acid?l oleic acid(18:1)2] gekxjo]o] 23t Az = AJ
7+ 4= 9lek a7 Bk H2 oleic acid7} B4 E A S W EHA|
Z1thE 77k A E 1 9)=d(29,30), & oleic acid”} HDL3
o} At Ao 2 RE B33 IS gl B vt al
o} (29). B dAFo4] Ale] £ oleic acid?] &3S B SOT
8.60%, MOT 39.33%2A] oleic acid®¥] 3o w2 SOl
A kgt Eabe] Al o ube} Ak R A<l GSH-Px#A
o] ZF7l= Aty A7)

o]} 7o) Alo} x| u}pAtz) nlelul E H 7| Aol 7kt &
o] gatsl viety] A Ao MZ o AgE nA= AR
viebdeh @A o A 2] GSH-Px2] &4-& SOTel4 MOT

2o} A vebwta, vl Ehgl B9 B3 AF 359 7kl A
GSH-Px& £7} 43, SOD= 4 A& vhede], o] &
FgAst AL E -4 wb-g A off A3t o A =g o & 34t
A Al E k] AZBA O HE A7 L7 vka Bk

o)

l

o

(®} ok
prd =

w3A A A4l safflower oil(SO)E, X HHAEE v}
225 v)-§ 2 FFE mixed oil(MO, P/M/S ratio=1.0: 1.5
1, 06/ w3 ratio=6.3)7 ¥ vletl EE B3 AI(MO+r] et
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