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The Role of Vitamin C and Vitamin E Supplementation on Iron Contents and

Biomarkers of Oxidative Stress in Blood, Liver and Brain of Aging Rats*

Hwang, Eun Hee® - Kim, In Sook** - Lee, Hyoung Ja

College of Human Environmental Sciences, Wonkwang University, Iksan, 570-749, Korea
Research Institute of Basal Science,** Chung-ang University, Secul 156-756, Korea

ABSTRACT

The purpose of this study was to investigate the effect of vitamin C and vitamin E supplementation on the jron contents and
oxidative stress of the rats. Rats were fed 18g ascorbic acid and 300IU a-tocopherol/kg diet, respectively. Rats were sacrificed at 1,
3, 5 and 7 month of age. The blood, liver and brain were selected for the quantitation of iron and malondialdehyde(MDA) contents,
glutathione peroxidase(GSHPx), superoxide distmutase(SOD) and catalase{CAT) activity. Iron and MDA contents and GSHPx
activities were increased with aging. Vitamin C and Vitamin E supplementation increased iron contents of the plasma. Vitamin G
raised iron contents, but vitamin E decreased iron contents of the liver. In the brain vitamin C and vitamin E did rot aftect the iron
level. MDA levels were decreased with vitamin C and vitamin E supplementation in the erytirocyte and liver, and vitamin C
supplementation elevated MDA levels in the brain. GSHPx activity was increased with vitamin C and vitamin E supplementation.
SOD activities of erythrocyte and brain were not affected with age, but i the liver, SOT) activity was raised with age and vitamin C
supplementation. Vitamin C and vitamin E supplementation promated CAT activity of erythrocyte and liver, and CAT activity of
brain was elevated with vitamin C addition but was decreased with vitamin E addition, Vitamin C and vitamin E decreased iron
contents of blood plasma, MDA contents of plsma and liver, and CAT activity of erythrocyte. Above results indicated that iron
conients and biomarkers of oxidative stress were more affecred by age than antioxidant action of vitamin C and vitamin E. (Korean

J Nutrition 33(5) : 507~516, 2000)

KEY WORDS: iron contents, biomarkers of oxidative stress, vitamin C and vitamin E suppiementation.
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HEFRICE A& sug A28y de] 8498 =9 &
sl HEH o2 8EH Fed] §d8 £302H
& Fole Ao gEA Jr e B 2 7
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o] A X2 malondialdehyde(MDA) 38, el ~Ew 29
A EZ glutathion peroxidase(GSHPx), superoxide dis-
mutase(SOD), catalase{CAT) 2] &S 43l
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*‘E-.—S-r% Sprague DawleyAl #7 +al& 15U3t
Ful AR (Ralston-Purina, USA)E F&A)zl ¥ &
1AEEE 7TALRA LS DA e R a}gaq

AT Ao, vlEwl C 25 HEl E 35
a5 wbpo] Aol AR R vE ¢ ﬁ?ﬁl-‘l
ascorbic acid(Sigma, USA)E U¥RALE 1ke® 18g, vt}
U E FFTL o-tocopherol(Sigma, USA)S dHkALR
Tkg% 30070 #A75M0 GutAlEe] 4o]Z4 & Table 1
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2. NEMH

4 AFEE 30mkey TAET Asetd A 2 Eekd &
14, 3704, b70e AbgS 2k} Tobel | TAR AL
= e A ddn 242 AT AHE=2 3
AAIZ)7] A 18775 DA AT O ethyl ether® <
ShAl = A7 ARl RS - EDTAZ #8242
B Ak Agsint. 3.000rpmelA 1587 W
7 DAEE @A dy 2 ERsk, olulFe] HE S
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3. MEEYN
1) S22 =H(Hb) 5k

H¥e] Hb¥Ex cyanomethemoglobin®l-& o834
on, &22) HbFe Drablin's™ Alobs AHESIGC]
o] Aok 200mg K.I'e(CN),, 50mg KCl, 140mg KHZPO4
Frol =] 900mlE #HE Floltk. Hbell §1E Fe™,

2 =
= "3

Table 1. Nutritional composition of the basal diet”

Nutrient alkp diet
Cormn starch 554
Sucrose 90
Casein 200
Com oil 50
Crude fiber 50
Mineral mixture™ 4G
Vitamin mixture” 10
DL-Methionine 5

Choline chloride 1

1) Ralston-Purina(U.5.A) 2) AIN-76(Harlen, Madison, USA)
3) ICN Biochemicals{Cleveland, USA)
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USA)E 0.0IN HCI 250mldll 53 Algaisdnt ™ 19N
HCT 100mls} 4.5% KMnO,(0.285Mole) 100m1Z
}\]oﬂ;ﬂ ;@];‘45‘ /\-1 _.J\'IOT: AE W LEM 1(1]_ B Q_Tg
ammonium acetate$} 8.8z ascorbat0§ T 15mlel
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A7 AAANEELS malondialdehyde(MDA) 54
Rit{LPO-586. Oxis International Inc, USA)E Al&38)
ATt o] Wle] 8= @A A)etel N-methyl-2-phenyl-
indole®] ¥ 7|28 oo™ HA B2 F o) 586nmol
A A FHLE zhon, Al de MDAS A= ¥
E2 FEEHEMDA(Sigma Co, USAYS A& 3¢ +3)
A nMg proteine 2 EAjakgcl],

4) Glutathione peroxidase(GSHPx), Superoxide dismu-
tase(SOD), Catalase(CAT)2| 24 573
&2 GSHPx B4 Paglia®) Valentine wioz?
A& n, 719} H2zale] GSHPxEA-S Flohes]™ ubil g
o] &3t GSHPx= H/O.9F 3+ glutathione(GSH)
I wrg-3le] 4ElE plutathione{GSSG)S A&k o
G8SG= glutathione reductaselﬂ Zf0 2 NADPHH
o3| ohA] GSH=E #9lE= Y8 ofdg 2e? GSHPx

FE R AR A S 33(5): 507516, 2000/509
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Table 2. Food intake, body weight gain and food efficiency ratio(FER)

Food intake Body weight(g) Bady weight gain(g) FER
. Group initial final {g/6month)
(g/day) _ _ _
in = 90} in= 27 n=12N
Normal diet *19.6 & 4.3 95.2 4+ 3.3 5250 £ 23.2 4298 + 178 D12
Vit C diet 203 + 5.0 948 & 46 497.7 + 24.0 405.0 + 242 0.11
vit E diet 218 + 52 955 + 3.8 518.3 + 17.9 4203 + 299 0.14

*Mean + Standard error
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Fig. 1. Body weight of rats fed diet containing vitamin C and vi-
tamin E supplementation during experimental periods
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Table 3. Blood, liver and brain Hb levels of rats fed diet containing vitamin C and vitamin E supplementation

Age(maonth)
Group 1 3 5 7
(n=7) n =7 in=7) (n =9
laod(g/dl)
MNormal diet 140 + 06 1292 £05 135 D6 124 + 08
Vit C diet 147 £ 04 139 £ 0.7 140 + 0.1 136 + 089
Vit E diet 138 £ 08 46 + 12 153 £ 09 149 £ 1.0
Liver{ng/mg protein}
Normal diet 123 =33 119 £125 122 + 2.8 147 £ 3.2¢%
Vit C diet 110 + 26 117 +26 134 + 31 127 L 45
Vit E diet 124 =39 143 + 38 148 + 42 168 £ 3.2%
Brain(ng/mg protein)
Normal diet 734 £ 053 7.58 ~ 0.69 6.90 = 0.81° 6.23 £ 0.01°
Vit C diet 6.77 + 0.79 802 4+ 0.54 784 & 0.62° 818 £+ 1.30°
Vit E diet 7.70 + 0.55 893 £ 0.77 9.37 + 0.72° 945 £ 1.79™
** 1 Significantly different at p < 0.05 and p < 0.01 during expenimental periods in th same d|et group
a,b value indicate significantly different among the groups in the same pericd
Table 4. ron content of plasma, liver and brain of rat fed diet containing vitamin C and vitarmin F supplementation
Agelmonth)
Group 1 3 5 7
(n=7) (n =7} n=7) n=219
plasmaipg/dl)
Normal diet 259.7 + 8.7 2985 + 17.2" 360.8 & 10.9° 4114 + 27.2%
Vit C diet 2495 + 148 3588 + 19.2° 4395 = 1547 4921 + 30.2*
Vit E diet 263.8 £ 13.6 3823 + 18.5° 4420 + 9.3 487 8 4 203"
livering/mg protein)
Normal diet 4758 + 29.2 578.3 = 40.1 650.0 + 283 670.7 + 151"
Vil C diet 481.1 = 25.8 542.2 + 29.3 672.2 + 34.4 707.7 £ 253%™
Vil E diet 485.2 + 389 513.8 = 329 625.6 + 28.1 6429 + 24.71%
Brain{ng/mg protein)
Normal diet 2993 £ 278 3319 £ 29.0 3405 £ 389 3476 £ 201
Vit C diet 2928 = 245 348.0 £ 25.7 3227 + 328 3609 £ 31.2
Vit E diet 3114 £ 302 320.8 - 159 3252 296 342.8 £ 16.7
** : Significantly different at p < 0.05 and p < 0.01 during experimental perods in the same diet group
a,b value indicate significantly different among the groups in same period
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o Srigto g velgrle o) dEE4o] #uslels]l  HE@g g} Al vEld G Ay B4 A7)
w2 AAEET deld mE HE2S4 A48 AAs= 3 chelator F poolE F7HA71H lysosomal protease

o2 A5 Ghiro &' 2)3hA] o) H e 18 A4 @82 lysosomal autophagy® Z9)2 =247 #H g
23t F39) FolA v|AE (Fe' e £718 aany & el gige o3 28T AdAlA 2AAL ST
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2 Al A vewl Co| HgaFe 2 AXTE
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nm, W3 7-8nms} &) Hlojgl: vl AARgke g
2], 24 subunit protein®. 2 A o] glE= 7B 0]
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oz yPgsleletn Azhen

A7} vjepg] Cofe] FAlA 71 F23 FA HlEwl
C 2 AAYE 4oz 5= 9, )9 gl O 3
9 FAEeRE 5 9l Helth, add 259 dxq &
A= ol gl CE &434A)7]7] wjE BlelvIC Bo
Hizd o] 749 e BAL doxx) gowma Ho) f&

& w3 vigwice dawge] dAe] Hasch w3
HPGUAE ol 48 o 2o B HPH2HEY AgHE
Eolm 2o o] 84E wa]7) St 1Y shH HE
GUAE BEehs FOE) @8 AR Ee] Haao
RIE glol Aglr)elE mEqw gl X5 Alga)
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73 21, ¥Z 2] MDA FHE table 59 JERA%v).

HAe] MDASHES 12.8 & 8.0~73.7 & 18 Inmole/ml
plasma, 7222 3.23 £ 0.72~92.19+0.9 ng/mg protein,
HEFL 4923 £ 29~157 + 1.8ng/protein &8 A,
T HEF A ozt FrkErE MDAYe] Bl
on gire] MDA} vole] Baks 7 wel Wokc) &
A} 7rZ2 2ol A= HEtRIC e e B Arre] MDA
gl o] atel] H|she] whokar HlElR] BRI &4 MDAZ
2807 o Foh 3y Wz s el Belel
ubal slER ¢ Frhre] MDA 3Hake] AAARET, HEW
EEr7Fr2c} EolAth Cook 57 Ho|Al gl gag]
A4 Bptshze] Aoz aL velzh /1SS MDA
Wolgolz gustgn, W 5V A7 A weky o
77} A e AR m, P BV D) g
Abst Ak dF F AREtE gl Fad Ae gditE
el Eatetn St ol T A w24 vigka
CH7RT9 MDA 74 21 HeTICe] 537 23
upeh thE A GEkg rlAle Ao ABzbErh @3 Andorn

Table 5. MDA contents of plasma, liver and brain of rat fed diet containing vitamin C and vitamin E supplementation

Age(mornth}
Group 1 5 7
(n=7) (h=7) n=7) n=9
Plasma(nmole/ml)
Normal diet 12.8 + 8.0 359 +78 53.7 £ 129 737 £ 1814
Vit C diet 16.9 + 7.4 250 +9.2 424 4+ 139 68.2 + 26.9%
Vit E diet 182 + 9.3 26.1 + 10.2 388 =128 25 £ 18.2*
livering/mg protein)
Normal diet 323 £ 072 562 £ 0.71 7.63 £ 1.26 919 £ 0.9
Vit C diet 351 £ 0.93 588 + 1.35 611 £ 167 7.22 4 1.82%
Vit E diet 336 + 0.82 424 + 217 5.52 +1.83 516 + 1.77
brain(ng/mg protein)
Normal diet 493 + 190 792 + 1.68 821 £ 1.62 12.2 4+ 209*
Vit C diet 513+ 1.28 6.82 + 1.50 961 £1.27 15.7 + 1.86*
Vit E diet 4.72 + 2.95 4.24 4 217 577 £ 1.84 732 £ 1.73*

*, *¥, 00 Gienificantly different at p < 0.05, p < 0.01 and p < 0.001 during experimental periods in the same diet group
a,b value indicate significantly different among the groups in same period
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HE o] GSHPxE4-E 26.3 = 4.9~89.0 + 4.5mole/
min/mg Hb, 7+ 466.2 + 28.8~584.5 + 42 Onmole
NADP/mg protein, B=22& 9.7 + 2.6~35.8 £ 5.6mmole/
min/mg HbEA] AT 25 veld] M) Frhstden, A
Aralolre] Wls] vlEl Cef viEwl E FHrkEe GSHPx
gHge] 2okm wERICe] 37t 4 4ol o] 5V vlE
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Table 6. G5HPx adiivity of erythrocyte, liver and brain of rat fed diet containing vifamin C and vitamin E supplementation
Age(month)
Group 1 3 5 7
In=7) n=7) (n =7} n =9)
erythrocyte(nmale/min/mg Hb)
Normal diet 276 + 5.1 357 + 32 438 + 2.7° 503 + 2.87
Vit C diet 304 = 3.2 382+ 57 525 + 50° 679 & 5.9
Vit £ diet 263 + 49 458 £ 68 752 %+ 5(Q° 89.0 + 45°
liver(nmole NADP/mg protein}
Normal diet 466.7 F 28.8 5020 £ 31.9 529.0 = 348 5485 + 42.0
Vit € diet 482.6 + 46.2 511.2 £ 349 5659 + 406 568.0 £ 298
Vil E diet 4809 + 47.8 5125 £ 294 5528 £ 453 5741 + 33.7
braininmole NADP/mg protein)
MNormal diet 102 + 2.8 162 + 2.9 147 + 5.2 18.2 £ 2.7
Vit C diet 97+ 26 201 &+ 7.3 308 £ 62 35.8 &= 5.6
Vit £ diet 11.2 + 34 150 + 4.5 242+ 35 87 = 7.2

* % Sionificantly different at p < 0.05 and p < 0.0D1 during experimental periods in the same diet group
a,b value indicate significantly different amaong the groups in the same period
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Table 7. SOD activity of erythrocyte, liver and brain of rat fed diet containing vitamin C and vitamin E supplementation

Age(month)
Group 1 3 5 7
in=7 n=7) in=7 n=1
erythrocyte(unit/min/mg protein)
Normal diet 14 +23 146 =+ 2.5 128 £ 23 132 £ 19
Vit C diet 109 + 3.1 124 + 3.2 175 £37 160 + 26
Vit E diet 121 £ 25 134 +1.8 11.8 *= 2.6 127 £ 33
liver{unit/min/mg protein)
Mormal diet 159 -+ 5.7 241 £ 72 300 + 84 427 £ 7.3
Vit C diet 123 £ 78 292 +£90 348 +52 566 = 10.8™
Vit E diet 129 + 38 181 + 46 209 + 6.6° 308 £ 5.2
brain(unit/min/mg protein)
Normal diet 0.92 + 0.01 0.10 + 0.04 683 + 0.04 113 £ 005
Vit C diet 0.73 £ 0.04 0.42 £ 0.02 202 £ G.05 1.02 + 0.02
Vit E diet 0.14 + 0.02 .62 + 0.05 0.57 £ 0.06 0.74 + 0.04
* . Significantly different at p < 0.05 and p < 0.01 during experimental periods in the same diet group
a,b value indicate significantly different among the groups in the same period
Table 8. CAT activity of erythrocyte, liver and brain of rat fed diet containing vitamin C and vitamin E supplementation
Age(month)
Group 1 3 5 7
(h =7} (n=17} in=7) in=19
erythrocyte
(nmole formaldehyde/mg protein)
MNormal diet 712.8 = 2093 1836.5 £+ 3103 1982.6 + 289.5° 21127 + 320.6
Vit C diet 1687.3 £ 1929 1794.7 + 2926 1812.8 + 302.8° 19199 + 2727
Vit E diet 1842.1 £ 2139 1992.5 + 302.8 17945 + 278.2¢ 1613.8 + 298.8°
liver
{nmole formaldehyde/mg protein)
Normal diet 44223 + 520.8 4788.5 = 2168 5018.7 + 365.5° 5316.8 + 416.9*
Vit C diet 4007 .8 + 616.7 4482.6 + 278.9 4688.9 £ 416.8° 4722.7 & 360.8
Vit E diet 4620.9 + 240.7 47189 x 3216 4807.8 + 166.8° 4922.6 + 327.9"
brain
(nmole jormaldehyde/mg protein)
Normal diet 2090 = 228 2146 + 309 2206 £ 302 240.2 + 280
Vit C diet 1802 + 178 2242 =+ 326 2315 + 27.8 262.6 + 37.9%
Vit E diet 2409 + 253 2321 = 404 2324 = 357 213.6 £ 31.2c

* : Significantly different at p < 0.05 and p < .01 during experimental periods in the same diet group
a,b value indicate significantly different among the groups in same period
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