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Effect of Dietary Iron and Coffee Intake on Oxidative Stress and
Antioxidative Enzyme Activities of Rats

Kim, Hye Young P.}: Chung, Hyeon Seon
Department of Foods and Nutrition, Yongin University, Kyonggi 449-714, Korea

ABSTRACT

Iron deficiency is a severe nutritional problem in the world. Coffee intake of the people is increasing every year and it can increase
the loss of several essential body minerals including iron. Either iron deficiency or coffee intake may increase the oxidative stress of
the body. However, the effect of iron deficiency and /or coffee intake on peroxidation have not been studied much. Therefore, the
aim of this study was to investigate the effect of coffee intake on oxidative stress and antioxidative enzyme activities of iron-deficient
rats. Forty-eight male rats of Sprague-Dawley strain were divided into two groups by dietary iron levels. Iron deficient group were
fed 5 ppm iron diet and iron-sufficient group were fed 50 ppm iron diet. Each iron group were divided into three sub-groups by
coffee levels (0%, 1%, 4%) included in the experimental diet. The experimental diets were fed for 4 weeks. The hemoglobin level was
significantly low in iron deficient group and the level was exacerbated by high coffee intake. The malondialdehyde concentration of
the plasma and liver were not affected by iron or coffee level in this study. However, plasma aspartate aminotransferase and alanine
aminotransferase, the indicator of the liver damage, were increased by high coffee intake. The erythrocyte and liver superoxide
dismutase (SOD) activities were elevated in iron deficient groups. Coffee intake increased erythrocyte SOD activity in iron sufficient
groups. Glutathione peroxidase and catalase activities were not influenced much by either iron or coffee intake. In conclusion, high
coffee intake in iron deficiency may not only increase the anemia symptoms, but also may increase the oxidative stress of the body.
(Korean J Nutrition 35(9) : 919~925, 2002)
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HAEFES AT 659 Sprague-Dawley F +3 33
2, A8 A 1595 3AE e R A
SA7IZ ATl web B¢y (randomized complete
block design)oll )3} 8ulal¥ 6o et AFA
A AEEEY AT 13351 7.2 g o). A
522 3 ule]¥ stainless steel cagedl] Zalshe] A3}
Aok AFS2ALS &% 23+ 2T, HUEE 55 + 7% o))
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1%, 4% 8719 Al & (FSCO, FSC1, FSC4) 2.8 U0
Al 6oz TSt A3 Aole] gy I Fve
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o] AFL 157U 138¥ &A4s500, o] AL 15
Aol 238 EFA3At.
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d ¥ERF }A.

Table 1. Composition of experimental diet* (g/kg diet)
ingredients 0% Coffee 1% Coffee 4% Coffee
(CO) (C1) (C4)
Corn Starch 560 550 520
Casein 200 200 200
Sugar 100 100 100
Soybean oil 70 70 70
Cellulose 20 20 20
Mineral mixture” 35 35 35
Vitamin mixture? 10 10 10
DL-methionine 3 3 3
Choline 2 2 2
Coffee 0 10 40
Total 1000 1000 1000

*Fe-deficient (FD, Fe 5 ppmy) diet included 0.03 g FeSO/kg diet ;
Fe-sufficient (FS, Fe 50 ppm) diet included 0.25 FeSO/kg diet.

1) Mineral mixture: AIN-76 mineral mixture without iron (g/kg Mix).
Calicum phosphate, dibasic 500.00; Sodium chloride 74.00; Po-
tassium citrate, monohydrate 220.00; Potassium sulfate 52.00;
Magnesium oxide 24.00; Manganous carbonate 3.50; Zinc car-
bonate 1.60: Cupric carbonate 0.20: Potassium iodate 0.01; So-
dium selenite 0.01: Chromium potassium sulfate 0.55; Sucrose,
finely powdered 1000 g

2) Vitamine mixture; AIN-76 vitamin mixture(mg/kg Mix). Thiamin.
HC1 600.0; Riboflavin 600.0; PyridoxineHCl 700.0; Nicotinic acid
3000.0: D-Calcium pnatothenate 1600.0; Folic acid 200.0; D-
Biotine 20.0: Cyanocobalamin (Vitamin B-12) 1.0; Retinyl pal-
mitate or acetate (Vitamin A) 1 g. dl-a-Tocophoryl acetate 4 g;
Colecalciferol (Vitamin D,); Menaquinone (Vitamin K)®, 5000.0:
Sucrose, finely powdered 1000 g
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Table 2. Body weight gain, diet intake and feed efficiency ratio
(FER) of the rat

BW Gain/day (g) Diet intake (g/day) FER"
FDCO 43 + 0.8 149 + 2.1 0.045 + 0.007
FDC1 46 + 1.2 183 £19  0.034 £ 0.006
FDC4 44 + 05 173 £ 34 0.041 + 0.009
FSCO 44 +1.2 188 £ 20  0.041 + 0.007
FSC1 50+ 13 174 £ 43 0.047 £ 0012
FSC4 49 £ 07 183 £ 3.7  0.040 + 0.006
ANOVA? NS NS F*C
1) FER = Body weight gain for experimental period (g)

Food intake for experimental period (g)
2) Mean =+ Standard Deviation
3) Statistical significance of dietary factors by 2-way ANOVA (p <
0.05)
NS: Not significantly different
F+C: Effect of interaction between dietary iron and coffee
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Fig. 1. Hematocrit (%) of the rat. Values with different alphabet are
significantly different by Duncan's multiple range test (p < 0.05)
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Fig. 2. Hemoglobin level (g/dl) of the rat. Values with different al-
phabet are significantly different by Duncan's multiple range test (p
< 0.05)

Table 3. Malondialdehyde (MDA) concentrations of the rat

Plasma MDA (hmol/ml)  Liver MDA (nmol/g)

FDCO 39.3 + 13.8" 562.5 + 214.2
FDC1 294 + 8.0 3911 £+ 1314
FDC4 29.6 + 9.3 551.4 + 136.7
FSCO 496 + 16.2 514.4 + 2236
FSC1 35.1 + 109 490.6 + 215.8
FSC4 393 + 9.1 603.2 + 229.8
ANOVA? NS NS

1) Mean + Standard Deviation
2) Statistical significance of dietary factors by 2-way ANOVA
NS: Not significantly different at p < 0.05
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Table 4. Aspartate aminotransferase (AST) and alanine aminotrans-
ferase (ALT) activities of the rat plasma

AST (UA) ALT (UA)
FDCO 1132 + 427" 450 + 4.6°
FDC1 1080 + 17.7° 344 + 43°
FDC4 1920 + 163.4™ 48.0 +25.2°
FSCo 92.5 + 36.5° 337+ 7.2°
FSC1 2388 + 87.8° 38.7 + 16.0°
FSC4 4095 + 64.2° 715 +£13.2°
ANOVAS) F*"‘, C*", F*XC** C**

1) Mean + Standard Deviation
2) Values with different alphabet within the same column are sig-
nificantly different by Duncan's multiple range test (p < 0.05)
3) Statistical significance of dietary factors by 2-way ANOVA
F: Effect of diary iron, C: Effect of coffee
F+C: Effect of interaction between dietary iron and coffee
xx: p < 0,05, *x: p < 0.001
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Table 5. Plasma, erythrocyte and liver protein of the rat

Plasma (mg/dl) Erythrocyte (mg/ml) Liver (mg/ml)
FDCO 6.4 + 0.6" 256 + 7.7 9.1 + 1.7°
FDC1 6.5 + 0.6 242 + 104° 114 + 20*
FDC4 70+ 16 325 + 58" 113 +1.7*
FSCO 67 + 1.6 431 +12.1° 131 £ 2.7
FSC1 69 *+ 0.5 301 £+ 141% 109 + 2.3*
FSC4 6.7 + 1.1 32.1 + 18.9% 133 + 2.7°

ANOVA” NS F* F*, PrC*

1) Mean + Standard Deviation
2} Values with different alphabet within the same column are sig-
nificantly different by Duncan's multiple range test (p < 0.05)
3) Statistical significance of dietary factors by 2-way ANOVA
FxC: Effect of interaction between dietary iron and coffee, F: Ef-
fect of dietary iron, *: p < 0.05

Table 6. Antioxidant enzyme activities of the rat erythrocyte per
mg protein

BREHRB T 3509 : 919~925, 2002/923

Table 7. Antioxidant enzyme activities of the rat liver per mg pro-
tein

SOD" (U/mg) GPx” (U/mg)  Catalase (IU/mg)
FDCO  33.87 £ 549" 048+ 0.09  82.19 + 16.36
FDC1  28.64 + 5.02* 037+ 012 6499 + 14.83
FDC4  30.55 + 4.94* 039+ 012  53.70 + 1293
FSCO  26.31 + 6.99™ 041+ 012 6504 + 21.90
FSC1  25.08 + 3.25° 056+ 0.18  65.17 + 13.11
FSC4 2417 + 4.47° 040+ 013  66.37 + 33.34

ANOVA® Fr NS NS

1) SOD: superoxide dismutase
2) GPx: glutathione peroxidase
3) Mean =+ Standard Deviation
4) Values with different alphabet within the column are significantly
different by Duncan's multiple range test (p < 0.05)
5) Statistical significance of dietary factors by 2-way ANOVA
F: Effect of dietary iron, NS: Not significant, *+: p < 0.01

Table 8. Antioxidant enzyme activities of the total liver

SOD" (Ufliver)  GPx® (Ufliver) Catalase (Ufliven)

SOD" (Ufmg) GPxX® (U/mg)  Catalase (IU/mg)
FDCO 1876 + 519  1.05+ 042 1115+ 45.1%
FDC1 1678 + 7.13¢ 1.11 4+ 0.51 191.3 + 90.3°
FDC4  16.01 £+ 3.93® 0.80 + 0.31 86.6 + 41.6°
FSCO 9.71 + 4.32° 0.65 + 0.17 100.1 + 63.0"
FSC1 1472 + 4.92® 0.85 + 0.34 1709 + 85.1®
FSC4 1877 + 8.89° 0.85 + 0.52 88.0 + 36.9°

ANOVA® F*C* NS C**

1) SOD: superoxide dismutase
2) GPx: glutathione peroxidase
3) Mean =+ Standard Deviation
4) Values with different alphabet within the same column are sig-
nificantly different by Duncan's multiple range test (p <0.05)
5) Statistical significance of dietary factors by 2-way ANOVA
FxC: Effect of interaction between dietary iron and coffee
C: Effect of coffee, NS: Not significant, *: p < 0.05, *»*: p < 0,01

Y7o Pars LB Table 69 AASFATE
Superoxide dismutase (SOD)<] &4 HEo] B3
oM AR ggton], o] FEF FAE 79
AF7F BE5E gA4x0) *“7}3}9314 Glutathione pe-
roxidase (GPx)9 ZA-foll= dRol Ade A7
GPx9 &4 93-S mRA] & 9&_1_ catalase®] 7l
© A9 FFol Yolo] 1% AL 9 catalase FAo]
ogHog FIElY o, 4% HoldE tA) HadheE A
o2 yepgr} 38, Rossowska 59 ATFNA caf-
feine (20 mg/kg BW)& Al MAAAS o, 7 2%
9] SOD 84 =7} $718tx, GPx 8AEE caffeine 413
o] @FE WA AUt st B AT AR} {AS A
< B3t

7] k3l EaEe] §4L Table 7 (U/mg protein)
7} Table 8 (U/liver)oll AASIEH. 1 mg 9dgdos
& o (Table 7), SOD¢] %% JE7< vl 2 &

FDCO 2300.5 + 279.8" 329 + 6.7 5572.1 + 1003.5%
FDC1  2537.1 + 375.2 32.8 £10.7° 5814.8 + 1530.4%
FDC4 27119 + 1514 346 + 6.8 47384 = 7200°
FSCO  2709.0 + 633.9 41.6 + 9.5 6688.0 + 2051.3°
FSC1 22210 &+ 4610 448 + 7.0° 5462.1 + 1280.8%
FSC4 25816 + 3702 414 + 88" 67709 + 1732.3°

ANOVA® NS F* F*

1) SOD: superoxide dismutase
2) GPx: glutathione peroxidase
3) Mean * Standard Deviation
4) Values with different alphabet within the column are significantly
different by Duncan's multiple range test (p < 0.05)
5) Statistical significance of dietary factors by 2-way ANOVA
F: Effect of dietary iron, NS: Not significant,
*: p < 0.05, +: p <0.01
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