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Effects of Zn Intake on Immune Responses in
High Fat Diet-induced Obese Rats
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Dept. of Food and Nutrition, Sookmyung Women’s University, Seoul 140-742, Korea

Abstract

The purpose of this study was to investigate the effect of zinc intake on immune responses in high
fat diet-induced obese rats. The immune status was assessed by the measurements of immunoglobulins
(IgG, A, and M) production by SRBC(sheep red blood cell) with mitogen in vivo. The delayed type
hypersensitivity(DTH) response was also measured as an index of cell-mediated immunity. The re—-
sults are summarized as follows : 1) There were no significant differences in the feed intake, weight
gain and feed efficiency ratio of obese rats by the different dietary zinc levels. 2) White blood cell
(WBC) counts were significantly affected as the dietary zinc levels decreased. The capacity of Ig M
production in obese rats was significantly higher in normal zinc group than that of low and high zinc
group. Cell-mediated immune response evaluated by means of DTH testing has also been found to be
highly impaired by zinc deficiency and overload. From these observations, it was suggested that
adequate levels of zinc may promote the immune function of obese individuals. The relationship and
its functional role of the zinc in obesity remains to be further studied.
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Table 1. Composition of experimental diet

Ingredient Composition(%)

& High fat diet Control diet

Casein 20.0 20.0
Sucrose 3.0 50.0
Corn starch 47.0 15.0
Corn oil - 5.0
Lard 20.0 -
a-Cellulose 5.0 5.0
Vitamin mixturgl) 10 1.0
Mineral mixture” 35 35
DL-Methionine 0.3 0.3
Choline bitartrate ] 0.2 0.2
Butylated hydroxytoluene” 0.004 0.001
Metabolizable calories 403 334

(kecal/g diet)

YVitamin mixture: The mixture provides per kg of diet
Thiamin - HCl, 600mg; Riboflavin, 600mg; Pyridoxine -
HCI, 700mg; Nicotinic acid, 3g; D-Calcium pantothenate,
1.6g; Folic acid, 200mg; D-Biotin, 20mg; Cyanocobalamin,
1mg; Retinyl acetate, 400,000 1.U.; dl-a—"Tocopherol acetate,
5,000 1.U.; Cholecalciferol, 2.5mg; Menaquinone, 5mg
Sucrose, finely powdered to make 1,000g

“Mineral mixture: The mixture provides per kg of diet
Calcium phosphate + dibasic, 500.0g; Sodium chioride, 74
g; Potassium citrate « monohydrate, 220.0g; Potassium
sulfate, 52.0g; Magnesium oxide, 24.0g; Manganous car-
bonate, 3.5g; Ferric citrate, 6.0g; Zinc carbonate, 1.6g;
Cupric carbonate, 0.3g; Potassium iodate, 0.01g; Sodium
selenite, 0.01g; Chromium potassium sulfate, 0.55g
Sucrose, finely powdered to make 1,000g

¥ Antioxidant added at 0.02g/100g of lipid

Table 2. Dietary groups and formulation of experimental

diets
Dietary Zn Lipid type Number
groups" (ppm) & amount(%)  of animals
Ob/Zn-1. 15 Lard, 20 8
Ob/Zn-N 30 Lard, 20 8
Ob/Zn-H 60 Lard, 20 8
Co/Zn-L 15 Corn oil, 5 8
Co/Zn-N 30 Corn oil, 5 8
Co/Zn-H 60 Corn oil, 5 8

“In the abbreviated names Ob, Co, L, N and H indicate
obese, control, low, normal and high, respectively.
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Table 3. Food intake, weight gain and feed efficiency
ratio of rats fed different levels of lipid and
Zn

Dietary
groups

Food intake Weight gain FER

g/day

Ob/Zn-L  27.35(369)"  1270(6.03)  -2.65(19.69)
Ob/Zn-N  24.83(1.66) 11.93(4.25)  12.62(18.34)
Ob/Zn-H  26.24(4.67) 9.93(7.34) 6.34(13.13)

Co/Zn-L  31.83(2.38)% 2055(6.80)* 16.35(26.03)
Co/Zn-N  2945(059)°  17.50(355)*  6.08( 7.39)
Co/Zn-H  28.25(0.20)°  11.33(452)° -3.70(29.13)

ANOVA
A(Obesity) p<0.001 p<0.05 NS
B(Zinc) p<0.05 p<0.05 NS
AXB N.s? N.S NS

YValues are mean(standard deviation).

PMeans with different letters within a column are signif-
icantly different from each other at a=0.05 as determined
by Duncan's multiple range test(a>b).

¥Not significant
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Table 4. Total and differential white blood cell of rats fed different levels of lipid and Zn

Dietary groups

White blood

Differential white blood cell(%4)

cell(10*/mm?®) Lymphocyte Monocyte Neutrophil Eosinophil Basophil
Ob/Zn-L 14.003.25)7  62.25(25.12) 5.50(3.70) 33.75(24.50) 0.00(0.00) 0.00(0.00)
Ob/Zn-N 7.84(3.29)" 75.60( 6.77) 2.80(2.49) 20.20( 6.76) 3.50(0.71) 0.00(0.00)
Ob/Zn-H 7.93(3.40)° 75.25( 2.22) 1.75(0.50) 22.00( 2.16) 2.00(1.41) 0.00(0.00)
Co/Zn-L 15.13(5.01) 78.25(10.78) 1.78(0.96) 18.75(10.05) 1.67(1.16) 0.00(0.00)
Co/Zn-N 9.05(4.00) 78.25( 6.40) 2.25(0.96) 18.75( 6.70) 2.00(0.00) 0.00(0.00)
Co/Zn-H 12.73(1.48) 74.00( 0.00) 2.67(1.16) 23.00( 1.73) 1.00(0.00) 0.00(0.00)
ANOVA
A(Obesity) N.§? NS NS N.S NS N.S
B(Zinc) p<0.05 N.S N.S N.S N.S N.S
AXB N.S N.S N.S NS N.S N.S

YValues are mean(standard deviation).
“Means with different letters within a column are significantly different from each other at ¢=0.05 as determined by
Duncan’s multiple range test(a>b).

Not significant



Table 5. Delayed—-type hypersensitivity of rats fed dif-
ferent levels of lipid and Zn

Dietary Increase(%)

groups Ty® To Tr
Ob/Zn-1.  41.84( 7.18)" 2379( 587) 13.70(7.16)
Ob/Zn-N  31.72( 486)°  17.42(1472) 9.52(9.82)
Ob/Zn-H  3853(2260)" 21.37( 540) 9.99(6.73)
Co/Zh-L°  44.06(1153)°  26.44( 848) 18.89(9.72)
Co/Zn-N  2758( 946)°  19.10(1054) 6.46(5.83)
Co/Zn-H  3568(1462)" 20.28(14.13) 10.33(8.95)
ANOVA
A(Obesity) N.§¥ N.S N.§¥
B(Zinc) N.S N.S N.S
AXB p<0.05 N.S p<0.05

"Values are mean(standard deviation).
®Means with different letters within a column are signi-
ficantly different from each other at @=0.05 as determined
by Duncan’s multiple range test(a>b).
3 P
Not significant
“In the abbreviated name T indicate time.
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Table 6. B lymphocytes and serum immunoglobulins of rats fed different levels of lipid and Zn

Dietary groups B lymphocytes(%) Ig G(mg/dl) Ig M(mg/dl) Ig A
Ob/Zn-L 0.00(0.00)"” 248.50(59.22) 30.35( 8.98)"? N.D?
Ob/Zn-N 1.00¢0.00) 286.25(17.35) 71.13(27.87) ND
Ob/Zn-H 3.00(0.00) 263.50(38.84) 48.48(11.99)® ND
Co/Zn-L 2.00(2.83) 265.75(19.92) 48.35(12.62) ND
Co/Zn-N 3.70(0.99) 258.40(33.17) 72.50(42.56) N.D
Co/Zn-H 4.00(0.00) 243.75(14.45) 44.56(10.58) N.D

ANOVA
A(Obesity) N.s? N.S N.S N.S
B(Zinc) N.S N.S p<0.05 N.S
AXB NS N.S N.S N.S

"Values are mean(standard deviation).

“Means with different letters within a column are significantly different from each other at ¢=0.05 as determined by

Duncan’s multiple range test(a>b).
*Not detected
Not significant
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