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Effects of Zinc on Carbohydrate Metabolism and the Serum Concentrations
of Zinc, Magnesium and Chromium in Obese Rats
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Abstract

The purpose of this study was to investigate the effect of dietary zinc levels on carbohydrate metabolism
and serum zinc, magnesium and chromium contents in obese rats. Animals were divided into three groups by
zinc levels, such as low (15 ppm), adequate (30 ppm) and high (60 ppm) levels of dietary zinc. The food intake,
weight gain and feed efficiency ratio were not changed by zinc levels. There were no significant differences
in liver, kidney and spleen weights. However, serum glucose concentration significantly decreased as the levels
of dietary zinc increased, in particular, that of obese rats fed the high level of zinc was remarkably decreased.
Insulin concentration of rats fed high level of zinc diet was significantly higher than that in the other groups.
However, there were no significant differences in serum zinc and chromium contents, although serum magnesium
fed zinc deficient diet was significantly higher than that of the other two groups. Glucose concentrations had
negative correlation with insulin concentrations, and positive correlations with serum magnesium content. In
conclusion, serum glucose concentrations were decreased and insulin concentrations were increased as the levels
of dietary zinc increased in obese rats. These results suggested that zinc supplement at higher level than adequate
one would increase insulin concentration and may improve hyperglycemia problem in obese groups.
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Table 1. Experimental diet composition of obese rats fed dif-
ferent levels of zinc

Ingredient Groups
ObZn/L ObZn/A ObZn/H
Casein 20.0 20.0 20.0
Sucrose 3.0 3.0 3.0
Corn starch 47.0 47.0 47.0
Lard 20.0 20.0 20.0
a-Cellulose 5.0 5.0 5.0
Vitamin mixture” 1.0 1.0 1.0
Mineral mixture” 35 35 35
(Zinc carbonate) (15 ppm) (30 ppm) (60 ppm)
DL-Methionine 0.3 0.3 0.3
Choline bitartrate 0.2 0.2 0.2
BHT? 0.004 0.004 0.004
Metabolize calories 403 403 403

(kcal/g diet)

VAIN-76 vitamin mixture: The mixture provided (g/100 g di-
et). Thiamin - HCI, 600 mg; riboflavin, 600 mg; pyridoxine -
HCI, 700 mg; nicotinic acid, 3 g; D—calcium pantothenate, 1.6
g; folic acid, 200 mg; D-biotin, 20 mg; cyanocobalamin, 1 mg;
retinyl acetate, 400,000 I.U.; dl-a-tocopherol acetate, 5,000
LU.; cholecalciferol, 2.5 mg; menaquinone, 5 mg; sucrose,

, finely powdered to make 1,000 g.

? AIN-76 mineral mixture: The mixture provided (g/100 g diet).
Calcium phosphate - dibasic, 500.0 g; sodium chloride, 74 g;
potassium citrate - monohydrate, 220.0 g; potassium sulfate,
52.0 g; magnesium oxide, 24.0 g; manganous carbonate, 3.5
g; ferric citrate, 6.0 g; zinc carbonate, 1.6 g; cupric carbonate,
0.3 g; potassium iodate, 0.01 g; sodium selenite, 0.01 g; chro-
mium potassium sulfate, 0.55 g; sucrose, finely powdered to
make 1,000 g.

¥ Antioxidant added at 0.02 g/100 g of lipid.
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Table 2. Food intake, weight gain, and feed efficiency ratio

Food intake Weight gain

3)
Groups 2/day FER
ObZn/L 27.3+35" 13.0t6.4 25+1.0
ObZn/A 2565+0.5 12.8 45 24+1.0
ObZn/H 26.1+4.6 11.4+65 3.2+20

Significance Ns? NS NS

"Mean=+SD.

Not significant at a=0.05 as determined by one-way analysis
of variance ANOVA.

YFeed efficiency ratio=[Food intake (g) for a week/ body
weight gain (g) for a week]
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Table 3. Liver, kidney, and spleen weight of obese rats fed

different levels of zinc (g)
Groups Liver Kidney Spleen
ObZn/L 166+3.1" 38+1.1 07+0.1
ObZn/A 13.8+2.3 3.0+05 0.7+0.1
ObZn/H 13.1+2.2 29+0.5 06+0.1

Significance Ns? NS NS

"Mean=+SD.

PNot significant at a=0.05 as determined by one-way analysis
of variance ANOVA.

Table 4. Serum glucose and insulin concentrations of obese
rats fed different levels of zinc

Groups Glucose (g/dL) Insulin (uIU/mL)
ObZn/L 615+4.1"2 18.0+7.0°
ObZn/A 51.2+12.3° 19.6+6.3"
ObZn/H 32.7+13.8" 45.8+13.8"
Significance p<0.01 p<0.001
YMean -+ SD.

“Means with different letters within a same column are sig—
nificantly different by Duncan’s multiple range test.
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Table 5. Serum concentrations of zinc, magnesium, and
chromium of obese rats fed different levels of zinc

Table 6. Correlation coefficients among serum glucose, in—
sulin and zinc, magnesium and chromium in serum of obese

(ng/mL) rats by zinc status (n=24)
Groups 7n Mg Cr Serum glucose Serum insulin
ObZn/L 2.4+0.3" 55.1+4.8% 34.8+10.6 Insulin -0.7156™ -
ObZn/A 2.7+05 469+32° 26.3+10.2 Serum zinc 0.3982 0.1629
ObZn/H 3.0+0.6 44.1+3.7° 205+7.2 Serum magnesium 0.5476" -0.4388
Significance NS? <0.001 NS Serum chromium 0.4186 -0.3737
DMean +SD. “Significant at p<0.01, “Significant at p<0.001.
YMeans with different letters within a same column are sig—
3)lri]ifitcaptl§.llc.d11“1°fr(3:t bOyOé)uncgmt’s mul(tjipée range test. - oA g3 d&dny Fo AAAAZS Ui (p<
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2877, g3 At ztol7} Qg WEo R Alg 7}E] 7] w0l ALE Bt} Resolova 5 (17)& &% vl 1)
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ZAAFA7} 25 ppm oFAE FFHL FHT A A€ = 2. B AFdAZ olde FFoZ 3 B A&
Roth$} Kirchgessner(33)= 1.3 SVl whg} vl dekRhgo] Yehd Aoz AztHET)
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