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Zinc is one of the essential trace elements in the living organism for growth and health. The first
identified metalloenzyme, carbonic anhydrase, is a zinc compound and several others have been
described since. Among zinc deficiency syndromes in animals porcine parakeratosis has been successfully
treated with zinc supplements, and in man a syndrome of anemia, hypogonadism, hepatosplenomegaly,
and dwarfism, prevalent in parts of Iran and Egypt, has been ascribed to lack of zinc in the diet.

Dietary zinc excess in the rat is manifested by a hypochromic, microcytic anemia, poor growth,
reduction in liver catalase and cytochrome oxidase.

The present study is an attempt to delineate the changes of tissue contents of trace elements,
especially of iron, copper and zinc in liver and kidneys of the rats.

Weanling albino rats, weighing 60 to 80gm. were used in this experiments. The rats were housed
in cages with aluminum floors and received feed and distilled water ad libitum. Animals were divi-
ded into three groups, control, low zinc diet and high zinc diet groups. The high zinc diet group
was subdivided into 0.5% Zn and 0.7%Zn groups. The supplementary copper or iron was added to
the high dietary zinc groups.

The animals were sacrificed and the tissues were washed several times with deionized water. The
wet digested samples were analyzed by Hitachi Model 207 atomic absorption spectro-photometer for
the determination of iron, copper and zinc in the liver and kidney. Hemoglobin level in the blood
was measured by cyanmethemoglobin method.

The results of this study are as follows:

1) All rats fed high zinc diets and low zinc diets gained less weight than control. Weight gain was
not improved by the supplementary copper or iron and both.

2) Hemoglobin concentration was decreased significantly in the rats fed high zinc diets and less in
the low zinc diets. Supplementary copper and iron to the higher zinc diet appeared to give some
improvement of anemia.

3) The iron contents of the liver and kidneys were significantly decreased in the high zinc groups and
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the reduction was more significantly in the rats receiving higher zinc diet (0.7%). The suppleme-

ntary copper caused a further depression of liver iron. On the other hand, the iron, added to the

high zinc diet lessened the severity of the decrease in liver iron and caused kidney iron to be

maintained almost at the level found in the rats fed by zinc and supplementary copper diet.

4) High zinc diets did not change copper content of the liver and kidney. Supplementary copper

elevated the concentration in the liver and kidney and added iron had no effect on the accumul-

ation of copper in the liver and kidneys.

5) The high zinc diets caused marked increases of zinc content in the liver and kidney. Supplemen-

tary iron to the high zinc diet caused increases of zinc contents of liver and kidneys.
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Table 1. Basal diet composition

Glucose 62.8%
Vitamin-free casein 15
Cornoil 10
Cellulose 3
Vitamin mixture* 5
Mineral mixture** 3.7
Vitamin A and D¥** 0.5
Concentrate

* Vitamin mixture; mg/kg. of mix; thiamine HC,
200 riboflavin, . 120; Pyridoxine HCI, 80; Ca pa-
ntothenate, 320; biotin, 4; nicotinic acid, 500;

folic acid, 10; vitemin Bys, 0.4; choline chloride,

30, 000; menadicne, 6.6; chlorotetracycline, 1, 100;

cerelose added to make 1000gm

*k Mineral mix composition by parts:

CaHPO, 708 MnSO,H;0 3. 266
NaCl 101 COCL6H0 1.080
K,COs 136.3 CuSO,5H;0 1.633
MgCOs  37.4 NaF 0.216
FeSO7H,010.8  KI 0.108

#** Vitamin A and D concentrate: 2000 iu vitamin

A and 250 iu. vitamin D per gram.
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Table 2. Weight Gain and Hemoglobin Concentrati-
on of Control Rats.

Animal cﬁii(ggllntq) E‘;“}‘i%%’fﬁ?
1 138 13.55
2 155 12.87
3 139 13.12
4 148 13.97
5 148 14.11
6 139 13.14
7 147 13.24
8 148 13.97
9 146 13.88

10 151 12.71
11 154 12.60
12 165 12.80
13 152 13.48
14 155 13.53
15 164 13.18
16 166 13.62
17 158 14.02
18 164 13.46
19 154 13.79
20 168 13.17
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Table 3. Effect of Low Zinc Diet on Weight Gain
and Hemoglobin Concentrations.

Hemoglobin

Animal bt (gm/100ml)
Control 153 13.41
99 0.46
Low Zn
1 110 11.21
2 118 12.30
3 113 11.81
4 106 10.25
5 114 12.01
6 108 10.28
7 112 11.95
8 117 12.16
9 114 11.82
10 108 11.01
Mean 112 Mean 11.48
S.D. 4 S.D. 0.76
N. 10 N. 10

Table 4. Effect of 0.5% Zinc Diet on Weight Gain
and Hemoglobin Concentrations.

Mean 153 Mean 13.41
S.D. 9 S.D. 0.46
N. 20 N. 20

Animal Weight Hemoglobin
Gain(gm) (gm/100ml)

Control 153 13.41

9 0.46

0.5% Zn

1 108 8.18

2 126 10.23

3 112 8.27

4 116 8.26

5 128 10.01

6 122 9.99

7 116 8.78

8 132 9.33
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9 106 8.27
10 122 8.18

Mean 126 Mean 11.48

1 118 10.23 S.D. 7 S.D. 0. 36
) N. 8 N. 8
12 112 10.02
13 . 126 9.98 Table 6. Effect of 0.7% Zinc Diet on Weight Gain
14 124 8.76 and Hemoglobin Concentrations.
15 108 9.31
Animal Weight Hemoglobin
16 128 8.26 nima Gain(gm) (gm/100m)
Mean 119 Mean 9.12 - Control 153 13.41
S.D. 6 S.D. 0.31 9 0.46
N. N.
16 16 0.7% Zn
Table 5. Effect of 0.5% Zinc, and Added Iron and 1 114 8.44
Copper on Weight Gain and Hemoglobin 2 108 7.59
Concentrations. 3 112 7.84
An'ﬁal Weight Hemoglobin 4 109 8.26
t Gain(gm) (gm/100ml) 5 104 7.61
Control 153 13.41 6 % 7.78
9 0.46 7 112 7.84
8 99 8.72
0.5% Zn 119 8.67 9 98 7.59
6 0.39 10 110 8.26
0.03% Cu 11 116 8. 44
1 115 12.07 12 103 7.84
2 106 11.81 13 107 7.84
3 114 11.38 14 92 7.78
4 119 12.71 15 % 761
5 114 1L 61 16 108 8.72
6 118 12.65 Mean 105.6 Mean  8.01
7 108 11.12 S.D. 7 S.D. 0. 42
8 102 12.10 N. 16 N. 16
Mean 112 Mean 12.01 Table 7. Effect of 0.7% Zinc and Added Iron and
S.D. 6 S.D. 0. 60 Copper on Weight Gain and Hemoglobin
N 8 N, 8 Concentrations.
. Weight Hemoglobin
0.03% Fe . Animal Gain(gm) (gm/100ml)
1 i;z ﬁ i; Control 153 13.41
2 ’ 9 0. 46
3 115 11.46
4 127 11.42 0.7% Zn 10.55 7.77
5 132 12.26 7 0.47
6 122 11.14 0.03% Cu
7 131 11.46 0.03% Fe
8 135 11.26 1 113 13.64
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Diet

Table 8. Iron. Copper and Zinc Concentration of

2 110 13.54
3 116 12.60
4 119 12.85
5 132 12.95
6 124 12.35
7 130 13.35
8 116 12.80
Mean 120 Mean 13.01
S.D. 8 S.D. 0.45
N. 8 N. 8

Liver and Kidney of Control Rats.

Liver (pg/day weight) Kidney (ug/day weight)

Fe Cu Zn Fe Cu Zn
Control
1 351.35 20.18 56.44 302.56 31.49 89.29
2 381.00 20.60 57.54 186.42 23.29 75.88
3 352.28 20.20 60.75 172.86 27.33 90.88
4 255.92 18.63 64.39 279.55 22.01 88.84
5 348.46 14.88 54.55 278.96 24.20 76.94
6 243.95 21.53 54.62 308.54 28.85 76.59
7 356.90 15.39 52.56 165.03 27.76 83.85
8 456.93 19.10 50.25 251.64 28.49 82.57
9 379.99 16.39 64.91 158.98 26.53 75.64
10 387.82 14.52 64.49 166.56 23.25 76.32
11 393.00 19.12 54.62 224.40 18.20 76.76
12 345.92 14.96 60.76 247.91 31.32 84.44
13 303.06 20.20 52.55 210.06 25.60 81.52
14 399.82 15.39 64.91 218.57 30.62 80.52
15 306.00 16.39 64.39 243.66 25.86 81.03
16 307.92 14.51 54.55
17 387.65 18.64 57.54
18 309.78 20.60 56.44
19 303.64 20.18 64.45
20 388.81 21.55 50.26
Mean 348.01 18.16 58.45 227.71 26.32 81.68
SD. 5219 261 572 62.42 9.69 6.20
N. 20 20 20 15 15 15

Table 9. Effect of Low Dietary Zinc on Tissue
Iron, Copper and Zinc.

Di Liver (pg/dry weight) Kidney(ug/dry weight)
6 T Fe Cu Zn Fe Cu Zn

Control 348.01 156.77 71.80 227.71 25.21 83.27
52.19 3.29 4.27 50.87 4.88 599

Low Zn

1 357.65 19.66 45.23 224.65 28.92 94.59
337.63 24.54 55.18 232.48 19.88 76.43
366.38 23.30 48.33 251.55 19.63 70.7%
266.96 18.66 45.56 227.08 20.22 78.82
337.65 21.48 39.58 255.07 20.32 85.30:
297.48 18.30 55.74 278.63 16.42 78.53
377.86 23.44 49.24 227.95 18.82 77.42
299.45 14.23 38.52 299.11 1511 69. 24
455.88 19.74 38.44 220.56 29.60 75.93-
328.66 17.65 48.36 214.72 35.59 80.75-

O oo N o Uk W

=
o

Mean 342.56 20.10 46.42 236.18 22.42 78.78
S.D. 52.47 3.16 6.26 58.72 6.72 7.20
N. 10 10 10 10 10 16

Table 10. Effect of 0.5% Zinc Diet on Tissue Iron,
Copper and Zinc.

Liver (ug/dry weight) Kidney (ug/dry weight).
Fe Cu Zn Fe Cu Zn

Diet

0.5% Zn
1 267.87 13.57 329.56 75.41 28.34 449.56.
2 293.78 13.54 406.04 62.78 12.03 448.84
3 268.79 13.37 306.47 227.62 25.99 458.74
4 217.10 10.95 330.14 86.42 13.67 555.92:
5 193.58 10.38 296.88 84.82 12.08 584.45.
6 198.55 10.88 240.72 220.74 29.65 472.76
7 190.13 10.37 301.89 122.63 28.85 444.72.
8 197.40 10.30 275.18 41.88 10.33 5564.20

Mean 228.40 11.67 310.86 126.23 20.12 496.28
S.D. 41.61 1.51 4821 62.51 8.62 46.62
N. 8 8 8 8 8 &
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Table 11. Effect of 0.5% Zinc iet and Added
Iron and Copper on Tissue Iron, Cop-

Table 12. Effect of 0.7% Zinc Diet and Added
Copper and Iron on Liver Iron,Copper

per and Zinc. and Zinc.
Diet Liver (ug/dry weight) Kidney (ug/dry weight) 0.7% Zn 0.7% Zn 0.03% Cu 0.03% Fe
Fe Cu Zn Fe Cu Zn
Liver Liver
0.5%Zn 228.40 11.67 310.86 126.23 20.12 496.28 Te Co  Zn e Cu  Zn
41.61 1.51 4821 62.51 8.62 46.62
1 184.55 14.55 625.44  268.16 20.63 520.32
0.03% Cu 2 91.01 12.29 550.06  160.96 19.27 526.92
1 124.29 14.63 371.46 146.45 22.68 522.02 3 096.23 13.28 563.73  235.82 21.20 527.40
2 173.94 15.16 224.11 218.18 48.35 475.53 4 188.75 11.79 538.49  169.87 18.26 487.76
3 229.56 14.22 375.76 140.84 34.95 585,43 5 185.63 13.54 655.85  184.29 17.40 450.08
4 131.47 14.84 281.68 148.67 27.29 403.85 6 98.44 12.61 547.76  168.34 18.69 462.23
5 257.1218.16 227.36 199.87 19.33 370.84 7 163.87 13.49 581.97  153.28 19.88 457.87
6  201.45 16.65 269.67 202.28 41.75 485.02 8 93.92 16.21 634.78  287.76 20.03 526.92
7 120.87 18.07 294.75 552.65 33.57 366.83
Meanl37.78 13.47 587.76  203.56 19.42 484.70
8  190.90 18.35 268.65 208.90 30.37 533.36
S.D. 46.77 1.28 38.68 52.60 1.26 35.62
Mean 178.70 16.26 301.68 177.23 32.28 467.86 N. 8 & 8 8 8 8
SD. 5141 1.76 68.67 3261 9.60 86.06
N. 8 8 8 8 8 8 o EHEe 2A o BITESE Efk REE 2 BH
%S9 o2 kR #EBe] 9t
- —— _ SRIEES BEFHT RESD BRE B2
Dier ver (ug/dry weight) Kidney (ug/dry welght) gy grow mspsemestizel e BRAFES Y

Fe Cu Zu Fe Cu Zn

0.5%Zn 191.22 9.60 530.50

0.03% Fe
1 191.22 9.60 530.05 215.50 27.68 549.43
2 236.58 9.71 417.23 177.24 28.55 425.12
3 352.44 13.65 325.56 154.26 10.76 359.66
4 228.92 11.69 496.26 264.55 16.55 507.23
5 327.65 8.76 329.29 138.86 12.73 530.68
6 177.63 12.84 541.47 124.77 10.62 407.36
7 403.54 10.16 447.36 162.83 27.04 496.78
8 267.78 10.71 323.66 200.95 15.43 440.22
Mean 271.92 10.89 427.36 179.87 18.67 464.56
S.D. 80.70 1.70 86.69 45.60 7.81 64.87
N. 8 8 8 8 8 8
z B
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