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Cytogenetic Effects of Zinc Deficiency on Mitotic and Meiotic Cells in Mammals

Toshiaki WATANABE

Department of Hygiene and Preventive Medicine, Yamagata University School of Medicine, Yamagata

The cytogenetic effects of short-term zinc deficiency on bone marrow cells and unfertilized oocytes
were studied in rodents. Simultaneously, the susceptibility to mutagens in the zinc-deficient state was ex-
amined i vivo.

Male mice were given control or zinc-deficient diet for 4 weeks. The incidence of sister chromatid ex-
changes (SCE) of bone marrow cells in zinc-deficient mice was 11.4+1.0, which was different from 6.9
+1.7 in control mice. There was a dose résponse with respect to SCE frequencies in the mitomycin C
(MMC) -treated groups. The MMC-induced SCE were additively increased in zinc-deficient mice. Howev-
er, no differences in mitotic chromosome aberrations and cell cycle kinetics were not found among
groups. There rhay be a fundamental relationship between the induction of SCE and the disturbed zinc
metabolism.

In female hamsters given zinc-deficient diet for 8 days (2 estrous cycles), the mean number of ovu-
lated oocytes (11.6+1.6) was decreased significantly compared with 14.1%1.6 for the controls. Howev-
er, no apparant increases of degenerated oocytes and meiotic chromosome aberrations were encountered
in both hamsters. The increase in diploid oocytes was the most prominent effect in cadmium-treated
hamsters. However, there was no difference in the incidence of diploid oocytes between control and
zinc-deficient hamsters. These findings indicate a possible inhibitory effect of zinc deficiency on ovula-

tion.
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Table 1. The composition of the basal diet*

Ingredient Amount (g/kg)

Zinc-deficient diet

Spray-dried Egg white solid 200.0
Dextrose 632.2
Corn oil 100.0
Nonnutritive cellulose fiber 30.0
Mineral mix (without zinc) 26.2
Vitamin mix 10.0
L-tryptophan 1.6
Biotin 0.004

Zinc-control diet
Zinc carbonate 0.0893

TD 80325, Teklad Test Diets, USA
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Table 2. SCE frequencies and cell cycle kinetics of bone marrow cells in zinc-deficient mice in

vive

No. of SCE No. of metaphases Mitotic
females frequencies M1 M2 M3 index
Control
0 (untreated) 4 6.9£1.7° 0.27 0.69  0.05 0.039
MMC 0.5mg/kg 3 9.34+0.3" 0.28 0.69 0.03 0.049
MMC 2.5mg/kg 4 16.5+2.4" 0.37" 0.60 0.03 0.046
X-ray 1Gy 4 10.2+1.8" 0.457 0.54 0.02 0.045
4NQO 50mg/kg 3 15.7+1.4" 0.18 0.76 0.05 0.045
Zinc deficiency
0 (untreated) 7 11.4+1.0* 0.25 0.73 0.02 0.046
MMC 0.5mg/kg 4 14.4+1.0% 7 0.23 0.74 0.03 0.039
MMC 2.5mg/kg 5 21.0+3.2%* 1 0.40"  0.59  0.01  0.032
X-ray 1Gy 4 11.8£3.0 0.417 0.57 0.02 0.038
4NQO 50mg/kg 3 16.7+2.4" 0.29 0.68 0.04 0.040

“mean + S.D.
p <0.05, compared with the untreated group.
*p <0.05, compared with the similarly treated group of the control mice.
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Table 3. Chromosome aberrations of bone marrow cells in zinc-deficient mice in vivo

No. of No. of No. of chromosome aberrations -
females metaphases numerical anomalies structural anomalies
Control
0 (untreated) 4 200 2(1.0)® 3(1.5)°
MMC 0.5mg/kg 3 150 0(0.0) ’ 6(4.0)
MMC 2.5mg/kg 4 175 6(3.4) 14(8.0)1
X-ray 1Gy 4 175 5(2.9) 32(18.3)"
4NQO 50mg/kg 3 150 0(0.0) 3(2.0)
Zinc deficiency
0 (untreated) 7 350 5(1.4) 12(3.4)
MMC 0.5mg/kg 4 200 2(1.0) 14(7.0) "
MMC 2.5mg/kg 5 250 4(1.6) 26(10.4)1
X-ray 1Gy 4 150 3(2.0) 18(12.0)1
4NQO 50mg/kg 3 125 2(1.6) 3(2.4)

2percentage.
Tp <0.05, *p <0.1, compared with the untreated group.
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Table 4. Reproductive effects of dietary zinc-deficiency on female

hamsters
CdCl, No. of No. of oocytes
females recovered degenerated
Control
0 (untreated) 15 211(14.1£1.6)° 0
1.0 11 94(8.6+2.8)7 6(5.3)°
2.0 10 89(8.9+2.6)" 5(5.6)
4.0 8 40(5.0%2.4)7 3(7.5)
Zinc deficiency
0 (untreated) 28 326(11.6+1.6) * 0
1.0 10 104(10.4+2.6) * 1(1.0)
2.0 8 52(6.5+3.2) * 1 5(9.6)
4.0 13 70(5.442.6)7 2(2.9)
CdCls, mg/kg body weight.
“mean * S.D.
bpercentage.

p <0.05, compared with the untreated group.
*p <0.05, compared with the similarly treated group of the control

hamster.

Table 5. Cytogenetic effects of dietary zinc-deficiency on metaphase II-oocytes in hamsters

CdCl, No. of No. of oocytes No. of oocytes with chromosome aberrations
females analyzed numerical anomalies structural anomalies
n-1 n+1 2n anaphase [ gap other
Control
0 (untreated) 15 148 3 1 0 0 1 0
1.0 11 65 0 1 12(18.5)*1 2 0 0
2.0 10 64 1 2 19(35.2)" 3 0 0
4.0 8 30 1 1 11(36.7)7 0 0 1
Zinc deficiency
0 (untreated) 28 205 3 2 2(1.0) 0 2 0
1.0 10 63 ’ 2 0 2(3.2) 0 0 0
2.0 8 31 0 1 13(41.9)7 1 1 0
4.0 13 52 2 1 19(36.5)7 0 1 0
CdCl,, mg/kg body weight.
*percentage.
Tp <0.05, compared with the untreated group.
Z =
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