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Embryotoxicity and Teratogenicity of Excess Zinc on Xenopus laevis. Yoon, Chun-Sik,
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Concentrated releases of zinc into water usually results from discharges associated
with industrial purpose. The released zinc into soil is corroded and released into
water. In aquatic environment, exess zinc is toxic to the organisms and causes the
growth inhibition and malformation of them as a heavy metal. In this study, excess
zinc toxicity was tested by FETAX (frog embryo teratogenetic assay with Xenopus)
as in vivo system. Xenopus embryos at st. 9 were exposed to 100~900 uM of zinc for 7
days and 81% of individuals were survived in 100 uM, and 25% were survived in 1000
M of zinc solution. In external malformations, swelled belly and intestinal dysplasia
were common, and all of tested individuals showed these malformations in 200 uM or
higher concentration of zinc. In 400 uM or higher concentration, all of tested
tadpoles showed faded heart. Also, hypo-pigmentation, lens hernia and loose
digestive track were very frequently found in 100 pM of zinc. The histological study
with paraffin section of zinc treated tadpoles showed following abnormalities;
regeneration of photoreceptor on retina, reduced vitreous chamber in eye,
reduction of red blood cells in heart, abnormal liver, swelling of pronephric cell,
muscle dysplasia and palatal papilloma. These abnormalities may be caused by the
degeneration of mitochondria, inhibition of cell adhesion, and the formation of
leghemoglobin by zinc due to the substitution of Ca?* by Zn2*. The body length was
reduced due to the excess zinc. From a statistical result, body lengths of 300 uM or
higher concentrative groups was significantly reduced comparing that of control
group. Recently, many spontaneous malformations and reduction of amphibians are
reported. From the results of present study, excess zinc might be a factor of
amphibian reduction, and the control of zinc discharges is very important.
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Table 1. The survival ratio of Xenopus tadpoles treatment with zinc chloride for 7 days.

Concentration

of zinc (UM) 0 100 200 300 400 500 600 700 800 900 1000
Tested embryos 100 100 100 100 100 100 100 100 100 100 100
Survival rates (%) 100 81 85 85 77 71 69 69 75 56 25
Table 2. The ratio of external abnormality due to the excess zinc in 7 day-tadpoles.

Concentration of zinc (UM) 0O 100 200 300 400 500 600 700 800 900 1000
Number of tested embryos
. 100 81 85 85 77 71 69 69 75 56 25
Abnormality (%)
Swelled belly 0 41 100 100 100 100 100 100 100 100 100
Hypopigmentation of body 0 23 67 81 100 100 100 100 100 100 100
Wrinkled fin 0 12 36 44 62 100 100 100 100 100 100
Blister formation on integument 0 0 0 0 0 1 4 10 21 50 100
Hernia of lens 0 2 29 76 100 100 100 100 100 100 100
Thick and loose digestive track 0 44 100 100 100 100 100 100 100 100 100
Wide-head with abnormal optic cup 0 58 89 100 100 100 100 100 100 100 100
Opened choroid 0 0 4 18 23 42 67 100 100 100 100
Faded heart 0 9 66 76 100 100 100 100 100 100 100
Abnormal pigmentepithelium of optic cup 0 0 0 0 0 1 1 4 12 23 44
o QA ¢hw AL shedlol siXske} Az Gl A A AelA AP FHMET] i
FoebA 23HE o] oA @sketk (Fig. 1, Plate 7). 22y W Ee] sdden dFAA7E R gHEL 1 5
ok A AN AF Mz = RE) YT 7h S dkelgon AP GRS YR Tole
H-E Mol 2] eosin 3412 M Z&5-E0] =ZA =7} =] eosinel] G o] F=R| ekgkr} (Fig. 1, Plate 14). A}

| Zeo] FEH S (Fig. 1, Plate 8). 71 A1 o) A2
(Fig. 1, Plate 13) 2{& -7} 387 2} gl Hbd, ol

Table 3. The t-test from the data of body length varia-
tion of 7 day-tadpoles treated with 0 and 300,
and between 0 and 1000 pM of zinc.

Zinc (UM) N M S.D. t
0 95 10.2653  0.8621 -

300 08 0.8490  0.3540  4.364%**
0 95 10.2653  0.8621 -

1000 86 7.2314 09892  21.895%**

*: P<0.05, **: P<0.01 ***: P<0.001

The difference of body length between the two groups were
significant. N: number of tested individuals, M: Mean length of
the tadpoles, S.D.: standard deviation, t: value of t.

Table 4. Histological abnormality due to excess zinc.

MAL 7rzAL 2 wdEe] 9o AH I}
FuslA Exstgv} (Fig. 1, Plate 9 and 15). 181} o}
AAMNA L] A2 W S H 7 A,
AY 7 W3S ¥} (Fig. 1, Plate 10 and 16). ©|2] 3t
FZA A o)Al TA|A AgFS mbetslr] 9d dzZ
JJr 800 uM, 1000 pM 2] g ofdAe] 7| A el o 3}ed
= 20/0AHe] dHER O R TEFO] 2A A o
*Poﬂ dste] wlES ARG &2
Az FHa 83%0] MAAAN BHE B3 ZxpA4)
(vitreous chamber)] A1 88%71%] velton] g
F4+2] ZHAaE 1000 pMef Al 100% 2 vrebgtoh. A1
Azl rxAe] B3= vl AAden 534 RA

T fEEe] AR vehgeh 22y AR $F

o)

apatol A Heg

Abnormality Regeneration Reduced Reduction Abnormal Swelling Papilloma Muscle
(%) of vitreous of RBC in liver of of dvsplasia
Zinc (M) photoreceptor chamber heart nephric cell  oral cavity ysp
0 0 0 0 0 0 0 0
800 87 73 100 93 87 67 93
1000 83 88 100 94 94 67 94

The tested tadpoles of each concentration were 20 individuals.
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Fig. 1. Plates 1-16. Embryotoxicy and teratogenicity due to excess zinc in Xenopus laevis; Plate 1. 7 day-normal tadpole

(up) and zinc treated abnormal individual (down) of Xenopus laevis. Normal tadpole is longer, darker, slim and
with distinct eyes than abnormal tadpole. The hypo-pigmentation is distinct in eye, in dorsal region and in
abdomen of abnormal tadpole. bar: 1 mm; Plate 2. The serial changes were seen in 7 day-tadpoles to the
concentration of zinc. From the right side, the tadpoles exposed to Steinberg’s solution (saline), 200, 400, 600, 800
and 1000 uM of zinc, respectively. The higher concentration of zinc makes the shorter body length. bar: 1 mm;
Plate 3. Normal head (left) and zinc treated wide head. The wide head caused by the formation of abnormal optic
cup. bar: 100 um; Plate 4. Dissect abdomens of Xenopus tadpoles. Abnormal digestive track (left) caused by zinc is
weakly developed and the rectum is long and slim. Normal digestive track (right) is well developed and coiled. bar:
100 um; Plate 5. Simple squamous palatal epithelium (open arrow) is observed in 7 day-normal tadpoles. Paraffin
section and H-E stain. Open arrow head: tongue, bar: 50 um; Plate 6. The papilloma-like malformation on palate
(open arrow) caused by excess zinc. Paraffin section and H-E stain. Open arrow head: tongue, bar: 50 um; Plate 7.
Normal pronephric duct are seen in 7 day-tadpoles. Nucleus is located centrally and the cell inclusions are
somewhat basic and clear. Paraffin section and H-E stain. bar: 50 um; Plate 8. Swelled pronephric duct due to
excess zinc. Each cell size is increased and cell inclusions are rich. Nucleus of each cell is centrifugal. Paraffin
section and H-E stain. bar: 50 um; Plate 9. Normal hepatic cords (big arrows) and numerous erythrocytes (small
arrows). The distances among hepatic cords are short. bar: 50 um; Plate 10. The abnormalities of hepatic cord
caused by excess zinc (big arrows) and showed numerous leukocytes (small arrows). Leukocytes are increased but
erythrocytes are severely decreased. bar: 50 um; Plate 11. Normal eye is seen in 7day-tadpole. Vitreous chamber
(blank arrow) is distinct. The development of retinal layer is clear and the photoreceptor cells (open arrowhead) are
clearly seen. bar: 50 um; Plate 12. Lens hernia due to excess zinc. Vitreous chamber is appeared, and lens and
retinal layer are attached each other. Photoreceptor cells (open arrowhead) are degenerated. bar: 50 um; Plate 13.
Many of mature erythrocytes in atrium of normal tadpole. LA: left atrium. bar: 50 um; Plate 14. Red blood cells of
atrium are reduced by excess zinc. Erythrocytes are degenerated and leukocytes are increased. RA: right atrium.
bar: 50 um; Plate 15. Crossly sectioned normal tadpole. NT: notochord M: muscle PN: pronephric duct E:
esophagous L: liver SI: small intestine S: spinal cord. bar: 100 um; Plate 16. The abnormalities in abdomens were
caused by excess zinc. Swelled pronephric duct (PN), loose liver tissue (L), muscular dysplasia (M), and eosinophilic
small intestine (SI) are observed. bar: 100 um
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