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supported by the preliminary report that homozygous CPK 
mice have serum corticosterone levels which are eight times 
higher than those of age-matched controls 12. 
This finding is of particular importance in light of the proven 
cyst-inducing effects of various glucocorticoids~~ 11,13,14. Studies 
are currently underway to further define the environmental fac- 
tors which may promote, as well as prevent, the development of 
genetically programmed cystic tubular changes in the CPK 
model. 

Acknowledgments. These studies were supported by Basil O'Connor 
Starter Research Grant 5-349 from the March of Dimes Birth Defects 
Foundation and New Investigator Research Award AM34891 from the 
National Institutes of Health (both to EDA). 

1 Ziegler, T.W., Talner, L.B., and Blantz, R.C., in: The Kidney, 
p. 1872. Eds B. Brenner and F.C. Rector. Saunders, Philadelphia 
1981. 

2 Anand, S.K., Alon, U., and Chan, J.C.M., Adv. Pediat. 31 (1984) 
371. 

3 Kanwar, Y. S., and Carone, F. A., Kidney int. 26 (1984) 35. 
4 Gardner, K. D., and Evan, A. P., Kidney int. 25 (1984) 244. 

5 Preminger, G. M., Koch, W.E., Fried, F.A., McFarland, E., Mur- 
phy, E. D., and Mandell, J., J. Uroh 127 (1982) 556. 

6 Nidess, R., Koch, W. E., Fried, F.A., McFarland, E., and Mandell, 
J., J. Uroh 131 (1984) 156. 

7 Avner, E.D., Ellis, D., Temple, T., and Jaffe, R., In Vitro 18 (1982) 
675. 

8 Avner, E. D., Sweeney, W. E., and Ellis, D., in: Cell Culture Methods 
for Molecular and Cell Biology, vol. 3, p. 33. Eds D. W. Barnes, D. A. 
Sirbasku and G. H. Sato. A. R. Liss, New York 1984. 

9 Avner, E. D., Sweeney, W. E., and Ellis, D., Experientia 39 (1983) 74. 
10 Avner, E.D., Sweeney, W.E., Piesco, N.P., and Ellis, D., Expe- 

rientia 40 (1984) 489. 
11 Avner, E.D., Piesco, N. P., Sweeney, W. E., Studnicki, F. M., Fetter- 

man, G.H., and Ellis, D., Lab. Invest. 50 (1984) 208. 
12 Crocker, J. F. S., Bleeher, S.R., and Givner, M. L., Proc. int. Congr. 

Nephrol. 9 (1984) 237A. 
13 Baxter, T.J., Br. J. exp. Path. 41 (1960) 140. 
14 Percy, D. Y. E., Herdman, R. C., and Good, R.A., Science 158 (1967) 

494. 

0014-4754/86/010077-0451.50 + 0.20/0 
�9 Birkh/iuser Verlag Basel, 1986 

Teratogenic interactions between cadmium and radiation in mice 

C. Michel and H. Fritz-Niggli 

Strahlenbiologisches Institut der Universitiit Ziirieh, August-Forel-Strasse 7, CH-8008 Ziirich (Switzerland), 13 March 1985 

Summary. Mouse embryos were exposed to various doses of cadmium and/or X-rays on day 8 of gestation. The combined treatment 
exerted an antagonistic effect regarding the teratogenic action of the two agents. 
Key words. Embryonic development; mice; teratogenic interaction; cadmium; X-irradiation. 

The contamination of the environment with heavy metals, and 
their potential toxicity, have received increasing interest. Con- 
cern about health effects of cadmium mainly relates to the carci- 
nogenic, teratogenic and mutagenic action of this metal. So far, 
there is no conclusive evidence that cadmium produces these 
effects in humans 1'2. 
Regarding cadmium-induced embryotoxicity, animal experi- 
ments demonstrate a broad spectrum of developmental anoma- 
lies, depending on dose, gestational age, application and genetic 
factors 3-8. It is evident that several chemicals and environmental 
factors modify the teratogenicity of heavy metals 9. There are 
indications that additive or synergistic relationships exist be- 
tween in vivo application of Cd 2+ and radiation 1~ Experiments 
in vitro with preimplantation mouse embryos revealed an addi- 
tive behavior of the two agents 11. 
In our previous studies, the combined treatment of mouse em- 
bryos with radiation and drugs has shown various degrees of 
potentiation12,~3. The objectives of the present work are to deter- 
mine the embryotoxic effects of cadmium and possible inter- 
actions in vivo with X-rays during a highly sensitive stage of 
development in mice. 
Materials and methods. Virgin female NMRI-mice, aged 10-12 
weeks, were mated overnight and examined for a copulation 
plug the next morning (day 0 of gestation). On day 8, pregnant 
animals were whole-body exposed to 0.125, 0.25, 0.5, and 1.0 Gy 
of 200 kV X-rays (12 mA, 1 mm A1 + 0.5 mm Cu filtration, 
1. HVL = 0.93 mm Cu, dose rate 0.465 Gy/min). Five groups of 
mice were injected i.p. with CdC12 on day 8 (0.5-8.0 mg/kg b.wt). 
Control animals were injected with 1 ml of physiological saline. 
In combined treatment 2 mg/kg CdC12 was injected 30 or 60 rain 
before or immediately after irradiation. The experiments were 
made in series of replicates, each with a group of 5-8 females. On 
day 13 of gestation the fetal mortality, growth retardation and 
malformations were evaluated. The data were analyzed using the 
Mann-Whitney ranking test. 
Results. Concerning teratogenic effects of cadmium, a linear 
dose-effect curve was found up to the dose of 2 mg/kg (fig.). 

Qualitatively, microphthalmia dominated at lower Cd doses 
whereas high frequencies of exencephaly occurred with doses of 
2 and more mg/kg. At the highest dose (8 mg/kg), 55% of the 
implantations were dead, i.e. embryolethality prevails over the 
induction of  malformations. Up to 4 mg CdC12/kg the fetal 
mortality rates varied between 6 % and 9.4 % compared to 10 % 
in the control (NaC1) group (p > 0.05). 
The dose effect relationship for radiation-induced teratogenicity 
between 0.125 and 1.0 Gy is not linear (fig.). In qualitative 
respectS, exposure to 1 Gy resulted in a significant increase of 
exencephaly compared to lower doses (table). No increase in the 
rates of lethality and growth retardation were observed in the 
irradiation groups in comparison to control mice. 
So far~ combined application of cadmium (2 mg/kg) and 0.5 or 
1,1) Gy has been tested (table). The most interesting finding is the 
reduced rate of malformations in the co-insult experiments when 
Cd was applied 30 or 60 min before irradiation. The antagonistic 
relation in the teratogenic activity was less pronounced when 
cadmium was given 60 min before 0.5 Gy. The decreased general 
maiforrnation rate is mainly due to the generally lower incidence 
Of exeneephaly (8% and 16% compared to 35% in the Cd 
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Teratogerlic effects of cadmium alone (left) and X-rays alone in 13-day- 
old mottse fetuses after treatment on day 8 of gestation. 
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Survival, growth retardation and malformations after treatment with CdCI 2 and/or radiation on day 8 of gestation. Examination on day 13. Only 
statistically significant differences are entered 

Treatment Growth Malformations 
CdC12 Radiation No. Live fe tuses  retardation Total 
(mg/kg) (Gy) of titters No. (%)a No. (%)b No. (%)b Exencephaly Eye Others 

- - 33 413 (90.0) 
2.0 - 14 190 (92.7) 
- 0.5 25 287 (90.5) 
2.0 e 0.5 18 238 (90.5) 
2.0 f 0.5 16 180 (90.0) 
- 1.0 24 266 (90.8) 
2.0 e 1.0 i7 219 (95.2) 
2.0 g 1.0 14 134 (8t.2) 

38 (9.2) 45 (10.9) 0.5% 6.3% 4.1% 
18 (9.5) 104 (54.7) c 35.8% e 18.4% c 0.5% 
21 (7.3) 67 (19.9) ~ 1.5% i5.0% ~ 3.8% 
40 (t6.8) 54 (22.7) d 8.0% d 12.6% 2.1% 
il  (6.1) 86 (48.0) 22.2% 23.5% 2.2% 
29 (10.9) 110 (41.4) c 12.0% c 25.9% c 3.4% 
33 (10.5) 98 (44.7) 16.4% 27.3% 1.0% 
18 (13.4) 92 (68.7) 18.7% 50.0% - 

apercentage of implantations; bpercentage of live fetuses; Cp < 0.02 eompai'ed to NaCl-control; ap < 0.02 compared to CdCI 2 alone; %0 rain before 
irradiation; f60 min before radiation; gimmediately after irradiation. 

treated group). The proportion of microphthalmia and anoph- 
thalmia also reached a subadditive level except when CdC12 was 
administered immediately after X-irradiation. In this case a 
synergistic relation exists between the two agents involved. 
Among the other malformations mainly tail defects, one spina 
bifida (Cd plus 1.0 Gy) and one duplicitas posterior (Cd plus 0,5 
Gy) were observed. It may be noted that combinations of cad- 
mium and radiation showed no significant interaction co~ern -  
ing lethal or growth retarding effects. 
Discussion. These results confirm the teratogenic activity of cad- 
mium in animal experiments exerting a significant increase in the 
rate of exencephaly and eye anomalies. Exposure of mouse em- 
bryos to a single dose of 0.5 or 1.0 Gy X-rays resulted mainly in 
microphthalmia, as the only type of eye malformation. Coadmi- 
nistration of the heavy metal with X-rays on day 8 of geStati0n in 
mice resulted in a interesting antagonism of teratogenesis. It is 
evident that the frequency of exencephaly, a severe defect of  the 
central nervous system, is smaller in all combined treated groups 
than in the corresponding Cd-group. The antagonistic effect of 
radiation and cadmium was generally most pronounced when 
the time interval between the application of the two agents was 
30 min. This finding suggests that the specificity of the terato- 
genic interaction is time-dependent, and may explain the varying 
degrees of antagonism in brain and eye damage. Concerning the 
induction of eye malformations the antagonistic action of cad- 
mium with irradiation was less pronounced compared to that of  
exencephaly. In one case, where CdC12 was given immediately 
after 1.0 Gy, even a supra-additive response with respect to the 
development of eye damage has been found. This synergism may 
be explained by the absence of an adequate protection mecha- 
nism against the disturbance of the eye morphogenesis. 

Protection against the teratogenic action of cadmium was also 
achieved with zinc, selenium, mercury and pretreatment with 
cadmium 9. It is postulated that this protective effect may be due 
to the induction of maternal synthesis of metallothionein ~4. This 
protein binds cadmium and may prevent the embryotoxic effects 
during sensitive stages of development. This hypothesis and 
further possible explanations for the observed antagonism are 
the subject for our future work. 
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Summary. Six isozymatic systems have been studied comparatively during the first week of germination of seeds of self-pollinated 
Secale species (S. silvestre Host. and S. vavilovii Gross.). isozymatic systems do not change at all, or reach their definitive adult plant 
pattern early during germination. 
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The expression and/or the activity level of particular isozymes, 
and sometimes all the isozymes of an isozymatic system, are 
often related to a tissue, an organ or a developmental stage 2,3,. 
Differences in isozymatic patterns among different tissues and 
organs, or during development, have been attributed to one or 
more of the following causes: 1) changes in the level of  isozyme 
expression; 2) genetic transcription of different isozyine loci; 
and, 3) post-translational isozyme modifications c h a n ~ g  the 

electrophoretic mobility. Many examples of organ specificity, or 
changes during development, or isozyme patterns have been 
reported in higher plants, including cereals. For the latter there 
are several reports, for example of organ specificity in Triticum 4 
and Secale 5'6, and of changes during development 7 9. On the 
other hand, the expression of different isozyme loci at different 
developmental stages or in different organs, and changes in 
electrophoretic mobility which facilitate the isozyme resolution 


