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By
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Zoological Institute, Hokkaido University
(With 3 Text-figures and 1 Table)

Teratogenic effects of alkylating agents, derivatives of the prototype of
which is nitrogen mustard, have increasingly been becoming the subject of special
attraction among recent investigators (Gillitte and Bodenstein, 1946; Bodenstein,
1947; Haskin, 1948; Murphy, 1959; Cardinali et al., 1961; Ferm, 1963). Because of
the fact that some of those alkylating agents have been used therapeutically, 1t
may not be insignificant to examine their teratogenic effects in mammals,

The present authors have been working on effects of alkylating anti-tumor
agents on developing mouse embryos. In the previous study were reported certain
injurious effects of Velban on pregnant mice inducing dead embryos together with
a few malformed ones. The present study deals with the effect of Endoxan, a new
alkylating anti-tumor derivative from nitrogen mustard, on developing mouse
embryos.

The authors wish to express their sincere gratitude to Professor Sajiro Makino for
his direction and for going through the manuscript. Further cordial thanks are offered to
Drs. Eizi Momma, Akio A. Awa and Yanagi Kimura for their valuable advice and important
criticism. Endoxan was kindly supplied through the courtesy of Mr. Tsuyoshi Takahashi,
Shionogi and Co. Ltd., to whom the authors are grateful.

Materials and methods

Mice aged nearly 60 days, of DM/Mk strain were used exclusively for experiments.
Oestrous females inspected by means of vaginal smears were mated to male mice of the same
strain. The females were examined for the presence of vaginal plugs as a sign of successful
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copulation. Pregnant females were divided into three groups. Each group received
subcutaneous injection during a period of the 11th to 14th day of gestation at daily doses
of 100 mg/kg, 50 mg/kg, and 25 mg/kg in 0.5 ml saline solution, respectively. Control
pregnant females also received subcutaneously a similar volume of saline solution during
the same period of gestation.

All females were killed on the 18.5th day of gestation in order to examine the condi-
tion and development of fetuses. Dead fetuses were classified grossly in the following two
groups: i) fetuses died before the 10th day of gestation (early death), and ii) fetuses
died after the 11th day of gestation (late death). All fetuses preserved in 70 per cent
alcohol were inspected for malformations.

Results

Data presented by the present experiments are summarized in Table 1. Tt
was shown that abnormal fetuses occurred mostly in the experimental groups.
Abnormalities observed are as follows; cleft palate, syndactyly, and short kinky tail,
though the latter anomaly occurred even in the control group. Two abnormalities,
cleft palate (Fig. 1) and syndactyly (Figs. 2 and 3), occurred only in the
experimental groups. The control and experimental groups were compared in terms
of the number of animals with malformations. The difference was statistically
significant between the control and the experimental groups: t=2.39, p==0.02. The
third anomaly, short kinky tail showed a low frequency of occurrence in both control
and experimental groups. The tail abnormality varied in degree of shortening. The
difference between the control and the experimental groups was not statistically
significant: t=0.4, p>0.5. On this basis, it is difficult to conclude that the third
anomaly was induced by the drug.

Table 1. Abnormal fetuses obtained from females
administered by Endoxan

No. of

D | No. of No. of | No. of | No. “of | No. of | No. of
0se preg- | implan- ' early | late  cleft ‘ syn- | short
(mg/kg) . nancy ! tation | death | death | palate | dactyly | tail
100 20 ‘ 172 3 | a % | 10 | o
| ! pO(LT) C(12.2) | (14.00 ' (5.8)
50 18 ‘ 141 | 5 14 6 18 0
| | 3.5 ‘ (9.9) | (4.3 | (2.8
25 0 20 158 7 18 0 0 3
i (4.4) | (11.4) (1.9)
Total 58 471 15 53 30 | 28 3
(3.2) | (11.3) ( 6.4) (5.9) (0.6)
Control | 20 145 5 4 0 i 0o 2
| | B | (2.8 | (1.4

It was also shown that dead fetuses involving early and late death were
observed in both control and experimental groups. It appears that the
incidence of late death was high in the experimental groups, and increased with



664 R. Shoji and E. Ohzu

doses. The difference in number of late death between the control and the
experimental groups was statistically significant: t=2.71, p=0.01. On the other
hand, the frequency of early death was not statistically significant between the

two groups: t=1.21, p=0.2.

Fig. 1. Cleft palate, from an Endoxan-treated fetus.
Figs. 2 and 3. Syndactyly from Endoxan-treated fetuses. TFig. 2: the 2nd and 3rd
fingers fused. Fig. 3: one of fingers absent.

Discussion

Murphy (1959) studied teratogenic effects of various alkylating agents on rat
embryos 12 days after gestation under various doses, and reported that the high
incidence of cleft palate and syndactyly occurred together with some other external
and skeletal abnormalities in the experimental groups. He further described that
there was a similarity in the type of abnormalities produced by those agents,
though some distinct differences in skeletal abnormalities are noted. The results
obtained in the present experiments with Endoxan on mouse embryos indicated that
the high incidence of cleft palate and syndactyly occurred in the experimental
groups. The present results seem to supplement those of Murphy, so far as
induced external abnormalities are concerned.

Ohzu and Shoji (1965) studied effects of Velban on the mouse embryos of MT
and dd strains, and reported that the incidence of anomalies with harelip and
hindfoot polydactyly occurred exclusively in the experimental groups of MT strain
mice. Anomalies reported by them differ from those by the present experiments
and also by Murphy (1959). The situation may be attributable to the difference
In sensitivity by different mouse strains. Similar features were presented by
Cardinali et al. (1961) in mice, rats and some other animals after alkylating agent
treatments.
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Ferm (1963), working on the effect of anti-tumor alkylating agents on pregnant
hamsters, concluded that the common teratogenic action of those agents might
be caused by their mitosis-arresting activity on developing embryonic tissues.
Shoji and Kimura (1964) studied the antimitotic activity of Endoxan on HeLa cells
in wvitro, reporting that Endoxan exerted remarkable growth-inhibiting effects
upon HeLa cells when exposed just after cultivation. The results obtained in the
present, experiments seem to be in favor of the view of Ferm (1963).

Summary

Effects of Endoxan on mouse embryos were studied with special regard to the
incidence of abnormal embryos and death of fetuses. Three different doses of
Endoxan were given subcutaneously to pregnant females at 11- to 14-day-
gestation.

Abnormalities, such as cleft palate and syndactyly, occurred exclusively in
the experimental groups. The ratio of early death of fetuses to treated females
was nearly the same as that of the control groups, whereas the frequency of late
death was statistically higher in the experimental groups than in the control

groups.
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