TERATOGENIC ACTION OF AMINOPTERIN
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OF 4-23 SOMITES WHEN APPLIED IN OVO
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An important method of investigation of teratogenesis is by modifying morphogenesis, which may be
done by disturbing the specific biochemical processes in early embryogenesis with the aid of antagonists
of metabolism, i.e., of chemical teratogens [1, 2, 4].

The object of the present investigation was to study the teratogenic reactions of the chick embryo
by using aminopterin and 5-fluorouracil, the mechanism of whose teratogenic action has been adequately
explained as by depressing the synthesis of nucleic acids [5-10].

EXPERIMENTAL METHOD

Experiments were carried out on 1- or 2-day chick embryos (4-23 pairs of somites). Pieces of ash-
free filter paper measuring 1 X 1 mm were soaked in solutions of aminopterin (0.032%) or 5-fluorouracil
(0.1%) and applied for 10 min to the postsomite areas of the embryos. After this treatment the eggs were
again incubated until the end of 7 days. All the developmental anomalies observable visually in the surviv-
ing embryos and also in those dying on the 5th-7th days of incubation were recorded.

EXPERIMENTAL RESULTS

Aminopterin and 5-fluorouracil produced various developmental anomalies in the embryos, the prin-
cipal of which were microphthalmia and malformations of the trunk and limbs (Table 1).

In some cases the developmental anomalies of the eyes took the form of a moderately severe micro-
phthalmia, i.e., the eyes were simply reduced in size but were correctly subdivided into their component
parts. In other cases, besides a decrease in the size of the eyes, their structure was grossly disturbed.
On visual inspection these eyes had the appearance of a small formation bounded by rudimentary eyelids,
in the depth of which could be seen a pigmented lump
(Fig. 1a). On section the rudimentary structure of the
eye could be seen (Fig. 1b). The optic vesicle ceased
to develop, evidently, soon after application of the sub-
stance, and its anterior segment invaginated only par-
tially or not at all. The cavity of the optic vesicle com-

TABLE 1. Teratogenic Action of Aminopterin
(AM) and 5-fluorouracil (FU) on Chick Embryos
of 4-23 Somites (results obtained at end of 7th
day of incubation)

Embryos municated with the cavity of the brain; in the 7-day em-
4-13 somites 14-23 somites  bryos the cells of the optic vesicle contained pigment.
Substance AM — AM U The lens, most frequently appearing as an irregular

vesicle, lay in a small cavity separately from the optic
vesicle. The gross disturbances of development of the
optic vesicle and lens did not, however, prevent the for-
With malformations 6710.2] 8177 | 43570 | 56252 mation of the eyehds and the convexity of the anterior
(in P part of the rudimentary eye. Such eyes may be classes
of the head 33x10,2] 38%9,5] 10=4,2 | 7=2,6 ' . " . .
(microphthalmia) on the whole as "rudimentary". Following the applica-
of the eyes (micro- | 57:10,8( 64x9,5 | 27+6,2 | 25x4,4 tion of aminopterin mainly a moderately severe micro-
{microphthatmia) |52+10,9| B0+9,8 | 30x6,4 {56+5,2 . - .
of the tromk and tail| 38210 6] 4649 8| 3046 4 | 15+5.6 phthalmia developed, while fluorouracil caused the form-
of wings, lower limb{43+10,8] 32+9,1 | 27£6,2 | 31%4,8 gation mainly of "rudimentary" eyes.

Total 21 26 51 94
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Fig. 1. A 7-day chick embryo after treatment with aminopterin.

a — General appearance, 4.5%; b — section at the level of the "rudi-
mentary" eyes: 1) rudiments of lids; 2) pigmented wall of the optic
vesicle; 3) lens. Fixation in Bouin's fluid. Hematoxylin-eosin. 35x%.

Fig. 2. Comparison of malformations arising by the 7th day
of incubation following application of 5-fluorouracil (b-d) and
aminopterin (e-h) to chick embryos at the stage of 4-23 so-
mites. a — control. Drawn from photographs. Explanation
in text.

In the experiments with aminopterin the trunk was nearly always completely formed as far as the
tip of the tail (Fig. 2e-h), but often it was shortened, curved, covered with tubercles or swellings; occa-
sionally developmental defects of the tail were present. After treatment with 5-fluorouracil the malform-
ations of the trunk were more severe than in the experiments with aminopterin and were characterized re-
duction of its caudal part: in relatively mild cases the tip of the tail was absent, but in more severe cases
the tail was rudimentary up to the level of the lower limbs (Fig. 2b, c), and in the gseverest cases the trunk
failed completely to develop below a level a little behind the alar region (Fig. 2d).

Following treatment with aminopterin and malformations of the limbs were the most severe and ob-
vious defects. The wings and legs consisted of short, pointed projections or very thin threads, and often
they were absent altogether (Fig. 1a and Fig. 2e-h). In contrast to the changes observed after application
of aminopterin, the developmental disturbances of the limbs caused by 5-fluorouracil, although frequently
seen, were much milder and were always combined with severe developmental disturbances of the trunk
(which failed to develop from a level corresponding to the rostral border of the rudimentary hind limbs).
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In these cases the hind limbs were usually absent, but if they did develop they differed very little in size
and shape from the control, and their only developmental defects were minor anomalies in their distal
parts: imperfect formation of the digits, irregularly indented edges, and other defects. The developmen-
tal disturbances of the wings were confined entirely to defects of their distal parts.

This investigation of the action of aminopterin and 5-fluorouracil on the chick embryo also showed
that the sensitivity of the embryos to these substances depends, as is reported in the literature in the case
of other harmful agents [3], on the stage of development at the moment of application: the younger em-
bryos are always more sensitive (see Table 1). The teratogenic action of the agents used is certainly con-
nected with the nature of their biochemical action: aminopterin, by disturbing the conversion of folic acid
into its reduced forms essential for nucleic acid synthesis indirectly depresses the synthesis of DNA [9],
while 5-fluorouracil, which blocks thymidylate synthetase, depresses DNA synthesis directly [6]. How-
ever, these properties alone cannot explain the different reactions of the embryos. Why, it may be asked,
when embryos are treated at the same periods of development, should the limbs be mainly affected in one
case (aminopterin) and the caudal segments of the trunk in the other (5-fluorouracil)? This selective sen~
sitivity is evidently commected not only with the biochemical action of these substances, but also with the m
morphological and physiological features distinguishing the development of these analgen in the different
periods of embryogenesis.

LITERATURE CITED

1. V. S8. Baranov, Dokl, Akad, Nauk SSSR, 163, No. 4, 1032 (1965).

2. A. P. Dyban, I. M. Akimova, and V. A. %lova, Dokl. Akad, Nauk SSSR, 163, No. 6, 1514 (1965).

3. P. G. Svetlow, in the book: Problems in Cytology and General Physiology [in Russian], Moscow-
Leningrad (1960), p. 263. '

4. P. Ancel, La Chimiofératogénése, Paris (1950).

5. R. Bellairs, in the book: The Chemistry and Biology Pteridines. (Ed. by G. E. Wolstenholme and
M. P. Cameron), London {1954), p. 356.

6. C. Heidelberger and M. I. Chang, in the book: Molecular Biology [Russian translation], Moscow
(1964), p. 156.

7. D. A. Karnofsky, P. A, Patterson, and L. P. Ridgway, Proc. Soc. Exp. Biol., (New York), 71
(1949), p. 447.

8. D. A. Karnofgky, M. L. Murphy, and C. R. Lacon, Proc. Am. Ass. Cancer. Res., 2 (1958), p. 312,

D. S. O'Dell and J. McKenzie, J. Embryol. Exp. Morph., 11 (1963), p. 185.

10. P.F. Wagley and H. R. Morgan, Bull. Johns Hopk. Hosp., 83 (1948), p. 275.

w0
.

780



