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In 1892 C. HERBST, in his studies on the influence of the chemica I composition of the 
surrounding medium upon development. discovered the remarkable effect of lithium ions 
upon the development of the sea urchin egg. This effect consists in an exaggeration of 
vegetative differentiations at the expense of animal structures. The differentiation of the 
stomodaeum. the apical tuft of cilia and the oral arms of the pluteus is suppressed. the 
entoderm increases at the expense of the ectoderm. so that the ecto-entodermal boundary 
is displaced towards the animal side of the embryo. Wh en th is change in the relative 
proportions of ectoderm and entoderm is considerable. the invagination of the entoderm at 
gastrulation is not possible. as the large archenteron finds no longer place in the reduced 
ectodermal vesicle. The archenteron is pushed outwards instead of inwards: exogastrulation. 
With increasing action of Li. the extension of the entoderm at the expense of the ectoderm 
increases progressively. so that vesiculous embryos. consisting entirely of entoderm. 
develop. Thus. the action of Li on sea urchin embryos brings about an "entodermization" 
of the presumptive ectoderm. 

The development of Amphibia is modified by lithium. likewise. LEPLAT (1920) obtained 
cyclopic and anophthalmic embryos of Rana fusca by the action of LiCI on the gastrula 
or blastula. AOELMANN used the same agent in his study of cyclopia in Amblystoma 
punctatum (1934) . A further analysis of the effect of lithium on the development of 
Amphibia was given by LEHMANN (1933-1937). In addition to cyclopia. other 
malformations were obtained by him. In Triton alpestris. the effect of Li varies 
with the stage of development. in which the embryos are exposed to the agent. 
Exposition during the earlier stages of gastrulation gives embryos. in which the 
anterior part of the head and the posterior part of the trunk are normal. The hind 
part of the head is very abnormal; the median parts of the skull are suppressed. the brain 
is reduced; the ear vesicles are nearly in contact with another in the median plane of the 
body: otocephalic malformation. The notochord is absent in the head and the anterior 
trunk region. the myotomes are fused in the median plane. the medullary tube is abnormal. 
In embryos exposed to LiCI during later phases of gastrulation. on the contrary. the 
anterior part of the head shows seriou'S malformations; the mouth cavity is much reduced. 
the visceral skeleton is defective or absent; the brain and sense organs are seriously 
disturbed. in many cases there is cyclopia: eye and nasa I fossa unpaired. prosencephalon 
much reduced. In addition to this . the notochord is missing in the posterior part of the 
trunk. with median fusion of the myotomes. On the contrary. the hind part of the head and 
anterior part of the trunk are nearly normal in this case. With the aid of vital staining. 
LEHMANN (1937) could show that the loss of the notochord in the embryos treated with 
Li is not brought about by a destruction of material; only. the diffe.entiation of the 
notochord is suppressed. the presumptive notochordal cells develop otherwise and become 
somite cells; in short. the effect of Li results in a "mesodermization" of the notochord 
material. Probably. the malformations of the neural system and of the sense organs are 
secondary; they are a consequence of the disturbances in the roof of the archenteron. 
brought about by the action of Li. 

In view of these interesting results of the action of Li on sea urchin and Amphibian 
eggs. it seemed wor th while to study its influence upon other eggs. In the course of our 
investigations about the development of the pond snail. Limnaea stagnalis L.. we subjected 
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a number of eggs to a treatment with LiCI. The remarkable effe cts of this treatment 
induced us to a further analysis. 

Af ter some preliminary attempts. solutions of LiCI at a concentration of 0.01 % and 
0.001 '% in tap water were used. The egg masses were either brought as a whole in the 
solutions. or they were divided previously into a number of pieces; the individtral egg 
capsules were not isolated from the common jeUy mass surrounding th em. Both the stage 
of development. in which the eggs we re placed in the solutions. and the duration of the 
treatment. were varied within wide limits; afterwards. the eggs were returned to tap water 
and washed thoroughly. 

The effects of the treatment fall within two groups. In the first of these. the effects 
are the most serious; the development is irrevocably disturbed. and comes soon to a 
standstiIlo This is the most common of the two. The other group comprises those cases, 
in which the disturbance is less; development proceeds for a long time. leading to the 
formation of an embryo. which shows. however. some characteristic malformations. 

Embryos of the first group may develop from egg masses. exposed to a wide variety 
of conditions. as regards concentration employed and length of exposition time. With 
0.001 % LiCt they were obtained from egg-masses placed in the solution immediately 
after laying and left there for 1. 2 or 3 days; with 0.01 % LiC!. an exposition time of 
11/3-21/2 hours is sufficient. provided that the eggs are exposed during the first 6 hours 
after laying. In the first 2 days of development. the eggs show nothing abnormal. Af ter 
3 days. however. when the controls have reached the trochophore stage. the Li-treated eggs 
show a characteristic appearance: they have grown to large. thin-waUed vesic1es. WIed 
with a transparent Huid. When one tries to remove them from their capsules. they show 
a tendency to burst and collapse. The wall consists of two parts. which have a somewhat 
different appearance; one part is very th in and transparent. and consists of Hattened cells. 
which are nearly free of yolk; the other part is less transparent and of ten somewhat 
irregular. its ceUs are fi1led with yellow yolk granules (fig. 1). The relationship of these 
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Fig. 1. Limnaea stagnalis. Eggs treated ' with 0.001 % LiCI during 1-2 days. 
Development of ··exogastrulae". 

two parts may vary somewhat. In some cases. they are nearly equaUy large. both 
composing about a half of the waU; there is of ten a constriction between the two parts. 
the embryo being dumb-beU-shaped. In other cases. the yeUow part is smaller. the embryo 
heing pear-shaped. Further reduction of this part leads to vesic1es. in which the yolk
containing ceUs are accumulated in a massive heap at one place of the wall; in this case. 
they may extend into the interior of the vesicle in the form of a dark strand. This last
mentioned category shows a certain resemblance to normal young trochophores. the dark 
strand looking Iike a gut. In view of this. it might be aUowed to consider the yolk
containing ceUs as entoderm. the transparent part of the wall as ectoderm. If this he 
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true, these vesicles would furnish a complete parallel to the exogastrulae of sea urchins. 
As a rule, these "exogastrulae" show no further development; they may sUTvive for a 
number of days, but eventually death ensues. 

When the eggs are exposed to a solution of 0.001 % LiCI during 2 days, beginning 
shortly after laying, or to a solution of 0.01 % LiCI during 1 hour immediately af ter egg 
deposition, in a number of cases development is disturbed less seriously. At first, it shows 
nothing abnormal; at the age of 3 days, the trochophore stage is reached. The embryos 
are, however, smaller than normal controls of the same age, more compact, less transparent, 
and somewhat irregular in outline. This abnormal appearance increases during the "veliger" 
stage, and, after some days, it becomes c1ear that all or most of the embryos of the egg 
mass show diverse malformations. Usually, a graded series of malformations is obtained, 
varying from nearly normal young snails to embryos, which are highly teratological. 
In the lightest cases, the dorsal part of the head is somewhat narrowed, and the eyes, 
which are placed wide apart in normal embryos (fig. 2 and 3), have approached each 
other dorsally (fig. 4) . This may be accompanied by a splitting of one of the eyes, so 
that triophthalmic forms arise (fig. 6) . In other cases, one of the eyes and tentacles is 
reduced (fig. 4) or absent: monophthalmia asymmetrica; it is remarkable that in the 
great majority of cases this reduction process affects the Ie ft eye and tentacle. 

With increase of the effe cts of the Li-treatment, the eyes meet each other in the median 
plane of the head: synophthalmia dorsalis (fig. 5) . These cases lead over to the embryos 
with true cyclopia, where a single eye is situated dorsally in the median plane of the ' 
head (fig. 7, 8) . Still fUTther reduction of the head region brings about anophthalmic 
embryos, where the head consists only of a small knob projecting above the foot (fig. 9). 
Even th is may be absent or nearly so: acephalic embryos. It should be noted th at the 
reduction process in all these cases affects the head region, only; the foot and the trunk 
part of the body with the mantIe and shell are normal or only slightly affected. Lastly, 
there is a group of highly abnormal. teratomorphic forms, in which the relation of the 
different parts of the body is seriously disturbed. 

The physiological aspects of the teratogene tic action of Li have not yet been fully 
elucidated, in consequence of the complex nature of the problem. The concentration of 
lithium, the leng th of exposition time and the stage of development in which the eggs are 
exposed, determine the effect of the treatment; the interaction of these factors causes a 
great diversity of the results. 

Thus far, it has been made c1ear that a differential susceptibility of different 
developmental stages exists. After exposition during 1 Yz hours to a o.or % solution of 
LiCI in the first 6 hours af ter laying, all eggs develop into exogastrulae; the same 
treatment at the blastula stage does not interfere with normal development. 

As to the influence of a different length of exposition time, in some cases a remarkable 
paradoxical effect has been observed, as the following example shows: 

6 egg masses (KG-KM) were placed immediately af ter laying in a 0.001 % solution 
of LiCI; KG was returned to tap water af ter 3 hours, KH after 6 hours, KJ 1 day, KK 
2 days, KL 2X days, KM 3 days. The results of this treatment were: KG and KH normal 
development to young snails, KJ all eggs to dumb-bell shaped exogastrulae, KK pear-shaped 
exogastrulae, KL graded series of head reductións: (6 ± normal. 1 synophthalmic, 1 
triophthalmic, 3 cyclopic embryos, 1 embryo with monophthalmia asymmetrica, 3 anophthal~ 
mic, 5 teratomorphic embryos, 9 t), KM 96 % normal young snails. Thus, with increasing 
length of exposition time the detrimental effects of the treatment first show a rapid 
increase, th en they decrease again. 

Though in some other series a slight indication of the same phenomenon was observed, 
th us far the effect could not be reproduced. In general. the results of the experiments 
show a great inconstancy. Partly, this may be accounted for by individual differences in 
susceptibility of different egg masses. In some instances, where portions of different egg 
masses of the same age were exposed simultaneou'Sly to the same solution during the 
same length of time, some of them showed a normal development to young snails, while 
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in others all eggs became exogastrulae. Besides. the influence of external factors. above 
alI the temperature. may account in part for the diversity of the results.: Lastly. the 
procedure of our experiments. in which whole egg masses (or portions of them) were 
exposed to the solutions. brings into play differences of penetration and adsorbtion of the 
ions. thereby making things stilI more complicated. Therefore. a further analysis of the 
physiological side of the problem will have to work with single egg capsules. freed from 
the jelly mass. Moreover. the external circumstances. especially the temperature. are to be 
taken into account. In th is way. the relative parts . which concentration of LiCI. length 
of exposition time. periodical and individual differences in susceptibility play in the 
causation of the Li effect. may be unraveled. 

Summarizing the results. we may say that the influence of Li upon the eggs of Limnaea 
agrees in a large measure with its effects upon the development of sea urchins at one side. 
of Amphibia at the other. Both exogastrulae. as in sea urchins. and cyclopic or 
anophthalmic monsters. as in Amphibia. have been produced. If we try to come to an 
explanation of these facts. it shou'ld be remembered that attempts have been made to 
bring the phenonema observed in Echinoids and Amphibia under a common angle of view. 

In sea urchins. the primary influence of Li has oeen explained as an action upon the 
gradient-systems of the egg. According to RUNNST~ÖM (1928). development in Echinoids 
is controlled by the interaction of two gradients. one with high point at the anima!. the 
other with its maximum at the vegetative side of the egg. The Li effe cts may be explained 
by a lowering of the animal gradient. leading to a predominance of veget~tive 

differentiations. 
Likewise. in Amphibia the effects of Li have been explained from the same point of 

view. According to DALCQ (1941) . Li affects the dorsoventral cortical field. a gradient
field having its high point at the dorsal side of the embryo. Under the influence of Li. the 
"morphogenetic potentiai" at th is point is lowered. leading to the "mesodermization" of 
the presumptive notochord material and the inhibition of its inductive action upon the 
ectoderm. which in its turn brings about the secondary effects upon the neural system 
and the sense organs. Thus. the primary action of Li wou'ld be comparable in both groups. 
Probably. the anima I gradient in Echinoids is localised in the egg cortex. like the dorso
ventral gradient-field of Amphibia. RUNNS~RÖM has observed an ultramicroscopical 
modification of the cortical layer of the sea urchin egg by the action of Li. 

Therefore. the Li effects observed in the eggs of Limnaea give support to the hypothesis 
that the development of the Spiralia is controlled by the interaction of gradient-systems. 
like those discovered in Echinoids and Amphibia. The action of Li could be explained. 
then. by an inhibition of one of these gradients. localised. probably. in the egg cortex. 

Additional support of th is hypothesis may be gained from a comparison of our results 
with the phenomena observed by CHILD (1915) in Planarians. By the influence of diverse 
narcotics. head regeneration in PlanariB may he inhibited; by varying the streng th of the 
agent. a graded series of head reductions is obtained. which shows a complete parallelism 
to our cases: approach of the eyes at the dorsal side of the head. single median eye. finally 
complete reduction of the eyes and acephaly. These results are explained by CHJLD on 
the basis of the assumption that the teratogenetical agents interfere with an axial gradient 
of metabolism. having its high point at the anterior end of the worm. 

As noted above. the cyclopic and anophthalmic malformations obtained in Amphibia 
by the action of Li are. probably. secondary in nature. resulting from the disturbance 
of the underlying organs by the agent. In Mollusks. we know nothing about an interaction 
between different organs of the embryo. comparable to the "embryonic inductions" knoWD 
in Amphibia. Therefore. it is possible that there is only a superficial resemblance between 
the malformations obtained in both groups. their mode of origin being quite different. 
However. our experiments make one thing very clear. 

According to the common opinion. the eggs of Mollusks be long to the "mosaic eggs". In 
such eggs. the determination of their parts to different organs of the embryo is fixed at a 
very early stage of devclopment. Material losses at an early stage cause a defective 
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development. However, in Limnaea eggs treated with Li no loss of cells could be observed. 
Therefore, the fusion of the eyes to a single median organ in our cyclopic embryos cannot 
be explained by a fusion of the original lateral eye anlagen, resulting from the loss of the 
material situated medially to them. We are forced to admit, then, that in our synophthalmic 
and cyclopic embryos the eyes arise from ce lIs not corresponding to the eye-forming cells 
of normal embryos; the act ion of Li has encroached upon the determination process, and 
brought about an alteration of the plan of the head. In this respect, the cyclopic 
malformation in Limnaea agrees both with that in Amphibia and in Planarians. In one 
case, from an egg ma ss kept in tap water until the 8-cell stage, then placed in 0.001 0/0 
LiCI for 2 days, a graded series of head reductions, including 6 cases of true cyclopia, 
was obtained. This proves that at the 8-cell stage the organs of the embryo are not yet 
definitely laid down. FUTther analysis will have to show, up to which developmental 
stage a modification of the plan of the head by Li can be produced . 
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Embryos of Limnaea stagnalis. 
Normal embryo, 9 days old. 
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Synophthalmia dorsalis. Left eye and tentacle reduced. 
Synophthalmia clorsalis. 
Triophthalmia. 
Cyclopia. 
Anophthalmia; head region much reduced. 
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