
Embryology. - On the development of polarity in the ectoderm of 
amphibian embryos. By M. W. WOERDEMAN. 

(Communicated at the meeting of February 22. 1941.) 

The epidermis of amphibian larvae possesses groups of ciliated cens 
which through their coordinated activity create currents of constant 
direction in the fluid environment. 

In a series of experiments (WOERDEMAN. 1923a. 1923b. 1925) I have 
been able to show that af ter reimplanting excised squares of ectoderm. 
which had been rotated 1800

• in embryos of Rana esculenta and Axolotl 
with active ciliated cens. the cilia of the rotated squares beat in an opposite 
direction. The ciliary movement keeps its original direction and is not 
influenced by the new spacial relations. 

IE. however. square pieces of presumptive epidermis of young embryos . . 
which have not yet active ciliated cens. be rotated. the result of the 
experiment will dep end on the stage of development of the operated 
embryo. 

IE the experiment be performed at the blastula or young gastrula stage. 
the ciliary activity will be normal afterwards. But if older gastrulae (from 
the round yolk-plug-stage) be used. the cilia of the rotated areas of the 
epidermis will appear to beat in reversed direction wh en the embryo grows 
ol der and ciliated cells are developed. 

Thus. the direction of ciliary movement is already determined in the 
round yolk-plug-stage; that is to say. a long time before cilia develop. as 
the first cilia appear during the closure of the neural folds. 

From this it was concluded th at even before the development of the cilia. 
the presumptive ciliated cens must possess an asymmetrical ultramicroscopic 
structure. In the gastrula with a round yolk-plug the presumptive ciliated 
cens of the epidermis have undergone "polarisation". 

TWITTY (1926 and 1928) afterwards investigated this phenomenon in 
embryos of Amblystoma punctatum. Here ciliary activity seems to appear 
almost at the same moment as determination of the direction of ciliary beat. 
i.e. about the time that the neural folds close. 

Although. according to AUSTONI (1925). in Triton-embryos ciliary 
movement appears at later stages than in Rana esculenta and Axolotl. he 
also found that determination of its direction takes place before the 
development of cilia. TI-CHOW TUNG and Y. F. YEH-TUNG (1940). 
experimenting with emhryos of Bufo bufo gargarizan and of Rana nigro
maculata. completely confirmed my results. since in these animals 
determination of ciliary activity occurs at the round yolk-plug-stage. 
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In this publication I will communicate some observations on the ciliary 
activity of the epithelium of the labyrinth~vesic1e and of ependymal cells 
of the neural tube. 

My experiments were performed on emhryos of Triton taeniatus. For 
determining their stage of deve10pment I used GLAESNER's "Normentafel" 
( 1925), but it has the disadvantage that the distinction between the stages 
is neither very c1ear nor exact. and that they do not complete1y correspond 
to those of HARRISON in regard to the development of Amblystoma. As I 
was obliged to compare my results with similar experiments by HARRISON 
on Amblystoma, I made use of an artic1e by KNIGHT (1938). in which he 
compares HARRISON'S and GLAESNER's stages. 

Just as in Rana esculenta and Axolotl I have found an early polarisation 
of the ectoderm in Triton taeniatus larvae. Already at stage 8 or 9 (incipient 
gastrulation up till gastrula with horse~shoe~shaped blastopore) rotation of 
presumptive epidermis results in reversal of the ciliary activity of a certain 
area of the epidermis. Thus I found a much earlier polarisation of the 
ciliary cells in Triton than AUSTONI, whose opinion has been mentioned 
above. 

As ciliary movement becomes visible in embryos of stage 17 (neurula 
with incipient c10sure of neural folds). the direction of the ciliary beat in 
Triton larvae. as well as in larvae of Rana. Axolotl and Buto (TI~CHOW 
TUNG and Y. F. YEH~TUNG). is determined a long time before the 
appearance of cilia. 

Some other experiments with Triton embryos prove that. in accordance 
with the results which I published in 1923 and 1925 on Rana esculenta and 
Axolotl, the direction of the ciliary beat in this anima I is determined before 
the organogenetic fate of the ectoderm~cel1s. 

H. for instance. af ter homopleural dorso~ventra1. or after heteropleural 
dorso~dorsal rotation of 1800 (for the explanation of these terms see the 
publications of HARRISON and HALL). an excised square of presumptive 
ventral ectoderm of stage 8 or 9 was implanted in another gastrula in such 
a way that part of the implant came to lie in the ar·ea of the presumptive 
neural plate and another in the area of th~ presumptive dorsal epidermis, the 
embryos developed normally, the implant participating in the formation of 
both the neural plate and dorsal epidermis. Af ter the development of cilia 
the ciliary activity of theepidermal part of the implant appeared to take an 
opposite direction. Microscopic examination of the fixed larvae showed 
that they had a complete1y normal nervous system. 

During these experiments my attention was drawn to some animals 
which had developed an ear~vesic1e from the rotated ectoderm. 

In the young ear~vesic1e th ere is a constant rotatory movement of the 
fluid with which it is fi1led. which can be seen when it contains small 
partic1es (e.g. some desquamated cells). and which is caused by ciliary 
movement. In some cases I saw an abnormal movement in the ear~vesic1es 
which had originated from rotated ectoderm, and this has induced me to 
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study the determination of the ciliary activity in the ear~vesicle more 
in detail. 

Through the researches of HARRISON and some others (for references 
see HARRISON, 1936; HALL, 1937 and YNTEMA, 1939), we know that the 
embryonic ear at early stages constitutes an equipotential system, which 
first undergoes an antero~posterior polarisation and later becomes 
polarised along its dorso~ventral and medio~lateral axes. 

This knowledge has been gamed by studying the results of rotation 
experiments in which one or two of the axes of the ear~anlage were rotated 
900 or 1800 at different stages of development. 

The experiments of the above~mentioned American embryologists were 
performed on embryos of Amblystoma punctatum, and have led to the 
conclusion that , the antero~posterior axis of the labyrinth~anlage in th is 
animal is determined at the stage 20 of HARRISON (neurula with incipient 
closure of neural folds). 

For a short time this axis is still labile, as was shown by HALL (19'37), 
who obtained normal labyrinths af ter 900 rotations of the ear~ectoderm at 
stage 20, 21 and 22. At stage 23, however, the antero~posterior axis is 
irreversibly determined. 

Then, according to HARRISON, determi.nation of the dorso~ventral axis 
begins. 

I have investigated the ciliary activity of the epithelium of rotated ear~ 
vesicles in the following series of experiments. 

From embryos which were stained int r a v i tam with Nile blue 
sulphate, a square piece of the presumptive ear~ectoderm was excised and, 
af ter rotation. reimplanted in an unstained embryo, in order to determine 
with accuracy whether the ear~vesicle develops from the implant. When 
the ear~vesicle was clearly visible I injected some very small particles of 
carmine into it with a micro~pipette. Thus I was able to study the direction 
of ciliary movement in some successful cases. 

Af ter the development of the statoliths, which allowed of diagnosing the 
position of the labyrinth in the living larva, it was fixed and carefully 
examined microscopically. 

Now, when, af ter homopleural dorso~ventral and heteropleural dorso~ 
dors al rotation of 1800 , the presumptive ear~area was reimplanted at stage 
16---23 of Triton taeniatus. the operations resulted in the development of 
normal labyrinth~vesicles. At stage 24 the determination of the antero~ 
posterior axis seems to be irreversible, and rotation at th is or at older 
stages results in abnormal vesicles. 

Although I have not investigated the determination of the lahyrinth~ 
axes in Triton~embryos in detail, I think it will not differ greatly from 
that in Amblystoma. since stage 24 of Triton corresponds to the critical 
stage 26 of Amblystoma at which. according to HALL. the labyrinth~anlage 
is no longer able to regulate into a norm al labyrinth af ter rotations. 

In a number of cases where I succeeded in injecting sm all particles into 
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the apparently normal vesicles which had originated from 1800 rotated 
ear-eetoderm at the stages 16-23, I foood an abnormal ciliary aetivity, 
the cilia of the vesicle on the operated side beating in the opposite direction. 

By rotating the presumptive ear-eetaderm at still younger stages, I 
observed that the direction of ciliary beat in the ear-vesicles is determined 
al most simultaneously with the direction of ciliary aetivity of the epidermis, 
i.e. at stage 8-10. 

These results are remarkable in many respeets. They indicate th at the 
determination of the ciliary aetivity in the labydnth-vesicle is independent 
of the determination of the axes of the vesicle, and oeeurs at a mueh earlier 
stage. Thus, most probably the induetive influenee whieh is responsible 
for the determination of the. polarisation of the ciliary movement in the 
ear-vesicle is not the same as the induetor{s) of the axes of the ear-anlage. 

And, finally, they prove that the normal strueture of the labyrinth 
which develops from a rotated anlage eannot be explained by assuming 
that the ear-vesicle has rotated backwards. This assumption has of ten been 
diseussed in literature, but has already been questioned by HARRISON, who 
argued th at the development of a norm al labyrinth af ter heteropleural 
transplantation of the anlage is not explained thereby. The ciliary beat in 
the ear-vesicles of my operated animals proves th at they did not rotate 
backwards. 

If we try to explain the reversed ciliary beat in apparently normal 
labyrinths which have developed from rotated ear-eetoderm I see two 
possibilities. 

There are only some groups of eells whieh possess cilia. Now it may 
be that the orientation of these groups is Illot ehanged by the rotation, or 
that eaeh ciliated eell beats in the opposite direction, whereas the orienta
tion of the eell-groups is normal. 

I have not been able to decide which of these two possibilities is 
realised, but the result of experiments on the ciliary aetivity of the 
ependyme induees me to eonsider the seeond explanation as the most 
probable. 

This brilllgs me to my experiments on the determination of the eiliary 
movement in ,the neural tube. 

This movement ean be studied in the fourth ventricIe of the brain, its 
transparent roof allowing the injeetion of eoloured particles and of 
observing the eurrents of the eerebro-spinal fluid. 

When, iIll embryos of Triton taeniatus (stages 12 and 13, where the 
neural plate beeomes visible) or of the Axolotl (the eorresponding stages 
14 and 15), a reetangular pieee of the presumptive neural plate, in the 
area of the presumptive hind-brain and extending over the whole breadth 
of the plate, is excised without the underlying roof of the arehenteron, 
and reimplanted af ter 1800 rotation, the embryos develop normally. Af ter 
some days the larvae show normal swimming movements and normal 
excitability, but the ciliary aetivity in their fourth ventricIe appears to be 
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reversed. When the border of the rotated area passes through the fourth 
ventricle, whirling currents can be seen at the border. 

This observation proves that at the operated stages the direction of the 
ciliary beat of the ependymal cells was already determined. 

Microscopical examination of the larvae with reversed ciliary movement 
in the fourth ventricle revealed no signs of irregularity in their nervous 
system. Both its external form and interior structure (distribution ofcells, 
arrangement of fibre~masses, origin of nerves, etc.) proved to be normal. 

There is no evidence of abnormalities in the Hner morphology of the 
cells (e.g. direction of outgrowth ofaxiscylinder ). Besides I do not take 
them to be probable. 

For recent researches of DETWILER (1940) have shown that reversal of 
the antero~posterior axis of the neural tube at older stages of Amblystoma 
punctatum (19 and 20) results in a normal nervous system. Even the 
axon of MAUTHNER's cell had grown out in the normal direction. IE, at 
stage 19 or 20, the direction of outgrowth of the axiscylinders has not yet 
been determined, it is highly improbable that it would be so in the open 
neural plate stage at which I operated. 

Thus my observatioos indicate that at the stage which I have used for 
my experiments the direction of the ciliary beat of the ependymal cells had 
been determined, whereas the other cells of the neural plate had not yet 
been polarised. 

From the results of the above experiments it may be concluded that: 
1. in embryos of Triton taeniatus the direction of ciliary activity of the 

epidermis is determined at stage 8-9, long before the development of 
cilia and before the organo~genetic fate of the other ectoderm~cells, 

2. in embryos of Triton taeniatus ,the antero~posterior axis of the labyrinth~ 
anlage is not irreversibly determined before stage 24, but the direction 
of ciliary beat in the labyrinth~vesicle is already determined at stage 
8-10, 

3. the determination of ciliary movement of .the ependymal eells of the 
neural tube in Triton taeniatus and Axolotl is determined before the 
polarisation of the other cells of the neural plate, 

4. the eause of the polarity of the ciliated cells must be another ,than the 
cause of the polarisation of the labyrinth ... anlage and of the neural plate, 

5. the polarity of the ciliary beat of the epidermis cannot be the expression 
of a general polarisation of the ectoderm, 

6. the polarisation of the ectoderm is brought about gradually (see also 
my investigations on the polarity of the lens: WOERDEMAN, 1934, 1939 
and 1941). 

Anatomical~Embryological I nstitute 
of the Univet'sity. Amsterdam. 



267 

REFERENCES. 

AUSTONI. G .• Atti R. Accad. Lincei. Rend (6).22.544 (1935). 
DETWILER. S. R.. Journ. expo Zool.. 84. 13 (1940). 
GLAESNER. L .• Nomentafeln z. Entwicklungsgesch. d. Wirbeltiere. H. H. Verslag Gustav 

Fischer. Jena (1925). 
HALL. E. K.. Journ. expo Zool.. 75. 11 (1937). 
HARRISON. R. G .• Proceed. Nation. Acad. Sci. Washington. 22. 238 (1936). 
KNIOHT. F. C. E .. Roux· Arch. f. Entw. mech .• 137. 461 (1938). 
TI-CHOW TUNO and Y. F. YEH-TUNG. Arch. dl' Biol.. 51. 203 (1940). 
TWITTY. V. C .• Anat. Rec .• 34. 116 (1926). 
-----. Journ. expo Zool.. 50. 319 (1928). 
WOERDEMAN. M. W .• Verslag Kon. Akad. v. Wetensch .• Amsterdam. XXXII. 726 

(1923a). 
Verslag Kon. AkLld. v. Wetensch .. Amsterdam. XXXII. 731 (1923 b). 

-----. Roux· Arch. f. Entw. mech .. 106. 41 (1925). 
-----. Zeitschr. f. mikro anat. Forsch .• 36. 600 (1934). 

Proc. Kon. Ned. Akad. v. Wetensch .• Amsterdam. 42. 290 (1939). 
-----. Acta neerl. morphol.. IV. 91 (1941). 


