
Embryology. - Embryonic "induction" by chemical substances. By 
M. W. WOERDEMAN. 

(Communicated at the meeting of February 29. 1936). 

SPEMANN and his pupils showed that during embryonic development an 
interaction exists between special cell groups in the embryo. which has 
been named "inductive action". 

It was conjectured that thc roof of the archenteron influences the 
adjacent ectoderm of amphibian embryos. which causes this ectodermal 
region to respond with the formation of a neural plate. IE now experimentally 
part of the roof of the archenteron is grafted under indifferent ectoderm. 
the latter reacts by differentiating into a neural plate (or part of it) above 
the graft. It is surmised that by "inductive action". proceeding from the 
implant (which is called "inductor"), out of the indifferent ectoderm a 
neural platc has originated. 

On account of th is experiment and many others it is practically certain 
that also in normal development the neural plate is formed by inductive 
action emanating from the roof of the archenteron. 

Experimental researches proved that not only the roof of the archenteron 
has an "inductive capacity" but that other cell groups possess this capacity 
as well. It is besides not only thc neural plate which originates by an 
inductive action but other organs also are induced from indifferent material 
by neighbouring inductors (e.g. the lens by the eyecup). 

During the latter years many researches have been devoted to this 
mysterious inductive action. 

It can. of course. be of a highly varying nature. but very soon the 
conception got the upper hand that it is produced by chemical substances. 

Particularly the observation that inductors killed by heating. freezing. 
drying and treatment with alcohol appeared not to have lost their inductive 
capacity supported this supposition 1. 2). By treating inductors with various 
reagents or extracting them with solvents and th en examining their 
inductive capacity. it was tried to determine the properties of the "inductive 
substance". Or inductors were extracted and it was tried to separate 
special fractions from the extract. which then in some vehicle or other 
(e.g. agar-agar or gelatin) were grafted under indifferent ectoderm in 
order to find whether they produced an inductive action. 

F. G. FISCHER and E. WHIMEIER. among others. worked in this way 
and in a "Nachtrag" in the same number of "Die Naturwissenschaften". 

1.) H. BAUTZMANN. J, HOLTFRETER. H . SPEMANN u, O . MANGOLD. Naturwissen
schaften 2051.. Dezember (1932). 

2) J. HOLTFRETER. Arch. f. Entw.mech. 1283• 584 (1933). 
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where they communicated their results 3), they arrived at the conclusion, 
not further explained by arguments, that glycogen would be the inductive 
substance. Meanwhile I had already pointed to the typical metabolic 
processes in the inductors, which are accompanied by the disappearance 
of glycogen 4) , and on account of th is observation I had alsooccupied 
myself with the investigation of the inductive capacity of glycogen, which 
however led to negative results 5) . . 

HOLTFfmTER 6) and J. NEEDHAM, C. H. WADDINGTON and D. M. 
NEEDHAM 7) also considered glycogen inactive and it is practically certain 
that FISCHER and WEHMEIER worked with glycogen 'containing traces 
of an inductive substance 8). FISCHER and WEHMEIER 3) and also 
HOL TFRETER 2) had observed that parts of amphibian embryos, which in 
living state did not produce an inductive action, began to do this af ter 
being killed by treatment with certain rea gents. On this basis FISCHER 

and WEHMEIER built their hypothesis that in certain living eells by the 
side of inductive substances also an "inhibitor" substance should occur . 
By extraction of the inhibitor, the part of the egg killed by the extracting 
solvent (ether) would becom'e an inductor. 

Towards the end of 1933 some important communications were 
published, from which it appeared that the inductive substance occurs 
not only in some embryonic cell groups but also in many or gans of adult 
invertebrate and vertebrate animaIs, but is not observed in vegetable 
substances, while further from newt larvae and from the organs of adult 
newts a petrol-ether extract cou!d be prepared, which contains the active 
substance 9, 10). 

HAl'v\PE demonstrated in my laboratory the inductive capacity of patho
logical tissues (rat's mamma-carcinoma, human mamma-carcinoma, 
PEYTON Rous fowl sarcoma ) and mammalian muscular tissue 4c&d). 

Since various organs and tissues, easily obtainable in large quantities, 
contain inductive substance, it was possible to isolate this substance in a 
sufficient amount. 

Especially in the laboratories of J. NEEDHAM (Cambridge, Eng.) and 

3) H. SPEMANN, F, G, FISCHER u. E . WEHMEIER, Naturwissenschaften 21 27 , Juli 
(1933) , 

4) M . W, WOERDEMAN, a) Proc. RoyaI Acad. Amsterdam, 36, 189. Febr. (1933); 
h) 36, 423. April (1933); c) 36, 477. May (1933) ; d) Ned. Tijdschr. v. Geneesk. 77. 
31 , 3621 (1933). 

5) M . W. WOERDEMAN. Proc. RoyaI Acad. Amsterdam. 36. 842. Sept, (1933), 
6 ) J. HOLTFRETER, Naturwissenschaften, 21 43• October (1933). 
7) J, NEEDHAM. C. H . WADDINGTON and D . M , NEEDHAM. Proc. RoyaI Soc. 

London, B. 114. 393 (1934). 
ti ) C. H. WADDINGTON. J. NEEDHAM. W. W . NOWINSKI. D . M. NEEDHAM and 

R. LEMBERG. Nature. 134. 103 (1934) . 
9) C . H . WADDINGTON. JOSEPH and DOROTHY M. NEEDHAM. Nature, 132. 239. 

Aug. (1933). 
10) C. H . WADDINGTON. JOSEPH and DOROTHY M . NEEDHAM. Naturwissenschaften 

2143 , Okt. (1933). 
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F. G. FISCHER (Freiburg in Br.) this work was taken in hand. while 
meantime by experimental-embryological researches in numerous labora
tories the peculiarities of the induction by chemical substances were studied 
more closely. The conception of FISCHER and WEHMEIER that also (an) 
inhibitor substance (s) would exist was not supported by this continued 
research. HOL TFRETER 6). J. N~EDHAM. C. H . WADDINGTON and D. M. 
NEEDHAM 7) reject the hypothesis of the presence of inhibitor substances. 
and in her elaborate publication of 1934 ELSE WEHMEIER 11) does not 
further discuss the presence of inhibitor substance (s). 

As to the chemical researches: thus far they have not yet led to corres
ponding results. 

NEEDHAM and his collaborators suppose that the inductive substance 
IS soluble in ether and petrol-ether 9) and. on a continued purification of 
ether extracts from organs with inductive action. came to the conclusion 
that the inductive substance is a sterol-like body 7. 8). They could with 
two synthetically prepared phenanthrene compounds obtain induction of 
neural plates. 

FISCHER. WEHMEIER and JÜHLlNG 12). on the other hand. are inclined 
to think that induction of neural plates may be obtained by muscular 
adenylic acid and thymonucleic acid. 

Now it is not impossible that more than one inductive substance exists 
and in HOL TFRETER's publications 13) it is seen that this author takes the 
existence of several inductive substances into consideration. 

NEEDHAM c.s . 14). however. assume that the muscular adenylic acid and 
thymonucleic acid of FISCHER c.s .. prepared from animal organs. do not 
produce an inductive action themselves but that their action is due to 
inductive substances which they contain as impurities. The same should 
be the case with cephalin. prepared from brains by BARTH 15) . to which 
BARTH also ascribes inductive action. NEEDHAM c.s. still seek the inductive 
substance(s) among the sterol-like compounds. point to the connection 
with oestrogenic and carcinogenic substances and have tried the inductive 
action of many products from this group of substances. WADDINGTON and 
D. M. NEEDHAM 16) then made the important observation that a substance. 
whose strongly carcinogenic properties are known. viz. the 1: 2 : 5 : 6-
dibenzanthracene. appeared also to be able to induce a neural plate in 
one case. 

Evidently it is possible to obtain neural induction with several syntheti-

11) ELSE WEHMEIER. Arch. f. Entw.mech. 1322--.3. 384 (1934). 
12) F . G. FISCHER. E. WEHMEIER und L. ]ÜHLlNG. Nachr. Ges. Wiss. Göttingen. 

Abt. Biol.. 394. Nov. (1933) . 
13 ) ] . HOLTFRETER. Arch. f . Entw.mech. 1322-3. 306 (1934) . 
14) C. H. WADDINOTON. ]. NEEDHAM. W. NOWINSKI and R. LEMBERG. Proc. 

Royal Soc. London. B. 804. Vol. 117. 289 (1935) . 
15) L. G. BARTH. Biol. Bull. 67. 244 (1934) . 
16) C. H . WADDINOTON and D. M. NEEDHAM. Proc. Royal Soc. London. B. 804. 

Vol. 117. 310 (1935) . 
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cally prepared substances. It is another question, however, which substance 
plays a role in normal embryonic induction. In a recent article 17) now 
FISCHER and his collaborators communicated that the preparations described 
by NEEDHAM c.s. as active could be made inactive by freeing them from 
traces of acid. Further they obtained induction with synthetically prepared 
oleic acid . They think that several fatty acids and nucleic acids have an 
inductive action and arrive at the final conclusion that the inductive action 
may be an acid~stimulation . 

Meanwhile also in our laboratory many experiments had been made in 
order to get a better insight into the problem of induction. They were 
carried out partly by HAMPE, partly by myself. HAMPE examined the 
inductive capacity of numerous substances, such as press juice from 
muscular tissue and from tumours; ether extracts from these tissues and 
the remaining residue; glycogen derived from muscular tissue, befare and 
aftel' its being defatted and petrol~ether extraction; boiled and dried 
muscular tissue; tripalmitin , tributyrin, tristearin and triolein, beef fat; 
monobutyrin and glycerin, and various substances which might receive 
consideration as vehicles for the chemica Is which are aften very difficuit 
to graft into a host. gastrula. 

In connection with my observations on the loss of glycogen in inductors, 
I myself examined the inductive action of glycogen and its decomposition 
products, products of carbohydrate fermentation , lactic acid, butyric acid, 
and of fermentative and oxidation processes, which I caused to take place 
under indifferent ectoderm ofaxolotl~blastulae and gastrulae. 

At the same time, on account of the observations made in our laboratory 
with tumour~tissue , which were confirmed by WEHMEIER 11), I examined 
the action of a carcinogenic substance, 1 : 2 : 5 : 6~dibenzanthracene, kindly 
placed at my disposal by Prof. Dr. H. T. DEELMAN. We did not publish 
the results of our investigation: in the first place because meanwhile the 
results of similar or completely equal experiments had been elaborately 
communicated by others 6. 7. 8 . 11. 13. 14. 16), but secondly because I began 
to doubt wh ether they had attached the correct meaning to their results. 

The technique of the investigation into the inductive capacity of a 
special material is usually the following. The material is grafted into the 
blastocoel of an amphibian blastula. Mostly af ter gastrulation it has gat 
its position somewhere under the ectoderm. Where th is will be, cannot bE" 
said beforehand. It has now become apparent that it is by no means insigni
ficant where the "graft" happens to be situated. 

Before the beginning of the research on chemical factors in the induction. 
observations among others by RAVEN 18 ), made in our laboratory, had 
drawn our attention to this phenomenon. 

17) F . G. FISCHER. E. WEHMEIER. H . LEHMANN. L. JÜHLING und K. HUL TZSCH. 
Ber. d. dtsch. chem. GeselIseh. Jhg . 68. H. 6. 1196 (1935) . 

18) CHR. P . RA VEN, a) Proc. Royal Acad. Amsterdam. 34. 554 (1931) ; b) Ned. 
T ijdschr. v . Geneesk. 75. II. 35 (1931) ; c) Arch. f. Entw.mech. 1303---4 (1933) . 
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-RAVEN examined the inductive capacity of small pieces of neural crest. 
IE such an inductor came to be situated in the neighbourhood of the neural 
plate of the host (Triton). it induced a small neural plate; if it took its 
position in the region of the so-called balancer (organ of RUSCONI). super
numerary balancers were formed. The effect of the inductive action conse
quently appeared to depend on the place where it is produced. Since also 
neural crest of Rana (the larvae of which possess no balancers ). introduced 
into Triton. induced extra balancers. this result must be an indication that 
the inductive action in RAVEN'S experiments is not specific and that the 
nature of the induced organ is chiefly dependent on factors working in 
the host. 

However, cases are also known of inductors which. irrespective of the 
place in the host where they come to be situated. always induce the same 
organs and where consequently the effect of the inductive action is deter
mined by the nature of the inductor (SPEMANN 19) ). 

The researches by RAVEN a.o. led me. in imitation of SPEMANN 20). 

WEISS 21). and GURWITSCH 22). to assume the existence of "organ fields" 
in the embryo 23). It should be imagined that in the embryo regions exist 
where the physical and d~emical factors are such as to make it possible 
that a special organ is formed there ("embryonic field"). The organ 
originates in the centre of the field, where the "field action" is most 
intensive. but remains surrounded for some time by more or less extensive 
parts of the field which have not been used for the organ formation and 
where the field action is not very intensive. 

IE an inductor comes to be situated under the ectoderm of the host. 
the effect is in the first place dependent on the field within the domain 
of which the inductor comes to lie (in "neural plate field" the inductors 
used by RAVEN produced inductlOn of neural plates and in "balancer field" 
formation of supernumerary baJancers). But in the second place the result 
of the experiment will depend on the inductor. namely. on the power of 
its own embryonic field. IE this is more powerful than the field action in 
the field within which the inductor is situated, the nature of the induced 
organ will be dependent on the inductor. 

The observations on induction by chemical substances now have led 
me to conclude that the chemical substances and dead grafts, to which 
inductive action has been ascribed, merely influence existing embryonic 
fields. but that they do not pro duce a field action themselves. Their effect 

19) H. SPEMANN, Arch. f. Entw.mech. 123, 389 (1931). 
20) . H. SPEMANN, Arch. f. Entw.mech. 48, 533 (1921). 
21) P. WEISS, a) Naturwissenschaften 11, 669 (1923); b) Arch. f. Entw.mech. 104, 

359 (1925); c) Arch. f. Entw.mech. 107, 1 (1926) . 
22) A. GURWITSCH, a) Arch. f. Entw.mech. 51, 383 (1922); b) Arch. f. Entw.mech. 

112, 433 (1927). 
23) M. W. WOERDEMAN, Ann. Soc. Sciences méd. et natur. Bruxelles. 19323-4 

ct 5-6. 
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is dependent on their position in the host and neither in my own experi~ 
ments nor in the data from the literature do I see arguments in favour 
of another conception. 

Por th is reason we have to ask whether we can indeed speak of "induc~ 

tive substances" . Several of the substances examined, if they are not 
situated near an active organ field (e.g. neural plate field), merely show 
a stimulating effect on the cens in the immediate surroundings of the graft. 
een multiplication, changes in cell form, etc. are seen but the formation 
of a typical organ or part of an organ is out of the question. H, however, 
a similar implant happens to lie near a neural plate, a smaU neural plate 
is formed. Evidently the dead grafts can activa te the ceUs in their vicinity 
and the activity of the embryonic fields of the host. I would, therefore, 
regard the dead grafts and chemical substances as "activators" for the 
embryonic cens. They do not produce an inductive action ; that is done 
by the living host into which they have been introduced. 

Also in those cases where later by microscopic examination the induced 
formation appears to lie rather far away from the corresponding organ of 
the host (e.g. eye lens in thc cardiac region) , the above explanation need 
not be incorrect. Some organ fields are very extensive (in some amphibians 
beUy ectoderm can form an eye lens, if it is transplanted above the eye 
cup) and, besides, the induced organ and the organ of the host at the 
moment of their formation may have been situated c10sely together and 
only later came to lie farther apart. 

As an objection to my explanation of the action of the so~caUed chemical 
"inductive substances" might be adduced the results of some experiments 
by HOLTFRETER. He succeeded in cultivating isolated cen groups of 
amphibian blastulae in salt solution 24 ). Por a number of his researches , 
mentioned above, he made use of such cultivated cell groups. He studied 
the inf1uence of killed inductors and of chemical products on these cultures 
and could, for example, perceive the formation of neural plates and neural 
tubes in cultivated ectodermal vesic1es. We might be inc1ined to think that 
here the inductive action of the host cannot have played a role and tha t 
the formation of the neural plates has to be ascribed to the influence of 
the inductors. 

However, particularly in these " inductions" we are struck by the peculiar 
character of the induced formations . No typical organs are formed, but 
formations which can hardly be recognized as parts of organs. Moreover, 
as a rule nothing points to a typical grouping of organ parts. Often a 
differentiation of the cens is observed without organ formation . 

A typical "organization", therefore, is out of the question. 
Moreover, HOL TFRETER's experiments with cultures of parts from 

24) J. H OLTFRETER, a) Verh. dtsch. Zool. Ges. 174 (1929) ; b) Arch. f. Entw.mech. 
117, 11, 421 (1929) ; c) Arch. f. Entw.mech. 124, 404 (1931); d) Verh. dtsch. Zool. Ges. 
158 (1931) . 
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blastulae showed that already in the blastula a certain differentiation 
exists and that such cultures even without the influence of inductors can 
ultimatelv form special tissues and even parts of organs. The cultures, 
consequently, are not completely indifferent and I suppose that the dead 
inductors have done nothing but increase field actions already present in 
the cultures, although only slightly active. 

We are not compelled to assume that the chemical substances and dead 
" inductors" really "have brought something new into the cultivated cell 
material" (inducere = to bring into). Here also we can account for the 
phenomena observed by an activation of developmental tendencies which 
were already present. 

In the literature several remarks are found from which it appears that 
the authors have doubted the "inductive action" of dead grafts and 
chemical substances. 

NEEDHAM and WADDINGTON. for example, introduced the name "evo~ 
cator". According to their conception, the dead graft or the chemical 
substance can produce a supernumerary "embryonic axis" but the "regional 
character" of the organs which will arise from this primordium is 
determined ("individuation") by "individuation~fields" active in the host 
( WADDINGTON and SCHMIDT 25) ). I would go yet further and not even 
give the name "evocator" to the chemical substance or the dead implants. 
They activate the cell material, but the "evocation" of the supernumerary 
embryonic axis is the work of the host itself. 

The graft, however, can determine the direction of the axis, as I was 
ab Ie to demonstrate by using long~stretched bits of an isolated muscle fibre 
as inductor. The axis of the induced neural plates was determined by the 
longitudinal axis of the muscle fibre. 

But th is is not surprising either, if it is borne in mind that the activating 
influence of the implant is only exerted on the cells with which it has 
direct contact. A long stretched graft will activate a long~stretched 

part of the embryonic neural plate field and the tendency of parts of the 
"field" to form a "totality" will be able to bring about that the induced 
neural plate comes to be situaced in the direction of the activated field. 
In any case it is the embryonic field action, consequently the host, which 
"induces" the neural plate. 

HOL TfRETER also elaborately discusses the difficult question what part 
in the process of induction is taken by the host and by the inductor. He 
is little decided in his statements; on the one hand he ascribes significance 
to the host but on the other hand considers the inductive substance of 
such importance that he is even indined to assume different inductive 
substances for different organs )3 ). 

This problem also , which has been discussed several times in the litera~ 
ture, may be mentioned here. 

25) C. H . WADDI NGTON and G. A. SCHMIDT, Arch. f. Entw.mech. 128, 522 (1933). 
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In my opinion it is an ascertained fact .that with various chemical , sub~ 
stances effects can be obtained which are called "induction". Whether 
this is due to a common property of all these substances, e.g. to a stimu~ 
lation by acids 17), 1 leave aside. However, it is by no means surprising 
that several substances have been found showing the so~called "inductive 
capacity", now that we may assume that these substances should be 
considered merely as stimulating substances, as activators, and tha{ the 
real induction itself is performed by the host. It is conceivable that 
embryonic fields can · be activated also by other than chemical agents: 
mechanical and thermal stimulation even seems able to produce induc~ 
tion. 14. 26. 27. 28) 

We found that some substances were very powerful activa tors, whereas 
others only produced a feebie action. To the most powerful belonged 
petrol-ether extracts and press juice from tumours and muscular tissue. 
The carcinogenic substance 1: 2 : 5 : 6~dibenzanthracene indeed caused 
strong proliferation of the ectoderm but I did not observe formation of 
neural tubes (in axolotl gastrulae). Consequently I can corifirm the op in ion 
of WADDINOTON and D. M. NEEDHAM 16) that this substance is an activa~ 
tor: however, they once observed the formation of a neural tube in Disco
glossus. Thus far I have not been able to obtain this in axolotl. It is of 
great importance to examine further the nature of the ectoderm al proli
ferations and to find whether indeed the embryo is able to keep the 
activated ectodei:m~growth within bounds by its inductive actions, which 
the adult organism evidently cannot (or not always) do. 

It is very likely that also in normal embryonic development the indif~ 
ferent material must be activated by factors emanating from its immediate 
neighbourhood. In the experiment th is activation. can be performed by 
various substances. It is as yet an open question which factor in normal 
development activates the material. 

However, even if we should know this, yet the problem of the "organi
zation", the formation of the structures, grouping of cell masses, etc., would 
not have come much nearer to the solution. In this respect I entirely 
agree with WEISS 29) . who critically discussed the "organizer~problem" 
and sharply formulated the objections, also feit by myself, to the researches 
on "chemical induction" . The above may be a support to his conceptions. 
I hope that the study of the connection between on the one hand the 
structure of the cell groups known as organizers (in which I will also 
include the localization of the various metabolic processes in the organizers) 
and on the other hand the structure of the induced organ will afford a 

~6 ) B. I. BALINSKY, Arch. f. Entw.mech. 105, 718 (1925); 110, 63 and 71 (1927); 
103, 704 (1933) . 

27) F. G. GILCHRIST, PhY.$iol. Zoology 1, 231 (1928) . 
28) G. CASTELNUOVO, Bollet. zool. 3, 291 (1932). 
29) P . WEISS, Physiol. Reviews (4) 15, 639 (1935) . 

Proceedings Royal Acad. Amsterdam, Vol. XXXIX, 1936. 21 
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better insight into the problem of organization. In this direction I have 
already previously made attempts. 5. 30) It is to be recommended to continue 
and extend these researches. 

Department of Anatomy and Embryology 
University of Amsterdam. 

30) M. W. WOERDEMAN. Zeitschr. mikro anat. Forseh. 36. 600 (1934) . 

Physics. - On the Structure ot Solid Chlorine. By W . H. KEES OM and 
K. W. TACONIS. (Abstract of Communication N0. 240e from the 
KAMERLINGH ONNES Laboratory at Leiden). 

(Communicated at the meeting of February 29. 1936) . 

The structure of solid chlorine was determined with the X~ray gonio~ 

meter with moving film, by irradiating a rotating single crystal of the 
substance. 

From the gnomonic projection we derived a tetragonal structure, with 

c 
-=0,715. 
a 

For the determination of the absolute dimensions of the unit cen and for 
the conclusions on the space group we availed ourselves of the data from 

DEBYE~SCHERRER diagrams made by 

~ . 
e ~-

G -

e-

KÖHLER 1) . 
We found for the unit cen a = 8,56 A. 

c = 6,12 A. We concluded to a space 
group D!h in which the co~ordinates of 
the Cl atom are x=O,125; y=O,167; 
z =O,107. 

We represent the arrangement of the 
0 ~-+ - Cl atoms in fig . 1. It shows a projection 

of the unit cen on the horizontal plane in 
the way as done in the International 

Fig . 1. Structure of solid chlorir.e . 
Tables for the Determination of Crystal 
Structure. 

The distance of the Cl atoms in the molecule in this molecular lattice 
is 1,99 A. This value most satisfactorely ag rees with 2 X the value 
(0,99 A) given by PAULING 2) for Cl in his table of the normal electron~ 
pair~bond radii of atoms. The minimum distance between Cl atoms of 
different molecules in the arrangement mentioned above amounts to 2.71 Á . 

1) J. W . L. KÖHLER. Thesis, Leiden (1934) . 
2) L. PAUWiG. Proc. nat. Acad. U.S.A. 18, 293 (1932) . 


