
Botany. - A Cansideratian af same Phytachemical Prablems. By TH. 
WEEVERS. (Communicated by Prof. J. C. SCHOUTE.) 

(Communicated at the meeting of May 23. 1936). 

In 1847 ROCHLEDER defined Phytochemistry as the science which studies 
the connection between taxonomy and plant chemistry. Various investi~ 
gators, however, have since called in question several aspects of this 
connection, some of which I propose to examine here with a view to 
obviating a number of their objections. 

The first and most important of these is the assertion that according to 
the doctrines of phytochemistry the genera and families of the plant 
kingdom ought always to be characterized by certain definite chemica I 
compounds. Generally speaking this is certainly not the case, although the 
doctrine holds good for a few genera; thus salicin is exclusively found 
in the genera Salix and Papulus, chinine alkaloids in Cinchana and Remya, 
both two closely related genera. 

This assertion, however, arises from a misunderstanding of the principles . 
of taxonomy. For rarely, if ever, is a genus characterized by one morpholo~ 
gical quality; it is always a definite combination of morphological character~ 
istics which defines the place in the system. Now the same is true of the 
chemical characteristics. Some examples will make this clearer. 

The compound cineal occurs in a number of widely different families, 
such as the Labiatae, M yrtaceae, Zingiberaceae, etc., but one definite 
combination of cineol and a number af cyclic and non~cyclic terpenes 
completely characterizes the genus Eucalyptus from a chemical point of 
view. This great Australian genus, which comprises over 400 species, has 
been extensively studied chemically by BAKER and SMITH 1), who in a 
monograph entitled Researches an the Eucalypts especially in Regard ta 
their Essential Oils have chemically analyzed the oils of some 170 species. 
In not two species of these does the oil possess the identical chemical 
composition, neither qualitatively nor quantitatively. This is due to the fact 
that besides cineol the Eucalypts may contain pinene, phellandrene, geranial, 
citral,cymal, terpinene, etc., in all some 20 different compounds, variously 
combined. In each species, therefore, the combination is a different one, 
exactly as in the case of the morphologicalcharacteristics. 

Even the varieties of one species are sometimes characterized by different 
combinations of chemica I compounds. (e.g. Eucalyptus dives). 

Another example is furnished by the Papaveraceae. Just as these are 
t:haracterized morphologically by a combination of characteristics, each of 

1) BAKER, R. T . and SMITH, H. G., Sydney (1902). 
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which is quite frequent in itself, such as hypogenous flowers, petals and 
sepals in binary whorls, carpels united, etc., thus they can be accurately 
defined chemically by a certain definite combination of alkaloids in the 
latex-vessels. 

These alkaloids are derived from the product of protein metabolism called 
tyrosine and the same is the case with the alkaloids of several other groups 
of plants. But the alkaloids of the Papaveraceae are derived in a special way 
and are present in a combination which is nowhere else to be met with. In 
addition to this nearly all Papaveraceae contain one and the same alkaloid 
which is called protopine or fumarine. The combination of these alkaloids 
again differs in different parts of the family. The Fumaroideae, with their 
zygomorphic flowers and stamens united in two bundIes, present a combin
ation of isochinoline-derivatives different from the one which characterizes 
the Papaveroideae, with their actinomorphic f10wer and free stamens. The 
genus Corydalis contains a combination of alkaloids which differs fr om 
that found in the genus Fumaria. 

In short, it is a definite combination of a number of chemica I compounds 
in a species or genus that forms the phytochemical characteristic, not one 
single compound. A classification of plants along these lines is strictly 
analogous to the usual classification on a morphological basis. In a former 
publication 1) I discussed the possibilities of such a classification on a 
phytochemical basis. 

A second objection to phytochemistry which is of ten made concerns the 
fact that one and the same compound is of ten found in widely different 
families. It is true that th is objection is partly met by the above consideration 
but not wholly so. Let us examine, however, which are these compounds 
that are met with in such widely removed parts of the plant kingdom! 

In an earlier pubIlcation of mine 2) concerning the synthesis of alkaloids 
in the vegetable kingdom it was pointed out that those compounds which 
occur in various unrelated families of plants always have originated via 
one or a few simple reactions from produets of metabolism of general 
occurrence, e.g. the products of protein metabolism. 

The same has been demonstrated by me 3) with re gard to a number 
of aromatic compounds and terpenes, which could be derived from lignine, 
the product of lignified cell walls. 

This time I propose to consider some glucosides in th is connection. 
For ages genera belonging to different groups of the Angiosperms have 
heen known to us which are notorious for their action on the heart. In 
various parts of the world these plants were discovered and used either 
as arrow-poisons or as medicines. I mention as examples: 

1) WEE VERS, TH. Die Pflanzenalkaloide phytochemisch und physiologisch betrachtet. 
Recueil des Trav. botan. néerlandais. Vol. XXX (1932/3) . 

2) WEEVERS. TH. Die Pflanzenalkaloide. etc. Rec. d. Trav. bot. Vol. XXX (1932/3) . 

3) WEEVERS. TH. Proc. RoyaI Acad. Amsterdam. Vol. 36 (1934). 
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Convallaria majalis, Urginea Scilla 
Adonis vernalis, Helleborus viridis 
Digitalis spec. 
Strophantus spec. 
Gomphocarpus, Peiploca spec. 

fam. Liliaceae 
Ranunculaceae 
Scrophulariaceae 
Apocynaceae 
Asclepiadaceae 

It used to be thought that these plants only resembIed each other in 
their physiological effect; also the chemical composition of these com~ 

pounds was entirely unknown; we knew no more than that they were 
glucosides whose aglukon contained no nitrogen. Attempts to isolate the 
compounds in a pure form proved unsuccessful. Of late years, however, 
our knowledge of these compounds has advanced enormously by the work 
of WINDAUS , TscHEscHE, JACOBS and others. It has been found that these 
glucosides bear a remarkable resemblance to each other as regards their 
chemica 1 composition. 
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These aglukons: digitoxigenin and gitoxigenin from Digitalis, cymari~ 
genin from Strophantus, etc., are composed of 23 C~atoms and of mostly 
34 or 36 H~atoms and 4 or 5 O~atoms . Their structure too has been 
unravelled ; it proved to be a complex carbon~system consisting of 3 six~ 

rings of C~atoms, one five~ring of the same, and a lacton~ring. 1) 
But the most remarkable aspect of the discovery was that this structure 

hears a close resemblance to that of the sterines, compounds that seem 
to occur in every plant cell as weIl as in the animal cell, and which with 
the phosphatides form the chief component of the lipoids. Cholesterine 
in anima 1 tissues, sitosterines in the vegetable kingdom, form from 1 % to 
2 %, sometimes even 8 % of the parts extractable with ether, of which 
they are the non~saponifiable portion. 

Thus here again the occurrence of compounds as closely related as 
these in widely different groups of the Angiosperms is explained by their 
intimate chemical connection with one omnicellular product. 2) 

Some remarks on the alkaloids will terminate this survey. One fact still 
seemed to militate against the hypothesis that those alkaloids which 'are 

1) TSCHESCHE. Die Konstitution der pflanzlichen Herz'gifte. Z .schrift Angewandte 
Chemie (1934) . 

2) The aglukons of the saponins of Digitalis and that of Smilax spec. called parigenin 
have a similar structure: they are aloo connected with the omnicellular sterines. 
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most widespread ought also to be the most easily derived from generally 
occurring products of protein metabolism, namely that trigonelline is the 
alkaloid of the most widespread occurrence. For trigonelline is the betain 
of nicotinic acid or pyrido~carbonic acid and neither this acid nor pyridine 
itself were known to be common products of metabolism. Trigonelline is 
found in 18 different families, coffeine, the next alkaloid for widespread 
frequency, in only 6 families. 
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It is true that attempts have been made by TRIER 1) to argue the 
plausibility of pyridine~derivatives being formed out of proline, which 
certainly is a product of protein breakdown and perhaps also a material 
that goes to the making nf fresh protein. But this transformation of the 
five~ring of praline into the six~ring of pyridine, although practicabIe 
with biochemical means, as TRIER has demonstrated, is far from simpIe, 
and this explanation of the fact that trigonelline should be the alkaloid 
most generally met with is more or less laboured. 

At this point of the controversy experiments made by WARBURG, 

CHRISTIAN and GRIESEN 2) have come to prove that the coferment of the 
anima I dehydrases is an amido~derivative of .pyridine which through 
hydrolysis yields nicotinic acid, in which connection it should be remem~ 
bered that trigonelline. as I have already said above, is the betaine of 
nicotinic acid. 

So far, it is true, this coferment of the dehydrases has only been isolated 
by the above~mentioned investigators from red blood corpuscles 3) but 
there is a possibility that this system of dehydrases mayalso occur in 
plant tissues, although EULER and his collaborators have demonstrated 
ihat a different dehydrase may be present there. 

A provisional investigation of the occurrence of this WARBURG coferment 
in the vegetable kingdom, especially among the Angiosperms is being 
conducted in my laboratory. Mr. A. W. H. VAN HERK has already been 
able to prove that in Sauromatum guttatum in the spadix is present a 
coferment which has the same physiological effect as the coferment of 
WARBURG. It is, therefore, very probable that these coferments are identical 

1) WINTERSTEIN-TRIER. Die Alkaloide. Eine Monographie der natürlichen Basen. 
Ze Auflage. Berlin (1931) . 

2) WARBURG. CHRISTIAN and GRIESEN. Biochemische Zeitschrift (1935). 
3) The coferment consists of a carbohydrate. phosphoric acid + adenine and the 

pyridine derivative in question. 
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and that even trigonelline can be derived in a straightforward manner from 
a common product of metabolism. 

SUMMARY. 

It is a definite combination of a number of chemical compounds in a 
species. genus or family that forms the phytochemical characteristic. not 
one single compound. 

A classification of plants along these lines is analogous to the usual 
classification on a morphological basis. 

The compounds which occur in various unrelated families always have 
originated via one or a few simple reactions from the products of 
metabolism of general occurrence. 

With re gard to glucosides notorious for their action on the heart the 
intimate chemica I connection with the ubiquitous phytosterines is demon~ 
strated. 

The widespread occurrence of the alkaloid trigonelline may be explained 
by its connection with nicotinic acid. which acid can be obtained by 
hydrolysis of the dehydrase~coferment in blood corpuscles. 

As from the spadix of Sauromatum a coferment with an identical action 
has been obtained. it is very probable that the same coferment is every~ 
where present in the higher plants. 

Anatomy. - Radix prremolarica unilateralis. By TH. E. DE JONGE-COHEN. 
(Communicated by Prof. M. W. WOERDEMAN.) 

(Communicated at the meeting of April 25. 1936). 

Arranging hu man teeth among those organs resp. organsystems. which 
ab origine have in themselves the character of bilateral symmetry. than 
we have to connect this restriction. that in the full grown individuals we 
will Eind that symmetry but partly realized. 

In this respect also our dental system is certainly no exception! So 
deeply we have assented to the axiom of physiological asymmetry. that 
we scarcely account for the facto that all collective asymmetries are 
secundair: primair is what we up to now as bilateral symmetry may 
mention one of the most important formqualities of hu man stature ! 

So weIl known as asymmetries of the teethrows may be. just so remarkable 
is the facto that we possess but few exact informations concerning the 


