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had the kindness to determine the erystalline form whieh these salts, 
assume on solidifying. 

The red Tl I appearcd to be regular, the yellow on the other 
hand biaxial. Thalliumnitrate also seems eapable of erystallyzing 
from the melt in the regular system. This corresponds with the 
faet tbat tbe white as weU as tbe red mixed crystals are regular. 

Breda, Chern. Lab. Royal Milit. Acad. 

Botanics. - "Further researches on the FOl'mation of Indigo from 
the Waad (Isatis tinetoria)". By Prof. M. W. REIJERINCK. 

Since my first communicatioll on the chromogene of the woad 1) I 
have found that the indoxyl does not exist in it in a free condition, 
as I tben thought, but in a looso compound whieh 1 will calI 
isatan, and whieh, by an enzyme, simultaneously present, tbe isatase, 
is easily deeomposed with production of indoxyl. 

1. The 1'esearch of SCHUNCK. 

As soon as I had come to this conclusion, the question a1'ose, 
whethe1' the matter prepared by SCHUNOK from the woad in 1855, 
and described 2) under the name of u indican", ean be either or not 
identie with isatan. That in many of his experirnents he has indeed 
had isatan before him I eonsider as eertain. But in carefully reading 
his essay I met with number of contradictions, whieh are only to be 
explained by SCHUNCK'S worlring with two other substances besides, 
which he continually interchanges with each other and with isatan ; 
these are indoxyl and a chrornogene which eoloUl s intensely yelIow 
hy alkalies, oceurs abundantly in the woad, precipitates, just like 
isatan, with basic lead acetate, but has nothing to do with indigo. 
If I weIl understand hirn he callq this subqtanco nchanged indica.ll" 
and considers that it differs from it by containing one or two H20 
more, but this is a wholly unproyed hypothesis. 

lndoxyl was not kIlowIl to SCHUNCK at all, but his seeolld 
pl'eparation method of the "mdiean" reposes on ether extraction of 
the dried plant. As isatan is not soluble in ether [ suppose that 

1} On the Formation of Indigo flOm the Woad (Isatz8 tmctolla). Kon. Akad. van 
Wetenschappen, Amsterdam; ProceE'dmgs of the Meeting of ~Oth September 1899. 

2) E. SCHUNCK. On the I!'ormntion of Indlgo-blue. Pait I. PhilosopbiclLI MlIg,lzine 
(4) Vol. 10, png. 74, 1855. )j'or the indiglucme: Ibld. Vol. 15, png. 127, 1858. 
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during the preparation smaIl quantities of indoxyl originated from 
the isatan, which easily occurs under various infiuences, and for which 
ether is an excellent solvent. -

However strange it may be, it was the matter colouring 
yellow by alkalies, and not the indigo chromogene itself, which 
SCHUNCK subjected to the three analyses on which reposes the well~ 
known formula of the u woad-indican". Quite clear he is not, hut 
so far as I conceive his meaning, the first and the third prepar~ 
ations, which he analyzed, coniain no indican at all! yet he eaUs 
them the pUJ'est; the second he considers as less pure, ancl he seems 
to have subjected it to the analysis aftel' having convineed himself 
that by precipitating it with alcohol, lead acetate and ammonia Uit 
contained no longer unchanged indican", which consequently means, 
that he had before him the said matter turning yellow by alkalies 
and thus containing no more indigo chromogene. 

Word for word he says the following, first concerning his analyses 
in general (1. c. Part I, pag. 89): UI have hitherto been unable, I 
regret to say, to ascertain the exact cornposition of indican by direct 
experiment. On account of the deliqueBcent nature, aod its so readily 
undergoing change when heated, it was impossible to subject it to 
analysis in a free state aod I was therefore obliged to have recourse 
to the lead-compound." Then follows the description of the three 
analyses themselves. Of the first he says (1. c. pag. 90): "Notwith
standing the care, however, which 1 took in the preparation of the 
specimen, I found that it did not contain unchanged indican, as 
a little of it, when tested with sulphuric acid, gave no indigo-blue. 
It is nevertheless the purest specimen of the lead-compound which 
1 have analysed". Thell he says of the seconcl alld third: "The 
next analysis which 1 shall give, places in a striking light the effect 
which alkalies exert on indican. I took some of the sa.me solution 
of indican which I had employed for the preceding analysis, and 
which I found to give, when a little of it was boiled with acid, very 
pure indigo-blue; but instead of evaporating it, I added a large 
quantity of alcohol to it, and then precipitated with acetate of lead 
and ammonia. The precipitate DO longer cOlltained uDchanged indican" ... 
"The third analysis was performed with a lead-compound made in 
the same way as that of the Brst analysis." 1) 

I) Three analyses of suel! doubtfnl substanees are the &ole foundation up on whieh 
the well·known indican formula of SOHUNOK 

C~6 Hal NOl7 + 2 H10 == C8 H5 NO + 3 (C6 Wo 00). 
Indiean Indigo-blue Indiglucine 
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A.ll this is not quite clear, but I re ad from it that these analyses 
have nothing ta do with the indigo chromogelle itself, that is to say, 
with isatan, and I think ihat they relate to a mixture of thc chromo
gene from the woad, which c010u1's yeUow by alkalies, and plant
slime ("indiglucine"). The explallation of this enormous fact should, 
I think, be s,:-ught in the following circumstances. SCHUNCK prcpared 
the "indican" by alcohol extraction from carr.fully dried woad-Ieaves, 
which in itself is quite rational, because in this way l'elatively COll

ccntrated and rather pure solutions are obtained. But if the dried 
lcaves are kopt a litHe too long, fol' instanee two days at 28° to 
30° C., Ol' if they grow a little moisty, the isatan vanishes completely 
from them. Though 8CHUNCK evidently knew that the chromogene 
can easily disappear from the dry leaves, he does not mention the 
short time aftel' which this occurs alreacly, so that I think it vel'y weU 
possible that the chromogene has disappeared during his preparation 
without his having observed it. Fot' it is to be kept in view that 
his method of demonstrating the indigo-blue qualitatively is highly 
deficient and consisted in decomposing the chromogene by "strong 
mineral arids", the very worst methocl to ba followed, as strong 
acids are pornicious as well to isatan as to indoxyl. 

My opinion that SOHUNOK at the moments when it was particularly 
important, had not to do with the indigo chl'omogene itself, but with 
another substance, is aIso based on several observations whieh he 
makes about the properties of the "pure indican". 80 WE' read on pag. 85 
(I.c. Part I): tlWith caustic alkalies, baryta allcllime-water the watery 
solution turns of a bright yellow." This rcaction holds only good for 
thc impurity which remains in the dricd leaves aftp,r the isatan 
is destroyecl in them. Jf in the preparations any isatan hacl been 
present the ye110w colouring would have been immediately followed 
by the formation of indigo-blua, which then becomes much more dis
tinctly visible than if the same preparation is decomposed by acids. 
Evidently he has examinocl different samples with acids and alkalies, 
and samples, free from isatan, only with the latter, elde he would 
certainly have found that those prepal'ations, which by acids produce 
indigo-blue, yield much more indigo if they are treated with an 

is based an(l which, since 1855, lms been accepted, without criticism, in all great 
chemicnl manuals. Fonml'ly I was inclined to wnte tlle formula thus: 

026 H 27 NOl7 + 2 1120 = ca H7 NO + 3 (C6 Ha 0 6
) 

lndoxyl Glukoroll 

but now, 11lIVing carefo.lly studietl SOli UNCK'S essay, I thillk this interpretation nlsQ 
worUlle&$. 
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alkali. Likewise the following sta.tement of his preliminary researches 
is for the greater part unintclligible if it is admitted th at SClTUNCK 

spcaks of isatan. He says (1. c. pag. 81): "I was -enabled to 
infer, with positi ve certainty, that tbe lsatis tinctol'ia contains a 
substance easily soluble in heat and cold wc"tter, alcohol and ether, 
which, by the action of strong mineral arids, yields indigo
blue; that the fOl'mation of the colouring matter from it can be 
effected without tbe intcrvention of oxygen or of alIcalies; and that 
the lat ter, indeed, if allowed to act on it bafore the application of 
acid, entirely prevent the formation of colauring matter." In opposi
ti on to this, the fact must be stated, that the best method far demon
strating with certainty'and qlliclmess isatan 01' indoxyl in woad-sap, 
just consists in aclc1ing alkali to it, by whirh the isatan is decomposed 
and the iudoxyl is guickly oxidized to indigo at the air; aftel' this, 
the addition of acid may be desirabIe to decolour the yellow pigment 
formed by the alkali, by which the indigo-blue appears with greater 
purity. 

Thc uncertainty of the whole research explains how it is possible, 
that SCHUNCK, when later becoming acquainted 1) with Polygonum 
til1ctorium) could think that the indican therein occurring, the com
position of which, 014 fp7 N06 + 3 W~ 0, has recently been deter
mined by Messrs. HOOOEWERFF and TER JYIEULEN 2), and which is 
elltirely different from isatan, could be identic with his "woad-indican." 

ConsC'quently I believe that SCHUNCK cannot be considered as the 
discoverer of the isatan, though it is not to be doubted, th at in his 
experimcnts, he has sometimes had tlJis substance bcfore him, and, 
basing on the above exposition I take his inclican formula for not 
appliable to isatan. 

2. Preparation and pl'opel'ties of isalan. 

lndaxyl and isatan arc vcry unstable and still at prCHent most 
imperfectly knOWIl substances, which only in acid solutions can caRily 
be distinguished from each other, in neutral sollltions, without thc 
use of isatase, with murh more trouble, in alkaline solutions not at. 
all, because in these isatan produces indoxyl. 

The reason why at first I thought that tho woad must contaill froe 
indoxyl and no compound of it, is the fact tlwt in thc cxtl'uctl'l obtained 

1) On lndigo·blue from Pol!lflollutil til1ctOi'iI/1It. The Chemical News. Vol. 39, pag. 
119, 1879. \ 

2) Kon. Aknd. van Wetensch. te Amsterdam, 3l Mllart 1 !l00, pag. 598. 
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from young woad-leaves, rich in isatan, as weU by decoction as by 
cold extractioll, the isatan is decomposed and an indoxyl solution is 
obtained. Now I admitted in the beginning, that if in the woad, as 
was my leading theory, a glucoside was present, whicb, in analogy 
to the indican, must be decomposed by an enzyme, at the decoction 
no indoxyl but exc1usively this glucoside would be obtained, because 
by boiling the enzyme is surldenly destroyed. In this view 1 was 
supported by the fact, that this in deed takes place with Indigofera 
and Polygonum, which by decoction yield indican, by cold extraction 
indoxyl. 

But I began to doubt of the generality of this theory, when observing, 
that Phajus [Jranrliflorus, which belongs to the indican plants, never
tlwless 1) produces indoxyl át decoction. 80 this seemcd also possible 
with the woad, though it was clear that the properties of the "gluco
side" ought in this case to bc quite different fl'om those of indican. 

But I was on1y put on the right way, by the experience, that it is 
possible to obtain fl'om the leavès of the woad, by the extraction 
with dilute acids a solution, which rcmains unchanged at the air, 
although it yields with alka1ies much indigo-blue, while an equally 
acid illdoxyl soJution sJowly oxidizes at the ail' to indigo. I th en 
clearly saw why 1 had before obtained indoxyl from the woad. My 
experiments had been performed on a smal! scaIe; I had been able 
with cale to select growing lcaves and buds only; but they contain 
much isatan and so little acid, that the enzyme isatase can become 
active, so that by decoction, as weIl as by cold extraction with 
water, and evon with alcohol, they produre indoxyl, though at tho 
decoclion and alcohol extraction mixed with much isatan, which 
fact I only observed later. If I had used older leaves which contain 
moro acid, I should have found at once isatan quite free from indoxyl. 

The relative constancy of isatan in feebly acid solutions, even at 
boiling temperature, can be utilized for its pl'eparation. 

Though the acidity during the extraeting must be feebIe yet it must 
he stl'ong cnough to prevent thc decomposition of the isatan by the 
isatase. rro this end an acidity of 1.6 to 3.2 cc. of normal oxalic acid 
per 100 cc,, of the extraction liquid, (0.1 to 0.2 weight percentage) 
sufficps, for the acidity of the oldel' Ieaves themselves amounts to 
about 1,5 cc. nOJ'mal prr 10n cc. of tho juice, tlnd this is thc vel'y 
limit of aridity abovo which tho isatan bocomos inaclive. Jf the 
extra.ction is effected by boiling, tb is df'grec of acidity should be 

1) llluigofermentutioll. KOll. Akud. vnn Wetenseh. Amsterdam, Proceec1ings of the 

lIIeeting of Ml!r lOOO ]Jug. 573. 
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cxactly observed. In cold extraction, with oxalic acid, the isatan is 
much 1('s8 subject to decomposition, so that, below 500 C. solutions 
of 1 to 3 pCt. oxalic acid ean safely be emp1oyed. But át these 10w 
tempcratures the acid penetrates with less rapidity into the cens, 
in which accordingly the enzyme can become more or less active 
producing some indoxyl. Hence, in the acid extraction at 10w temper
ature, it i8 advisable to rub the leaves (lown in a mortar, immersed 
in the acid liquid. 

In particu1ar at boiling temperatul'e and when using an extraction 
liquid of an acidity of 2 to 3 cc. of normal oxalic acid, it is easy_ 
to obtain a quite undecomposed isatan solution from the growing 
woad-leaves, even of the youngest still neutrally reacting meristemes. 
In consequence of tbe boiling temperature, aided by the perfect sur
rounding of thc cells with the dilute acid, the isatase is destroyed 
simuItaneously with the dying of thc protop1asm, by which decom
position of isatan is quite excluded. As the extraction continues, 
there is an interchange between the feab1er aridity within (0.5 cc. 
norm al pCt.), and ihe stronger acidity without the young ceIl, and 
at the end of the experiment, a solution of isatan of 0.5 to ~ cc. of 
normal acid per 100 cc. of juice in obtained, wh en the weight of 
the leaves used, equals that of the extraction 1iquid. 

More acid used in the boiling than the sttid percentage causes 
isatàn decomposition, by which not only indoxyl but also brown 
products of decomposition originate. 

Oxalic acid can be replaeed by other acicls and by acid salts. 
Thus I obtained good results with dilute sulphuric acid and pbos
phoric acid, and with a saturated solution of borie acid, at room 
temperaturc. Acetic acid causes a fcebler deeomposition than oxalic 
acid. When the appearance of brown products of dccomposition dUl'ing 
the boiliog is taken as a criterion for the decomposition, I found 
that 12 cc. of normal acetic acid added to 100 cc. of jtiice (ca 0.8 
weight percentage), is about proportioncd to 5 cn. of normal oxalic 
acid (= 0.3 weight percentage). Acid salts act like acids. Kalium~ 

bioxalate and biphosphate can ooly b3 used in strongly diiuted 
solutions. With a cold saturated solution of kalium birartr,lto tho 
extracting may be operated at boiiing temperature without decompo
sition; only by prolonged boiling a little indigo-biuo is produced. 
I prefer, however, the extraction with' oxalic acid. Therewith tho 
solutions remain clear and of a light yellow and can Yery easily 
be filtored 1); aftel' filtcring, tho rema.il1ing loaf-matter is soft, but 

I) If the wond-leaves nre boiled with more ncid thnll 2 to 3 cc. normnl per 100 
cc. of the juice, tbe det:oction grows slimy (lnd gives trouble in filtoring. 
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by no means slimy, and ean quite wen be pressed dry, so that, in 
conSequence of the high water percentage of the leaves, a quantity 
of extract is obtained nearly twice as mach as the original volume 
of the oxalic-acid solution. 

If with the thus obtained isatan solution enzyme experiments are 
to be perform~d, the acid must be removed, wbich is best done by 
boiling with chalk 1). As the reaction of the chalk is slightly 
alkaline it should be very finely divided, as larger particles form a 
little indigo on their surfacc. Af ter filtering off the oxalate and the 
superfluous chalk, a liquid results, somewhat brownish indeed, but 
not so much as to be hurtful to tbe enzyme experiments. 

This liquid cannot be evaporated to dryness without being decom
poscd, even not at room temperature, because during the concen
tration the acidity increases. To neutrali2;e the syrupic matter is 
troublesome. 

The extraction of the isatan can also be eft'ected with feebly acid alco
hol, both in the cold alld at boiling temperature. Fresh leaves are then 

I 

to be preferred to dried ones, because in drying there always gets 
lost some, at last all isatan. The alcohol extract must be evaporated 
at low temperature and finally be neutralized with chalk. Aftel' 
boiling a brownÎ!:;h, almost neutral and very rich isatan solution 
is obtained, which can be purified with neutral lead acetate. 

For further concentration the isatan can be precipitated with basic 
lean acetate, and thc yellow precipitate be deC'omposed in the cold 
with oxalic acid. The lead oxalate separates freely from the isatan 
solution, and the excess of oxalic acid can' be removed with chalk, 
tbe lead with sulphurated hydrogen. This solution can be kept 
without decomposition for some time, but af ter a few weeks the isatan 
vanishes. 

In the decoction method with oxalic acid, followed hy lead 
precipitation, the chlorophyll is removed from the very' first and 
evaporation is excluded. More plant slime will then precipitate with 
the lead than by alcohol extraction , but on further purifying, 
this slime can be precipitated with ether-alcohol. I have as yet not 
been able to prepare dry isatan, as a powder, from these extracts, sneh 
as I before prepared the indican. 

The most charaeteristic difference betweell indiean and isatan consists 
in their behaviour to nlkalies: indican is constant in concentrated 
alkaline solutions, isatan is decomposed by very feebie alkalies, even 

1) Neutralizing without endangering the subsequent enzyme IIction, can nlso be 
done with lend·, mnngan-, magnesia-, or baryta-cllrbonate, but I pr~fer chnlk. 

8 
Proceedings ROylll Acad. Amsterdam. Vol. IU. 
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in the cold. Concentrated solutions of dina,trium phosphate, phosphoric 
salt and ammonium carllonate produce indoxyl from isaian, already 
at room temperature. By acids, both indican and isatan áre derom
posed, but indiran with much more difficulty, which is especially 
evident when using acid salts. So, isatan is alrcady decomposed by 
boiling with dilute kalium bioxalate, in which indican is constant. 

Bath substances preripitate with basic lead aeetate, producing 
yellow precipitates, which colour is probably proper to the substances 
themselves, and not to impul'ities. 

Isatase, thE' specific enzyme from woad, does not act on indiranj 
isatan on the other hand is not deromposed by the indigo-enzymes. 

Isatan is not directly splitted by the common microbes j indirectly 
it may, of course, be decomposed by the alkali prochlCed by microbes. 
Indican, on the other hand, as I have formerly shown, is directly 
dccomposed by many microbes, either by ferment action of the 
protoplaE>m (katabolism), or by specific enzymes, proper to the 
microbes. This diff'erence between isatan and indican is probably 
related to the nature cf the substances set free in the decom
position beside the indoxyl. So the glucose, from the indican, 
is an excellent nutrient for many bacteria, whilst the very stability 
of the isatan in J'elation to microbes, seems to indicate that the 
matter, which besides indoxyl originates from it, is no glucose, 
pel'haps no Bugar at all. 

3. The isatase. 

The preparation of the woad-enzyme is effected in tbe same 
way as that of the illdigo-enzymes. 'rhe related parts of the plant are 
rubbed down in living state under alcohol, alld the alcohol is so 
of ten renewed until all the chlorophyll pigment is removed. Aftel' 
filtering and drying the crude isatase is obtained as a white, 
feebly acid powdel' in which, of course, all substances not soluble in 
alcohol are present, hence, all the other enzymes of the woad too. 
As the enzyme is quite insoluble in water it can be purified by 
oxtraction with deshlled water, by which the other enzymes, at 
least those that are soluble, dis,lppear. Solvents for the isatase itself 
I have not yet found. 

As the woad, like the caubages, is \'ery rich in gypsum, the 
crude isatase contains 80 much of it that to remove it with destilled 
water is troublesome. I have therefore, in order to answer the 
question, whether iu thc action of isatase on isatan perhaps ft sul
phate is produced, as in the splitting 01 kalium myl'onate by 
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myrosine, prepal'ed in the following way Ï::;a,tase free fl'orn gypbum. 
Woad leaves cut fine were rubbed down in destillod water, then 
pressed ont, and the rernail1ing matter extracted with wa.tor 
until the filtrate proved free from sulphul'ic acid. Then the chloro
phyll pigment was removed by alcohol and the remaining matter 
dried and powdered. 

Though the thus obtained proparation is pOOl' in enzyme, bocause 
this is 10calJzed in the chlorophyll grallules, which during the pressing 
of the leavrs are for the greater part also pressed out, it is still 
sufficient to bring about astrong isatan decomposition. As was to 
be expected, sulphates were not thereby set free. 

The isatase is spread thr'ough the whole woad-plant; it occurs 
as weIl in the growing parts as in full-gl'own roots, sterns, leaves, 
and flowers. 80 the distribution is another than that of the isatan, 
which is wanting in all full-grown parts, anel is the more accumu
lated in growing roots, stoms, alld leaves, the younger they are. 
Another distribution also than that of the indigo-enzymes in thc 
indican plants, which arc only found in thc parts l'ich in indica.n. 

On the other hand the distribution of the isatase within the ceU 
itself, corresponds with that of the indigo-enzymes: both are local
ized in the chromatophores. The isatan has also, in the cell, a locali
sation corl'esponding with that of the indican, for in as much as ean be 
inferred from micro-chemical expcriments, both are found in thc 
living protoplasm of epidermis, mesophyll anel other parenchymatous 
tissues. For establishing the localisation of isatan and isatase in the 
cell, the same way can be folIo wed which I fOl'mcrly pointed out 
for detecting the indican and the indigo enzymes 1). 

As regards the isatan, for this end, not too thin microscopie sections of 
young, vigorously growing stems or leaves are put in a boiling mixture of 
hydrochloric acid and isatine; by the acid indoxyl is separated, which 
prod uces, with the isatine, red erystal neodles of indigo-red, localized 
in the protoplasm. More difficult to observe, but still, I thillk, quite 
C'onvincing is the precipitation of indigo-blue, as small granules, in the 
living protoplasm, whell the sections, in a living state, are put in a 
mixture of boiling hydroehloric acid and fcrrichlorid. Uemal'kable 
is the strong accumulation of jsatan in the epidermis ceIls, alld 
especially in the hairs found on the young leaves. 

The localisation of isatase in the chromatophores cau be demon
strated in two ways. Either little hits of the easdy loosening epidermis 
of woad-leaves, or microscopie sections of &tems or leaves, all in a 

1) Indigofermentation p. 579. 
8* 
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living state, can be put in a neuLraIly reacting woad~decoctioii;_ rich 
in isataI~, and heated to ca. 45° C .. Aftel' some minutes ~already 
the chromatophores begin to colour blue j the intensity of colour 
iilcrenses some time, to re ach its limit in an -hour or 80. 

The blue-colouring of the co10urloss chromatophoros of epidermis 
and stom-pitb, is here distinctly to be observed, so that, particularly 
the fragments of the fitst, becomo very intct'esting proparatiönÉl~ .' .. ' 

Tbe localisation of the isatan in the protoplasm, of the' isatasé in 
the chromatophores, renders their inter-action in the living cell pos
sible without anyinfluence of the' acid ceIl-sap. At the deathofth,e,_ 
ceU, 'this stato wiIl suddenly change anel the acidity of the, ceH-sap 
determines w'hether tne isatase can act or not on the isatan. 
- In no other plant but the -woad I have hitherto been able to 

detect isatase. I had expected its presence in some short-val ved 
Cruciferae. 80 in Capsella bW'sa pastori81. where, in case the rQot
neck is much hurt, a trace of indoxyl can be pointed out, but here, 
also the enzyme is wanting. Likewise it wants in tJle indican plants. 
Also all microbes examined are devoid of isatase. 

4. Action of isatase on -isatan. 

The action of isatase on isatan is, as observed before, only pos
sible in neutral or amphoteric and very feebly acid solutions. 'In 
alkaline solutions the 'observation becomes uncertain,' because the 
alkali itself splits off indoxyl. If the acidity amounts to 1.5 cc. of . 
normal acid, per 100 cc. of the isatan solution, thc action is much, 

. weakened, and at ca. 1.8 cc. of normal acid, there is no more decomposi~ 
tion of isatan at all, which is noteworthyas this percentage of acidity 
is reached in: the celI-sap of older woad-leaves. This does nothowever 
exelude isatan-decomposition by the enzyme in the living ceU, as, 
the process can be limited to the protoplasm, in. accordanco ~vith 
tho localisation des cri bed,' 

As the action of thc isatan is judged aftel' thc formation of indigo
blue, two chemical processes are involvetl in it, isatan-splitting and 
iildoxyl-oxidation. If the expmiment is performed with free access 
of air, for instanee in a thin. iayer of the isatan solution,with the 
enzyme' floating on it, the indoxyl changes directly into indigo; but 
if'" the isatan is· decomposed with imperfect access of air, for 

.. instance, in the depth of' an experiment tube, then it is nec~ssary, 
during the experiment itself, to' render the oxidation of thc indoxyl 
as complete as possible by agitation with air, which does not 
however always succeed. with sufficient quickness, and so limits 



- 12 -

( 111 'j 

the n.CClil'~cy of the experiment. Of course .. the liquic1 cal.inot he' 
,alkalized, . because th en not oitly thc indoxyl formed by the 'isatase 
would become visible, but also .. thc indoxyl set frec by thc alkali 
from the isatan not decomposed by the isatase .. If the object is to 
observe thc isatase action at a determined temperatu.re, then th(l 
eJizyme cannot be destroyed at the end of the experiment by heating, but 
this' must be effected by some eJ;lzyme poison, as for instal1ce sublimate. 

Addition of acid to rendel' thc colour of the indigo-blue. more pure 
must likewise be avoided, in order not to decompose isatan. 

Accordingly it is necessary to perfOl~m the reactio:n in à very 
fcebly acid solution, and to j udge of the results . without . other 
precautionsthan a thorough aeration. I have not been able hitherto 
to answer the question aftel' the nature of the matter, which at the 
isatan-splitting, most probably is set fr~e beside theindoxyl. Presseci 
yeast,produces in woad-extract, heated with crude isatase at 30° 0., 
more . alcohol and' carbon ic acid, _ than in the same extract without 
isatase (in the propol'tion of 8 : 5), 80 that in the first there must 
certainly be formation of sugar capable of fermentation. But this 
sugar results, proba1,ly not from the isatall, but from the action. of 
other enzymes, present in. thc crude' isatase, on glucosides or carboby
dl'ates, present in the isatan-EOlution,such as myrosine on myronates, 
and diastase on granulose. . 

The process of the decomposition cannot be studied with FEHLINO'S 

cupric s)lu~ion, as the isatan .is decomposed by the alkali. 
That to SCIIuNcK's "illdiglucine"· no value èan be aUa('hed follows 

from § J. 
In order t~. state tho inflt:wncc' of h~atirig Qn tho isatase action, 

the cxperimcnts .. wore It.rrangod. as desoribed elsewhere. fol' the 
indigo-enzymes 1), wit11 tlw" diffel'cnce, that fór. the ahove reasons, 
.alkalisation aud subsequent· aeidification !tre here omitted. rrhe 
ycry fine1y powdered enzymo is shaken· in an experiment tupe 
·with. thc isatan·solution, aod in a. water bath, at determined tempo
rature, 110nted a determined number of mijmtos. 1'he1'o are .always 
perfol"med two expcri~ents at thc same time, 80 that a colorimetric~l 
comparison of the produced indigo is possible; e.g. ät 48° O. aitd 
50° 0., or .at 40° and 60°, 45Q and 55°, etc. The best results were 
obtained with dilute isatan-solutions, wbich are brought, as exactly as 
,possible, to an acidity of 0.5 cc. norm!ll per 100 cc ... of liquid, and 
with so little cIlzyme, that tho, complete conversion was vory slowly 
accomplished, alld 'took about half an hour. 

/(1) Indigofermentntion pog.' 586. 
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The optimum for the aetion was 
fOlmd at 48° to 50° C., but eould not 
be determinerI more aeeuratély as cliffer
enees of two 2° C. produee no distinct 
eolorimetrical difference. At 70° C. the 
cnzyme is completely destroyed. The 
minimumlimit is low, far below 0° C., 
as is seen in the fignre. Noteworthy 
is the slowness with which the lnten-

o W;lU iSu 4u 5U bU 70° C. - f 
Action of isatase 011 isatan. sity of action decreases at decrcase 0 

temperature, and the quickness with whieh it take" pI ace when thc 
temperature rises. So the action at 10° and at 0° C. respeetively 
is as strong as at 60° and 60.5° O. 

On other substances but isatan isatase scems not to act; it has 
eertainly no aetion on indican, neither eould I dec om pose with 
isatase the potassium indoxyl-sulphate in horse urine. 

When judging of these experiments it must be kept in view th at 
other enzymes are present in the erude isatase, whieh may produce 
substanees not indifferent for the isatase aetion. So, mention was 
made above of the presenec of myrosine anel diastase in the erude 
isatasc prepamtions, and below I will refer to the presonrc of peroxydase. 

5. Extmction of indoxyl (rom the Uload-leaves. 

Onee acquainted with the ehief proporties of isatase and isatan, it is 
possible at will to extract igatan or indoxyl from the woad. l'hough 
in my former communication 1 spolce nlready of the indoxyl f>xtrltction, 
my being unacquainted with isatase preventrd me from doing this 
with perfect cleamess. 

As alkalies produce illdoxyl from isatan the extraction of woad· 
leaves therewitll will at every temper\tture produce indoxyl. But by 
the presence of alkalies tbe indoxyl beromcs so very oxidisable and 
then passes at the air so quicldy into indigo, that tbe air, ever 
present in the leaves, causes a great portion of the indoxyl to get 
lost. On the other hand, neutral, or feebly aC'id solutions o~idize 
much more slowly; it is true that also in these finally aU the 
indoxyl passes into indigo, but such solutions keep ullchanged rOl' 

hours at room temperature anel 0.1'0 fit for studying tbe properties 
of the illdoxyl. 

']'he chief point for obtaining su eh neutral or feebly acic1 indoxyl 
solutions from woad-Ieaves, is during' tho ('xtmetion to further the 
isatase·action, cOll'3Hquently to do the very thing which J formerly 
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indicated as essential fol' the indoxyl extraction from indican plants-, 
whel'e all elopends on the action of the indigo-enzymes. With woad 
this can best be effected by koeping Ihe extractIOn tempel'atul'p 
betweell 45° and 50° 0, and by addition of chalk or of a salt of 
feebly alkaline reaction, partly to neutl'alize the acid of tho leaves. 
Thus a good result is obtainfld by entil'ely filling a wide-mouthcd 
stoppered bottle with young woad-Ieaves, aml pouring ovcr tbcm a 
1/2 pOt. dinatrium-phosphate solution (Na2 H P04 + 12 H2 0), heuter! 
at about 50° 0., removing the air as much as possiblr, closing the 
bottIe anel allow it to stand at 40° O. for 24 hours. By decantation 
alld pressing the Ieaf matter, boiling and filtering, all the indoxyl is 
obtained in an amphoteric solution, which is somewhat brownish, but 
is excellent for inuoxyl experimcnts. The presence or absence of unde
composed isatan is ohserved by precipitation witb lead acetate, whcrcby 
the indoxyl remaills dissolved. The indoxyl can also be i:lhaken out 
with ether and in the remaining Iiquid sought with isatase for isatan. 
Not decomposed isatan remains also in the filtrate, whcn thc indoxyl 
is allowed to oxidize at the air and the indigo-blue is filtercd off. 

The ether solutioll of the indoxyI, obtained by shaking it out of 
the extract, can be evaporated at Iow temperature at the air, by 
which the indoxyl is left behin<l as a liquid soluble in watcr, which 
eall be coloured by different impUlities. Though the watery so]u
tiOll of this "purified indoxyl" is inconstant at the air, its oxiàation 
to indigo-blue proceeds slowly enough for studying the inf!.uen('c 
which different substauces oxert on this process. 

Various circumstances have induced me to put allCW the question, 
whethel' in this oxidation an oxidizing enzymc is active 1). Aftel' 
much douLt I have finally, as before, come to the conclusioll 
that such is not the ('ase. My primitive uncertainty was causcd by 
th\:' very unequal accelcration of the oxidation of indoxyl Rolutions 
by different powde! s spl'pad Oll the surfa.ce. 80 the 0:8 idation i8 
somcwhat furthered by the crude enzyme of woad, :md very 
sU'ongly, by that of Indigof(J}'(1, leptostach!fa, but by boiling, the 
crudo enzymes are by no means depri veel of this property. Ey a 
minute comrarisoll of the bchaviour of crude indoxyl solutions pre
pateel from isatan and indican, with "pul'ifieü" ones 2), I ascel'tainod 

I) Mr. B&tAUDAT erroneollsly asserts (Compt. rendus 1'. 127, p. 769, 18118 anel 
'1'.128, p. 14711, 1898) thut ill the eÀtracts of laatia lndJgo-wbite OCClIfS, wInch, hyan 
oxydase is turne(l into indi~o-blue. 

2) Besides from woad I pr!"pared indo\yl by decomposing in a closed botH!" a 4 pOt. 
indican solution with indigo enzyme at 600 ·C. Moreover- Mr. H. 'lElt l\fEULJ:N hall 
the l..indness to pr!"plUe for me in th!" Chemit'1l1 LnbOJ.Ltory ot'the Polytcrllllical Srhool 
iudoÀyl soln.tions lil chemical way. Tbc "PUI ified" indo'l.yl was vlwnys ohiained by 
ethel eÀtrachon. 

I 
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that, both in the crude enzymes and in the crude îniloxyl solutions, 
there are present soluble and insolllblc chemical compounds, which 
influence the quickness of the indoxyl oxidation, but which are not 
destroyed by enzyme poisons and by heating, and whi('h accordingly 
have not the nature of enzymes. 

erude isatase has neither an oxidizing action on pyrogallol, 
hydrochinon, and guajac emulsion. 

Though thus oxydase is wanting in the crude isatase, th ere is 
present in it, as in all sueh like powders, prepared at random from 
higher plants, peroxydase ("Ieptomine" of RACIBORSK1) 1), that is the 
enzyme which, in the pl'esence of hydrogcn peroxyd, co]ollrs guajac 
emulsion blue. But indoxyl is by no means oxidized by it to indigo. 

6. Nekrosis and Nekrobiosis. 

IJiving tissues can die off in two ways: by nc(')'osis, ihat is thc 
dying of the protopla&1TI with Rimultanf'ous c1cstruction of the enzymes, 
alld by necl'obiosis, in which the pl'otoplasm dies, but thc enzymes 
remain active. The phenomenon, formel'ly describrd by mc as the 
"blue stripe" in partly killed woad-Ieaves, on the contine of thc living 
aud the dead portioJls, which both retain their green colour, reposes 
accordingly on necrobiosis. The action of isatase on isatan explains 
tlllS phenomenon satisfactorily and renders my formcr hypothesis of 
alkali formation at the dying of the protoplasm superfluous. 

The simplest way to perform the experiment is to kill the tip 
of a young woad-Ieaf in a BUNSEN f!ame, or in the vapour of 
boiling water, then to allow the leaf to remain at ordinary temperature, 
by which in the said part alone indigo precipitates. If the chlorophyll 
pigment is extracted with al('ohol, then both the "living" and thC' 
"dead" parts hecome colourless, the po,rtion between them blue. The 
phenomenon is best distinguished in young woad-Ieavesi in oldel' 
leaves, with a higher acid percentage, it is hardly to be observed 
bccause the acid renders the lsatase inactive. 

In variolls other plants, too, nekrobiosis causes formation of pigmrllts. 
If these pigments are brown or black, and if the experiment is 
performed in thc usual way with the leaves of these plants, then 
the coloured stripe may become still much more marked than in tho 
woad. Particularly fit for this demonstl'a.tion are the leaves of Py1'ZlS 
communis, Trollitts, A('o~itttm, Asal'um., Sallx pUl'purea, Populu,'I 
nigm and several other species, which at necrobiosis tUI'O of a jet 

1) Bericllte der Df'utsch. Botuil. Gf'sellschnft. Bil. 16, pog. 5.2, H\), 1898. 
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black and at necrosis rcmam green. Pear-leaves espccially al'(I 
l'ecommendablc for the E'xperiment; the enzymé in them is tyrosinase, 
thc nature of thE' chromogene is unlmown, tyrosine it is not. Rence, 
when preparing a herbarium, the chief thing to keep 8urh pIants 
uneoloured, is to prevent neerobiosis. This frequently happens of 
itself, as the acid cellsap is so much concentrated in drying, that 
enzyme action cannot oecur; so in the drying of woad-leaves, where 
the highly sensitive isatase remains inactive. In other cases, to 
obtain this end, it will be necE'ssal'y to destroy the enzyme, either by 
boiIing waier, or by poisonous vapours._ 

Sometimes necl'obiosis gives ri8e to aromatic or stimulant matters, 
whieh are present in the plant itself as glueosides, from whieh they 
are set free by specific enzym es at the dying of th€' ceUs. This 
fact is well-known regarding the myronates and tbe myrosine of 
the C1'uciferae, the amygdaline and emulsine of the Amygdaleae, 
the spiraeine, gaultherine and gaultherase of Spiraea. But lt holds 
good, too, for the cumarine of Aspel'ula odomta, which appears not 
in it a'3 sueh; hut as a glucoside, whieh hy necrosis continues unchanged 
and hen ce can be removed from the plant by boiling, while the1'e 
is besides in this plant aspecific enzyme, which by necrobiosis 
plOduces fl'om the glucoside cumarinf'. This enzyme i& not identic 
with emulsine and differs likewise from gaultherase. In a quito 
corresponding way the aromas originato from the fruit of thc 
vanilla and the roots of Geum urbanum. 

The comparative study of nccrosis and necroblOsis in plants shows 
the way fol' the detection of a nUlnbcr of ncw chromogenes or 
g'lucosides mul speeific enzymcs. 

Oonclusions. 

Indoxyl occurs not, I1S I formcrly thought, in a frce state in thc 
woad but as a loosc compound, cnUed by me isatan. 

Isatan is only COllstant in feebly acid solutions, and is obtaincd 
by extractillg the wo ad thcrewith. It is dccomposerl, under fOl'mat
ion of indoxyl, by alkalics and strongor acids, and in solutions, lrss 
acid than 1.5 cc. of narmal n.oid per 100 cc., by an onzyme, isatasc, 
which acts the most vigorously at 50° C.) and oc('urs in all pm·ts of 
tho woad-plant. 

Isatan is not decomposcd by thc indigo-cnzymes nor by microbes
in as much as tho latter do not form alkali. Isata'le doe~ not lLCt 

Qn indioan. 
Isatase is looalizcd in the chl'omatophorcs, isatan in thC' protoplasm, 
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which is in itc('ordance with the fOl'merly desCI'ihed Joc!tJisation of 
the indigo·enzymes and of indicftn. 

If wo ad is extracted without acid, 80 that the isatase 'ean act, or 
with dilute alkalies, e.g. 1/2 pOt. solution of dinatrium phosphate, 
indoxyl is produced. 

The llecrobiotic stripe in partly killeu woad-leavcs reslllts from 
tbc action of isatase on isa.tan. 

Geology. - "'Plte Amount of fIle Oi"Cltlation of tllI3 Om,bonale ot 
Lime and the Age of lhe Eartlt". Il. By Prof. Euo. DUBOIS. 

(Oommunicated by Prof J. M. VAN BEMMELEN.) 

In my first communication on this subject I have quoted a num
ber of l'eliable data from which it follows that the waters of those 
rivers in whose drainage areas much Jimestone oceurs, as is mostly 
the case with the largcr rivers, are more than saturated with ca.rbon
ate of lime, when reaching the ocean. 

In consequence of their being polluted, to an extraordinary high 
degree, with ol'ganic matter, the quantity of caruonatc of lime in 
the waters of many rivers of that kind, whose drainage areas are 
very thickIy populated, in Europe and partly to~ in other parts of 
thc world, is larger than in the primitive condition, hefore man 
existed in largtl numher, th us dLU'ing aImost the whole past of the 
earth. In this respect I drawattention to the relatively higher quantity of 
carhonate of lime in such rivers as the Thames and the Seine, and 
also of the differf'llCe in that quantity betw<,en small and large rivers 
and lakes, as well as of some other facts showing the influcnce of 
tbe pollution of the water hy orglLnic matter on the relative qUILntity 
of dissolved carhonate of lime. The drainage water of soils, rich in 
humus, holds, for instance, cOllsiderably more carbonatc of lime in 
soIution than would correspond with saturation under thc onIy 
infiuence of the atmospherie carbonic acid. But uown the ('OUl'se of 
the rivers the last influence becomes hy fa.r the more preponderant. 

Taking into consideration that in general the quantity of carhonic acid, 
produced hy the decomposition of organic matter, increases somewhat 
a.t the Dlouths of the rivers, whcro mueh of that matter settles, anll 
starting from thc existing aDftlyses, it seoms to me that an avemge 
quantity of 95 mgrms. cal'uonatc of lime por litl'e of water would 
represent, on the whoIe, with approximative accul'aoy, tho primitive 
condition at the moulhs of thosc l'ivors whi('h havo been 80 laJ'g-ely 
in contact with limcRtone that theil' waters ('ould ho satuJ',ttorl with 
cal'bonate of lime. 


