








HYDROCYANIC ACTD IN GRASSES.
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Chatlatzum bromoides (Prest.) Benth. (Petrie 1913), ferment
only

Chloris  polydactyla (L.) Sw., introduced from South
America {o N.S. Wales. (Petrie 1913), ¢lycoside + fer-
ment, throughout the year.

Chloris truncata, R.Br. (star grass), native in N.S. Wales,
(Petrie 1913), glycoside + ferment, strong reaction only in
January.

Chloris wentricosa, R.Br., native in N.S. Wales. (Petrie
1913), 0‘1V(‘Oh](1€+f911)‘611t strong  reaction only in
January.

Cortaderia  argentea Stapf. var. gigantea  rosea and
variegata. No record of the publication « the varieties
could be found. South American Pampas grass, culti-
vated in N.S. Wales. (Petrie mentions 1 6 as vear of
first record, but no author.) .

(Petrie 1913), glycoside+ ferment, all varieties show
strong reactions the whole vear through.

. Cortaderia  kermesiana. (Gleshoﬁ 1909, Pamunel 1911).

There is no record of such a species.

. Cynodon bradleyi Stent. Wide distribution. Cultivated as

a lawn grass, (Steyu 1929 aud 1934).

. Cynodon dactylon (1..) Pers. Wide di -ibution. (Petrie

1913, found fermeut only; Welmer 1929, Steyn 1934).

3. Cynodon incompletus Nees. South Africa N.S. Wales,

(Maiden 1912, Schimmel 1913, Petrie 1913,  shmer 1929,
Steyn 1934).  According to Petrie it was st1ll doubtful in
1913 whether this grass had been introduced from South
Africa, or i indigenous in Australia. According to the
same author the grass contains "]\(O\ld@if(lllllell[, shows
a strong reaction in winter only, loses its glycoside through
desicea 11011 while the ferment remains.

Cynodon transvaalensis, Burtt Davy. Transvaal. (Steyn
1934). Wilted specimens contain large amounts of PrussIe
actd.  (See also under climate and @011)

. Danthonia semiannularis (Labill.) R.Br., native in N.S.

Wales. (Petrie 1913), glycoside + ferment, fa reaction.
Digitaria eriantha Steud. South Africa (TTenrici 1926, Stevn
1934), prussic acid in wilted specimens.

Dactyloctenium, aegyptivm. (1.) Richt. (Eleusine aegyptiaca
Pers.). South Africa, N.S. Wales. (Petrie 1913), glyco-

side + ferment, reaction during part of the vear only.

. Eleusine coracana Gaertn. (Rayband 1¢ 3).
. Bleusine indica Gaertn.  South Africa, N.S. Wales.

(Petrie 1913, Raybaud 1913), glycoside + ferment, reaction
during part of the vear.
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Bishop (1Y27) has submitted some of the current practices to
a test and finds that distillation leads 1o untrustworthy results. The
alecohol extraction is considered to be sound for the estimation of
cvanogeneiic glyveosides in leaves.  See also Narasimha Acharya
(1933).

The following points should always be taken into account when
a quantitative test 13 decided upon:—

I JLON may be present in a glycosidic or non-glyeosidie forn.

2. During maceration the fermeni may bhe liberating HCN.

s, The radical ON may be present in another combination from

which it is not liherated by our methods of extraction.

4. Boiling the acid and its sal{is in water, or keeping it too
long o an aqueous solution mayv cause loss by transtor-
mation 1nto other subsiances,

5. The method may only liberate part of the prussic acid,
the rest heing retained by catalviic or steric hindrance.

6. The process of extraction may be creating 1€ de woro

from nitrogen compounds in the plant.

Rosenthaler (1952), 1n Klein's Iandbuch der PHanzenanalyse
gives an extensive account of the best methods for determining prussic
acid in plants and of exiracting the glveoside. We need therefore
not enlarge on the subject, except for the wurning that each species
of grass needs its own methods of extraction, which must be deter-
mined by preliminary experiments.

I wizh, however, to call back {o remembrance Greshoff’s micro
method (1889) for detecting prussic acid in plant tissues:—

““ Place a freshly cul section not too thin and containing at least
one layer of 1ntact cells, in a 5 per cent. aleoholic potash solution:
then transfer it after 15-90 seconds to a warm (60° C.) ferrous-ferric
solution (2-5 per cent. ferrous sulphate +1 per cent. ferric chioride)
and leave 1 there for ten minutes and finally place it for from five
to fifteen mitnutes i dilute hydrochloric acid (one part of conc. acid
and s1x parts of water). A section so preparved shows minute agelo-
merations of Prussian blue wherever prussic acid occurred in the
original section.”

This method may prove useful in many imstances, as a side test
in doubtful cases.

1V. THE PRUSS 3 ACGID CON? 1

There are comparatively few experiments in grasses which have
heen properly conducted to give a safe imdication of their {oxicity.

Hindmarsh (1930) has found in administering *° Scheele’s acid 7
(JICXN) that the lethal dose per 1 1h. body weight of sheep and cattle
is 1 mg. Avery (1903) has found that 0-4 gr. HCN per os v 71
render a heifer very ill, but allow recovery. He does not state =
welght of the amimal. Steyn (1934) has computed from =~veral

authors (among which also Hindmarsh) that the fgure for ¢ LIS
2-2 mg. HCN per Kg body-weight intraperitone: y, and for 20D

2-2 mg per os.
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TYDROCYANIC ACID IN GRASSES.

Are we entitled, on the hasis of these tests obtaine y pure
chemicals, to calculate the lethal dose in terms of so and so mu
grass, assuming we know the prussic acid content of the plantr
Considering one of the experiments by Seddon and King (1930) we
would feel inclined to answer in the affirmative. These authors have
shown that in feeding Aecacia ylawcescens (containing sambunigrin)
they confirm Hindmarsh’s determination of 1 mg. per 1b bodv-weight
for sheep.

But curiously enough when feeding pure sambunigrin from
dcacia glaucescens, the dose in terms of prussie acid was 2 mg. per
Ib. body-weight.

Petrie (1913) reports on an experiment made with Cynrodon
imecompletus which was fed 1o sheep.  The material contained 0-016
per cent. prussic acid. The lethal dose per sheep of 150 1h. was 2 1b.
of grass which could liberate 0-14 grams of prussiec acid. This con-
firms agaiu the figure established by Hindmarsh as roughlyv 1 mg.
per Ib. body-wetght.

Peters (1903) relates the case of a heiter which dropped to the
ground ten minutes after having been driven into a Norghum field.
The animal was finally killed because 1t was obvious that 1t would
not recover. The post-mortem showed 1% 1b. of sorghum in the
paunch.

To arrive at au idea what the quantity of prussic acid 1nvolved

in the last case may be, cousider the maximum quantities of this
substance extracted from grasses by the follewing authors:—

Per cent.
Dowell (1919) lhighest per cent. obtained on
Andropogon Sorghum ... ... . ... ... ... ... 0 14
Swanson (19213 highest per cent. obtained on
Sudan erass e 0-015

Avery (1903) Iaghest per cent. obtained on
Sorghum vulgare .0 .0 0 L0 L0 L 0-014

Pinckney (1924) highest per cent. obtained on
Sorghum grown on Coloma sand with H02 1h.

nitrale per acre .o o e 00136
Willaman and  West (1915) highest per cent.
obtained on Sorghum (Minnesota) ... ... ... 0114

In assuming that the animal in Petlers’ experiment had taken
Sorghun of the highest {oxicity such as Pinckney had obtained, the
anount of prussic acid present in the animal through the ingestion
of 11 1b. of grass would be about 0°8 gr. Assuming the animal to
be about 200 1b., this would be four times the lethal dose.

But the important question here ix not how wmuch have we
introduced, but how much can be [iberated in such a short time.
Clan we assume that the cells of the grass when reaching the paunch
are bhroken up to such an extent to liherate the leihal dose within
15 minutes? In view of the fael that the paunch is alkaline, thus
not at the optimum pH for the ferment, in view of the fact also
that "7 a small proporiion of the cells are broken. up  thin the
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first hour, we wmay be justified in thinking that the glycos  does
not liberate enough prussic acid an<d that therefore the '““ter is not
the only toxic substance involved in  iling the animal.  he experi-
ments both of Peters and of Petrie are open to this doubt.

The question of elimination from ihe animal body is all 1mpor-

tant 1n this connection. Prussic acid on account of its high
diffusibility will readily reach the blood stream. but it will, by this
same property, be eliminated very quickly. The balance between
elimination and the supply from the ingested material will deter-
mine 1o a large degree the toxity of the dose. 1f the Iungested

material 15 slow to hreak up in the paunch, the antmal will stand
more than the lethal dose determined on pure chemicals.

This question that posstbly another subxtance could Le involve

- these deaths should be seriously faken inlo account n fulure
mvestigations.  One way of festing the question would he 1o deter-
mine the prussic acid content of the material betore 11 15 fed. After
the death of the animal the grass found in the paunch should be
retested, to find out how much prossie acvd Jiad  actually been
liberated. The contents of the paunch would hest be introduced into
95 per cent. aleohol 1o prevent loss during handlhing and tran e
to the Taboratory.  An experiment i ritro made with saliva and
exiract of the paunch would also show to what extent these juices
are favourable or unfavourahle to the liberation of prussic acid.

The experiment of Pease (1897} muay also he mentioned in this
connection.  Pease claims that deaths of cattle in Indiw from Johnson
grass were really cases of nitrate poisoning. Ile was able to detect
20 per cent. of potassium nitrate in stemns of the grass and in feeding
this sall to the animals was able to reproduce =ome of the symptoms.

That cyanide 1s not toxic under all circwmstances 15 borie oud
by some experiments of Loeb (19103, It is a well-kuown fact that the
ewes of the sea urchin ave killed by a pure solution of NaCl. The
toxic effect of Na can be rounterbalanced as T.oely has shown by
sodium evanide, a very peculiar effect, which the author tries to
explain by the mhibitory action of cvanide on the oxidation.

V. CONDIT NS IN THE /
i VENTING

T all casex of poizoning. the state of the animal previous o iis
eating the toxic plant must be faken into account, in cases of prussic
actd poizoning more than in any others.

Swanson (1921) has shown that marked alkalintty and marked
acidity have an inhibiting influence on the production of prussie
acid.  Thus the paunch which is alkaline and +t stomach whiab 19
acid will decrease to a considerable exteni the production of
I have tested TTC1 in conjunction with pepsine and have una that
the grassex crushed 1n a mortar emit more HCN iv ordinary water
than with HC1 and pepsine.

The question of hunger, overstrain, bad health, thirst, drinking
water hefore or after eating the toxic grass, sbh~1ld be taken inte
account. The effect of the toxic grass will larg : depend on what
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the animal had been eating before. Indeed Peters, Slade and Avery
(1903) have shown that considerable doses of HCN can be given to
an animal without detriment, provided it is also given an adequate
amount of glucose or milk sugar. As glucose is produced by the
action of ptyalin on starch, starch food may act as an ant; e and
so may milk., These facts may account for the many errati~ results
one gets In experimenting with these toxic grasses. Star , milk
and molasses should therefore be subjected to further tests ror their

value as antidotes or preventives,

Stevn has shown that sulphur is an excellent prever  ve against
prussic acid poisoning (Geilsiekte). I'or further discussion of the
question see Steyn * Toxicology of plants in South Africa >’ (1934).

VI. EXTERNAL ( NDIN !
il
. Brinnich (1903) in quoting from a lecture by W. C. Quinell,
gives the following list of “ conflictng statements and theories

on the circumstances and conditions under which sorghum is believed
to become poisonous.”’

L. ““ If sorghum is eaten in an immature condition.

2. When sorghum grows rapidly after rainfall.

3. When the plant is stunted by failure of rain or by frost.

4. When sorghum is attacked by insects during an exception-
ally dry season.

5. A poisonous mould or fungus is supposed to be the medium

of poison.
6. In some parts of India the plant is said to be poisonous
until the rains (monsoons) are over.
The poisoning is attributed to the potassium nitrate which,

under certain circumstances, is precipitated in the stems
of the plants.

8. Physiologic changes of growth of the plant ow g to
climatic disturbances, such as want of rain, excess of
humidity, damp cloudy weather, or prevalence of ex-
tremely variable and unnaturally high temperatuie.”’

Brinnieh (1903) in his article, states that these points were
submitted to an experimental examination. Tt would be indeed very
interesting to submit them to such a test. We find. however, very
little of 1t 1n Brinnich’s paper.

In the above list the age of the plant and the soil con tions
are not mentioned. Brinnich has dealt with them to some extent
in a later part of his paper. We find further referenrs to these
factors in the following summary by Willeman and ast  I1H)
which states the case so clearly that T shall give it /n extenso : —

“ Maxwell states that sorghum is not fed with safety until after
the seeds begin to develop: Briinnich that it should not be fed until
the seeds are fully matured, Avery says that the amount ~f hydro-
cyanic acid is greater in stunted plants, while Alway and rumbull
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Climatic influence on prussic acid production is clearly demon-
strated, but its effect can not as yet be foretold.

(b) Divrvarn axDp SEASONAT VARIATTONS.

Diurnal variations in the production of prussic acid have fre-
quently been recorded. Ravenna (1907) has found in sorghum an
increase from morning to afternoon. Willaman and West (1916) have
shown that there is a maximum at midday for the same plant. Marais
and Rimington (1934) working on Dimorphotheca cuneata Less. found
an increase In prussic acid content from early morning to noon, which
they think °° suggesls a correlation with intense photosynthetic
activity.”

Narasimha Acharya (1933) working on Sorghum vulgare found
an increase of prussic acid production from early morning to about
2 p.m., after which there i1s a slight decline tili 6 p.m. followed by
a rapid decline at night. This last author also is of the opinion that
there is a correlation with photosyuthesis. The writer has noticed
i Eustachys paspaloides that there 1s more prussic acid in the morn-
ing than in the afternoon.

Yap (1920) has shown on sugar cane in the Phiilipines that the
photosynthesis of the leaves is more active in the morning than in
the afternoon. They were most active from 8 to 10 a.m. and then
there was a decrease from 10 a.m. to 4 p.m. This decrease after
10 a.m. does not seem to fit in with the above observations, yet one
may assume that the nitrogen metabolism may lag and reach its
maximum after the maximum of photosynthesis.

Much stress has been laid on the age of the plant and various
workers have found marked differences in the prussic acid production
as the plant grows older. The stems and leaves bave been examined
separately and it was generally found that the stems contain less
HCON than the leaves and the leaves contain the acid in various
degrees according to their situation on the stem.

Petrie (1913) in a series of grasses in New Sout ales has
tested the prussic acid content throughout the year an experi-

ments show the seasonal variations very well, and these, or course,
are coupled with the age of the plant. DPetrie has submitted his
orasses to three tests, basing them on the assumption that the plant
may contfain the glycoside as well as the ferment, or the ¢ rcoside
alone, or the ferment alone. he tests were carried out as fo ws:—

(o) Chloroform test (probably with Guignard paper although
not stated).

(b) Emulsion test, in case ferment is absent and ; rcoside
present.

(¢) Amygdalin test, in case rment is present and glycoside
is absent.
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Incipient drying is not a dangerous process and can easily he

checked by introducing the plant into a moist atmosphere. ‘ma-
nent wilting however cannot be immediately checked »nd rsed
by bringing it into a moisture saturated atmosphere. he chemical

changes which the dehydration has produced are too deep seated to
be reversed at a short moment’s notice.

The subtraction of water from the protoplasm is not a pure
physical process. By the dilution and concentration of the cell con-
tents, changes in ionisation take place which are gradually compen-
sated by buffer action. Then certain substances may precipitate at
high concentration and many a reaction will take place in tF- con-
centrated protoplasm which the less concentrated normal con tions
would forbid.

Wilting is accompanied in the majority of cases by a closing of
the stomata. This closing of the stomata together with the lowered
vitality of the plant decreases photosynthesis to a considerable ex-
tent, there will be a lack of sugar and a lack also of oxygen, in other
words, a decrease of respirvatory energy. Mme. Brilliant (1924) has
shown that when the water content of the leaf falls below per
cent. an abrupt decrease of photosynthesis is produced, lowering the
process to ahout one-quarter of its oviginal value.

All these facts must be borne in mind when we ave trying to
find a chemical velation between wilting and the enhancement of
prussic acid which this state produces. We shall refer to this
question again later on.

VIL INTER AL ©U )JITI
TO0 °

The chemical and energetic processes within the cell : 3 ex-
tremely involved and we have arrived only at a broad and summary
view of the whole mechanism. Several theories have been propounded
on the question of prussic acid and plant metabolism and the best
we can do is to explain those theories and discuss their value in the
light of most recent knowledge.

{a) TaEORY o1 Gons (1921).

According to Goris the vdle of the glycoside is to protect the plant
against toxic effects of certain substances like prussic acid, benzal-
dehyde, etc. In linking these toxic substances with a sugar the toxic
effect 1s eliminated.

But there is an extraordinary contradiction between the forma-
tion of a glycoside for protection purposes and the srhsequent
releasing of the toxic substances by ferments supplied hy e plant
itself. The plants do not only decompose the glveos . when they
are wilting, thus in an abnormal state, but the urn: variation ~f
the glycoside content shows qnite clearly that the sugar and e
aglycone are drawn into circulation again.
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- ‘ L . . .

The 1dea of protection in thix case is rather far fetched. he
question whether o plant will make a glycoside is not so mueh a
gquestion of utility hut a question of chemistry and catalysis. be

tact that the plants containing glvceosides also possess ferments to
split them seems to indicate that the glveosides are storage products,
whether temporary or for longer periods does not matier. W aman
and West (1915) contend that the diurnal variation shows inat the
glycoside in grasses is nol a storage product.  But the definition of
a storage product 1s not so much based on the time for v ich {he
product 15 kept, but rather on the fact that an excess has beeu set
aside for the time being. The rapi:l reintroduction of a  Hrage
product into cireulation does not do away with the fact that v has
been kept out of cireulation.

Robinson (1930) has discussed thix question too and shown some
of s fallacies.

(b) Trrory or GAUTIEK.

Gautier 1 1872 contended that free nitric acid under the
influence of formaldehyde produces TTCON, C'O, and 11,0, The prussic
acld was then supposed to enter into  wmg chains with formaldehyde
from which Gautier devived his protem molecutle.

Menaul (1920) has given thix eory a lest in the following
way :-—

Six Hasks each containing 400 c.e. of water saturated with
carbon dioxide, 2 c.c. of 40 per cent. formaldehyde aud 1 1. of
potassium nitrate were tested as follows:

1. Two flasks were made alkaline to phenolphthalein with
sodium carbonate.

2. Two were made alkaline to methylorange but acid to
phenolphthalein.

3. Two flasks were made acid to methvlorange.

The Hasks were stoppered and placed in sunlight for one month.

Results were as follows: —
No. I: No TN,
No. 2: A trace of TICN.
No. 3: 6 mo. of 11N,

“These resulls,” says Menaul, * when considered in connection
with the fact that the sap of the plant is slightly acid and that the
nitrate and formaldehvde are present indicate that prussic acid may
be formed in plants by the action of formaldehyde on nitrates *.

It is a pity that Menaul has nol made a control 1n con  ete dark-
ness and that he has notl extended the »vmeriment to otuer organic
acids and other aldehydes. T.atham in 186 also attached a great
importance to cvanogenetic radicals in the synthesis of animal pro-
teins.
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(¢) Turory or MEvERr AND Scurize, 1884.

Meyer and Schulze supposed that nitric ac rough reduction.
and that ammonia by oxidation mayv lead {o hydroxylamine.

NO,H—>NI,0H.
NH,0H—-NH,OH.

Hydroxylamine in combining with aldehydes and ketones would
form aldoximes.

NH,0H + HCOTT—>H, (' NOTI.

These aldoximes and ketoxtumes were finally supposed to lead to
an anino-group.

The theory does not make any statement . oul prussic acid.
We are referrimg to it here hecause Bach based his theory on  1ese
considerations.

() Trreory or Bacu (1897).

Bach has carvied the idea of Meyer and 8 ulze o step further.
The nitrates are supposed to produce a certain amount of free nmitric
acid under the influence of organic acids.,  Nitrie acid in the pre-
sence of formaldehyde would produce hydroxylamine. his, 1n
agreement with Mever and Schulze, would lead 1o formaldoxime.

The latter may then undergo {ransformation iuto the isomeric
formamide.  Formamide finally may underao dehydration and vield
prussic acid and water

HOCNH,—-HCN +11,0.

This represents the dehydration theory of Bach. That thisx ve-
action can take place had already been shown by Scholl in 1891,

Thus supposing formamide is formed 1u the plant, dehydration
by wilting would lead to the tormation of prussic acid.  he theories
of Gautier, 3ever and Schulze, and Bach would also account for
the increase of prussic acid through an excess of nitrates in the soil
and in the plant.

() Turory or Trrvs (1907).

The theory of Treub is much more likely 1o be of some value
because 1t is held in general terms and does not attempt to describe
the details of the process. Gaulier has already expressed the idea
that prussic acid is an intermediate step 1o the profeins. e has
spoilt his claim 1o priority in o way, by putting forward too precise
an iden of how he thought this process could he hrought about. Ax
these supposed reactions were purely inventions based on scanty facts
the otherwise excellent idea of HON being a step towards the proteins,
was spoilt.

Treuh resting within the general idea of (Gautier iried to show
by experiments that there is much to be said in favour of it. s
principal arguments, hased on observations made on Pangium eduie,
Phascolus lunatus, Indigofera, dlocasia ave the following :—

1. The presence of free and bound prussic acid tends to show
that 1t is involved in metabolism.
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2. The amount of HCN increases with the activities of the
leaf.

3. In dlocasia macrorrhiza the production of 1 N is limited
to the green parts, which means that in those parts the
nitrogen metabolism is highest.

4. In old leaves the IICN produciion is reduced as the meta-
bolism 13 reduced.

Before the Teaves are shed they are usually  cee of

IION.

Treub has also sugeested o modification of Gautier’s theory.
According to Treub the production of prussic acid is not divectly
dependent on energy devived from light, but is influenced v the
quantity of sugar present. The reduction of nitrie acid would be
brought about by the sugar.

() Opircrions 1o 1k Turory or Triun.

Rosenthaler (1922) has tested the theory of Treub b+ some
experiments which were guided by the idea that if I1I( I8 an
mtermediary product in plant meiabolism it should be present in all
plants.  To prevent any source of error Rosenthaler has not used
maceration for this experiment. Ile expelled prussic acid by a
current ot air atler mincing the plant material.  (The minecing may
bhe a source of error.)

Out of 80 plants tested i such o way, 56 positively showed
prussiec acid,  Resenthaler rvightly remarks that this faet in itself
although favourable 1o the hypothesis of Treub, may not be consi-
dered as a definite proof because 1t does not show how prossie actd 1s
produced and whether it 1s a product of syathesis or decomposition.

In order to obtain some more information e» this point Rosen-
thaler mjected an amino acid inte sorghum. heve is a definite
stereochemical 1esemblance between phenylalanin and benzaldehvde-
evanhydrin, tyrosin and p-oxyvbenzaldehyde-cyanhydrin, valin and
acelonecyanhvdrin, 1t 15 also knowa that TTCN can be obtained by
the oxidation of amino acids.

Rosenthaler used tyrosin for his injection. 1f the 1dea of reub
15 correct, he savs, then the injection of tyvrosin should induce a
decrease in prussic acid.  Sorghum wigrum was injected and showed
a definite increase in HCN.

It may be recalled here that Ravenna and Zamoram (L8 )
have tested an injection of asparagin into Sorghum and found a
decrease of TTCN,

Rosenthaler’s postulate that tyrosin should decrease the prussie
acld content, because this amino acid resembles p-oxyvhenzalde rde-
eyanhydrin, vests on o very slender basis.

As a matler of fact we may a priori evan axpect the reverse,

viz. than an excess of tyrosin will be tranef into p-oxvhenzal-
dehyde-cvanhyvdrin and thereby increase o content. 1 the

processes 1nvolved when making a violent interterence s=~h as an
injection, are so intricate that our conclusions are hut wii guesses.
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Rosenthaler’s experiments ave mneither for or against Treub's
hyvpothesis and admit of havrdly any conclusion.

Oppenheimer (1925) and Stekelenburg (1931) are against Rosen-
thaler’s conclustons,

Stekelenburg (1931) has made a seriex of experiments with a
view to verifying the hypothesis of Treub. He has examined
Pangiwm  cedule, Phascolus lunatus, Prunus padus and  Prunes
lawrocerasus,  Stems, leaves, seeds and seedlings were subnntied to
a test. The method used for determination of HOUN was that of
Verschattelt, with o temperature of G0° C. and nmaceration during
20-22 hours.  The method seems open to crifieism.

It would seem that Stekelenburg has drawn a series of rather
sweeping conclusions tfrom his experiments. We shall discuss their
value partly here and partly under the heading of facts m favour
ot the theory of Treub.

Gernimwadion of  Phaseolus lunatus: during  germination the
amount of TCN increases in the plant and then. as the cotyledons
shrink, it decreases.

Stekelenburg coneludes from this experiment that the cyano-
genelic glycosides function as carbolivdrate reserves. The releasing
of TLCN is not necessary because in his opinion the plaut 13 drawing
enough nitrogen from the soil.  He points to the fact that Ravenna
has tound the same phenomena of increase tollowed by a decrease
on a soil devold of nitrogen. According to Stekelenburg the experi-
ment would prove that ITON is devived from sonie organic compound.

But the experinent does not warrant any such far-reaching con-
clusions and can he well interpreted m favour of Treub’s hypothesis.

Buds and stews of Prues padus and Prunes laurocerasus. The
prussic acid content was measured hefore budding and then after,
on cut twigs kept in the dark, cut Awigs kept in light and on twigs
still attached 1o the plant 1in light.

In Prunus padus the HON of the stems remains practically con-
stant. There is an inerease of ITCN n the buds under most of the
above-mentioned conditions.  In Prunus lawrocerasus the etiolated
buds (cut twig in the darvk) showed a decrease, while the others mant-
fested an merease.

The constancy of the JTLON in the twigs and the inerease in the
buds fend 1o show that there ix no migration of the acid. he facts
do not in themselves support the idea which Stekelenburg here again
emphasizes that cyanogenetic olveosids are storage products.  In one
case darkening had no effect and ILCN inereased, in the other it had
an effect and decreased the prussic acid content.

];(’((l’('.\‘.

During the day Prunus luvrocerasus increases ils and
maintains it constant during the night. There is no migration. The
decrease starts in the dark, after the starch has disapm~ared. T.eaves
floating in 1 per cent. glucose sol. inerease their H( wh as i
pure water there 1= o decrease.
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These results again are not in themselves of any support to the
theory of reserves.

The more important fact which arises out of these experiments
is that IICN 1ncreases when no nitrogen is ered {o the mts.
Yet the experiments are not of a conclusive character heeause (he
author has overlooked the possibilily that the leaves may contain a
('(1)}181'(1@1'2—1])19 reserve of nitrates and they need very little {0 ke
alive.

The mmfluence of nmitrates was tested in the following way. Leaves
were floated on -1 per cent. nitrate solution and showed a decrease
of HON.  When olucose was added an increase was noted equal to
the increase above when the sugar was given alone. A 1 per cent.
asparagin solution showed a decrease but in conjunction with sugar
showed a marked increase.  The author concludes thal nitrates are
not. necessary for an increased ILCN production.  Thig conclusion
meets with the same objection as above. 1f the plant coniains enough
mitrates in reserve, an  excess will only  be detvimental.  The
administering of sugar may have another effect, The eflect of
asparagine 1x still mysterious and no conelusion ean be drawn from it.

Stekelenhurg concludes fron his experinient that HC  is not e

first visible assimilation product of nitrogen, that therefore th po-
thesis of Treub 1z evvoneous. He further contends that 5«

by-product dervived from higher nitrogen compounds and has no
importance in the N-metabolism. Transport of ITCN does not take
place. HCXN may have a certain value as nitrogen reserve.

While we agree that the cyvanogenetic glyvcosides are temporaty
storage products, we cannot subscribe {o the author’s conclusions with
respect 1o the theory of Treub. The experiments in themselves, though
a valuable contribution, do not carry that element of conviction, nor
are they to the point. Theyv simply do not permt of any definite
conclusion with respect 1o the hypothesis of Treah and may, as we
will show, just as well be used to confirn it.

(o) Facrg v Iavourr or ik Torory or Truon.

(Greshoff, Ravenna, Dunstan and Henry. Oppenhetmer and many
others are in favour of the Theory of Treub.

To Greshoft 's mind (1906) the wide distribution of prussic acid
throughout the plant world, 1n o large number of families, is an
mmdication of the importance of the acid in those cases where it 1s
Inked with acetone (acelone-cyanhydrin); it may possibly be an inter-
mediate product in protein syvuthesis, 1o such plants as Panguim

cdule, Linwum wsitatissinowm, and Phaseolus Tunatus. He thinks,
however, that in such cases where the acid 15 Iinked with benzalde-
hyvde such importance miay possibly not be attached to 1t. at 1

15 difficult 1o <ee why in the one case prussic acid should b~ part of
nietabolism and why in the other it should net  The con ination
which the excess prussic acid will undergo, pends on wh er
henzaldehvde or acetone ix present and these products are in them-
celves no indications of the purpose for which the acid is produced.
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Ravenna (1912) also accepts the theory of reub and thinks thnt
HCN 1s a stage from nitrates over the amines to proeteins. >
thought that this idea was streng ened by the fact that asparagm
injected into the plant decreases the amount of HCN. But Czapek
points out that avomatic substances produce the same decrease so
that this argument is of as little value as the one forwarded by
Rosenthaler for the opposite effects.

Ravenna (1912) also poimted out the fact of diurnal variation
and thinks that prussic acid 1s produced by nitrates snd earbohy-
drates in the presence of light. Ile also showed that 3 Mmaximuiy
prussic acid is produced in the leaves.

The diurnal variations in the prussic acid content of grasses is
o striking fact which speaks in tfavour of Treub’s theory. These
rapld variations show that the excess acid 13 femporarily stored away
and very rapidly also biought bhack into civeulation.  The theory
15 also supported by observations made in the shade and in the sun.
Drv. Do G, Steyn has informed me ovally that at 8 a.m. Cynodon
transcaalense showed o high prussic acid confent in the sun and a
few wvards awayv, in the shade showed none.  Tlere evidently the
higher activity in the sun will naturally produce an excess.

The increase of HON by an abundant supply of nitrogen ferti-
lizers also 1s in tavowr of Treub’s theory.

We may also derive some arguments in favour of the theory
from our consideration on wilting. By the lowered photosyunthesis
and the lowered supply of energy for the endothermic processes, the
creation of new proteins will be very slow. Supposing this lowered
energy supply does not affect the intermediate products as much as
it does the end products, wilting would inevitably produce an excess
of prussic acid if this substance is involved in the metabolic process.,
TTenrier (1926) has considered this as a possible explanation too.

On the other hand we mav, under normal civeumsiances;, in-
crease prussic acid if by an excess supply of nitrales we increase the
rate of production of the intermediate products.

The process could be summarised as follows on the hasis of
Treub’s 1dea.

1. Normal Process.

Nitrates —  HCN. _ .4 proteins
Photosynthesis —  Sugar 1 | Respiratory
Respiration —  Oxvgen. [ Energy

2. Wilting.

Decrease of respiratory energyv; decrease of protein <vnthesis
therefore excess prussic acid through accumulation of inte iediary
products.

3. Normal energy supply hut cwcessive supply of nitrates.
Result excess HCN.

4. Euacessive activity in the sun.
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VIiIl. EFFECT OF FREE ¥ E

The (letrilnenlul effect of prussic acid on the respivation of an
antmal 1= well known. It is ever so much more amazing that the
abundance of that acid in plants does not seem (o be Injurious to
plant cells.

In conjunction with the question of vespivation aund the effect
of ITCN, we should hriefly recall the two theoriex which have a
bearing on the question.

The theory of Warburg centres around the activation of ox
which to his mind is done with the help of iton. The iron, according
to this theory, in passing from a lower to a higher valency would
he capable of producing peroxides of ever higher oxidising power.
In this theory the nactivation ot respiration by TLCN woul  he
explained in assiwming an imactivation of the iron (ferri-form) hy the
prussic acid,  If it were so, the plant does not seem {o suffer much
from such inactivation, wherveas the animal is killed very rapidly.

According to the idea of Wicland, oxyeen does not need to be
activated. Iz theory centres around {he activation of hydrogen
brought aboul by dehvdrogenation. Although for the cheniist and
with respect to the end products, direct oxidation is equivalent to
dehydrogenation, yet for the organism they are not the same because
different meuns ave needed to ]n'inﬂ them about. However excellent
the idea of dehyvdrogenation may be, Wieland 15 at a loss to explain
the inactivation of respiration by ICN. ITe tried to escape the
difficulty by saying that prussic ucid attucks the catalase and that
the organism thus suffers from an excess of peroxides. The argument,
however, ix very wenk,

In considering the considerable quautities of prassic acid pro-
duced, one wonders why the H—‘.\])I]()l’l()]] of the plant ix not impaired.
The sorghums never seem to be free of the acid: if 1t 1x a part of
the ordinary metabolism the plant orgonism can never be devoid of
it.  Some plants emit the acid freely, they live 1 an atmosphere
constantly containing prussic acid, Uke Nerfvm oleander, and yet
do not seem to suffer. '

Yet a certain excess may sitll be harmful.  Brinlex (1927) has
tested the effect of TTCN on living cells. Tha acid secems 1o enter
the cell as a molecule and not as an jon, al ough in water it dis-
sociates to a slight degree. The rate of vecoveryv of Klodea cells after
having heen ])Lued in a dilute solution of TH is o linear relation.

The toxicity of TICN to the root hairs of Limnobiwm rouults In a
uniform curve, suggesting a unimolecular reaction. HC  seems to
increase the ]wnneﬂnhf\ of the cell membrane. (Quoted trom Biol.

Abstracts 1930, No. 7279

Hassebrauk (1928) has tested the effect of IICN on B~ maturity
of seeds, among other plants also Dactylis glomerata an  duthoran-
thum odoratum. The seeds were gassed with HCN a the effect
proved favourable to dﬂer I‘lpPll]]l”’ and germination (quoted frowm

Biol. Abstracts 1929, No. 17940
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Boresch (1929) undertook experiments to test whether e pre-
sence of HCN was related to the dormancy of the buds and to e
breaking of their rest periods. No broad relationship was found,
but ““ yes 7 would answer the question better than “no’’. (Quoted

from Biol, Abstracts 1932, No. 6590.)

Cotte (1914) has shown how different plants vary in their sensi-
tivity to HCN. This author tested ?riticum, Tropacolum minor and
Ricinus communis. TFor the experiment the plants were kept 1 an
airtight compartment of 0-64 cubic meters. These are his resuits:—

8 gr. HCN acting during 1 hour: Triticum not affected.
. Ricinus not affected.
ropaeoinm not affected.
16 gr. HCN acting during 1 hour: Triticum slightly affected
but surviving.
Ricinus slightly affected
but surviving.
Trapaeolum no effect.
15 gr. HCN acting during 1 hour: Triticum strongly affected,
some dead after 27 days.
Ricinus strongly ~ffected,
some plants ki d.
ropaeolum sligl 7

affected.

25 gv. HCN acting during 1 hour: Triticum complet - -
stroyed.

Ricinus  complet - de-
stroyed.

Tropaeolum slightly
affected but recovered.
25 gv. HCN acting during 2 hours:  riticum completely de-
stroyed.
icinus  completely  de-
stroyved.
Tropaeolum injured but
survives and flowers.

e

Tropaeolum shows thus a very high resistance towards the effect
of prussic acid. Triticuin and Ricinus are less resistant but the
doses they can stand are still amazing.

No correlation could be established between anthocyan and
prussic acid. 1t seems, however, according to my own experiments,
that those parts of the leaves containing anthocyan produce more
prussic acid than the green parts of the same leaf. The remarks of
Henrici on this point are not quite clear.

IX. PRUSSIC ACID IN GLY{(
FC

Willaman (1917) thinks that prossic acid exists in a glycosidic
and a non-glycosidic form. Dowell  119) contends that his experi-
ments do not show the presence of the non-glveosidic TICN. it
Willaman may be right with the restriction that the non-glycosidic
form cannot last very long and if there is enough sugar present the
glycoside will be immediately created.
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Narasimha Acharva (1933) thinks that there are at least three
forms in which prussic acid is present : —

1. % Free prussic acid 77 formed by enzymic hydrolysis of
““labile ” prussie acid, destroved by 10 per cent. sulphuric
acld and steaming.

2. " Labilte prussic acid ’' liberated by simple steaming.
Destroyed by 10 per cent. sulphuric acid.

3. Bound prussic acid 7', liberated by enzymiec action,
destroved by heatine and 10 per cent. sulphuric acid.

This 1s an interesting point which would deserve further inves-
tigation especially in view of throwing some heht on the theories of
prussic acid production as an intermediary slage of plant metabolism.

The glycosides so tar isolated from grasses are amygdalin and
dhurrin.  (Dunstan and ITenry 1902)

The chemical composition of Jdhurrin is as follows:—

OH — - -
- 0,

It will be useful to compare it with the well known amygedalin.

There is an extremely close resemblance between the two sub-
stances.  The main difference lies in the sugurs, dhurrin being
coupled with a monosuccharid while amyedalin iz Iinked up with a
disaccharid.  Moreover, dhurrin  possesses a  hydroxyl in  para-
position.

The effects of acids, emulsin and alkaiis on dhurrin ave the
following : —

I. ITydrolysis by acids and emulsin:

(O -

2. Hydrolysis by alkalis:

L G -

producing dhurrinic acid and aminonia.
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Considering the first fact, one would assume *that HCl must
foreibly increase the liberation of prussic acid. ut as  ranson
(1921) and the writer have found, the reverse is the case, HUI has an
inhibiting influence when acting on the plant. This may be due
to an effect on the ferment; the case needs some closer investipation
The influence of alkalis on the plant tends also to diminish the
This may also he due to a direct effect on the ferment which works
at pH 4-6, or to the above hydrolysis by alkalis.

Thus these two reactions need some more careful invest .tions,
when considering the effect of the alkalinity in the paunch and the
acidity in the stomach.

Judging from the link between the nitrile - and the rest
of the molecule, one would a priore admit that the ferment which
:apable of spltting off HCN from amygdalin will be capable of
doing so also from dhurrin. This has been amply verified. Yet 1t
should not be overlooked that the presence of the hydroxyl in
dhurrin may, under certain circumstances, render the action of
emulsin difficult, if not 1mpossible.

The ferment that is capable of splitting amygdalin into 1ts com-
ponents is the well-known emulsin. It should be rec: ed at this
Juncture that emulsin is by no means a puve ferment and 1s c~aposed
of a series of components which arve difficult to isolate. s first
component is an amygdalase which splits the disaccharide (called
amygdalose) into glucose and d-benzaldehyde-cyanhydrin-gG-glucoside -
the latter substance is prunasin. The first component of emulsin wi
not come into action for dhurrin, because as stated it only possesses
a monosaccharid and could be called an oxy-prunasin.

The second component of emulsin, a prunase, splits off glucesa
from prunasin and will probably do the same for oxy-prunasin wi
the restrietion mentioned above.

The third phase of fermentation 1s posed to be performed by
an oxynitrilase which would split off N from the eyanhydrir
The question how this oxynitrilase acts and whether it is a re
ferment or not is not as yet settled, the reader will find a detaile
discussion of the question in Oppenheimer: ° Die Fermente.”

The nature of the ferment present in the grasses which is cape®hle
of splitting dhurrin, has not received enough attention. TIs  1is
dhurrase in any way similar to emulsin in that it is a mixture of
prunase, oxynitrilase and other ferments? Tf it were only an oxv-
nitrilase its ferment nature may be doubted on the same grounds .
that of the same component of emulsin. Aftempts should be made
fo isolate this ferment and investigate it in all fermentative
activities. There is no doubt of the existence of this ferment. 1
most cases, to obtain HON, the leaves need just to be crushed or
treated with chloroform vapour, so that ferment and glycoside may
diffuse and react. Dunstan and Henry (1902) say that provisionally
the ferment of Sorghumn vulgare can be considered identical with
emulsin.
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X. PRUSSIC ACID
Prussic acid is a tautomeric substance which occurs in two forms.
H—C=N and H—-N=C
When replacing the hydrogen in these two isomers by organic
radicals we obtain from the first, the nitriles, and from the secor

the isonitriles. The latter seem to be much more toxic than the
former. .

The salts of the acid are generally a mixture of both isomers
and are difficult to separate.

By hydrolysis the nitriles lead to an ~rganic acid, - CO(
and the isonitriles to an amine R—NT,. mixture of these two

derivatives of prussic acid has thus already an amploteric character.

We may possibly have a clue here to the second toxic substance
which accompanies prussic acid, to which we have alluded, in the
beginning. If prussic acid and its derivatives are in some way linked
up with the protein metabolism it is very likely that both nitriles
and isonitriles will be produced. They have both been found in
plants. One of them only seems to form the glycoside, viz. the nitrile.
The isonitriles may thus form a series of toxir substances which are
not all detected by our prussic acid tests. his point, therefore,
deserves serious investigation.

Some of the properties of prussic acid may interest us here with
respect to precautions to be taken during extraction.

An aqueous solution of ITCN is unstable and leads 1o ammonium
formate. The pure acid is rapidly decomposed by concentrated ¥ CI,
with production of formic acid and ammnonium chloride.

The first fact should be borne in mind when keeping a solution
of HCN after extraction. The second 1s important with respect to
the influence of HC1 on the production of prussic acid by the plant.
Although the concentration of HCI used in our investigations is
very low, yet the decomposition of HCN may not be negligible.
The influence of hydrochloric acid on the prussic acid production
seems to be very complex. Although it is capable of hydrolysing
dhurrin, its probable influence on the ferment and ite divect effects
on prussic acid itself, decrease the production of . to a very
large extent.

The salts of prussic acid undergo decomposition when boiled in
an aqueous solution. They produce a formate and ammonia. This

fact should also be taken into consideration in all guantitative ex-
tractions.

Xl1.
All investigations described below have beern made with the help
of Guignard paper. This paper is prepared as follows:—
5 grams of sodium carbonate and 0-5 er. of pieric acid
are dissolved in 100 c.c. of water. Strips of flte» moper arve

dipped in this solution and then air dried. he e Ips
are still damp they are introduced into a well st red test
tube. The test should always be me¢ : with a sligunuy damp
paper.
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Feperiments on Serghum verticilliflorum.
Plants tested on their arrival with chloroferm—positive, strol
1. Alcohol extract 95 per cent. plus a small amount of caleium
carhonate,
Tested the extract by suspending a Guignard paper above it in
u test tube—
(a) cold—negative;
(b) warm—negative.

Thus the 95 per cent. alcohol extract, although it cont»ine hoth
ferment and glycoside, will not allow of any liberation of

Evaporated alcohol on water bath (70° C.) ar residue taken up
with water.
Test of the solution :—

Cold.—Negative.

Warm, 61° C.—Positive.

The method so far is safe and can be employed without fearing
any loss of the acid by evaporation.

3. Alcohol extract 42-5 per cent. plus calcium carbonate.
This extract was tested : —
(a) During extraction—strong production of
(b) Cold after extraction-—strong production
(¢} Warmed again after 12 hours, 60° ('.—strong production

of HCN.

Thus alcohol of a lower concentration is not at all safe for ex-
traction purposes, because the losses during the process are far too

high.

To obtain some information about the influences of metals on
the production of HCN the following experiment was made : —

100 c.c. of extract No. 3 was treated with 50 c.c. 50 per
cent. ammoniumn oxalate,

The ammonium oxalate precipitates e, g and The treated
solution was filtered and the filtrate examined. - 60° . the
Guignard test proves positive.

The subsequent addition of ¥eSO,, 180, and aCl, me's no
difference. MnSO, and AlCl,, however, have a distinet inh itory
effect.

Purification with lead acetate ca» he done in two ways. e
either be added to the alcohol extract . 1 or to the extract 2.

In the first case when lead acetate is ~41<  to the ale (95
per cent.) extract, there is a positive Guign reaction befo er-

ing. After filtering the ﬁltr’lte shows but a weak sign of prr-cic
acid. When ﬁl’(rate and residue on the filter arve brouo“ht toge er
again, there is no reaciion on ul ard p or.
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It may be concluded from i< experiment that lead acetate
brings down the fermient, which being concentrated at the bhottom
of the flask reacts strongly on the ¢lveoside for a short wh . But
the precipitation being accompanied by denaturation of the ferment.
the fermentive action soon stops.

. , .

CThis seems to be horne out by the second experiment, hen
lead acetate is added to extract No. 2 (water) and lead is elimmated
v amnmonium oxalate, the following results are obtained : —

(1) At room temperature —
() filirate- negative:
(f) filtrate +emulsin — positive,

(2) At 630 (1 —
{er) filtrate-—Gruwignard positive but weal;
Oy emulsin alone —negative,
(¢) filtrate = emulsin—=Guignad positive strong.
This shows quite clearly thai lead aceta'~ precipifates the fer-
ment., It the ferment is subsequentlv rep ced by emulsin the
positive results are obtained again.

The experiments also demonstrate that both the ferment and the
aglveoside are soluble in alcohol, but that most prohably the uleolol
itself or another substance equally soluble in alcohol prevents them
from reacting.  This may serve asx a basis for findimg an antidote
for poisoned animals.  The substunces which are diszot»d 1 93 per
ceut. aleohol are fats, essential oils, phvtosterines, phosyp atides, fatty
acids, glveosides, vesins, tannins, chlorophyll, ete. Some of {hese
substances should be tested by veterinarians to see whether they are
of any use under the conditions of the digestive system of the animal
to prevent further liberation of prussic acid. In all these exper-
ments on animals there should be constantly borne in mind the
statement made at the beginning of this paper, that prussic acid may
not he the only toxic principle, e should also not forget that
the paunch there is a strong bacterial action which may increase the
production of TTCN,

The glveoside is not very <oluble in ether. Thix was shown by
the following experiment. Ligquor No. 2 was shuken out with ether
and the two liquids separated. The ether was lett to eva rate and
the residue taken np with waler. This solution freated with emulsin
gave a faint reaction. The liguor which had been sepa- ed from
the ether was freed from ihe latier and was tested with emul 1.
The reaction proved very strong.

T have only tried one adsorbent in an endeavour to =eparate the
olveoside from the ferment. Polvalumininm hydroxide was used on
the alcohol extract. The solution was filtered and the filtrate evano-

rated and then taken up with water. Ti proved positive tc ar
paper showing that neither glvcoside nor ferment was e tedt 1o
anyv noticeable extent. Moreover, the polvi minium hydre when

added to thix last solution had an inhibiting effect.
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An acid water extract was also made with tap  der+ 1 to
make it 0-1 normal. The extract ulone bhastad to 632 (. shows strong

production of prussic acid. When this ttion 13 treated with lead
acetate 11 becomes strongly fluorescent. +Ailtrate and the precipi-

tate hoth show the fluorescence.

The precipitate was separated from the filtrate by filtvation aud
the residue on filter tested with emulsin which proved positive. The
filtrate was also tested with c¢mulsin and proved positive.  This is
good evidence that the glveosid partly goes down itk the lead
preeipitate and partly remains in solution. This fact o 1 be borne
m mind when lead acetate is used to clear an extract. It shows
that the method of Dunstan and Ienry can not be used for reliable
quantitative determinations of the elveoside,

The paper altempts 1o give a synoptic and constructive account
of our present day krowledge ou the problemt «  prussic acid in
grasses and urges that the investigations should be made in a noye
acadenmic spirit.

A List of 88 grasses ix compiled indicating the authors who have
dealt with them and other points of Inferest.

The methods of extraction ave discussed to some extent and the
errors which may oceur in quantitative  dermiinations are pointed
out.

In discussing the lTethal dose the view is expressed that possibly
another toxice substance besides prussic acid may be involved n the
rapid death of animals. A hint s @iven how to verity thot cane
tention, the nmportant point beine 1o find out how mueh 1s
liberated in the animal and not how mueh s atroduced.

The question of antidotes 15 only brie referred 1o,

The discussion of the external conditions leading the plani to
toxicity <hows clearly how climate and soil interfere with the mefa-
bolism of the plant.  Climate and soil. diwrnal and seasonal varia-
tions and the effect of wilting are discussed.

The origin of prussic acid in the plant is still an unselved
problem. The most important views and theoriex of *he past and
present are reviewed and on that basis, the  cory of  -eub 1s given
the benefit of a good working hypothesis.

Numerous experiments show the various effects of HC  on the
plant and demonstrate what strong doses it is capable of standing.

A diseussion is devoted to the fermentation of dhurrin.

[n the chapter * prussic acid as an organic con bund 7' the view
1s expressed that the second toxic substance referrea to iu the begin-
ning may possibly be an isonitrile which is much more toxic than
the nitrile form producing glveosids.

The author describes some of his own experiments on  wxfae
paspaloides and Norghune verticillifloram.

151



HYDROCYANTIC ACID IN GRASSES.

TEC] has an inhibiting effect on prussic acid production, so has
marked alkalinity and also pepsin+ 1L '

During hay production no prussic acid escapes althrugh some
may be transformed into other substances. he hay st contains
a considerable amount of prussic acid.

ITeating the grass to 59° C. (probahle {emperature of wilting:
and 709 (! releases ax much ITCN as the chlovoform test.

Fixtiactions made with 99 per cent. aleohol are safe, no prussic
acid escapes during the process.  12-5 per cent. aleohol is not safe,
the acid escapes during extraction.

Ilimination or adjunction of e, Mg and (a makes no difference.
bult Al and Mn have an inlibitory effect.

Lead acelate precipitates the ferment with denaturation.  Lead
acetate partly alzo precipitutes the glyeoside s a fact to be taken into
account m quantitalive tesis.
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