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Introductory.

The alkalolds have attracted much attention since
the discovery of morphine by~Sertﬁrner over a century
ago. While the chemistry of a great many of them is
well understood, the problems connected with their
role and mode of origin are 5till unsolved. They are
generally considered to be connected with the formation
of protein, either as stages in its synthesis or as
bye products in its breakdown. On the other hand they
are sometimes considered to be the products of reactions
taking place in the cell as the result of conditions
over which the plant has no control., This type of
gsecondary reaction is frequently encountered in organic
synthesis, where the formation of the main substance is
accompanied by the formation of others in smaller amount
but the occurrence of such secondary‘reactions in the
plant cell does not seem feasible in view of the economy
of energy and material. so notable a feature of the

metabolism of plants,

At the beginning of the last centﬁry it was believed
that special vital powers were inherent in all living
cells, but with the growth of organic chemistry and with
the discovery of the enzymes this idea has been very much

modified. Enzymes have been discovered which are capable
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of synthesising and breaking down the carbohydrate, fat,
protein and other constituents of the cell in vitro as
well as in the living tissues. No such relationship has,
so far, been found to exist between the enzymes and the
alkaloids, but it does not seem improbable that such a

relationship does exist,

It is the aim of this research to discover if such
a relationship can be traced . With this object the
fresh leaves of Atropa Belladonna and Hyoscyamus niger
have been treated in order to encourage the enzymes
contained in them to act under conditions with as few
interfering factors as possible. An attempt has also
been made to determine the specific enzymes involved in

the changes in the amounts of the alkaloids.

The leaves of medicinal plants containing alkaloids
are particularly suitable for such an investigation as the
amount:of the alkaloids is sufficiently large to enable
accuraﬁe’assays to be made. This renders it easier to
detect small changes in the direction of either increase
or decrease, following on any special treatment to which

the leaves have been subjected.

In the living plant enzyme action is kept under strict
control but during and after the removal of water, following

the collection of the plant, the enzymes produce many far
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reaching changes., These changes are sometimes of value
in the preparation of plants of economic importance but

are generally undesirable in medicinal plants, leading

to loss of active principle and of other properties.

During storage, loss of active principle takes place.
The evidence available from the literature regarding the
loss of alkaloid in plants stored in the dried condition
has also been considered and the possibility of enzyme

action being involved, discussed.

A section dealing with the work of a group of plant
physiologists has been included. The latter have been
mainly concerned with showihg that the alkaloids may be
assimilated by growingplants and utilised as a source
of nitrogen, and here the disappearance of alkaloids in

the growing tissues is regarded from a different angle.

It 1s desired to express gratitude to Professors
Ellis and Stockman and also to Dr Blodwen Lloyd for

criticism and advice,



Chapter I.

THE NATURE AND THE ORIGIN OF THE ALKALOIDS.

In endeavouring to trace a relationship between the
enzymes and the alkaloids of plants, it will be of interest
to review some of the better known theories which have
been advanced to explain the origin of the alkaloids.

There seems little doubt that there is a connection
between the alkaloids and the formation of protein, as -
many of the chemical groupings of the proteins are also
present in the alkaloids, but it is undecided whether

the latter are to be regarded as reserves of raw material
in the synthesis of protein or whether they are in the

nature of waste metabolites.

Baly, Heilbron and Hudson. (I) consider that the plant
exerts little vital control in the formation of the alkaloids.
They consider that they are produced during the synthesis
of nitrogenous compounds and that, given certain conditions,
light and a sufficiency of the reacting substances, their
formation is inevitable. They regard the following as
representing the stages in photosynthesis, the alkaloids
being produced in the process. The raw materials for
the synthesis are potassium nitrate and carbonic acid

both present in every plant.



Photosynthesis in the living plant according to Baly,

Heilbron and Hudson,

Potassium nitrate Carbonic acid.
Potassium nitrite Activated formaldehyde.
v v l

Formhydroxamic acid. Hexoses.,

/

g
Nitrogen¢5€fes. o -amino acids.
i |
Alkalolds and xanthine Substituted amino: acids
derivatives., ( histidine etc., )
Protein.

The production of alkaloid according to the authors follows
.ﬁhe production of an excess of the simple nitrogen bases;
these being converted to alkaloids by methylation and
condensation, The process being dependent on the action

of light, the synthesis can only take place in the leaves.

Since all the above conditions are satisfied in most
ordinary green plants, ( the presence of light, nitrate
and COy ), and as Baly and his collaborators consider that
the above are the only possible courses which can be taken
by the reactions, it is rather surprising to find the

alkaloids limited , as they are, to a comparatively small



group of plants. If the hypothesis 1s correct an
explanation must be sought for the comparative rarity

of the alkaloids in ordinary green plants,

The guthors allow that the plant is capable of
a certain degree of control. This control must be
largely enzymatic in nature. Gadamer ( 2 ) had previously
stated as his opinion , that the primary‘products are the
same for the alkalcoids as for the proteins and that when
the rate of assimilation is high, the alkaloids are formed
as a nitfogen reserve, During periods of diminished
assimilation of nltrogen, the enzymes which synthesised
the proteins, attack the alkaloids and utilise the decomposition
products for the formation of protein., This view is in
agreement with the observed variation in the alkaloidal
content of Belladonna leaves. During the flowering stage,
when assimilation is intense , the alkaloidsincrease in
amount and in Autumn as assimilation slows down, they
gradually disappear. They are not rejected with the

worn out leaves.

Pictet (3) held the view that the origin of the
alkaloids lay in the decomposition, not in the synthesis
of the proteins. The decomposition yielding pyrrole
derivatives which by condensation with other substances
’or by intramolecular transformations resulted in the

of the alkaloids. Pyrrole, for example, would be converted
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to a pyridine derivative by methylation of the nitrogen
and then migration of the carbon atom of the lateral

chain. Thus N-methylipyrrole would give pyridine:-
CH

C B

i
CH H

N B CH
NCH, N /

Pictet was able to perform this reaction by heat.

Similarly Methyl indole would give quinoline.

/CH B 3 CH
&\ . \?
SR R
\CH/ w6,

These views received considerable support by the
isolation by Pictet and Rotschy (4) from tobacco, of
three bases, in addition to nicotine, one of which,
nicotimine, is an isomer of nicotine. But while nicotine

contains a pyrrolidine nucleus methylated at the nitrogen

atom, nicotimine appears to be a pyridyl-piperidine.
é/CH THQ——-CHg
C \\C—-CH /}Hg

H . IH \NCH3 -CH Hp
"/ L
\y”
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There seems to be the same relationshlip between theseltwo
compounds as exists between methyl pyrrole and pyridine.
Pictet and Court (5) isolated pyrrolidine and N-methyl
pyrroline from tobacco and a number of other plants.

This was taken as additional proof of the theory.

Robinson (6) from his work on tropinone, considers

that the alkaloids arise as the result of a seriles of‘simple
reactions such as aldol condensations, oxidations and
dehydrations. The raw materials,(formaldehyde, ammonia,
amino acids and acetone dicarboxylic acid), for building
‘up the alkaloids, either occur as such in the plant or

in the combined state. These highly reactive bodies

undergo a series of transformations ultimately leading

to the alkaloid. Thus the pyrrolidine grouping would be
produced by the condensation of formaldehyde with a diamino
acid such as ornithine,
: CHo—CHOH
NHoCHoCHoCHoCHNH2COOH <+  CHoO = | ONCHz<+4 NH3+4 CO2

CHg—CHo

This compound would yield the alkaloid hygrine by condensation
with acetone dicarboxylic acid and the subsequent elimination

COOH NCH3 ?OOH

ﬁ/ CHs + —
CHg ?HOH CHoCOCHoCOOH CHo  CHwCHCOCHgCOOH < H20
Hs—=CHo CHz—CHg
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NCHz .
{2 'CH-CHQCO-CHS + 2C0g Hygrine
CHo—CHo

In the various theories of the origin of the alksaloids,
with the exception of that of Gadamer, little mention is
made of the enzymes. Control is assumed to be necessary
but how the control is applied is not at all made clear, There
can be little doubt that the reactions,many of which are
of the type catalysed by the enzymes, are accelerated
by these bodies. Many reactions taking place in the
living cell are controlled and modified in a ménner
which is at present beyond our understanding. Raper (7)
mentions the case of the enzyme amylase and the glycogen
of the liver which in the living cell react only under
strict control whereas in vitro interaction continues
until all the glycogen is hydrolysed. The autolysis
of plant tissues also illustrates this control or rather
its disappearance. On the death of the plant the tissues

are literally digested by the contained enzymes.

It would also appear from the theories outlined,
that chemical synthesis in all the different plant families
should be on exactly similar lines. These syntheses
although similar in many respects lead also to many varying
products. The different types of alkaloids help to illustrate

this point. We find certain groups of alkaloids restricted
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to a plant family, e.g. the morphine group in the
Papaveraceae or the atropine group in the Solanacese,

The occurrence of an alkaloid such as berberine in several
families is unusual. It seems,therefore, that while the
mechanlism of synthesis in plants #=-plenbe shows a

general resemblance, eachlfamily has evolved along lines

of its dwn.

The effect of cultural conditions on the alksloidal

content of plants.

A study of the effect of cultural conditions does
little to help in the problem of the relation of the enzymgs
to the alkaloids. The Belladonna plant on account of 1its
economic importance has been much investigated with a view
to ascertaining the cultural conditions ylelding more
alkaloid. In Bellsdonna the improvement in conditions
leads to dpore vigorous plant and the largest and healthiest
plants yield weight for weight the greatest amount of
alkaloid, Poorly developed plants contain in proportion
less alkaloid than well grom specimens. The addition of (8)
fertilisers increases the yield,with the curious exception
of nitrates (9) which when added to the soil in large
quantities were found to decrease the amount of alkaloid

vielded by Belladonng plants.

With increased intensity of illumination there is
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a progressive increase in the alkaloidal content .
Deluard (I0) gives the following results:-

Alkaloidal content
Plants grown in the Shade...l."ol..’.... 0.39%

Plants grown in moderate light...ceeeeses 0.42%

Plants grown in sunshinG...ecececesscesess 0.65%

In such researches so many factors are involved that it

is difficult to trace those directly responsible for any
change in the results. In Belladonna, the improvement

in cultural conditions leads to improvement in the vigour
of the plant but does not increase our knowledge of the
factors responsible for the increase in alkaloidal conternt
beyond that they are produced in largest amount by healthy

plants.

The alkaloids sccelerate respiration.

Palladin (II) has shown that the alkaloids increase
'the rate of respiration of plents immersed in solutions
containing them. Is it possible that the alkaloids function
as respiratory catalysts? In support of this possibility
it may be mentioned that they are found in greatest amount
in the regions of most intense metabolic activity such: as
the growing point, the fruit and the leaves; thus the
amount of alkaloid is greatest during the flowering
and fruiting stages and gradually decreases thereafter.
The amount of alkaloid is greatest when respiration is most

active,

r
l
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The absorption and decomposition of alkaloids by plants.

Many attempts have been madé to grow plants in culture
solutions containing solutions of the various alkaloids
in place of the usual nitrates or ammonium salts. The
object in these experiments was to determine the part
played by alkaloids in the living plant. In general the
the varlous experimenters concluded that alkaloids .could

be assimilated and utilised as a source of nitrogen.

The concentration of the alkaloidal solution is
important and some of the discrepant results obtained
can be explained by the use of too strong solutions which
seem to have a poisoning effect on the tissues. A similar
effect 1s noted in the latter part of this work where i :
certain concentrations of the alkaloid seemed to inhibit

the action of the enzymes.

Knop and Wolf (I2) found that the extract of a plant
is poisonous to the plant and cannot therefore be absorbed.
They experimented with Maize and Buckwheat growing in
culture solutions differing from ordinary water cultures
in that the only sources of nitrogen were the nitrogenous
bases urea, morphine, cinchonine, quinine and caffeine.
These were found to be toxic to the plants in varying degree
morphinebeing the least harmful. Nitrates of quinine

and cinchonine were not harmful. From their experiments



- I5 =~
they concluded that since the alkaloids are absorbed from
the nutrient solution and sinece they are not found in the

leaves they must be assimilated by the plants.

Reveil (I3) carried out extensive experimental work on
alkaloidal assimilation by piants. Some of this is described
below. He used solutions of the salts of the alkaloids
equivalent to I-I000 of the free base, these solutions

- being added to the ordinary nutrient medium used in water
culture‘experiments.

I. Two plants of the Balsam species which had beén germinated
in ordinary soil were moistened with (a).. plain water

and (b),.,. with a solution of atropine. The latter opened

its flowers on the I7th. July and its fruits ripened

on the 28th. July, whereas the control plant flowered on

the 29th. July and fruited on the I2th. August,

II.. A shoot of Cherry Laurel placed in gsolution of atropine
showed no imcrease of growth, and died in about two months.

No trace of atropine was found in the tissues.

III.. Aquatic mints were placed in water containing atropine.
They developed very well and atroviﬁe disappeared from the
nutrient solution. The alkaloid could be detected inthe
leaves and stem, but when the plant was dried no trace

of atropine could be found.

IV.. Hyacinth bulbs placed in solution of atropine

flowered in the usual way. Atropine was found in the
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flowers and leaves. When the bulbs were transferred to

water,the alkaloid disappeared in four days.

" V.. A Crocus corm placed in sand which had previously been
calcined and moistened with a I-I0O00 solution of atropine
developed and showed atropine in the leaves and in all

parts of the corm not buried.

VI.. Barley placed in previously calcined sand and watered
with solution of atropine germinated more rapidly than a
control and gave the reactions of alkaloids. When the
plants were no longer watered with the alkaloldal solution
they lost their alkaloid little by little and in ten days
ceased to give any reaction for alkaloid., Simllar experiments .
were made with morphine, narcotine, codeine, nicotine,
quinine, cinchbnine, strychnine and brucine. All of these
were absorbed and apparently broken down by the plant; the
less stable alkaloids such as atropine and codeine disappeared
sooner than the others., The plant does not seem to be able

to exert any selective influence, since it absorbs

alkaloids whether they are harmful or not. Revell found

that gquinine and cinchonine wefe toxic while while morphine

codeine and nicotine were harmless,

Reveil concluded that added alkaloid can be utilised
by growing plants, and further, that plants supplied with

alkaloid mature more rapidly than controls.
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De Varigny (I4) investigated the effect of atropine
on Lentils and Water €Cress seeds grown on purified sand.
Hecfound that they germineted more rapidly but were less
vigorous than controls grown in distilled water. The
average weight of the plants grown with atropine was 0.40 gm.
that of the controls I.00 gm. De Varigny found further
that when solutions of atropine were added to plants_grown
in earth they had an accelerating effect which increased

in inverse ratio to the concentration,

In earth
I...Weight of water cress plant at the end of ten days.
Control..cieeeesssssecssscsssscensessoweight.o....T.25 gm
In solution of atropine (I-200).......weight......I.25 gm
In solution of atropine (I-800).......welghte.....I1.,400 gm.
In sand.‘ ‘ '
2...Weight of water cress plant at the end of ten days.
CONtrol..ceeeeesccsceoscssnssessseseses.welght.e....0.80 gm
In solutibn of atropine (I«I00).......weight...,..0.36 gm
In solution of atropine (I-200)ee¢+ec..weightesoeos. 0,45 gm
In solution of atropine (I-400).e.....weight.e...,.0.70 gm
In solution of atropine (I-800).......weight..es.e.0.70 gm
Comparing I and 2 it is seen that the alkaloid
favours growth when the plantg#re grown in soil better
than in sand. The explanation suggested is that the nitrates
of the soil assist in the absorption and transformation

of the alkaloid, Carr (loc. cit.)has shown that the addition

of nitrates to the soil
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lowers the yield of alkaloid. The soil also possesses
great adsorbing powers not found in sand tandtthié'bytiowering
the éctive concentration would produce the same effect as

a dilute solution.

Comdre (I5) using Ulothrix and Spirogyra as test
piants found that growth was possible in a nutritive
medium containing no nitrogen other than the salts of
certain alkaloids which were gradually added. He found
that they were absorbed without apparent selective absorptiva
action, Some were readily assimilated as for example
atropine, cocaine, and quinine; others, however, such as

strychnine were markedly toxic,

The most marked feature of the above experiments 1is
the disappearance of the alkaloids from such diverse types
of plants. It is not coneceivable that mechanism exists
in these plants for dealing specially with these bodies
but rather that the presence of foreign matter in the
tissues stimulates the normal mechanism with the ultimate
utilisation of the products., It is suggested that the
most probable fate of the absorbed alkaloids 1s oxidation,
and considerable support 1s lent to this theory by the
finding of Palladin (loc.cit.) that the immersion of
a plant in solution of quinine causes a great increase

in its respiratory activity.



THE 1L0SS OF ALKALOID IN PLANTS DURING STORAGE.

During storage of dried plants loss of active principle
is known to take place. As the plént in the dried condition
is not affected by many factors influencing the living
plant the evidence of the change being enzymatic is
more clear., The loss of glucoside which frequently
occurs 1is well known to be caused by slow hydrolysis
brought about by enzymesj;loss of alkaloid is harder to

detect and the cause has not been explained,

Enzyme action is not inhibited in dried plants
in the so called air dry condition in which they retain
about ten per cent of moisture. In the presence of this
remaining molsture the delicate colour of flower petals
rapidly fades, whereas if the flowers are rendered
perfectly dry before storage and precautions taken to
‘prevent access of moist air, the colour can be kept
almost indefinitely. Similarly Digitalis leaves which
have been stored over quick-lime and are therefore
perfectly dry, retain their therapeutic activity,but
a loss of activity results. if the leaves are stored in
the air dry condition. All such changes cannot be
considered as due to enzyme action, There is,however,
little doubt that many of the changes taking place are

the direct result of their action.
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Bourquelotl(IV) First drew attention to the effects
prbduced by the oxidases in contact with the phenols.,
Amongst the phenols he included morphine which he stated
waé converted to an insoluble form, Debourdeaux (I8)
had ﬁreviously mentioned that the morphine in Opium
_seemed to undergo chemical chénge, becoming insoluble in
water and at the same time being lessened in amount to
a varying degree. He suggested that the change was due
to an Oxidase acting in the presence of air, Recently,
Abraham, Digby and Rae (I9) found a similar decrease in
in the morphine content of Opium. At times, however, .
there was actually a gain; they Batisfied thamselves that
this apparent anomaly was not due to experimental error
and suggested enzymes as the cause of both phenomena.
This loss in the morphine content of Opium was confirmed
by Annet and Singh (20} and the presence of the oxidase
in both fresh and dried Opium was demonstrated.The
fluctuation in the morphine content is more difficult to
explain although enzyme action is generally understood
to be reversible. . In this connection it is interesting
to note that Heinrici (2I) claimed to have increased
enormously the amount of morphine in the expressed juices
of papaveraceous plants by the action of yeasts, diastase,
pepsin, oxigases, potassium permanganate and hydrogen
peroxide. In fourteen days the alkaloldal content of

fresh extracts of Papaver somniferum was lncreased from
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1.8% and 2.5% to 8.7% and I3.2% respectively, by these

substances.

Ergot loses potency very rapidly. The British
Pharmacopoela reqﬁires that this drug should not be more
than one year old and that it should rendered thoroughly
dry and stored in air tight gontainers. The pharmacopoéias
of other countries have similar requirements but it is
doubtful if this is sufficient safeguard against deterioration
in such an important drug. Wokes and Elphick (22) have
shown that both the solid and the liquid extracts of Ergot
undergo steady deterioration, half the initiael activity
being lost in a year or less, Enzyme action is not
entirely responsible for the loss of activity , for the
specific alkaléid ergotoxine was found, when isolated,
to undergo deterioration both in the dry condition and
in solufion. The rate of deterioration increased with
rise of temperature and it also occurred in vacuo although
it was more rapid in air. Ergotoxine has an abnormally
high molecular weight and is colloidal, .dnd the deterioration

has not been explained.

Several workers have drawn attention to the loss of
alkaloid which takes place in Colchicum during drying.
Deterioration does not as a rule take place in seeds,
since they are organs in a resting condition and their

vital activities are barely manifest. Catillon (23) has
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shown that in dry seeds the enzymes are inactive but
Blau (24) concluded that there was a loss of colechicine
in Colchicum seeds after long storage. He found that
the alkaloid is chiefly located in the seed coats and
seems to disappear. Twenty year old seeds, not carefully
stored contained 0.1I9% of alkaloid whereas carefully
stored batches,thirty years old, gave 0.202% on analysis.
His method of assay gave an average value of 0,504%
for one year old seeds generally. Loss of alkaléid
has been shown to take place in the green parts of this
plant. Enzymatic activity is to be expected in those
parts of the plant which contain large amounﬁs of moisture
and which were in active growth at the time of collection.
Such enzyme action seems to take place during the comparatively
short time taken to dry this plant. De Jean (25) found
that tinctures made from the fresh flowers were relatively
much more potent than tinctures made from the same batch
when dried;similar results were obtained from the fresh
and dried corm. The existence of enzymes capable of affecting
the amount of alkaloid is thus indicated. The work of .
Grier (26) gives support to this., He determined the
alkaloidal content of some old galenical preparations
ﬁhich were more than forty years old. No loss of colchicine
had taken place.. It appears therefore that in the preparations -

from which enzymes have been excluded the alkaloid is stable.
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Leseur,(27) using different methods confirmed the findings
of De Jean (loc.cit.) He found that preparations from
the fresh drug are more active than those made from the
dried drug . In the latter the enzymes seemed to be
inactive and both cold and boiling alcohol were equally
effective as solvents for the active principles. With
the fresh firug,however, boiling alcohol was the better
solvent since the enzymes were active and thelr activity

was not inhibited by cold alcohol.

The lea&es of Pilocarpus may lose as much as'50%
of the original alksloid when stored in a damp place.
( Tunman and Jenzer, 28) but when stored in a dry place
very little loss takes place. The presence of moisture

would assist the action of the enzymes.

Another example of loss during storage, more of
interest than of appliecation to the present problem, 1is
noted by Griffiths, (29), who, examining leaves of
Erythroxylon truxillense obtained from ancient graves in

Peru, of pre-Christian era, found that all the alkaloid

had disappeared.

Loss of alkaloid in soft extracts.

Soft extracts have been shown by Ribaut (30) and
also by Fricotel (3I) to undergo gradual loss of the
contained alkaloid. The former found a progressive loss

in soft solanaceous extracts when kept over a perlod of
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four years. He attributed the loss to the presence of
moisture. Support is given to a possible action by
enzymes by the findings of Rosenthaler and Meyer (32)

that loss of glucoside in soft extracts of Gentian, Cascara,
and Rhubarb, made from the ggigg drug , is lessened by
using bolling alcohol.in place of cold alcohol, thereby
preventing enzyme action. Fricotel also found loss of
alkaloid to take place in soft extracts of Conium, Opium
and Aconite. In Grier's experiments quoted above

no loss of Colchicine was found to have taken place in

the o0ld extract whereas in the other extracts loss of

the alkaloid occurred, It should be emphasised that

in the preparation of Extract of Colchicum the expressed
juice is boiled. This ﬁould of course inactivaﬁe the enzymes.
The other extracts are not heated other than in the

evaporation,
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Summary of the first part.

I. The theoriés regarding the origin of the alkaloilds
- are, to a great extent, based on purely chemical or
photochemical reactions which take little account of
the action of the enzymes. These theories do not
explain the different directions taken by the syntheses

in the different plants.

2. Enzyme action while bringing about many changes
in the cell has no obvious connection with the formation

of the alkeloids.

3. When plants are grown in solutions of alkaloids,
the latter are absorbed and made to disappear from the

tissues., The general vigour of the plant is improved.

4, Some of the alkaloids absorbed by plants are more
susceptible to oxidation than others. The more easily
oxidised alkaloids are assimilated by the plant with less

difficulty than the others.

o. In dried plants diminution of the amount of the alkaloids
also takes place., This is most marked in the case of

morphine, an easily oxidised alkaloid.

6. There seems to exist a connection between the alkaloids
and the nitrates as the presence of nitrates in the soil
produces plants with lower alkaloidal content. The nitrates

of alkaloids seem to be more easily absorbed.



THE INTER-RELATIONSHIPS OF THE ENZYMES AND THE ALKALOIDS

OF BELLADONNA AND HYOSCYAMUS LEAVES.

Part 2.

Experimental.
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The following plan has been adopted in tracing the relation
between the enzymes and the alkaloids of Belladonna and

Hyoscyamus leaves,

I.. The main types of engymes present in the leaves
have been determined.
2+.. The different methods of inactivating the enzymes
have been tried and an improved method adopted.
3.. Using thls method the enzymes have been inactivated,
the leaves dried, and the changes produced in the amount
of alkaloid and in other characters determined.
4,. In this series of experiments the action of the enzymes
has been assisted and the time of action prolonged. The
properties of this leaf after drying have also been determined
5.. To eliminate the possibility of the loss of alkaloid
which was found to occur being due to simple chemical
change, the stability of atropine under the conditions
of experiment has been confirmed.
6.. Experiments have also been carried out with the
specific alkaloid of the leaves and with:-
(a). The enzymes contained in the juice of the leaves.
(b). The enzymes of the leaf residue after removal |
~ of the soluble enzymes.
(c). The oxidising enzymes tyrosinase and‘peroxidase

which are present in the leaf.
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DETERMINATION OF THE ENZYMES PRESENT IN BELLADONNA AND

HYOSCYAMUS LEAVES.

NoAspecial comment has been made on the enzymes of
solanaceous leaves, they do not seem to differ from the
enzymes found in foliage leaves generally. Lepinois (33)
recorded the presence of an oxidising enzyme and Onslow (34)
classes the Solanaceae among the families containing both
oxidases and peroxidases. There is no mention in the
literature of any specialised enzymes capable of interaction
with the alkaloids., The other enzymes are common to

most green leaves,

The following quantitative tests were carried out

for enzymes.,

I. Diastatic enzymes.

Samples of the fresh leaves were diwided into three
portions, &, b, c.
(a)., Extracted with water without preliminary treatment.
(b). Dried rapidly in a current of warm air and then
extracted as (a).
(e). Maintained in the moist condition at 32' C.for
three days then extracted in the same way as (a)

and (b).
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The extracts were heated with a 1little Fehling's
solution, precipitation of cuprous oxide occurred in
each tube, |
(a). Very faint precipitate.

(b). Slight precipitate, denser thamin (a)
(¢). Distinct precipitate.
Diastatic enzymes are present which convert the starch

of the leaf into sugars.

2. Oxidising enzymes. .

8......Tyrosinase,

Fresh Belladonna and Hyoscyamus leaves were pounded
with sand under 96% alcohol and drained on a Buchner
funnel using a water pump and a rubber dam (thin sheet
rubber tied over the funnel) to complete removal of the
alcohol and to avoid alr as much as possible. This

was repeatedvuntil g leaf residue was obtained free

from alcohol soluble matter. The grey coloured residue
was used in the following tests.

Five gm. of the residue suspended in IS c.c. of phosphate
buffer, pH 8, and 0.I gm of tyrosine added. The tubes
were placed in an incubator at 32' C along with a boiled
control., The test solutions gradually turned through
reddish brown to brownish black and a precipitate was
ultimately produced. The control darkened slightly

but the difference was marked.
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A solution of para-cresol similarly treated was oxidised
to a reddish yellow compound by the leaf residue.

Tyrosinase is present.

A very convenient method for the demonsteation.
of the oxidising enzymes consisted in adding a 1little of
the dry powdered leaf to a solution of the appropriate
phenol absorbed by a piece of filter paper. Distinct
colourations were obtained with solutions of guaieéol,
catechol, and purified gualacum solution when compared
with a little of the leaf which had been treated under
pressure with alcohol wvapour. The colouration given
by the test leaf was much intensified by the addition
of dilute solution of hydrogen peroxide.

Peroxidase is thus present.

Catalase. The evolution of a gas which proved to be
oxygen on the addition of a few drops of solution of
hydrogen peroxide to the freshly expressed julce shows

the presence of the above enzyme.

Prbteolytic enzymes are difficult to prove present
in Belladonna and Hyoscyamus as the natural constituents
of the leaf interfere with the tests. The usual method
of allowing the leaves to undergo autodigestion for
several days darkened the colour of the juice so much
that tests for tryptophane were unsuccessful. (the leaves

were placed in an oven and maintaeined at 32! C. for
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several days.‘ It is assumed that proteases are present.

4, Chlorphyllase.

During the experiments with the fresh leaves,
which were maintained at 32' C. for several days,
the greén colour gradually faded if alir was present.
The leaf in which the enzymes had been inactlivated
did not show this loss.

Chlorophyllase is present.

Further experiments with the enzymes are carried

out in later part of the work.

The above enzymes, with the possible exception of
the oxidases, act only on specific substrates. Heinrici
(loc. cit.) claimed to have prodnoed morphine by the
addition of diastases and pepsin to extracts of papaveraceous
plants. It is not generally considered, however, that
these enzymes react with alkaloids. To confirm this
dilute solutions of the alkaloid atropine were added
to solutions of the following enzymes:- (a). Diastase,
(b). pepsin, (cé. a mixture of‘pancreatic enzymes, (Liquor
Pancreatis B.P.). 1In each case the alkaloid was all
recovered after maintaining at a temperature of 32! C.

for ten days.
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THE METHODS OF iNACTIVATING THE ENZYMES.

In addition to simple drying,methods of preserving
vegetable tissues have been employed for centuries. Most
of these methods have either arrested enzyme action or
destroyed the enzymes, although the presence of the latter,
as such, was not ‘recognised. In the preservation of
plants for medicinal purposes, the process by which the

enzymes are inactivated is known as stabilisation,

The following methods of inactivating enzymes have
been used experimentally:-~

(1). Preservation by means of sugar.

Enzyme action is arrested by pulping the fresh
tissues with sugar.. The Confection of Roses of the |
Pharmacopoeia is an example of the use of this method.

The preservative action of sugar has been well demonstrated
by Carles (35) who pounded the fresh Kola-Nut with an

equal weight of sugar and was thus enabled to keep the
tissues white for seven years. On removal of the sugar

by washing,the seeds immediately assumed the bright red
colour characteristic of the Sun-dried seed. Carles
claimed that the process is as effective as sterilisation

with boiling alcohol. Belladonna leaves pulped with sugar
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have remained a dark green colour for four years and

have remained perfectly sound. The alkaloidal content
was not determined as the sugar interfered seriously

with attempts to dry the leaves to constant weight

and also as the ethereal ammoniacal extracts of the
leaves emulsified very badly when shaken with dilute acid.
This difficﬁlty was later overcome. The reaction for

atropine could still be obtained after three years.

2. The following modification of the method of pulping
with sugar has been suggested by Golaz (36) as suitable

~ for every day use. The fresh tissues are pulped with
‘sugaf and immersed Immediately in a mixture of glycerine
and boiling alcohol. The glycerine absorbs the water

and prevents the lowering of the destructive effect of

the alcohol by dilution, on the enzymes.

3. Stabilisation with steam under pressure.

This method was employed by Arnould and Goris (37)
in studying the chemistry of the fresh Kola Nut. The
fresh tissues are treated with steam under pressure in
an autoclave so that the enzymes are effectively destroyed.
The process has the disadvantage that plant tissues are
generally unable to withstand such severe treatment and
becomeicovered with a mucilaginous 1gyér which renders

drying very difficult. Belladonna leaves treated in
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in this way at half an atmosphere pressure above normal
were reduced to a pulpy mass which made further treatment

almost impossible.

4, Stabilisation with alcohol or its vapour.

Bourquelot (38) used boiling alcohol to destroy
the enzymes in fresh plants and was thus able to detect
the presence of hitherto unsuspected glucosides as these
had been hydrolysed during the ordinary drying processes.
The method while useful as a pioneer process had the dis-
advantage that the dilution 6f the alcohol with the water
of the tissues, prevented complete inactivation of the
enzymes. To overcome the difficulty it was necessary
to use large volumes of alcohol. Bourguelot's method
consisted of the addition of the fresh tissues a little
at a time to boiling 96% alcohol cohtaining a little

caleium carbonate to neutralise the plant acids,

The method was tried with Belladonna leaves.
A noticeable feature was the completeness of the solvent
action on the cell contents. The latter seemed to dissolve
completely out leaving the cellular tissues as a grey
coloured mass, the alcohol becoming deep green. The
contrast between the fresh leaf treated thus and the
same leaf treated in a similar way after drying is striking.
In &he latter case the leaf residue after boiling with

the alcohol was brown in colour; much of the cell contents
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seemed to have been rendered insoluble during the drying

process.

The method of Perrot and Goris,

Perrot and Goris (39) modified Bourquelot's method
by using alcohol vapour under pressure in an autoclave.
They found that after th;minutes with a pressure of
an atmosphere above normal, the enzymes were destroyed

and the product could be kept indefinitely.

Dhers and Pugol (40) modified the above method by
using two autoclaves joined together and heated by steam.
A valve controlled communication and éfter raising a
pressure of three atmospheres in the first autoclave,
this valve could be opened and a pressure of one and a
half atmospheres obtained in the second autoclave

containing the drug.

In the various stabilising processes reviewed,
heat is the essential factor for the destruction of the
enzymes. In those processes which only suspend enzyme
action, sugar and glycerine are shown to be useful.
Alcohol wvapour in conjunction with heat is the most
effective method as 1t destroys the enzymes effectively,
leaves the tissues in a convenlent condition for further
manipulation and induces no great changes through

elevation of the temperature. As the result of thse
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experiments carried out with the various methods
advocated for the inactivation of the enzymes'in plant
tissqes the following apparatus was devised. With it = |

control of the temperature and pressure over a wide |

range was possible.

Apparatus used in the experimental inactivation of the

enzymes.

I. " An autoclave fitted for heating by gas but adapted
to electricity to minimise the risk of fire. The heating
element consisted of a winding of Nichrome wire,the
heating surface being suitably insulated and lagged by
means of asbestos.,

2. The stabilising chamber, a heavy cast iron vessel
also heated by a winding of Nichrome wire and well
insulated. The temperature was indicated by Cambridge
type dial thermometer and the pressure was read of on

a pressure gauge.

3. A variable resistance in series with the windings
of both vessels allowed control of the temperatﬁre over

a wide range.

The autoclave communicated with the stabilising
vessel by a flexible copper tube which was heavily
heat insulated with asbestos rope to prevent the
condensation of the alcohol in its passage to the

stabilising vessel.
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Condensation of the alcohol released from the
stebilising vessel was accomplished by an exhaust flask
attached to a pet-cock in the foot of the stabiliser,
the side arm of which opened into a condenser cooled by
a water jacket., By this arrangement the alcohol condensing
on the leaves or water displaced by the alcohol from the
leaves: was collected and after evaporation returned to
the appropriate batch of leaves after they had been

powdered,

' Thé procedure for stabilisation consisted first in
heating the autoclave until alcohol wvapour escaped
freely from the escape valve communicating with the outer
air, Meanwhile the stabiliser had been heated to a
temperature approximating to that of the autoclave. The
leaves were then placed loosely in a wire basket which
fitted the stabiliser but remained clear of the bottom
and sides. Next the cover was replaced and the alcohol
vépour allowed to enter at the desired pressure. At
the end of the allotted time, the communicating valve
was closed and the alcohol varour blown off and condensed.
The leaves were then removed and dried in the drying

chamber,

The chief difficulty of this method is that
condensation of the alcohol takes place in the stabiliser

and although this was reduced in amount as more experience
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was gained in working the apparatus, the difficulty
was never quite obviated. The condensate was mainly
aqueous but contained also a variable amount of alcochol

with a little of the alkaloid of the leaves in solution.

A second disadvantage at first encountered was the
tendency of the alcohol to wash out some of the alkaloid
by displacing the water of the cells; by the method of
trapping the condensate in the stabiliser loss of alkaloid
was preyented as it was recovered from the exhaust flask.
In a trial experiment,assays of the alkaloid in the condensate
gave an average value of 0.03 gm of alkaloid from IO0 gm.
of the leaf, calculated on the dried leaf. In subsequent
stabilisations, the condensed alcohol was evaporated
and returned to the appropriate batch of leaves after
they had beesn dried and powdered. It was possible to
reduce the amount of alcohol condensed by raising the
temperature of the stabilising vessel but as the leaves
were subjected to this high temperature for some time
before the entrance of the alcohol, this was considered
inadvisable. The elevation of the temperature‘had a
tendency to cook the leaves in the same way as the

treatment with steam.

‘Tests of the ability of the apparatus to inactivate

the enzymes of the leaves.

The apparatus was tested by subjecting fresh leaves
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to the vapour of alcohol under pressure of one half of

one atmosphere above normal for five minutes. The
peroxidases have been shown by Aurousseau (4I) to resist
inactivation in this way more than any of the other engzymes,
they areralso easily detected and were therefore chosen

as the indicators of the efficiency of the apparatus.

The_test was carried out by placing a drop of the
buffered indicator on a piece of filter paper and then
allowing a little of the powdered leaf to rest on the spot
of indicator for some time. For compariSOm,a'little of
the leaf which had been dried without alcohol wvapour
pressure was used in the éame way. A colouration was
obtained with the untreated leaf which on the addition
of solution of hydrogen peroxide was much intensified.

No colouration was obtained with the stabilised leaf

showing that the treatment had inactivated the enzymes,

Tests were similarly carried out with leaves under
a pressure of 6ne quarter of one atmosphere above normal,
but unless the leaves were very carefully arranged so that
no érea was present through which the alcohol was unable
to penetrate, the results indicated that the enzymes

were not properly inactivated.

The indicators used, consisted of solutions of

para-phenylene diamine and guaiacol in phosphate buffers
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at a pH of 8. A solution of Guaiacum resin in aleohol
was also used, The latter was purified before use by
boiling with charcoal to remove any traces of peroxide

in the resin.

The appearance of the stabilised leaves.

The leaves after stabllisation by this method were
much deeper in their shade of green than the control.
On drying the depth of colour was retained and the leaves
were harsh, brittle and rather unsightly. They dried
very rapidly in a currentvof warm air and in each experiment
were dry several hours before the control batch of leaves.
The alcohol vapour seemed to have affected the permeability
of the cellular tissue so that water vapour escaped more

easily.

On microscopic examination the stabilised leaves
were found to have suffered structural disintegration,
This applied particularly to leaves which had undergone
treatment at high temperatures and pressures. There was
even destruction of some of the characteristic features
on which reliance is placed for the microscopical identification
of the leaves in the powdered state. The typical
solanaceous stomata and the striations of the cuticle
were unrecognisable. As was to be expected, the more

resistant calcium oxalate cells had suffered little change



and the cells containing 1t were readily seen after
removal of the colouring matter which obscured detail

more than in the untreated leaf. With Increased pressures
of one quarter to one half of one atmosphere the micro-
scoplic features were much less affected and differed
chiefly from the ordinary leaf in the depth of the green

colour,

Chevalier (42) considers that in the fresh state
the constituents are in the form of soluble, very complex,
easlly decomposed compounds readily oxidised during the
drying process or even split by the so-called neutral
solvents. Even the mineral constituents he considered
to be in the same state and these latter are the first
to be altered passing to the erystalline form by the action
of heat or air. He therefore holds that the crystalline
principles as isolated from plants are the result of more
or less violent decompositions , the product varying with

the meéethod of extraction.

In drugs stabilised by alcohol wvapour the inactivation
of the énhzymes seems to preserve the tissues in arcondition
appréXimating to that of the fresh plant. The colloidél
state 6f the original cell coﬁtents is largely retained
and this proved to be a very troublesome point in the
estimation 6f the alkaloids as 1ntraétabié emulsions

were formed.



THE EFFECT OF THE DESTRUCTION OF THE ENZYMES ON THE ALKALOIDS.

The determination of the amount of alkaloild in the leaves,

The assay of Belladonna and Hyoscyamus leaves in
the ordinary dried condition does not present any special
difficulty. Some of the methods seem at times to yielad
emulsions in the course of the assay which by preveﬁting
clean separations lower the accuracy of the processes,
In general the development of emulsions can be(avoided
by using relatively large volumes of the solvents and
avoiding violent shaking during the shaking of the

Immiscible solvents with one another.

In the present work the attempts to carry out assays
of stabllised leaves were at first made quite impossible

by the formation of such emulsions; not the emulsions

generally encountered in work of this kind where a layer

of' the solvents emulsifies at the interface , but an
emulsion whicn involved tne whole of both solvents and

did not separate on standing for several weeks., On
microscopic examination they were found to be of the

0il in water type, the oil being represented in this case
by the volatile solvent, (chloroform or ether). Many
different processes were tried including those of the
British Pharmacopoeia I9I4, the United States Pharmacopoela,
Auenmuller's method (43), Panchaud's method (44) and others

but none was found to overcome the difficulty.
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Experiments were also carried out on the lines
suggested by Clayton (45). Calcium oleate was added
to the mixed solvents before they were agitated together
in the hope that as this substance forms emulsions of the
water in oil type the bpposing influenee of the emulsifying
agents would cancel one another and prevent emulsification.
A certaln degree of success was achiéved but this method
was abandoned for a process which by dissolving away the

troublesome substances prevented the {youble arising.

1t must be emphesised that emulsification only
occurred to any extent in the assay of stabilised leaves,
although special modifications had to be adopted for
the fresh juice and leaves. The!spmulsification.took place.
when any attempt was made to extract the ether or ether
chloroformic mixtures obtained in extracting the leaves.
The substance causing the emulsification was found to be
chlorophyll and similar ether soluble bodies which exist
in the fresh leaf as hydrated sols, the dispersion
medium being the watery cell sap. The trouble was overcome
by the following process in which the interfering substances
are dissolved out by treatment with ether, without
dissolving the alkaloids which are fixed by the previous

addition of a little sulphuric acid.

The steps in the process are as follows:-

(I). The removal of ether soluble matter in acid solution.




The finely pbwdered leaves dried to constant weight
in a hot water oven, of this IO gm. taken for each assay.
This was triturated in a small glass mortar with thres c.c.
of I0 per cent sulphuric acid. The acid was completely
absorbed forming a crumbly powder which was transferred
to a 250 c.c. flask with a clesely fitting rubber stopper.
( Rubber is slightly affected by ether but was found to
be more satisfactory than glass stoppers which do not
prevnt the escape of ether vapour so well., ) The mortar
used in the absorption of the acid was swept out with

a small camel hair brush.

To the contents of the flask iOO c.c, of ether
(S.G. 0.,720) were added, the flask securely stoppersd
and :gshaken for one hour in'a shaking machine. The
etheral solution of inert matter was drained off through
a:-plug of cotton in a dry funnel. The contents of the
fldsk were allowed to dry for 24 hours, the plug of cotton
raturnéd to the flask and any trace of leaf residue

Brushed in.,

The ether thus drained off yielded no reaction for

alkaloid when tested in the usual way with Meyer's

reagent,

Extraction of the alkaloid from the purified leaf.

To oxtract the alkaloid from the purified leaf, I00 c.c.
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of ether and 25 c.c. of chloroform were added to the
contents of the flask, then three ¢.c. of a I0 per cent
sblution of ammonia and the flask rapidly shaken in the
shaking machine for thirty minutes. Eighty c.c. of this
solution were taken on every occasion, representing six
and a half gm. of the original substance. Filtration was
carried out in a closed funnel, the filtrate being caught
and measured in a flask with a narrow neck ringed at

the desired volume. The etheégl filtrate was transferred
to a separating funnel rinsing in with a few c.c. of ether.

The amount of ether lost during filtration was negligible.

Extraction of the alkaloids from the ethereal: solution

as sulphates.,

The etheresl solution was extracted once with
20 c.c. of N/I sulphuric acid, and then thriece with
I6 c.c. Each lot of acid was filtered as it was drawn
off, Theoretically only three extractions are necessary
to extract practically all the alkaloid, but on practical
grounds the fourth extraction is an advantage as with it
the stem of the separator and the filter can be rinsed

free of the previous extractions.

Extraction of the alkaloids with chloroform.

The mixed acid solutions were made alkaline with
ammonia and extracted with chloroform as above, The

mixed chloroformic solutions were washed with a little
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water and filtered into a wide-mouthed beaker flask.
The filter was washed with five c.c. of chloroform and

the chloroform was finally evaporated in & current of

warm air,

Removal of volatile bases.

The volatile bases consisting of pyrrolidine derivatives
and a trace of pyridine (46) were removed by heating on
a water bath for thirty minutes. Markwell and Walker (4%7)
have shown that this heating has no deleterious effect

on the alkaloid,

Titration of the residue.

The residue, which was obtained in most of the assays
as a crystalline mass, was dissolved in I0 c.c. of neutral
absolute alcohol and 25 c.c. of boiled, cooled, distilled
water were added, twoé drops of solution of methyl red
as indicator and then five c.c. of N/IO sulphuric acid.
Back titration was carried out with a solution of sodium
hydroxide which had been protected from COp. The alkaline
solution was freshly prepared from a concentrated solution
for each set ofydeterminations and its neutralising power

ascertained.



The effect of the destruction of the enzymes on

the alkaloidal content of Belladonna and Hyoscyamus

leaves,

The leaves were divided into three or more portions
one being dried and retained as the control and the others

treated with the vapour of alcohol under pressure.

Table I. Belladonna Leaves,

Bateh 1I.
A, Stagbilised at one and a half atmodpheres pressure

above normal.
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The effect of the destruction of the enzymes on the

alkaloidal content of Belladonna and Hyoscyamus leaves.

Table 2. Belladonna Leaves.

Batch 2, divided in three portions.

A.stabilised at one atmosphere pressure above normal,
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The effect of the destruction of the enzymes

on the alkaloidal content of Belladonna and Hyoscyamus

leaves.

Table 3, Belladonna Lesaves.

Batech 3. Divided in three portions.
A, Btabilised at one atmosphere pressure above normal.
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The effect of the destruction of the enzymes on

the alkaloidal content of Belladonna and Hyoscyamus

leaves,

Teble 4. Hyoscyamus Leaves,

Batch 4, Diwided in two portions.
A, Stabilised at one atmosphere pressure above normal.

Per Cent alkalcid..oottnonncloc-'ﬂ'-o.conc'.ccooc' 00159
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In the assay of the Hyoscyamus leaves 20 gm.was taken
instead of IO gm.on account of the lower alkaloidal

content of these leaves. The other quantities were then

taken in proportion.



Discussion of the results obtained by inactivating

the enzymes of fresh Belladonna and Hyoscyamus leaves.,

Dhers and Pugol (loc.cit.) found that by inactivating
the enzymes of Tobacco leaves and Broom tops a loss of
alkaloid could be detected in a control whieh had been
dried in air. One of the main objects in the sﬁabilisation
of the leaves in this case was to repeat this work with
plants containing alkaloids‘of a different type from those
of Tobacco and Broom which are volatile, non oxygenéted ’
and unstable in air. The alkaloids of Belladonna and
Hyoscyamus are non volatile, oxygenated and are comparatively

stable in air.

An inspection of the figures on pages 46 to 49
show that with pelladonna and Hyoscyamus this gain in
the alkaloidal content of the staebilised plant does: not
take place. It is noteworthy that sparteine and coniine
are 8o much more readily oxidised by air than atropine;
The catalytic oxidation by enzymes seems to be involved
for it must be remembered that the plant after inactivation
of its enzymes by alcohol vapour is exposed to the

simple oxidising influence of the air during the time

taken to remove the moisture from the tissues. In Broom
and Tobacco with theilr easily>oxidised alkaloids the time

during the drying is gufficiently long to allow of the
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oxidation of the alkaloid. In Belladonna and Hyoscyamus
with their less easily oxidised alkaloids the time taken:
by careful drying is not sufficient to bring about a loss.
Proof  of this is given in the next part in which by
prolonging the time during which the enzymes are allowed
to act in the presence of air a distinet loss takes

place,

The stabilised drug differs in many respects from
the drug which has been dried in air without treatment.
The latter differs greatly in the solubility of many of
its constituents, Thus the stabilised leaf dropped
into boiling alcohol parts with most of its colouring
matter like the fresh leaf, whereas the leaf which has
been dried Tirst,leaves a brown coloured residue. This
is further support to the conclusion in the paragraph
above that oxidation in the leaf during the removal of

water is largely brought about by the enzymes.

The stabilised leaf also yields its soluble matter
in a form resembling that in which it exists in the
fresh leaf. This is evident from the tendency to

produce emulsions with immiscible solvents and the

aqueous acid solution. The colloidal cell juices of

any fresh plant produce similar emulsifcation.

In the light of the above, the ordinary drying

Process seems to affect the colloid condition of the cell
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contents. Substanges which are normally present in

the colloidal condition seem to pass to non~colloidal
forms as they lose moisture in the drying leaf, The
change does not seem to be reversible. In the stabilised
leaf the drying does not prevent the imbibition of
moisture when this is brought in contact with the cell
contents, and from this aspect the inactivation of the

enzymes of leaves is undesirable.
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THE AUTOLYSIS OF BELLADONNA HYOSCYAMUS LEAVES.

In the last series of experiments with the enzymes
and the alkaloids of Belladonna and Hyoscyamus leaves,
the enzymes were inactivated and,as a standard for
comparison was necessary, the leaves carefully dried
were chosen as the control. In the present series the
the action of the enzymes has been encouraged as far
as possible and the action on the alkaloids again noted.
The fapidly dried leaf has again been chosen as control
gince in the last series of experiments it was shown

that it suffers no visible loss of alkaloid during

careful drying.

Certain plants are only of value economically when
subjected to conditions which favour the action of the
enzymes in them. The required conditions are,(a), the
elevation of the heat level to that temperature which
induces the greatest’ activity of the enzymes; (b), the
prevention of loss of moisture without which the action

of the enzymes ceases. Commercially,Tobacco leaves

are treated in this way and a very elaborate technique

has been evolved for their preparation. As Tobacco,

Belladonna and Hyoscyemus are all members of the same
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family it is interséting to survey briefly, the methods
used in furthering enzyme action in Tobacco leéves with

a view to the application of such methods to the present

problem.,

The methods employed in the different countries differ
in detail but the general principles outliﬁed above are
always observed. In the most extensively used method
the leaves are hﬁng in barns the ventilation of which
is under strict control. Heated air from fires placed
outside is passed in thromgh flues. The leaves pass
through three stages, I.. in which the enzymes are very
active and the colour of the leaf changes gradually to
lemon yellow; 2.."Fixing" the colour , accomplished by
raising the temperature of the curing shed and at the
same time allowing free ventilation which had previously
been restricted to prevent loss of moisture. 3i. The leaf

is dried by a still further increase in temperature.

In stage I, the accelerating of the action of the
enzymes, the temperature commences at 33'" C. and is
gradually raised towards the end of this stage to
53' ¢, This later elevation of the temperature rapidly
brings enzyme action to a stop thus preventing further
The continued elevation of the

change in colour .

temperature in stege 2 finally accomplishes this (83'-7I!' C.)
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Still further elevation of the temperature with free

ventilation completes the drying of the leaf,

The process takes from four to six days to accomplish
and it is stated that the barns are redolent with the
vapour of ammonia and nicotine while "curing" is

proceeding.

It is sometimes:stated that bacteria and yeasts assist
in the process and are responsible for many of the changes.
(4£8%). While these organisms are invariably present
and are capable of modifying the process they are not
responsible as is shown later in the experiments with
Belladonna and Hyoscyamus leaves. The latter were induced
to undergo changes similar to those produced in tobacco,

under sterile conditions.

In the first of the present series of experiments
carried out with Bellddonna and Hyoscyamus leaves, no
precautions were taken to ward off the attacks of moulds :
and bacterias and the leaves were rendered unfit for ’
further treatment in a few days by their attacks. It is
difficult to understand ke how it is possible to carry '

out large scale "curing" without serious interference

from microorganisms. i




By dusting the‘surfaces of the leaves with finely
powdered thymol it was found possible to keep the leaves
in the warm atmosphere of an incubator without interference
from either bacteria or moulds. Under these conditions
the leaves rapidly developed a rich brown colour, never

yellow, and the odour became rather like that of the

heavier qualities of tobacco.

The leaves were loosely arranged in large Bulloch
jars which, while allowing free entrance of air, did not
allow them to dry. The temperature was maintained at
32' C., during the process by keeping the jars in an

incubator as used in the culture of bacteria.

Duringithis treatment the alkaloids suffered a

diminution in amount as shown by the following tables,
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The effect of the prolonged action of the enzymes

on the alkaloidal content of fresh Belladonna and

Hyoscyamus leaves,

Table 5; Belladonna Leaves.,

Batch 3 divided in two portions.
A. Maintained ot 32! C., for 240 hours.

Pér cent'alkaloid.oooooo..tono'000'000000000!.0 00525

2 0 0 P 8 90 606006 0 80 00 0000000 00557

0.538

......O.QQ..C'0..'.I-C.'..'."0...0..0"0.'0'..

Average.ot‘ctoo.oo.ooooooo'.'.octooo.-0"0.'..'0 0'533

B. Control dried in air without treatment.

e e e s e e st G0 B PP R BN IS 00660
Per cent alkaloid.‘..... e s 0 e e e P s e o000t 000000 00656

e e o0 000000 00658

IR EEREREEREEER I I A B A B R A g

Y L
'..ioltoco0.....t.l.'o.c‘.....c.....

Averageno---..oooon--.noo-out'ootn-oucon'cooon‘o -9;_@_5)_1-

Loss of alksaloid in I00 gm. of the treated leaf

caiculated on the leaf dried at eighty degrees Cent.
‘OOC'I'IOOOQ O.IIng

Percentage loss of alkaloid as 8bOVe..cssecces 8.1




The effect of the prolonged action of the enzymes on

the alkaloidal content of Belladonna and Hyoscyamus

leaves,

Table 6. Belladonna Leaves.

Bateh 5, divided in four portions,

A. Maintained at 32' C. for 72 hours.

Per Cent alkaloid.a.tb.co.ot.o.ooto.u.ocolc00.. 0.588

® 0 0 0000 0060 02 000 S SO PN E 0N TP PO COEOBNOLOCESIBLEOIEBLIOOTES 00584

[ 2N BN B Y BN B N A BN B R A S R B AR B B I B NN R Y I R I A I R B I A I I RN 0059‘7

Average...'.l.........I...l...'..'l.'.'..'.;'l. 00590

B. Maintained 32' C. for I20 hours

Per Cent alkaloidlo'lo.co.ooollc.'!lotoa'too‘..o 00570
0.545

0,545

® 8 5 00 060 ¢ 0 000 8 0000 E N SO E 0O LSNPS SOt

® % 5 0 6 6 8 0 56 0 00 0 E 00T 8O B 0O SPON PP SN eSO OEe

Average...llo.ootcooonc.oo-0..’.'0..0‘0.0.0!....0 00553

C. Maintained at 32! C. for 216 hours.

Per cent alkaloj—d...'..0'0.....'llll.ll."..t" 00520
e 9 60 06 08 0 0 08 0000 e s 000 00506

0.535

® 9 0606060 06 000008000 00080800000

.....'..'Q0.0.lo"s.l.".'.'..O.."'..'....l.'.

Average...oooo.o.tou'00’.'0-00..000'!‘0-.00'0... 0.520

D. Control dried in air without treatment.

o5 ¢ 2 5 08 ¢ 00 000 s 0o 00651

I:GI‘ Cent alkaloj-d":::::.....’....,..c"'oooo't.l 00642
¢ o 8 0 0000 v 90 o2 “............'.....o-t'oatnao 0.658
:00.0.0toootoo":"."........'.....nol"ooolao 00660

0,648

AVerage .....;.;..o'0000.'..000.0'.0000000.0.'0

Loss of alkaloid in I00 gm . of the dried leaf  0.I28 gm

Percentage loss of alkaloid as above.......... 20.I
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The effect of the prolonged action of the enzymes on

the alkaloidal content of fresh Belladonna and Hyoscyamus

leaves,

Table 7. Hyoscyamus Leaves.

Batch, 4. divided in three portions.

A, Maintained at 32' C. for 96 hours.

Per cent alkaloid..'..'l.lC.."..'...'..Cl.". 0.117
® © & 8 00 086 00 2 5 008 P ST O S BSOS SN ENOEOGO 0N 00117

O0.II5

[ 2 SN B B BN BB RN S B BN B A AN B S RN AR Y B BN IR Y BB I R B K O 2 K BN AN B R B BN ]

AVerage..t!'......-...CO.I.......'.'.0..'...'. 0.117 i

B. Maintained at 32! C. for 2I6 hours.

0.099
0.099
0,112

Per Cent alkaloid..vcootiIlooo.o'.o-‘.co.-l.ooo

© 6 8 € 0 6 0 0668 ¢ 60060608 66 60 008 08 000 820 0600529000000 00

Averagecu-cvnunnno.o.-ococo-ooo-ocuoc-.u.ao-qo 00104

C. Control dried in sir without treatment.

P id..o-oo.ccbooot.oo-ot.oooo.oo. 00126
er cent alkalo e s s e 0 00 s B 0S TS OB LG es 00 0.104

e 6 9 000 88608000 00145

® 0000000 00000000000

.O'0.0.00.000'.0..0..'....‘."'.

Averageo-...............-................-.... 9;_:2.2__5_

Loss of alkaloid in I00 gm. of the treated leaf

caleculated on the leaf dried at eighty degrees Cent.
.IOO........ 0.021 gm.

Percentage loss of alkaloid as above..........16.8 |



The effect of the continued action of the enzymes seems
to be to cause a dimihution.in,the amount of the alkaloid
in the leaves; up to 20% is lost in this way in I0 days.
Experiments carried on for longer periods showed no

great increase in this figure. The loss seems to result
from enzyme action. To avoid the possibility of simple
hydrolysis of the alkaloid having taken place experiments
are carried out in the next section which show that under

the conditions of the experiment it is quite stable,

The leaf after treatment was rich brown in colour
and had a pleasant rather treacly odour. Commercially
Belladonna leaves are sometimes met which are brown in
colour instead of green. This may be taken to indicate

"that insufficient care has been exercised during the

operation of drying.

When the brown coloured leaf obtained in the above
experiments is treated with boiling alcohol a certain
amount of green colour is extracted but the residue
remains deep brown and is guite unlike the exhausted

tissues left when fresh or stabilised leaves are similarly
treated.

On assay, omulsification hardly occurred at all and

any of the processes commonly used gave no trouble. The
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process described earlier was adhered to throughout for

the sake of uniformity.

The added thymol did not interfere with the assays
as 1t weaes volatilised when the powdered leaf was heated

to constant weight in the hot water oven.

M
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THE STABILITY OF ATROPINE IN SOLUTIONS OF VARYING

HYDROGEN ION CONGCENTRATION.

Squire (49) states that atropine in aqueous solution,
slowly decomposes when heated on the boiling water bath.
As the heating is continued, the solution gradually
ceases to give the characteristic precipitate with
mercuric chloride and the alkaline reaction gradually
disappears. Henry (50} also states that atropine_in
aqueous solution gradually dgposits resinous decomposition
products as the result of oxidation. The time necessary
to bring about the oxidation is not mentioned. ’.The
writer was unable to obtain the formation of resinous
decomposition products when an aqueous solution of
atropine alkaloid was exposed to the air for two months.

The oxidation must therefore be very slow.

It is interesting to note that a museum specimen

of the alkaloid which has been exposed to light in a

sealed glass tube contained in a glass fronted case, for

about five years, shows a brown colour on the side turned

to the light. The same colouration can be observed in

- other alkaloids stored in the same case and alsQ on the
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side exposed to the light.

To ascertain the effect of heating at 32! C. on
solution of atropine under conditions similar to those
existing in the leaf, the pH of the freshly expressed
juice was determined. Freshly collected Belladonna
leaves were chilled by placing them in a glass container
and immersing in a mixture of ice and salt, The leaves
were then pulped by passing them through a minecing machine
and then pressing in a hand screw press., The mincing
machine and the press were coated with hard paraffin
to avoid metallic contamination. The juice darkened
very rapidly on exposﬁre to air. The juice of leaves,which
had been treated with alcohol vapour under pressure to
inactivate the enzymes, did not darken when expressed and
the value obtained for the pH agreed subgtantially with
that from the untreated leaf. The latter had to be diluted
with freshly distilled water,to enable readings to be
obtained,on account of its colour. Since the fresh
juice could be diluted without affecting the pH to any

extent tests were carried out on it in preference to

that from the stabilised leaf.

The freshly exﬁressed juice was diluted one part to

five of the distilled water. The leaf which had been dried
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and then remoistened gave the same Qalue as the fresh
leaf but the leaf in which the enzymes had been allowed
to act for some time showed a gradusl increase in pH.
For the determinations a solution of methyl red in
phosphate buffer solutionéwas used. As it was only
necessary to obtain approximate results a colorimetric

method was deemed sufficiently accurate for the purpose.

Determination of the pH of fresh and autolysed leaves

PH of the fresh leaf juice .veveeeeeces..6,2 average.
pH of dried leaf remoistened.....e¢.......6.2 average.

PH of the leaf after autolysis for seven days

ceesssb.d average,

Autolysis for ten AaySeeeccesececsacecsaaab.7 average.

Atropine in phosphate buffer solutions with varying pH.

A series of.phosphate'buffer solutions wes«prepared
having a range extending from the acid to the alkaline
side of the observed values for the cell sap. These

were as follows... pH.. 4.49, 4.94, 5.91, 6.47, 6.98

and 7,73.

‘.To 100 c.c. of each of the pbuffer solutions was

added 25 c.c. of a two per cent solution of atropine

alkaloid. ( The alkaloid was assisted into solution by
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the careful addition of N/IO solution of sulphuric
acid. ) A previous'range using arsaturated solution

of the pure base in the buffer was-rather unsatisfactory
as the amount of alkaloid proved inconveniently small
for accurate analysis. The addition of the sulphate was
found by experiment, to have very little effect on the

value of the buffer,

The solutions after preparation were immediately
divided in two portions, one half being placed in the
incubator at 32! C., and the other half assayed by the
addition of solution of ammonia . The process then
followed on the usual lines for the estimation of the
alkaloid., At the end of ten days the solutions were

withdrawn from the incubator and yielded the following

figures on assay.

Stability of atropine alkaloid in phosphate buffer

solutions of varying pH.

Two gm. of atropine alkaloid in water dissolved by the

addition of N/IO sulphuric acid. 25 c.c. diluted to

100 c.,c. with buffer solution and 25 c.c. taken for each

assay

PH of buffer. Amount of alkaloid recovered.
Solution for test

Control.

4,49 0.127 0.1I23

. leaf
4,94 0.I22 0.I24 | (contd., overleaf)




pH of buffer., Amount of alkaloid recovered.

Control. Solution for test.
5,91 0.I24 0.I24
6.47 0.I24 ‘ 0.I24
6.98 0.1I22 0.I26
T.73 ¢ T 0,124 0.I24

Each of the figures given in the table is the
result of three assays averaged. It will be observed
that no loss of alksloid takes place under the conditions
stated. It may therefore be concluded that loss of
alkaloid on autolysis is not the direct result of

hydrolysis resulting from the acidity of the cell sap.
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THE TREATMENT OF BELLADONNA AND HYOSCYAMUS LEAVES

UNDER VARIOUS CONDITIONS WHICH PRECLUDE ENZYME ACTION.

It has been shown that when conditions afe arranged
to favour enzyme action loss of alkaloid may oécur.
A further series of experiments have also been carried
out under conditions which are unfavourable to enzyme
action., 1In the first series, the fresh leaves were
kept under the same conditions as those mentioned in
the chapter on autolysis but at a temperature of 60 ' C.
instead of 32' C. The leaves were kept in Bulloch jars
as before but a hot water oven was used instead of

a bacteriological incubator.

The effect on the alkaloidal content of fresh

Belladonna leaves of continued heating at 60' C.

Table 8

A. Incubated at 60! C. for 240 hours,

Per Cent alkaloid.......-..............-.--.... 0.651

e s 8 8 4 a0 s s s e B 000N 01642
o LR B R I I B A A A 4 00658

e 8 e e P 00 0 00000t 00660

® o * 08000000 090 00 0 ¢
. . L
L R R A A I I R R R R B R N I U I L e

® 00000000000t el

\ ses 00 48
'Averageooo;o.unu'eoo‘ot-'ooquoe-"-ﬂ*-’l"i" 9_:_6____

B. Control dried in air without treatment.

. e s s 00 00 00 00651
PeI‘ Cen‘!: alkalOld---""'....”::.‘.‘:::......-.- 00651

e s e s 000 000 _0__._@_5_1-

.............C'.'.....I....".l.
0.651

-oooo-cncooot'oooooo

Avgrage....................




The effect on the alkaloidal content of fresh

Belladonna leaves of continued heating at 60! C.

Table 9. Batch 7.
A, Heated at 60' C. for 72 hours.

Per'cent.alkaloid..Cl..l..l.‘....‘...'.....’. 00454
® @ 5 500 002 000 5 0 0P LS OL 00O LR ELNINSIOCEOESEISIOGOEOEOIEOE 0.454

0.441

® 5 0 0. 0. 00 0 0 02 PR 00 L0 A NP B G LEP O OIS NN ER GG OCOEOEORTS

Average.I.ll.‘.l'..;.!...,000'0000"....‘0000 00456

‘B. Heated at 60' C., for 240 hours

0,425
0.441
0.416

Por cont 81KA101Ae s e soeossosossonessacnosnss

® 060000 20 000 P LGN OEOSSESTAENEOIEIEIEROERERPYOEPOEOESIPRPOQEOETEIOIETITEDS

Averageoocco..oto...'il’!ot’loo"l.l.O...l'.-l 00427

C. Control dried in air without treatment.

. .l'...'.ll...t'll.l..l.. 00425
Per cent alkaloid.... o.322

..'......‘.’...’...,..‘nooo.nn-n.oonn-oo-.coc 0.407

. se v 00 e
IR S R R R B B LA A S S S

Avel"age........c.-....-.........I.-...-........ M&é

No loss of alkaloid resulted from this heating

at an elevated temperature. This is teken as additional

support to previous finding that the enzymes are the

agents responsible for the loss of alkaloid as at this

temperature they are unable to function.



Autolysis in the absence of air,

Among the early experiments conducted with a view
to finding the autolytic changes taking place in Belladonna
leaves were those in which the fresh leaves were packed
down firmly one on the top of the other in a glass
container with no provision for the entrance of air.
The intention when this was done was to imitate the
process which leads to the liquefaction of yeast when

it is treated in this way.,

The appearance of the leaf obtained by this method
was entirely different from those autolysed with free
access of air. They remained green and were rather
mucilaginous to touch but dried.quite well. The alkaloids
suffered no diminution in amount even when the process

was carried on for periods up to fifteen days.

As the other factors had remained unchanged, namely,
a suitable temperature for the action of the enzymes,
sufflciency of moisture and freedom from the attacks of
mlcroorganisms, 1t is concluded that the presence of
air is necessary for the action qf the enzymes which

destroy the alkaloids.

On assay the results ®Verleaf werelobfained.
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Autolysis of fresh Belladonna leaves at 32' G, for ten

days in the absence of air,
/

Table IO. Batch 3.
A, Hoated at 32' C. for ten days in the absence of air,

Per cent alkaloid.".....0'..'.."'00....‘.....0. 0.665

® @ 9 00 090 0 0 B O OO OO LE OO0 L TSSO E O E OO E eSO 0.65'7

...'Q....0...l..ll...O..'..’.‘..l"..’q.!l...'... 0.657

Averagea’.ovogoooolttlitooootoc'....ooootlto"t't' 0‘0646

B. Control dried in air.

Per cent alkaloid.'cl't....""."...iI".O".lo.. 00657

.O'Ooo.tlc..lotc.lo.vnoo'c...o.o.l.‘-f'oo.ln'loto 00655

ontoo.000'.l!.o00...otll‘oaoonooocitl.Q..lcn...oo.o 00646

Averageoocotoooooo'oo-'oaoo--c-oonooooo-coato-.oc 00646

Table I0 contd. Batch 4.

'A. Heated at 32' C. for fifteen days in the absence of
air.
Per cent alka]—oid..'...l..0'..COI..'.....O'......

0
.00'.!0000.'..0-..0.00'.!-conot..tuooo'tuc.nuonnoO
0

..ll.......'.......'.'Q'......"'............‘.‘..

Average.0000'00000'00000000o'caollclo."....“tt... 0.456

B. Control dried in air without treatment.

0.434
0,441

€ 9 6 4 5 5 8 090 € 85 600000 90080000000 0.441

Per Cent alkaloidlco'.‘oi.'00.0000."lt.;ott.'oo-.

00Dlooo.a.ootoo'c'.'l.o'leotoouO'ol.t!oolnoc.-..

@ o 09 @0 a0 02 00 000 00

Avex‘age............'................o.o-.......... 0.459
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To complete the series of experiments and also
to prove that the inactivation of the enzymes prevents
the loss of alkaloid if the leaves are kept at 32' C.,
stabllised leaves were dusted with powdered thymol and
placed with free access of air in an incubator. The leaves
were of course in the moist condition and had not been

dried.

The effect of autolysis on leaves which have been

treated with alcohol vapour under pressure.

Taeble II. Belladonna Leaves

BatCh 7 .

»

A. Stabilised at a pressure of one and a half atmospheres

then heated at 32' C for ten days.

Per cent alka].oid...0.Ql.0..'0."'.O..Q.....'.....O.407

D 9 0 0 00 0 00 0O Q@ 2 W T OO C OO ® OO QST O OO S 00416

® 0 © 0 46 0 0 0 00 0 P 0 S E NSO OO 0L L PO OL PN S ONPO GOSN eI TOE 0.416

Average.oo'000'0000O.oo...nooo..o.'olo.t.'o'.o.co 00413

B. Stabilised as above then dried in alr.

Per Cent alkaloidcoOo0.lo-.Q.t..'..'.no.o..oo.l‘o 00425
¢ 0 000 0006000000000 00454

.ll.....'0...0'.l.'.l...CO'I::............'.'.... 0.450

® © 8 00 006 0.0 00 0009 0 000 000000 o

Averageo0000000000000....-c.000'.0000000'00".00- O.43O
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Table II contd.

Batch 4. Hyoscyamus Leaves

A. Stabilised and heated for ten days as for Belladonna

leaves above,

PQI‘ Cent alkaloidﬁnﬁoiotttottluta.t-.l-cc..'....OlISS

L 2 I I I B I I A I N I B I B I R B I I I I I IR I I I I B IR I I N BN R I B Y Y 00143

..'....'l‘..I.Q.DO.Ct.I..'..‘.“'C.'IOOOOQ".'.I. 0014'7

Averégeoooooototuol.000'..l'.oolconnlnt.l.n.o.l 00141

B. Control stabilised and dried without other treatment.

Per Cent alkaloj-dto_oilo-.Q.QC..l....'v'o...."'o 00139

® & % 85 9 P 0 O 0 O 9SO O P OO PN OO 200 0D 00NN OR e O.I4’7

® © 0 0 0 0 00600 9 0 ¢ 0000 000 000 0P 00000 OSSN EEOEOSE 00147

Average.‘l-tloooc‘o.ocnoatooioootoctoiot..c.l.. 00144



THE DETERMINATION OF THE TYPE OF ENZYME CAUSING

THE LOSS OF ALKALOID.

In this sectionc<experiments were carried out with:-
I... The juice of Belladonna leaves.
2... The residue remaining after expression of the juice.
3+++. The enzyme peroxidase obtained from spring tﬁrnips.
4,.. The enzyme tyrosinase from the Meal Worm (Tenebrio

molitor).

The freshly expressed juice of Belladonna leaves
was preserved by adding a layer of toluene. As more
accurate assays of the alkaloid atropine can be made
if there is a fair concentration of the alkaloid in
the substance to be assayed, the juice was fortified
by the addition of a solution of atropine. This addition
of atropine, at first led to the view that the juice of
the leaves was incapable of causing the disappearance

of the alkaloid but this view was subsequently modified.

Strong solutions of &tropine seem to inhibit the
action of the enzymes. This inhibiting action has been

noted by Rona (5I) who has demonstrated the possibility

of differentisting between liver and pancreatic lipase



- 74 -

by the inhibiting action of the alkaloid quinine on
the liver lipase., Later experiments without the

additional atropine were more successful.

The fresh juice was divided into two portions
after the addition of the atropine solution. Oné
was placed in an electrically cooled chamber at 4!' C.
and the other in the incubator at 32' C. This method
adopted for the control was chosen as in the first trials
the inactivation of the'enzymes of the juice by heating
on the water bath caused precipitation of proteins which
it was felt would render the assay inaccurate. In
addition the effect of heating the alkaloid on a water

bath was considered better avoided.

After fifteen days both solutions were assayed as
follows:- 25 c.c. were taken and 75 c.c. of 90% alcohol
added. The precipitatedlmatter was filtered off, the filter
washed with alcohol and the filtrate evaporated at a
low temperature on a water bath. The aqueous .solution
remaining after removal of the alcohol was transferred
to a separating funnel and the alkaloids extracted
and estimated in the usual way by extraction with

chloroform and titration with dilute adéid.
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The effect of maintaining the julice of Belladonna

leaves with the addition of atropine at 32' C.

Belladonna juice from the fresh leaves,

75 cece Of juice with 25 c.c. of a solution containing
the equivalent of two per cent of atropine.
25 c.c portions of the above gave 0,II0 gm. of atropine
0.1I13
0.IIb

Average ® O 9 & & ¢ & 0 0 5 20 00 0 0V P B OO S SO O.IIZ
The control{

26 c.c. portions gave ..icceeveee O0.II7 gm. of atropine
'0.1I8 gm.
0.1I20

AVeYALO. s s ssoesrssveccnces -ccece 0s1II8

Further experiments were carried out with the fresh
juice without the additional atropine. On assay it
was found that the juice contained 0.040% of alkaloids
calculated as atropine. About one litre of the juice
was expressed and preserved by the addition of a little
chloroform. Toluene had been used in the previous
experiments but had a tendency to become entangled in

the juice and lead to difficulty in measuring.

The following results were obtained using 200 c.c.

portions of the fresh juice and maintaining at a temperature
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of 32' C. for 25 days.

200 cc. of the fresh juice gave 0,047 gm ofr alkaloid.
0.04I
0,038

average. » ® 0 8 & 0 0 ¢ 0 5000 S 00 0.042

Control.

200 c.c. of the fresh juice gave 0.079 gm. of alkaloid
0.077

Average. cesccasasssanen 0,078

The juice of Hyoscyamus leaves has a very low

content of alkaloid and was not used.

the leaf residue after the removal of tne juice
still contains alkagloid. 1o some of the expressed residue,
thymol was added as a preservative and it was then
maintained at the usual temperature for periods up to
twenty days. No loss of alkaloid took place even on
repetition of the heating. The leaf pulp had the
tendency, previously mentioned,to become slimy due to
the packing down of the soft mass with the result that
air was unable to penetrate the mass, This,it dis considered,

is the explanation of there being no loss.

The mass of moist leaf did not turn brown. It
will be remembered that the same retention of the green
colour was found to occur when the leaves were autolysed

in the absence of air.



The effect of maintaining the residue of Belladonna

leaves at 32' C. for twenty days.

The moist mass was dried in air and then assayed.

A, Heated at 32' C. for twenty days.

PeI‘ Cent alkaloid...'Ol.-0....0..-..00000....... 00525

@ @ & @ 0 6 ¢ 9 s 0 P E O S AL O C O O S 0 S G SR G VS P e ON e S OS ORGSO EOOLOS 00525

® © @ @ % 0 2 8 0 F P 0SS SN LS 0 E SN OSSO PSSO OO PLIEQCEONECOETSIOOSN 00291

'AverageooocOtt000'000olloo'oo-ooootlc'-'c.."..l 00515

B. Control dried,

Per Cent all{a.loido.00'nc.o.l.l..’.c...oocil...-. 00545

® € 000000 000 0000000408000 Ps0EEes A0 NeEeLLeeeeoe 00558

® 0 ¢ 8 0 6 0 0 ¢ 0 e P s EEE GBS OEEsEEOLESLOSIBSESEORIROEOGISCEROBSOETTOOEORE 00356
Average..."00.0'l.l'cotclo'.-‘..".tit.n‘ol'l.oc 00552

On repeating the process the following figures were obtained.

A. Heated st 32' C. for twenty days.

Per Cent alkaloidgto..lnoo.olcc.--Iouolootlooool 00507

® 8 6 8 00 4 2 0 0 0 0 00 T QT PO SO OSSO E OSSO E OO RN OE NP OSTOSOIESCCOS 09507

...0'.".'.l.C."Ql'l'..‘tt".l|ll‘.»".'.'....'.'.O.SII

Average....n...‘0'.'00..'...'0.'.'0............. 00508

B. Control dried.

Per Cent alkaloid.....oollcottontoooooatnvo'f@n. 0.516
cooc--u-uo--oonoaoo-ooi.ol-ct-ooooooQOOonnnct'cov03521

..0.'....Ill.‘..!’l.'...'....Ql.'.l...".....;‘ 00525

Averageotoolooto"01'o00000'!leo..‘..lu.c‘looooo 00320
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The effect of the enzymes peroxidase and tyrosinase

on solutions of atropins.

A notable feature of the loss of alkaloid which
took place was that the presence of air seems to be
essential,indicating that oxidation is involved.
The experiments have also indicated that the loss only
takes place when the conditions are suitable for enzyme
action. These facts led to the belief that the oxidising
enzymes are responsible and experimenis to test the
accuracy of this were instituted. It will be rememﬁered
also, that the alkaloid atropine disappeared from the
ﬁissues of a variety of plants which cannot have special
mechanism for dealing with the alksaloids., It would seem
therefore that an enzyme present in a1l plants must be
responsible for the disappearance; this again: lends
support to the view that the oxidising enzymes are

responsible,

In the earlier part of this work the presence of
the enzyme tyrosinase was proved in Belladonna and Hyoscyamus
leaves. Tyrosinase 1is capable of bringing about the
oxidation of tyrosine and other amino acids.  The
following experiments were carried out with tyrosinase

more conveniently prepared from another source, and atropine.

The most conveniént spurce of the enzyme is the
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Meal-Worm, ( Tenebrio molitor ) . A supply of the
enzyme was isolgtied from this source using the method
suggested by Morrow (§2) but alcohol was used to precipitate

the enzyme instead of sulphate of ammonia.

An aqueous suspension of the enzyme in chloroform
water was divided in two equal portions. One of these
was heated on the water bath for fifteen minutes to
inactivate the enzyme and the water lost compensated.
To each solution was added atropine alkaloid in the
proportion of 0.05 gm. to each I00 c.c. On keeping
in the incubator for fifteen days at 32' C. the followingA

émounts of the added alkaloid were recovered.

Tyrosinase and atropine kept at 32! C..for'fifteen days.

A.

Grammes of alkaloid recovered..e.:ssscecess 0.,0969
@ 6 ¢ 8 0 06 0 08 0 000 € e D OGO P P QO e ET R OO OO SEE 000957
........0.0...O0.0.0‘0'0!...0.‘0..'0.Q.ll.ll 0.0915
Average....-.....-..gn....aee.c...-....b..?. 000946

B. Control.

Grammes of alkaloid recovered...cecescesess 00087
0.0934

0.091I2

R EEEEEEEEEEEE A A ar B A A I A B A RN BN L B B L R IR A A

R I S A B B BN BB B B A B BN AL A

Average...oli..lbl'.O'!Ol!'!0(’....."..0.... 000954‘

No loss of alkaloid. On repetition of the process

a similar result was obtailned.
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Peroxidase and atropine.

Of the remaining oxidising enzymes of Belladonna and
Hyoscyamus the most marked is peroxidase. This enzyme
which transfers the oxygen of peroxides, (derived from
the catecholnliké phenols of the juice,either by autoxidation
or by the action of the oxidases,) to easily oxidiséd
substances, can be obtained free from other oxidising

enzymes in the Turnip and Horse Radish root.

A supply of the enzyme was prepared as follows:-
Fresh spring Turnips were minced in a mincing machine.
The product was: extracted with 80% alcohol and the alcohol
decanted off. The‘residue was pressed free from excess
of alcohol and then extracted with 40% alcohol for 48 hours.
Excess of 96% alcohol was added to the filtrate to
precipitate the enzyme which was filtered off and dissolved

in thymol water.

Two portions of this solution were taken. One was
boiled, cooled and adjusted to volume and then to each
was added two per cent solution of atropine sulphate
in the ratio of 25 c.c. éf the alkaloidal solution to
75 c.c. of the enzyme solutions., Each day O0.I c.c. of

a I% solution of hydrogen peroxide was added to both the

test solution and also the control. At the end of fifteen
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days both solutions were assayed and the following

results obtained.

Solution of peroxidase 75 c.c. with solution of atropine

25 c.c. kept at '32!' C. for fifteen days.

Ase.. Tost solution.

Grammes of aglkaloid recoveredieccsecesccceseosces O IIB

.0..'0"00.0!"0.000-000!0-0.0000.-0000..00.00' O.IIS

® © 0 00 0 6 09 600 0 0SS 0 E OO N0 00O OGS O 0LO O 2000 e 0N O.IIS

Average....'.'.l..‘...............'.........'. O.II4 .

B.... Control.

Grammes af alkaloid recoveredecicceccscecesees 0,121
G ® 0 09 2 P AR Y % 8532 IO D P B 0 0 P8 O PP GO9S P LSS PSS 00122

S 8 © 9.5 0.5 0 0 00 5 5 0% P I NS PSSP LSS0 00000 VSOGE 0.124

Average'..ll..0..000."...0..l.l'.‘l....ll.... 00122
25 c.c. portions were taken for assay.

As there is practically no loss the experiments
were carried on using a much weaker solution. In this
series 0,05 gm of atropine alkaloid was added to each
I00 c.c. of the solution of the enzyme and the solution
of tﬁe peroxide as above. The conditions were otherwise

as in the previously described experiments.



- 82 =

The alkaloid atropine in solution of peroxidase.

A, Theltest solution.

Grammes of the alkaloid recovered.;............ 0.0798

.‘.‘..'v’C.0'C".l"I'.0..tl."‘.l..!.’....‘.... 000786

® 0 00 9 & 8 00 000 00 8 0 0 8O0 55N S0P EO OO C OOl S OO s OO PO OOES 000'7'52

Average..C.l.li....'.0'.?!.'..'.‘.C..‘......QI‘. 0'0779
B, Control.

Grammes of the alkenlold recoverede.cceccecscees 0.0866

@ ® & 0 & 8 0 g o c o 0oep € 2 € ¢ € € 48 8 ¢ O 00O 00 00 G OSSR SO N 00D 000925

..?...."...’..".......‘.....Q.Q..O...'l...'...l.. 000969

Average.‘..........'v...{‘........'."‘,....“..‘.'.v.. 0.0919
‘On rvepetition of the process. .

A, Test solution.

Grammes of the alkaloid recoveredececeeccsccecess 0.0880

."..i.l..!'tt"@!"CtlQ'.ll."'l..l...".....'.. 000865

® 0o 0ee 00 &0~ elﬂltotoo‘..l.0'0‘0000000"00001 000854

Average..l.0‘...0'O.l.C..‘.l...;.....'...0.0.'.&000866
B. Control,

Grammes of 2lkaloid recoverede.cccceescscscscses 00,0981
.Q.'..O..l...‘.’....... 000940

0.0929

® 060 4 06 4 2 0600 800 000000050000

© 0 0 00 ¢ 0006000000600 00060600 0000000 000000080 000eoe0

0.0950

Average.o.00.000oo.o-0000.00..000.0.0.0.0'00‘.0

200 c.c. portions taken for assay.



CONCLUSIONS.

Only enzymes such as are commonly present in foliage
leaves have been detected in the leaves examined. = .-,
These have no obvious connection with the alkaloids of
the leaves, yet, under conditions which favour the action
of the enzymes, loss of alkaloid has taken place. This
loss has not been repeated when the conditions were

unfavourable to enzyme action.

The loss of alkaloid during drying, noted by other
workers, has not been repeated in the experiments with
Belladonna and Hyoscyamus leaves until the time taken
in drying has been very much extended. This agrees
with the known differences in the respective rates of
oxidation of the alkaloidé concerned. Under conditions
which cause simple oxidation, the volatile alkaloids

are much more readily oxidised than the non-volatile.

In the light of the present work, the findings of
a number of workers that the alkaloids can be absorbed
by many plants and then seem to be utilised,would indicate
that a type of enzyme commonly present in plants and
not directly concerned in the formation or the decomposition

of these bodies, causes their disappearance from the tissues.
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Alr is necessary for the reactions which lead to
ﬁhé.disappearance of the alkaloids. This at once leads
to ‘the view that the oxidising enzymes are concerned at
some stage in the process and also accords well with the
idea expressed above that a commonly occurring enzyme
" 1s responsible. The enzymes as a rule act only on
specific substrates.. The oxidising enzymes, some of
which liberate atomic oxygen from peroxides, are not
so restricted in their action and are able to act on
many easily oxidisable substances. In the plant experiments}
the alkaloids which disappeared most easily were those
which undergo oxidation most readily. Morphine and
nicotine are examples. Atropine,less easily oxidised,

disappeared,but more slowly.

Whether, in the growing plant, the course of the
reactions which'ultimately lead to the disappearance
of the alkaloid follows this course 1is another matter,
but, as has been pointed out above, strong support for
such a possibility isvlent by the disappearance of alkaloid
from a number of plants of different species and which

have no direct connection with the alkaloids.

There are several points which are not easy to
explain at present, the relation between nitrates and

the alkaloids, ( Carr, page I2), the assimilation of
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the nitrates of alkaloids which are, as a rule, rather
toxic (page I4) and the stimulation of the rate of
respiration by quinine. It is interesting to note the
fact that nitrates have a high oxygen content., All these
points might be taken to emphasise the connection between

the oxidisng enzymes and the alkéloids.

The increase in the amount of morphine in extracts
of papaveraceous plants by oxidieing agents is:rpather @
difficult to reconcile with the above, yet, in. stored Opium
an Increase has been claimed to take place which at times
gave way to a decrease. The enzymes‘are generally»
credited with the ability to catalyse reactions in both

directions. There is much still to be explained here,

The utilisation of the alkaloids by the plants which
have absorbed them and the Beneficial results which have
followed, might be taken to indicate: that fhe products
resulting from the oxidation of the alkaloid are a suitable
form of nitrogen for assimilation by the plant, This
would support the theory that the alkaloids are a form
of nitrogen reserve, produced in times of active synthesis
and oxidised and absorbed when:.conditions are less
favourable for the formation of the various nitrogenous

complexes required for the elaboration of proteins;
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In plant cmlture experiments strong solutions of
alkaloids had a poisoning effect. In this work strong
solutions of the alkaloid seemed to inhibit the action

of the enzymes.

Regarding the aikaloids from the point of view of
waste metabolites, it would have been reasoable to
expect an increase in amount during autolysis when all

changeés are degradative, such an increase did not occur.

The obvious physical changes in the appearance and
other properties of the constituents of the cell are of
interest as they seem to indicate that much of the change
taking place when the planf dries is the result of the
action of the enzymes as they are not repeated when the
enzymes are inactivated. The possibilty of simple
oxidation taking place in leaves so treated is equal to
that in the ordinary leaf yet it retains many of the

properties of the fresh leaf,

The change of colour from green to brown is an
example, The products of hydrolysis of chloﬁ%hyll are
still green. The development of the brown célour
masks this green colour and the browning is the result
of the oxidation of the phenolic substgnces of the cell

sap by the oxidising enzymes.
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The change in colloidal properties which was the

cause of great difficulty in the assay processes 1is
another feature which does not seem to have attracted

attention.

It 1s concluded that:~
I. The alkaloids of Belladonna and Hyoscyamus leaves
decrease in smount under the influence of the oxidising

enzymes in the tissues.

2. That the presence of alr is necessary before this

loss takes place.

3. That strong solutions of the alkaloids are able to

inhibit the action of the enzymes.

4, That there is no evidence of any other type of
enzyme being concerned in the elaboration of the alkaloids

from simpler substances.
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