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Introduction. X1,

duces, to accumulate within its organism. But
in the case of anaerobic life, the products that
arise and form without the intervention of
oxygen, and more particularly those which
result from the splitting up or disintegration of
albumenoid material, are especially dangerous.
They are of the nature of those substances
which result from all putrid bacterial fermenta-
tions. In the first part of the present work it
will be seen, that bacterial anaerobic life gives
rise to certain alkaloids, besides other very
poisonous bodies, which are- also to be met
with in cadaveric matters, and which, by reason
of this, have received the name of ptomaines.
Those of this class which are constantly present
in prolonged putrefactive fermentations, belong
to the pyridic and hydropyridic series ; they do
not differ widely from the poisonous bases of
hemlock and tobacco. It is only recently that
there has been detected in the products of the
newer fermentations, the presence of alkaloid
substances more powerful still. Such, for in-
stance, is muscarine, the poisonous principle of
certain species of the mushrooms, If, then, I
have shown that we live in part anaerobically,
alkaloids analogous in nature ought to form in
the animal organism. This experiment has been
confirmed, and I have given to these bases the












Tntrodiction. NV,

The ptomaines and leucomaines, like the ex-
tractive matters, urea, urides, carbonic acid, the
oxalates and ammoniacal salts, are the vital re-
liquae or residue material, effete and pernicious,
which may become the cause of disease, no
matter how they originate, that is, arise in the
normal cells of the organism from within, or in
the microbic cell from without. Of all the ex-
tractive composite residua the alkaloids of ani-
mal origin, which the present work treats of, are
worthy of the deepest interest. It is only now
that they have become familiar to us. They
claim our special study from the fact of their
constant presence in normal secretions, and
must be classed with the most active agents
known. I am consequently of opinion that the
excellent work by Dr. A. M. Brown will have
a very special interest for competent enquirers ;
that it will give a stimulus to investigations,
new and fruitful in elucidation of a question
the most essentially humane—the cause and
the mechanism of life, health and disease.

ARMAND GAUTIER.

Paris, Jfuly 14, 1887.






THE detection of animal organic bases, even
those of putrefactive origin, it must be admitted,
is not a recent fact in modern science. So very
little importance was, however, attached to the
few carelessly observed alkaline matters, that
until 1872, every toxic alkaloid substance de-
tected in the course of medico-legal investiga-
tions by experts, was regarded as having been
introduced into the system during life. Theo-
retic preconception sufficiently accounts for this:
scientific conservativism is as difficult to over-
come as any other form. In the beginning
of the century, the power of plants to form
alkaloids had been conceded: for more than half
a century later the like privilege was dogma-
tically refused to animal organisms, in entire
ignorance of the fact that the efficient agents of
fermentation were but the simplest forms of
vegetable existence,—in fact, the connecting link

between the plant and animal.
I
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fection have passed through speculative phases
since, equally interesting, and quite as time-
serving. Following on the illusory sepsine
acquisition, Zuelzer and Sonnenschein made
known the fact of their obtaining from putrid
meat a venomous nitrogenous body, which
induced dilatation of the pupil, a property per-
mitting them to compare it with atropine.

When Selmi and Gautier entered on their
work, this included almost all that had been
done ; namely, observations for the most part
disconnected, ill-defined or questionable, of sub-
stances—Panum’s putrid poison excepted—
whose genesis, nature, and chemical composi-
tion were but names and notions. As regards
those alkaline products normally present in the
animal economy during life, it is also well to
note that though positively, if not theoretically,
a greater advance had been attained. But, in
their turn the vital alkaloids, as will be seen
when they come to be treated of, were not less
subject to misconception and suspicion.

Such was the state of the enquiry when about
1870 M. Gautier, in the course of researches on
the albumenoids under various conditions, ob-
served that those substances when left to putrefy
became strongly ammoniacal. He observed
that on distilling normal urines which, in gene-
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might be owing to physio-chemical action after
death rather than to accidents during life.

Early in 1872, Selmi communicated to the
Academy of Science of Bologna, a lengthy me-
moir, embodying his conclusions :—I. That the
stomach of persons who had died from natural
causes, contained substances which comport
themselves in the presence of re-agents pre-
cisely as the vegeto-alkaloids do. II. That
these products are neither kreatine nor kreati-
nine, nor tyrosine. III. That similar substances
are present in alcohol, in which anatomical spe-
cimens have been preserved. Amongst toxi-
cologists these views were received with some
surprise, but the celebrated expert, by carefully
carrying on researches on exhumed bodies,
proved to demonstration that veritable organic
toxic alkaloids, analogous to those of vegetable
origin, were a constant accompaniment of the
process of putrefactive decomposition.

The objections raised, to be repeated later on
in the inquiry, were numerous. Might not the
presence of the substances be accounted for by
vegetable ingesta, or medicine taken during life.
And as no analysis had been made, it was sug-
gested that they might be some pseudo-alkaloid
or another, such as kreatine or kreatinine,
amides rather than alkalies, &ec. & n fact
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identical, they have the same significance and
must be so noted. When vitality ceases and
the lifeless body is abandoned to decay, it is
observed that putrefactive indications for a
time are neither well defined nor simultaneous.
Loss of heat, rigidity and discoloration of
the subject, follow in succession, and, as with
the carcase fragments, if not so markedly,
soon acquire an acid odour accompanied with
copious clear albumenous exudation, carbonic
acid and hydrogen gases are disengaged, and
during the first stage, without a trace of nitro-
gen. The mass medium exhibits a progressive
#ole of fermentation, at first lactic, then bu-
tyric, and looks as if it had been sweetened.
Towards the fifth or sixth day in the carcase
fragments, the albumenoid material, which till
now remained inactive, in its turn ferments ;
the disengagement of nitrogen, sulphurated
and phosphorated hydrogen mingled with car-
bonic acid, now takes place; the medium soon
becomes alkaline ; ammonia is set free giving
the finishing characteristic of the putrefactive
condition, as it is ordinarily conceived to be.
When fish-flesh is substituted for animal
tissues, the sequence of phenomena is some-
what different. In the latter, lacto-butyric fer-
mentation due to a preliminary absence of the
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residual products of the saccharine, for example,
are few, the elements of sugar being few in
number and simple in arrangement. The ni-
trogenous material of -animal tissues, on the
contrary, is very complex, the débrzs of its
dislocations—its residual products—are, con-
sequently, much more numerous. Here we are
groping, so to say, at our scientific limits. But
if our knowledge of the mechanism of physio-
chemical reduction is still very incomplete, by
noting and associating indications, a general
idea may be gained as to how the transforma-
tions are accomplished.

We know that the albumenoid element of
living tissue-structures is distinctively next to
insoluble in water, as becomes its function : its
solution in the form of fibrine in the blood or in
albumen of the white of egg is only apparent.
Almost completely insoluble in water, it is abso-
lutely so in alcohol, such is its initial condition.
The first step in the process of putrefactive
destruction shows it to be soluble in water ;
and mark, a similar process is partially, but con-
tinuously, going on in the tissues during life ;
life being the equivalent of incessant tissue
transformations, effete constituents in this way
find elimination. On this first product classed
as extracts soluble in water, follows a further
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cadaveric alkaloids whose genesis we are now
investigating. But the process of reduction
still goes on; the products become simpler,
volatilize, as phenol or phenic acid, indol and
skatol. Then follow those acids, volatile or
fixed, of simplest constitution, such as the acetic,
butyric, valerianic, and oxalic, in combination
with ammonia simple or its compounds, which
various ammoniacals are themselves the last
residual product of the nitrogen, originally an
element of the organic materials. The last
stage of decomposition is now reached, and
which need not be further followed.

As the condition under which the alkaloids
originate must now be evident, a word or two
regarding putrefactive signs, which sometimes
mark the process of bacterial action and the
presence of the alkaloid products, are needed. In
the process of putrefaction, as in other fermen-
tations, where bacterial action is aerobic, the
gaseous effluvium is not feetid.  When it is on
the contrary anaerobic, as in the lacto-butyric, for
example, its presence is characteristicc. The
sulphur and phosphorus alluded to, attacked
by the disengaged hydrogen, small quantities
of sulphurated and phosphorated hydrogen are
formed in the melange, imparting to it the fami-
liar putrescent odour. It is then and not till
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several origins. It is not the original proteid
substance that determines their position in the
series, The simplicity or complexity of con-
stitution of these alkaloid bases is all the more
distinctive, according as the putrefactive pro-
cess is more or less advanced. We have seen
how the albumenoid constituents of the organic
tissues comport themselves in earlier stages of
bacterial destructive fermentation. In the more
advanced we have also seen how the proteid
molecule is, as it were, dissected by bacterial
action ; how the lateral or associated chains of
the cyclical nucleus successively disconnect
themselves by fixing water, and then we see arise
those unstable uric groups so given to dissipate,
those complex amidic acids which analysis
detects in the putrid liquors, precisely as it
detects them when albumenoid material at
280° C. is reduced or dislocated with baryta,
as has been shown by Schutzenberger in his
beautiful researches. According to the stage
at which the putrefactive process is experi-
mentally expressed, we observe imperfect albu-
menoid molecules, cyclical nuclei which still
retain some lateral chains in passing towards
yet simpler forms. Hence, we have first those
highly oxygenous alkaloids of M. Pouchet, then
the less oxygenous diamines of Brieger, and
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Methods of Extraction.

Tue putrefactive origin and serial elaborations
of the ptomaine alkaloids, during the process of
bacterial destruction having been examined, the
means of extracting them must next be con-
sidered.

The methods devised and practised are very
numerous. Almost all who are in any way
authoritatively engaged with this department of
scientific research, have either modified those
long known, or wrought out new ones of their
own. Selmi, and the Italians who have con-
tinued investigating on his lines, have operated
according to the variously, if slightly modified,
method of Stas, the Belgian. The form most
used by the southern medico-legal experts and
chemists, is that known as the Stas-Otto method.
It consists in drenching to saturation hashed
putrescent materials with alcohol go’ C., adding

tartaric acid till acidulous reaction is appreci-
2
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Drogendorff. It consists in first treating finely
divided putrid meat with sulphuric acid diluted
to 1-sth—r15 cc. of acid to 100 cc. of clear
bouillie of the hash, left to digest for some hours
at so° C. ; it is then filtered and expressed ; the
residue is submitted to the same treatment.
The liquids collected are then evaporated to a
syrupy consistence, and exposed in contact with
alcohol at 93° C. for twenty-four hours ; filtered
and evaporated the residuum is then agitated
with benzine and immediately decanted. The
operation is repeated, ammonia is added to
the residuum till alkaline reaction ensues. It is
then heated to 40° or 50° C., when it is again
exhausted with benzine. By several repeti-
tions we obtain a certain quantity of benzine
holding in solution impure alkaloids; this is
purified by converting it into sulphates, decom-
posing with ammonia, recovering with suitable
dissolvents and submitting to treatment similar
to that we have just described.

The alkaloid extracts obtained by the above
described or indicated methods, certainly enable
operators to utilize alkaloid reagents with some
degree of success. The products responding
to ordinary tests are reliable in physiological
experimentation, still, it is to be observed that,
in separating the alkaloids from the extracts
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It is only so recently as 1881, that MM.
Gautier and Etard entered on the study of the
products of putrefaction of the albumenoids;
researches which were continued until 1883.
In this important inquiry the material selected
for operations consisted for the most part of the
putrid @éris of the horse, ox, fish and shell
fish. In the course of investigations, the first
that had been conducted in a strictly scientific
manner, the method adopted of separating the
ptomaines were somewhat different from those
already described. @The putrescent liquors
were sparingly acidulated with sulphuric acid,
agitated, relieved of supernatant fats and oils,
and finally distilled 2% wacuo ; the syrupy resi-
duum relieved of its crystals was rendered alka-
line with baryta, filtered and exhausted with
chloroform, which dissolved the bases: the
excess of chloroform was evaporated zn vacuo,
or in a current of carbonic acid gas, care being
taken to prevent access of atmospheric air, or
elevation of temperature which might destroy
the bodies sought for. The remaining liquor
after removal of the chloroform was treated
with water and tartaric acid, which separates a
brownish resin from the liquor ; the Ilatter
treated with potash disengages a pungent odour
of the carbylamines, whilst the ptomaines are
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of distillation, it is evaporated nearly to dryness,
and the ammonia sulphate removed, treating
the remaining mother-liquor with pure concen-
trated alcohol ; this dissolves the alkaloid sul-
phate and leaves the ammoniacal sulphate.
The alcohol removed, the solution is decom-
posed with an alkali, and the ptomaines set at
liberty and taken up with ether, chloroform, or
petroleum.

The latest method deserving notice is that of
Brieger ; though the last it is certainly not the
least in importance and is as follows :—Flesh
material is set aside to putrefy for some days in
contact with water. The mass is then boiled,
then filtered, then precipitated with the sub-
acetate of lead. Excess of lead is removed from
the liquor with sulphurated hydrogen ; freed
from the sulphurates of lead and evaporated to
a syrupy consistence, and exhausted with amylic
alcohol, the residuum is treated with water ;
this is concentrated, acidulated with sulphuric
acid and washed repeatedly with ether to get
rid of the oxy-aromatic acids. The liquor by
evaporation is reduced to one-fourth of its initial
volume in order to separate its fatty acids ; the
sulphuric acid is taken up with baryta, and the
excess of baryta with anhydrid carbonic. The
liquor is then filtered and heated in a water
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Chemical Properties.

It is well to be reminded that Selmi never suc-
ceeded in obtaining alkaloids in sufficient quan-
tities for analysis, or to enable him to ascertain
their constitution and place in the family of bases
already known. It was not until between 1881
and 1883 that Armand Gautier and his asso-
ciate, M. Etard, first determined their precise
analysis. It was then they, for the first time,
recognised that of these substances, those that
were formed in great abundance and consti-
tuted the alkaline products of bacterial putre-
factive processes in their completion, form two
distinct series, the one pyridic, the other hydro-
pyridic. At this time there was only one
example of the former known. What was
more particularly due to Selmi was the nume-
rous determinations in the examination of small
quantities by reagents of various kinds. It is
the determinations of Selmi, Gautier, and
others, that we will now proceed to summarise,
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a deeper basis of reality than might at first
appear. The liquid ptomaines are soluble in
alcoholic ether.

The solid ptomaines are white, generally
crystalline, very soluble in water, insoluble in
liquids such as alcohol, benzine, chloroform,
which readily dissolve substances rich in carbon.
The solubility of these ptomaines is, however,
disturbed by the presence of impurities, and
amylic alcohol which dissolves but slightly pure
neuridine, for example, on the contrary, dis-
solves it in notable quantity when the bases
are blended with extractive matters,

The chemical reactions are common, at least,
for the most part to the two categories. All
the ptomaines are isolable : they combine with
acids ; an excess of acid decomposes them, im-
parting at first a rose colour which becomes in
precipitation a resinous brown. They all com-
bine in the state of chloro-hydrates with chloride
of platinum, and form double salts which are
more or less crystallizable. An excess of chlo-
ride of platinum decomposes them ; decomposi-
tion is, however, effected by a great number of
reagents ; light of itself effects it.

In general the ordinary alkaloid reagents
precipitate the ptomaines ; the chloride of gold,
the double iodides of mercury and potassium,
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decomposed by them, but so, also, is the nitrate of
silver. Furthermore, the bromide of silver and
frequently the ferricyanide of potassium which,
transformed in contact with ptomaines into
ferrocyanide, gives with the salts of iron the
prussian blue. MM. Brouardel and Boutmy
regarded this reaction, first observed by Selmi,
as a means at once simple and of general appli-
cation in distinguishing the alkaloids of veget-
able origin from those of animal putrefactive
origin. Unfortunately, many of the vegetable
and artificial alkaloids decompose the ferri-
cyanide and ferric-chlorides. Gautier has clearly
shown that of the alkaloids, there are many that
do not decompose the ferricyanide, as anemo-
nine, peltierine, sabadelline, &c. ; other alkaloids
reduce slowly and feebly, and among them
veratrine, igasurine, colchicine, nicotine, eme-
tine, hyosciamine and apomorphine.

Thus we see some of the artificial or natural
vegetable alkaloids comport themselves exactly
as the ptomaines do by decomposing instanta-
neously the melange of ferricyanide of potassium
and ferrichloride. This last class is numerous,
and comprehends among other bodies pyridine,
isodipyridine, collidine, naphtylamine, toluidine,
diallylene-diamine, morphine, atropine ; also the
alkalies acetonic, aldehydic, &c. The reduc-
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Classification and Definitions.

THE ptomaines are divided into two classes, the
non-oxygenous and oxygenous, which may be
studied apart. First come the pyridic bases of
Gautier, or those ptomaines which, besides being
the most abundant, persist throughout the whole
of the putrefactive process.

Non-Oxygenous Alkaloids.

Parvorine C°H®N.— This was the first
ptomaine chemically analysed and defined. It
was discoved by MM. Gautier and Etard in
the putrefactive products of the mackerel and
horse flesh, by means of the ordinary method
and operating on the chloroform extracts. It is
described by them as an oily base of an amber
colour and may odour, boiling a little below
200° C,, slightly soluble in water, very soluble in
alcohol, ether and chloroform ; it resinifies
readily on exposure to the air. Its aurichloride
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in a closed vessel with phosphorus and hydro-
iodic acid, the collidine which he had discovered
in products resulting from the action of potash
on cinchonine and brucine, has accomplished
the synthesis of a dihydrocollidine presenting
close affinities with the base of MM. Gautier
and Etard.

The ptomaine hydrocollidine is very poison-
ous, even in very small quantities.

Base C7H#*N4—The mother liquors of the
platinichlorides of the presiding bases are
capable on concentration of yielding flesh-
coloured crystals decomposible at 100° C. with
distinctly flowery odours. The analysis which
MM. Gautier and Etard have made of this
chloroplatinate enables them to establish the
formula C7H=N*2HCI.

Base C*°H»N.— This ptomaine was dis-
covered in 1883, by Guareschi and Masso,
who isolated it by the Gautier-Etard method
from the putrid febrine of the bullock. And so
late as 1886, it has also been detected among
the basic products arising from the putrefaction
of the cephalopode pulps common to the shore
of the Mediterranean. This base is very alka-
line, of pyridic odour, little soluble in water,
and readily resinifiable. It is pr{icipitatf:ﬂ
by chloride of gold, chloride of platinum and

3






35

of albumenoid substance. The ptomaine was
discovered in 1884 by Brieger, who has since
detected it in the putrescent matters of flesh,
fish, decaying cheese, &c. From the organic
structures of the human body, it has also been
obtained by his method already described. This
base is only known in the form of a salt, or in
combination with the chlorides of gold or plati-
num. If we try to isolate it from its chloro-
hydric combination by the aid of the moist
oxyde of silver, a gelatinous amalgam is ob-
tained which readily decomposes.

The salts of neuridine, the chlorides of gold
and platinum in particular, are well crystallized.
The chlorohydrate is precipitated by phaespho-
tungestic, phosphomolybdic, picric acids, by the
reagents of Schultz, the double iodides of bis-
muth and potassium.

Soda in solution breaks up the chlorohydrate
of neuridine into a melange of dimethylamine
and of trimethylamine.

Chemically pure neuridine is not toxic.

CapaveriNE CSH*N”.—In bodies subjected
to prolonged putrefaction, Brieger has met with
a base very difficult of purification, and to
which he bas given the name of cadaverine.
Beeckersh has separated it from herring brine,
and quite recently—1884—the alkaloid has
been detected in marine cephalode pulp.






87
crystalline pellets are little soluble in water, and
much resemble cholestrine.

The chlorohydrate of putrescine gives with
nitrate of potash a denitrilized derivative,
which may perhaps permit putrescine be-
ing regarded as an ethylenedemethyldiamine

NH.CH:
o —C+H*N-.

zH e —
= NH.CH:

Putrescine is not toxic.

MypALEINE.— In the mother liquors from which
the preceding bases have been isolated owing
to the varying solubility of their platinichlorides
there remains a toxic alkaloid which has also
been isolated, but in too small quantities to
permit of its complete study. The analysis of
it is suggestive of a diamine similar to those we
have been dealing with.

The action of mydaleine on the animal
economy is very interesting, as will be seen
when we come to treat of the physiological
properties of the ptomaines in general.

Oxygenous Alkaloids.

These bases serve as the connecting link
between the ptomaines and the leucomaines.
With the exception of gadinine they are to be
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3)3 H3)?

giig ;N.I+Ag20=ﬁﬂgl+£ﬁs) EINI@IEE

This is the neurine that has been met with
by Brieger in the products of cadaveric putre-
faction, when it arises from the breaking up of
lecithine. It is a syrupy base soluble in water
in any proportion, strongly alkaline ; its chloro-
platinate well crystallized may be removed from
the mother liquors of the neuridine. This base
is toxically interesting.

CHOLINE Cf'H‘iN'i.“}*-—(cH3}3i _N.OH

‘ TCH—OH
Hydrate of trimethylhydroxethylenine-ammo-
nium.

It is Stricker who has isolated this body from
the bile. It is distinguished from neurine by
the composition and formula of constitution as
given above. The choline is a base which i1s
elaborated both during normal life of the
tissues, and during their bacterial destruction,
and is, therefore, both ptomaine and leuco-
maine. Brieger has isolated it by crystallizing
in the form of picrate of choline in the mother
liquors from which he derives the neurine.

Choline is a syrupy liquid soluble in water,
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found present in the mother liquors, in which
the chloride of platinum has precipitated the
ethylene-diamine.

The muscarine is a solid crystalline deliques-
cent substance, which plays the 76/ of a power-
ful base, attracts carbonic acid gas from the
atmosphere and is precipitated by the ordinary
alkaloid reagents, and gives with the chloride of
platinum and chloride of gold crystalline com-
pounds. Its aldehydic constitution explains, as
Professor Gautier has shown, that it reduces
the melange of ferricyanide, ferro-chloride.

Muscarine is a violent poison.

Gapinine C7H*NO?—Brieger obtains this
body at the same time and along with the pre-
ceding base from the cod-fish—gadus callarius—
in process of putrefaction. This alkaloid has
not been isolated in a free state. The chloro-
hydrate of gadinine crystallizes in colourless
needle-shaped prisms, is soluble in water, in-
soluble in alcohol, and does not combine with
chloride of gold, but gives with the chloride
of platinum a yellow chloroplatinate. It is to
be remarked that the base only differs by addi-

tional H, from the composition of an aminoze-
nanthylic acid.

Its salts are not toxic.

Basgs CH2N2@Ff and CH=N:QL—M: &
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this purpose. By converting these into chloro-
hydrates, sulphates, &c., salts more or less impure,
their actions and effects have been carefully ob-
served. Sensibly, the free ptomaines smell virous
or cadaveric. When free from oxygen they have
2 virous odour similar to that of conicine or pyri-
dine, sometimes aromatic and agreeable resem-
bling musk, orange flower or camilla, &c. They
are bitter to the taste, and for the most part
piquant, benumbing the tongue and palate, and
give rise to a sense of constriction of the throat.

The memoirs of Gautier and Corona will
perhaps supply the most instructive illustrations
as regards such properties. Let us cite the
series of experiments undertaken with pto-
maines, derived from a dead body exhumed
four months after interment.

PromaiNEs ExTracTED BY ETHER, — One
gramme of the aqueous solution injected into
the skin of a dog of medium size induced, after
twenty minutes, irregular contraction of the
pupil, convulsive tremblings, increased heart’s
action, congestion of the external ear, slight
increase of temperature; the animal became
languid. Forty minutes after injection, there
appeared spasmodic action of the facial muscles
and limbs, diminished respiration; death in
forty-four minutes, On opening, the thorax
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salts, those that are soluble in silver more parti-
cularly. On frogs the principal phenomena
observed are as follows :—1I. Dilatation of l;h.e
pupil followed with contraction ; IL T?t:simlc
convulsions followed with muscular flaccidity ;
[IL. Diminished respiration and increased heart's
action ; 1V. Total loss of cutaneous sensibility.

On the dog the phenomena observed are:
I. Irregular contraction of the pupil passing to
contraction ; 11. Marked heat and injection of
the ear helices from paralysis of vaso-motor;
[II. Diminished respiration ; IV. Somnolence
soon followed by convulsions and death ; V. Loss
of muscular contractility to electric stimulus.

In these experiments the loss of muscular
contractility, even in the presence of the elec-
tric stimulation, is very remarkable. The
peculiarity associates the ptomaines with the
poisonous alkaloids of the mushrooms and with
the muscarine in particular, which Brieger has
since detected in certain putrefactions. This
fact M. Gautier observed earlier than Selmi,
Corona or Brieger. Corona, on the contrary,
differentiated the ptomaines from some other
alkaloids, for example, the curara, which leaves
the muscle its contractility under the influence
of the electric current, or sulpho-cyanide of
potassium, which, it is true, destroys the con-
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given. That alkaloid, when injected into the
subcellular tissue of a frog, induced dilatation
of the pupil and increased respiratory action,
and death in forty minutes.

The same year, 1330, Gianetti and Corona
were commissioned to seek for poison in the
body of a young man. They obtained by ex-
hausting with various dissolvents the residuum
furnished by the Stas-Otto method, a quantity
of alkaloid material. They isolated roughly
several ptomaines of different odours, which
bases were very alkaline, and gave with the
solution of iodine in hydriodic acid, a brownish
precipitate, with the chloride of platinum a pre-
cipitate of a cannella colour ; their chlorides
underwent reduction when cold, converting into
prussian blue the ferricyanide of iron.

The toxic action of these ptomaines pre-
sented the phenomena frequently observed in
similar instances. In injecting them hypo-
dermically, they determined pupilar dilatation,
followed with contraction, convulsions controlled
the heart's action, and after a little complete loss
of cutaneous sensibility followed.

To Brouardel and Boutmy we are indebted
for the following observations on a body eigh-
teen months in water. In this instance, by
Stas's method fixed alkaloids were detected that
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strengthen the following legitimate conclusions.
Firstly, that in the bodies of persons who have
died a natural death, the methods of Stas and
Draggendorff were capable of detecting the
presence of toxic alkaline compounds POSSESS-
ing properties resembling those of the well-
known vegetable alkaloids. Secondly, that the
quantity of those alkaloids becomes the more
appreciable as the process of decomposition
advances.

In the aforementioned examples from ex-
perts, we have intentionally avoided giving
conclusions or noting reactions on which might
be based a differentiation of ptomaines and
alkaloids that might have been criminally in-
troduced during life. The question now comes,
is this possible? Is there any general reliable
and positive procedure applicable in all cases;
or must we, on the contrary, have recourse to
special chemical and physiological reactions ?
In other words, has the discovery of the alka-
loids of putrefaction outrun the current medico-
legal resources and criteria ?

The question is most 1mportant, and it was
with a view to its solution that the Italian com-
mission of 1880, under the presidency of Selmi,
and after his death under that of Canizzaro,
was issued. In its voluminous reports Marino
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proposed. This is a combination of hydro-
chloric acid, chloride of iron, chromic anhydride,
and ferricyanide of iron. This, it was alleged,
gave prussian blue with all the ptomaines,
while morphine alone of the vegetable alkaloids
was capable of yielding it. Brieger, however,
was unable to verify this reaction in the case
of any of the alkaloids discovered by him.
There is, then, no common method by which
in every case any given vegetable alkaloid can
be distinguished from any given ptomaine. A
particular alkaloid, however, may be distin-
guished from a ptomaine by a series of par-
ticular features. As they are of the utmost
importance, we refer those practically engaged
upon the subject to M. Gautier's contributions ;
their consideration forms an invaluable page of
his masterly #émoire ; from the nature of the
present study what is required of us is merely
to indicate them. |

As may be known, the object of the Italian
Ptomaine Commission was not so much the
investigation of the nature and existence of
these alkaloids, as determining whether medico-
legally their presence might give rise to gross
miscarriage of justice from expert misappre-
hension. As those bases, fixed or volatile, of
cadaveric materials might be readily confounded
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afford, there is the fact that Lieberman and
other toxicologists have in several instances
obtained from dead bodies an alkaloid closely
allied both in constitution and properties with
conicine ; that ptomaine, however, differs in two
respects so markedly as to show an absolute
distinction : it is neither volatile nor venomous.
During the examination of the body just alluded
to, which had been eighteen months in the water,
Brouardel and Boutmy met with an alkaloid,
blueing test paper, precipitating with Meyer's
test, giving with potash a flocculent precipitate,
a violet colour with nitric acid at 6o’. That
alkaloid at first might have readily been con-
founded with morphine, cadine, brucine, atro-
pine, or veratrine. The similarity to that latter
base continued to accompany it through a
certain number of reactions. A melange of
sulphuric acid and binoxyde of baryum turned
the ptomaine to a brick-red colour when cold,
to violet when hot, hydrochloric acid concen-
trated, and boiling developed a cherry hue.
Like the preceding tests the physiological
effects of the ptomaine seemed to belong espe-
cially to veratrine ; but whilst the vegeto-vera-
trine does not reduce the ferricyanide, the
cadaveric base of the drowned subject gave
immediately the prussian blue in the presence
of the ferricyanide and perchloride of iron.
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alyses were incomplete, but the following year
Gautier confirmed the fact, that Pouchet’s
alkaloid possessed the general properties of
a ptomaine, and thus was indirectly led to
the study of this new class of alkaloids,
the product physiologically of animals during
life. This preliminary advance was strength-
ened by Bouchard in 1882, when he disclosed
the fact, that not only were alkaloids present
in appreciable quantity in normal urines, but
that they augmented notably in the course of
certain maladies, in typhoid fever for instance.
Lepine and Guérin have since found that this
applies to a still wider pathological area. Again,
Lepine and Aubert, generalising facts acquired,
concluded that in the course of certain maladies
these poisonous products of the urinary secre-
tion notably increase in quantity until the crisis
is reached, when they finally diminish.

To return to 1880, Gautier having satisfied
himself that the urinary alkaloid obtained by
Pouchet really belonged to the order of pto-
maines, directed his investigations with a view
to ascertain whether the normal secretions, of
certain animals, notoriously toxic, might not
owe their activity to substances of a similar
nature and origin. By carefully operating on
the glands of snakes, he was enabled to elimi-

S
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unheeded. Gautier, as we have seen, was not
disposed to halt. That eminent professor felt
convinced of the pharmaceutic powers of the
animal organism in the elaboration of alkaloids,
and clearly set forth his views in a mémorve
published in 1881, whilst later investigation, con-
sisting in exhaustive examination of the muscular
tissues, enabled him to give definite confirmation
to these preliminary observations. But, before
examining his brilliant results, the labours of
others who had been similarly engaged require
some notice.

A little before the death of Selmi, about 1879,
two other Italian investigators—Paterno and
Spica, advanced an objection to the effect, that
all or a part of the alkaloids derivable from
putrefactive materials might possibly have
existed during life. In order to decide the
point, blood, white of egg, and bread were
severally examined, but by inefficient methods;
though alkaloidal traces were detected, no
analyses were given. Their labours were
taken up by the Italian Ptomaine Commis-
sion, and with more success. The conclusion
arrived at was, that alkaloid substance, ob-
tainable from animal tissues, was neurine re-
sulting from the decomposition of lecithine;
that it increased in amount according as either
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albumenoid putrifying products; Schuzenberger
even finds it in yeast waters. Guanine, dis-
covered by Unger in 1844, has been met with
in a great many products of animal nature ; in
the flesh organs and excrementitious matter of
mommfers, fowl and fish. Virchow had indi-
cated its presence in the cartilages of arthritic
pigs ; and quite recently Schultz and Bosshard
have detected guanine in association with sar-
kine and allantoine in the young sprouts of the
plane tree, vine, and other plants. To Weidel
we were indebted for karnine. This base he
isolated from American imported meat, and
which he ascertained might be generally esti-
mated to contain about one per cent. Schut-
zenberger found the base also in yeast waters.
Finally in chronological order comes betaine,
discovered by Scheibler in beet root (1866),
and which Leibrich in 1869 detected in urines,
and he has since made known its synthesis.
These widespread products of animal and
vegetable organisms, though the feeblest of all
the physiological alkaloid series in their alka-
linity, are none the less perfectly characterised.
Notwithstanding this, as has been pointed out,
they attracted but little notice until Pouchet in
his remarkable thesis announced the fact of his
having succeeded in isolating from human urine
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sulphuric acid. The acid solution gives, with
phosophate-ungestic, a precipitate which easily
decomposes with milk of lime. The bases are
then separated in the ordinary way.

The synthetic processes of extraction are the
more interesting, as also the more practical.
These consist in oxydizing neurine with perman-
ganate of potash, or by the action of iodide of
methyl on glycolle. Betaine, CsH*NO=+H*O,
forms in abundant brilliant deliquescent crystals.
It unites with acids, as also with chloride of gold
and zine. The chloride of platinum gives with
chlorohydrate of betaine a platinichloride 1n
yellow crystals.

KarniNe C7HEN*O:.—With this base the
natural series of the uric group of alkaloids
begins. It is obtained by precipitating a
watery solution of meat extract with baryta,
filtering, and again precipitating with acetate of
lead. Exhausting the washed precipitate with
boiling water, dissolves the plumbic karnine,
from which the karnine can easily be removed
by sulphurated hydrogen. If the base is not
sufficiently pure, convert it into a silver com-
pound and retreat with sulphurated hydrogen.

This base is in white crystals, which are little
soluble in water, insoluble in alcohol ; reaction
neutral. It contains a molecule of water of
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salts of silver. Along with hypoxanthine and
guanine, the precipitate is decomposed with sul-
phurated hydrogen. The addition of a slight
excess of ammonia to the filtered liquor, throws
down the guanine and the greater part of the
adenine, leaving the sarkine and traces of ade-
nine in solution. The mixed precipitate 1s
taken up by diluted hydrochloric acid hot.
When the liquor cools there is obtained first a
deposit of hydrochloride of guanine ; by subse-
quent evaporation the chlorohydrate of adenine
crystallizes, ammonia then permits of the re-
moval of the adenine, which may be purified in
the state of sulphate and recovered by am-
monia.

Adenine, CsH:Ns3H®O, is in large trans-
parent crystals, contains three molecules of
water of crystallization. It is very little soluble
in cold, but soluble in hot water; insoluble in
alcohol, ether, and chloroform ; acids and bases
on the contrary dissolves it very readily ; more
soluble in ammonia than guanine, but less so
than hypoxanthine.

In alkalinity adenine is neutral ; it sublimates
at 278° C., emitting an odour of prussic acid ; it
unites with acids, yielding beautifully crystal-
lized salts. it also combines with a number of
saline compounds; with the chloride of pla-
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With the bases guanine give compounds ; it
unites with salts ; its sulphates, nitrates, chloro-
hydrates are known. Picric acid and .the
chloride of platinum combine with guanine;
with the latter reagent it gives an orange
yellow crystalline precipitate, presenting the
formula CSHsNsQ.HCI.PtCI*4+2H*O, the
chloromercurate presents (C:H*N:O, HCE),
:HgCI+H*O.

SARKINE orR HyroxantHiNe CSH*N*O. This
base is usually obtained from the mother liquor
of kreatine by first separating a small quantity
of xanthine with the acetate of lead and am-
monia, filtering and precipitating the filtered
liquid with acetate of copper. The cupric com-
pound is dissolved in boiling nitric acid, and
the sarkine precipitated with nitrate of silver
which is accompanied with a combination, but
soluble, from which the silver is separated by
sulphurated hydrogen.

Hypoxanthine is a white powder somewhat
crystalline. It is soluble in 300 parts of cold
water, almost insoluble in alcohol. Distilled to
dryness, alone or in contact with potassium, it
gives cyanhydric acid, a reaction it will be well
to remember, as it enables us to ascertain the
constitution of sarkine,

The base united with alkalies form with acids






79

sisting of minute adhesive pellets. According
s we rise to the series of this leucomaine group,
their solubility diminishes ; the solubility of xan-
thine is one gramme to 14,500 of cold water, at
boiling point 1,156. It i1s more soluble in acids
and alkalies. |

Heat destroys xanthine in forming ammonio-
cyanides ; the naissant hydrogen reduces it to
the state of hypoxanthine. It combines with
the alkalies, with ammonia in particular, forming
xanthates. Acids unite with it to form salts—
a certain number of compounds precipitate it :
chloride of platinum gives a yellow crystallized
chloroplatinate; chloride of mercury and nitrate
act similarly.

Of all the reactions the most important is
that with the acetate of copper. It separates
xanthine at boiling point only, a character which
MM. Gautier, Schutzenberger and Destrem
have frequently utilised in the extraction of that
base from the melange in which it may have
arisen.

PseupoxANTHINE C*H3N3O.—This base was
discovered by M. Gautier, and is obtained
from animal muscular tissues by the same pro-
cess as the other physiological alkaloids which
he added to the series and which will be de-
scribed with the kreatinine group.
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Classification and Definitions.

M. GauTier in 1881 having distinctly raised
the question, whether in the normal state ani-
mal tissues, like the organs of plants, might not
be capable of elaborating alkaloids, determined
to decide it. The existing bases just enume-
rated, the analogy of biological phenomena and
putrefactive reactions and the production of
ptomaines in the course of bacterial fermenta-
tation of proteid materials, led him to that
series of investigations which were so brilliant
in results. They not only confirmed his
theoretical conceptions, but established demon-
stratively the formation of leucomaines by the
normal cellular activities of all living things,
animal and vegetable.

In working out this problem he occupied
himself with the study of the alkaloid products
of muscular tissues, because they were abun-
dant, and the nature of the material homo-

geneous. The new alkaloids discovered by
6
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i1 cold alcohol of 99°; this removes without
disturbing the impregnating liquors.

Boiling alcohol of 95° relieves these crystals
first, of a base described as xanthocreatinine ;
and, secondly, of those crystals which are de-
posited in the mother liquors of the first alka-
loid, which are examined successively.

The primary crystals—(a)—free from pre-
cedent compounds, and washed with alcohol,
leave a residue which is taken up with boiling
water. From this aqueous solution is deposited
first a primary base—amphicreatinine, and by
further concentration of the mother liquors a
second—crusocreatinine.

The alcoholic solutions, from which these
three earliest bases have been obtained, on
being properly treated with acetate of copper,
and the precipitate decomposed with sulphu-
retted hydrogen, gives a new alkaloid which
has been already classified as pseudoxanthine.

Thus, in isolating all these alkaloid crystals,
the analytical process is speedy and simple.
There is no need of any other reagents than
alcohol, ether and water, These crystalline
substances constitute the new bases, whose
pathological, as well as chemical, relations are
now exciting so much interest; investigation
in this direction has all the prospect of a wide
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which we are enabled to obtain kreatinine, com-
mencing with its elements, but a knowledge of
the modes of syntheses of glycocolle or amin-
acetic acid and cyanide. The method of deal-
ing with these two bodies, and the reactions
involved, is not required of us, the object of this
present study being rather indicative than syn-
thetic.

Kreatinine forms into clinorhombic prisms
soluble in water, slightly soluble in alcohol ; it
unites with acids, displaces ammonia in its com-
bination, precipitates nitrate of silver, corrosive
sublimate, and gives with the chlorides of zinc
or cadmium characteristic crystalline combina-
tions long familiar. Kreatinine gives with acids
crystallized salts.

It may be well to note that the facility with
which kreatinine yields methylhydantoine and
urea, may probably claim for it an important
intermediary #d/e in the physiological genesis of
that latter substance, at the expense of the pro-
teid materials.

XANTHOCREATININE CsH™N*O.—This is the
most abundant of these bases, and it closely re-
sembles kreatinine, from which it merely differs
by CH3N. It shows in pellets of sulphur
yellow, of slightly cadaveric odour. The base
is soluble in cold water, and boiling alcohol of
99 ; reaction strongly alkaline. It unites with
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of 110° C. they become opaque in colour
without changing their form. The chlorohy-
drate chlorides and chloroplatinate of amphi-
creatine are soluble and crystalline. Neither
the acetate of copper, nor the chloride of mer-
cury precipitates it. The phosphomolybdate
gives a powdery yellow precipitate. It does
not give the eaction of the murexide, this con-
sequently excludes it from the leucomaines of
the uric group. It has the closest analogy to
the kreatinine. Though its crude formula would
seem widely to differentiate it, 1n reality it
corresponds to two molecules of kreatinine,
plus the C N H groupment.

PspupoxANTHINE.— This base, whose resem-
Llance to xanthine has led to some confusion,
has been sufficiently noticed under the uric
group, to which it properly belongs. Nothing
more need be said of it.

To terminate the analytical indications of the
complete work, in which M. Gautier has de-
scribed for the first time the kreatinine leuco-
maines, it only remains to mention two more
complex bases, which are found to accompany
the preceding in the muscular tissues. As
they have not yet been perfectly studied, we
will rest satisfied with giving their formula—
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Non-Seriate Group.

Tirs class comprises those leucomaines which
do not come within either of the two preceding
orders to which all the well-known leucomaines
belong. Being, for the most part, still un-
defined, any attempt at a rational arrangement
would be useless. It is, therefore, best to notice
them according to their origin, or that organ or
secretion of the animal economy whence they
are derived.

When treating of these alkaloids in their
pathc-logical and toxical relations, it will be seen
how very interesting is the study which they
promise—the urinary leucomaines in particular.
Their variations in quantity and quality, indi-
cating the condition of health and disease,
merits the close attention of competent ob-
Servers.

According to their sources, we have to note
as follows :—

Tue UriNe.—M, Pouchet’s inaugural thesis
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Besides these eminent workers, Villiers,
Lepin, Guerin, Bauchard, and others, have
been diligently engaged in this field.

BrLoob AND IMPORTANT VisceEra.—Reference
has already been made to the joint mémorre of
Spico and Paterno to the Academy of Lincei,
188>, With a modification of the Stas-Otto
method these authorities were enabled to ob-
tain, from bullocks’ blood in particular, traces
of a substance precipitable with phosphomolyb-
date, and capable, after a time, of producing
chlorides of gold and iron. DBut in conse-
quence of the blood being used in insufficient
quantity for carrying out reliable researches of
this nature, they were necessarily unable to
secure any analysis of such alkaloidal traces as
were obtained. The examination of white of
egy afforded similar results.

These investigations were resumed by the
[talian Ptomaine Commission, whose reports,
published in 1885, are interesting to refer to.
The Italian chemists, engaged in this enquiry,
isolated alkaloid material from the blood, the
brain ; and from the liver, traces of basic pro-
ducts whose alkaloids were characterisable by
their qualitative reactions only. By Stas’s
method they were enabled to separate from
the liver two leucomaines, one in the form of
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products of alkaline reaction, which give chlo-
rides of platinum, gold and mercury in well-
defined crystals. He has also succeeded 1in
isolating from bullocks' blood volatile bases in
the state of chlorohydrates, but in quantities
t00 small to admit of reliable analysis.

Tur SpLeEN.—From this organ M. Morelle,
of Lille, has determined the presence of an
alkaloid which he has isolated in the form of
chlorohydrate in deliquescent crystals and trans-
formable into chlorides of gold and platinum.
Labord has now been able to ascertain its phy-
siological effects.

Tue InteEsTINES.—M M. Pouchet and Villiers
have isolated with chloroform, from choleraic
dejections, a base which seems to belong to the
pyridic group. This substance, which is appa-
rently the product both of physiological diges-
tion and albumenoid bacterial destruction, is
highly oxydizable, and energetically reduces the
ferrocyanide and chloride of gold and platinum.
Its physiological action has also been ascer-
tained.

Tue Saviva—The presence of alkaloids in
human saliva has been ascertained by M. Gau-
tier. If the soluble extract of normal saliva is
treated with a little ferricyanide, immediately
an abundant precipitate of Prussian blue re-
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parable with those of the ptomaine or cadaveric
alkaloids, as these latter are with those of vege-
table origin which supply us with the most
active known as yet.

The kreatinine leucomaines, M. Gautier as-
sures us, are deleterious,—xanthine for example,
—in very small traces. They exert a powerful
influence on the nervous centres, producing
sleepiness, lassitude, or occasionally vomiting and
purgation ; they operate, in fact, in the manner
of the alkaloids derived from venoms, though
less actively. |

The spleen alkaloid of M. Morelle, as re-
ported by Labord, may be taken as typical of
the toxic bases of the structures, special or gene-
ral. This observer noted its action as em-
bracing stupor, paralysis of reflexis, convulsions
and death. Injected into the cellular tissues of
the guinea pig, frog, &c., there is immediate
toxic action, followed by collapse, gradual
functional subsidence, with death in a few
hours. The post mortem appearances may also
be regarded as of general application. There is
marked and rapid visceral ecchymosis and
cedematous infiltration, with cardiac systolic
arrest.

Interest obviously increases as we approach
the excremental products. The study of the

5
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animal economy, so variable 1n the conditions,
of health and disease. Clinically, this must soon
come to be admitted. Facts such as these
explain the value some would attach to them,
and encourage the study rather of their patho-
logical significance than of their chemical defi-
nitions, a field where much more caution 1s
requisite.

Though scarcely traceable at times in normal,
healthy urine, the alkaloids show, as M. Gautier
has clearly established, their amount to be
relatively increased in disease. MM. Lepine
and Guérin find that in the course of certain
fevers, for instance, their poisonous quality in-
creases in due proportion until the crisis is at-
tained. But their presence is not perceptible
in all maladies indiscriminately, nor always in a
like degree in those where they are perceptible.
The above-named investigators, for example,
have detected the presence of alkaloids in the
urines of typhoid and pneumonic patients, but
not in those diabetic. Again, it has been ascer-
tained experimentally that the basic products
vary according to the morbid conditions, not
only in their toxic activity but also as regards
their chemical characters. On this point we
are indebted to M. Bouchard for his extensive
and delicate examination of urines. He has, for
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to be not without analogies with the preceding,
should their toxic properties be verified.
The extract, obtained from about twenty
grammes of pure saliva secreted during the
day, when injected into the subcellular tissue
of a small bird, produced intense ‘stupor
and drowsiness, which lasted for some hours.
M. Bouchard’s day urine alkaloid induced the
same ecffects, while that of the night was
exciting even to convulsions. It 1s not im-
possible, as Hougenenq suggests, that the
night salivas of man might exhibit a similar
action, and be also convulsive. The observa-
tion is worthy of the attention of the physio-
logical experimentalist, as there is a possibility
that the toxic principles of the human saliva,
if not identical with that of human urine, at
least obey the same laws, though widely differ-
ing in their elementary natures. As it 1S un-
necessary to discuss the probabilities of the
secretion of such antagonistic principles, we
merely note the singularity which ascertained
facts in some sense suggest. It would certainly
be remarkable, if true, to find the alkaloid in
the interrupted succession of physiological
effects, guaranteeing, as it were, the alter-
nations of sleep and wakefulness.

From man to the inferior animal is but a
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appreciable alteration, thus clearly showing that
its active principle could not be of the nature
of a diastase. Its toxic action remaining con-
stant when relieved of all its proteid elements,
made it farther evident that its poisonous pro-
perty could not be attributable to the presence
of albumenoids alone. Perchloride of iron and
the essences had no sensible influence on the
venom. Tannin, and the nitrate of silver
moderated its action, while ammonia and alka-
line carbonates produced but little effect. Weak
caustic potash arrested its action of the secre-
tion ; while previous alkaline saturation of the
material did not revive its toxity. The gastric
juice, on the contrary, seemed to increase its
activity.

M. Gautier’s researches are by no means ex-
haustive, but there is little doubt that he is jus-
tified in his conclusions, namely, that the toxic
action of the snake-venoms is not simple but
multiple, due to the presence of various nitro-
genous principles, of which the most energetic
is not of an alkaloid nature. He has, however,
as already stated, been enabled to isolate two
leucomaines,—precipitable with Nessler's re-
agent and the iodide of potassium,—which give
salts and metallic chlorides in well-defined cry-

stals, and induce in smaller animals well-marked
physiological effects.
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The same authority also confirms the obser-
vation made by Salkowski, relative to the
removal of its toxic properties by distillation
with carbonate of soda. This supplies a fact
in physiology and hygiene, of important prac-
tical application, which has not been lost sight
of by consumers.

In taking leave of this subject, it is but proper
to repeat that though the presence of poisonous
alkaloids in the foregoing secretions is not to be
questioned, they do not alone explain the whole
of the toxic phenomena, and leave us still in
doubt as to their import in those cases where,
as M. Gautier has concluded, the activity - of
other azotized principles preponderate.

The notice of the leucomaine alkaloids is now
complete, at least in summary. A number of
recent researches still in progress has been
reviewed ; it has also been endeavoured to make
evident the fact,—no longer questioned,—of the
presence of alkaloids varying in their nature
and action according to the physiological and
pathological conditions of the economy itself.
Some of the leucomaines, it has been shown,
belong to types already known, and thus group
themselves in the natural order of organic com-
pounds ; while others, again, form a class as yet
ill defined and awaiting further examination.
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Biochemic Aspects.

Since 1882 investigation has thrown much light
on facts in bio-chemics which were little under-
stood, and very disconnected. It would seem,
for example, that the common origin of the
cadaveric and physiological alkaloids asserts
itself with evidence sufficiently clear to justify
a consideration of the question. Seeing how
much the prevailing pathological and therapeu-
tical notions would lose as well as gain were this
confirmed, it is, perhaps, surprising that the at-
tempt should not have been made sooner. Until
to-day, however, both data and induction were
wanting. How, then, does the matter stand at
present ?

Life, I presume, may be scientifically regarded
as the incessant mutation of organic elements
and tissues. The chemical reactions on which
it depends give rise to a number of substances
allied to different types which form the basis of
a natural classification of organic compounds.
The formation of essential oils, sugars, acids, and
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excited when some time afterwards Selmi, of
Bologna, published his observations confirming
the discovery of the French sazant, in their
medico-legal applications. The question, how-
ever, in Italy, confined itself to researches in
toxicology, whilst in France first, and next in
Germany, it took a position more important and
wider in its range. When Gautier, Etard,
Brieger, and others by their labours gave pre-
cision to the data previously acquired, adding
largely to the varied and careful examination of
cadaveric tissues, they forced upon us the conclu-
sion that, during the putrefaction of nitrogenous
animal material, there are formed organic bases,
fixed or volatile, presenting, by their chemical
and physiological properties, the closest resem-
blance to the vegetable alkaloids. Such were the
results arrived at in the series of researches
which form the first stage of the-history of the
discovery of organic alkalies derivable from the
organic economy.

Now, are we to regard this discovery as of a
chemical value only, oras merely a conquest, in-
teresting but isolated, of chemical putrefaction ?
Surely not. The elaboration of alkaloids must not
be regarded as depending solely on the presence
of micro-organisms which derive their vital nutri-
ment from the destruction of proteid material :
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and to consist of transitions from biological re-
actions to reactions of the purest chemical nature.
This process is carried on through the medium
or intervention of organisms with which the two
kingdoms—animal and vegetable—are alike
identified, and which in destroying the proteid
materials leaves as a residuum of its molecule
those alkaloids of putrefaction which are studied
under the name of Ptomaines. This tissue-
death is but a prolongation of life, and the role
of the bacterides does not mask, so much as
might be supposed, the chemico-biological re-
actions of normal tissues. The discovered resi-
duum being now detected in the dis-assimilations
of muscular structures and various organs of the
vital economy, we are enabled to confirm the
fact that a certain number of alkaloids are com-
mon to the Ptomaine and Leucomaine series.
To satisfy ourselves of this we have only to trace
backwards the history of Xanthine, Choline, and
some other bases met with in both the physi-
ological and putrefactive products. The double
source of these alkaloids clearly shows that it is
by virtue of reactions identical, or at least
analogous, that they originate in the two cases,
and that nothing more nearly resembles the
phenomena of life ; that is to say, the reactions
of proteid materials undergoing destruction, are
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the most part do. The constitution of these
latter being less known, their synthesis has not
been. accomplished, whilst a number of the
Leucomaines can be manufactured artificially.

The physiological action of alkaline bases of
animal origin does not present the diversity of
action which gives to the study of the vegetable
alkaloids so much interest and importance; still,
the physiological effects of some Ptomaines and
Leucomaines are powerful enough to bear com-
parison with those of the muscarine, curara, and
some other vegetable poisons. To summarise
matters, the differences in detail do not invali-
date the very marked resemblance which group
all the alkaloids into one large class. For
whether they be the product of the organs of
plants, or elaborated at the expense of the albu-
men of animal origin by bacterial action, or the
cell-vitality of superior organisms, vegetable al-
kalies, ptomaines and leucomaines have the same
origin, the proteid materials, and are identical in
their genesis ; that is, proteid disintegration.

[t is, in effect, in the molecules of the albu-
men that the origin of the alkaloid has to be
sought ; it is by processes of molecular simplifi-
cation that these Ptomaines, these Leucomaines
are formed, every species of which represents a

degree in the retrogressive disassimilation of the
8
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capable of dislocating like putrid albumen, and
thus of furnishing those uric Leucomaines which
we have frequently met with.

This is an interesting example of the pheno-
mena of putrefaction, and those of normal life ;
‘¢ is also evidence of the part bacteria play in the
genesis of the Leucomaines. And how sug-
gestive also of analogies in the physiology of
common life is this. Free expiration of car-
bonic acid, for example, would seem, in a great
measure, to correspond to the aerobic life of
the tissues:; whilst the greater part of the ex-
cretive products correspond to their anaerobic
life. Is it not after sleep or perfect repose that
the economy is more especially anaerobic, and
consumes more oxygen than it receives? It
might give an interesting turn to physiological
investigation if we endeavoured to determine
the parts of the organisms of the vertebrata in
which the functions aerobic and anaerobic are
localised. The rapid march on lines more as-
sured would seem, however, to render this un-
necessary. The various facts acquired prove
too definitely the uniformly constant forma-
tion of alkaloids in the economy of animals to
permit us to assign the elaboration of these
Leucomaines to a particular category of cells.
It is well to note that in the case of the
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category of affections admittedly micro-germal,
parasitic ; ‘within demonstrable limits it explains
and confirms it. In the actual state of science
our knowledge of the respective operations of
bacterides and Leucomaines in the genesis and
evolution of disease is necessarily incomplete ;
neither the chemistry of the one nor the physi-
ology of the other have yet been fully seized.
The Leucomaines, however, clearly belong to
both provinces, and their discovery, origin, and
properties suggest comparison with putrid re-
action. Comparative study of this point has
enabled M. Gautier to ascertain the fact that
four-fifths of our tissues live aerobically ; and
that the remaining fifth part, on the contrary,
lives anaerobically, that is, after the fashion
of putrid ferment. Certain tissue transforma-
tions then present the same cellular action as
the anaerobic ferments do. Thus, during life, in
health and disease, miasmatic or enthetic, toxic
alkaloids are elaborated, as also in putrefaction
where life has ceased. Under conditions of
imperfect oxidation and physiological combus-
tion, the natural emunctories, the kidneys and
the intestinal canal, evert, by elimination, the
risks of disturbance to the organism by the
poisonous elements of its own production.
Thus, from one extremity of the scale of
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Appendiz, 167

causes prochaines de leur puissante action sur l'or-
ganisme. Mais, dans ce nouveau cas, C€s cellules
étrangéres jouissent, a la facon de celles du cancer par
exemple, d'une vie, d’une faculté regénératrice intense,
et remplissent bientot tout Porganisme des produits
dangereux de leur puissante ¢volution.

Ce serait donc une erreur de dire, avec les éléves
trop fervents du Maitre, que toute maladie résulte de
Pevolution dans l'organisme d’'un microbe spécifique.
Il est des causes de maladie qui resident en nous;
“elles restent inoffensives tant que se continue l'elimi-
nation ou l'oxydation des détritus; elles eveillent la
maladie, si pour une cause quelcorique elles saccu-
mulent dans léconomie et agissent sur les centres
nerveux. Mais a ces agents morbigenes dont se¢
débarrassent sans cesse nos tissus vivants, viennent
aussi, dans des cas plus rares, se surajouter ceux qui
proviennent de la vie normale de ces cellules parasites
quon a nommées microbes ou ferments, ct quon
rencontre dans la plupart des maladies contagicuses
ou virulentes.

Les ptomaines ct leucomaines, comme les maticres
extractives—l'urée, les urcides, l'acide carbonique, les
oxalates, les sels ammoniacaux—sont donc des rcsi-
dus de la vie, des matériaux inutiles ou dangereux.
Ils peuvent devenir des causes directes de maladie,
quelle que soit leur origine, cellules normales de
Porganisme ou cellules microbiennes ctrangeres. De
tout ces composés de déchet, les alcaloides d'origine
animale que la presente publication est destince a
décrire, sont les plus dignes d'interet. Ils avaient et¢
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