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INTRODUCTION. 

It will not be quite out of place, here, just 

to say a few words, by way of introduction, about 

the history of poisons, their use and their 

detection in ancient times, and how with the advance- 

ment of knowledge they have undergone gradual develop- 

ment in the methods available for their detection. 

The root "tox" in "Toxicology" is a very 

ancient one meaning "arrow ". The weapons, soiled 

by their use in killing animals or men, when used on 

subsequent occasions, produced wounds in the victims 

which were more liable to become septic and so fatal. 

The primitive knowledge of poisons, thus begins with 

these "septic poisons ". Later on, of course, 

various poisonous drugs were smeared on the arrow 

heads for producing more rapid and mysterious deaths 

a practice not confined to ancient times but still 

in use among the savage tribes of to -day. 

The original history of "Poisons" begins, 

like other histories, in mythological times. In 

the Grecian legends we find stories about the two 

sons of the "Sun" - who lived in the far north - 

Aetes / 



-2- 

Aeëtes and Perses. Perses had a daughter Hecate 

who married Aeëtes and they had two daughters - 

Medea and Circe. Hecate had a beautiful garden, 

as is described in the expeditions of the Argonauts, 

with lots of plants, herbs and flowers, and it was 

said that she was the first who learned the actions 

of various plant juices etc. and also discovered 

the poisonous herbs. She transmitted her knowledge 

about these plants and herbs to her daughter Medea, 

who is said to have influenced the "Dragon" of the 

Golden Fleece with some of these drugs which had 

special narcotic effects. 

The actions of plants - aconite, hyoscyamOus, 

veratrOum etc. were well known to the oldest 

Egyptian Priest- Kings. The process of extraction of 

prussic acid from plants, particularly "peach ", by 

distillation was quite well known to the ancient 

Egyptians as early as 3 or 4 centuries A.D. They 

were not only good chemists, as was shown by the 

skilful art of embalming the bodies after death, 

but they had good physicians, who compounded medicine 

and also anatomists and surgeons, who had found the 

early culture of Anatomy and Pathology. 

Later on the Romans are supposed to have 

acquired this knowledge of the action of these 

poisonous/ 
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poisonous drugs from those ancient Egyptians. 

Thus the ancient history of Greece and Rome 

gives us an idea about the primitive study of the 

poisons, their effects, their methods of detection, 

though in a very imperfect and crude way. 

The earliest literature on this subject can 

be traced as far back as 200 years B.C. when 

Nicander of Colophon wrote treatises on the action 

of various poisons, including snake venom, opium, 

aconite, hyoscyamus, colchicum, conium and various 

fungi (204 -138 B.C.). 

Apollodorus published treatises on poisonous 

animals and deleterious drugs, at some later date 

(3rd century B.C.). 

Later on Dioscorides (40 -90 A.D.) dealt with 

the subject more thoroughly, classifying the 

poisons under three headings: (1) the animal 

poisons including the sea animals, snakes, beetles 

and cantharides etc.; (2) the vegetable poisons 

including opium, aconite, hyoscyamus, colchicum, 

conium, veratrum and various species of Solanaceae, 

Euphorbia, Apocynoe, eletarin etc.,and (3) the 

mineral poisons including arsenic, mercury, copper, 

lead, etc. 

In/ 
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In ancient and mediaeval histories, 

beginning as early as 400 years B.Ç. we find many 

instances of these poisons in various forms being 

used to destroy life not only among the royalties, 

but also among other nobilities, Popes, and great 

personalities like Socrates, Demosthenes, Hannibal, 

Cleopatra, etc. 

The East was not lacking in the knowledge of 

the poisons either. We can find in the very ancient 

literature of ''Ianu" in India, accounts of the uses 

of arsenic, aconite, opium, various Solanaceous 

plants, fungii and various other drugs not only in 

cases of human poisoning but in cattle poisoning 

as well. 

In ancient times, detection of these poisons, 

from the tissues and internal organs, after death 

was not possible, owing to the scanty knowledge of 

pathology and chemistry. An autopsy was not 

possible in those olden days, and hence knowledge 

of the pathological changes produced by those drugs 

in the body,and their true interpretations,was 

quite unknown. Poisoning was suspected in these 

cases only from the nature of the suddenness of the 

death, the suspicious history of the case, from the 

outward/ 
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outward appearance of the dead body, engorged face, 

great lividity, bloated and deformed body, etc. and 

from the further animal experiments, i.e. giving the 

remnants of the food taken by the victim to a dog or 

a cat and noting the after-effects. Indeed, any 

case of sudden death was liable to be ascribed to 

the mysterious action of poison, and many persons 

must have suffered death for "crimes" which were 

never perpetrated. 

Though dissection of human bodies was 

practised in the Ale ±andrian School as early as 

300 B.C., it was discontinued and not properly 

resumed (at least in the West) until the 15th 

century A.D. when the Popes formally sanctioned 

dissections and when in the 16th century A.D. the 

first great anatomist Vesalius came into prominence. 

Since that time great advances have been made in 

our knowledge of pathology so that deaths from heart 

disease, lung troubles, cerebral haeìnorrhage, 

perforation of the gut, intestinal obstructions 

and strangulation and other pathological conditions, 

were no further looked upon as deaths from 

poisoning. 

In the scientific literature of the 13th to 

16th century we may find some account of various 

poisons/ 
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poisons, but in the old scholastic way. In the 

17th century the Hon. Robert Boyle published some 

of his original observations on poisons (The Use- 

fulness of Natural Philosophy. Oxford, 1654), and 

at the same time Nicolas L' Emery also published 

his works (Cours de Chimie, contenant La Manfere 

de faire les opérations qui sont en usage dans le 

médecine. Paris 1675); in them we see the dawn of 

the present -day attitude. 

Further improvements were made in the 18th 

century at the hands of great chemists like Scheele, 

Priestley, Lavoisier, Brandt, Bergmann, Berthollet, 

Stahl, Marggraf, etc. It was Scheele who re-dis- 

covered prussic acid, without knowing then the 

poisonous effects of it. The most delicate test 

for detection of minute quantities of arsenic - 

which is so well known as the 'Karsch Test" - was 

actually originated by Scheele (Mémoires de Scheele 

t.i. 1775), which of course took the present shape 

after being passed through the hands and brains of 

generations of chemists like Proust (Annales de 

Chimie, t. XXVIII, 1798), Trorri.m.odorff (Nicholson's 

Philosophical Journals, vol. VI, 1803), Stromeyer, Gay 

Lussac, Thenard, Gehlen, Davy and Serullas (1821); 

the/ 
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the last refinement being due to Marsch in 1836 

(New Phil. Journal, 1836), who also devised a special 

apparatus, in its simplest form, for carrying out 

the test. 

Thus began modern Toxicological Chemistry, 

but its birth may be dated to the publication by 

Matthieu Joseph Bonaventura Orfila of his'traité de 

Toxicologie`'(1814), and he may rightly be considered 

as the "Father of Modern Toxicology ". Orfila was 

the first who through numerous experiments upon 

animals with all the then known organic and inorganic 

poisons, noted the various pathological changes 

produced thereby in the internal organs (particularly 

stomach, liver, kidneys and brain), blood and other 

tissues, and also recovered and detected by chemical 

processes the various poisons administered to them. 

Many of his methods have, in essence, been adopted 

by the present -day toxicological chemists though 

naturally with modifications and improvements. 

The advent of the 19th century brought great 

advances in medico -legal science, largely owing to th 

enormous studies in knowledge of chemistry. It was 

during this century that the discovery of the main . 

alkaloids was made, e.g. morphine (1803 -1807), 

strychnine (1818), brucine (1819), delphinine (1819), 

conine (1827), nicotine (1828), codeine (1832), 

atropine/ 
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atropine, aconitine, hyoscyamine (1833), their 

isolation from the crude plants, and their chemical 

and physiological properties. 

In this century flourished the great chemist 

Stas and his collaborator Otto, to whom we owe the 

modern method of extraction of organic poisons from 

animal tissues etc. Jean Servais Stas (1813 -1891) 

was born at Louvain. He started his work in Dumas' 

Laboratory in Paris in 1835, with phloridzin and 

determination of the atomic weight of carbon and 

other organic substances. After finishing his 

work there, he went to Brussels and stayed there 

for a long time as Professor of Chemistry at the 
r 

Ecole Royale Militaire - till he was forced to retire 

on account of his ill health. The actual invention 

of the method for the detection of alkaloids was 

made by Stas, while he was investigating the case of 

Count Hippolyte de Became who was supposed to have 

been poisoned with nicotine. His process was later 

on modified by Friedrich Julius Otto (1809 -1870), 

and thus we have the well known Stas -Otto process, 

which is still, in principle, the usual routine 

procedure in all medico -legal laboratories for the 

extraction and detection of vegetable and other 

organic/ 
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organic poisons from suspected materials. 

The identification of the various alkaloids 

was always and is still made from their behaviour 

with the various alkaloidal precipitants, their 

colour tests and physiological tests. 

Towards the latter part of this (19th) 

century attention was diverted to the special 

microscopical characteristics of these alkaloids 

precipitated by various reagents, the so called 

"microchemical tests for alkaloids" for their 

identification. Different workers in different 

countries have confirmed the identification of at 

least fifty -one alkaloids in this method (see e.g. 

Some Microchemical Tests for Alkaloids. C.E.Parker. 

London, 1921). 

The science of electro- chemistry, though 

begun as early as 1790 by Galvani and Volta, was 

actually brought into the field of utility in the 

19th century by such workers as Nicholson, Carlisle, 

Gay Lussac, Berzelius, Hisinger, Thenard, Berthollet, 

Sir Humphrey Davy, Faraday,etc. The earlier work 

dealt with electrochemical decomposition of metallic 

salts with the help of electric current, and was 

thus mainly helpful for analysing the minerals. 

Attempts, however, were also made to analyse organic 

substances/ 
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substances in this way by Berzelius in Sweden (on 

the Action of Galvanism on Organic Bodies, 1802). 

Rapid development of the science of medico - 

legal chemistry with still newer techniques is con- 

tinuing all over the world, with a sustained tendency 

towards methods of greater precision and reliability. 

Special reference may be made to the various 

modifications of the original Stas -Otto process for 

the detection of organic poisons and the recent trial 

of colorimetric analysis (Hugo Freund, 1932). The 

foundations have been laid of the spectroscopic 

method of analysis for detecting minute amounts of 

minerals and even of certain organic compounds, 

for which Hilger has devised a special quartz spectro 

graph (Gerlach and Gerlach 1934 and Recent Advances 

in Forensic Medicine, Sydney Smith and Glaister). 

Various uses have been made of the ultra -violet rays 

and infra -red rays as well as X -rays in medico -legal 

work. A quantitative estimation of the fluorescent 

produced when the rays are allowed to fall on the 

suspected material has been made possible, by the 

work of Gibbs and Tyndall, Bayle, Fabre and George 

by a special spectro-photometric method (Technologie 

paper of the Bureau of Standards, 1923). 

Fluorescence microscopy and special photography are 

further/ 
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further additions on these lines. 

Thus investigators are carrying out research 

along many different lines, so that the complex 

medico -legal problems may be handled, in the near 

future, with greater ease and simplicity, with less 

amount of labour and time, with more accuracy and 

at the same time with minimum cost. 
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THE STAS -OTTO PROCESS AND ITS MODIFICATIONS. 

The methods usually employed for the isolation 

of organic poisons are mainly based upon the stan- 

dard Stas -Otto process. Various modifications of 

this process have been described by various workers, 

such as Autenrieth, Dragendorff, Haines'modif ication 

of Dragendorff, Magnin and Zappi, all are founded 

upon the same principle as Stas -Otto. A description 

of Autenrieth's method is given since it represents 

a typical development, such as is frequently used 

to -day, of the original Stas -Otto process (in which 

the purification was very incomplete. Autenrieth's 

method consists in extracting the finely minced 

tissue or other suspected material with two or 

three times its volume of absolute ethyl alcohol, 

acidifying the alcohol with 20 to 30 drops of 10% 

tartaric acid solution; the mixture is heated on a 

water bath, in a flask with a reflux condenser 

attached to it, for about 10 -15 minutes, with 

frequent shaking of the mixture. The contents of 

the flask are then cooled and filtered, the residue 

being washed at least thrice with a little acidified 

ethyl alcohol each time. Many workers prefer to 

omit/ 
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omit the heating, and to extract at room temperature 

for a much longer period, in order to safeguard 

against loss of heat -labile poisons. The total 

filtrate taken in a porcelain dish is evaporated to 

a syrupy liquid on a water -bath. The residue then 

is dissolved in about 100 c.c. of acidified cold 

water and filtered, the residue being washed thrice 

at least with a little more acidified water each 

time. The total acid -watery filtrate is then 

evaporated to dryness on the water -bath or by a 
or 

current of warm air,(in vacuo. The residue from 

this evaporation is next dissolved in about 50 c.c. 

of acidified ethyl alcohol again and filtered, the 

residue being washed at least thrice with a little 

morgacidif ied alcohol. The total acid alcohol 

filtrate is then evaporated to dryness. The 

residue is redissolved in about 50 c.c. of acidified . 

water, filtered if necessary, the residue being 

further washed thrice as usual with a little more 

acidified water. This process of alternate 

extraction with dilute acid and alcohol is continued 

until both solvents give a clear solution of the 

whole of the solid residue from the previous ex- 

traction. This acid -watery filtrate now contains 

the alkaloids and other non -alkaloidal drugs more 

or/ 
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or less free from fat and protein. From it the 

alkaloids etc. are extracted by means of various 

immiscible solvents like ether, chloroform or amyl 

alcohol. This extraction is usually done by shaking 

the mixture of the acid -watery solution and the 

appropriate solvent (ether) in a separating funnel 

for at least 10 minutes each time, taking three 

extracts at least, adding equal volume of ether 

each time and taking great care to avoid the 

formation of an emulsion. The total acid ether 

extract is then taken in a glass basin and evaporated 

to dryness. The acid -watery solution is then made 

alkaline by adding a quantity of 10% sodium carbonate 

solution (aqueous), and extracted in the same way, 

first with ether, then with chloroform. The alkali 

ether and chloroform extracts are then taken in 

separate glass basins and evaporated to dryness. 

The acid ether extract will contain all free acids 

and acid compounds (e.g. picric acid, salicylic acid, 

veronal); neutral substances (e.g. acetanilide and 

phenacetin); and only traces of weak bases(like 

caffeine, antipyrin, colchicin, picrotoxin, etc.). 

The alkali ether extract will contain all the 

alkaloids, most of caffeine and antipyrin, pyramidon, 

etc. Morphine comes out better in an alkali 

chloroform/ 
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chloroform or alkali amyl alcohol extract. 

Dragendroff's or Haines' modification of 

Dragendroff's method is almost the same. They 

use 50% alcohol instead of absolute alcohol in the 

initial stage. Magnin and Zappi suggest addition 

of 10 c.c. of 30% ammonium sulphate and 10 c.c. of 

15% potassium hydroxide solutionssto the acid alcohol 

extract, and then evaporating the mixture in vacuo 

at a temperature of 40- 50 °C., which helps in a 

complete removal of the protein and fatty impurities 

from the final watery solution, from which the 

alkaloids and non -alkaloids can then be extracted. 

Kippenberger suggests extraction with tannin 

and glycerine for 2 days at 40 °C. The mixture is 

then warmed to 50 °,:C ;,, cooled and filtered. After 

removal of fatty impurities from the filtrate, with 

the help of petroleum ether, the solution is ready 

for extraction in the usual way by shaking in a 

separating funnel. 

Lloyd, and later on Goudin and Kaplan, tried 

isolation of alkaloids from an acid- watery- alcohol 

extract of the material made as in the Stas -Otto 

method, by means of adsorbents like Fuller's earth. 

But adsorbents under this condition may take up 

many substances other than alkaloids. 

Attempts/ 
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Attempts have also been made to extract poisons 

after papain digestion of the tissues, a process 

which, however, is very lengthy and expensive. 

It can be well seen from these existing methods 

that they are all very long drawn out, expensive, 

laborious and time -consuming. Besides there is 

every possibility of losing a certain amount of the 

poison at each step of the process, and moreover, 

even repeated precipitations of those protein, fat 

and other interfering materials by means of acidified 

alcohol or water or various precipitants, do not 

yield a product in as pure a form as could be 

desired. 

It is desirable, therefore, to have a simpler, 

easier, less expensive and less time- consuming 

process for the isolation of the alkaloids and non - 

alkaloids from the poisoned viscera and other sus- 

pected materials, provided we can extract the sub- 

stance completely from the tissues, without sustainin 

any loss of it in the process of extraction and 

provided we get it in a sufficiently pure form to 

apply the qualitative and quantitative tests on the 

substance so obtained. Further purification of the 

extracted poisons, which is usually necessary with 

the older methods, and which means loss again, is 

to/ 
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to be avoided if possible. Finally it is desirable 

to be able to detect even very minute amounts of the 

poisonous substance when present in the material, a 

possibility which, as we shall see, is not always 

given by the Stas -Otto process. 
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ELABORATION OF THE NEW METHOD. 

(1) The Removal of Fats and Proteins. 

The object of the Stas -Otto process and of its 

various modifications is to obtain a fat and protein 

free aqueous solution of all possible organic poisons 

Since fats are soluble in alcohol, and proteins are 

soluble in water or dilute salt solutions, it is 

necessarily difficult and laborious to achieve this 

object by extraction with various water -alcohol 

mixtures. In practice the Stas -Otto process is not 

merely laborious and time -consuming, but it is in- 

efficient as well, since a multiplicity of processes 

inevitably involves an accumulation of small losses 

of material. It follows that any process which 

reduces the number of steps in the extraction may 

reasonably be expected, provided it is chemically 

sound, to improve the efficiency of the extraction 

as well as to make it less tedious. Lloyd, and 

later Goudin and Kaplan, attempted this by adsorbing 

the organic poisons on e.g. Fuller's earth from a 

crude water- alcohol extract made as in the first 

stage of the Stas -Otto process. Such an attempt, 

however, could not be very successful, since the 

crude/ 



crude extract contains many substances (besides 

those sought) capable of adsorption. The fact that 

Fuller's earth is not the best possible adsorbent 

is a minor objection. In fact the continued 

popularity of methods founded on the Stas -Otto 

process, and the little practical use made of Lloyd's 

innovation cannot be due entirely to senseless con- 

servatism among toxicologists, but indicate a lack 

of superiority in the method of Lloyd. 

Nevertheless, attempts to improve the method 

of extracting small amounts of organic poisons from 

large amounts of the organic material, which is the 

essential problem of the toxicologist, are well worth 

while, and it is one such attempt which is the main 

subject of this thesis. 

The objects of the extraction process in its 

preliminary stages are to obtain the poison with 

minimum possible loss and concentration in as small 

a bulk as possible, free from such foreign substances 

as may interfere with the final purification or may 

introduce fallacies into the final qualitative 

testing. The interfering substances present in 

greatish amount are fats (which interfere with the 

solution of the poisons in organic solvents) and 

proteins (which give the same general precipitation 

reactions/ 
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reactions as alkaloids). The first problem is 

therefore to remove these substances rapidly, com- 

pletely, and with the least possible loss of alkaloid 

or other poison. 

Modern methods of blood analysis have intro- 

duced many ways of precipitating protein from blood, 

and in these methods the precipitated proteins carry 

the blood lipoids with them, yielding a water -clear 

filtrate free from both fat and protein. The 

filtrate may be alkaline as when zinc hydroxide 

is the precipitating agent, neutral as when tungstic 

acid is used, and acid as when trichloracetic acid 

is the precipitant. In view of the insolubility 

in water of many free alkaloids although they are 

generally soluble in acid solution, it is evident 

that the choice of protein precipitant must be 

confined to those giving an acid filtrate. Some 

of these, such as picric acid and phosphotungstic 

acids form insoluble salts with many alkaloids and 

must therefore be discarded. Such considerations 

led to the choice of trichloracetic acid, and tests 

were made to find whether, in a mixture of meat and 

alkaloid, addition of trichloracetic acid in aqueous 

solution yielded a filtrate, free from fat and protei 

but containing the whole of the alkaloid. In 

making/ 
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making these tests it was not possible to use as the 

criterion the final percentage recovery of the added 

alkaloid since unknown losses might occur in the 

later stages of the alkaloid. Instead, an alkaloid 

was used for which a delicate colour reaction was 

available (e.g. strychnine); the mixture of meat 

and alkaloid was finely minced, ground with an equal 

volume of 10% trichloracetic acid solution and 

filtered; the presence of the alkaloid and the 

absence of protein were proved, by qualitative tests, 

in the filtrate; the solid residue on the filter was 

again extracted with trichloracetic acid solution 

and the filtrate was tested; this process was 

repeated several times. Usually, unless the 

precipitated mass had been washed with trichlor- 

acetic acid after the first filtration, the second 

extract contained a little alkaloid, but the third 

and subsequent ones failed to give any positive 

reaction. It was evident, therefore, that two 

extractions with trichloracetic acid gave the 

maximum attainable yield of the alkaloid, and that 

the extract was at any rate freed from protein and 

fat by a process occupying a couple of hours instead 

of several days. It seemed probable, though not 

absolutely certain, that the trichloracetic acid 

had/ 
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had actually extracted the whole of the added 

alkaloid. To prove this point up to the hilt 

would have demanded a 100% recovery of the alkaloid 

over the whole process. This was never achieved, 

which is not surprising when one considers the 

practical inevitability of small losses during 

manipulation at both this and later stages. However, 

as will be recorded later, recoveries of over 75% 

were obtained for the whole process, so that loss 

in the first precipitation must be very small. 

Moreover, when the residue from the trichloracetic 

acid extraction was submitted to extraction by 

acidified alcohol, as in the Stas -Otto process, the 

extracts contained no detectable amount of alkaloid. 

These facts taken together indicate that trichlor- 

acetic acid does succeed in extracting practically 

the whole of the added alkaloid. Experiments with 

other alkaloids gave similar results in that no 

further quantities were recoverable after two 

extractions with trichloracetic acid. 

A point which may conveniently be disposed 

of here is of considerable importance in showing the 

superiority of extraction with trichloracetic acid 

over the older processes employing extraction with 

mixtures of water and alcohol. As has been stated 

extraction/ 
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extraction with acidified alcohol failed to remove 

any alkaloid from material previously treated with 

trichloracetic acid. When, however, a mixture of 

minced meat and (e.g.) strychnine was extracted 

with acidified alcohol as in the Stas -Otto or Auten- 

rieth procedures, it was possible to recover still 

further amounts of the alkaloid by extracting the 

insoluble residue with trichloracetic acid. Hence, 

whether or not trichloracetic acid allows complete 

extraction of the alkaloid, it is at least more 

efficient than the more usual acidified alcohol. 

Extraction with trichloracetic acid proved 

to be equally successful in the case of various 

non -alkaloidal organic poisons, e.g. barbiturates, 

various glucosides, amid opyrin, etc. which, though 

not necessarily basic, were sufficiently soluble in 

dilute acid. 

The use of an equal volume of trichloracetic 

acid as a 10jß solution is based upon the fact that 

in precipitating the proteins in blood it is found 

that 1 gm. of protein is precipitated by-1 gm. of 

trichloracetic acid. Therefore, to ensure a 

complete precipitation of proteins etc. from these 

animal tissues the same principle is followed. 

Besides/ 
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Besides, in actual experiments it has been found 

that if we add an equal volume of 5% or 1% solution 

of trichioracetic acid to the minced tissues and 

treat similarly, we do not usually obtain a clear 

filtrate as we do in precipitating with a 10% 

solution. 

Therefore the first precipitation should 

always be done with a 10% solution of trichioracetic 

acid, adding a volume equal to that of the material 

and grinding the whole mass thoroughly, then allow- 

ing it to stand for about 10 -15 minutes, and filter- 

ing thoroughly with suction, when we obtain a clear 

solution as filtrate and leave the residue in as 

dry a state as possible. The subsequent extraction 

can be made with 1% solution,which has been found 

to be quite efficient as extractor of poisons, since 

then we do not require any further precipitation of 

proteins, etc. The second extraction is made in 

the same way as the first, i.e. the insoluble 

matter is removed from the Buchner funnel, and re- 

ground with the trichioracetic acid. Mere washing 

on the funnel is not satisfactory. 

The only difficulty encountered has been in 

dealing with material which contained much fat but 

little protein. In such material the amount of 

protein/ 
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protein may be insufficient to carry down all the 

fat. The difficulty is, however, readily overcome 

by adding extra protein - e.g. white of egg - and 

then proceeding as usual. 

(2) Removal of the Poisons from the Trichlor- 

acetic Acid Extract. 

The trichloracetic acid extract, naturally, 

contains many other substances besides the organic 

poisons which have been extracted - all the non - 

protein, non -lipoid acid- soluble substances present 

in the original material. The next step is there- 

fore the separation of the organic poisons from these 

Except in putrefied material, when so- called "animal 

alkaloids" (i.e. bases derived from the breakdown of 

animal proteins, etc.) are likely to be present, few, 

if any, of these substances are soluble in ether, 

chloroform, etc. Hence for the ultimate separation 

of the organic poisons, their solubility in such 

solvents may be used as in the Stas -Otto process 

itself. 

Direct extraction of the trichloracetic acid 

extract, however, is not the method of choice for 

two/ 
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two reasons. Firstly, trichloracetic acid itself 

is readily soluble in ether and moderately soluble 

in chloroform so that extraction of the acid filtrate 

with either of these solvents fails to separate the 

organic poisons from the excess of the protein - 

precipitating reagent. Most of the alkaloids in 

any case are extracted very incompletely from acid 

solution. When it is purely a question of extracting 

alkaloids, it is, of course, possible to neutralise 

the trichloracetic acid by sodium carbonate. Then 

since sodium trichloracetate is not soluble in 

organic solvents, while the free alkaloids are, the 

latter may be extracted by ether or chloroform 

fairly successfully. However, and this is the 

second objection, the trichloracetic acid extract 

is already a very dilute solution of the organic 

poison sought, and neutralisation, unless solid 

sodium carbonate is used, still further increases 

the dilution. This naturally militates against 

thorough and complete extraction. Moreover acid 

organic poisons (e.g. barbituric acids) are not 

extractable from alkaline solution. Hence, apart 

from technical difficulties, extractiortiirect from 

the/ 
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the acid solution fails because of the solubility 

of trichloracetic acid, while extraction from 

alkaline solution prevents the isolation of all but 

alkaloids. Some further step is therefore necessary 

before the use of immiscible solvents although as 

can be seen, direct extraction after neutralisation 

is possible when alkaloids only are being sought.. 

When dealing only with such poisons as may 

be extracted from an alkaline medium - alkaloids, 

amidopyrin, certain glucosides - direct extraction 

with ether or chloroform of the alkalinised tri- 

chloracetic acid filtrate is of service in yielding 

rapidly a qualitative result. In some cases 

quantitative results have been satisfactory, but on 

the whole, the chloroform extracts so made gave 

impure specimens of the alkaloid on evaporation, so 

that further purification (with further chance of 

loss) was necessary. In the long run there was 

little if any saving of time, and no advantage in 

yield. Hence the direct extraction method is not 

recommended for quantitative work. 

A recognised method of treating certain types 

of poisoning cases has long been the administration 

of/ 



-28 

of kaolin, charcoal, etc., and, as has already been 

mentioned, the use of Fuller's earth as an adsorbent 

has been used in toxicological analysis. It was 

therefore decided to test the possibility of adsorbin 

poisons completely from the trichloracetic extract, 

with the object of achieving a concentration, 

together with partial purification, such as would 

facilitate their final extraction by immiscible 

solvents. The first step was obviously to investi- 

gate the efficiency of various adsorbents, using 

pure solutions of alkaloid acidified with trichlor- 

acetic acid. Experiments of this kind had been 

made by Mutch with a variety of silicate earths, to 

determine a suitable "kaolin" for therapeutic use. 

It was desired, however, to test other adsorbents 

such as those now standardised and sold for chroma- 

togram purposes, and also. charcoal. It is needless 

to recapitulate the results of all these experiments. 

Briefly., it was found that all samples of "Fuller' s 

earth" available were able to adsorb alkaloids 

partially, though the adsorption was never complete; 

the same was true of certain samples of kaolin, of 

wood charcoal, and of certain "activated clays ", such 

as/ 



-29- 

as that recommended by Harris for adsorption of 

vitamin Bl. On the other hand, some samples of 

kaolin adsorbed the alkaloids completely, as 

determined by tests made on the filtrate, and so did 

animal charcoal (Merck's Medicinal), and " Novasorb" 

(a prepared magnesium trisilicate). In earlier 

experiments, before Novasorb was available to us, 

kaolin was used chiefly. It has the advantage of 

cheapness, but whereas one brand (B.D.H. - "Fuller's 

Earth: Levigated Powder") was uniformly efficient, 

others were not. Moreover, the efficient kaolin 

contained some substance which was extracted by 1 

chloroform and ether, so that thorough washing with 

these solvents was necessary before the earth was 

used. 

Novasorb, though rather more expensive, is 

clean, completely insoluble in chloroform and ether, 

and adsorbs alkaloids with high efficiency. To 

ensure complete adsorption, it is necessary to use 

1 gm. of Novasorb for every 5 mg. of alkaloid 

present. It has now been adopted as the standard 

adsorbent for alkaloids, animal charcoal laving 

been discarded for this purpose. 

Animal charcoal adsorbs alkaloids completely 

(even/ 
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(even less of the adsorbent being required than of 

Novasorb), but with it the subsequent elution is less 

successful especially in dealing with the less stable 

alkaloids such as morphine, atropine, etc. It seems 

likely that oxidation of these substances is catalyse 

by the charcoal, though other explanations are, of 

course, possible. Charcoal is, however, of value 

in the extraction of organic poisons. Kaolin and 

Novasorb, though efficient in the adsorption of 

alkaloids and other basic substances, are much less 

so when dealing with barbiturates, certain glucosides 

and even some basic substances such as antipyrin; 

with these adsorption is incomplete even though a 

large amount of the adsorbent is used. On the 

other hand, animal charcoal adsorbs these substances 

very completely, and allows their subsequent elution 

in high yield. The adsorption is best carried out 

from a warm solution. 

Hence, when the poison is known to be an 

alkaloid, the adsorbent to be used is Novasorb (or 

an efficient kaolin); when it is known to be a 

barbiturate or a glucoside etc.,animal charcoal is 

to be used. When, however, the poison is completely 

unknown, it is advisable to use Novasorb followed 

by 



_31- 

by charcoal; the first removes alkaloids plus 

a small amount of any other poisons present while 

the latter removes what is left by the Novasorb. 

The results of a number of experiments ñn 

which these conclusions are founded are given in 

Table I. In the second column of this table an 

asterisk denotes incomplete adsorption, determined 

by qualitative test, in spite of the use of large 

quantities of the adsorbing agent. When an 

adsorbent is mentioned, but no figures are given 

for the final recovery, adsorption was complete as 

shown by qualitative test of the filtrate. These 

adsorbents were ultimately discarded, in spite of 

their satisfactory efficiency, on account of their 

high cost. 

Table I. 
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Table I. 

Recovery from watery solution by adsorption and 
elution. 

Wt. of 
substance 
taken 

Adsorbent 
used. 

Wt. re- 
covered 

Percentage 
of re- 
covery 

1. Strych- 
nine HC1 
50 mg. 

l.Fuller's earth 
2. Kaolin 

(washed) 
3. Animal 

charcoal 
4. Wood char - 

coal 
5. Alumina 
6. Franconit 
7. Novasorb 

(Mag.tri- 
silicate 

8. Mag. sili- 
cate 

9. Aluminium 
silicate 

40 mg. 

32 mg. 

45 mg. 

45 mg. 

80 

64 

90 

90 

2. Morphine 

HC1 
25 mg. 

1. Fuller's 
earth 

2. Kaolin 
(washed) 

3. Animal 
charcoal 

4. Wood char- 
coal 

5. Alumina 

6. Franconit 

7. Novasorb 

8. Aluminium 
silicate 

5 mg. 

2.5-4.0 mg. 

15 mg. 

20 

10 -16 

60 -(75) 

3. Atropine 
sulphate 
20 mg. 

4./ 

1. Kaolin 
(washed) 

2. Novasorb 

2 mg. 

12-15 mg. 

10 

60 -75 
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Table I contd. 

Wt. of 
substance 
taken 

Adsorbent 
used 

Wt. re- 
covered 

Percentage 
of re- 
covert' 

4. Quinine 
HC1 
10 mg. 

1. Kaolin 
(washed) 

2. Novasorb 

8 mg. 

8 -9 mg. 

80 

80 -90 

5. Nicotine 
solution 

1. Kaolin 
2. Novasorb 

6. Tinct. 
Aconite 
solution 

1. Kaolin 
2. Novasorb 

7. Antipyrin 

20 mg. 

1. Fuller' s 
earth 

2. Kaolin * 

3. Animal 
charcoal 

4. Alumina 

5. Franconit 

6. Novasorb*- 

- 
4 -8 mg. 

16 -18 mg. 

16 -18 mg. 

- 
4 -8 mg. 

- 
20 -40 

80 -90 

80 -90 

- 
20 -40 

8. Veronal 

20 mg. 

1. Fuller's * 
earth 

2. Kaolin* 

3. Animal 
charcoal 

4. Alumina* 

5. Franconit* 

6. Novasorb* 

nil 

nil 

16 -18 mg. 

nil 

nil 

.- 

80 -90 

9. Salicin 

10 mg. 

1. Kaolin '. 

2. Animal 
charcoal 

3. Novasorb* 

- 

8 mg. 

- 
80 
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(3) Elution of the Adsorbed Substances. 

The adsorbent carrying the adsorbed poison 

is separated by filtration using a Buchner funnel 

with suction, and is washed on the filter with a 

little distilled water. It is not necessary to 

continue the washing until all trichioracetic acid 

has been removed (as shown by the filtered washings 

becoming neutral) except when dealing with sub- 

stances such as barbiturates etc. These, and 

certain non -basic glucosides must be extracted by 

ether or chloroform from a mass in which they exist 

free, since their sodium salts are at best not very 

soluble in organic solvents. It is therefore not 

advisable to add alkali to the adsorbent before 

extraction. On the other hand, trichloracetic 

acid itself is soluble in ether and chloroform, 

although its sodium salt is not. .Consequently, 

in these cases, the only way of extracting the 

poison in a pure state is to remove the excess of 

trichioracetic acid by thorough washing. 

Alkaloids and other bases are present in the 

trichioracetic acid extract as soluble salts (tri- 

chloracetates). It is possible that they may be 

adsorbed as either free alkaloids or as the salts. 

In/ 
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In either case, however, alkali may be added, and 

has the double effect of ensuring the presence of 

all the alkaloids in the free state (in which they 

are ether or chloroform soluble) and of forming 

sodium trichloracetate which is insoluble in the 

organic solvents. If these substances only are 

being sought, alkali is added as a routine, and 

therefore thorough washing to remove excess acid 

is unnecessary. In practice this amounts to little 

or no washing of the Novasorb, but thorough washing 

of the charcoal. 

For the actual elution three methods have 

been used. 

(i) Wet extraction. The adsorbent is washed off 

from the filter paper with distilled water into a 

separating funnel made just alkaline (in the case 

of alkaloid elution) by adding 10 sodium bicar- 

bonate solution. The mixture is then extracted 

with hot chloroform. The chloroform layer, after 

its separation from the suspension, is filtered 

through a dry filter paper and collected in a 

weighed glass dish. It is necessary to use at 

least 6 extractions, with hot chloroform, using 

about 10 c.c. each time, and shaking for 5 minutes 

on/ 
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on each occasion. The chloroform layer is 

separated off each time and collected in the same 

dish through the filter paper. The total chloro- 

form filtrate is then evaporated to dryness, 

preferably at room temperature (conveniently in 

a continously evacuated desiccator). The final 

product is then weighed and tested. The suspension 

liquid may further be extracted for another three 

times to ensure that nothing is left behind in the 

fluid. 

(ii) Dry extraction. The adsorbent may be allowed 

to dry on the filter paper at room temperature, 

which it does on standing overnight. Then a few 

drops of 10% sodium bicarbonate solution is poured 

on it - just enough to moisten it and to abolish any 

acid reaction- but not to pass through the filter 

paper (which might cause loss of some of the poison. 

Then it is allowed to dry partially again, which 

takes about another 6 -8 hours. The mixture is then 

extracted for at least 6 times with hot chloroform, 

using about 10 c.c. each time, pouring the solvent 

on the dry alkalinised Novasorb through the dry 

filter paper. For the first three occasions it 

may be poured on the substance, and on the last 

three/ 
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three occasions the substance may be transferred 

in a glass beaker, stirred well up with hot chloro- 

form and the whole mixture poured back on the filter 

paper. The total chloroform filtrate is collected 

in a weighed glass dish and dried up at room temper- 

ature as in the previous method. The. residue 

Novasorb on the filter paper is set aside for 

further extraction if necessary. 

Sometimes extraction by the dry method 

followed by extraction with the wet method yielded a 

complete extraction of the poisons in a pure form 

although either method alone was less satisfactory. 

(iii) Dry Method by. Soxhlet Extraction. The 

residue Novasorb may be ground up with a little 10 

sodium bicarbonate solution - just enough to make a 

pasty mass free from acidity. The mass is then 

mixed thoroughly, by grinding, with a quantity of 

anhydrous sodium sulphate powder which makes the 

whole substance a dry powdery mass. This is then 

extracted with chloroform in a Eoxhlet apparatus. 

After about 8 -12 hours' extraction, the chloroform 

is poured off the apparatus through a filter paper 

in a weighed glass dish, dried at room temperature 

as before and then the final product is weighed and 

tested. This method appears to yield the maximum 

of/ 
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of adsorbed substance to give it in a pure form. 

The dry extraction method, as done by Soxhlet 

apparatus, was regarded as a standard procedure for 

quantitative work, though for qualitative purposes 

the wet extraction process which is quicker and 

simpler is usually satisfactory. 

Naturally, although these methods of elution 

are described for chloroform, other solvents can 

be used, and, when the Soxhlet "dry method" is being 

employed, the choice is not confined to those 

immiscible with water. Probably chloroform is 

the best general solvent for use when the identity 

of the poison sought is unknown, but in searching 

for a particular substance, it is advisable to use 

whichever solvent is known to dissolve it most 

readily. Most glucosides, for example, and 

barbiturates are more readily soluble in ether than 

in chloroform. 

Evidence bearing on the completeness or 

otherwise of elution is presented in Table I, which 

refers to solutions of pure substances, and in 

Table II which gives results of the extraction of 

various alkaloids etc. from meat. The more stable 

substances, such as strychnine, quinine, veronal, 

and 
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and antipyrin::, are evidently extracted with high 

efficiency, since the loss in the double process of 

adsorption and elution is always small, and sometimes 

negligible. Even when the complete process is 

applied to a mixture of meat (150 gm.) and poison 

(50 mg.), the three stages of extraction with tri- 

chloracetic acid, adsorption, and elution, give 

yields which are generally 80% or more of the amount 

present. Other substances, such as morphine and 

atropine give smaller percentage recoveries, but 

these are much less stable, and some loss must be 

considered inevitable. In these cases the question 

arises whether with the incomplete extraction 

obtained, the new procedure offers any advantage 

over the older Stas -Otto process. nit is possible, 

of course, that further improvements in technique 

will improve these yields, but at the moment it is 

the figures actually obtained which must be consid- 

ered.] 

To this question Table II supplies the answer. 

In it are recorded the results of parallel experi- 

ments in which comparable mixtures of meat and 

various alkaloids were examined by the newer process 

which has been described, and by the Stas -Otto 

process. 

Table II / 
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Table II. 

recovery of various substances added 
50 mg. substance, 150 gm. of minced 

extraction. (b) Dry extraction 
(Soxhlet). 

and aconitine not weighed. 

New Method Stas -Otto 

Strychnine 

minced meat 

Morphine 

minced meat 

Atropine 

minced meat 

Quinine 

minced meat 

Nicotine 

minced meat 

Aconitine(tin 
+ 

minced meat 

Antipyrin 

minced meat 

(a) 72 -80% 

(b) 97 -100% 

(b) 50 -60% 

(b) 50 -64% 

(b) 85% 

(b) Distinct 
smell and 
tests + ++ 

.) (b) Mayer + ++ 
Tongue + 

(Quite crys- 
talline forms) 

(b) 80% 

30 -50% 
(crude) 

16 -20% 
(crude) 

18-25% 
(crude) 

50% 
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Table II contd. 

New Method Stas -Otto 

Veronal 
(Barbiturates) 

minced meat 

Salicin 
(glucosides) 

minced meat 

(b) 75-80k 

m.p. = 185°C. 

(a) 20% 

(b) 10% 
(less crude) 

67.5% 

5% 
(salicin 
very faint 
reaction) 

Particular interest attaches to the results 

obtained in extracting morphine and atropine. In 

both cases, the yield with the Stas -Otto process was 

less than half that obtained by means of trichior- 

acetic acid followed by adsorption. Hence the new 

method, though admittedly giving imperfect extraction 

in these cases, is considerably better than the old 

one. Results with strychnine, gi.inine, etc. are of 

less immediate importance, since the new method 

gives excellent yields, but here again, the Stas- 

Otto process gives results which indicate relatively 

inefficient/ 



-42- 

inefficient extraction. In all cases, indeed, 

the new process is superior in giving more nearly 

complete extraction of the organic poison present. 

Added to this superiority, of course, is the 

important saving of time, and the much less 

laborious nature of the operations involved (all 

of which, after the first extraction and filtration, 

are made with relatively small bulk of material). 

The/ 
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THE TECHNIQUE AS FINALLY ADOPTED. 

Although the techniques adopted in the three 

stages of the proposed method of extraction have 

been described when considering the evidence of 

their efficiency, it is desirable to give a connected 

account of the whole process. The following is a 

description of it as applied to a perfectly general 

case in which the nature of the poison is unknown. 

The modifications and abbreviations possible in 

searching only for particular substances are,however, 

noted in their proper places. 

The material for analysis (weighed about 

200 gm.) is minced and ground thoroughly with an 

equal volume of 10% trichloracetic acid solution. 

If it is rich in fat and poor in protein, egg -white 

may be mixed in before the addition of the trichlor- 

acetic acid. After standing for an hour or so 

(longer if desired, e.g. overnight), the mixture is 

filtered on a Buchner funnel, using suction, and the 

residue on the funnel is pressed until it is as dry 

as possible. This is then removed from the funnel, 

ground thoroughly with an equal volume of 1% tri- 

chloracetic acid, and the mixture is filtered, 

again/ 
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again as completely as possible, into the same 

flask. 

The combined filtrate and washings are shaken 

with about 15 gm. of Novasorb, the suspension is 

allowed to stand for an hour with occasional shaking 

and is then filtered with suction. The filtrate 

is then warmed and shaken with about 15 gm. of 

animal charcoal (Merck's Carbo Medicinalis) which, 

after an hour, is also filtered off. These 

quantities are ample except when dealing with 

stomach or intestinal contents which may contain 

considerable quantities of unabsorbed poison. In 

any case,a small aliquot of the final filtrate may 

be submitted to qualitative tests (general reactions 

for alkaloids) and the adsorption repeated with 

fresh adsorbents if necessary. If the poison is 

known to be an alkaloid, treatment with charcoal 

may be omitted; if it is known to be a barbiturate, 

only charcoal is necessary. 

The filtered Novasorb is washed, on the 

filter funnel, once or twice with a little water. 

It is then removed and mixed with 10% sodium 

carbonate until a pasty, slightly alkaline mixture 

is obtained. This is then ground with excess of 

anhydrous sodium sulphate to form a fine dry powder. 

The/ 
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The powder is transferred as completely as possible 

to an extraction thimble and extracted with chloro- 

form in. a Soxhlet apparatus. The apparatus should 

be all- glass, since rubber stoppers tend to lose 

colouring matter etc. to the solvent. The 

extraction is continued for 6 -8 hours, and the 

chloroform extract is then evaporated to dryness 

in a weighed flask or basin. 

The charcoal is washed with distilled water 

until the washings are no longer acid. It is then 

allowed to dry and the dried mass is repeatedly 

extracted with ether. Six extractions should be 

made, using about 10 c.c. of ether each time, and 

the extracts are filtered into the same weighed 

evaporating basin. A further two or three ex- 

tractions ought then to be made, and the ether 

filtered into a second weighed basin. This, on 

evaporation, usually yields little or no residue, 

but provides evidence that maximum elution has 

been obtained in the main series of extractions. 

The ether extracts are evaporated, either by gentle 

warming, or at room temperature in vacuo, and the 

residue is weighed. The charcoal, after ether 

extraction/ 
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extraction, may be suspended in a few c.c. of 10% 

sodium bicarbonate solution, and the suspension 

repeatedly extracted with chloroform to obtain any 

basic substances adsorbed; this, however, is 

usually unnecessary, since it is only in exceptional 

circumstances that any such substances will have 

escaped previous adsorption in the Novasorb. 

The various residues from chloroform and 

ether extraction are then submitted to appropriate 

qualitative tests for identification, a little 

being reserved for applying criteria of purity 

once the identity of the substance has been 

determined. 

Several of these analyses can be made 

simultaneously and completed within two days, a 

very much shorter time than is required for the 

Stas -Otto process. 
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EXPERIMENTS IN THE USE OF THE METHOD. 

(a) Extraction of poisons injected into animals. 

It may be objected against the experiments 

already described that the good extractions of 

organic poisons were obtained only from pure sol- 

utions, or from meat to which the alkaloid had been 

added post mortem, so that very little of the sub- 

stance had actually penetrated the cells. In an 

actual case of poisoning, on the other hand, most 

of the poison would, in the case of viscera, be 

intracellular. The question therefore arises, of 

whether trichlor.acetic acid extraction is efficient 

in breaking down the cells and liberating the poison 

contained in them. 

This is a question to which it is not easy 

to give a definite answer. The obvious method of 

testing is to administer a known amount of a poison 

(by injection) to an animal, and to subject the 

whole animal to analysis after death. Unfortunately 

the matter is not quite so simple. If a large dose 

is given, and the animal dies quickly, a considerabl 

proportion of the poison remains unabsorbed from the 

site/ 
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site of injection, so that really, only an unknown 

(but relatively small) part is intracellular when 

the analysis is made. If, on the other hand, the 

dose of poison is small enough not to kill rapidly 

and so to allow of relatively complete absorption 

into the tissues, an unknown amount is lost by 

oxidation and other detoxification processes. In 

either case it is impossible to assess the recovery 

in terms of the amount actually present in the tissu 

cells. These difficulties are not, of course, 

equally great in all cases; the first, that of non - 

absorption when large doses are used, is probably 

always serious; the second, that of destruction 

during the interval between injection and death is 

greatest in the case of unstable alkaloids like 

morphine and atropine, and least in the case of 

more stable substances like veronal and strychnine. 

It is, therefore, to be expected that however 

good the method of extraction, the yields in experi- 

ments made by injecting the poisons will be less 

than when the poison is simply mixed with meat, and 

moreover, the diminution in yield will be greater 

in the case of substances readily destroyed in the 

animal body. 

Experiments have, however, been made to 

determine/ 
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determine the percentage recovery of various poisons 

injected into the animal body. Their object was 

not so much to test the absolute validity of the new 

method of extraction (in view of the difficulties 

enumerated above) as to compare the efficiency of 

the method with that of the standard Stas -Otto 

process used under precisely similar conditions. 

The experimental procedure was as follows. 

In each experiment three rats of approximately 

equal weight (250 gm.) were used. Each was given, 

subcutaneously, the same dose of the poison, the 

site of injection being the same for each animal. 

If death had not occurred previously, the animals 

were killed two hours after the injection. Any 

excreta passed during the interval between the in- 

jection and death were collected. The body of 

each animal was minced separately - the entire body, 

including skin and bones. To the minced mass, the 

excreta (if any) were added. One animal was then 

used for extraction of the poison by the Stas -Otto 

process, one by the new method in its entirety 

using dry extraction, and the third by the new method 

omitting adsorption and extracting with chloroform 

(or ether) direct from the neutralised trichloracetic 

acid/ 
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acid filtrate. 

Results of these experiments are summarised 

in Table III. In only two cases did the new method 

fail to give a greater (gross) percentage yield of 

the injected poison than the Stas -Otto process: 

these were the unstable substances morphine and 

atropine. In all other cases the new method, and 

particularly the complete method with adsorption, 

gave a definitely improved recovery. The figures, 

however, are somewhat deceptive, and are weighted 

in favour of the Stas -Otto process, for they refer 

to the weight of residue obtained after evaporation 

of the chloroform (or ether) extracts. Now in 

every case, the residue from the Stas -Otto process 

was obviously impure. [Purification of such 

small quantities by recrystallisation would have 

led to considerable and variable losses, so that 

the final weight of pure substance would not have 

reflected any more adequately the efficiency of the 

extraction process] Thus, apart from such 

obvious criteria as general appearance, colour, 

uniformity of crystalline form, etc., the samples 

of strychnine recovered by the Stas -Otto process 

melted at about 215 °C., the veronal was so impure 

as/ 
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as to be non -crystalline; the melting points of 

pure samples of these substances are 268 °C. and 

187- 188 °C. respectively. Hence the real yields 

of pure substance obtained by the Stas -Otto process 

were considerably below those recorded. The 

residues when the complete new method was used were 

noticeably cleaner and purer; the strychnine 

melted at 260 °C., the veronal at 180 °C., which 

especially since these readings are uncorrected 

for exposed thermometer stem, etc., indicates that 

the samples were very nearly pure. Hence the 

figures given for the new method are practically 

correct. Without adsorption, however, impure 

products were again obtained, so that the recorded 

percentage recoveries are too high. 

Although these experiments allow no absolute 

conclusions as to the efficiency of the new method, 

they do show quite definitely that the new method 

gives a good percentage recovery of the more stable 

organic poisons when these are injected into animals, 

and that in comparison with the standard Stas -Otto 

process it gives a greater, recovery with a much purer 

product. These advantages, combined with the great 

saving of time, appear to establish its definite 

superiority. 
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Table III. 

Recovery of póisons given by subcutaneous 
injection. 

Poison and 
quantity 
injected 

Percentage Recovered 

Stas -Otto Complete new 
method 

New method 
without 
adsorption 

Strychnine:16 mg. 

50 mg. 

Morphine: 500 mg. 
50 mg. 

Atropine: 500 mg. 
50 mg. 

Aconitine: 6 c.c.) 
tincture 3 

(= 2.4 mg.) 

50 mg. 

Veronal, 50 mg. 

Salicin: 100 mg. 

Antipyrin:100 mg. 

30%(impure) 

40 %(impure) 

50%(impure) 

30%(impure) 

82%(very 
impure) 

27% (impure) 

25% 

45% 
57 -70% (purer) 

30% 
38 -40% (pure) 

40% 
34 -44% (pure) 

Qual. ++ 

50% (pure) 

80 -90% (pure) 

90% 

33% 

36% (crude) 

40% 

50% 

50% 

80% (crude) 

50% 

38% 
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(b) Distribution of poisons injected into 
animals. 

In toxicological analysis it is usual to 

receive only the viscera or parts of them. Having 

demonstrated a satisfactory recovery of the injected 

poison from the whole body of the poisoned animal(an 

unknown amount of the poison, however, remaining at 

or near the site of injection), it was thought worth 

while to attempt recovery from the viscera only. At 

the same time, estimates were made of the poison which 

remained near the site of injection. For this purpose 

experiments similar to those already described were 

carried out, but this time analysis was made, using 

the complete new method of (a) the combined heart, 

lungs, liver, spleen, and kidneys and (b) a small 

piece of skin plus subcutaneous tissue surrounding 

the site of injection. 

The amount of the poison remaining in the small 

piece of skin, etc. from the site of injection varied 

from 9% (in the case of veronal) to 20% (in the case 

of strychnine and aconite) of the amount injected. 

The recovery of veronal had previously been shown 

to be not far short of quantitative (Table III), so 

that it was fair to conclude that only some 10% 

remained unabsorbed. Strychnine had previously 

given/ 
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given -an average recovery of 66 %, so that the 18% 

found near the site of injection probably represented 

an unabsorbed residue of 30% of the 50 mg. originally 

injected. Atropine and aconitine were even less 

completely absorbed, since with a known recovery 

efficiency of about 50 %, the amounts found remaining 

in the skin represented non -absorption of about 40% 

of the dose given. No absolute guarantee can, of 

course, be given that these amounts represent the 

total unabsorbed, or at least undistributed, poison, 

for diffusion may well have left a relatively high 

concentration in the tissues surrounding the site of 

injection even beyond the small area excised for 

analysis. The figures do, however, represent the 

minimum amount of poison left near the site of in- 

jection, and indicate the maximal amounts which may 

be looked for elsewhere. 

Only in one case, that of veronal, was any 

considerable amount recovered from the abdominal 

viscera taken for analysis - 14% of the amount 

originally injected. Taking into account the weight 

of the viscera, relative to the total body weight of 

the animal, this can only indicate a high concentratio 

of veronal remaining in the tissues near the infection, 

ut not included in the analysed sample (which 

ccounted/ 
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accounted for only 9% of the 50 mg. dose given). 

Destruction between the time of injection and the 

time of death cannot be an important factor since 

the yield of veronal from the whole animal body was 

particularly good (Table III). In other cases the 

amounts recovered from the viscera were very small - 

1% to 4% of the total injected, but were sufficient 

in every case to give very definite qualitative 

tests. 

The results of these experiments are 

summarised in Table IV. 

Table IV. / 
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Table IV. 

Poison and 
quantity in- 
jected. 

Percentage Recovered 

From skin etc. at 
site of injection 

From internal 
organs - heart, 
lungs, liver, 
spleen,kidneys 

Qualitative 
test. 

Strychnine 
50 mg. 

Morphine 
50 mg. 

Atropine 
50 mg. 

Aconitine 
100 mg. 

Veronal 
50 mg. 

Salicin 
100 mg. 

Antipyrin 
100 mg. 

14-20% 

10% 

18% 

20% 

ó 

12% 

12¡á 

4% ++ 

++ 

(faint) 
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(c) The Minimum Amount Detectable. 

It seemed of interest to determine approxi- 

mately the minimum amount of various poisons which, 

after extraction by the new method, could be de- 

tected by qualitative tests. 

First experiments were made with varying 

(known) amounts of the poison added to 100 gm. of 

minced meat, the whole of the mixture being taken 

for analysis. The complete extraction method was 

used, the final separation of the poison being 

accomplished by the "dry" extraction without use of 

the Soxhlet apparatus, i.e. by shaking the dried, 

neutralised adsorbent with successive small volumes 

of chloroform or ether. 

In all cases (see Table V.a) 5 mg. of the 

poison was sufficient to give strong qualitative 

tests in the final residue after evaporation of 

the organic solvent. A single milligram usually 

gave definite but necessarily weaker colour reaction 

in no case was there any dubiety as to the result of 

the test, though in those marked "- " the reaction 

was weak. Hence 1 mg. must be regarded as 

representing the smallest amount which can be 

detected with reasonable certainty. 

Actual animal experiments, similar to those 

summarised/ 
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summarised in Table III but with much smaller doses, 

showed (Table V.b) that 2 mg. of strychnine was 

definitely detectable in the body post mortem, as 

were 10 mg. of morphine and atropine. The last two 

substances were tested as being among those known 

to be less completely extracted. Smaller amounts 

than these gave dubious results. 

It must be remembered, of course, that in 

these tests the nature of the poison sought was 

known, so that it was necessary only to apply the 

apprópriate tests. With an unknown poison, 

identification would be much more difficult. The 

residues obtained were sufficient, carefully used 

in micro tests, for more than one such test, but 

probably not for full identification in every case. 

With 5 mg. of organic poison, however, it was 

possible to make a considerable number of qualitativ 

tests, and identification of an unknown poison 

(among the commoner ones responding to the more 

usual tests, at least) would have been possible. 

Table V/ 



To show qualitative 
of various organic 
Final stage: dry 
Soxhiet apparatus. 
appropriate test 
giving a + or ± 
sensitivity of the 
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Table V. 

amounts 
new method. 

use of 
using 

The quantities 
the limit of 

extraction of minute 
poisons by the 
extraction without 
Positive reaction 

indicated by +. 
result represent 

method. 

(a) Poison added to meat. 

Poisons used in 
each case and mixed 

Quantities taken and the quali- 
tative result obtained. 

with about 100 gm. 
of minced meat. With 5 mg. of 

the poison 
With 1 mg. of 
the poison. 

Strychnine 
hydrochloride 

Morphine 
hydrochloride 

Atropine sulphate 

Veronal 

Salicin 

++ 

++ 

++ 

++ 

++ 

+ 

± 

+ 

+ 

+ 

(b) Poison injected subcutaneously; animal killed 
2 -3 hours later; whole body taken for extractic 

Poison and quantity 
injected. 

Result of qualitative test 

Strychnine, 2 mg. 

Morphine 10 mg. 

Atropine 10 mg. 

+ faint but definite 

2.5 mg. recovered, impure, 

5 mg. recovered, impure,+ 

Animal died half an hour after injection. 

n. 
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(d) The separation of alkaloids and barbiturates 
present together. 

Earlier experiments, already recorded, have 

shown that barbiturates and certain glucosides are 

completely adsorbed by charcoal, but hardly at all 

by Novasorb which, however, adsorbs alkaloids 

efficiently. The general method for the detection 

of organic poisons consequently incorporates 

adsorption by Novasorb, followed by adsorption of 

non -basic substances on animal charcoal. The 

reverse procedure is inadmissible since charcoal 

is a good adsorbent of alkaloids. 

To test the validity of this procedure a 

series of tests was made on the following lines. 

A mixed solution of strychnine hydrochloride and 

veronal was added to 250 gm. of minced meat and 

the mixture, well stirred,was allowed to stand 

awhile (as in all the meat plus poison experiments 

recorded). The mixture was then submitted to the 

general method of extraction, the adsorbed 

strychnine being extracted with chloroform by the 

"dry" method, from the Novasorb or kaolin, and 

the charcoal, after thorough washing, being shaken 

up with successive lots of ether. The residue 

from/ 
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from the chloroform contained strychnine only; 

that from the ether extract of charcoal yielded 

crystalline veronal melting at 182° C. (melting 

point of pure substance 187 -188 °C.). 

It was similarly possible to extract pure 

veronal from a mixture of that substance with 

strychnine and antipyrin added to meat. The 

strychnine and antipyrin, both basic substances, 

were obtained by adsorption on Novasorb; their 

further separation, however, was difficult, though 

both could be identified by qualitative tests. 

(e) Extraction of alkaloids from plants. 

Preliminary experiments have shown the method 

to be of use in the small scale extraction of 

alkaloids from natural sources. It is not proposed 

to detail these experiments since they are as yet 

incomplete. The method of extraction is essentially 

as described for toxicological analysis, but 

naturally modifications are needed in individual 

cases to deal with the colouring matters etc. which 

are also present. Quantitative yields have not 

yet been worked out - in any case, since the 

alkaloid/ 
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alkaloid content of plants is so variable they 

would not be of value in establishing the 

efficiency of the method of extraction, which is 

the main object of this thesis. Repeated ex- 

tractions, as in the early experiments on toxico- 

logical analysis,have, however, shown the com- 

pleteness of the extraction by trichloracetic acid 

and of the adsorption by Novasorb. 

SUNIPZARY/ 
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SUMMARY. 

A method is described for the separation of 

organic poisons - alkaloids, other bases, glucosides 

and barbiturates. It depends on extraction of the 

poison and removal of fats and proteins by trichlor- 

acetic acid; adsorption of the bases on Novasorb 

or kaolin and of the non -basic substances on char- 

coal; and extraction from the adsorbent by 

chloroform, ether, etc. under suitable conditions. 

Evidence is advanced to show that removal of 

the poison at each stage is complete. 

Figures are given for the percentage recovery 

of various poisons (a) when added to meat, (b) when 

the poison has been injected into an animal. 

Results by the new method are compared with 

those by the standard Stas -Otto process. It is 

shown that the new method (a) gives better percentage 

recovery in most cases, (b) represents a very 

considerable saving of time and labour, (c) yields 

a purer product from the solution in immiscible 

solvent. 

Experiments are described to show the limits of 

sensitivity of the extraction process, its use in 

separating two organic poisons present together, etc. 

The method can be applied for extraction of 

alkaloids from natural sources. 
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