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Preface

This volume is one of a continuing series covering developments in
toxicology. Since the publication of the treatise “Toxicology: Mechanisms
and Analytical Methods,” new literature has appeared containing much
valuable information for toxicologists and scientists in allied fields.

“Progress in Chemical Toxicology” will provide source material on
selected subjects in which the most information is available. Each subject
area selected is reviewed and discussed by experienced workers. The
objectives are to report on the usefulness of the newly developed tech-
niques and methods with necessary modifications for toxicological studies
and to supply related information for the proper evaluation of the
results obtained.

This book maintains the aims of the original treatise. Information on
the main topics such as isolation procedures, alcohol, barbiturates, and
narcotics and related bases is developed further. Knowledge accumu-
lated on other subjects including ataraxics, air pollutants, mushrooms,
opium, and poisonous seeds and fruits has developed to a stage where
separate chapters are required for each subject. Stress is laid on details
of practical analytical significance and those which may be of importance
in arriving at a decision as to the toxic effects of drugs.

The Editor wishes to express his sincere thanks to the authors for
their patience, their cooperation, and the willingness with which they
shared their experiences and accomplished their tasks. He also acknowl-
edges gratefully the assistance and guidance of his associate, Dr. C. P.
Stewart. Finally, the publishers of the book deserve special recognition
and thanks for their tireless cooperation.

ABRAHAM STOLMAN

August, 1963
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I. Acetone Extraction of Organic Substances

The classical Stas—Otto procedure for the isolation of nonvolatile or-
ganic substances from tissues has been found, through the years, to have
many shortcomings. To cite only two of these, there may be mentioned
the relative lack of purity of the extracted compounds and the poor yields
of many of these compounds. Because of these factors, various modifica-
tions of the Stas-Otto technique have been proposed (F2). A further
modification has been suggested by Alha and Lindfors (A2) in which
acetone has been used, instead of ethanol, as the protein precipitant and
solvent for the organic substances. This procedure was first employed by
Chéramy and Lobo (Cl, C2) for the isolation of barbiturates from
biological material.

The procedure developed by Alha and Lindfors uses 100 gm of minced
tissue which is made acid (pH 4) with aqueous tartaric acid. To this,
there is then added 200 ml of 70% acetone. The mixture is heated on a
water bath at 60°C, using a reflux condenser, for 1 hour. It is then al-
lowed to stand at room temperature for several hours and preferably
overnight. The acetone is filtered and the residue washed with 70% ace-
tone with the washings being added to the original acetone filtrate.

The acetone is then distilled from the filtrate by vacuum distillation
until approximately 50 ml of liquid remains in the distilling flask. After
cooling, the residue in the distilling flask is rinsed into a beaker with

1
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water, made alkaline with ammonia, and then reacidified with tartaric
acid. The precipitate formed at this point is removed by filtration and
the residue is washed with water which is added to the filtrate.

Approximately 400 ml of acetone is added gradually to the aqueous fil-
trate and the mixture is allowed to stand at room temperature until the
precipitate formed has settled to the bottom of the container. The mix-
ture is filtered and the residue is washed with acetone. The filtrate (plus
the washings) is subjected to vacuum distillation until 10-15 ml of liquid
remain in the distilling flask. After cooling, another precipitation is
carried out with 400 ml of acetone. The precipitate is allowed to settle
and the mixture is filtered as before. The filtrate (plus washings) is again
distilled until 10-15 m] remain. To this, 50 ml of hot water is added and,
after cooling, the aqueous solution is filtered and the filtrate, which should
still be acidic, is subjected to extraction procedures with immiscible sol-
vents. The separation of four fractions is accomplished: (1) substances
soluble in ether from acid solution; (2) substances soluble in chloroform
from acid solution; (3) substances soluble in ether from NaOH solution;
and (4) substances soluble in a mixture of CHCI; containing 10% CH,OH
from a solution which is alkaline with NaHCO,.

The authors report that the solvent-extraction steps are most efficiently
accomplished by using liquid-liquid extractors with a capacity of 100 ml
of aqueous solution. In each group, 75 ml of solvent is used. However, the
authors also used a simple shaking procedure employing three 25-ml por-
tions of solvent. The latter procedure did not give as good recovery as
the former.

Alha and Lindfors (A2) also used a simplified acetone extraction
procedure in which the acidified minced tissue is treated with undiluted
acetone, heated, and filtered as in the procedure described above. The
filtrate is treated with 25 gm of anhydrous sodium sulfate, shaken
mechanically for 14 hour, allowed to stand several hours at room tem-
perature, and then filtered. The residue is washed with acetone and the
combined filtrate and washings are then vacuum distilled until 10-15 ml
of solution remains in the distilling flask. The flask is rinsed with hot
water to make 50 ml of solution. After cooling, this solution is filtered
and extracted with immiscible solvents as above.

Using these procedures, the authors report recoveries ranging from
approximately 40% for morphine to 95% for carbromal plus phenobarbital.

II. Separation of Alkaloids from Tissue

A. Cation-Exchange Columns

Tompsett (T1) has reported a technique for separating morphine and
other alkaloids from tissue using a cation-exchange column. The pro-
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cedure uses 100 gm of minced tissue to which are added 500 ml of water
and 100 ml of 10 N HCL. This mixture is heated to boiling and maintained
in a boiling water bath for 1 hour. It is then cooled, diluted to 1000 ml
with water, and filtered. The residue is washed with 500 ml of 1 N HCl
and the washings are added to the filtrate which is then passed through
a cation-exchange column. The latter is 140 mm long and 15 mm in
diameter and contains Dowex 50 X 12, 200400 mesh. After the filtrate
has passed through the column, the latter is washed with 500 ml of
1 N HCI followed by 500 ml of water. The column is then eluted with
300 ml of 6 N ammonia. This eluate constitutes the morphine fraction.

The column is next washed with 200 ml of water and 200 ml of
1N HCL The more basic alkaloids are then eluted with 200 ml of
8 N HCL

Tompsett's data show morphine recovery in a concentration of 4 mg
to be quantitative as well as that of codeine, brucine, and strychnine.

B. Acetonitrile Extraction

A method for isolating organic bases from tissues using acetonitrile
and ether has been suggested by Abernathy et al. (Al). They have ap-
plied the method to liver, bile, and urine and have used it for the isola-
tion and identification of morphine, nalorphine, codeine, meperidine,
Methadone, amphetamine, quinine, caffeine, quinidine, colchicine, and
phenothiazines. Recoveries of 75-80% were reported for codeine, mor-
phine, strychnine, meperidine, and Methadone. Caffeine, amphetamine,
and promazine were recovered in amounts in excess of 50%

The standard procedure results in the separation of two fractions, i.e.,
a “standard basic fraction” and a fraction designated as “solvent soluble
salts.” The latter contains Methadone, caffeine, and colchicine. The pro-
cedure, in detail, follows:

Reagents:

(1) A-E Solvent: 1 volume acetonitrile and 2 volumes ethyl ether.

(2) Alcoholic chloroform: 1 volume ethanol and 9 volumes chloro-

form.

(3) Salt buffer: 20 gm sodium borate and 200 gm sodium chloride

made up to 1 liter with water.
Unhydrolyzed Tissue: 100 gm of liver are homogenized with 50 ml of
salt buffer. This is extracted with 500 ml of A-E solvent, in three portions,
by mixing in the same homogenizer. It is suggested that a rheostat con-
trol on the homogenizer will prevent spilling of solvent into the motor.
The extracts are decanted into a beaker to allow further settling of the
aqueous phase, after which the solvent is decanted into a separatory
funnel. The solvent is washed twice with one-twentieth of its volume of
salt buffer. One fourth volume of petroleum ether is added and the mix-
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ture is extracted twice with one-twentieth of its volume of 1 N H,SO,.
The combined acid extracts are washed with 2 volumes of A-E solvent
and once with 2 volumes of chloroform. The original A-E solvent and
the two solvent washes are combined and reserved for later extraction
of the “solvent soluble salt” fraction. The aqueous phase above is ad-
justed to pH 8.6 and extracted twice with 3 volumes of alcoholic chloro-
form. The combined solvent phase is filtered, a few drops of HCI are
added, and the solvent is evaporated using an air jet and mild heat. The
residue is the “standard basic fraction.”

The “solvent soluble salt” fraction is obtained by adding to the com-
bined solvent one-twentieth of its volume of saturated sodium bicarbonate
solution. The mixture is shaken and the aqueous layer is discarded. The
solvent is decanted into a beaker and evaporated to near dryness in the
presence of an excess of dilute HCI, using an air jet and mild heat. The
residue is rinsed into a separatory funnel with 50 ml of water and 50 ml
of ether. This is shaken and the ether phase is discarded. If necessary,
any emulsion at this stage is broken by centrifuging. The ether wash is
repeated after which excess sodium carbonate is added. The mixture is
extracted twice with three times its volume of chloroform. The combined
chloroform extract is filtered and, after addition of a slight excess of
dilute HCI, the solvent is evaporated to dryness using an air jet and mild
heat.

Urine samples may be extracted by first saturating 50 ml of urine with
sodium chloride, adjusting to pH 8.6, and extracting twice with 3 vol-
umes of A-E solvent. Thereafter, the procedure for tissue is followed
beginning with the salt buffer washing.

For morphine and other conjugated compounds, hydrolysis is first
carried out with sulfuric acid, with this procedure varying somewhat with
the type of sample used. For tissues, 100 gm of homogenized tissue are
treated with 18 N sulfuric acid until the mixture is 1 N in sulfuric acid.
This is autoclaved for 15 minutes at 20 Ib pressure. Urine samples of
50 ml are treated in the same way. Bile, which is used primarily for
morphine, is treated by adding 5 ml of 2 N sulfuric acid to 5 ml of bile
and autoclaving in the same manner as tissue. After cooling, the hy-
drolyzed bile is filtered and the residue is boiled briefly with 5 ml of 1 N
sulfuric acid. This is cooled and filtered into the first filtrate.

To the hydrolyzate or filtrate obtained above, a few crystals of sodium
sulfite are added to prevent oxidation of morphine. The mixture is then
adjusted to pH 8.6 and extracted twice with three times its volume of
A-E solvent. The solvent layer is washed twice with one-twentieth of its
volume of 1 N H,SO,. The acid layer is washed once with 2 volumes of
A-E solvent and once with 2 volumes of chloroform.
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One milligram of sodium sulfite is added to the aqueous phase and the
pH is adjusted to 7.0 with 50% NaOH. Five drops of NaOH are added in
excess and the mixture is extracted twice with 3 volumes of chloroform.
The latter is filtered, and, after addition of a few drops of hydrochloric
acid, evaporated to dryness, using an air jet and low heat. The residue is
the basic fraction.

The aqueous phase remaining after the chloroform extraction is
brought to pH 8.6 and extracted twice with 3 volumes of alcoholic chloro-
form. The extract is filtered and evaporated as above, leaving morphine
in the residue.

III. Two-Stage Extraction
A. Acid Spot Extraction—Paper Chromatography

An elegant method for the rapid isolation and detection of organic
bases in urine has been described by Morgan (M1). The method is
especially suited for use with paper chromatographic methods of identi-
fication. In applying the method, oxygen-free nitrogen is used in both the
extraction and isolation procedures. The apparatus used is shown in
Fig. 1.

Nitrogen

F1c. 1. Diagram of acid spot extraction apparatus.
A = Washing bottle containing chromous sulfate solution
B = Washing bottle containing concentrated sulfuric acid
C = U-tube containing self-indicating silica gel
D = Solvent extract
E = Paper strip with acid spots
F = Tip of gas delivery tube
G = Screw clip
H = By-pass to flowmeter

The chromous sulfate solution is prepared in the gas-washing bottle
by mixing 12 gm of powdered chromic potassium sulfate, 50 ml of water,
and 5 ml of concentrated sulfuric acid. When the solid has completely
dissolved, the solution is cooled by the addition of 10-15 gm of crushed
ice and the mixture is poured into 6 gm of zinc dust contained in the
bottom of the gas-washing bottle. The inlet tube is immediately inserted
and air is expelled by passing a small stream of nitrogen through the bot-
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tle. Complete reduction is indicated by a pale blue solution which will
darken as oxygen is absorbed.

For extraction, the urine sample is first adjusted to a pH of 9 by add-
ing 20% sodium hydroxide. One-fifth of the volume of chloroform is intro-
duced into a separatory funnel and the urine is carefully poured onto the
chloroform so that no emulsification occurs. A slow stream of nitrogen
(less than 50 ml/minute) is then passed into the chloroform layer and
the rate of gas flow is adjusted so that the coarse emulsion which forms
at the interface does not extend to the tip of the gas-delivery tube. After
20 minutes the gas supply is shut off and any residual emulsion that does
separate on standing is broken up as far as possible by gentle stirring of
the chloroform layer. The latter is filtered through a dry filter paper into
a test tube of such diameter that the height of the liquid is 5-7 cm.

A strip of Whatman 3MM filter paper 7 cm by 1.5 cm is spotted with
drops of 0.25 and 0.5 N sulfuric acid, 2 cm from one end of the paper.
Morgan indicates that it is advantageous for the sulfuric acid to contain
thymol blue indicator. Such solutions can be prepared by dissolving
separate 4-mg portions of thymol blue in 0.5 gm and 1.0 gm of concen-
trated sulfuric acid, respectively, in 50-ml stoppered flasks. These solu-
tions are set aside overnight and diluted to 40 ml with distilled water.
These are then used for spotting the filter paper as indicated above. It
should be mentioned that the filter paper should first be washed chroma-
tographically with chloroform followed by water before it is cut into
strips. The acid spots can be applied with a loop of platinum wire ad-
justed to produce spots 3-5 mm in diameter.

Immediately after the paper has been spotted with the acid, the strip
is placed in the chloroform extract so that the spots, and preferably the
entire strip, are completely immersed. The extract is agitated with a
stream of dry oxygen-free nitrogen flowing at a rate of 100 == 50 ml/min-
ute/20 ml of solvent. The gas passes into the test tube through a glass de-
livery tube whose lower end is below the acid spots. The latter should
not come into contact with the delivery tube or the walls of the test tube.

After some minutes, the spots will become transparent owing to loss
of water. If a high concentration of basic substances is expected the strip
may be removed from the chloroform at this point. In any event, 15
minutes of agitation is sufficient to extract alkaloids which were originally
present in the urine sample in a concentration of 1 ppm. Morgan indicates
that lower concentrations can be detected after longer agitation or by
simply immersing the paper strip in the chloroform extract overnight
without passing nitrogen through it.

After the gas flow has been stopped, any part of the paper strip not
immersed in the solvent is rinsed with the extract by shaking for a few
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minutes. Excess chloroform is removed by shaking the strip and exposing
to a current of air. The dried strip is then suspended in a flask over a few
drops of concentrated ammonia until the spots change from pink to yel-
low or blue. This will take about 15 minutes.

The ammonia vapor is removed from the paper in a current of air and
the resulting mixture of the sulfates of organic bases extracted from the
urine is developed on the paper strip as a paper chromatogram by any
convenient ascending solvent technique.

B. Protein-Free Filtrates—High Temperature Chromatography

A method for the simultaneous detection of alkaloidal, neutral, and
acidic poisons in human tissues has been described by Street (S1). This
procedure involves the separation of various toxic substances by the use
of high temperature, reversed phase paper chromatography. The chief
advantages for such a system are: (1) the use of a single solvent sys-
tem and the same paper for the separation of a mixture of compounds
having widely different properties; (2) the time required for chromatog-
raphy is only 20 minutes rather than hours; (3) the chromatographic
spots show little diffusion, (4) the solvent, which is M/15 phosphate
buffer pH 7.4, is more stable than the usual organic solvents used in
chromatography.

In the procedure described, a protein-free filtrate of blood or tissue
is prepared by adding to 10 ml of blood (or 10 gm of tissue) 63 ml of
distilled water and 20 ml of 10% (w/v) sodium tungstate. The mixture
is homogenized and 7 ml of 10% (v/v) sulfuric acid are added while
stirring vigorously. The acidified homogenate is placed in a boiling water
bath for 15 minutes and then filtered while hot through Whatman No. 1
filter paper on a Buchner funnel using gentle suction.

The cooled filtrate is then treated as outlined in Fig. 2. This results in
five fractions, each of which is dissolved in 2-3 drops of ethyl alcohol.

Each of these solutions is applied to a 61 by 7 inch sheet of Whatman
No. 1 filter paper which has previously been dipped in 10% glycerol tri-
butyrate (tributyrin) in acetone and dried. Suitable marker solutions are
also applied as separate spots adjacent to the appropriate fraction
extract.

In preparing the paper, an even distribution of the ester over the
paper is obtained by placing the treated sheet between several sheets of
filter paper immediately after it is removed from the ester solution and
then pressing the top sheets with a 10-inch rubber roller. In cutting the
paper, a portion is left at one corner to form a tongue which is used in
clipping the paper in cylindrical form for chromatography.

The paper cylinder with the various fractions is then placed in a
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BLOOD

HOT TUNGSTIC ACID
FILTRATE
EXTRACT WITH ETHER

[ |
AQUEOUS PHASE ETHER PHASE

MAKE ALKALINE

WITH NH, and EXTRACT EXTRACT WITH PO, pH 7.2
WITH ETHER
— ETHER AQUEOUS
ETHER AQUEOUS PHASE PHASE
PHASE PHASE
ADD SOLID EXTRACT WITH STRONG
BASIC NaHCO, and EXTRACT NaOH ACIDS
ALKALOIDS WITH
n-butanol/benzene
ETHER AQUEOUS
PHASE PHASE
MORPHINE
GROUP
“NEUTRALS” WEAK

ACIDS

Fic. 2. Scheme showing the treatment of the protein-free filtrate in order to
produce the various fractions for application of high temperature, reversed phase
paper chromatography.

cylindrical jar fitted with a ground glass lid. Silicone grease is used to
seal the lid of the jar. The jar is slightly larger in diameter than the
paper cylinder and contains M /15 phosphate buffer, pH 7.4. The jar and
solvent are maintained in an oven at 86°C before introducing the paper
cylinder. Ascending chromatography is then carried out at 86°C for 20
minutes.

After chromatography, the wet paper is examined under ultraviolet
light at 2540 A. Any absorbing or fluorescent spots and their colors are
noted. The paper is then exposed to ammonia gas and any additional
absorbing spots are noted. The paper is subsequently dried with a hair
dryer and re-examined in ultraviolet light. After this examination, the
paper is cut into strips, thus isolating the various fractions.

The basic alkaloids and the morphine group of alkaloids are devel-
oped by dipping the appropriate strips in the iodoplatinate reagent of
Farmilo and Genest (F1). The strips containing the neutral fraction may
be treated with 0.1% potassium permanganate which will develop ethina-
mate (Valmid) as a yellow spot on a pink background. The same
permanganate solution may also be used to locate those barbiturates
having unsaturated groups in the side chain on the strip containing the
weak acids. A typical chromatogram produced by this procedure is shown
in Fig. 3.
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86°C. 10% Tributyrin. M5 PO,, pH 7.4. I8 minutes. Whatman no.l.

Solvent front
O §
(Y
[
A \
M

09000

Qe 0

Origin \ \ I | | | I L | |

OO

Qs O

T 1
Phenacetin (P)

T
Atropine
+
Strychnine (S)
+
Quinine (Q)

T
Morphine (M)
+

Nalorphine (N)

+
Ethinamate (E)

Cyclobarbitone (CY)
+
Quinalbarbitone (QB)

T T T
Rhenobarbitone (PH)
+

T
Solicylic
acid

Blood extract Blood extract
(weak acids) (strong ocid group)

(+PH+CY+QB) +Salicylic acid

Blood extract
{neutrals)
(+P+E)

Blood extract
(morphine group)
(+M+N)

Blood extract
{basic alkaloids)
(+A+S+Q)

Fic. 3. Tracing of composite chromatogram obtained by chromatography of
various fractions isolated from blood to which the compounds referred to on the
chromatogram had been added. The dotted area in the weak acid fraction is due to
a trace of salicylic acid, present because of incomplete extraction by the phosphate
buffer at pH 7.2. Tributyrin-impregnated Whatman No. 1 paper; solvent, M/15
phosphate buffer, pH 7.4, temperature, 86°C; time, 18 minutes.
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