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Introduction

Mustard gas is well known for its local irritant action. It may also
produce systemic disturbances if any is absorbed into the blood streaml
The nitrogen mustard derivatives were extensively investigated as poten-
tial chemical warfare agents in the recent war and particular attention was
paid to their systemic effects. Animal studies showed that they
inhibited the division of actively proliferating cells in the haematopoietic
and lymphatic tissues. This action suggested that nitrogen mustard
derivatives might be of value in the treatment of neoplastic conditions
arising in the bone marrow or lymph glands. Clinical trials were started
in the United States in 1943 and the first results collected from the various
centres of investigation were published in 19462 It was found that
remission could be obtained in a number of neoplastic diseases. Unfor-
tunately however serious toxic reactions were frequently encountered,
because normal tissue is nearly as susceptible as tumour tissue to the
action of the drug.

In the last five years widespread trials have made clear the therapeutic
indications and the limitations of the original nitrogen mustard com-
pounds. Research is now being directed to the synthesis and trial of
new analogues. It is desirable to separate the toxic from the palliative
action and if possible to find a curative agent.

The Chemistry of the Nitrogen Mustards

Original Derivatives. Gilman and Philips3 in 1946 reviewed the
chemistry of these compounds. The two simplest are

CH2CH2Cl
Methyl bis (b-chloroethyl) amine CH3-N and
(the “ bis ” compound, or HN,) )
ch2ch2Cl
Tris (b-chloroethyl) amine / 2 2
(the *“ tris ” compound, or HN§ N\ CHa CH*Cl
xch2ch2Cl

Most of the clinical trials have been conducted with the “ bis ” com-
pound; it has a powerful tumour-inhibiting action and is the only nitrogen
mustard commercially available in this country to-day. In August, 1950,
the British Pharmacopeia Commission selected “ Mustine” as the
Approved Name for methyl bis (p-chloroethyl) amine, it is however
marketed and used clinically as the hydrochloride not as the free base.
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The “tris” compound has an equally powerful action, but has been
largely discarded on account of its toxic effects, particularly a tendency
to cause thrombosis on intravenous injection.

When these compounds are dissolved in water the molecule undergoes
rearrangement, the nitrogen becomes pentavalent and a cyclic imonium
compound is formed.

CH3 _/ CHj

N\ ci"
ch2ch2ci CH2

This imonium compound is very active and may become attached to
chemical groups of body substances or be hydrolysed to an inactive
chlorhydrin. The second «-chloroethyl group then undergoes rearrange-
ment to form a much less active imonium compound and that finally
hydrolyses. The formation and hydrolytic inactivation of the first
imonium derivative proceeds very rapidly, the half life period of the
“ bis ” compound in neutral solution is about 90 seconds at body tem-
peratured. In practice the preparation used is the hydrochloride, and
this gives an acid solution in water which is more stable5. On injection
into a vein the solution is brought to the pH of blood plasma, but the
high concentration of the chloride ion probably reduces imonium forma-
tion. When the molecule enters the cell, the chloride concentration is
minimal and imonium ions are formed6. They react with amine, carboxyl
or sulphydryl groups of the nucleus. An attempt to determine the site
of imonium formation has been made with diethyl-iodoethylamine
synthesised with radioactive iodine and given to mice. Comparison of
the distribution of radioactivity with that following the injection of radio-
active iodide suggested that the iodine was not being liberated from the
nitrogen mustard derivative in the blood plasma7.

New Compounds. The search for possible new therapeutic agents led
first to the substitution of other halogens for chlorine in the original
derivatives. No useful progress has been made in this direction6. The
chemical grouping necessary for nitrogen mustard activity consists
apparently of two chloroethyl groups attached to a nitrogen atom. It has
however been shown that di-epoxides produce similar changes9.

The basic bis chloroethylamine grouping can be modified in many ways
with different aliphatic radicals and by the formation of double com-
pounds. Burchenalld in the United States has been working on this
problem and clinical trials have been made with a number of derivatives.
1:3-bis [bis (p-chloroethyl)] aminopropane dihydrochloride (SK 136)
has been used for a number of patients11121314. It has been claimed to
cause rather less nausea and vomiting than the “ bis ” compound but it
may give rise to bad dreams, dizziness and headache. It does not appear
to have any appreciable advantage over the original derivatives.
Haddow3 in this country has been studying aromatic substitution com-
pounds. He has synthesised “-naphthyldi-2-chloroethylamine (R 48)
which has possible therapeutic value. It is active when given by mouth
although the action is slower and less powerful than the “ bis ” compound.
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It' does not produce the troublesome nausea and vomiting that so
frequently follow the injections, but has the same action on the blood
forming organs and may in addition cause a haemorrhagic cystitis16.
Screening Techniques. Several accounts have been published of the
methods used for preliminary testing of new compounds in this
series4#101718 The first step is usually to determine whether the com-
pound inhibits the development of leukaemia or sarcomata in mice.
Compounds that are shown to have considerable activity are then tested
for toxicity in animals and finally clinical therapeutic trials are initiated.

Experimental Studies of the Actions of the Nitrogen Mustards

The most striking changes seen in animals after the administration of
the nitrogen mustards are in the nervous and reticulo-endothelial systems.
Less marked changes occur in the gastro-intestinal tract the adrenals,
testicles and skin. It has also been demonstrated that the mechanisms of
blood coagulation and antibody production are affected. Very detailed
studies have been made of the actions of these drugs on tissue cultures
and mammalian cornea, but these will be considered in a subsequent
section.

Neurological Effects. Large doses of the “ bis” compound given to
small animals produce neurological disturbances that are rapidly fatal.
Parasympathomimetic, convulsant or paralytic phenomena may be
observed19 and histologically demyelination has been found in about one
third of the animalsé. The parasympathomimetic action is apparently
related to the cyclization of the first chloroethyl group2) whereas the
paralytic action is produced by the methyl (3-hydroxyethyl ethylen-
imonium derivative02'223 With the “ bis ” compound doses sufficient
to produce neurological signs are invariably fatal, other nitrogen mustards
however may give rise to permanent cerebellar or brain stem disturbances
of movement4.

Bone-marrow Effects. Mitotic division of the primitive white cells or
red cells is inhibited, and these cells may largely disappear from the
marrows26.  Marrow culture studies have confirmed that the cells that
fail to divide are actually killedZZ. The reticulum cells are apparently
more resistant to the action of nitrogen mustard, but it has been suggested
that they may be affected by the abnormal phagocytic activity required
for the removal of the damaged cells26. If the aorta is occluded for 15
minutes after the injection, the marrow of the caudal part of the body
escapes damage28 There is evidence in animal studies that if the red cell
series is stimulated by the administration of phenylhydrazine the cells
may be more resistant to subsequent nitrogen mustard action2

Spleen. Reduction occurs in the size of the spleen1952.

Lymphatic Glands. Necrosis of the germ centres has been observed
within 5 hours of an injection of the “ bis ” compound and the lymphatic
glands and thymus become smallerl92521 These changes are not
mediated through the suprarenal cortical steroids as in the alarm reaction
for they may still be demonstrated after adrenalectomy2830.
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The Blood. There is a rapid fall in the number of circulating lympho-
cytes and a more gradual decline in granulocyte and red cell counts1952%.
It has been suggested that the rapid disappearance of the lymphocytes
may be due partly to their escape through the damaged gut wall2%.

Gastro-intestinal Tract. Vomiting and haemorrhagic diarrhoea are seen
in some animals and may be fatal through losses of fluid and electro-
lytes5193L The vomiting is probably due to a local action on the gastric
mucosa, but it has been suggested that it is partly central in origin3 The
diarrhoea may be reduced by occluding the blood supply to the intestine
for 15 minutes after the injection, but although the fluid loss is largely
prevented, the animals may still die3L Histological changes have been
demonstrated in the gastro-intestinal tractl9

Adrenal Glands. Hypertrophy of the suprarenals with marked reduc-
tion of cortical cholesterol follows injections of the “ bis ” compound32

Liver. No change has been observed in normal liver cells, but
regeneration of a rat’s liver after partial hepatectomy is delayed by
nitrogen mustard3

Kidney. No histological evidence of kidney damage has been found,
but functional disturbances may aggravate the loss of fluid and electrolyte
associated with gastrointestinal tract lesions3

Testicle. Temporary testicular damage has been demonstrated after
large doses3

Hair. Subcutaneous injections in animals may lead to permanent grey-
ing of the hair at the site of the injection&

Antibody Production. The disappearance of the lymphocytes, unlike
that following suprarenal cortical hormone, is not followed by an increase
of circulating antibodies337. If the “ bis ” compound is given shortly
before or at the same time as an antigen, production of antibodies is
partially inhibited3637,3 and the development of the Schwarzman pheno-
menon may be prevented® “ Hypersensitivity ” responses to foreign
proteins, including renal lesions, are reduced by the administration of
nitrogen mustard404L

Complement. There has been one report of inhibition of comple-
ment42

Blood Coagulation. Prolonged clotting time and reduced heparin
tolerance may follow injections of the “ bis” compound. These disturb-
ances may be corrected with intravenous heparin or toluidine blue43d

Tumorigenic Action. The injection of the “ bis” compound may be
followed after a considerable interval by the development of a tumour.
The neoplasm may appear at the injection site44, in the lungséb or else-
wherea

Distribution in the body. Studies with radioactive elements incor-
porated in the molecule have shown that iodoethylamines are accumulated
principally in the lungs, lymph glands and blood7 Injected “ mustard
gas ” synthesised with radioactive sulphur is found in highest -concentra-
tion in the lungs and kidneys. The bone marrow takes up comparatively
little and the changes produced there are probably related to the greater
sensitivity of the cells47.
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Cause of Death in Animals. Early deaths from large doses are asso-
ciated with neurological disturbances. In some animals it may result from
the loss of fluid and electrolyte through gastrointestinal changes. Damage
to the blood-forming organs rarely leads to death in animal studies. It
has been shown in animals that a dose of nitrogen mustard produces
greater changes if given as a single injection as opposed to several small
injections at short intervals33

Viruses, Bacteria, Protozoa. If influenza virus48 or trypanosomes4 are
exposed to nitrogen mustard, their capacity for infecting mice is reduced.
Bact. coli may acquire resistance to dilute solutions of the “ bis ” com-
poundf® Concentrations of 500 mg./l. are viricidal and bactericidal in
blood, and it is claimed that if the blood is then kept for 5 days it becomes
non-toxic5L

Mutation. Solutions of the “bis” compound produce mutations in
Penicillin notatum®2 in Drosophila3 and in strains of Bad. colis0

The Mechanism of Nitrogen Mustard Action

Animal studies have shown that the larger doses of nitrogen mustard
act chiefly on the nervous system whereas with smaller doses changes are
seen in tissues where there are actively proliferating cells. Research into
the mechanism of these actions has proceeded along two main lines—the
effect of dilute solutions on enzyme preparations, and observation of
details of cellular changes produced in tissue cultures and intact tissues.

Enzyme Studies. Very dilute solutions of the “bis ” compound inhibit
the choline enzymes, oxidase, esterase, and acetylase. The neurological
symptoms of nitrogen mustard poisoning may be produced in this way54
The inhibition may result from combination of the ethylenimonium ring
with the SH groups of the enzymes% or alternatively the imonium ion, a
guaternary ammonium derivative, may compete with choline for attach-
ment to the enzyme54  Barron5t has also reported the action of dilute
solutions on the enzymes of carbohydrate metabolism. Pyruvate oxidase
and phosphorylation enzymes are inhibited.

Tissue Preparations. Mitotic activity is brought to a standstill in
cultures of embryonic tissue coming in contact with nitrogen mustard
solutions%65738  In cultures of tumour tissue similar cytological changes
have been demonstrated5/. Friedenwald and his collaborators have made
detailed studies of the changes produced in the mammalian cornea by
nitrogen mustards®80. Mitotic arrest and nuclear fragmentation have
been found and also disturbances of the metabolism of the corneal stroma.
Disturbances of metabolism have been demonstrated in other tissue
preparations. Glycolysis is inhibited in human and rat skin6l, and oxygen
consumption by slices of normal viscera® or of mouse sarcoma@ is
reduced.

Abnormalities of mitosis. The effect of the nitrogen mustards on cell
proliferation is intimately related to abnormalities produced in mitotic
division. Dustin@has reviewed the action of the various mitotic poisons
and pointed out that the nitrogen mustards, like irradiation, lead to an
inhibition of the prophase. This is followed by nuclear fragmentation
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and death of the cell. It has, however, been observed that this nuclear
fragmentation is more conspicuous after nitrogen mustard than after
exposure to X-rays and it is possible that the actions are not identical60.
The mitotic disturbances are probably due to damage to the chromosomes.
It has been suggested that “ chromosome stickyness ” is increased®. They
may be held together by attachment to the two chloroethyl groups& or
as a result of a physical change in their thymonucleate coating656b.
The mitotic inhibition cannot be related to interference with nucleic acid
phosphorylation6r.

Relation of Nitrogen Mustard Action to lrradiation

Nitrogen mustard and irradiation produce similar changes in the cell
nucleus. Further comparisons have shown that the effects of the “ bis ”
compound are produced more rapidly and are more severe, whereas those
following exposure to deep X-rays develop slowly and are generally less
intense. Recovery on the other hand starts earlier and is completed
more quickly after injections of the “bis” compound4. Attempts to
equate the effects produced in small animals suggest that a dose of
0-4 mg./kg. of the “ bis ” compound corresponds to overall irradiation of
140 r.8 or TO mg./kg. to 300 to 400 r.2L

Clinical Applications

The results of animal studies suggested that the nitrogen mustards
might produce a selective inhibition of actively proliferating tumours, par-
ticularly those originating in the blood-forming organs. The best results
in clinical trials have been obtained in neoplastic conditions of haemato-
poietic and lymphatic tissues—the leukaemias and the lymphomata.
The results in other neoplastic diseases have with one exception proved
disappointing. The inhibition of experimental hypersensitivity pheno-
mena in animals has led to an extension of the therapeutic trials to human
disorders that are thought to be caused by comparable mechanisms.
Unfortunately the practical value of the nitrogen mustards has been
greatly reduced by their action on normal haematopoietic and gastro-
intestinal tissues. The gap between therapeutic and toxic dose is virtually
non-existent, anaemia, leucopenia and thrombocytopenia as well as
troublesome nausea and vomiting follow the injections. The local irritant
action which nitrogen mustard shares with the original sulphur mustard
restricts the route of administration and may lead to additional complica-
tions.

Administration of Nitrogen Mustard. The hydrochloride of the “bis ”
compound is a white crystalline salt. It is available in 10 mg. bottles and
immediately before injection should be dissolved in 10 ml. of sterile
saline solution. If the solution is allowed to stand before being used some
hydrolysis will occur. The “bis ” compound must be administered intra-
venously. If injected straight into a vein with a syringe, thrombosis often
follows. It is now usually injected into the tubing of a fast running
intravenous saline drip infusion®. Veins partly occluded by tumour
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should be avoided as they have a greater tendency to thrombose. If any
of the solution escapes outside the vein severe inflammatory changes will
be produced?. Solutions of the hydrochloride are not dangerous on the
intact skin2l, but sensitisation dermatitis has been reported7L Intra-
arterial administration has been tried in some cases72 and intrapleural
administration for patients with pleural effusion and multiple neoplastic
deposits73

Dosage. The amount of nitrogen mustard that can be given as a single
injection is limited by the nausea and vomiting produced. The amount
that can be given in a course of injections over a short time is limited
by the wvulnerability of the bone marrow. It was originally suggested
that a course should consist of four injections each of OT mg./kg. of body
weight on consecutive days2 The tendency now is to give fewer but
larger doses 74, and up to 0-6 mg./kg. has been given as a single injec-
tion’ and courses of as much as 3 mg./kg.70. In general, however, it is
more satisfactory to adopt a conservative attitude and not to exceed
0-4 mg./kg. in each course and to limit the size of an individual dose to
0-2 mg./kg.®0.

Repetition of Courses. If two courses are given in rapid succession
dangerous depression of the bone marrow may result. Provided the
blood has returned to normal 4 weeks may be regarded as a safe
interval77.

“Prophylactic Therapy.” If in any patient nitrogen mustard therapy
is proving helpful, attempt may be made to keep the patient in prolonged
remission by giving injections of 0-2 mg./kg. at regular intervals6d. This
is in contrast to the more usual procedure of awaiting a relapse before
repeating the course of treatment. It has been suggested that the side
reactions may be more severe after these “ maintenance injections ” 78

Use in conjunction with X-ray therapy. Experimental studies in
animals have shown that if irradiation is used before the “bis” com-
pound the effects are not summated, whereas if the “bis” compound
is given first more intense changes may be produced4. Attempts
to combine the two forms of treatment have not led to spectacular
results’378 and may be dangerous because of the difficulty of assessing
the effects on the bone marrow.

Combination with Urethane treatment. Animal experiments have sug-
gested that giving urethane with nitrogen mustard leads to increased
action on lymphatic and neoplastic tissuesd 7. Only one clinical trial of
combined therapy has been reported and the details given are too meagre
for critical evaluation&

Therapeutic Indications

Before nitrogen mustard therapy is recommended for any disease, a
number of factors must be taken into account. It is not sufficient for the
treatment to produce temporary reduction in the size of the tumour.
Improvement in the patient’s general condition and relief of symptoms
for a reasonable period are criteria o: satisfactory palliation776L The
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discomforts and dangers of the toxic reactions must be considered and
finally the results must be compared with those to be expected from alter-
native methods of treatment. Rhoads has summarised 1,100 reports of
the use of the “ bis ™ compound in the collective American trials and
draws some, perhaps rather optimistic, conclusions concerning the indi-
cations for nitrogen mustard therapy2&2

Biopsy studies in a number of cases have confirmed the startling
changes produced by this treatment in some neoplastic diseases768384834(.
There are several reports of autopsies carried out shortly after a course of
the “ bis ” compound, in which little or no remaining neoplastic tissue
could be found. The cause of death presumably being either the toxic
action of the drug or previous disorganization of the patient’s -tissues pro-
duced by the neoplasm8&788&.

The alternative treatment for most of the diseases in which the “ bis ”
compound has been tried is deep X-ray therapy. In assessing the value
of the new agent, it is therefore necessary to attempt to compare the
results obtained by the two methods. The suggestion is often made that
nitrogen mustard therapy may be helpful when the neoplasm becomes
“ radio-resistant.” This is an unsatisfactory term and it is seldom defined
in case reports. It may mean that the tumour cells have ceased to respond
to X-ray therapy, or alternatively that X-ray therapy has ceased to be
practicable either because there are no tumours suitable for treatment
or because the limit of skin tolerance has been, reached®. Karnofsky has
pointed out that the mechanism of action of the two agents is similar, and
that if the tumour cells are resistant to irradiation, they will not respond
to nitrogen mustarde8 In the other types of so-called X-ray resistance
the “ bis ” compound may produce a good remission.

The Lymphomata. Neoplastic conditions of the lymphatic system
are grouped together under this heading. It has been divided into various
subgroups in a number of systems of classifications. Pathologists unfor-
tunately often differ in their interpretations of these classifications and
it is simpler to consider only the well defined types of lymphomata.

Hodgkin's Disease. The best results of nitrogen mustard therapy have
been obtained in this condition. In early cases with localised changes
both X-rays and the “ bis ” compound will cause regression, that follow-
ing irradiation lasts considerably longer, however, and therefore X-ray
therapy is the treatment of choice. If the signs of the disease are widely
disseminated and the patient is febrile, the “ bis” compound is likely
to lead to a more complete remission2147890. Certain manifestations
usually respond well, for example skin lesions/9L, paraplegia® or pul-
monary infiltrations B9 whereas with generalised skin irritation or bone
lesions the results are likely to be disappointingZ090. Large glandular
masses causing obstructive symptoms may, with X-ray therapy, show
initial enlargement before ultimately responding. Treatment with the
“ bis ” compound does not produce any swelling and is therefore a safer
method9l. The remissions produced by nitrogen mustard vary in dura-
tion from a few days to a year or more. When the effects of the first
course are beginning to disappear, provided the blood condition is satis-
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factory, the treatment may be repeated. In some patients the symptoms
have been kept in check for several years8L

Lymphosarcoma. Results of nitrogen mustard therapy are less con-
sistent, but if the disease is of the slowly progressing type satisfactory
remission may be obtained&%.

Reticulosarcoma. This is the most rapidly fatal type of lymphoma.
The tumours often respond dramatically to the “bis” compound, but
the remissions are too transient to be of any value®R

Giant Follicular Lymphoma. Although satisfactory remissions may
be obtained the results are not so good as those following irradiation90'A

Mycosis Fungoides. In this condition the lymphomatous deposits are
for the first few years confined to the skin. The results of therapy with
the “bis” compound are very variable but quite good in some
cases&B BB *

The Leukcemias. In acute leukemias the “ bis” compound is of no
value. It may precipitate a fatal issue by damaging the remaining
hematopoietic tissue. In chronic myeloid leukemia useful remissions
may be obtained13', but if X-ray therapy is available, it is to be regarded
as the treatment of choice. In chronic lymphatic leukemia, the white
blood cell count and lymph glands usually respond, but the general
condition and any anemia that may be present, rarely improvel377%.

Multiple Myeloma. This condition shows little response to the “ bis ”
compound although bone pains may be relieved for a timel.

Polycythcemia Vera. Satisfactory remissions may be produced by the
“bis ” compound, but it is too early to compare the long term results
with those following irradiation by deep X-ray or radioactive phos-
phorusl0l Some clinicians regard nitrogen mustard therapy as dangerous
in this condition%

Carcinoma. The results of therapeutic trials have with the exception
of bronchial carcinoma proved disappointing73& Secondary deposits in
the lungs may show slight, transient regression103

Primary Carcinoma of the Lung. Symptomatic remissions in cases of
inoperable bronchial carcinoma follow nitrogen mustard therapy. Deep,
but not pleural, pain and shortness of breath may be relieved, there is
often improvement in the patient’s general condition, and possibly on
occasions some prolongation of life73612 The results are comparable
to those produced by palliative irradiation. It is not clear why bronchial
growths should respond while others fail to do so. It has been suggested
that these tumours occur in a crowded area where very slight reduction
in size, that would pass unnoticed in less vital areas, may lead to consider-
able amelioration of symptoms73 Anaplastic tumours show most
marked response but all histological types of bronchial neoplasm may be
influenced by nitrogen mustard therapy.

Other Tumours. Patients with melanomata&, primitive nerve cell
tumours7, testicular tumours73 Kaposi sarcoid8%, eosinophil granuloma
or Letterer Siwe disease% derive little benefit from nitrogen mustard.

Sarcoidosis. Several cases of this condition have been treated but no
definite benefit can be claimed1031041(5.
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Skin Conditions. Nitrogen mustard therapy in the cutaneous manifes-
tations of the lymphomata has already been mentioned. Relief of irrita-
tion in two cases of non-leukaemic dermatoses has been reported® and a
satisfactory remission in a single case of disseminated lupus erythema-
tosus&.  Psoriasis is not influenced by it97. Aleksandrowicz considers
that nitrogen mustard acts by stimulating reticuloendothelial activity,
granulation tissue, and the occurrence of fibrosis. He claims to have
treated neoplastic, decubitus and other chronic ulcers with considerable
benefit106107108

Nephritis.  In animals the “ bis” compound inhibits hypersensitivity
reactions. This has led to its trial in cases of human subacute nephritis
but no definite benefit can yet be claimed1®

Gastric Ulcer. The “bis” compound may inhibit the secretion of
gastric acid. In a short series of cases of peptic ulcer treatment has been
reported as being helpfulll0 The value of such therapy appears doubtful.

Tuberculosis.  Aleksandrowicz, as a result of his unorthodox views on
the action of the “ bis ” compound, has tried it for patients with chronic
tuberculosis. He has claimed improvement in cases of spina] carieslll
and of cervical gland and pulmonary tuberculosis108112

Toxic and Side E ffects of Nitrogen Mustard Therapy

Venous Thrombosis. Thrombosis of the vein used for the injection of
the “ bis” compound has already been discussed. Transient local dis-
comfort is usually produced and in one case a fatal pulmonary embolus
has followed113 If many courses of the “ bis ” compound are given and
widespread thrombosis occurs, blood transfusion, so often required as
part of the treatment, may become very difficult.

Nausea and Vomiting. In the majority of patients troublesome nausea
and vomiting begin about 2 hours after the injection and continue over
the next 4 hours®78 The severity of these reactions is to some extent
proportional to the size of the dose, but may decrease after the later
injections. Anorexia is usual during the course of treatment, but if the
neoplasm has responded well, an excellent appetite soon returns. Various
drugs have been tried to influence the nausea and vomiting. A barbiturate
sedative is often employed but its value is doubtful. Pyridoxin, 100 mg.
by intramuscular injection, has been given, again without any clear-
cut benefitOBBIR. It should not be injected until 30 minutes after the
“ bis ” compound as it may inactivate it. Benadryl and atropine are of
no valuelB Not only is the vomiting distressing to a seriously ill patient,
but it may also be dangerous. Dehydration may be produced®. Serious
haematemeses have teen reportedB%114 In two patients with thrombo-
cytopenia, the vomiting has caused fatal cerebral haemorrhage®% In a
few patients nitrogen mustard treatment has been followed by the
development of a peptic ulcer®%115

Diarrhoea. This has sometimes been noted, but is much less marked
in patients than in animals3%.

Rigors. These have occasionally been described as complications of
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nitrogen mustard therapy but are more likely to be related to the injection
technique3® 7883 10

Bone Marrow. The changes observed in serial bone marrow punc-
tures have been described by Spurr and his co-workers8 Depression of
the red and white cell precursors is maximal in the second week and it
takes several weeks for the marrow to return to normal. Recticulum
cells and plasma cells are more resistant to the “ bis ” compound. Similar
studies have been made in this country116

Lymphatic Glands. Serial biopsies have shown cytological changes
with an apparent increase of fibrous tissue. The alterations in the
lymphatic glands appear before those in the bone marrow8&.

Spleen. Splenic puncture shows reduction in the size of the sinusoids
and often complete disappearance of the Malpighian corpuscles8388.

The Blood. Within a few hours of injection of the “ bis ” compound a
lymphopenia develops accompanied by a transient increase in the granular
cell count. This soon gives place to a neutropenia, maximal in the third
week and recovering usually by the sixth. Reticulocytes become scanty
soon after the injection and do not reappear until the third week. There
is usually a slight fall in the red cell count but occasionally a sharp reduc-
tion occurs in the second week possibly as the result of haemolysis. A
few patients who are anaemic when the injections are given, and in whom
a good response is obtained, may show a steady rise in the haemoglobin
level after treatment® Thrombocytopenia is usually noticeable by the
third week70'116. Various attempts have been made to protect the bone
marrow from the action of nitrogen mustard. Choline and hexamine
have been tried without any success117118 Placing tourniquets round the
limbs for 2 minutes after the injection of the “ bis ” compound has not
altered the haematological sequelae7d If the action on the bone marrow
is unusually severe, agranulocytosis, severe anaemia or thrombocytopenic
purpura may result.

Agranulocytosis. The development of this condition usually results
from the administration of too much of the “ bis ” compound. In some
patients and in some diseases, however, the bone marrow may be
unusually sensitive. Patients in the terminal stages of lymphomatous
diseases aremore liable to develop haematological complications8whereas
those suffering from bronchial carcinoma seem to be relatively resistant®.
Pharyngitis9l, stomatitis74® and lung infections may develop in the
absence of the normal body defences. In some cases penicillin, with or
without blood transfusion, has enabled the patient to recover from this
complication, but it has not infrequenly proved fatal.

Extreme caution should be exercised in treating a patient with a
leucopenia. Patients with lymphomata sometimes have very low white
cell counts before any treatment has been given, and splenectomy has
been advised to correct this prior to giving nitrogen mustard119. However,
if the bone marrow can be shown to contain normal numbers of granu-
locyte precursors, the leucopenia may be disregarded, and a rise in the
white cell count may be anticipated after the treatment8L

Ana’inia. It is difficult to dissociate the antenna due to the disease from
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that produced by the “ bis ” compound. The occasional sudden drop in
red cell counts shortly after a course of injections has already been men-
tioned. This does not necessarily mean that treatment has failed, and if
the patient is maintained by blood transfusion a remission may still
follow®

Purpura. Although reduction of the platelet count is usual, purpuric
eruptions are not very common115116. Deaths from haemorrhage have
been reported® and these have been related to thrombocytopenia rather
than to the defect of blood coagulation which has been observed43 The
prolongation of the clotting time has been associated with the presence
of a heparin-like substance in the plasma but others have been unable
to confirm this findingl2

Liver Damage. Histological studies in one series of patients dying
shortly after nitrogen mustard therapy failed to reveal any specific changes
in the liver8&. There are, however, reports of liver cell necrosis®@ and
of deaths from liver failure7597108 The latter may have been due to
the underlying disease or homologous serum jaundice rather than the
results of nitrogen mustard therapy.

Testicular Damage. A reduction of active spermatogenesis following
the “ bis ” compound has been reported by several observers&68683

Neurological Disturbances. Although these were frequently observed
in animal investigations, they are not common in man, probably on
account of the relatively smaller dose used. Lightheadedness and
drowsiness have been mentioned3 toxic psychosis has been reported in
one patient12l and encephalopathy in another’s.  With some of the newer
nitrogen mustards that have been used in more recent clinical trials,
neurological symptoms have been quite commoni12

Skin Reactions. Maculo-papular rashes1l5 a varicelliform eruption8
and exfoliative dermatitislB3 have on rare occasions followed nitrogen
mustard therapy. It has been claimed that the risk of general toxic
reactions can be foretold by the result of a skin test with various dilutions
of the * bis ” compound106107. 1t appears, however, that the results of this
test depend entirely on the texture of the skin118

Other tissues. The suprarenals and kidneys do not show any specific
changes in patients dying shortly after a course of the “ bis ” compound.

Balance Studies. Negative nitrogen and potassium balances have been
demonstrated after nitrogen mustard administration12 Urinary copro-
porphyrin excretion is increased123

Plasma Proteins. Electrophoretic studies of plasma proteins after
administration of the “ bis ” compound show no consistent change118124

Conclusions

The nitrogen mustards, studied in the course of chemical warfare
research, have proved a useful therapeutic agent in medicine. They are of
value in the management of neoplastic conditions of the lymphatic tissues
and blood-forming organs. Unfortunately, however, their action is only
palliative, and unpleasant and dangerous side effects may be produced.
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The original nitrogen mustards form the basis of numerous potential
chemotherapeutic agents and research is proceeding to find new com-
pounds that are more active and less toxic. So far no new analogue has
been found that is of greater value in practice than the original “ bis ”
nitrogen mustard.

Since this article has been prepared, two extensive American reviews
have arrived in this country. Philips (Pharmacological Reviews 1950, p.
281) discusses the pharmacological aspects, and Karnofsky (Advances in
Internal Medicine, Vol. 1V, Interscience Publishers London 1950, p. 1)
covers a wider field.
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Introduction

The biological assay of digitalis preparations has been attempted by a
variety of methods, employing many of the more commonly used experi-
mental animals. Satisfactory agreement has not been obtained between
the results of these various biological assays, and this is probably due
to the effects of a large number of factors such as the variation in con-
centration of the different digitalis glycosides in different digitalis prepara-
tions, the effects of saponins, the adsorption of the glycosides by heart
and skeletal muscle and by serum albumins, and the great variations in
absorption, accumulation and excretion of the glycosides which may
result from the adsorption effect. The possible effects of these various
factors, make it very unlikely that any single method of biological assay,
can render a complete picture of the therapeutic value of every prepara-
tion of digitalis. Chemical assays in which the digitoxin content, or the
mixed glycoside content of digitalis preparations was weighed have been
described by Kellerl, Martindale2and Tschirch and Wolter3

A colorimetric estimation based upon the orange colour developed
when suitable solutions of the active principles of digitalis preparations
are mixed with an alkaline picrate solution was reported by Baljet4 in
1918. This reagent, it is claimed, is specific for molecules containing

/ CH2-c=0
the unsaturated lactone grouping —C i found in the
CH &6

aglycones of the digitalis glycosides. The Baljet reaction has been used
by Knudson and Dresbach5 and Bell and Krantz6 as the basis of a
colorimetric assay of digitalis preparations. Hagemeier7 found that the
greatest colour activity, using the Baljet reagent, was given by an inert
glycoside diginin, whilst Knudson and Dresbach5 Ockeloen and Timmers8
and Carratala9 found that an assay based on this reaction yielded
results which agreed with one or other of the biological assays. Dyerl0
Wasicky and co-workers1l, and Vos and Welsh12 however, found no
agreement between such a colorimetric assay and one or other of the
biological assays. Anderson and Chenl3 used a modified Raymond
method, based on the blue colour which develops when alcoholic glyco-
sidal solutions are mixed with an alkaline solution of /nclodinitro-
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benzene in alcohol, for the colorimetric assay of digitalis tinctures.
CénbackXM has criticised this assay method. Wasickyl5 has described
colour reactions of the digitalis glycosides and aglycones with 3:5-di-
nitrobenzoic acid, and with sodium nitroprusside by which he could
estimate the concentrations of glycoside and of aglycone in solutions
where both are present. The results of a colorimetric assay of digitalis
preparations would be expected to agree with those of a biological assay,
only if the intensity of the colour produced by each glycoside were propor-
tional to the degree of physiological change it produced. Colorimetric
and biological assays might conceivably yield comparable results when
one is dealing with pure glycosides, but the results of a colorimetric assay
of digitalis preparations are not likely to agree consistently with those
of a biological assay.

E xperimental

I. Investigation of the baljet reaction

For this investigation, and for the comparative assays carried out as
described in the following pages, a standard tincture of digitalis was pre-
pared as follows:—

The Preparation of Tincture A. ICC g. of a coarsely powdered sample
of digitalis leaf, containing 1T4 units of activity per g. were continuously
extracted for 6 hours in a Soxhlet extractor, with 500 ml. of absolute
alcohol. The resulting extract was cooled, adjusted to 500 ml. by the
addition of absolute alcohol, allowed to stand for 48 hours and clarified
by filtration through coarse filter paper. This tincture represents a 1in 5
extract of the digitalis leaf.

The Method of Developing the Colour from Various Samples of Tinct-
ure A. The volume of tincture used was added to 15 ml. of distilled
water and 2 ml. of freshly prepared 12-5 per cent, solution of lead acetate
added. The volume was adjusted to 25 ml. with distilled water and
filtered through paper. 12-5 ml. of the filtrate was placed in a 25-ml.
volumetric flask, and 2 ml. of a 4-7 per cent, solution of disodium phos-
phate containing 7 molecules of water of crystallisation, was added.
The contents of the flask were mixed and the whole diluted with distilled
water to 25 ml., mixed, and filtered through paper. This decolorisation
process has been described by Knudson and Dresbach5 The filtrate
was again clarified by filtration through a sintered glass filter number D4,
to remove traces of the phosphate precipitate which are. not retained
by the coarser Whatman No. 1 filter papers, used in the above operations.
12-5 ml. of this final filtrate was placed in a dry-stoppered bottle. Fresh
samples of the Baljet reagent were prepared by mixing stock aqueous
solutions of sodium hydroxide in 10 per cent, w/v concentration, and of
picric acid in 1 per cent, w/v concentration, in the proportions of 5
volumes and 95 volumes respectively. The mixture was then filtered
through a sintered glass filter, number D4. 12-5 ml. of the Baljet reagent
was added to the 12.5 ml. of glycosidal filtrate in the bottle and mixed.
12-5 ml. of the Baljet reagent was mixed with 12-5 ml. of distilled water
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for use as the “ control ” solution. The intensities of the coloured solu-
tions obtained by this colorimetric method, were compared by means
of the “ Spekker” photoelectric absorptiometer H 454. The colour
filters OBI, supplied with the instrument were used.

The Variation with Time of the Intensity of the Colour Developed in
the Baljet Reagent. Bell and Krantz in their original work, measured
the intensity of the coloured solutions 20 minutes after mixing the Baljet
reagent with the glycoside filtrates. In their later papers they have
extended this period from 20 to 40 minutes. The variation of colour
intensity with time was therefore investigated. i0 ml. of each of the
decolorised filtrates from (a) TOml., (b) T5 ml., (c) 20 ml. and (d) 2-5 ml.
of tincture A was mixed with 10 ml. of the Baljet reagent. The filtrates
and the Baljet reagent were all clarified by filtration through Whatman
No. 50 filter papers, 10 ml. of the Baljet reagent was mixed with 10 ml.
of distilled water to form the “control.” The intensity of the colour
developed was measured by comparison with this “ control ” at intervals
of 5 minutes for 90 minutes, and then at intervals of 20 minutes for a

Drum Readings of “ Density.

“ Spekker "

Fig. 1. Effeot of time on the colour developed in the Baljet Reaction. Topmost
graph, 2-5 ml. of tincture A; middle graphs, 2-0 ml. and 1-5 ml., and the lowest
graph, 10 ml. of tincture A.
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further 2 hours. A final reading was made after 24 hours. The results
are shown in Figure 1

The results presented in Figure 1 show that the difference in intensity
of colour between the solutions tested and the reagent control takes 40
to 60 minutes to reach a maximum, after which the readings are fairly
stable for about one hour, and fall very slightly over a period of about
3 hours. The more dilute glycosidal solutions differ slightly, as can be
seen in the cash of the readings for TO ml. of tincture A where the
readings fall from about 0T85 to 0170 quite markedly, within about 3
hours.

After 24 hours, the readings have fallen very considerably. The
question arises, whether this fall in the readings is due to a decrease
in intensity of the colour of the glycosidal solutions with age, or to an
increase in intensity of that of the Baljet reagent with age, or to both
effects. In order to study the variation with time, of the intensity of the
colour (a) developed from a glycosidal solution and (b) of the Baljet
reagent itself, four glycosidal solutions were prepared from four different
volumes of tincture A, clarified through a Whatman No. 50 filter paper,
and 10 ml. of each mixed with 10 ml. of Baljet reagent. 10 ml. of the
Baljet reagent was also mixed with 10 ml. of distilled water to form the
Baljet reagent control solution.  After 1 hour, readings were made
as follows. The two blue filters O.B.I were used. The orange filter
0.Y.2 for the right hand side of the absorptiometer was placed in
position. The water cell was placed on the left hand side of the instru-
ment and the absorptiometer set at zero. The orange filter was removed
and one of the five coloured solutions, in a 1 cm. path absorptiometer
cup, was placed in position. The galvanometer was brought back to zero
by closing the right hand light shutter, by turning the calibrated drum.
The reading on the drum was taken. The readings were repeated 24
hours later. The results are shown in Table I.

TABLE |
Effect of time on the colour developed in the baljet reaction

Difference in “ density ” between the Differences in “ density ” between the
Volume of orange filter O.Y.2 and the soluticns intensity of each coloured glycoside
t|n_ctur|e A under test solution and the " control ”

in ml.
after 1 hour after 24 hours after 1 hour j after 24 hours

10 e 0-247 0-337 0-182 0-065
15 0-174 0-315 0-255 0-087
2-0 e 0-130 0-286 0-299 0-116
2-5 0-038 0-249 0-341 0-153
Nil
" Control” ... 0-429 0-402

The results given in Table | and Figure 1 show that the intensity
of the colour developed from these glycosidal solutions when mixed with
alkaline picrate solution, rises to a maximum in 40 to 60 minutes and
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begins to decrease 2 or more hours after mixing. The intensity decreases
very markedly during the 24 hours after mixing. The intensity of the
colour of the alkaline picrate reagent is reasonably constant during the
24 hour-period following its preparation, the intensity of the colour
increasing very slightly. It was decided to make all Spekker readings
of “ density ” 1 hour after mixing the glycosidal filtrates with the Baljet
reagent.

The Preparation of Calibration Curves for Tincture A. Method A.
The results obtained using the method of colour development described
on page 881 are shown in graphical form in Figure 2. In most cases

each point plotted represents
the average of 10 individual
estimations of “density ”
for the volume of tincture A
used.

Method B. Method A
corresponds in  essentials
with the method described
by Bell and Krantz. It car.
be seen that the increase in
the intensity of the colour
developed becomes less as
the volume of tincture used
increases, so that volumes
of about 3 0 ml. or more of
a normal pharmacopoeia!
tincture cannot be estimated
colorimetrically with a high
degree of accuracy. For this
reason a second calibration
curve was prepared in which
the final coloured solutions
were diluted with an equal
volume of distilled water
before estimating the inten-
sity of colour by means of
the Spekker absorptiometer.
The procedure was as
follows: —

Fig. 2. Calibration curve for tincture A using 1
method A. the decolorisation process
were filtered through acid-washed Whatman No. 50 filter papers.
2. 10 ml. of each filtrate was mixed with 10 ml. of the Baljet reagent,
also filtered through a Whatman No. 50 filter paper.

3. 20 ml. of the “control” solution was prepared by mixing 10 ml.
of the Baljet reagent and 10 ml. of distilled water.

4. The colours were allowed to develop for 1 hour.
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5. Each of the coloured solutions including the “ control ” solution* was
then diluted with 20 ml. of distilled water.

6. Immediately after dilution, the intensity of the colour of each of the
glycosidal solutions was estimated by comparison with the diluted
“ control ” solution.

The results are presented in graphical form in Figure 3. Each point
represents the average of 20 individual estimations of “ density ” for the
volume of tincture A used. The standard deviation of the results using
these 2 methods was about the same, and varied between 2 per cent, and
8 per cent., so that there is free choice of method. The method B has
been used by the authors, since, as can be seen from Figures 2 and 3,
the curvature of the calibration curve is much less in the case of Figure 3
for the larger volumes of tincture A.

Il. The comparison of the potencies of tinctures x and a using the
COLORIMETRIC METHOD

The Preparation of Tincture X. This tincture was prepared by
macerating for 2 days with 500 ml. of alcohol (70 per cent.), 50 g. of the
same sample of powdered
digitalis leaf as was used to
prepare tincture A. The
liquid was then strained off,
the marc pressed, and the
expressed liquid mixed with
the liquid strained from the
marc—allowed to stand for
48 hours and clarified by
filtration through coarse fil-
ter paper.

The Comparison of the
Colour Intensities developed
by Tinctures X and A. Five
comparisons were made
using for each:—(1) Two
volumes of tincture X, (2)
Two volumes of tincture A,
(3) One volume of tincture
A
was decolorised by the
method of Knudson and
Dresbach (page 881) and
the intensities of the col-
oured solutions which were
Fio. 3. Calibration curve for tincture A using produced when the decolo-
method B. rised filtrates were mixed
with the Baljet reagent, were compared by the method B described above.

The Calculation of Relative Potency. The potency of tincture X
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expressed as a percentage of tincture A was calculated front tbe
formula:-

i Rx Rioo
\RIOO — R50/

100,

where Rx = the reading of “ density " for the coloured solution delivered
from two volumes of tincture X, R 10= the reading of “ density ” for the
coloured solution developed from two volumes of tincture A, and
R”o”reading of “density” for the coloured solution developed from
one volume of tincture A. This formula was used by Bell and Krantz’
in their colorimetric assay. The volumes of tinctures used by them
were:—50 ml. of tincture of unknown strength, 5-0 ml. of the U.S.P.
Reference Standard Powder Tincture, and 50 ml. of the U.S.P. Refer-
ence Standard Powder Tincture, diluted with an equal volume of alcohol
(71 per cent.). The results of the five assays are shown in Table Il

TABLE I

Comparison by the colorimetric method of tinctures A and X

The percentage

potency of
. i i tincture X
Assay Volume of  Reading Volume of  Reading  Volume of  Reading relative to the
number  tincture X of. tincture A of tincture A of potency of
used, in ml. " Density ” used, in ml. “ density ” used, in ml. * density " tincture A
as obtained
from the
<RX) (R inn) <Rm) Bell & Krantz
formula
1 10 0 078 10 0-141 0-5 0 077 50
2 20 0135 2-0 0 233 10 0 136 50
3 30 0183 3-0 0-309 15 0-185 an
4 40 0-230 4-0 0-360 2-0 0 233 44
5 50 0 263 50 0-405 2-5 0-262 50

_ potency of tincture X 0-5
The mean ratio ----------------- - s en
potency of tincture A 10

Il. The comparison of the potencies of tinctures a and x by

BIOLOGICAL METHODS USING FROGS

Three assays using the method described by \iollerl' Six groups of
frogs were chosen for each assay, and 3 dilutions in 0 6 per cent, saline
solution of each of the 2 tinctures were made so that the expected
mortalities for the 3 doses of each tincture were about 20 per cent.,
50 per cent., and 70 per cent. Each of the dilutions was made so that
the dose volume was 0 02 ml. per g. of frog. Injection was made into
the ventral lymph sac, the needle being inserted in the thigh and directed
upwards to the lymph sac so as to pierce a small portion of the thigh
muscle. The frogs were inspected after 18 hours, and the mortality ratio
for each dose value was recorded.

The average dose value, and the average mortality ratio for each tine-
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lure were calculated from the results obtained, and these figures, along
with the 3 appropriate experimental results were used to plot a dose/
mortality line for each tincture, which was drawn by eye to pass through
the average dose/mortality point. The doses of the tinctures used, in ml.
per kg. of frog, form the abscissae and the percentage mortalities of the
frogs form the ordinates. From these two lines, the dose of each tincture
corresponding to 50 per cent, mortality, i.e., the LD50, was read off, and
the ratio between the LD50’s of the 2 tinctures was recorded as the ratio
of their potencies. The results of these three assays are recorded in
Tables 111, IV and V and Figures 4, 5and 6. In these figures, the volumes
of tincture A used have been multiplied by 2 since tincture Aisa 1in 5
extract, and tincture X is a 1in 10 extract of the sample of leaf.

Figs. 4, 5 and 6. Horizontal
scale shows the dose of tinc-
ture X in ml./kg. of frog and
the dose of tincture A in
ml./kg. of frog multiplied by
2. The arrows show the aver-
age dose/mortality points.

The Calculation of Regression Equations for Tinctures A and X.
Owing to the poor and irregular supply of frogs during the past years, it
was decided that any suitable frogs left over from the comparative assays,
and too few for a complete assay, should be used to obtain additional
dose/mortality readings. The combined results could then be used
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TABLE Il
Biological assay No. 1, carried out on six groups of ten frogs
Doses of Mean dose . ! Mean
Tincture tinctures in in ml./kg. Number of Mortality, ~ mortality,
used ml./kg. of frog of frog. deaths per cent. j per cent.
!
X 3-7 1 2/10 20 i]
X 4-4 - 44 3/10 30 ! 43
X 5-2 .] 8/10 80
A 1-9 1 4/10 40 ]
A 2-25 2*2 5/10 50 > 57
A 2-4 J 8/10 80 j
TABLE IV

Biological assay No. 2, CARRIED OUT ON SIX GROUPS OF TEN FROGS

Doses of Mean Mean
Tincture tinctures m dose in ml./kg. Number of Mortality. mortality".

used ml./kg. of frog of frog i deaths per cent. per cent.

X 4-15 4/10 40 1

X 5-2 5 6/10 60 , 6%

X 6*06 J 9/1C 90 i

A 1-9 1 3/10 30

A 2-25 \% 2-2 5/10 50 J\ 5e

A 2-4 ] 7110 70 J

TABLE V
Biological assay No. 3, CARRIED OUT ON SIX GROUPS OF TWENTY FROGS

. Doses of Mean Mean
Tincture tinctures in dose in ml.,/kg. Number of Mortality mortality.
used ml./kg. of frog of frog deaths per cent. per cent.
X 415 T 5/20 pi]
X 44 [ 46 6120 30 [
X 5-2 J 14/20 70 \]
A 1.9 1 6/20 30 1
A 2-25 1 22 10/20 50 J %
A 2-5 J 17/20 85 J
TABLE VI
Combined results of THE THREE BIOLOGICAL ASSAYS
| LD50 of Tincture X ' LD50 of Tincture A Potency of Tincture X
Assay number i in ml./kg. of frog | in ml./kg. offrog
Potency of Tincture A
1 4-55 2 15 0 4T
2 4-6 2-2 0 4*
3 4-8 2-15 0'45

_ potency of tincture X
The average ratio =—-------------=----=-mmunnmee = 0%47

potency of tincture A
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to calculate a regression line. The method described by Finneyl7 was
used.

0] The calculation of a regression equation for Tincture X. The
combined results obtained for tincture X are shown below (Table VII).

TABLE VII

Biological assay of tincture x

_ Dose of (X) #n) . f(r) .

tincture X in Log of No. of animals No. of animals Mortality, Probit Y

mi./kg. of frog dose injected which died per cent.
3-7 0-5682 27 4 14-7 3-95
4* 15 0-6180 30 9 30 4-47
4-4 0-6435 39 14 36 4-64
5-2 0-7160 47 3 66 5-41
6-06 0-7825 10 9 90 6-28

The final regression equation
was:—y = 4-84+10-22 (x - 0-685)

—10-22x - 1-84. The fiducial limits for the LD50
of tincture X at the 95 per cent,
The log. LD50<=m = 0-67. probability level are 4-45 ml. and
xzg = o 2 v@m = 0-000117 4-91 ml/kg. of frog. The best
X = om = 0-0108 estimate is 4-68 ml./kg. of frog.
and T = 1-88

(i) The calculation of a regression equation for tincture A. The
combined dose/percentage mortality results for tincture A are shown in
Table VIII.

TABLE VI

Relation between dosage and the percentage mortality in the

BIOLOGICAL ASSAY OF TINCTURE A
[

Dose of (X) . .
tincture A in Log dose (n) r Mortality, Probit Y
ml./kg. of frog per cent.

1-90 0-2788 48 7 35-4 4-39
2-25 0-3522 60 34 56-6 512
241 0-3820 40 29 73 5-42
2-50 03979 34 27 . 79-4 5-58

The equation for the regression The fiducial limits for the LD50
line is:—y=5-25+ 9-46 (x - 0-35 of tincture A at the 95 per cent,
= 9A6x + 1-95 probability level are:—
o) = 2-22 ey — 0-0119 1- 95 ml. and 2-20 ml./kg. of

frog.
V) =492 V([ =000014 The best estimate for the LD50 is
xa) = 0-676 m = 0-3229 2-10 ml. of tincture A per kg. of
frog.

889



H. BRINDLE AND G. RIGBY

(iii)  The calculation of the relative potency of Tinctures A and X from
their regression equations. The common slope b(AX of the regression
lines for the two tinctures is b(AX) =9-9+1-4.

A X2for parallelism was calculated to be 0-073. There is one degree
of freedom, and this figure is not significant. There is no evidence of
any conflict with the hypothesis that the two lines are parallel.

After inserting the figure b (AX into their regression equations, new
estimates for the log. LD50 (m) of tinctures A and X, were obtained: —

m@ - 0-324
mp> = 0'674.

From these values, the fiducial limits for the potency of tincture X
with respect to tincture A—the standard tincture—were calculated to be
0-41 and 0-48, at the 95 per cent, probability level. The best estimate

otency of tincture

for the ratid e~y — .--——--——--is 0-45."
potency of tincture

IV. The comparison of the results of the biological and chemical
ASSAYS OF TINCTURES A AND X
potency of tincture X

The results for the ratio —, .. ¥ are (i) by the chemical’
potency of’tincture A

assay, 0-50; (ii) by the bio-assay of Maqller, 0-47; (iii) by the com-
parison of regression equations for the frog mortality experiments,
045. If the third result is taken to be the most accurate, since it is based
on the reactions of 335 frogs, then the figure obtained by the chemical
assay differs by about 11 per cent., and the figure obtained by Mpller's
assay differs by about 4 per cent. On the whole, there is good agree-
ment between the results of the three assay methods. The use of the
simple dose/mortality line, as employed by Mgqller, is open to some
criticism. Gaddum18 and many other workers have described the advan-
tages of the use of the probit, and of the logarithm of the dose volumes.
It was therefore decided to use the Mqller assay only for a preliminary
estimation of relative potency, and to employ the type of assay described
by Gaddum18 where the slope of the probit/log dose curve is determined
in each experiment.

(@) The Effect of Saponins on the Biological and Colorimetric Assays of
Digitalis Preparations. The discrepancy between the results of cat and
frog assays, in the comparison of two tinctures of digitalis may be due
to the presence of digitalis saponins in one of the tinctures, since saponins
are reported to be much more toxic to cold-blooded animals than they
are to warm-blooded animals. Saponins may also be responsible for
the discrepancy between the results of the frog and the colorimetric
assays, reported by many workers, since the digitalis saponins do not
give a positive reaction with the Baljet reagent, as they do not contain
an unsaturated lactone grouping in the sapogenin part of their molecules.

(i)  Test for the. Presence of Saponin in the Sample of powdered Digitalis
leaf, used in the Preparation of Tinctures A and X. A 1in 10 infusion
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was prepared from 5 g. of the powdered digitalis leaf. To the filtered
infusion, sufficient sodium chloride was added to produce a concentra-
tion of 0-9 per cent. To 2-0 ml. of this solution in a test tube 2 0 ml.
of a 1in 40 dilution in normal saline of washed horse red blood cells
was added. The contents of the test tube were mixed, and re-mixed after
15 minutes—allowed to stand for 24 hours and inspected for haemolysis.
This test was repeated with TO ml.,, 0-5 ml. and 0 25 ml. volumes of
the saline-infusion solution. In all cases the volume was adjusted to
2-0 ml. with normal saline, before adding the blood dilution. Haemolysis
occurred in all cases.

(i)  The Preparation of Tinctures I, J, O and P. From the same sample
of powdered digitalis leaf as was used to prepare tinctures A and X the
following tinctures were prepared.

Tincture /. This was a 1 in 10 tincture prepared by the continuous
extraction of 100 g. of the powdered leaf, with 1000 ml. of absolute
alcohol in a Soxhlet extractor for six hours. The resulting extract was
adjusted to 1000 ml. by the addition of absolute alcohol, and clarified
after standing for 48 hours, by filtration through coarse filter paper.

Tincture J. 50 ¢g. of the powdered leaf was macerated for 2 days
with 500 ml. of alcohol (70 per cent.) according to the pharmacopceial
method. The resulting tincture was clarified by filtration through coarse
filter paper, after standing for 48 hcurs. Penau and Hardy19 and
Mellanoffd have reported that digitonin forms an insoluble complex
with various sterols, of which the cholesterol-digitonin complex is the
least soluble. Penau and Hardy describe the preparation of a digitonin-
ergosterol complex, which can be used for the quantitative estimation
of ergosterol. The solution in which the complex forms has an alcoholic
strength of about 90 per cent. This process was used as a basis for the
removal of saponin from a sample of tincture J as follows.

Tincture O. 100 ml. of tincture J was mixed, in a 500-ml. stoppered
bottle, with 100 ml. of absolute alcohol, and 100 ml. of a 0T75 per
cent, solution of ergosterol in absolute alcohol was added. This yields
a mixture of approximately 90 per cent, alcoholic strength. The mixture
was allowed to stand for 18 hours, at room temperature, and
the bulky precipitate of saponin-ergosterol complex, and other preci-
pitated matter, was filtered off through a sintered glass filter, and the
bottle and filter washed 3 times with a total of 50 ml. of absolute alcohol.
(The precipitate was later washed with 3 20-ml. quantities of alcohol
(70 per cent.). These washings when evaporated yielded only a slight
Keller-Kiliani reaction.) The filtered solution and washings were then
reduced to about 70 ml. by distillation under reduced pressure at a
temperature not exceeding 60°C. The contents of the distillation flask
were removed and adjusted to 100 ml. with the washings of the
distillation flask. Absolute alcohol was used for these washings. The
final 100 ml. of treated tincture was filtered through coarse paper after
being allowed to stand for 7 days.

Tincture P. 100 ml. of tincture J was mixed in a 500-ml. stoppered
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bottle with 200 ml. of absolute alcohol and allowed to stand for 13
hours. The mixture was then filtered through a sintered glass filter,
the bottle and filter washed with 50 ml. of absolute alcohol and the
filtrate and washings evaporated, as in the case of tincture O, to yield
a final volume of 100 ml. This was allowed to stand for 7 days and
filtered through a coarse filter paper. Tincture P was prepared as a
control for tincture O.

(iii)  Test for the Presence of Saponin in Tinctures of Digitalis.
Tinctures A, X, I, J, O and P were tested for saponin by the following
method. 20 ml. of each tincture was evaporated to dryness in an
evaporating dish, heated on a water-bath. The residue was thoroughly
mixed with 40 ml. of normal saline solution and the mixture filtered. It
was found that those tinctures which were later shown to contain saponin
yielded a residue which very easily passed into solution when saline
solution was added. Such solutions could be filtered clear only with
difficulty. The saponin-free tinctures yielded a residue which mixed with
saline only with difficulty and could be clarified very easily—filtration
through Whatman No. 1 filter papers was efficient. In each case, test tubes
were set up containing (1) 5-0 ml., (2) TO ml.,, (3) 0-5 ml., (4) 0-25 ml.,
(5) 0-125 ml., (6) 0 05 ml., (7) 0-025 ml. and (8) 0-01 ml. of filtrate, the
latter quantities being obtained by dilution of the primary filtrate with
saline. The volume of the liquid in tubes 3 to 8 inclusive was adjusted
to TO ml. by the addition of normal saline. To each tube was added
TO ml. of a 1in 40 dilution in normal saline of washed horse red blood
cells. Each tube was mixed and re-mixed 15 minutes later, allowed to
stand for 24 hours and inspected for haemolysis by viewing from above
against a white background. Where haemolysis had occurred, the solu-
tion was clear and red—the deposit if any was fine, and white, or grey,
not red—this is due to red cell stroma. W'here no haemolysis occurred
the deposit was red, and on shaking the mixture became opaque. The
results are shown in Table IX.

TABLE IX

Results of hemolysis test for the presence of saponin tn
TINCTURES A, X, I, J, O AND P

Millilitres
of filtrate A X | J O P

— ;. slight — * — Slight

?

* indicates haemolysis.
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Thus 0-025 ml. of filtrate from tinctures X, J and P just cause haemolysis,
and since the filtrates are 1 in 2 dilutions of the original tinctures, this
means that 0-0125 ml. of the original tinctures will just cause haemolysis
under these conditions. The total final volume is 2 0 ml., the Haemolytic

Index of these three tinctures is therefore about hx2 = 160. In

the case of tinctures A, | and O no haemolysis occurred even when 50
ml. of filtrate were used, and the haemolytic index must therefore be
less than 2-4. This shows that there is a clearly defined difference in
saponin content between tinctures A, O and | on the one hand, and
tinctures X, J and P on the other. With regard to tincture O, and its
control tincture P, these results show that the method employed for the
removal of saponin is efficient. With regard to tinctures.A, | and J, these
results indicate that absolute alcohol will extract a negligible amount of
saponin, whereas alcohol (70 per cent.) will extract appreciable amounts,
from a leaf which contains saponin.

(b) The Biological and Colorimetric Assays of Tinctures /, J, O and P.

0] The biological comparison of tinctures | and J. Six groups
each of 10 frogs were injected with appropriate doses of the 3
tinctures following the method described by Mpller. The ratio

potency_of :I'_lncture_J was found to be 0-84.
potency of tincture |

Three further comparisons were made using the method described
by Gaddum18

Assay No. 1. Four groups, each of 10 frogs, were used. The ratio
potency of tincture J was "Qunij tQ be The iim;ts wjthin which
potency of tincture |
this ratio lies, at the 95 per cent, probability level, corresponding to £ 196
standard deviations, were calculated to be 0-79 and 0-95. The weight
of the estimate was calculated to be 2158.

Assay No. 2. Four groups each of 10 frogs were used. The ratio
potency ofjtincture J was found t0 be 0-81. The limits within which
potency of tincture |

this ratio lies at the 95 per cent, probability level were calculated to be
0-75 and 109. The weight of the estimate was 853.

Assay No. 3. Four groups each of 25 frogs were used. The ratio
potency of tincture J was found tQ bg Q89 Thg Jimits within which this
potency of tincture |

ratio lies at the 95 per cent, probability level were calculated to be
0-83 and 0-96. The weight of the estimate was 3,415.

The weighted mean of the 3 results obtained in these assays, for the

. potency of tincture J calculated t0 be 0.87. The total weight
ratio : was

potency of tincture |
of this estimate was 6426 and, at the 95 per cent, probability level, the
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limits within which the weighted mean of the results of the three assays
lay, were 0-85 and 0 90.

C. As before (page 887), the combined results from the above assays
were used to calculate regression equations for tinctures | and J as
shown below.

Tincture I.  Altogether 186 frogs were used to prepare a regression
line for tincture 1. The regression equation was calculated to be
y = 1104x - 1-51. The best estimate of the LD50 was found to be
39 ml of tincture | per kg. of frog. The fiducial limits of the LD50
at the 95 per cent, probability level were 3-7 ml. and 4-1 ml. per kg. of
frog.

Tincture J. Altogether 133 frogs were used to prepare the regression
line. The regression equation was calculated to-be y=1T34x-2-51.
The best estimate of the LD50 was 4-6 ml. of tincture J per kg. of frog.
The fiducial limits of the LD50 at the 95 per cent, probability level
were 4-4 ml. and 4-9 per ml./kg. of frog. A calculation of the relative
potency of these 2 tinctures from the above data is made below: page 895.

(i) The biological comparison of tinctures O and P. Three com-
parisons were made using the method described by Gaddum1i8

Assay No. 1. Four groups, each of 10 frogs, were used. The ratio
potency of tincture O
potency of tincture P
this ratio lies at the 95 per cent, probability level, were calculated to be
0-88 and 1-21. The weight of the estimate was 787.

Assay No. 2. Four groups, each of 10 frogs, were used. The ratio
1 ™
botency Of tincture O ¢ tfund to be 0-99.  The lims within which
potency of tincture’P
this ratio lies at the 95 per cent, probability level were calculated to be

0-85 and 1-16. The weight of the estimate was 886.

Assay No. 3. Four groups, each of 15 frogs, were used. The ratio

potency af tincture O < tsund’to be 0°96. The limits within which
potency of tincture P

this ratio lies at the 95 per cent, probability level were calculated to be
0-82 and 1 11. The weight of the estimate was 986.

The weighted mean of the three results for the ratio
potency of tincture O
potency of tincture P
this ratio lies at the 95 per cent, probability level were calculated to be
092 and 109. The total weight of the estimate was 2659.

The combined results from the above assays were used to calculate
a regression equation for tincture O.

Altogether 107 frogs were used to calculate the regression equation.
The equation for the regression line was calculated to be y=932x - 1-37.
The best estimate of the LD50 of tincture O was calculated to be 4-8
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ml./kg. of frog. The fiducial limits for the LD50 at the 95 per cent,
probability level were 4-5 ml. and 5-4 ml. of tincture O per kg. of frog.

The combined results from the above assays were used to cal-
culate a regression equation for tincture P. Altogether 123 frogs were
used to calculate the regression line. The regression equation was calcu-
lated to be y= 1059x- 1-94. The best estimate of the LD50 of tinc-
ture P was 4-5 ml. per kg. of frog. The fiducial limits for the LD50
of tincture P at the 95 per cent, probability level were 4-3 ml. and 4-8
ml./kg. of frog.

(iii)  The comparison of the potencies of tinctures I, J, O and P from
their regression equations. The common slope “ b ” of the regression
lines for the four tinctures is

b= 10-57%I-39.

A X2 test for parallelism was calculated to be 0-26. There are three
degrees of freedom, so that this figure is not significant, and there is no
evidence of any conflict with the hypothesis that the 4 lines are parallel.

New estimates for the log. LD50 (m) were obtained from the four
regression equations into which the figure for the common slope (10-57)
had been inserted:—n(l) = 0-590, n(J) = 0-660, A(0) = 0-680, mMP) =
0-656.

From these values the following ratios were calculated:—

() The potency of tincture J in terms of tincture I.

(b) The potency of tincture O in terms of tincture 1.

(c) The potency of tincture P in terms of tincture 1.

(d) The potency of tincture O in terms of tincture P.

The results are shown in table X.

TABLE X
Relative potencies of tinctures i, j, o and p
B s O ey | Best estimat
(@) TINCIUrE J oo 79-3 to 90-2 per cent. 84 -6 per cent.
(b)  TinCture O ..coevecvcriieeee s 75-5 to 86-7 per cent. 81 per cent.
(€)  TINCUIE P 77 +8 to 94«7 per cent. 85-9 per cent.
(d) Tincture O expressed as a per cent, of j  87-6 to 101 -5 per cent, j 94 <3 per cent

tincture P.

The figures for the relationship between tinctures O and P indicate
that tincture O is some 5 per cent, weaker than tincture P. This difference
in potency falls within the limits of experimental error.

The removal of saponin from this sample of Tincture of Digitalis
has caused no significant difference in the potency of the saponin-free
tincture as estimated by this method of biological assay. The combined
results of the biological assays, for the ratios of the potencies of
tinctures 1, J, O and P, are shown in Table XI.
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TABLE XI

R atios of tinctures i, j, o and p, obtained by the different procedures

Ratio of potencies of tinctures —

J 0 0]
Method of calculation L
| 1 i
Moller A ssay 0-84 _ - -
Gaddum Assay 0-87 — — 100
Regression Equations... i 0-85 0-81 0-86 0-94

(iv)  The colorimetric comparison of tinctures I, J, O and P. The

estimation of the relative potency of Tinctures | and J using the Bell
and Krantz formula. Three assays were carried out using for each: (a)
2 ml. of tincture J, (b) 2 ml. of tincture I, (c) 1 ml. of tincture 1. Each
volume of tincture was decolorised by the method of Knudson and
Dresbach. Final clarification was effected by means of Whatman acid-
washed No. 50 filter papers. The colours were developed, diluted anc
their intensities compared by the method B described on page 884. Three
more assays were carried out in the same way using: (a) 3 ml. of tincture
J, (b) 3 ml. of tincture I, (c) 15 ml. of tincture I.

For each of these 6 assays,
the intensity of the colour
developed from tincture J
was compared with that
developed from tincture | by
means of the Bell and
Krantz formula (page 886).
The results are shown in
Table XII, the potency of
tincture being expressed, not
as a percentage of that of
tincture 1, as in the Bell and
Krantz formula, but as the
corresponding  ratio, in
which the potency of tinc-

ture | is regarded as unity.

2.
Relative Potency of Tinc-
tures | and J by the com-
parison of  Calibration
Fig. 7. Calibration curve for Tincture I. Curves for the two Tinc-
tures. The calibration curve
for tincture 1. A “density ” calibration curve was contructed for tincture
I. In most cases 10 separate experiments were carried out for each
volume of tincture, and the colours were developed, diluted, and estimated
as described on page 884. The results are shown in graphical form in
Figure 7.
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The calibration curve for tincture J. The combined results for
tincture J are shown in graphical form in Figure 8. A comparison of
the two curves (Figures 7 and 8) at the 0T00, 0 200 and 0T50 “ density ”

potency of Tincture J _

|evels, indicates that the mean ratio ﬁft@ﬁéy of tincture YB_ 0-87.

TABLE XIlI
Potency of tincture j expressed in terms of tincture i as in
the Bell and Krantz formula
Tincture J Tincture | Tincture | Ratio —
Potency of
Assay Reading Reading Reading tincture J
No. Volume of Volume of Volume of Potency of
in ml. " density ” inml. " density ” in ml " density 7 tincture |
1 2-0 0-133 2-0 0150 1-0 0-088 0-86
2 20 0-129 2-0 0-153 1-0 0-083 0-86
3 2-0 0-125 2-0 0-145 1-0 0-084 0-84
4 3-0 0186 3-0 0-207 1-5 0-119 0-88
5 3-0 0-182 30 0-205 1-5 0-115 0-87
6 3-0 0-188 3-0 0-212 1-5 0-120 0-87

Potency of tincture J
Average ratio---------------—-- oo = 0-86
Potency of tincture |

3. The Comparison of Tinctures O and | Using the Bell and Krantz
Formula. Six assays were carried out by the method used to compare
tinctures J and |, and described above. The mean ratio of the six assays
potency of tincture O _ 0-86
potency of tincture | '

4. The Comparison of Tinctures P and | Using the Bell and Krantz
Formula. Six assays were carried out as described above. The mean

ratio of the 6 assays was calculated to be: P°tency °¥ tincture P _ Qo
potency of tincture |

5. The Results Obtained for the Colorimetric Comparison of the
Potencies of Tincture 1, J, O and P. These are shown in Table XIII. As
can be seen from the result in column 5, the removal of saponin from a
saponin-containing tincture of digitalis has no effect on the chemical

was ca|cu|ated to He

TABLE XIlII

Results of colorimetric assay of tinctures i, j, o and p
i
Ratios of Potencies of tinctures :—

. (@3] (©)] @) &
Method ofcaléu%atlon employed J 0 P 8 from the
— results shown
| 1 | P in columns
(3) and (4)
0-86
The Bell and Krantz formula 0-86 0-86 0-88 088 = 0-98
Comparison of calibration curves ... 0-87 — —_
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assay of the tincture when a method employing the Baljet reagent is
used.
(v)
the Results of the Biological
and Chemical Methods of
Assay for Tinctures I, J. O
and P. A comparison of
the results recorded in
Tables X1 and XIII shows
that the chemical and bio-
logical comparisons agree
closely in the cases of tinc-
tures J and | and of tinctures
P and I. In the comparisons
of tinctures O and | there is
a difference of about 6 per
cent, between the result of
the colorimetric assay using
the Bell and Krantz formula
and the result obtained by
the comparison of regression
Fig. 8. Calibration curve for Tincture J equations for the frog
mortality experiments. This
difference is again apparent in the comparison of the biological
and chemical assays of tinctures O and P, when the result
of the “regression” method is compared with that of the chemical
method.  The result of the Gaddum assays, however, agrees closely
with that of the chemical method. It can be said in conclusion that
the removal of saponin from a saponin-containing tincture of digitalis
has no appreciable effect on its potency as estimated by the method of
assay using the frog described above, or as estimated by the colorimetric
method using the Baljet reagent. The results of the “ frog ” assays and
of the colorimetric assays agree quite well, but it should be remembered
that all 6 of the tinctures compared—A, X, I, J, O and P—were pre-
pared from the same sample of powdered Digitalis Leaf.

Volume of Tincture J in millilitres.

Summary

1 The comparison of the potencies of tinctures of digitalis, by a
chemical method employing the Baljet reaction, has been investigated.
Several modifications have been employed, and a method in which the
final coloured solutions were diluted with an equal volume of distilled
water has been preferred. The period during which the colours are
allowed to develop has been extended to 60 minutes, and a method of
calculation using the Bell and Krantz formula has been used.

2. Biological assays using the methods described by Moller and by
Gaddum have been employed, and regression equations have been cal-
culated. The results of these biological assays agree amongst them-
selves, and also agree fairly well with the results of the chemical assays.
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3. The effect of the removal of saponins from a saponin-containing
tincture of digitalis has been investigated. Both biological and chemical
methods of comparison indicate that the removal of saponin has no effect
on the potency of a saponin-containing tincture of digitalis.

4. All the tinctures used in these comparisons were prepared from
the same sample of powdered digitalis leaf. It is not claimed that the
results of a chemical assay such as the one employed would agree with
the results of a biological assay if the potencies of tinctures prepared
from various samples of digitalis leaf were compared.
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DISCUSSION

This paper was read in abstract by Mr. G. Rigby.

Mr. K. L. Smith (Nottingham) remarked that the paper would have
been more valuable if the authors had compared more than one sample
of digitalis powder instead of examining all the tinctures prepared from
one sample. He did not think that the paper proved that the chemical
method gave results equivalent to the biological assay; it would be
possible to think of other physical characteristics of the solution which,
under the author’s conditions, would have given the same potency ratio.

Dr. G. E. Foster (Dartford) said that in his experience the Baljet
reaction, unless used with a very sensitive absorptiometer, could be a
snare and a delusion. The reagent, alkaline sodium picrate, was yellow
and the colour formed was orange. Assays made with a visual colori-
meter were unreliable owing to the inability of the eye to match colours of
that nature. Digitalis was used therapeutically to slow down the heart
but pharmacologically it exerted two effects: one was a cardiotonic effect
which might be measured by the minimum dose required to slow the
heart in a guinea-pig assay, and the other was the cardiotoxic effect which
would stop the heart and kill the animal. Were these two pharmacolo-
gical properties comparable? If the cardiotoxic effect was measured,
was that a measure of the cardiotonic effect which was used clinically?
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In some recent Japanese work, a glycoside of an acidic character had
been isolated, and in that work it had been suggested that the cardiotonic
and cardiotoxic principles were not the same. At this stage, it would
be extremely dangerous for anybody to attempt to base the biological
standardisation on the chemical assay. There was another difficulty with
the biological assay of digitalis preparations. The international standard
was a sample of dry powdered digitalis leaf. That was sometimes used
in order to standardise such preparations as digitoxin. The substance
chosen for the standard was not of the same nature as the substance under
test. It would be better, if one were going to standardise a preparation
of digitoxin, to use as standard a purified preparation of digitoxin as was
done in the U.S. Pharmacopoeia.

Mr.H. S. Grainger (London) commented on the altered use of digitalis
tablets in recent years. Clinicians had expressed the opinion that with
the digitalis tablets now in use it was possible to achieve the desired
clinical effect with a smaller dose, about half the previous requirement.
This might be due to improved methods of preservation or of tableting
and it would be interesting to know whether any alterations had been
made in the criteria of the analysts in doing these assays.

Mr. C. J. Eastland (London) asked whether the authors had carried
out parallel assays on aged tinctures made from the same batch of leaf.
He had examined a very large number of samples of the chloroform-
soluble glycosides, which were a variable mixture of .digitoxin, digitalin
and some of the aglycones, and when a chemical assay was applied to
such samples, there was a great variation in the ratio of these results to
those obtained biologically. In a series of 14 samples, the ratio varied
from 1:4 to 5. This was quite easy to understand if it was realised that
the Baljet reaction depended upon the unsaturated lactone grouping in
the glycoside molecule. If hydrolysis occurred to the extent of splitting
up the sugar moiety, there would still be presumably the intact saturated
lactone ring and that would still give the reaction. In a tincture there
would be the aglycone present in the same proportion as in the original
glycoside, but in isolated glycosides a good deal of the sugar
fraction would have been eliminated and there would be a much higher
proportion of the aglycone. If digitoxin were hydrolysed to give the
aglycone and the aglycone were tested by the method in question, one
would get a colorimetric assay roughly twice that given by the original
glycoside. As ageing occurred, one would get an increasing quantity of
aglycones, and he would like to ask whether, in the opinion of pharma-
cologists, such a tincture, though giving an assay figure corresponding
t% that of the freshly-made tincture, would have the same therapeutic
effect.

Mr. H. Deane (Sudbury) said that there was not much evidence that
the therapeutic activity of digitalis was closely proportional to the frog-
killing power, and the different samples of digitalis did not produce
parallel results when frogs, cats or guinea-pigs were used. He thought
that everybody who had had to have physiological tests done would be
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pleased if they could use a chemical method instead. The Pharmacopoeia
laid down limits of 7-6 and 12-4 and there were very few chemical tests
which could not give closer results than that. They should be as close
to the therapeutic effect as the biological method.

Mr. G. Rigby, in reply, said that the use of tinctures prepared from
different samples of digitalis leaf was the next step in their programme.
They must also attempt to separate the glycosides digitoxin and gitoxin
in order that an assay of the content of each could be made in any
particular tincture or sample of digitalis leaf. It was not claimed that the
colorimetric assay would give satisfactory results if it were used for
tinctures prepared from different samples of leaf.

For estimating the intensity of the orange colour produced in the Baljet
reaction they had used the Spekker absorptiometer with the blue filters
supplied with the instrument. The results were quite reasonable, with a
standard deviation of 2 to 8 per cent. The fact that the biological assay
depended for its end-point on the death of the animal and thus differed
from the therapeutic object, was common to many such assays. However,
it was the most suitable means available at the moment for assaying
digitalis preparations. With regard to the cardiotonic and cardiotoxic
effects he believed that it had been suggested that the adsorption of large
amounts of digitoxin on heart or skeletal muscle and the various
tissues of the body was irreversible while the adsorption of aglycones and
of small amounts of digitoxin was reversible, or partially so, and that this
irreversible adsorption led to accumulation of the drug which eventually
might lead to the cardiotoxic effect. The international standard powder
was of no use in making a comparison of a particular glycoside, but pure
samples of digitoxin were available and one would, he imagined, compare
an unknown sample of digitoxin with a pure one. As yet he had only
assayed tinctures. He could think of no reason why the potency of
digitalis tablets should be increased as reported by Mr. Grainger. A
good deal of work had been done on the ageing of tinctures, and he
thought that there was agreement that a tincture made with absolute
alcohol was much more stable than onCmade with a weaker alcohol. This
was possibly connected with the hydrolysis of the glycoside to the genin
and aglycone. Such hydrolysis would not occur to any extent in a
tincture prepared with absolute alcohol.

Professor H. Brindie, Who also replied, said that the work described
in the paper had been undertaken because in,the American literature it
was reported that the Baljet reaction gave a fairly accurate figure with
regard to the activity of digitalis preparations when compared with bio-
logical methods. There was no satisfactory accouht from English workers
and he felt it desirable that some work on the problem should be done in
this country. Only one sample of digitalis leaf had been examined as it
was thought better to examine the tinctures from this sample of digitalis
thoroughly before proceeding with other studies. Over 1000 frogs had
been used and the work had occupied about two years.
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A study of the extensive literature dealing with the antibacterial drugs
of the acridine series reveals three main lines of approach to the problem
of their mode of action.  Firstly, a large number of derivatives of
acridine have been synthesised, and activity correlated with structure.
Secondly, a number of physico-chemical properties of many members
of the series have been determined and related to biological action;
most of the knowledge accumulated in these two fields of investigation
is due to the work of Linnell, Albert and their collaborators. Thirdly,
the problem of biological activity has been partially elucidated through
a study of bacterial nutrition and enzyme chemistry by Mcllwainl,
Quastel and Wheatley2 and Dickens’. Hinshelwood4 and his collabora-
tors have contributed important studies on the effect of some acridine
derivatives on the lag-phase of bacterial cultures, an important feature
of this work being the production of drug-resistant strains of bacteria
by a process of training.

Perhaps the most widely accepted theory of acridine action is the
basicity theory of Albert and his collaborators, who have shown that
the most active members of the series are well ionised at pH 7, this con-
dition facilitating attachment of the inhibitor to the surface of an enzyme
protein. This theory does not account for the appearance of bacterio-
static activity within the series as a whole; as far back as 1922, it was
recognised through the work of Browning et al.s that the intact acridine
nucleus was necessary for full activity, and possessed some property
not shared by the related heterocyclic compounds pyridine, quinoline,
and phenazine. This conclusion was later supported by Berry6 who
found some acridanes to be quite ineffective as bacteriostatics, and also
by Albert, Francis, Garrod and Linnell7, who found acridone derivatives
to be devoid of activity. More recently, Albert8 has attributed the out-
standing biological activity of the acridines as a whole to the flatness of
the acridine molecule, which facilitates adsorption at an enzyme surface.

Following the work of Mcllwainl, who concluded that the acridines
act by displacing a hydrogen carrier from the active centres of an enzyme,
Breyer, Buchanan and Duewell9 attempted to correlate the activities of
a number of acridines with their reduction potentials, measured polaro-
graphically, and suggested a direct relationship between the two.

Certain anomalies were apparent in the polarographic results of these
workers, who, while reaching the general conclusion that the acridines
were reduced at the dropping mercury electrode in two one-electron
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stages, described a three-stage reduction in the cases of acridine and
4-aminoacridine. In the former case, the height of the first step was
found to be independent of concentration for concentrations between
104V and 10 M. From this behaviour, it was deduced that acridine
exists only as a dimer at concentrations higher than 10'4M. This con-
clusion appears doubtful, for the mass law would predict some non-
linear relationship between concentration and step height. The second
step of reduction was found by Breyer et al. (loc. cit.) to disappear at
concentrations below 10 M. To explain the peculiar behaviour of acridine
and 4-aminoacridine, the formation of a compound between oxidant and
the free radical product of the first reduction step was suggested.

The present series of polarographic studies was commenced firstly in
order to elucidate the above anomalous behaviour of acridine deriva-
tives, and, secondly, to attempt to find some redox property of acridine
and its derivatives not shared by pyridine, quinoline, and phenazine,
which might account for the activity of the former compounds and the
comparative inactivity of the latter.  The polarographic behaviour of
acridine has already been described (Kaye and Stonehilll). In the pre-
sent paper, the behaviour of some of the aminocridines at the dropping
mercury electrode is described, and the biological significance of the
results discussed.

E xperimental

A manually operated polarograph was employed. The cell was a
modified form of one described by Kolthoff and Linganell, and was
constructed from a B40 Pyrex glass jcint. The capillary constants in
50 per cent, alcoholic buffer solution were as follows: m= 0-916 mg.sec'l,
t=4-2 sec. (with no applied potential). All dropping mercury electrode
potentials were measured against an immersion type saturated calomel
electrode, using standard potentiometric procedure.  Current was
measured by means of a calibrated damped Cambridge “ Spot ” Galvano-
meter. All experiments were carried out at 25°C. Cell solutions were
de-oxygenated by passing cylinder nitrogen, purified by passage through
a series of gas washing bottles containing alkaline hydrosulphite solu-
tion. The potential of the dropping mercury electrode was adjusted by
a tapped resistance network forming a potential divider, and could be
increased in steps of 10 mV., although steps of 20 mV. were usually
employed.

For studying the current-time relationship during the life of a single
mercury drop, an Ultrascope Mark | cathode ray oscilloscope was
employed, in conjunction with an external time-base circuit giving a
traversing time of about 5 seconds. This time-base, formed by charging
a 10 mfd. condenser through a 1 megohm resistance from a 450-volt
D.C. supply was not linear, but was round adequate for the purpose.
The cell current was amplified by means of a D.C. coupled amplifier
employing two EF50 valves, constructed in the laboratory. The out-
put from the amplifier was fed to the Y plates of the cathode-ray tube.
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Sorensen’s buffer solutions served as supporting electrolyte. In many
cases, 50 per cent, of alcohol was present in the cell solutions. The
pH values of these alcohol-buffer mixtures were determined by means
of a hydrogen electrode which could be inserted into the cell in place
of the dropping mercury electrode.

Of the materials used, 5-aminoacridine and 2:7- and 2 :8-diamino-
acridine, in the form of their salts, were purified by repeated crystallisation
from water. Very small amounts of the remaining mono-aminoacridines
were available in a pure state, and these were not further purified.

Results and Discussion

All the mono-aminoacridines, and also 2:7- and 2 :8-diaminoacridine
in aqueous solution yielded anomalous polarographic waves, multi-step
reductions being observed over most of the pH scale. The anomalies
were most marked in the
case of the mono-amino-
acridines. Examples of
the waves obtained are
shown in Figures 1 to 3.
Two main reduction
waves were discernible,
the complicating features
being, in the case of the
mono-aminoacridines, a
fore-wave on the first
main reduction step, and
additionally, in the case

Ed.m,e.(mV. - .

(mV.) of 1- and 2-aminoacri-

Fio. 1 Polarograms of 2-aminoacridine i -

(4 x 10-1 M); upper curve, pH 7'38, dhme’ andafter Well:\)/e -On

without alcohoi—lower curve, pH 829, the second step. During
with 50 per cent, alcohol. the recording of the

waves the galvanometer
oscillations were observed to proceed in a very jerky manner, especially
over the potential range corresponding to the fore-wave. Similar observa-
tions were previously made during the reduction of acridine (Kaye and
Stonehill, loc cit) and were found to indicate adsorption of electro-
active material on the surface of the mercury drop, this being the cause
of the anomalous reduction waves of acridine. It seemed probable that
the multiple waves of the aminoacridines were also due to the same
cause. To test this supposition, the current-time relations during the
life of a mercury drop were studied oscillographically during the electro-
reduction of 2:8-diaminoacridine. The results are shown in Figure 4.
The horizontal time scale may be judged from the 50 cycle A.C. ripple
superimposed on the tracings. The current-scale is indicated on the first
tracing. Tracings A to F show the current-time relationship over the
potential region occupied by the after-wave on the first reduction step;
these tracings should be studied in conjunction with the correspondingly
lettered polarographic wave shown in Figure 3. Tracings C, D and E
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show that after the detachment of the mercury drop, the current rises
with abnormal rapidity to a small maximum value, marked on the
tracings by a cross. Since the current flowing through the cell is com-
posed of the electrons
taken up by oxidant, it
appears from these cur-
rent maxima that the sup-
ply of oxidant to the drop
surface is being hastened
by marked adsorption on
the mercury. The slight
fall of current following
the maxima is probably
due to a temporary deple-
tion of oxidant in the
solution surrounding the
drop; when this is made
good by diffusion from
the main bulk of liquid
the current once more in-

creases, as shown in the Ed.m.e/mV.)

oscilloscope tracings. Fig. 2. Polarograms of 5-aminoacridine
Adsorption of oxidant St alconol-1ower curve, g, 1039 with

at the dropping mercury 50 per cent, a|’coph0|.

electrode is in keeping

with the presence of an after-wave on the current-potential curve, accord-
ing to the theory ofBrdickal2 Treating the dropping mercury electrode
as an inert-metal redox electrode, the electrode potential will be given by

_ RT j aox
E = E» + nFE ared
@

where aax and ared are the activities of oxidised and reduced forms
of electro-active material in the interface boundary layer, near the
mercury drop, n the number of electrons involved, R the gas constant,
T the absolute temperature, F the faraday, and EQL the standard redox
potential at a given pH. The presence of an appreciable amount of the
oxidant in the layer in the adsorbed state will result in a lowering of
the value of aox, and consequently a more negative value for E, and a
displacement of the polarographic wave to the right. This displacement
may be seen in Figure 3. Significantly, the abnormal current time
relationships shown in Figure 4 occurred only over the potential range
occupied by the after-wave.

It was shown by Kaye and Stonehill {Joe. cit.) in a polarographic study
of acridine that the inclusion of upwards of 50 per cent, of alcohol in
the supporting electrolyte would render acridine less lyophobic and thus
prevent adsorption of electro-active material on the mercury drop. It
was therefore decided to study the effect of increasing alcohol concentra-
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tion on the adsorption of 2:8-diaminoacridine at the dropping mercury
electrode. The current-time relationships were studied during the re-
duction of this compound in buffer solutions containing 20, 50 and 60
per cent, of alcohol, the

potential of the electrode

being maintained at

about - 1050mV s

S.C.E., corresponding to

the crest of the after-

wave. An alcohol con-

centration of 20 per cent,

was quite ineffective in

preventing adsorption

(Tracing G, Figure 4).

Increasing the alcohol

content to 50 per cent,

greatly modified the cur-

rent peak (tracing H) and

Edm.e.(mV.) 60 per cent, of alcohol

Fig. 3. Polarograms of 2:8-diamino- almost completely elim-

acridine (2 x 10"1 M); upper curve, ; ; ; ;
pH 7'58 without alcohol—lower curve, inated it. The inclusion
pH 8-29 with 50 per cent, alcohol. Letters ~Of 50 per cent, alcohol,

A to F correspond to Figure 4 tracings  though not completely

AtoF. eliminating  adsorption,

permitted a normal polarographic wave to be obtained, shown in Figure 3
along with the anomalous wave obtained in aqueous solution. The dis-
placement of the entire polarogram to more negative potentials in

G H |

Fig. 4. Oscillograms of 2:8-diaminoacridine. Tracings A to F show the current-

dime relationship over the potential region occupied by the after-wave on the

. first reduction step. The white cross on C, D and E shows the small maximum

attained with abnormal rapidity after the detachment of the mercury drop.

mG, H, and | show effect of addition of alcohol in eliminating current peak due

to adsorption of compound on the mercury drop. Higher amplification was used
for G, H and |
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alcoholic solution is due partly to the increased pH of the solution, which
was found to be 8-23 compared with 7 38 for the purely aqueous buffer.

The polarographic behaviour of 2:7-diaminoacridine was similar to
that of 2:8-diaminoacridine, the after-wave on the first reduction step
taking the form of a curious flattening of the crest of the main wave.
Oscillographic study confirmed the adsorption of electro-active material
at the dropping mercury electrode. In 50 per cent, alcoholic solution
a normal polarogram was obtained.

The anomalies due to adsorption at the dropping mercury electrode
were more pronounced in the case of the monoaminoacridines than in
the case of 2:7- and 2:8-diaminoacridine, and consisted principally of
a fore-wave on the first reduction step, and additionally, in the case of
1- and 2-aminoacridine, an after-wave on the second reduction step.
Equation (1) shows that these anomalies may be explained by adsorption
of the product of the first stage of reduction on the mercury drop. The
monoaminoacridines were not fully studied oscillographically because of
the small amounts available; a limited investigation showed a highly
abnormal current-time relationship during the life of a single mercury
drop. The use of 50 per cent, alcoholic supporting electrolyte enabled
normal polarograms to be obtained, shown along with the anomalous
waves found in aqueous solutions in Figures 1 and 2.

It is clear from the above evidence that the explanations offered by
Breyer, Buchanan and Duewell9for the peculiar behaviour of the acridines
at the dropping mercury electrode are net acceptable; evidently the three
reduction steps described by these workers were not normal polarographic
waves at all, but waves distorted by adsorption of electro-active material
at the electrode. Breyer, Buchanan and Duewell reported lack of pro-
portionality between step height and concentration in the case of 4-amino-
acridine. The present investigations show that when adsorption is
eliminated by the use of 50 per cent, alcoholic base solution there is good
proportionality between the heights of both reduction steps and concen-
tration.

The study of 5-aminoacridine was rendered more difficult by the
occurrence of maxima (Figure 2). These were eliminated by working
in 50 per cent, alcoholic base solution with the addition of 0 01 per
cent, of methylcellulose, and by limiting the concentration of 5-amino-
acridine to 2 x 10 4W.

Breyer, Buchanan and Duewell (loc. cit.) reported the aminoacridines
to be reduced at the dropping mercury electrode in two one-electron
stages, calculated by means of the Ilkovic equation. It is possible that
some of these results were invalidated by adsorption of electro-active
material at the electrode, such calculations being valid only when the
supply of the former to the latter is controlled by diffusion alone, which
clearly is not the case for the acridines in aqueous solution. It therefore
seemed desirable to recalculate the number of electrons involved (n) for
the aminoacridines in alcoholic solution, in which adsorption does not
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occur sufficiently to distort the reduction waves. These re-calculated
values for pH 8 29 are given in Table I.

TABLE |
Concentra- First step Second step
Compound tion
(millimols. id n
per litre) (CA) n (ixA.)
l-aminoacridine.... 0-4 0-53 1-09 0-54 M3
2 aminoacridine.... 0-4 0-49 100 0-45 0-94
3-aminoacridine.... 0-4 0-48 0-98 0-42 0-88
4-aminoacridine 0-2 0-22 0-90 0-25 1-04
4-aminoacridine... 0-4 0-43 0-88 0-48 1-00
5-aminoacridine ... 0-2 0.-24 0-99 0-28 117
(pH. 10-39)

2 :7-diaminoacridine ... 0-2 0-24 0-98 0-25 104
2 :7-diaminoacridine ... 0-4 0-46 0-94 0-48 100
2 :8-diaminoacridine.............. 0-2 0-22 0-90 0-22 0-92
2 :8-diaminoacridine ............. 0-4 0-44 0-90 0-46 0-96

In these calculations it was necessary to have the value of the difiusion
coefficient D, in 50 per cent, aqueous alcohol. The value of D for the
aminoacridines at 25°C. was calculated from the value of D at 0°C.
and the temperature coefficient as given by Breyer, Buchanan and
Duewell (loc. cit). The value of D in 50 per cent, alcohol was then
calculated by analogy with the results of Gilll3 who found that D de-
creased by 38 £ 2 per cent, at 25°C. on adding 50 per cent, alcohol to
solutions of anthraquinone 1- and 2-sulphonic acids, and also for some
hydroxyanthraquinones. This procedure was supported by the more
recent results of Shreve and Markham14, who reported D for p-nitro-
aniline to be reduced by about 35 per cent, by alcohol concentrations
of 46 to 55 per cent. The calculated value of D for the aminoacridines
in 50 per cent, aqueous alcohol at 25°C. was 2 92 x 106 The results
in Table | show that the aminoacridines, like acridine (Kaye and Stone-
hill, loc cit.), are reduced in two one-electron stages, and that the first
product of reduction must be a free radical. This conclusion was sup-
ported by a polarographic study of phenazine, which, in strongly acid
solution only, was found to be reduced in two well separated steps o:
heights almost equal to those of the acridines.  The redox charac-
teristics of phenazine, obtained by the polarographic method, were found
to be very similar to those obtained for a-oxyphenazine by Michaelis,
Hill and Schubertl5 who, by the potentiometric method, found this com-
pound in acid solution to be reduced in two separate one-electron steps.

An outstanding feature of the polarographic reduction of the amino-
acridines, and also acridine (Kaye and Stonehill, loc. cit.), is the wide
separation of the two steps over the entire pH scale, a considerable in-
crease of negative potential being required to convert the free radical
to the fully reduced compound. This seems to imply unusual stability
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of the free radical, the reason for which is not at present clear. In the
case of acridine, free radical stability cannot be due to equivalent re-
sonance, shown by Michaelis16 to be of prime importance in stabilising
semi-quinone type free radicals in solution.

In the case of reversible redox systems, the stability of the semi-
quinone formed during reduction or oxidation is shown by the value of
the semiquinone formation constant, k, given by

where s is equal to the concentration of semiquinone, r the concentra-
tion of reductant, and t that of oxidant in the half-reduced system. In

such cases, k may be evaluated from the titration curve, using the equa-
tion

k=i00®B® 3 x to (B
©)
where Eind is the index potential, i.e., the difference between the poten-
tials corresponding to 25 per cent, and 50 per cent, reduction, or to
50 per cent, and 75 per cent, reduction. When the index potential is
greater than 40 mV, lateral points of inflection appear on the titration
curve, and it may then readily be seen that the reduction, or oxidation,
is occurring in two univalent processes. For thermodynamically re-
versible systems, the polarographic wave is analogous to a reductive titra-

tion curve (Miiller1?). Treating the polarographic waves of the acridines
in this way, the index potentials are given by

E2 - Ej

@
where Ei. and E2 are the half-wave potentials of the first and second
reduction steps.

On this basis, the semiquinone formation constants were found to be
very large indeed. It is doubtful, however, if this procedure is valid,
on account of the thermodynamic irreversibility of the electrode pro-

cesses, deduced from the non-linear plot of E against log. ——T —1

Eind —

Nevertheless it is difficult to escape the general conclusion that during
the electro reduction of the acridines free radical products of exceptional
stability are formed.

In view of the variation of biological activity of the acridines with
pH value reported by Albert, Rubbc, Goldacre, Davey and Stonel8 it
was decided to investigate the variation of half-wave potentials with
pH. Figures 5 and 6 show the Ej and E2 values for two of the amino-
acridines in 50 per cent, alcoholic solution, plotted against pH. In in-
terpreting these graphs, the following generalisations may first be made:

(1) The bends on the Ej/pH graph relate to dissociation constants
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of either oxidant or free radical, while those on the Ej/pH graphs refer
to dissociation constants of either free radical or reductant.

2 Proceeding from left to right, bends consisting of a steepening
denote dissociation constants belonging to the oxidant (in the case of
the Ej/pH graphs), or to the free radical (in the case of the E2/pH
graphs). Bends consisting of a flattening denote dissociation constants
belonging to the free radical (in the case of the Ea/pH graphs), or to the
reductant (in the case of the E2/pH graphs).

On this basis, equations, which would fit the experimental E~/pH
curves were derived. It was found that the En/pH graphs for 2-, 4- and
5-aminoacridine and also for 2:7- and 2:8-diaminoacridine were
described by the equation:

c Cl, RTIn K, sKXxh+ 4 K5h+2+ h+a

S = Y - — PSR T L —

where E2 is the half-wave potential of the first reduction wave, EJ a
constant, R the gas constant, F the faraday, Kjs and K>s dissociation
constants of the free radical, K Tthat of the oxidant, and h+ the con-
centration of hydrogen ions. This equation was tested by allotting values
to K7, K% and KT in accordance with the experimental values for
2 :8-diaminoacridine and plotting the curve. Equation 5 takes no account
of the bend occurring at pH 12 on the EX/pH graphs for 2- and 5-amino-
acridine, and 2:7- and 2:8-diaminoacridine. Since this bend occurred
about the same point for all these-compounds, it could not be due to
dissociation constants of the oxidants; Albert and Goldacrel reported
no pKa values higher than 9-5 for these acridines. It was therefore
concluded that this bend was due to some peculiarity of the polaro-
graphic technique, this view being strengthened by the unexpected finding
of a similar bend for auramine at pH 12 5. It was significant that these
bends coincided with the change from normal buffer solutions to sodium
hydroxide solution as supporting electrolyte. Experiments showed that
the effect was not due to increased ionic strength of the solutions.

The values of pKT were found to agree well with the pK avalues deter-
mined electrometrically. for 50 per cent, alcoholic solutions by Albert
and Goldacreld These values are compared in Table II.

TABLE I
Compound Pgl}grao\glarl?uper;ic } Albgr}iaaxghéecs)lg;cre
2-aminoacridine e 7-4 7-61
4-aminoacridine o1 5-6 5-5
5-aminoacridine ! 9-6 9-5
2 : 7-diaminoacridine ... e 7-3 7-74
2 :8-diaminoacridine... 9-3 9-5
1-aminoacridine o 3-8 3-59
3-aminoacridine s 5-07 5 03
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The most interesting feature of the first reduction step is its indepen-
dence of hydrogen ion concentration over certain ranges of pH. This
was found to be the case for 2-, 4- and 5-aminoacridine, and 2:7- and
2 :8-diaminoacridine, but not for 1- and 3-aminoacridine." Evidently in
these regions of pH reduction to the free radical stage requires the
uptake of an electron only. Since the flat portions of the Ej/pH graphs
always lie below the pKT values, the oxidants will here be in the cationic
form. Taking 2 :8-diaminoacridine as an example, the electrode reaction
can be represented as

XXX XX IXXXXX.

A i D Q- y—— S I
Hab/X /" NAXX~"ANHa H2N/ N\ / ' N/ X X N,NH,
1 |
H H

(6)

At pH values higher than pKT a hydrogen ion must additionally be
involved, and the electrode reaction will be

VLN /XXX XX
(i{Jer*H( L1 o« |
Hab/XXNMNiIXXXANH, HaN’\XX"NI’\XX"HaN

H
)

This reaction requires a slope of 59 mV for the E,/pH graph at pH
values higher than pK 1

At pH values between pKZ and pKts ,the electrode reaction may be
represented as

te+r

F2Y \ X XN DOONH HabX\)O/(I\{\X XN
H H

H
(®)

again indicating a slope of 59mV for the E,/pH graph over this range
of pH. At pH below pK*, the electrode reaction will be

+ e+ 2HC

HahXXX"ts/IXX"~NHa h2n h3
\

H H 'H

©
resulting in a slope of 118mV for the Ei/pH graph at pH below pK,s.
Inspection of experimental Et/pH graphs shows that the slopes in
some cases depart considerably from ideality, the best agreements with
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theory being found in the case of 2:7-diaminoacridine. These non-ideal
slopes may be attributed to the thermodynamic irreversibility of the elec-
trode reactions.

The form of the E2/pH relationship was constant for all the amino-
acridines studied, and was fitted by the equation

_ RT In KtRK2r + KXRh+ + h+2
E2= W+ KA K254 Kis h+ 4“h~2

(10)

where E2 is the half-wave potential of the second reduction step, and
K,r and K R are dissociation constants of the reductant. The main
interest in the E2/pH graphs lies in their independence of hydrogen ion
concentration in alkaline solution. Evidently the second reduction step
here involves an electron only. Since the horizontal sections of these
graphs commence in all cases at pH values higher than pKZ, the final
reductant in tnis region of pH must be formed by the addition bf an
electron to the free radical product of equations (6) and (7). Conse-
quently, the reductant must first appear as a negatively charged ion,
according to the reaction

? \ { /0\\ { X
| [ A
XA T
H; H2 Hi H,
H H
the product probably reacting with water:
H H
\C/
A0 oHF
| 1 1 I+ H*°
Han/X [/~ nlX [” nh, HiN /X /X n/'X /AN Hs
I
H H

The reduction mechanism is thus similar to that of the red form of
phenolphthalein described by Kolthoff and Lehmicke2) These workers
found this compound in alkaline solution to be reduced in two one-
electron steps which were both independent of pH, and concluded that
the final product of the two-stage reduction must first exist as a negatively
charged ion having a lone pair of electrons on the central carbon atom.

The upward bend, shown by the dotted line, on the E2/pH graphs
was at first puzzling. Later, this was shown to be due to the increased
ionic strength of the more alkaline base solutions; it was found that
increasing the ionic strength of solutions of lower pH by the addition of
potassium chloride shifted the half-wave potential of the second reduction
step to considerably less negative values (cf. Burstein and Davidson2l).
The half-wave potentials of the first step were altered by only 2 or 3
millivolts by this treatment.
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The Biological Significance of the Results

The results of Browning et al.5 Albert et al.1 and Berry6 all suggest
that the intact acridine nucleus is essential for the development of full
antibacterial activity in the acridine series. The complete inactivity of
the acridanes (Berry, loc. cit) and the acridones (Albert et al., loc. cit.)
suggests that the activity of the acridines as a whole might be connected
with their redox characters, a view which is supported by the polaro-
graphic investigation of Breyer, Buchanan and Duewell (loc. cit.), who
found acridone to be reduced in one step only compared with the two
step reductions of the biologically active acridines. These workers,
however, interpreted their results differently, and suggested a direct rela-
tionship between bacteriostatic activity and the reduction potentials of
the diSerent members of the series, it being assumed that the difficultly
reducible acridine derivative would take the place of a natural hydrogen
carrier in one of the cell enzyme systems. This theory seems unlikely
to be correct, for then all members of the series having a reduction
potential more negative than a certain limiting value might be expected
to be equally active as bacteriostatics, other factors being neglected. This
was not found to be the case, however, and factors other than reduction
potential must be more important in deciding activity. Further, Page
and Robinson2 showed that in general there is no direct relationship
between bacteriostatic activity and redcx potential.

Considering the biological activity of dyes as a whole, these appear
to fall into two groups—those which behave as catalysts for cell respira-
tion processes, and those acting as anticatalysts, or inhibitors of such
processes. The first group includes th:azine and oxazine dyes, such as
methylene blue, Capri blue, Nile blue and cresyl blue, which are able
to function as hydrogen carriers in bacterial enzyme systems (Green,
Stickland and TarrZ). Examples of na:urally occurring substances play-
ing the same role are coenzymes | and Il, riboflavine, and pyocyanine.
In the anticatalyst group of dyes would be placed the acridines and the
triphenylmethane dyes, which were shown by Quastel and Wheatley2
and by Dickens3 to inhibit cell respiration processes.

It further appears that the activity of members of the second group
can be neutralised by members of the first group. Thus, Mcllwainl
showed the bacteriostatic activity of euflavine and proflavine to be
neutralised by methylene blue, cresyl blue, cozymase, riboflavine, pyo-
cyanine and phenazine methosulphate, and that of crystal violet to be
neutralised by pyocyanine and riboflavine. The resistance of Ps.
pyocyaneus to the acridines reported by Berry6 may thus be due to the
pyocyanine content of this organism.

This evidence appears to indicate a competition between the respira-
tory catalysts on the one hand, and the inhibitors on the other hand,
for places on the active centres of an enzyme protein, basicity being
important not only for bacteriostatic activity, but also for respiration
catalysis, as was demonstrated by Green, Stickland and Tarr23

In order to understand more completely the mechanism of these
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opposing activities, it is helpful to review some of the theories proposed
by Michaelis and also by Waters. Granick, Michaelis and Schubert24
and also Michaelis16 have proposed the hypothesis that bivalent organic
oxidations and reductions can proceed only in univalent steps. Earlier,
Michaelis and Smythe had pointed out that the inertia of some organic
compounds towards oxidation was due to their inability to form appre-
ciable concentrations of semiquinone. Granick, Michaelis and Schubert24
have also suggested that catalyst activity for oxidation processes, especi-
ally biological respiration, should be correlated with the ability of the
catalyst to form semiquinones. Such catalysts would, of course, include
the many substances functioning biologically as hydrogen carriers, some
of which have been mentioned above. It is significant that many of
these hydrogen carriers, both natural and artificial, are known to give
rise to semiquinone radicals—pyocyanine (Friedham and Michaelis26,
Michaelis, Hill arid Schubert1d), riboflavine (SternZ7, Michaelis, Schubert
and Smythe2), co-enzyme Il (Adler, Hellstrom and Euler), cozymase
(Gutcho and Stewart3), methylene blue and other thiazines (Michaelis,
Schubert and Granick3l'3®), and phenazine dyes (Kuhn and Wagner-
Jauregg3).

The possible réle of free radicals in biological respiration has been
more clearly indicated by Waters34, who has suggested mechanisms for
cell dehydrogenations based on free radical chain reactions. The
hydrogen carriers listed above would, of course, be able to enter into
chain reactions of this sort, replacing the co-enzymes in the scheme
proposed by Waters.

The results of the present investigations show that an outstanding
property of the aminoacridines is their ability to form, during electro-
reduction, free radicals cf unusual stability, indicated by the wide separa-
tion of the two steps of reduction. Such free radicals, unlike the much
more labile radicals derived from the respiratory catalysts, would be
unable to participate in the enzyme chain reactions proposed by Waters.
On the contrary, it is conceivable that such chain processes, involving
single electron exchanges, could be effectively terminated by the presence
in the cell of a small concentration of acridine derivative through the
ability of the latter to accept an electron, forming thereby a non-reactive
free radical. The biological r6le of the inhibitor may thus be one of
breaking chain reactions within the cell.

Albert, Rubbo, Goldacre, Davey and Stonel8 have shown that the most
active members of the acridine series are 2- and 5-aminoacridine, and
2:7- and 2:8-diaminoacridine, while acridine, and 1-, 3- and 4-amino-
acridine are very much poorer. Significantly, the present results show
that the redox characters of the first group differ considerably from those
of the second. These differences concern the first reduction step, i.e.,
the production of the free radical from oxidant. In the case of 2- and
5-aminoacridine, and 2:7- and 2 :8-diaminoacridine, the first reduction
step is independent of pH over jthe biologically important pH range of
7 0 to 7-4, reduction to the free radical stage requiring the uptake of
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an electron only in this region of pH. Tie weaker members of the series,
namely, acridine (Kaye and Stonehill, loc. cit.) and 1-, 3- and 4-amino-
acridine do not show this behaviour, free radical formation requiring
additionally the uptake of a hydrogen ion round about pH 7. In tne case
of 4-aminoacridine, the EJpH graph shows a horizontal portion, but
not in this region of pH.

It may well be that the more biologically active members of the series
owe their superiority to their ability to capture, and to hold fast in the
form of a stable free radical, a single fugitive electron, which would
otherwise be at liberty to participate in chain reactions profitable to the
living cell. Electron transference is, after all, the essential feature of all
oxidation—reduction processes.

Equation (5) shows that there are two requirements for the occurrence
of a horizontal portion on the E,/pH graph at about pH 7. These are

(1) the pKa value of the oxidant must lie above pH 7.

(2) the pKa value of the free radical must lie below pH 7.

The first requirement correlates well with the results of Albert et al.ls,
who have shown that, for full activity, the pKa value of the acridine
derivative must lie above pH 7. In the light of the free radical theory
of bacteriostatic action now proposed, the relationship between basicity
and activity acquires an added significance.

If the superiority of 2- and 5-aminoacridine, and 2:7- and 2 : 8-diamino-
acridine be due to their ability to form stable free radicals by accepting
an electron only, then their activity would be expected to diminish as
the pH of the medium falls below the pK value of the free radical, that
is, into a region where free radical production requires a hydrogen ion
in addition to an electron. Moreover, this behaviour would not be ex-
pected in the case of acridine and 1-, 3- and 4-aminoacridine, none of
which exhibits a horizontal portion on the E1L pH graphs in the region
of pH 7. These conclusions are supported by data obtained by Albert,
Rubbo, Goldacre, Davey and Stone (loc. cit.), who found, in the case of
5-aminoacridine and 2:7- and 2 :8-diaminoacridine, a sharp decrease in
activity with falling pH. The present investigation has shown that this
decrease occurs approximately at the pK value of the free radical. Signi-
ficantly, also, Albert et al. found the activity of 4-aminoacridine to be
unaffected by falling pH.

A serious objection to the free radical theory of bacteriostatic action
arises in the rather high negative potentials which would presumably
be necessary for the production of the inhibitor free radical at the site
of action. These potentials would be somewhere in the region of the
Ex values for pH 7 shown in Figures 5 and 6. (The potentials have been
measured with reference to the saturated calomel electrode).

It may be doubted if such negative potentials would be encountered
in the living bacterium cell, and it is not easy to settle this question.
Attempts have been made to measure cell potential by immersing inert
electrodes in their fluid cultures (Hewitt®). It is evident that such
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Fig. 5. Variation of the half-wave potentials of 2 : 8-diaminoacridine (4 x 10* M)
in 50 per cent, alcohol with pH

Fig. 6. Variation of the half-wave potentials of 3-aminoacridine (4 x 10-" M) in
50 per cent, alcohol with pH
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methods measure the potential of the culture medium on the cell surface
rather than that of the cell interior. The use of redox indicators suffers
from the same defect.

It is possible that attachment of the free radical form of the inhibitor
to an enzyme protein will render Ej. less negative. The electrical potential
required to convert oxidant to free radical depends on the different energy
levels of these two forms; equation (1) shows that the existence of the
free radical in an adsorbed state, of diminished activity, would result in
a less negative reduction potential for the system.

It is not impossible, therefore, to meet the above objection; the free
radical theory of dye stasis has received further support from the results
of a polarographic investigation of the redox characters of triphenyl-
methane and diphenylmethane dyes, to be communicated in a further
paper in this series.

Summary

1. The redox characters of some of the aminoacridines have been
studied by the polarographic method. The anomalous behaviour of these
compounds has been shown to be due to adsorption at the dropping
mercury electrode, this conclusion being supported by oscillographic
evidence. It has been shown that the use of alcoholic supporting electro-
lyte will eliminate adsorption and enable normal polarographic waves
to be obtained.

2. The aminoacridines have been shown to undergo electro-reduction
in two widely separated one-electron steps, the first product of reduction
being a free radical, apparently of great stability.

3. A theory of dye bacteriostasis has been proposed based on the
breaking of free radical chain reactions within the cell by the relatively
stable free radical derived from the dye.

4. The variation of bacteriostatic activity within the series of amino-
acridines has been related to the nature of the first step of reduction,
which, for the most active members of the series, has been shown to
require the uptake of an electron only at about pH 7. The variation of
activity with pH has also been related to the nature of this first reduction
step.

. The author takes this opportunity of expressing his thanks to Dr.
H. 1. Stonehill and Dr. R. Gill for helpful discussions during the course
of the work.

This paper has formed part of a thesis presented for the Ph.D. Degree
of London University.
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REPORT OF A SYMPOSIUM ON FORMULARIES AND
FORMULATION

A Symposium Session Was held on Friday, September 8, at 9.0 a.m.,

Mr. A. D. Powell, Chairman of the Conference, presided and the opening

speakers were Professor J. P. Todd, Mr. H. S. Grainger, Miss M. A. Burr
and Dr. A. Wilson.

The Theoretical Aspects

Professor J. P. Todd said that his brief was the theoretical aspects of
formulae, formulation and formularies. He had no great practical
acquaintance with formularies, unless one included in this category the
British Pharmacopoeia and the British Pharmaceutical Codex. In
Scotland, they had little use for formularies and they foresaw possible
danger in their development. It was possible that formularies might
become so nationalised, and even internationalised, that there would be
one book for all the formulae in common use. This, of course, would not
commit the prescriber to work exclusively on this national or international
formulary, but it might produce a state of affairs where medicines were
produced in some central institution, in London or even in Amsterdam,
packed in cellophane containers and despatched all over Europe. He
imagined that the effect of such a development on the future of pharmacy
would be somewhat catastrophic.

It would be interesting to speculate on the growth and development of
formulae over the years, as possibly the devising of a formula is bound up
with the development of civilisation itself. Formulae—not necessarily
pharmaceutical formula—must have occurred early in man’s history.
Formula made with the various drugs would develop in the course of
time, so that we had at an early stage in our history collections of these
formula, and notably the Pharmacopaias of London, Edinburgh, Dublin
and, not least, Glasgow. The early pharmacopoeias, however, were not
formularies in the sense in which we use the term to-day, when the
National Formulary tends to be the focus of attention and of great
importance to every one of us. The early pharmacopoeias were descriptions
of preparations of the drugs then in use with standards and directions for
making them. Pharmacopoeias being, even from the earliest days, conserva-
tive in their views, there arose other works which tended to be more
advanced and which could take greater liberties, due to the fact that they
could, without running the risk of being taken seriously to task, introduce
substances which might not prove themselves later on. Works of this kind
tended also to become repositories for drugs which had been cast out of
the pharmacopoeia. In this way there was produced the second type of
formulary, which has proved of great value over the years. The modern
formulary tends to be more of a guide to the medical man; it suggests
suitable compounds and admixtures of substances for the treatment of
various ailments, and is less a book of directions to the dispenser. Some
of the old books of many hundreds of years ago have survived the passing
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of time and some of these and their formulae are the old masterpieces of
pharmacy. We should treat these old formulae with the respect which is
due to an old masterpiece; we should carefully preserve their history
and hand it down to succeeding generations.

Professor Todd defined “ formulation ™ as the art of presenting a sub-
stance in a form in which it best exhibits its characteristic properties.
While every formula should have this as its primary object, other require-
ments were usually called for, such as safety in use, stability, convenience,
elegance, or possibly the satisfying of some special demands due to special
circumstances. It was to meet the demand for the secondary properties
that the greatest ingenuity and skill were necessary. As a rule the primary
objective was presented by the pharmacologist, whose work had followed
the preparation by the chemist or other workers of the substance itself;
it remained for the formulator to make the most of the primary objectives
and enhance these if possible by meeting the secondary properties
required. For example, the sulphonamides were first used orally, but they
were quickly applied to the treatment of open wounds. The day of greasy
bases for application to open wounds having passed, it was left to the
formulators to incorporate these substances in oil-in-water creams which
had the great advantage that they could be readily and painlessly removed
in order to dress the wound; water was miscible with these creams and
could remove them easily. The formulator, however, could rarely rest
on his laurels, and it was found, when these creams were used on wounds,
that a new bacterial flora developed in them which were resistant to
sulphonamides, so that the preparations became of much less use. At
that time, penicillin became available, and the formulator then had to
devise ways and means of presenting penicillin in such preparations in
such a way that it would exhibit its characteristic properties and not be
destroyed in the process. The problem was thus temporarily solved, but
in due course a bacterial flora developed which resisted penicillin.

Work of this kind implied co-operation between a number of specialists,
one of whom was, of course, the formulator. In this connection, the skill
and knowledge of the retail pharmacist were not used as they ought to
be. There were rare exceptions to this, but the medical man and the local
pharmacist rarely discussed a problem and attempted to solve it. The
hospital pharmacist did this work regularly, and it could be one of the
most important aspects of pharmacy in the future if it were developed.

The art of formulation has changed in character in the last few years.
There is no doubt that there was plenty of art in old-time pharmacy, if
there were but little science. Drugs were chiefly vegetable or inorganic
in character, and many of them possessed romantic properties which
inspired faith, but according to current medical opinion they had very
little real action. The old formularies—purely local formularies, in the
sense that they were old books of recipes treasured almost by every
pharmacist—contained lists of drugs which read like a quotation from
Keats: Irish Moss, Quince Seeds, Dragon’s Blood, Almond Qil, Otto of
Roses, and so on. The new remedies, the properties of which could be
measured and the results submitted to statistical analysis, had altered
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all this in the course of a lifetime, but there was still a great need for
craftsmanship, which unfortunately was tending to die out.

There was a gap existing between the old-type formulation and that
of the new remedies, and this gap required filling in. He could not
believe that the pharmacy of the future, the new drugs which were coming
on the market in such profusion, offered so little to the skilled pharma-
ceutical formulator as simply to be dissolved in sterile water and injected.
There was ample evidence of the need for the skill of the pharmacologist
and the bacteriologist, but there seemed very little left for the pharmacist.
In the New Remedies Index issued by the Pharmaceutical Journal, 90 per
cent, of the substances were complex organic chemicals but the pharma-
ceutical directions consisted of the words “ Dissolve in sterile water.”
The remainder was made up of so much of a gram of the substance in
the form of a tablet.

Now, what sort of pharmaceutical future does that offer? If the stark
simplicity of the many preparations listed together with the compila-
tion of international formularies and the making up of drugs at some
central point were taken to represent the future of pharmacy, the outlook
was not very bright. It was up to the pharmacist to develop a better
future and no one was going to look after his interests—and incidentally
those of the public—except the pharmacist himself.

One of the fields, however, which still offered great scope for ingenuity,
and possible alternatives to parenteral administration, was the formula-
tion of preparations, such as ointments and creams, balanced to allow
of controlled absorption of the active principles. The sulphated fatty
alcohols and substances like the wool alcohols, by careful blending with
the older types of base, offered great scope for medication through the
skin. The preparations in which water constituted the continuous
phase have profoundly modified the properties of skin applications, and
ointments and creams now offered possibilities for medication in this
way which were not available with the older paraffinoid and lard types
of base.

Far from being an impermeable barrier, the unbroken human skin
afforded a ready means for the introduction of certain types of medica-
ments to the blood stream. If a solution of a water-soluble drug such as
a sulphonamide were applied to the shaved skin of the rabbit, the
sulphonamide could be detected and measured in the blood drawn from
an ear vein inside 5 minutes. It might, in fact, be a dangerous procedure
to apply preparations of this type over large areas. The application of
a 10 per cent, sulphonamide cream to a large open wound had on one
occasion proved fatal, although a 3 per cent, cream had occasioned no
trouble. There were great opportunities and fields for research in dis-
covering the possibilities of applying some of these drugs in this way.
The sex hormones were already being prepared in this way, and there
were commercial preparations on the market.

The introduction of tablets represented one of the advances made in
the method of presenting substances for internal use. There was now
the strict requirement that tablets should disintegrate in the human
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stomach, and great credit should be given to those who had emphasised
this point so thoroughly. Professor Todd said that many years ago
he had been called in to a post-mortem examination where the colon of
a patient was filled with tablets of quinine sulphate. These tablets dis-
solved in dilute sulphuric acid only with great difficulty.

The formulation of coatings which would prevent the disintegration
of pills and tablets during the early stages of digestion was an interesting
problem. When emetine bismuth iodide was first introduced for the
oral treatment of amoebic dysentery there was a difficulty in that no
matter how the emetine bismuth iodide was administered it was promptly
returned. The properties of emetine were not sufficiently disguised by
the insoluble compound which was used, and so various methods of
coating the pills were attempted. Pills were used, as tablets were as
yet unavailable. They were even coated, unsuccessfully, with wax. In
this question of coating pills there were now definite signs of advance.
When a property became measurable, it was then possible to make com-
parisons and to decide where progress had been made. Modern X-ray-
serial photography had solved some of the problems by enabling the
formulator to follow the course of the pills through the alimentary system,
thus enabling him to pick just that combination of solubles and insolubles
which would allow the tablet or pills to dissolve at the right point.

Having found a suitable formula which possessed the necessary charac-
ters and had proved chemically suitable, the formulator was sometimes
confronted with difficulties when he transferred the small to the large
scale. Substances which remained in impalpable powders in pilot trials
had the unhappy knack of crystallising out from large volumes during
slow cooling, or preparations to whose success water was fatal were milled
in wet mills. Thesecall for readjustment and care but are seldom
insuperable. There was still scope for research and ingenuity in the
devising of better methods of presentation, and if the trials and troubles
were great, satisfaction was equally great when success was achieved.
There was no royal road to formulation; having defined the task the
formulator must try over and over again until he reached his goal. This
may mean fifty, sixty or a hundred attempts, but it was only by such
painstaking effort that a good formula could be produced.

The Hospital Formularv

Mr. H. S. Grainger said that this was probably as appropriate a time
as could be found for discussing the hospital formulary, especially with
regard to its general use and status in the hospital, for two main reasons.
The first was the appearance of the National Formulary, which was
now familiar to every practising pharmacist, and which was intended to
cover the needs both of general practitioners and of hospitals so far as
the commoner medicaments were concerned. Its compilers had obvi-
ously envisaged the disappearance of the individual hospital pharma-
copoeias, because the preface states; “ It is not suggested that hospitals
should restrict the range of preparations in use, although it is hoped that
duplication of formula of substantially the same composition will be
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avoided, and that the scope of the formulary will obviate the need for
individual hospital formularies for general medicine.” The second reason
was that changes in materia medica have considerably altered the status
of the formulary within the hospital itself.

It might be useful to review the raison d’étre of the hospital phar-
macopoeia or formulary, and it was convenient to refer to the formulary
of Westminster Hospital. This publication originated in 1828, although
there was in existence an earlier document, going back to 1721, which
is referred to in the Minutes as a “ pharmacopoeia.” This early docu-
ment was just a list of the main drugs used in the hospital, which was
compiled “to lessen the cost of medicines and (assist) the procuring
them at best hand.” It was used as a sort of tender form for the
apothecaries of London in purchasing drugs for the hospital. From
this list there gradually arose a compilation of formulae which was
eventually made into the hospital pharmacopoeia of 1828. The primary
purpose of the hospital pharmacopoeia, therefore, was economy, and the
pharmacopoeia was an effective instrument to that end.

Until about the last two decades, almost the whole of the materia
medica in use could be and were extemporaneously dispensed and were
presented in the time-honoured form of draughts, mixtures, pills, oint-
ments, lotions, plasters and so on. It was only recently that the great
advances in microbiology, pharmacology and organic chemistry had pro-
duced the highly specific and complex substances the names of which,
though perhaps less euphonious, were becoming more familiar than the
old botanical names.

The hospital formulary contained all the remedies at that time deemed
necessary and which were available in the hospital. Until very recent
times, it was a rule at Westminster Hospital that no house officer was
allowed to prescribe any drug which was not in the pharmacopoeia, so
that it was a comparatively simple matter to keep a firm grip on the
drug bill. That is not possible now that most of the medicines used are
chemical substances which come from the manufacturers’ laboratories
already formulated and ready for use.

One field, however, in which the hospital pharmacopoeia could assist
in the economical use of drugs was in presenting suitable alter-
native formulas for compounded proprietary preparations. In many
cases the hospital formula for such preparations was frank plagiarism,
and no apology was made. The hospital pharmacist’s criteria were clear.
The first was that the product made in the hospital should be at least as
efficacious; secondly, it must be as elegant as he could make it, though
he did not claim in hospital practice and under hospital conditions to
attain the degree of elegance which some proprietary manufacturers
achieved; thirdly, it must be cheaper to the hospital than the proprietary
preparation. This last point, of course, needed very careful considera-
tion. One had to allow for the time and personnel available, and for
other considerations such as the value of the overheads of one’s depart-
ment, and so on.
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It was not always easy to produce an elegant preparation, and con-
siderable effort was required in order to find suitable methods for hos-
pital production. For example, the proprietary preparations of
aluminium oxide gel were usually rather costly. The British Pharma-
ceutical Codex instructions did not produce an aluminium hydroxide gel
which would necessarily be uniform from batch to batch, which had
the correct thixotropic properties and was elegant and effective in use.
When a suitable product had been devised, it was necessary to include
it, for obvious reasons, in the hospital formulary. It was preferable not
to use the proprietary name, or the words “ substitute for ” preceding the
proprietary name.

The second function of the hospital pharmacopoeia was that of a record
of the preparations in use in the hospital and designed to meet the needs
and predilections of the medical staff of that particular hospital. This
is the chief reason why the National Formulary will never adequately
supplant the hospital pharmacopoeia.

On one occasion it had been necessary to devise an easily assimilated
fluid preparation containing complete vitamin B requirements. This
preparation was effective and subsequently it became the routine treat-
ment for patients undergoing a certain treatment. It found its place in
the formulary as Elixir Vitaminorum B (Westminster Hospital formula).

Wherever possible the National Formulary preparation was used, but
there were some occasions when the hospital preparation was more
acceptable and for this reason the hospital pharmacopoeia was retained.
It would, however, be republished under the title “ Westminster Hospital
Supplement to the National Formulary.”

The third function of the hospital pharmacopoeia was the part which
it played in the training of medical students. The student’s chief tool
which enabled him to apply his theoretical knowledge in the ward was
the hospital pharmacopoeia, which contained those preparations which
had the approval of his teachers and which by long practice had been
accepted. The hospital pharmacopoeia should be under constant revision
by the medical staff and the pharmacist to see whether obsolescent pre-
parations should be removed, or whether new preparations which had
come into use should be included. In order to include these, the new
formulary of the Westminster Hospital would be printed on pages which
fit into a loose-leaf binder, for more ready revision.  Most hospital
formularies in the past have not been revised frequently enough.

As to nomenclature, indication of formula rather than function
was to be preferred; but the medical student and the busy practitioner
did not think primarily in terms of drugs but in terms of diagnosis, and
he looked for a remedy the composition of which was secondary in his
thoughts.

There was, however, a danger in that tendency being carried too far.
Indeed, one senior physician went so far as to suggest that medical
students should not be worried with quantitative memorisation of the
doses, but that the latter should all be expressed in units—1 for a normal
dose, 2 for a strong and 3 for an extra strong dose—and that the pharma-
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cist should be saddled with the recollection of what that particular amount
should be. For these reasons, we must stick to the nomenclature which
is indicative of composition as an aide memoire to the student.

So far as hospital formularies were concerned, however, a place must
be conceded to tradition. The traditional names should be added in
parenthesis, in order to encourage and maintain interest in formulation
among the medical staff. Where new preparations associated with the
name of a particular medical man are introduced, tradition requires that
within the bounds of the hospital that name should be given a place in
the hospital pharmacopoeia. As an example, there was a recently intro-
duced preparation with the formula: glucose, 400 g.; arachis oil, 100 g.;
powdered acacia, g.s.; water to 1000 ml. People do not remember the
formula, but they have asked, “ Do you remember that stuff that Dr.
Bull uses?” and it has become known as “ Bull’s Mixture,” so it is called
“ Emulsio Glucosi (Bull’s Mixture).”

This sort of thing, however, can get out of hand, as in the case of a
preparation which became known as “ Mist. Euthanasia.” This prepara-
tion contained morphine, hydrochloride, cocaine hydrochloride, alcohol
and honey. It was intended for the alleviation of pain in extremis, and it
should therefore be as pleasant as possible. This had been renamed
“ Haustus E.”

In spite of the common point of view that medicines should be nasty,
improvement could be made in some preparations at present in use.
Certain brands of aspirin have been criticised for being prepared as con-
fectionery instead of as a medicament, but the National Formulary or
most hospital formularies cannot be accused of erring on this side. The
formularies in use in Westminster Hospital for the last 80 years had
undergone little change in the flavourings used—chloroform, peppermint,
liquorice and occasionally tincture of orange. Considerable improvement
could be made by experimenting with the new synthetic flavourings, and
with new blends of some of the old preparations such as nutmeg, cloves,
and oil of lime. Formulations of the kind discussed were still worthy of
imaginative cosideration.

The Point of View of the Retailer

Miss M. A. Burr said that a retailer viewed formularies and formulation
from many angles in a practical manner with a direct bearing on his own
profession, business and training; his relationship with the prescriber and
the patient; and, to-day, his dealings with the Ministry of Health. To-day
the retailer was bound to regard the Ministry as his chief customer. The
retailer bore in mind also the very important fact that formularies, past
and present, were issued for the guidance of the practitioner.

The close relationship which exists between the retail pharmacist, the
prescriber and the patient was very important and had provided the retail
pharmacist with valuable practical knowledge. Much greater use could
have been made of this knowledge in the revision of formularies.

Doctors were in the majority on the Committee which compiled
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the 1929 Formulary and the present compiling Committee had a majority
of pharmacists, but it was to be hoped that in the preparation of future
Formularies there would be an increased number of retail pharmacists
on the Committee.

When the formularies were considered which were in use prior
to 1929 and even as far back as 1911, it was seen that that
was a period of many formularies, formularies which caused a great deal
of extra work and confusion in retail practice. There were similar titles
used for different prescriptions. The National Formulary was the resul:
of the progress which had been made, and it presented a uniform col-
lection of prescriptions available in any part of the country.

Many retail pharmacists would like to see this uniformity carried a
step further by the merger of the National Formulary with the British
Pharmaceutical Codex. It could be seen, from the recent amendments to
the National Formulary, that it was the desire of the compiling Committee
to bring the National Formulary into line with the B.P.C. The formulary
section of the B.P.C., for example, could be presented in a separate
concise volume. The Danish Pharmacopoeia, 1949, was published in
three volumes, the third volume being devoted to formulae.

In spite of the notice from the Ministry of Health, some doctors con-
tinued to use titles from the National War Formulary, and even from
earlier formularies. They knew that on such occasions chemists might
refer a prescription back to the doctor to be written in full, but retail
pharmacists present would agree that this was no easy task. To encour-
age medical practitioners to use the National Formulary, and to stimulate
a greater interest in and promote a better understanding of the prepara-
tions of both the National Formulary and the B.P.C., perhaps more
publicity could be given to these preparations, for example at medical
exhibitions.

Retail pharmacists would acknowledge the advantages gained by the
use of these formularies in the State dispensing service. The National
Formulary has a place in the National Health Service, but not an exclusive
one. Freedom in prescribing should be encouraged and maintained.
Some members had viewed some of the findings of the recent Cohen
Report with concern. There may be a danger in over-emphasising the
use of formularies.

In retail practice it was realised that one of the chief uses of formularies
was economy. There were many aspects here that retail pharmacists
had observed, the chief being the apparent lack of knowledge on the part
of many practitioners of the National Formulary, particularly from the
guantity point of view. The Committee compiling the Formulary had
given much thought to this point and had stated the amounts to be dis-
pensed, if not otherwise stated by the practitioner. To-day the wastage
of both formulary and proprietary medicine must be enormous. The
frequent dispensing of a pint of medicine to be taken in teaspoonful doses
made one wonder what value the last ounce or so had. The same
remarks apply to dressings. In regard to dosage, some consideration
was long overdue. The pharmacist took the greatest care in preparing
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the prescription, which was then administered in many cases in the most
inaccurate manner. She was not referring to the patient who dispensed
with any type of measure and drank straight from the bottle, or who
doubled the dose and decreased the space of time between administra-
tions, but to the domestic teaspoon. This could prove a most serious
menace in the administration of children’s medicines, and especially those
containing certain potent drugs.

In the children’s section of the Formulary there was great need for
revision. The argument that medicine should not be too palatable might
be a good one, but mothers would soon convince the Formulary Com-
mittee on this point. More use could be made of the vitamin syrups,
blackcurrant and rose hip, where the ingredients would not destroy the
vitamin C content. Colour was another point that needed consideration.

It would be advantageous if we had a uniform size and colour of
tablets, and particularly, if coated, a standard colour for the coating. The
proprietary list of the Formulary required amending at more frequent
intervals and to be presented in a more useful way to the practitioner.
With regard to the symbols for grains and grammes, a more explicit notice
was needed than the general notice in the National Formulary. Prefer-
ably practitioners should use either grains or grammes and not both
in writing a prescription.

To future revision Committees considering the presentaiion of the
National Formulary the use of larger and clearer type in printing was
recommended. It would also be helpful to have a thumb index, and paper
of a different colour for the infants’ section would be appreciated.

The Point of View of the Medical Practitioner

Dr. A. Witson said that the year 1950 was one which seemed to
encourage everyone to reflect on the changes which have taken place
since the beginning of the present century. It was appropriate, therefore,
that formularies and formulations should be discussed at the Conference,
for this subject was intimately concerned with the practice of medicine
and, in particular, might have a profound influence on the prescribing
habits of the medical practitioner.

All would agree that remarkable advances had been made in the basic
medical sciences and that these were reflected in the practice of medicine.
There was ample evidence that custom and tradition had given place to a
more certain and scientific approach to the diagnosis and prevention of
disease. It would be reasonable, therefore, to expect comparable changes
in the therapeutic methods which were employed to-day. It could not
be denied that considerable advances had been made in therapy, but these
were often overshadowed by inconsistencies and redundancies, many of
which were evident in the drugs and preparations that were still used.

Much confusion arose from a failure to distinguish those drugs or
preparations that had definite therapeutic and pharmacological activity
from those relatively inert mixtures which, as Professor A. J. Clark has
said, were administered from force of habit to gratify in an innocuous
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manner the popular desire for a bottle of medicine. There was no doubt
that the placebo had a very important part to play in therapeutic prac-
tice, but such preparations should be clearly recognised for what they
were by all who prescribed them, and should not be confused with those
which were designed to produce a specific therapeutic action.

In this connection, from the point of view of the medical practitioner,
it was relevant to consider where he got his information about the nature
and action of drugs. Apart from text-books and journals, the chief source
was in pharmacopoeias and similar publications. Professor Gunn, a
man of considerable experience in these matters, said “ Pharmacopoeias
can be taken to reflect, conservatively, the tendencies of pharmacological
and 'therapeutic progress.” This opinion might be modified with respect
to modern pharmacopoeias, but it was obvious to anyone who studied
the history and development of these publications that they had never
given full satisfaction to the therapeutic excursions of doctors and
pharmacists. This was evident by the appearance at an early date of
national formularies, codices and even extra pharmacopoeias.

All these books were originally designed as books of reference for those
engaged in prescribing or dispensing medicines, but most of them had
been extended to meet the needs of analysts and others. They had thus
become the medium for laying down standards not only for drugs which
were active therapeutic agents but also for substances which were used in
commerce and by the laity. This was as it should be, for society must be
protected against the fraudulent seller of drugs, however potent or inert
these drugs might be. It seemed strange, however, that, although such
publications were undoubtedly the guardians of purity and constancy
for drugs in common use, those in Britain did not appear to be upheld by
any legal enactment.

Matters concerning the source, purity and methods of preparing drugs
had become the domain of experts in these subjects, and the interest of
the medical practitioner in pharmacopoeias and allied publications was
therefore mainly centred in those parts which dealt with preparations
suitable for administration to his patients. This information, however,
was not readily available. In our own British Pharmaceutical Codex,
although it was contained in Part VI, there was to the medical practitioner
who consults it a real risk of being submerged in a sea of infusions,
decoctions and fluid extracts.

In this connection it was appropriate to comment on the question of
fresh infusions. There were strict injunctions for the pharmacist to get
these off his premises before they were more than 12 hours old. What
use were they to a patient after that? The history of cinchona bark
also made very fascinating reading, but was it necessary to keep this
history alive by describing preparations of it in the B.P.C. which
apparently were not incorporated in any of its formulas?

Much the same criticisms applied to the U.S. National Formulary.
The problem of selecting drugs and preparations was undoubtedly bound
up with the major one of deciding the nature and scope of these publica-
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tions. Too often it was apparent that in this matter decisions were based

not so much on the effectiveness of the preparation as on the extent to
which it was used.

There was an interesting account in the U.S. National Formulary of
how this might be settled. An attempt was made to co-operate with the
American Medical Association in preparing a National Formulary, but
the American Pharmaceutical Association could reach no agreement with
them. The medical men favoured a selection based on the therapeutic
efficacy of the constituents, while the main committee preferred to con-
tinue a policy based on the extent of use. To this end a survey was
made of all the drugs used for medicinal purposes, by determining the
extent of use of these in prescriptions, in hospital and retail pharmacies
and in drug stores. From the information gained it was decided to in-
clude in the National Formulary those items which were used in at least
20 per cent, of the drug stores or which were ingredients in at least one
of every 10,000 prescriptions compounded in the United States. What
a unique challenge to the advertising agencies!

This method of selection was by no means confined to the U.S.A.,
and it was practised in this country. From a legislative point of view
this collected information was no doubt necessary to ensure that drugs
which were commonly used conformed to standards of purity; it may
well be that the B.P.C., like the U.S. National Formulary, should under-
take this task and follow this policy.

The medical practitioner, however, looked for information where the
facts were available in a ready and concise manner. He needed a
formulary containing a reasonable selection of therapeutic agents, de-
scribed in a manner suitable for simple prescribing and administration.
The principle of selection should be based on therapeutic efficiency.

The nearest approach to such a publication was provided by the
British National Formulary, 1949. This was the combined effort of the
medical and pharmaceutical professions and was a commendable attempt
to provide a collection of formulae consistent with therapeutic usefulness
and pharmaceutical skill. It contained the essential information about
the active ingredients of drugs and their preparations and their official
doses. To a limited extent it had been bold. It had excluded two drugs
—one, the dangerous and deadly heroin; the other, the inert and
innocuous bismuth carbonate. It was obvious, however, that selection
even here was too often based on the extent of use rather than on
efficacy. It was true that buchu no longer adorned the formulary and
that the glycerophosphates were now debarred, but other equally useless
and confusing preparations should also have been swept out. Was it
necessary to have six bitter-tasting preparations, or was it that mixture
of strychnine and iron was masquerading as a potent preparation of iron?

The subject of doses caused much confusion. In Britain there was a
curious complex about doses. We were very timid in using adequate
doses of drugs. Perhaps this attitude arose from the guidance given by
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the B.P., with its range of doses the choice within which, it was careful
to point out, must be left to the medical practitioner’s own judgment.
But why not give him more precise facts to enable him to exercise this?
The U.S.P. definition of an average dose gave more guidance.

Let us examine briefly how the compilers of the National Formulary
have exercised their judgment regarding the doses of ingredients. Amongst
the preparations designed, presumably, for the symptomatic control of
diarrhoea there was a mixture with chalk which contained an equivalent
of 6 mg. of morphine in each dose, whilst another with kaolin had only
1 mg. of morphine. Were both preparations effective? To render the
urine alkaline the maximum B.P. dose of potassium citrate had been
used, but only the minimum dose of tincture of hyoscyamus was used
in another, similar, preparation. In the mixtures of aspirin and of
potassium bromide they had plumped for half the maximum dose. Per-
haps this was an attempt to conform with extent of use, but surely the
latter preparations were not consistent with the modem knowledge of
bromide action?

Frequency of administration was an important factor concerned in
building up or maintaining the desirable concentration of a drug in the
tissues. The pharmacological principle of this in relation to the action
of salicylates was too well known to be elaborated here. In the National
Formulary there was a reliable and potent mixture of sodium salicylate.
There was now a suggestion to reduce the content of salicylate because
of the reported occurrence of dizziness in a few patients. To control
these toxic effects, when they arise, all that was required was to direct
the patient to take a smaller dose of his medicine. Why spoil an effective
remedy when toxic reactions could be adequately controlled in a more
rational manner?

The doses of drugs and preparations were described in the metric and
imperial systems. The arguments for and against the retention of both
could not be discussed here, but there should be a little more consistency
in setting out the information. In the section dealing with tablets, the
contents of the more recent drugs were given in the metric system, whilst
those of the older drugs were given in the imperial system. This pro-
moted confusion.

Forty years ago antitoxins, vaccines and sera were hailed as the thera-
peutic hope of the future. They found no place in the National For-
mulary. Could it be that these were no longer regarded as satisfactory
therapeutic agents to be used by medical practitioners, or was it that they
did not rightly fit into a formulary of drugs?

So much for the nature and content of the Formulary. Let us now
consider the arrangement and manner of setting out the information
contained in it. So far this had followed the familiar pattern whereby
preparations were listed and described in alphabetical order. This might
be a convenient system for the pharmacist, but the medical practitioner
would derive more information, and that more quickly and easily, by
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consulting a book in which preparations were arranged according to the
bodily systems on which they predominantly exerted their effects.

Suppose, for example, the practitioner wished to control attacks of
asthma in his patient. If he consulted the index of the National For-
mulary, there was no guidance under ephedrine. He must plough his
way through all the possible Latin names of preparations that he knew,
and this might range from elixirs on page 27 to tablets on page 79. It
would be much more helpful and instructive for him if all the drugs
and preparations acting predominantly on the respiratory system were
collected together. He would then, probably for the first time, realise
that there were available eight or nine effective preparations for the
treatment of bronchial spasm.

A pharmacological classification of the constituent preparations would
be a more satisfactory method of presenting the valuable information
which was contained in the National Formulary. Too much attention
should not be paid to the invention or retention of Latin names for
preparations; it was much more important to ensure that the facts were
readily available.

Dr. Wilson showed, by means of lantern slides, four prescriptions
illustrating the tendency of some doctors to prescribe proprietary articles,
and to include large numbers of ingredients in their medicines, and con-
cluded : These are perhaps extreme examples of present-day prescribing,
but they reflect the confusion which arises from a failure to appreciate
just what drugs can and cannot do. Several factors may account for
this state of affairs, and one of these may have its origin in the limited
scope of the medical curriculum for the teaching of pharmacology and
therapeutics; another may be in the flow of enthusiastic but totally un-
warranted therapeutic reports from commercial agencies. | should like
to suggest, however, that a formulary based on the principles which |
have discussed would give immediate and practical guidance to the
medical practitioner in designing and in implementing his therapeutic
programme.

DISCUSSION

Dr. K. R. Capper (London) said that it had been suggested that the
National Formulary and the formulary section of the British Pharma-
ceutical Codex should be merged. It should be borne in mind that most
of the preparations in the National Formulary were in the British Pharma-
copoeia or the B.P.C.; out of about 500 preparations in the National
Formulary, only about 30 were not in one of those books. The Codex
had an important function in setting standards for these preparations and
stating methods of assay. These standards were a protection to the
pharmacist as well as to the public, because limits of tolerance were
given which were based on a knowledge of the conditions in which these
preparations were made up and of sampling errors, etc. If it were laid
down that every preparation must contain 100 per cent, of what was
supposed to be in it, few preparations could possibly comply. The Codex
and the N.F. were complementary and should not be amalgamated.
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He approved of various hospitals producing supplements to the N.F.
in place of their own Pharmacopoeias but preparations should not be
called after the medical practitioners who were responsible for them.
The only way of dealing with Dr. Wilson’s suggestion about the thera-
peutic arrangement of the items would be to produce two formularies,
one for the medical profession and one for the pharmacists. The Joint
Formulary Committee were at work on the question of flavourings and
the difficulties which existed, particularly with children’s medicines, were
well known.

Dr.E. Host Madsen (Denmark) remarked that there had been some
criticism of international formularies. This kind of work proceeded very
slowly, but it was worth while as, in the end, it was to everyone’s gain
and the results obtained in individual countries became the property of
all countries.

Reference had been made to what should be the object of a pharmaco-
poeia. In the U.S.A. it was intended to be a compilation of the most used
formulae. In Scandinavia they were of the opposite opinion; they thought
it should not be a compilation but a guide on a national basis for medical
men. They wanted to exclude all formulae which were no longer regarded
as rational and to give as quickly as possible new formulae in a form
which could be recommended. The highest responsibility in the country
in medical circles was that of the Pharmacopoeia Commission. He was
very glad to hear Miss Burr mention the Danish Pharmacopoeia, consist-
ing of three volumes. There was also a fourth volume; it gave only
shortened formulae from the Pharmacopoeia with indications of how they
should be prepared, but with a brief account of their therapeutic uses.
It was intended for doctors and could be carried in the pocket. Formerly
they had had, as in this country, hospital formularies and formularies
issued by the Pharmaceutical Society, but now these were published as
one volume by the Pharmacopoeia Commission and a new supplement
was issued annually. He would recommend that consideration be given
to producing a book similar to this fourth volume of the Danish
Pharmacopoeia.

Mr. A. W. Bult (Nottingham) said he would like to take up the
theme elaborated by Professor Todd that pharmacy was not accorded
the recognition which it deserved as it was regarded as inferior to those
sciences which together make up pharmacy in the broader sense of the
word. The practising pharmacist could make a very important contri-
bution to formulation. Often a formula could not represent both the
therapeutic ideal and the pharmaceutical ideal so that the skill of the
formulator then came into play in arriving at the best possible com-
promise.

In many instances necessary information and data could not be found
in the literature, and the details had to be worked out or suitable formula
produced by trial and error. An example of the difficulties arising in
formulation and the way in which they are overcome would be found in
some work done by his colleagues on strong eyedrops of sulphacetamide
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B.P.C. The general preamble to the monographs on eyedrops in the
Codex states that where possible they should be made approximately
isotonic equivalent to a 09 per cent, solution of sodium chloride in
water. They represented a pharmaceutical ideal but how far was it
possible to go towards that ideal? First, was it necessary to have such
a high concentration as 30 per cent, of sulphacetamide? The administra-
tion of such a high concentration at once stimulated a copious discharge
of the lachrymal secretion, which would dilute the effective concentration
of the preparation. What in fact was the actual working concentration
following that administration? Again what were the tonicities of a
solution of this substance of concentrations ranging from 0 to 30 per cent?
A 30 per cent, solution was hypertonic. How did it compare with the
pharmaceutical ideal of 0-9 per cent, solution of sodium chloride and
what was the effect of concentration on the causation of pain to the
patient? The boric acid contained in the B.P.C. formula was perhaps to
neutralise the solution but the N.F. stated that this substance yielded
a very soluble and nearly neutral sodium salt which could be applied
to conjunctivae in concentrations of up tc 30 per cent. These problems
and questions arise from just one preparation and the same question
might be asked about many others where :t was necessary to compromise
between pharmaceutical and therapeutic ideals.

Mr. J. W. Hadgraft (London) said :hat he would agree with Dr.
Wilson on the need for two editions of the formulary. Many remedies
remained in the B.P.C. simply because there was a demand for them,
such as glycerophosphates which were now thought to be therapeutically
inactive. Another problem was the increasing use of proprietary pre-
parations. Now that there was a need for economy in the National
Health Service care should be taken to avoid giving official or semi-
official recognition to a combination of drugs solely on the ground that
there was need for the provision of a less expensive non-proprietary
formulation. He thought that Latin even in the writing of prescriptions
should be abandoned. The flavouring agents available in the official
books were too limited in their type and would appeal rather to the
adult palate than to that of a child, and there was a definite need to make
medicines more palatable for children. It was desirable to use one
system of weights and measures. Not long ago the ludicrous position
was reached that formulae in the National Formulary were based on
accurate imperial quantities while in the B.P.C. they were based on
accurate metric quantities and accurate percentages, with the result that
it was necessary to bring out a special addendum to the National Formu-
lary in order to bring it into line with the B.P.C. He hoped that the
metric system would be adopted.

Mr.T. D. Whittet (London) said that at University College Hospital
it had been decided, for historical and traditional reasons, to keep
their own pharmacopoeia. As far as possible they complied with the
N.F. and B.P.C. formulae; in only a few cases did they make a serious
alteration. One such case was a mixture which Dr. Wilson had men-
tioned, mixture of sodium salicylate. Recent research had shown that
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many patients could tolerate sodium salicylate without the presence of
sodium bicarbonate and, if they could, one got a higher blood level with
a similar total dose of salicylate. To bring the hospital pharmacopoeia
up to date they issued what were known as “ therapeutic notes.” These
comprised a small leaflet giving notes on the more important drugs and
which fitted into a space in the back of the pharmacopoeia. He would
agree with Mr. Grainger in deprecating the outrageous names which were
sometimes coined in hospitals. In addition to palatability, suitability
and elegance were important properties. Nevertheless unpalatable
mixtures are even welcomed by certain patients.

The problem of pH in galenicals and injections was very important and
needed investigation. In the 1948 B.P. control of pH was more frequently
applied as compared with the 1932 B.P. He thought it very important
indeed to have the proposed new official formulae tested out practically
before use, and preferably stored for some time. There was a need for
a laboratory, having a full-time staff, to carry out these investigations
either under the aegis of the B.P.C. or the Pharmacopoeia Commission.
Of the newer solvents available he had found propylene glycol very useful.
It was less toxic than glycerin and many substances were more stable
in it than in aqueous or alcoholic solution. He had successfully used it
for barbiturate elixirs and for injections. A suitable strength was 50 to
60 per cent., and 2 per cent, of benzyl alcohol was added to the injections
in case the propylene glycol caused stinging. Ascorbic acid was soluble
to about 8 per cent, and much more stable than in aqueous solutions.
In this form ascorbic acid was very useful for adding to infants’ foods.
Calciferol was readily soluble in it and had recently been reported to be
2 or 3 times more active when administered in this way than when in an
oily solution.

The sorbitan derivatives (“ Crills” and “ Tweens”) were very useful
in solubilising volatile and fixed oils. Some of them could not be taken
internally but others were non-toxic. For example, clear aqueous pre-
parations of vitamin A could be made by using polyoxyethylenesorbitan
mono-oleate; they were completely miscible with water and could be
made quite palatable. Such emulsions of vitamin A were also stated
to be more effective than the oily solutions. Elegant preparations of all
the common vitamins were easily prepared by use of propylene glycol
and the sorbitan derivatives.

Dr. G. E. Foster (Dartford) referred to Miss Burr’s suggestion of the
use of uniform die sizes for tablets. There was some danger in this as
the different sizes were useful in differentiating between tablets, particu-
larly those of similar nature. If there were official requirements intro-
duced concerning the sizes of tablets he hoped different die sizes would be
used to prevent error.

Mr.F. H. Otiver (Sunderland) said that the therapeutic action of any
medicament was due to its pharmacological action and its psychological
action, and he thought that the latter aspect of formulation was often
forgotten. The ancillary substances which occurred in medicines often
contributed largely to the psychological effect, especially in children.
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By unsuitable medication it was possible to build up inhibitions which
might last the child’s lifetime. He welcomed the idea of an edition
of the N.F. with .the preparations grouped pharmacologically, as this
might lead to less rubber stamp prescribing.

Mr. V. Reed (London) suggested that some formulae contained far
too many ingredients, and also stressed the need for making children’s
mixtures more palatable.

Mr. W. R. Howard (Hornchurch) was concerned at the considerable
waste of time and effort which went on after a great deal of time and
effort had already been devoted by the manufacturer to the careful
formulation of his products, a second investigation was conducted by
the hospital pharmacist endeavouring to produce an equally elegant
and stable preparation. Some of the problems of stability and elegance
did not always seem to have received sufficient attention at the time
that a formulary was prepared. Problems were met with in large-scale
production which did not crop up in ad hoc compounding. He there-
fore suggested that where formulas contained wvehicles or ingredients
which were themselves liable to variation (e.g., tragacanth or agar),
some latitude should be allowed to the compounder in the use of these
materials and the final result should then be controlled by standards
laid down in the appropriate publication. The standardisation of size
of tablets would inevitably raise the question of the standardisation of
formulae. At the moment, formulae were very much the subject of
art and, fruitful though the field might be for planning, no official body
had yet tackled it. The problem would be fraught with many difficulties
and would obviously be hedged about with considerations of ready dis-
tinguishability for the different doses and similar chemical compounds
with markedly different properties.

Mr. J. C. Hanbury (Ware) said that, while he agreed that various
books of standards performed a most useful function, he thought that
if there was any pressure from outside the medical profession to compel
medical men to confine themselves to such books, then a grave disservice
tc the progress of medical science would have been done. He thought
that the art of pharmacy was changing rather than disappearing. There
was more art, and infinitely more science, in producing some of the
modern preparations than some of the rigmaroles of the B.P. 1867 and
the like. One had only to think of the problems, both scientific and
artistic, in producing satisfactory stable injections of vitamin Bls and
riboflavine and vitamin products of that sort. There was endless scope
for pharmaceutical ingenuity in the newer galenicals. The suggestion of
a therapeutic index was most valuable. The role of the pharmacist in
medical science was changing; he must now become more of a phar-
macologist and must be trained to do more than merely carry out the
wishes of the physician, though the physician must always have the last
word. The pharmacist must thoroughly understand the drugs in common
use and be in a position to advise the physician on their use and methods
of preparation.
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Mr. A. R. G. Chamings (Horsham) asked what was the criterion of
a good drug and who was to decide upon it? It was certainly necessary
that any formulary should have a sound pharmacological basis.

Mr. R. W. Gittham (Leeds) said that non-adherence to standard
formulae in hospitals caused a great deal of unnecessary work. He was
sure that slight differences in the doses of various medicines and oint-
ments did not make the slightest difference in effect on the human body,
because it was not a volumetric machine. Not everyone realised the
problems of transferring small-scale formulations to manufacturing
quantities.

Professor J. P. Todd, inreply, said he hoped his views on the National
Formulary had not been misunderstood, but he thought they should
guard against the day when all medicaments might have to be bought
from a central store. He had not intended to say anything against the
International Pharmacopoeia. This was a totally different problem from
the National Formulary, and he greatly valued and appreciated the work
which had been done in connection with it.

Mr. H. S. Grainger said that he would be very sorry if they were so
pedantic as to destroy all sense of tradition and all interest on the part
of the medical profession in hospital formularies. He agreed with Mr.
Howard that much work was being done in the hospital dispensary which
had already been done by manufacturing houses. Nevertheless, ways of
keeping down expenses had to be investigated. He would hesitate to
limit a practitioner to a particular dose of a drug and in spite of the
inconvenience he was encouraged when he saw a young house officer
or medical registrar exercising a little individuality and ingenuity in the
writing of prescriptions.

Miss M. A. Burr thanked the speakers for being more or less in full
agreement with what she had put forward.  The co-ordination and
extension of pharmaceutical research was very important indeed, and
she felt that the Pharmaceutical Society could sponsor something in this
connection, which would be of great use in all sections of pharmacy
if it were brought into being in the near future.

Dr. Andrew Wilson Ssaid that they had been reviewing what had
happened over the past 50 years, and he hoped planning for what might
take place in the next 50. He hoped that they would go away feeling
that the pharmacist must make it his business to know not only the
nature and quality of a drug, but also something about how it acted.

The Chairman thanked the opening speakers and all who had taken
part in the discussion, and the meeting then terminated.
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NUCLEAR DERIVATIVES OF 4:4'-DIAMINODIPHENYL
SULPHONE

By W. H. Linnell and J. B. Stenlake

From the Pharmaceutical Chemistry Research Laboratories of the School of

Pharmacy, University of London
Received October 12, 1950
Attempts to lower the toxicity of 4:4'-diaminodiphenyl sulphone have
resulted in numerous modifications of its chemical structure. Few, how-
ever, of the important group of V-substituted derivatives are more active
against Mycobacterium tuberculosis than the parent compound and
there is some evidence that they are converted in the body into 4:4'-
diaminodiphenyl sulphonel Nuclear substituents, too, contribute little to
the level of in vitro activityZ3and in many cases marked reductions have
been reported. Two compounds, of interest because of their structural
relationship to p-aminosalicylic acid, 4 :4'-diamino-2-hydroxydiphenyl
sulphone24 and 4:4,-diamino-3-methoxydiphenyl sulphone3 possessed
respectively one quarter and twice the in vitro activity of the parent com-
pound, but in vivo studies and toxicities of these compounds have not
been recorded.

The established activity of p-aminosalicylic acid against M. tuberculosis
and its low toxicity, coupled with the known biological oxidation of
sulphanilamide to 4-amino-2-hydroxy-benzenesulphonamide which
occurs in certain animalsg prompted a further investigation of ortho
hydroxylated substituents in the molecule of 4:4'-diaminodiphenyl sul-
phone. The synthesis of 4:4'-diamino-2: 2'-diethoxydiphenyl sulphone
(I, R=O0CHYH and 4:4'-diamino-2:2'-dihydroxydiphenyl sulphone
(I, R=H) is now reported. Since the conclusion of this work the prepara-
tion of the latter compound has been described by Amstutzé.

OR RO OCOCH;i
I I.

Attempts to condense sodium 4-acetylamino-2-acetoxy-benzene-
sulphinate (1) with, 2-chloro-5-nitrophenol, according to the method
described by Ferry, Buck and Baltzly7 for the preparation of 4:4'-
diaminodiphenyl sulphone, were unsuccessful. Under similar conditions
p-bromonitrobenzene also failed to condense with Il. Burton and Hu8
have reported the failure of comparable reactions between various
unspecified aryl iodides and sodium p-cyanobenzenesulphinate and,
more recently, Peak and Williams9 described unsuccessful attempts to
obtain sulphones by the condensation of 2:4:6-trichlorobenzene-
sulphinate with diethylaminoethyl chloride.

The required compounds were obtained by the repeated oxidation of
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2:2'-diethoxy-4:4'-dinitrodiphenyl sulphide (I11) with an excess of
potassium permanganate to yield the corresponding sulphone, followed by
combined reduction and de-ethylation with hydriodic acid. The latter
reagent, with suitable adjustment of the reaction conditions, gave either
one or the other of the required products, 4:4'-diamino-2:2'-diethoxy-
diphenyl sulphone or 4:4'-diamino-2:2'-dihydroxydiphenyl sulphone.

oc2h5 C2hso 1.

OQHs C2HsO V.

Condensation of 4-chloro-3-ethoxynitrobenzene with sodium sulphide
by the method of Hodgson and Dodson10failed to yield the monosulphide
11, and 2-chloro-5-nitrophenol was isolated in 73 per cent, yield,
together with a small quantity of a second product, molecular formula
CieH180 NS3 which has been tentatively assigned the structure IV.
The nature of the sulphide link has not yet been established. 4-Chloro-
3- ethoxy-nitrobenzene readily reacted with sodium hydrosulphidell,
though direct condensation vyielded a mixture of the trisulphide
C1H 18 N3 described above, and 2:2'-diethoxy-4:4'-dinitrodiphenyl
disulphide. A modified procedure, in which sodium 2-ethoxy-4-nitro-
thiophenoxide was first formed by the action of sodium hydrosulphide
on 4-chloro-3-ethoxynitrobenzene and then condensed in situ with the
latter substance, gave Il in 30 per cent, yield (crude). Purification
of the product obtained by this method was troublesome and wasteful,
involving multiple chromatographic adsorptions and recrystallisations.

Compound 111 was more readily obtained in 21 per cent, over-all yield
by an alternative route, the condensation of 2-acetylamino-4-chloro-5-
ethoxynitrobenzene with sodium sulphide by the method of Hodgson and
DodsoniG; the product, a mixture of 5:5'-diacetylamino-2:2'-diethoxy-
4 :4'-dinitrodiphenyl sulphide and 5-acetylamino-5'-amino-2: 2'-diethoxy-
4 :4'-dinitrodiphenyl sulphide was de-acetylated and de-aminated by the
method of van Erp1l2 Condensation of sodium 5-acetylamino-2-ethoxy-
4- nitrothiophenoxide with 2-acetylamino-4-chloro-5-ethoxynitrobenzene
using the procedure described above, gave the same two monosulphides,
although the higher yield anticipated by this method was not obtained.

The preliminary pharmacological tests which are recorded below
were kindly carried out by Professor G. A. H. Buttle of this School.

In vitro tuberculostatic activities of 4;4'-diamino-2:2'-diethoxy-
diphenyl sulphone (I, R = C2H3 and of 4; 4'-diamino-2:2'-dihydroxy-
diphenyl sulphone (I, R=H, as dihydrochloride) were examined in Dubos
medium using M. tuberculosis (H37Rv); sodium 4-aminosalicylate and
4 :4/-diaminodiphenyl sulphone were used for comparison. The results
are recorded in Table I.
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A limited investigation has also been made of the in vivo activity of
4 :4'-diamino-2:2'-dihydroxydiphenyl sitphone in mice infected intra-
venously with 0-01 mg. (dry bacterial substance) of Mycobacterium
murium (NCTC 5676), with results which are summarised in Table II.

TABLE |
Inhibitory Dilution
Substance | (R=CaHY f: 16,000
Substance | (R=H) e 1: 256,000
4 :4,-Diaminodiphenyl sulphone ... 1: 128,000
Sodium 4-aminosalicylate ... 1: 64,000
TABLE 1l
j Number Daily Mortality
Substance of Dose after 3
Mice mg. weeks
4 : 4-Diaminodiphenyl sulphone ! 6 | 3/6
Sodium 4-aminosalicylate...........cccovvniinniiiiinnn, o1 6 1 3/6
4 :4'-Diamino-2 : 2'-dihydroxydiphenyl sulphone 6 1 0/6*
Nil (CONtrols) e . ) « 0 4/6

* Post mortem examination of the survivors (killed after 2weeks) revealed that four of the six mice were
normal throughout.

Examination of the oral toxicity in mice of 4:4'-diamino-2:2'-
dihydroxydiphenyl sulphone has shown it to be non-toxic at doses of
500 mg./kg., a dose level at which the parent compound, 4:4'-diamino-
diphenyl sulphone is known to exhibit toxic reactions.

This work is part of a thesis presented to the University of London
in May, 1950, for the degree of Ph.D.

Experimental
All m.pts. are uncorrected.
The following were prepared by the method of van Erpl12:—

2-Acetylamino-4-chloro-5-ethoxynitrobenzene
4-Chloro-3-ethoxynitrobenzene
2-Chloro-5-nitrophenol.

4-Acetylamino-2-acetoxybenzenesulphinic Acid (Il). 4-Acetylamino-
2-acetoxybenzenesulphonyl chloride (16g., Thorpe and Williams13 was
stirred with a solution of sodium sulphite (NaZS037H2), 28-6 g.) in water
(60 ml.). The solution was made just alkaline and maintained so for
2 hours at room temperature. The brown sludge which formed was
removed by filtration and the filtrate mechanically stirred and acidified
by the slow addition of 60 per cent, sulphuric acid. The crude product
(7-34 g.), m.pt. 143°C. (decomp.) was precipitated as a buff crystalline
solid, which on recrystallisation from ethyl alcohol (charcoal) gave white
prisms, m.pt. 145°C. (decomp.) of 4-acetylamino-2-acetoxybenzene-
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sulphinic acid. Found: C. 45-5; H. 4-3; N, 5-7; S, 13-0 per cent.

Eq.wt. 259. C1IHnNnO,NS requires C. 46-7; H, 4-3; N, 5-5; S, 12-5 per cent.
Eqg.wt. 257.

Sodium salt. Found: Na,8-4 per cent. CinHIOQOSNSNa requires Na.8-2
per cent.

Condensation of 4-chloro-3-ethoxynitrobenzene with sodium sulphide.
Sodium sulphide (NaZs,9H,0, 1-29 g.) dissolved in water (3 ml.) and
ethyl alcohol (97 per cent. 2 ml.) was slowly added to a mechanically
stirred solution of 4-chloro-3-ethoxynitrobenzene (2 g.) in alcohol (10 ml).
The solution, which immediately became deep red, commenced to deposit
a yellow solid after being refluxed for 10 minutes. Refluxing was con-
tinued for another 2 hours. The crystalline precipitate (0-2 g.) was recry-
stallised from glacial acetic acid forming yellow platelets, m.pt. 209°C.
Found: C, 453; H, 38, N, 66; S, 22 8 per cent. Mol.wt. (Rast) 492.
CieH 180 eN2Si requires C, 44-9; El, 3-8; N, 6-5; S, 22-5 per cent. Mol.
wt. 428.

The filtrate was evaporated to dryness, the product dissolved in benz-
ene and then chromatographed on alumina. The first, yellow benzene
eluate gave, on concentration and crystallisation, yellow rosettes of
2-chloro-5-nitrophenol (095 g.) m.pt. and mixed m.pt. 121° to 122°C.
Found: C, 41-7; H 1-8: N, 7-9; Cl, 19-7 per cent. Calc, for CV;HI0 NC1
C, 41-5; H, 2-3; N, 8-1; Cl, 20-4 per cent.

Condensation of 2-acetylamino-4-chloro-5-ethoxynitrobenzene with
sodium sulphide. Sodium sulphide (Na2S,9FCO, 2-4 g.), dissolved in
water (2-5 ml.) was slowly added to a stirred solution of 2-acetylamino-4-
chloro-5-ethoxynitrobenzene in alcohol (97 per cent.) (20-5 ml.). After
refluxing for one hour and cooling, the red solid (1-57 g.), m.pt. 210° to
218°C., which deposited, was separated into two components (A and B)
by boiling with a limited volume (60 ml.) of 80 per cent, acetic acid.

A. On cooling, the acetic acid solution yielded red crystals (0-525 g.)
m.pt. 180° to 195°C., which, after recrystallisation from 80 per cent,
acetic acid formed orange crystals of 5-acetylamino-5'-amino-2:2'-
diethoxy-4:4'-dinitrodiphenyl sulphide, m.pt. 209°C. Found: C, 49-0;
H, 4-7; N, 12-8 per cent. Ci8H204N4S requires C, 49-5; H, 4-6; N, 12 8
per cent.

B. The insoluble fraction was recrystallised from a large volume of
80 per cent, acetic acid yielding yellowish-orange needles of 5 :5'-
diacetylamino-2 :2’-diethoxy-4:4'-dinitrodiphenyl sulphide, m.pt. 24C°
to 242-5°C. Found: C, 49-4; H, 4-2; N, 11-5; S, 6-5 per cent.
CAH2208N4S requires C, 50-2; H, 4-6; N, 11-7; S, 6-7 per cent.

5:5'-Diamino-2:2'-diethoxy-4:4'-dinitrodiphenyl Sulphide.

Method A. 2-Acetylamino-4-chloro-5-ethoxynitrobenzene (8 1g.) was
suspended in ethyl alcohol (97 per cent., 160 ml.) and refluxed for 8 hours
with a solution of sodium sulphide (Naz,9H2), 3-8 g.) in water (8 ml.).
The crude mixture of monosulphides, which separated after removal of
the alcohol, was heated with 0-66 N alcoholic potassium hydroxide for
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1 hour under reflux. On distillation of the alcohol, a solid product
was obtained which formed red needles of 5:5'-diamino-2:2’-diethoxy-
4:4'-dinitrodiphenyl sulphide (2-98 g.), m.pt. 196° to 198°C., from 60 per
cent, acetic acid. Found: C, 48 9; H, 47; N, 13-90; S, 8 0 per cent.
Cir,H18 NS requires C, 48-6; H, 4-6; N, 14-2; S, 81 per cent.

Method B. Sodium sulphide (NaZ,9H2), 8-0 g.) dissolved in water
(65 ml.) was neutralised by the careful addition of sodium bicarbonate
(2-75 g.), the solution being cooled below 20°C. Sodium carbonate was
precipitated by the slow addition of ice-cold methyl alcohol (65 ml.) and
the filtrate (mainly sodium hydrosulphide) was refluxed with 2-acetyl-
amino-4-chloro-5-ethoxynitrobenzene (8-36 g.) for 10 minutes, under
nitrogen, to give a clear red solution. Sodium carbonate (1-73 g.) and
2-acetylamino-4-chloro-5-ethoxynitrobenzene (8-36 g.) were added and
the solution stirred and heated under reflux for 2-5 hours. The crude
product was treated as described under A above. Yield 5-68 g.

2 : 2'-Diethoxy-4 :4'-dinitrodiphenyl disulphide. A solution of sodium
hydrosulphide (3 06 g. Na2S.9HX), prepared as described above, was
refluxed for 4 hours with 4-chloro-3-ethoxynitrobenzene (2 g.). The solu-
tion was cooled and poured onto ice (100 g.) when a yellowish-green
solid (0-37 g.) was precipitated, which, after recrystallisation from glacial
acetic acid formed vyellow platelets, m.pt. 209°C., identical with the
trisulphide C16Hi60 6N2S isolated previously. The filtrate was extracted
with ether, the ether solution dried (anhydrous sodium sulphate) and the
solvent removed. The yellow solid product was recrystallised from ethyl
alcohol-acetone (2:1) forming bright yellow microcrystalline platelets
(0-52 g.) m.pt. 152°C. of 2 :2'-diethoxy-4 :4'-dinitrodiphenyl disulphide.
Found: C, 48-5; H, 4-4; N, 6-9; S, 15-7 per cent. Mol.wt. (Rast) 348.
C16-f1800 N 252 requires C, 48 5; FI, 4-1; N, 7-1; S, 16-2 per cent. Mol.wt.
394.

2 :2'-Diethoxy-4 : 4'-dinitrodiphenyl Sulphide.

Method A. Nitrosylsulphuric acid (13 g.) prepared by the method of
Gattermann and Liebermann}4 was slowly heated to 50*C. with 5:5'-
diamino-2:2'-diethoxy-4:4'-dinitrodiphenyl sulphide (2 g.) in a 500 ml.
flask and maintained at that temperature until the solid had completely
dissolved (ca. 1/2 to 1 hour). The flask was cooled by immersion in ice
and ice-cold ethyl alcohol (100 ml.) slowly added. After the effervescence
had ceased, the flask was heated at 100°C. for 1/2 hour. Acetaldehyde
and ethyl alcohol were removed by steam distillation and the black
resinous mass which solidified on cooling was chromatographically
adsorbed on alumina from acetone. Evaporation of the solvent from the
first, reddish-yellow, acetone eluate yielded a brown solid, which, after re-
crystallisation from acetic acid (60 per cent.) (charcoal), formed yellow
platelets (0-9 g.) of 2 -2'-diethoxy-4 : 4'-dinitrodiphenyl sulphide, m.pt.
115°C.

Method B. A solution of sodium hydrosulphide (=14-2 g. NaZS.9HD)
was refluxed with 4-chloro-3-ethoxynitrobenzene (11-85 g.) for 5 minutes
under nitrogen. Sodium carbonate (4-94 g.) and 4-chloro-3-ethoxynitro-
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benzene (11-85 g.) was added and the solution stirred and heated under
reflux for 16 hours. Methyl alcohol and unchanged 4-chloro-3-ethoxy-
nitrobenzene (9-56 g.) were removed by steam distillation and the solid
product extracted with boiling acetone. Evaporation of the acetone solu-
tion yielded a yellow solid, which, on recrystallisation from 60 per cent,
acetic acid, gave crude 2:2'-diethoxy-4:4'-dinitrodiphenyl sulphide (7-28
g.) in yellow needles, m.pt. 108° to 115°C. A pure specimen for analysis
was obtained by successive recrystallisation from 80 per cent, acetic acid
(twice) and from benzene and light petroleum (b.pt. 60° to 80°C.) fol-
lowed by chromatographic adsorption (twice) on alumina and elution in
benzene, the first yellow eluate being collected. Evaporation of the ben-
zene solution and recrystallisation of the product from 40 per cent, acetic
acid yielded bright yellow needles of pure 2:2'-diethoxy-4:4'-dinitrodi-
phenyl sulphide, m.pt. 115°C. Found: C, 52-6; H, 4-5; N, 7-7; S, &1
per cent. CirHI8 6N 2S requires C, 52-8; H, 4-4; N. 7-7; S, 8-8 per cent.

2 :2'-Diethoxy-4 :4'-dinitrodiphenyl Sulphone. Potassium permangan-
ate (5-2 g.) in hot water (40 ml.) was added drop by drop to a stirred
solution of 2:2'-diethoxy-4:4'-dinitrodiphenyl sulphide (8-18 g.) in boil-
ing glacial acetic acid (120 ml.). Water (120 ml.) was added and the
cooled mixture decolorised with sulphur dioxide.  The pale yellow
crystalline precipitate was redissolved in boiling glacial acetic acid (100
ml.) and reoxidised with potassium permanganate by the above pro-
cedure. Dilution and decolonisation of the cold solution yielded a white
solid (4 06 g.), which, on recrystallisation from 60 per cent, acetic acid,
formed shining white needles of 2:2'-diethoxy-4 :4'-dinitrodiphenyl
sulphone, m.pt. 213°C. Found: C, 48-1; H, 4-2; N, 7-3; S, 83 per cent.
CitH1B0N XS requires C, 48-5; H, 4-0; N, 7-1; S, 81 per cent.

2  -2'-Dihydroxy-4 :4'-dinitrodiphenyl Sulphone. 2:2'-Diethoxy-4:4'-
dinitrodiphenol sulphone (0-44 g.) was heated for 2 hours at 100°C. with
concentrated sulphuric acid (1-2 g.). Upon cooling and pouring on to ice
(20 g.), a white crystalline solid separated, which was recrystallised from
30 per cent, acetic acid (charcoal) to yield white needles of 2:2'-
dihydroxy-4:4'-dinitrodiphenyl sulphone, m.pt. 233°C. Found: C, 42-0;
H, 2-5; N, 82 per cent. CIH& 8NZX requires C, 42-4; H. 2-4; N, 8-2
per cent.

4:4'-Diamino-2:2'-dihydroxydiphenyl Sulphone (I, R = H). 2:2'-
Diethoxy-4:4'-dinitrodiphenyl sulphone (3-38 g.) was refluxed with con-
stant-boiling hydriodic acid (100 ml.) at 140°C. for 24 hours, the solution
being stirred continuously. The cooled solution was diluted with water
(100 ml.), decolorised with sulphur dioxide and neutralised by the addi-
tion of sodium carbonate, when the product, a white solid (2-1 g.), was
precipitated. The aqueous filtrate was extracted with ether, the ethereal
solution washed with water, dried (anhydrous sodium sulphate) and
evaporated to yield a further small quantity of product (0-1 g.). The
combined products were crystallised from hot water forming small needles
(1-7 g.), off-white in colour, of 4 :4'-diamino-2 : 2'-dihydroxydiphenyl
sulphone, m.pt. 179° to 181°C. Found: C, 51-6; H, 4-4; N, 9-9; S, 11 1
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per cent. C~H”O-tNoS requires C, 51-4; H, 4-3; N, 10-0; S, 11-4 per
cent.

Hydrochloride (C ZFII2OANX),2FICL found white prisms, m.pt.
207°C., from alcohol-ether. Found: C, 40-5; H, 4-5; N, 8-2 per cent.
Eq. wt. 355. CI2H 14 4ACI2NZS requires C, 40-8; H, 4-0; N, 7-9 per cent.
Eqg. wt. 353.

4 : 4'-Diamino-2 : 2’-diethoxydiphenyl Sulphone (I, R = OCH),
2: 2'-Diethoxy-4:4'-dinitrodiphenyl sulphone (3-38 g.) was refluxed with
constant boiling hydriodic acid (100 ml.) for 7 hours at 140°C., the solu-
tion being stirred continuously. The cooled solution was diluted with
water (100 ml.) and decolourised with sulphur dioxide. = The cream-
coloured precipitate of 4 :4'-diamino-2 :2'diethoxydiphenyl sulphone
was crystallised from 30 per cent, acetic acid, in small white needles,
m.pt. 269°C. Found: C, 57-1; H, 5-9; N, 85 per cent. CieHZO4ANZS
requires C, 57T; H, 5-9; N, 83 per cent.
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In the course of studies on the acidolysis of vitamin B12 Beaven et al.
(Part 11P) established the formation of three closely related hydrolytic
products which they termed components a, [Land y. Comparison of the
absorption spectra of these compounds with those of known heterocycles
led to the identification of component y with 5:6-dimethylbenziminazole
(111), a conclusion also reached by Brink and Folkers2, and of components
a and Bas 1-substituted 5:6-dimethylbenziminazoles. In addition, the
view was expressed that the two latter compounds might well prove to
be sugar derivatives of 5 :6-dimethylbenziminazole.

Subsequent work outlined in Part V3 and the independent studies of
Brink, Holly, Shunk, Peei, Cahill and Folkers4, and of Buchanan, John-
son, Mills and Todd3 have now established the main structural features
of the component a and £ molecules. Thus the constitution of a 5:6-
dimethylbenziminazole-I-tta-D-ribofuranoside (I1)* has been assigned to
the latter compound45 and the formulation confirmed by direct
synthesis4d. The structure of component «, however, is based on less
secure experimental evidence. The compound is undoubtedly the 2' or
3' phosphoryl derivative of (11)35 the 3'-formulation (I) being, in our
view, the preferred structure.

Acidolysis of B12 thus leads to initial formation1'3 of component a,
which then undergoes stepwise hydrolysis into component fi, and finally
into component .

Structure of Components a, i>and y

Me
Me
_______ [0 —
135 OH O0PO3H,
Component a R -CH- CHaOH (1)
H H H
o-
134 OH OH
Component R=-CH | CH2H (I1)
123 H o H
Component y R=H

(H1)
*See footnote on page 954
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By using the extinction coefficient of 5:6-dimethylbenziminazole (l11)
as a model for reckoning molar extinctions, Beaven et al.1concluded that
one molecule of vitamin B12 gives rise to approximately one molecule of
5 :6-dimethylbenziminazole (calc, as components a, pand y) on acidolysis.
In addition, the recognition of two bands at k = 2885A and 2785A in
the BI12 absorption spectrum as characteristic of the benziminazole
chromophore led them to the further postulate that a benziminazole
nucleus exists preformed in the B12 molecule.

We now find that the synthetic 5:6-dimethylbenziminazole glycosides
(V) described in Parts 1V6and V 3of this series possess absorption spectra
indistinguishable from each other and from those of components a and &
The absorption spectrum of such a 5 :6-dimethylbenziminazole glycoside,
together with the curve for vitamin B12 is shown in Figure 1. It is now
clear that the absorptivity of B12 in the region of absorption of the
benziminazole is not sufficiently high to accommodate two equivalents
of the latter. We may thus conclude, with confidence, that vitamin B12
contains but one preformed benziminazole nucleus in its molecule. This
nucleus, in our view, consists of the intact component a, structure (1), as
only by this assumption does it appear possible to explain the facility
with which this fragment is released on acidolysis3

The Anomaly Present in the B12 Absorption Spectrum

Inspection of the curves shown in Figure 1reveals an anomaly. Thus
whereas the benziminazole curve (2) is characterised by a well-marked
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narrow band and “notch” (marked A), the cuive for vitamin B1R2
shows only an inflection (marked B) at X= 2885A. Since the absorption
of a mixture of two chromophore-bearing compounds is additive pro-
vided there is no interaction between them, the non-appearance of the
“notch ” in the absorption curve of vitamin B12 must be interpreted
in one of two ways: (i) the absorption spectrum of the rest of the
B12 molecule, which we shall term the “coloured fragment,” masks
the benziminazole band; or (ii) the contribution of the benziminazole
chromophore to the Bi2 spectrum is altered by some combination or
linkage of component a within the B12 molecule.

The first interpretation is unlikely. It can be shown graphically that
for this situation to obtain the absorption curve of the “ coloured frag-
ment ” must possess a small band which “fills up "—for want of a

better term—the small
minimum (A; curve 2)
present in the benzi-
minazole  spectrum.
Interpretation (i),
however, requires
closer study.

We already knowl
that the “notch” in
question (marked A)
is resolved in the
spectra of components
a, andy (Figure 2).
In addition, it is quite
certain that the resolu-
tion of the “notch”
in the component a
spectrum will not be
impaired by possible
linkage of the phos-

i"(t0o4m.-y Phoryl residue to the

Fig. 2. Absorption curves of 1 Component y (pH 2), rest Of_ th? B2 mole-
2. Component y (pH 12), 3. Components a and fi cule (vide infra). Con-

(pH 2), 4. Components a and /3 (pH 12). sideration of the ways

in which the chromo-

phoric character of component a can be affected sufficiently to abolish

the resolution of the “ natch ” without interfering with the wavelength

position of the main band and its subsidiary features leads, by a process

of elimination, to the conclusion that the nitrogen atom in position 3 of

the benziminazole nucleus in component o (l), is involved in some form

of combination. Evidence supporting this view is recorded in the follow-
ing section.
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Observations Regarding the Dissociation Constants of
Vitamin B12 and of Certain Benziminazoles

The benziminazole nucleus contains two basic nitrogen atoms and can
thus, theoretically, accept a maximum of two protons. Detailed electro-
metric studies by Davies, Mamalis, Petrow and Sturgeon7 show that
benziminazole, its alkyl derivatives, and its alkylated-I-glycosides, have
pKa values in the region of 5. This pKa subsequently referred to as
pKaj, corresponds to the

(v)
(R=glycosidic residue)

acceptance of one proton by the benziminazole (IV) to give the
benziminazolinium ion (V) (pKa ~ 50). The electron pair available
on the nitrogen atom at position 3, subsequently referred to as the N3
nitrogen, is utilised for this purpose, addition of proton being accom-
panied by a marked shift in the position of the absorption bands as
shown in Figure I, curves 2 and 3.

By spectrometric titration we now find that the foregoing benziminazole
derivatives (IV) give evidence for a second dissociation constant in the
region of pH 0 0. Thus when the concentration of hydrochloric acid is
raised to normal, a new spectral change occurs which consists of a shift
to longer wavelengths. The effect is still more marked in 5N and 10 N
hydrochloric acids.

R © ' R
| j
+ He h/V M .,
Mey | Axn/ IVA  nl(
_ H __ _ H _
V) (V1)

This second pKa, subsequently referred to as pKaj, is clearly depen-
dent upon the benziminazolinium ion (V) accepting a proton to give (VI),
which will obviously exist only in a very high hydrogen ion concentra-
tion.

Bearing these facts in mind, examination of the absorption spectra
in Figure 1 leads to the following conclusions: (i) The synthetic 5:6-
dimethylbenziminazole-1-glycoside (IV) shows, as expected, a pronounced
wavelength shift in passing from pH 12 (curve 3) to pH 2 (curve 2). This
spectral shift corresponds to the existence of a pKa of ca. 50 (i.e,
IV->V). (ii) The inflection at X = 2885A in the vitamin B12 spectrum,
for which the benziminazole chromophore present in (1) is responsible,
fails to show a wavelength shift in passing from pH 12 to pH 2. On
increasing the acid concentration to OT N, the B12 spectrum undergoes a
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definite but reversible shift to shorter wavelengths. Further increase in
acid concentration leads to spectral changes which are partly irreversible.

Consideration of these facts leads to the conclusion that the “com-
ponent a combination ” existing in the B12 molecule differs from the
5 :6-dimethylbenziminazole-I-glycoside (IV) by the absence of a pK h, as
defined on p. 947, but resembles (V) by giving the evidence of a pKa2 at a
pH of ca. 0-0. This fact must surely mean that N3in the *“ component a
combination ” must lack the free electron pair responsible for the pKa.
If this is indeed the case, the conclusion that the N3 electron pair is
involved in some form of linkage within the B12 molecule appears to
be inescapable. Theoretically, two types of linkage are indicated:

R' R'
(vh) (v

(i)  the N3 electron pair may be shared with a grouping R' in the
form of a covalent bond giving a compound of the quaternary salt
type (VII), or (ii) the N3 electron pair may be donated to a cationic
grouping R" in the form of a coordinate link as indicated in (VIII).

Before discussing these alternative formulations, it is perhaps pertinent
to restate once more the spectroscopic features which distinguish the
“ component a combination ” existing in B12 from those of a simple 5:6-
dimethylbenziminazole-1-glycoside (IV). Briefly, these differences in-
volve: (i) The absence of a spectral shift in passing from pH 12 to
pH 2 (Figure 1, compare curve 1 with curves 2 and 3), i.e., the absence
of a pKa and (ii) The absence of the “ notch ™ (Figure I; marked A in
curves 2 and 3) characteristic of (IV) but evident in B12 as an inflection
(Figure 1; marked B).

Returning now to a consideration of (VII) and (VIII), substances
possessing either structure may confidently be expected to lack a pKit
and thus satisfy the first of the conditions formulated above. The effect
of the N3R' linkages on the resolution of the benziminazole “ notch,”
however, cannot be predicted at this stage, but must be determined
experimentally by spectroscopic study of model compounds.

The Effect of Quaternation on the Absorption Spectra
of 1-Substituted 5: 6-Dimethylbenziminazoles

The absorption spectra of: 1:5:6-trimethylbenziminazole (IX) and
of 5:6-dimethylbenziminazole-I-p-tetraacetyl-D-glucopyranoside6 (X) are
given in Figure 3. Both compounds possess pKJ dissociation constants

Fi (1X) (R = Me)

______________ 0O—
N OAc H OAc
Me: 0 (R- < i 1 1 CHDAG
Me! I )
i/ H OAc H H
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and thus show pronounced spectral shifts in passing from pH 12 (curves
2 and 4, respectively) to pH 2 (curves 1 and 3, respectively). In addition,
both compounds show a well-resolved “ notch ” (marked A) in :he region
of /. = 2885A. The “notch,” it will be noted, is more pronounced

R (XI) (R = Me) o
. | OH H OH
Ml
( )(R— O H - T | ).
Me\ /\' S /; H OH H
| ©
Me |

in the case of (IX) (curves 1 and 2), a difference no doubt cue to the
contrasting inductive effects of the 1-methyl (+1) and 1-glycosido (-1)
substituents on the benziminazole chromophore.

Fig. 3. Absorption curves of 1 1:5: !
trimethylbenziminazole (pH 2), 2. 1:5:6- 4.0 35 ,,YKPcm-n
trimethylbenziminazole (pH 12), 3. 5:6- t o
dimethylbenzkninazole - 1 - B - tetra- Fig. 4 1 5:6-dimethylbenziminazole-I-
acetyl-D-glucopyranoside (pH 2), 4. 5:6-  /3-D-arabopyranoside-3-methiodide (pH 2
dimethylbenziminazole - 1 - - tetra- and 12), 2. 1: 5:6-trimethylbenziminazole-
acetyl-D-glucopyranoside (pH 12). 3-methiodide (pH 2 and 12).

Quaternation of the N3 atom leads, as expected, to the abolition of
the pKa. This point is evident from the absorption spectra of 1:5:6-
trimethylbenziminazole 3-methiodide (X) (Figure 4; curve 2) and of
5 :6-dimethylbenziminazole-I-fi-D-arabopyranoside  3-methiodide (XI1)
(Figure 4; curve 1) which, respectively, give identical absorption spectra
in both alkaline and acid solution.  Quaternation fails, however, to
abolish the well-resolved “ notch™ (marked A) which is clearly
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present in the absorption spectra of both these compounds. The
spectroscopic features of 1-substituted 5 :6-dimethylbe*iziminazole-3'
quaternary salts are thus incompatible with the second of the conditions
formulated on p. 948. The stability of such compounds as (XI) and
(XI11) towards hydrochloric acid, too, stands in marked contrast to the
facility with which release of component a occurs under the influence of
acid. 1-Substituted 5:6-dimethylbenziminazole-3-quaternary salts may
therefore be excluded from further consideration.

The Effect of Coordination by the N3 Atom on the Absorption
Spectra of 1-Substituted Benziminazoles

Considerable difficulty was experienced in preparing model compounds
of type (XIII)

= Metal) (Xnl)

for spectroscopic study.
Although complex formation
between the base and such
compounds as cobalt chloride
was achieved in many cases§,
the resulting products proved,
in general, to be compounds
of low stability which dissoci-
ated into their component parts
during solution prior to spec-
troscopic study. Discussion of
these results is accordingly
postponed. Complexes formed
employing platinic chloride8
however, proved sufficiently
stable for our purpose and,
moreover, contained the struc-
tural feature (VI1II).

The absorption spectrum of

the 5:6-dimethylbenziminazole-

Fig. 5. 1 Platinum complex of 5:6-di- 1-a-1 -arabopyranoside/pla-
methylbenziminazole - 1 - arabopyranoside, tinic chloride complex s

1. [Pt (NH,)j CI4, Curve 2 is given to in-  shown in Figure 5. Examina-
dicate the absorption characteristics of a

platinum complex which does not contain tion of the curve reveals: (i)
another specific chromophore. the absence of an acid/alkali

spectral shift, i.e., the absence
of a pKai, as defined on p. 947 and (ii) a marked decrease in resolution of
the long wave fine structure maximum at | = 2860 A (marked A).
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The spectroscopic characteristics of compounds of type (XIIl) (and
hence VIII) thus fully satisfy the two conditions formulated on p. 948.
We may therefore conclude, with reasonable certainty, that the N3 elec-
tron pair in component a is deployed in some form of co-ordinate link in
the combination existing in B12 Evidence regarding the nature of this
linkage is supplied by studies on the action of cyanide on vitamin B12

The Effect of Cyanide on Vitamin B12

When potassium cyanide or hydrocyanic acid is added in excess to a
solution of vitamin B12 the colour changes from red to deep violet with
a correspondingly marked change in the absorption spectrum both in the
visible and ultraviolet regions (vide infra.). The B12cyanide complex so
formed is stable only in solution in the presence of excess of cyanide,
reverting to a red compound on reducing the pH to below 7, or, when
hydrogen cyanide is employed, on simply allowing the solution to
evaporate. The identity with vitamin B12 of the material so recovered is
established by its absorption spectrum, its general crystallographic appear-
ance, its behaviour on paper chromatograms9 and its microbiological
activity as measured with Lactobacillus lactis Domer A.T.C.C. 10697.
For this latter determination, we are indebted to Dr. S. W. F. Underhill
and Miss F. E. Larkin. We may therefore conclude that: (i) cyanide
adds reversibly to the B12 molecule, (ii) addition of cyanide occurs at
an electrophilic centre in the B12 molecule, and (iii) addition is not
accompanied by profound structural changes in the molecule.

Evidence concerning the point of attachment of cyanide is furnished by
the observation that the coloured cobalt-containing fragment obtained by
Ellis, Petrow and Snook10 by acidolysis of B12 likewise adds cyanide
under similar experimental conditions. The cobalt-containing part of
the Bi2 molecule must therefore be the seat of the electrophilic centre
involved in “ B12cyanide complex ” formation. This centre is, in our
view, the central cobalt atom, the cyanophilic properties of which are
well established and require no further comment (cf. Ephraim, Inorganic
Chemistry, 3rd English Edition, 1939, p. 302).

The co-ordination of cyanide ion with the central cobalt atom, as shown
diagrammatically in formula (XIV),

CN
(XIV.)

is accompanied by profound changes in the BI2 absorption spectrum as
shown in Figure 6 (vide supra). Comparison of curves 1 and 2 (Figure
6) reveals the important fact that the benziminazole inflection (marked B)
at X = 2885A present in the B12 curve (curve 1) has been replaced in
the “ B12cyanide complex ” by a well-resolved notch (marked A) (curve
2). In fact, the component a contribution to the absorption spectrum of
the “ B12cyanide complex ” may be considered as “ normal,” and the
corresponding anomaly previously observed in the B12 spectrum (cf.
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Figure 1) as absent. The co-ordination of cyanide ion with cobait is thus
able to influence directly the contribution made by the benziminazole
chromophore to the B12 spectrum. Some form of linkage between the
cobalt atom or chromophore and the benziminazole chromophore is thus
established.

The benziminazole chromophore (I), for reasons outlined above, is
considered as bound through its N3 atom by means of a co-ordinate
linkage as shown in (VIII). The N3atom of the latter compound must
therefore be involved in co-ordinate linkage with either the cobalt atom
or chromophore. An unequivocal decision between these two alterna-
tive sites of combination is, unfortunately, impossible at the present time,
owing to an almost complete absence of information regarding the de-
tailed structure of the cobalt chromophore. The probable existence of a
structural analogy between BJ2 and the haematin group of compounds,
however, to which Ellis, Petrow and Snook10 have already drawn atten-
tion, points to the hypothesis that N3in the benziminazole glycoside (I)
is co-ordinately linked to cobalt as shown in (XV).

It is perhaps relevant to add that we visualise the cobalt-containing
fragment as a planar structure somewhat akin spatially to a porphyrin,
with component « lying perpendicularly to this plane.

The resolution of the benziminazole “ notch” (Figure 6) in the “ B12-
cyanide complex ” spectrum is readily explained on this basis by assuming
that combination of cyanide ion with cobalt to give (XVI) leads to an
increase in the electronegativity of the cobalt atom and a corresponding
decrease in the electronic contribution of the N3 benziminazole nitrogen
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to the cobalt electron cloud. Decrease of this electronic contribution
will, conversely, diminish the changes produced by the N3- Co linkage
in the benziminazole chromophore spectrum and lead to an absorption
curve more closely resembling that of an unattached 5:6-dimethyl-
benziminazole-1-glycoside (1V), as is indeed found to be the case. Thus
the co-ordination hypothesis fulfils all the spectroscopic desiderata estab-
lished during the course of this investigation. Its unequivocal proof, how-
ever, must await a closer knowledge of the internal architecture of the
B 12 molecule.

R R
mA / \ wr Y > X
(14 11 (14 1
x/v'" . “AArS
1 CN :
----- 0 - — - Co —
(R = Ribofuranose phosphate t
residue) CN
XV) (XVI)

A precedent for a similar co-ordination is furnished by haemoglobin
and by cytochrome c in which a histidine residue is co-ordinated with
the porphyrin iron atom. The analogy with heem compounds is further
strengthened by the recent observation of Wallman, Cunningham and
Calvin1l, and of Gruen and Menassé12 who have shown that the cobalt
atom in vitamin B12is trivalent and possesses octahedral symmetry. The
effect of cyanide on the spectrum of B12 is likewise reminiscent of the
effect of cyanide on ham compounds described by J. Keilin13 and of
cyanide on cobalt porphyrins described by Taylorl4

Some Implications of the Coordination Hypothesis

The function of the histidine residue in cytochrome c is to provide a
channel for the transmission of electrons to and from the iron atom as
indicated in the following schemels:

NH nh
1 v y nh\
I\ + H- N — H® N A

1 : 1

HD / :
\ Fl(e/ v iaT/ \ Fov
If A N ot

(XVII)

whereby reversible reduction of the ferric atom is achieved. We are
tempted to suggest a similar function to the benziminazole residue in
vitamin B22in view of the close and unexpected analogy evident between
the two partial structures (XV) and (XVII). Cobalt co-ordination com-
plexes, it is true, exist normally in the more stable cobaltic form. Never-
theless, the possibility that transient reduction of cobaltic to cobaltous
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occurs in vitamin B12 by electron transmission through the benziminazole
nucleus should not be excluded from consideration. It is of interest
to note, in this connection, that the oxidation/reduction potential of the
Co++ — Co+++ reaction is very much altered by conversion of the
simple inorganic cobalt ion into a complex of the covalent octahedral
type (see Pauling, Nature of the Chemical Bond, 2nd Ed., 1942, p. 96).

A point of difference between the behaviour of the histidine residue
in the htem pigments and the benziminazole residue in vitamin B12 is
furnished by the action of dilute acids. Hydrolysis occurs in both cases.
In Bi2 however, progressive release of component a seems to take place
in contrast to an instantaneous cleavage effect observed with haem com-
pounds.  This difference in behaviour would appear to indicate the
presence of an additional less readily hydrolysed linkage which, together
with the N3-Co link (cf. XV), binds component a to the rest of the B12
molecule. Buchanan, Johnson, Mills and Todd5 have indeed proposed
that the phosphoryl grouping in component a is joined directly to the
cobalt macrofragment and also to the “ ninhydrin-reacting fragment 16
(D-l-amino-2-propanol17 8 in tertiary union. Combination with d-1-
amino-2-propanol in this fashion is, of course, inconsistent with evidence
submitted by Cooley et al. in Part V3 Nevertheless, we accept the sug-
gestion regarding the attachment of the phosphoryl residue to the cobalt-
containing fragment, either directly or through an intermediate molecule,
such as D-l-amino-2-propanol, and tentatively propose a two-fold attach-
ment of component a as indicated below (XVIII).

CH20H

Co
(XVIIN)

The feasibility of this formulation depends not only upon structural
features of which we have no present knowledge, but also upon the
stereochemical configuration of the glycosidic centre present in com-
ponent a. Two-fold attachment can only be postulated for one of the
anomeric forms of (I). This anomer* must possess the aa glycosidic con-
figuration established by Butler, Smith and Stacey1d for the aa and pa
forms of tetraacetyl-D-galacto-pyranose anilide. The anomeric form of

*In order to avoid ambiguity between the use of a, fi y to designate the
hydroyltic products of B:2, and the use of a and /3 to designate the anomeric
forms ™ of the benziminazole glycosides, the latter have been termed the aa
and Sa-glycosides. The subscript a implies reference to the anomeric forms
of sugars as generally accepted in carbohydrate nomenclature.
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component a is not, of course, known with certainty. Nevertheless, it
is perhaps more than a coincidence that Brink et al.* have provisionally
assigned it the aa-configuration on grounds of general usage and practice.

Summary and Conclusions

1 Spectroscopic studies lead to the conclusion that the nitrogen atom
in position 3 of component a (1) is involved in a linkage of co-ordinate
type within the B12 molecule.

2. Cyanide ion is shown to add reversibly to the cobalt-containing
chromophore present in vitamin B12 such addition being accompanied
by a significant change in the anomalous contribution of the benzimin-
azole chromophore of (I) to the ultraviolet absorption spectrum of
vitamin B12

3. It is suggested that the nitrogen atom in position 3 of component a
() is co-ordinately linked to cobalt as shown in (XVIII).

The authors thank Dr. B. Sturgeon and Mr. P. Mamalis for the pre-
paration of the model compounds required for this investigation, and the
Directors of The British Drug Houses Ltd., for encouraging this work.

Note. After Part VI had been submitted for publication, Brink,
Kuehl and Folkers (Science, 1950, 112, 354) presented evidence which
indicates that a cyano-grouping is bound directly to the central cobalt
atom in vitamin B12 This fact in no way invalidates the arguments
outlined in Part VI. The purple complex formed by addition of cyanide
to vitamin B12 however, which we refer to as the “ B12-cyanide complex,”
will therefore contain two cyano-groups linked directly to cobalt, one
of which is readily lost with regeneration of the parent vitamin.
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Acetophenone and Lobeline, Determination of. K. Matern and
G. Schi ll. (svensk farm. Tidskr., 1950, 54, 445, 462.) Acetophenone is
determined photometrically through the dinitrophenylhydrazone. Details
are as follows. 5 ml. of a solution containing 0-015 to 0-040 mg. of aceto-
phenone is treated with 5 ml. of 0-1 per cent, solution of 2-4-dinitrophenyl-
hydrazine in 2N hydrochloric acid, and allowed to stand for 2 hours; 10 ml.
of carbon tetrachloride is added, and the mixture is shaken strongly for 10
minutes. After removal of the acid layer, the tetrachloride solution is dried
by shaking strongly with 50 ml. of water. Washing is repeated 3 times,
each time with 50 ml. of water. The carbon tetrachloride solution is washed
with sodium sulphate and the extinction is determined at 370 mp. Correction
is made for a blank test carried out in a similar manner. The method cannot
be used for quantities of acetophenone less than 0-015 mg., as the reaction
with dinitrophenylhydrazine is then too slow. For the determination of
lobeline an aqueous solution, containing 1to 2-5 mg. of lobeline hydro-
chloride, is treated with 20 ml. of buffer solution (pH,8-0) and made up to
70 ml. with water. The flask containing the mixture is then connected to a
condenser with a receiver containing 10 ml. of water. After heating on a
water-bath for 15 minutes, the solution is distilled over, at a rate of not more
than 3 ml. per minute, until 30 ml. of distillate has been collected. The
condenser is rinsed with a little water, the solution is made up to 100 ml.,
and 5 ml. of this solution is treated as above. For determining unchanged
lobeline in partially decomposed solutions it is necessary first to remove any
free acetophenone by shaking the slightly acidified solution twice with
carbon tetrachloride. Direct determination of acetophenone in such solutions
is unsatisfactory. The presence of alcohol interferes with the determination,
giving results which are too high. G.m.

/»-Aminosalicylic Acid, lIdentification of. F. v. Bruchhausen, H.
Karbe and W. Kunz (Arch. Pharm., Berk, 1950, 283, 110.) The p-amino-
salicylic acid used therapeutically is 4-amino-2-hydroxybenzoic acid. Some
samples on the market have been found to be 5-amino-2-hydroxybenzoic
acid. The following reactions may be used to identify the latter acid. Viebock
reaction: by boiling with acid, the 5-aminosalicylic acid is converted into
p-aminophenol; the solution is treated with hypochlorite and then with
phenol; a blue colour is produced. Vlezenbeek reaction: to 001 g. of the
compound is added 01 g. of resorcin and 1 ml. of concentrated sulphuric
acid, and the mixture is heated to 180°C. After cooling, the mixture is
poured into 5 ml. of water, made alkaline, cooled and a few drops of iodine
solution added; a blue-violet colour appears, owing to formation of resorufrn
and resazurin. Reduction test: 5-aminosalicylic acid reduces ammoniacal
silver solution; the true para compound does not. G. m.
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Antrycide, Determination of. A. Spinks. (Biochem.J., 1950, 47, 299.)
Four methods for the determination of antrycide are described. Two are
colorimetric methods which may only be used for aqueous solutions of the
drug. The antrycide solution (up to 10 pg. of antrycide/ml.) is well shaken
with a solution of Congo red WS, phosphate buffer (pH7) and butyl alcohol.
After separation the upper layer is transferred to a colorimeter and the
extinction coefficient is measured against pure butyl alcohol using a green
filter. In the second method the antrycide solution is well mixed with a
solution of suramin and phosphate buffer and set aside for 5 minutes. A
solution of 2-p-dimethylaminosteyryl-fi-acetamidoquinoline methochloride,
SQ 24 (12-5 mg./100 ml.) is then added and the extinction coefficient is
measured against distilled water at 505 mu. The third method utilised the
fluorescence of solutions of antrycide. The plasma to be analysed is compared
with ordinary plasma and plasma containing a known amount of antrycide.
The solutions are treated with trichloracetic acid, set aside for 10 minutes,
centrifuged and the upper layer examined in a fluorimeter. For amounts
varying from 1to 7 ug. of antrycide the recovery was from 89 to 100 to 119
per cent. In the fourth method the plasma is diluted with water, treated with
trichloracetic acid and centrifuged, and the upper layer is mixed with buffered
eosin reagent and solution of /j-butyl alcohol in chloroform. After vigorous
shaking the lower layer is pipetted off, filtered and examined in a Coleman
fluorimeter. Concentrations of 40 ug. of antrycide/l. may be determined
with satisfactory accuracy. The method is fairly specific, most other tertiary
and quaternary bases not reacting, ilt can also be applied to tissues and
urine. a. d. o.

Carbon Monoxide, Spectrophotometric Determination of. N. C.
Klendshoj, M. Feldstein and A L. Sprague. (J. biol. Cheni.,
1950, 183, 297.) This method depends on the different value of the ratio
between the optical densities of reduced haemoglobin (3T5) at 555 and 480 mg
and that for carboxyhaemoglobin (1-94). Mixtures* of the two pigments give
intermediate values. 1 ml. of oxalated blood was diluted to 100 ml. with
0-4 per cent, ammonia and 3 ml. was placed in a cuvette with 1C mg. of
sodium hydrosulphite.  The solution was gently mixed and the densities at
the two wavelengths were measured using 0-4 per cent, ammonia as a
blank on a Beckman DU quartz spectrophotometer in 1 cm quartz cells.
The ratio D555/D 480 was calculated from a calibration curve prepared from
samples of blood containing known amounts of carbon monoxide. All deter-
minations were checked by the Slyke’s gasometric method and good agree-
ment was obtained, especially when the content of carbon monoxide was less
than 20 per cent. Methaemoglobin did not interfere with the results, but the
method was not practicable when samples had become haemolysed.

a.d.o.

Cocaine, Colour Test for. E. Rathenasinkam. (Analyst, 1950, 75,
169.) The colour reaction with alkalis of the nitro-compound produced by
nitration of cocaine with a mixture of nitric and sulphuric acids is used
as a basis of a colour test. To about 0-5 mg. of the substance about 100 mg.
of potassium nitrate and 10 drops of sulphuric acid were added, the mixture
being heated in a boiling water bath for 10 minutes, cooled, and diluted with
water to about 30 ml. The mixture was extracted once with chloroform,
made alkaline with ammonia and extracted again with chloroform. The
residue left on evaporation of the chloroform was dissolved in about 2 ml.
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of acetone and 1to 2 drops of a 10 per cent, solution of sodium hydroxide
were added; cocaine gave an intense purple colour. Amylocaine hydro-
chloride treated similarly gave no colour; procaine hydrochloride, a light
reddish-violet colour, changing quickly through brown to greenish-yellow;
benzocaine, no colour; homatropine hydrobromide, a light reddish colour;
atropine sulphate, a strong violet colour. rie.s.

Cortisone and Related 17:21-Dihydroxy-20-Ketosteroids, a Quantitative
Colour Reaction for. C. C. Porter and R. H. Silber. (3. biol. Chem.,
1950,185, 201.) 17:21-Dihydroxy-20-ketosteroids react with phenylhydrazine
and sulphuric acid to give a yellow colour. The steroid is dissolved in 1 ml.
of methyl alcohol and is heated at 60°C. with 8 ml. of phenylhydrazine
solution (65 mg./100 ml. sulphuric acid, 1-63:1) for 20 monutes. When cool
the optical density is measured at 410 mp against a reagent blank. To correct
for interfering steroid compounds a second determination is made omitting
the phenylhydrazine. The difference in the two readings is proportional to
the quantity of 17:21-dihydroxy-20-ketosteroid in the sample. With plasma it
is frequently necessary to apply an additional correction for the opalescence
of the solutions.  With 1 to 25 ug. of pure cortisone acetate the optical
density was directly proportional to the concentration of steroid, and the
method was sensitive to about 1 pg. It was possible to estimate precisely
the amount of cortisone acetate in a solution containing 20 pg. each of this
steroid, methyltestosterone, oestradiol and pregnenolone, in spite of the inter-
ference which these substances caused. Other interfering substances such as
fructose and dehydroascorbic acid can be eliminated in the preliminary
preparation of the sample. With extracts of adrenal cortex it was found
difficult to dissolve out the keto-steroids. When they were added to blood
and urine they could readily be extracted with chloroform, the results showing
about 80 to 95 per cent, recovery. Only after prolonged administration of
the compounds to rats was it possible to detect them in the urine. a.d.o.

Digitalis, Chemical Assay of. F.Neuwal d. {Arch., Pharm., Berl., 1950,
283, 93.) The method of Knudson-Dresbach, based on the reduction of
alkaline picrate, gives high results in the determination of digitalis glucosides.
This is not due to any reducing effect of the sugar fraction, but to some
other compound present in the leaves. The author has modified this method
by first separating the genins, as follows: 1 g. of coarsely powdered drug
is infused with 100 ml. of water at 90°C. for 15 minutes, cooled, filtered
and made up to 100 ml.: 40 ml. of this solution is treated with 2 ml. of
10 per cent, solution of lead acetate, and made up to 50 ml. After a short
time the mixture is filtered, and to 25 ml. of the filtrate is added 1 ml. of
10 per cent, solution of disodium phosphate. After filtration, the residue
is washed well with water. To the filtrate is added 1 ml. of OTN hydro-
chloric acid, and water to about 50 ml., and the mixture is boiled gently
for 30 minutes, cooled, and neutralised to litmus with ammonia. The liquid
is evaporated to dryness on the water-bath, and the residue is digested suc-
cessively with 10 ml., then 5 ml., and 5 ml. of chloroform, the chloroformic
solutions being washed with water. The chloroform is evaporated off and
the residue dissolved in 5 ml. of methyl alcohol: 5 ml. of freshly prepared
alkaline picrate reagent is added and, after 30 minutes, the extinction co-
efficient is determined at 20°C., using filter S50. The method is standardised
against pure digitoxin solution. In applying this method it was found that
the chloroform-insoluble fraction gave a strong reaction, although it did
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not give the Legal reaction. This fraction was very toxic, but with frogs the
stoppage of the heart occurred in diastole, whereas with the heart-active
glucosides and genins it stops in systole. Thus, there is in the leaf a toxic
substance which is not a typical heart poison. G m.

Emodins in Drugs, Determination of. R. Fischer and E
Buchegger. (Pharm. Zentralh., 1950, 89, 261.) The determination of
total emodins in rhubarb, frangula and cascara is carried out as follows:
0-3 to 0-5 g. of the finely powered drug is heated on the water-bath, under
a reflux condenser, for 10 minutes with 15 ml. of methyl alcohol, 0-05 ml. of
dilute sulphuric acid and 5 to 10 drops of hydrogen peroxide (30 per cent.).
The mixture is then evaporated to 2 ml. and heated under a reflux condenser
with 25 ml. of chloroform. After filtering through cotton wool, the filtrate
is concentrated to 10 ml. and treated with a little sodium bicarbonate and
anhydrous sodium sulphate. This chloroformic solution is passed through
a column containing in succession 4 g. of sodium bisulphite, 2 g. of kiesel-
guhr and (as bottom layer) 4 g. of ammonium carbonate. The liquid passing
through is passed over a second column containing 8 g. of calcium carbonate.
Washing with chloroform is continued until the liquid coming out of the
first column is colourless. The second column is then washed with 5 + 5 + 3
ml. of alcohol (96 per cent.)). When the red colour has almost reached the
bottom of the column, a few drops of potassium hydroxide solution are
added to the receiver in order to show when emodin commences to come
through the column, when the washing is stopped immediately. The
calcium carbonate is removed from the tube, and the red band
treated with hydrochloric acid and extracted with chloroform. The
chloroform solution is passed through a column containing 8 g.
of finely powdered calcium chloride to remove impurities, the chloro-
form solution is evaporated to dryness and the residue is weighed. The
ammonium carbonate used for the column should be purified by extraction
with boiling alcohol, and drying at 60° to 70°C. Free emodins may be
determined in a similar manner by direct extraction of the drug with chloro-
form, while treatment with sulphuric acid alone, followed by chloroform
extraction, gives free and combined emodins. Anthranols are then calculated
from the difference between total emodins and free + combined emodins.
For senna leaves the first stage of extraction is as described above, but if the
chloroform solution has a greenish colour instead of orange brown, it must,
after drying, be treated with a little sodium peroxide. Immediately after the
colour has changed to brown the peroxide should be filtered off. In this
case the final residue is dissolved in 5 per cent, sodium hydroxide solution
and 2 per cent, ammonia solution and made up to 200 ml. The emodin is
then determined colorimetrically, using chrysophan as standard, with a filter
absorbing at 475 or 560 mp. g.m.

Emulsions, Use of Chlorophyll for Breaking. I. C. Edmundson and
B.J. Wilkins. (Analyst, 1950, 75, 169.) During the extraction of alkaloids
in alkaloidal assays of solanaceous drugs it was noticed that the emulsions
became worse as the chlorophyll was extracted. Quantities ranging from
a few drops to a few ml. of a 5 per cent, solution of chlorophyll in chloroform
were therefore added to the emulsions. Breaking began immediately on
shaking and was complete within a short time; the treatment was used with
success on tinctures and extracts which contained chlorophyll. Commercial
spirit-soluble chlorophyll was used, a blank determination showing it to have
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no effect on the final tr.re. Any tendency to emulsification in the subsequent
acid extractions can he prevented if the acid layers are bulked together
with any emulsion and shaken, although one extra chloroform wash may be
needed to remove all the chlorophyll. R e.s.

Strychnine and Brucine, Chromatographic Separation of. R. Fischer
and E. Buchegger (Pliarm. Zentralh., 1950, 89, 146.) For the assay
of nux vomica or semen ignatii, 2 g. of the drug is shaken for 3 hours with
60 g. of chloroform aid 2 ml. of 2N sodium hydroxide. The mixture is
filtered through cotton wool in a covered filter, and 30 g. of the chloroform
solution is taken. This is concentrated and shaken out with 20, 15 and 15 ml.
of 1 per cent, hydrochloric acid, the combined aqueous extracts being washed
with 15 ml. of chloroform. The solution is made alkaline with ammonia,
and the bases are sha<en out into three 15 ml. quantities of chloroform
The chloroformic solution, after drying with sodium sulphate, is evaporated
to dryness and the res.due is taken up in 10 ml. of warm neutral trichlor-
ethylene. The solution is passed through a column of 10 g. of alumina ir.
a tube of 9 mm. diameter, the column being sucked dry and washed with
two 5 ml. quantities of solvent. This trichlorethylene liquor is rejected
Strychnine is then eluted from the column by 75 ml. of a mixture of carbon
tetrachloride containing 9 per cent, of acetone, the first 15 ml. of eluate
being rejected. After removal of the solvent, the strychnine is dissolved
in 10 ml. of 0-01N hydrochloric acid and determined by titration. Brucine
is then eluted from the column by 25 ml. of ethyl alcohol and determined in f.
similar manner. G.m.

ORGANIC CHEMISTRY

p -Aminosalicylic acid, Manufacture of. C. van der Stelland W. T.
Nauta. (Pharm. Weckbl., 1950, 85, 474.) In the manufacture of p-amino-
salicyclic acid by carboxylation of m-aminophenol with carbon dioxide at
high pressure, a certain amount of 4-amino-6 hydroxyAophthalic acid is
formed. This compound is only slightly soluble in water and organic sol-
vents, and may best be identified by the melting-points of its methyl and
ethyl esters, 146° to 147CC. and 140° to 141°C. respectively. The MLD50
for.mice is between 2 and 2-4 g./kg. G M

Citric Acid, Production of, by Aspergillus niger. F. W. Kunstmann
{Pharm. Zentralh., 1953, 89, 259.) The yield of citric acid from a glucose
culture may be doubled by suitable preliminary treatment of the organism.
Strains of Aspergillus niger should be selected by culture in acid medium
(pH T6 to T4) at 28°C.; the spores formed are inoculated on to molasses-
agar at pH 6-0 and 35°C.; the spores produced after 3 to 4 days are then
used as inoculum. The culture solution should contain 0 01 per cent, of
zinc sulphate and 0-28 per cent, of pure ferric chloride. g. m.

Phenacetin, Acet-4-chloranilide as Impurity in. J. H a 1d. (Dansk Tidsskr.
Farm., 1950, 24, 183, 195) A sample of phenacetin which had been found
to cause methsemoglobinremia in patients, was found to contain 18 per cent,
of acet-4-chloranilide. In a number of samples examined, quantities ranging
from 0-02 to 0-6 per cent, were found. Up to 1-5 per cent, does not depress
the melting-point of pienacetin below the official limit. The presence of
this material is due to the reaction of p-chloronitrobenzene (the usual
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starting point for phenacetin) with sodium ethoxide being incomplete, so
that the p-nitrophenetole contains unchanged chloronitrophenol. On
reduction and acetylation this gives acet-4-chloranilide.  The latter
compound was actually isolated from impure specimens of phenacetin
by a long process of purification, but its presence may be detected by a deter-
mination of combined chlorine in the phenacetin. For this the author prefers
the method of Zacherl and Krainick, involving distillation with chromic acid
and titration of the chloride with mercuric nitrate, using diphenylcarbazone
as indicator. G. m.

BIOCHEMISTRY
GENERAL BIOCHEMISTRY

Ayfivin and Bacitracin, Resolution of Crude Products in Similar Series of
Peptides. G. G. F. Newton and E. P. Abraham. (Biochem. j., 1950,
47, 257.) Ayfivin is an antibiotic produced by a strain of Bacillus licheni-
formis. The crude material was resolved by counter-current distribution and
the behaviour of its components was compared to those of bacitracin. In
a solvent system composed of amyl alcohol-n-'butyl alcohol and 0.05M
phosphate buffer at pli 6.8 to 7. crude ayfivin resolved into at least seven
components, but with a system comprised of jcc.-butyl alcohol and dilute
acetic acid the resolution of the components was very poor. Three of the
components, designated A, B and C, were found to be polypeptides possessing
antibacterial activity. Component A, the major constituent, was equally as
active as C and four times as active as B. The distribution curve of commer-
cial bacitracin in the first system was similar to that of partially purified
ayfivin. A mixture of ayfivin A and the corresponding component of baci-
tracin could not be resolved. Ayfivin B and C. also behaved in a similar
way to two other components of bacitracin. The active components of baci-
tracin and ayfivin are probably identical and it is suggested that the active
components of the latter should be called bacitracin A, Band C. a.d.o.

Insulin, infra-red Evidence of Chain Configuration in Natured and
Denatured. A. Elliott, E. J. Ambrose and C. Robinson.
(Nature, Lond., 1950, 166, 194.) A sample of crystalline insulin was cast from
formic acid solution at high temperature and the frequency of the ;nfra-red
absorption band characteristic of the C= 0 peptide link measured. The curve
obtained by plotting wave number against optical density was similar to that
obtained with insulin denatured by boiling in dilute hydrochloric acid solu-
tion. The same material, redissolved in w-cresol and recast as a film, gave
a curve similar to that obtained with insulin natured by precipitation from
aqueous phenol. Since synthetic polypeptides cast from solution in in-cresol
are predominantly in the folded (a) form, but when cast from solution in
formic acid are in the extended (/3) chain configuration, the results support the
view that natured insulin consists of polypeptide chains in the same a-fold
as a-synthetic polypeptide and that dénaturation is accompanied by extension
into the /3-form. The type of a-fold enables the a-fl transformation to occur
without any marked change in the side-chain packing but merely by rotation
of the -CO-NH- groups about bonds attached to the asymmetric carbon
atom; no rotation of side-chains about the chain axis is required and the
transformation could occur without breaking the disulphide linkages, which
must be preserved if dénaturation is to be reversible. G. R K
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Phosphate, inorganic. Mechanism of Absorption from Blood by Tissue
Cells. G. Popjak. (Nature, Lond., 1950, 166, 184.) Rabbit liver was per-
fused in situ with homologous plasma to which a small amount of carrier free
inorganic 3P 043 had been added (2 to 5 microcuries per litre) with or with-
out 0-01M sodium azide. The amounts of phosphorus-32 which disappeared
from the perfusion fluid were measured at 2-minute intervals and the amount
of inorganic phosphorus absorbed by the liver calculated from the known
inorganic phosphorus (31P + 3) content of the perfusion fluid. The average
absorption was 14 jig./minute in the control perfusion and 3-6 pg./minute
in the perfusion with azide, a difference amounting to a 74 per cent, inhibition.
Since azide inhibits phosphorylation, the simplest interpretation of the results
is that the transfer of inorganic phosphate across cell membranes requires
phosphorylating reactions. The concentration of inorganic phosphorus in
tissue cells is higher (TO to 12 mg. per cent, in the liver) than in the plasma
Q to 4 mg. per cent.) and a transfer of phosphate against the concentration
gradient requires expenditure of energy. The phosphorylating reactions on
the cell membrane rather than those within the cytoplasm are concerned
in the transfer of phosphate from the extracellular to the intracellular phase.

G.R K

Pyrogens, Decrease of, on Storage. J. Dorche and M. Castaing
(Ann. pharm. franc., 1950, 8, 365.) The pyrogenic character of a solution
generally decreases considerably on storage over a period of months. Those
which were found not to do so all contained glucose, and it appears that
in this case the pyrogenic substance was derived from the glucose and not
from the water. G m.

Streptomycin, A New. R. G. Benedict, F H Stodold, O R
Shot well, A M. Bond and R. A . Lindefelser. (science, 1950,
T22, 77.)) The streptomycin described in this paper is produced by an
organism which differs from previously recorded sources. The aerial mycelia
of the mould slowly change from greyish white to a flesh colour and the
name of Streptomyces prseo-cameus n.sp. is therefore suggested for it. In
certain characteristics the compound resembled the known streptomycins,
but by Winston and Eigens’ method, it was completely separable from manno-
sidostreptomycin and streptomycin in artificially prepared mixtures. Investi-
gation of the structure suggested the name of hydroxystreptomycin. Its
specific rotation (trihydrochloride) differed from both streptomycin and
mannosidostreptomycin, and, on catalytic reduction, it absorbed the amount
of hydrogen required to form a dihydro compound. When the trihydro-
chloride was assayed against D. subtilis it had the equivalent activity of
streptomycin base 748 ug./mg. (streptomycin trihydrochloride 842 pg./mg.).
A probable structure has been assigned to the compound but larger amounts
of material are necessary to confirm it. A D. 0.

Tetanus Toxoid, Concentration of. M. B. Jacobs and M. A
Behan. (3. Amer. pharm. Ass., Sci. Ed., 1950, 39, 466.) Tetanus toxoid
was, precipitated at pH 3-5 to 4-0 with trichloroacetic acid. About 800 ml.
of toxoid is mixed with 80 ml. of N trichloroacetic acid and set side fot
30 minutes. The solution plus precipitate was then carefully distributed in four
250-ml. centrifuge cups and centrifuged sufficiently to pack the precipitate.
The supernatant liquid was drained off and the contents of all the cups was
dissolved in 10 ml. of phosphate buffer (pH 8). The concentration was deter-
mined by Ramon’s limit of flocculation test and adjusted with 0-85 per cent.
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saline solution. Thiomersalate (1 in 10,000) was added as a preservative, and
the toxoid was sterilised by passing it through a Berkefeld filter. Toxoid pre-
pared in this way passed the tests for potency and limits and toxicity of the
U.S. National Institutes of Health. Not more than 17 per cent of the toxoid
was lost in processing, and the flocculation time was only slightly increased.
Nearly all the nonspecific nitrogen was removed. a.d.o.

Tetanus Toxoid, Purification of. M. B. Jacobs. (J. Ainer. phann. Ass.,
Sci. Ed., 1950, 39, 469.) The purity of a concentrated toxoid may be con-
sidered from the points of view of either the ratio of the flocculation units/mg.
of nitrogen (Lf/mg.N) in the purified toxoid to the Lf./mg.N of the total
protein (total undialysable nitrogen) in the crude preparation, or to the
Lf./mg. of total nitrogen. Using the latter ratio the author has investigated
products prepared by the method previously described (J. Amer. pharm. Ass.,
Sci. Ed., 1950, 39, 466). It was found that, by this method and some slight
modifications of it, it was possible to remove about 99 per cent, of nitrogen.
The modified processes, which entailed extra washings of the precipitate
or similar treatment, enabled a purer product to be obtained but resulted in
greater working losses. a. d. o.

BIOCHEMICAL ANALYSIS

Acetaldehyde in Blood, Spectrophotometric Determination of. T. N.
Burbridge, C. H. Hine and A. F. Schick. (3. Lab. clin. Med., 1950,
35, 983.) A method for the rapid determination of blood acetaldehyde
levels is described, which has permitted as many as 48 determinations to be
completed in a 5-hour period. The separation of acetaldehyde from blood
is accomplished by diffusion in a Conway cell. A semicarbazide solution is
used as the reactant and the resulting acetaldehyde semicarbazone is deter-
mined spectrophotometrically with a Beckman DU spectrophotometer. When
a 2 ml. blood specimen is analysed, acetaldehyde in concentrations as low
as 0-2 jig./ml. can be determined with an accuracy of £ 3-5 per cent. Blood
samples of 0-5 to 2 ml. are adequate for the amount of acetaldehyde
encountered in normal blood and the blood of patients undergoing antabuse
therapy. Normal acetaldehyde blood levels as determined by th_s method
range from 40 to 110 ug per cent. Diffusion eliminates interference from
all non-volatile agents, and there is no indication of interference from the
possible presence of acetone. s.h.w.

Adrenal Cortical Hormones ; Analysis by Paper Partition Chromatography
and Occurrence in the Urine of Normal Persons. A. Zaffaroni, R. B.
Burton and E. H. Keutmann. (Science, 1950, 111, 6.) The corticoids
were sufficiently soluble in polar solvents and their a-ketol group was sufficiently
detectable to obviate the use of Girard T reagent. The best solvent systems
were benzene-formamide and toluene-propylene glycol. The paper strips
were dipped in the polar solvent, the excess removed, the samples applied to
the strips and the chromatograms developed by the descending method with
benzene or toluene saturated with its respective polar solvent. The papers
were dried and the positions of the corticoids revealed by treatment with
alkaline silver nitrate (10 ml. of 0-1N silver nitrate, 10 drops of concentrated
ammonium hydroxide and 5 ml. of 10 per cent, sodium hydroxide) followed
after maximum colour production with a 5 per cent, sodium thiosulphate
solution. As little as 10 to 15 ug. of a corticoid could be detected. Cortisone,
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but no other corticoid tested, gave an intense blue colour in amounts over
15 gg. when the chromatogram was sprayed with a 0-3 per cent, solution of
iodine in a 5 per cent, potassium iodide solution. The benzene-formamide
system was most suitable for preliminary fractionation of complex corticoid
mixtures, for the resolution of individual C20 3 compounds and to analyse the
acetates and propionates of cortisone and 17-hydroxycorticosterone. The
toluene-propylene glycol system gave wider and more rapid separation of
C210 6 compounds. The method was applied to urine collected from 5 patients.
The urines were extracted with ether at pH 1, and the extracts washed with
dilute alkali and acid and separately analysed. The presence of cortisone
and 17-hydroxycorticosterone was strongly indicated by the agreement in
chromatographic behaviour of the urinary compounds and the known steroids,
the similar movements of their esters, the characteristic colour reactions and
the typical ultraviolet absorption curves. The normal 24-hour excretion of
each was estimated to be between 20 and 40 gg. No other cortical hormone
was found in appreciable amount. g.r. k.

Adrenaline in Biological Media, Micro-determination of. E. Sinodinos
and R. Vuillaume. (Bull. Soc. Chim. biol., 1950, 32, 409.) A new colour
reaction of adrenaline is obtained by adding to an acid solution of adrenaline,
p-nitraniline and sodium nitrite, and making alkaline. The colour is greenish-
blue, although it becomes brownish if the proportion of adrenaline is too
high. The sensitivity is 1 ug. Details are as follows: to 1 ml. of adrenaline
solution, containing not more than 20 ,«g., OT ml. of saturated solution of
p-nitraniline in N sulphuric acid, 1 drop of 1 per cent, solution of sodium
nitrite and 2 drops of strong sodium hydroxide are added. The colour reaches
its maximum intensity immediately, and is stable for several hours. Deter-
mination in adrenal gland: the gland is rubbed down with sand and 5 per
cent, solution of trichloracetic acid and, after filtering, the determination is
carried out on the filtrate. Determination in blood; the blood is deproteinised
with trichloracetic acid, and the filtrate is passed through alumina at pH 8.
After elution at pH 2 to 3, the reaction is applied directly. It is necessary
to apply a factor to allow for the loss which occurs during these operations
(the value of this factor is not stated). A similar colour is given by certain
adrenaline derivatives; in the case of nor-adrenaline only 1/10 the strength
of that with adrenaline. Although the presence of nor-adrenaline has been
reported in adrenal gland, the amount appears to be too small to have any
appreciable affect on the results of this method. G. m.

p-Aminosalicylic Acid, Determination of. R. Fleury. (Bull Trav.
Soc. Pharm. Bordeaux, 1950, 88, 68.) For the determination of p-amino-
salicylic acid in pus, a volume of the latter is diluted with an equal volume of
physiological salt solution. After centrifuging, the sediment is treated with
saline solution until no more of the acid can be detected in the liquid. The
solution is diluted from 20 to 500 times, and 5 ml. of it is treated with one drop
of 10 per cent, solution of ferric chloride. The colour is then compared with
a series of freshly-prepared standards containing from 0-1 to 0-033 per cent,
of p-aminosalicylic acid. The results obtained by this method are equally as
accurate as those obtained by diazotisation, and it has the advantage that it
is applicable directly to acetaminosalicylic acid, the form in which p-amino-
salicylic acid is eliminated. For determination in urine, it is only necessary
to dilute the sample from 50 to 100 times, and then adjust to pH 3 by the
addition of hydrochloric acid. When p-aminosalicylic acid (9g.) is injected
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into an abscess, it is eliminated completely in 36 hours. Diffusion in the
abscess is very slow at first and is only complete after 8 hours. During this
period urinary elimination is very low. g.m.

Benzylpenicillin, a New Method for the Spectrophotometric Determination
of. H. Pénau, G. Hagemann, Y.-G. Leclére and R. Vie nnet.
(Ann. pharm. franc.. 1950, 8, 450.) Commercial penicillin salts may be
assayed for benzylpenicillin by the following method. Prepare a solution
of the dried material in a mixture of 95 parts of alcohol (95 per cent.) and
5 parts of water, and determine the optical density at 263-0 m[i, 280-0 mp
and 322-0 mu. Unless the optical density at 322-0 m[i is greater than that
at 280-0 mu, in which case the substance has undergone decomposition
and the result will not be valid, determine the ratio of the optical densities
at 263-0 niii and 280-0 mu and calculate the percentage of benzylpenicillin
by reference to a standard curve prepared with a chromatographically pure
sample of benzylpenicillin. The determination'is accurate to +2 per cent.,
and avoids the use of aqueous solutions in which there is rapid deterioration
and shift of absorption maxima. G b.

Globulin and Total Protein in Cerebrospinal Fluid, Microphotelometric
Determination of. H. B. Salt. (3. Lab. clin. Med., 1950, 35, 976.) A
method is described for the precipitation of globulin by methyl alcohol (45
per cent.) at pH 6-6 in the presence of ghatti gum in 1 hour at 37°C.
Albumin is not precipitated under these conditions provided its concentration
is below the critical level of 125 mg./100 ml. A similar procedure is described
for the precipitation of total protein by salicylsulphonic acid in the presence
of ghatti gum in 5 minutes at room temperatures. Details are given (together
with a sectional plan and elevation) of a photoelectric apparatus whereby the
precipitated proteins, held in colloidal suspension by the gum, are determined
directly by light dispersion measurements. Dispersimetric values are corre-
lated with globulin and with total protein concentrations by means of
empirically established curves. Spectral red light is normally used, but for
greater sensitivity the wave-band may be changed to spectral violet. The
analytical procedures described are applicable to diluted blood serum as
well as to cerebrospinal fluid and give reliable results for quantities of
protein from 0-1 mg. to 1-4 mg. per aliquot analysed. S.1.w.

Insulin Preparations, Commercial, A Comparison of Three Methods for
the Assay of. D. M. Young, D. B. W. Reid and R. G. Romans.
(Canad. J. Res. Sect. E, 1950, 28, 19.) Commercial preparations including
crystalline and non-crystalline insulin, protamine zinc insulin and globin
insulin with zinc were assayed by three methods, (i) determining blood-sugar
levels after subcutaneous injection into 32 rabbits using the “twin cross-
over ” design; (ii) determining the blood-sugar levels after intravenous injec-
tion into 16 rabbits using the 4 x 4 Latin square design; and (iii) determining
the number convulsing within 75 minutes after subcutaneous injection into
288 mice, using a two-level quantal response design. There was satisfactory
agreement between the results by the three methods. The average standard
error of the result was: method (i), 13 per cent., method (ii), 10 per cent., and
method (iii), 9 per cent. g. b.

Penicillin in Urine, Determination of. H. H. Pénau E. Saias,
N.deChezelles and D. Benoist. (Ann. pharm. franc., 1950, 8, 444.)
A quantity of urine containing not less than 5 units of penicillin is adjusted
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to pH 2 and extracted twice with chloroform in the presence of sufficient
ammonium sulphate to depress considerably the solubility of penicillin in the
aqueous phase. The chloroform solution, after decolorisation, if necessary,
with charcoal, is extracted with aqueous sodium hydroxide, and the penicillin
titrated iodimetrically. Concentrated urine requires a preliminary washing
with chloroform at pH 4, and this does not remove an appreciable quantity
of penicillin.  The urinary concentration of penicillin corresponds fairly
closely to the blood level, determined microbiologically, and curves relating
urinary penicillin concentration with time may be wused in estimating
blood levels maintained with various salts of penicillin. G.B.

Vitamin D, Spectrophotometric Estimation of. H. E. Cox. (Analyst,
1950. 75, 521.) The following method is recommended for the determination
of vitamin D in foodstuffs. Dissolve the unsaponifiable matter in 10 ml.
of cyclohexane, and to 02 ml. of the solution add 1-8 ml. of a freshly
prepared, alcohol-free reagent containing 20 per cent, w/v of antimony
trichloride and 4 per cent, of acetyl chloride. If vitamin A is present, a
blue colour is produced, and the size of sample is adjusted so that the
colour fades in about 4 or 5 minutes. Determine the absorption at 500 mg,
after 6 minutes, and calculate the vitamin D content from the datum

1S = 1880 for pure vitamin D3. If the composition of the material
is known, as when the test is used for control of manufacture, a correction
can be applied for the colour produced by other sterols. The test is four
times more sensitive than the assay by determination of absorption at
265 mg, and is not so susceptible to interference by other sterols and
vitamin A. When there is five or more times as much vitamin A as vitamin D
present, the vitamin A should be removed chromatographically, before
assaying for vitamin D. G b.

PHARMACY

NOTES AND FORMULA

Acetomeroctoi (Merbak). (New and Nonofficial Remedies; 3. Amer. med.
Ass., 1950, 143, 814.) Acetomeroctoi, 2-(acetoxymercuri)-4-(l:1:3:3-tetra-
methylbutyDphenol, C16H 40 3Hg, is a white solid, m.pt. 155° to 157°C.,
almost insoluble in water, soluble in alcohol, ether and chloroform, and
sparingly soluble in benzene. When 3 ml. of chloroform containing 0T g.
of iodine is gradually added to a solution of 0-2 g. of acetomeroctoi
in 3 to 5 ml. of chloroform, the iodine colour is immediately dis-
charged, a momentary green appears and yellow mercuric salts are
precipitated. =~ When acetomeroctoi is extracted with water and filtered
the filtrate gives no colour or precipitate with sodium sulphide
(absence of mercuric ion!; the loss in weight on drying in vacuo over
anhydrous calcium sulphate for 24 hours is not more than 0-75 per cent.
Acetomeroctoi contains 43-0 to 43-2 per cent, of mercury calculated with
reference to the dried substance. It is assayed by heating under a reflux
condenser with monoethanolamine, separating the globule of mercury thus
obtained by centrifuging, dissolving in nitric acid and estimating by titration
with potassium thiocyanate Acetomeroctoi is applied locally in 01 per cent,
solution containing 50 per cent, of alcohol and 10 per cent, of acetone as
an antiseptic for the control of superficial infection. G R k.

Bismuth Glycolylarsanilate (Milibis). (New and Nonofficial Remedies;
J- Amer. med. Ass., 1950, 143, 895.) Bismuth glycolylarsanilate, the product
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of reaction between sodium p-N-glycolylarsanilate and bismuth nitrate, is
an odourless, yellowish-white to flesh-coloured amorphous powder which
decomposes on heating. It is very slightly soluble in water and alcohol
and insoluble in benzene, chloroform and ether; a saturated aqueous solution
has pH 28 to 35. When a solution in acidified water is boiled, cooled and
treated with bromine solution, a white precipitate is obtained, which on
extraction with ether yields tan-coloured crystals of 2:4:6-tribromoaniline,
melting at 118° to 121 °C. (presence of arsanilic acid). It contains not more
than 0-5 per cent, of free arsanilate, calculated as arsanilic acid and deter-
mined by titration with sodium nitrite in ice-cold acid solution, and not
more than 3 per cent, of moisture when dried at 105°C. for 24 hours. The
content of arsenic is 14 to 16 per cent., of bismuth 36 to 42 per cent., and
of arsanilic acid 42-2 to 44-8 per cent. Arsenic is assayed by digesting
with acid, adding sodium potassium tartrate, neutralising with sodium
hydroxide and titrating with iodine in the presence of sodium bicarbonate;
bismuth is assayed by digesting with nitric acid, diluting, treating with
diammonium phosphate and weighing the precipitate so obtained; and
arsanilic acid is assayed by refluxing with hydrochloric acid, cooling in ice
and titrating with sodium nitrite.  Bismuth glycolylarsanilate is an
amcebicide given as tablets in an average adult dose of 0-5 g. thrice daily.
G. R. K.

Choline Bicarbonate. (New and Nonofficial Remedies; J. Amer. med.
Ass., 1950, 143, 814.) Choline bicarbonate, (2-hydroxyethyl)trimethyl-
ammonium bicarbonate, CH20H.CH2N(CH33.HCO03 is prepared by passing
carbon dioxide into a solution of choline until the pH falls below 9, con-
centrating, again passing in carbon dioxide until the pH falls to 8-5 to 8-9,
and evaporating in vacuo. It is a very hygroscopic, white solid with an
amine-like odour, very soluble in water and alcohol, and slightly soluble
in benzene, chloroform and ether; a 10 per cent, aqueous solution has
pH 8-5. It gives a white curdy precipitate with phosphotungstic acid and an
emerald green colour with cobaltous chloride and potassium ferrocyanide.
When treated with hydrochloric acid, choline -bicarbonate evolves carbon
dioxide; the resulting solution after gentle heating and diluting gives no
colour or precipitate with hydrogen sulphide; ash not more than 0-05 per
cent. It contains 98 to 105 per cent, of choline bicarbonate and is assayed
by treating an aqueous solution with ammonium reineekate, filtering, wash-
ing the precipitate with water and alcohol, drying by suction, dissolving in
acetone and measuring the absorption at 5260A with a spectrophotometer;
the content of choline is obtained from a standard curve obtained by
similar determinations on a series of solutions of choline chloride reference
standard U.S.P. Choline bicarbonate is recognised for clinical trial as an
adjunct in the treatment of fatty infiltration of the liver; the total daily dose
is 8 g. or more. G.R. k.

Isopropylarterenol Hydrochloride (Isuprel Hydrochloride). [New jaid
Nonofficial Remedies; J. Amer. med. Ass., 1950, 144, 238.) Isopropylarter-
enol hydrochloride is a-(/iopropylaminomethyl)protocatechuyl alcohol
hydrochloride or I-(3':4'-dihydroxyphenyl)-2-/sopropylaminoethanol hydro-
chloride, Q H 3(OH)2CHOH.CH2NH.CH(CH32HCI. It is a white, odour-
less, slightly bitter, nonhygroscopic, crystalline solid, m.pt. 166° to 172°C.,
soluble in water and alcohol and very slightly soluble in benzene and ether:
aqueous solutions become pink on standing. A 1 per cent, aqueous solution
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is clear and colourless and has pH 4-5 to 5-5. It may be distinguished from
amphetamine, ephedrine, methamphetamine, naphazoline, phenylpropanol-
amine, phenylpropylmethylamine and tuaminoheptane by the dark brown to
black colour which develops when it is added to a 10 per cent, solution
of ammonium molybdate in sulphuric acid; the addition of ferric chloride
to an aqueous solution gives an intense green colour which becomes olive-
green on standing (distinction from hydroxyamphetamine and phenylephrine,
which give a purple colour). Isopropylarterenol hydrochloride loses not
more than TO per cent, of its weight when dried to constant weight over
phosphorus pentoxide; ash, not more than 0-2 per cent. It contains 5-40 to
5-80 per cent, of nitrogen (determined by semi-micro Kjeldahl) and 14-1 to
14-8 per cent, of hydrogen chloride (determined by adding silver nitrate and
weighing the silver chloride precipitated). A 0-0004 per cent, solution in
water exhibits an ultra-violet absorption maximum at 2800 A, and has
0f us sMequivalent to 97 to 103 per cent, of isopropylarterenol
hydrochloride.  Tablets and solution are assayed by measuring the
transmission at 2800 A and calculating the content of isopropylarterenol
hydrochloride form a standard curve. Isopropylarterenol  hydro-
chloride is a sympathomimetic amine closely related in its action to
adrenaline and noradrenaline. It is effective in the treatment of mild and
moderately severe asthma. When inhaled it exerts a mild expectorant action.
It is administered sublingually in a dose of 10 to 15 mg. or by inhalation
in a dose of not more than 0-5 ml. of a 0-5 per cent, solution. g.r. k.

Isopropylarterenol Sulphate (Isonorin Sulphate). (New and Nonofficial
Remedies; J. Amer. med. Ass., 1950, 144, 239.) Isopropylarterenol sulphate
is u-(Aopropylaminomethyl)protocatechuyl alcohol sulphate or 1-(3":4'-di-
hydroxyphenyl-2 -Aopropylaminoethanol sulphate, (C,;Hs(OH)..CHOH.CH2-
NH.CH(CH,),)..,H_S04. It is a white, odourless, slightly bitter, hygroscopic,
crystalline solid, m.pt. 118° to 122°C., freely soluble in water, slightly soluble
in alcohol and very slightly soluble in benzene and ether; aqueous solutions
become pink on standing. A 1per cent, aqueous solution is clear and colour-
less, and has pH 3-5to 4-5. Isopropylarterenol sulphate responds to the colour
tests for isopropylarterenol hydrochloride. When dried to constant weight;
over phosphorus pentoxide it loses not more than 7-0 per cent, of its weight;
ash, not more than 0-3 per cent. It contains 5-20 to 5-60 per cent, of nitro-
gen, determined by semi-micro Kjeldahl. A 0-0004 per cent, aqueous solution
exhibits an ultraviolet absorption maximum at 2800A and has E\ ~ 'cent-
106 + 3. equivalent to 97 to 103 per cent, of isopropylarterenol sulphate.

G.R. K.

Mercaptomerin Sodium (Thiomerin Sodium). (New and Nonofficial
Remedies; J. Amer. med. Ass., 1950, 143, 895.) Mercaptomerin sodium is
the disodium salt of N(v-carboxymethylmercaptomercuri-|l-methoxy)propyl-
camphoramic acid and occurs as a white, hygroscopic solid which decomposes
when heated to 150° to 155°C. It is freely soluble in water, soluble in
alcohol and almost insoluble in ether, benzene and chloroform. When a
solution is treated with sodium acetate and cobalt nitrate followed by potas-
sium iodide, a deep orange colour is produced. The presence of allyl-
camphoramic acid is shown by treating an aqueous solution with sodium
sulphide and an excess of hydrochloric acid, boiling and filtering; the
white crystals obtained on concentrating the filtrate melt between 171°
and 173°C. Mercaptomerin sodium contains 3 60 to 398 per cent, of
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sodium, 314 to 34 8 per cent, of mercury and 14-4 to 15-6 per cent, of
mercaptoacetic acid; the molecular ratio of mercaptoacetic acid to mercury
is not less than one. When dried over phosphorus pentoxide at 100°C.
for 3 hours it loses not more than 2 per cent, of its weight. The content
of mercury is determined by electrolysing an aqueous solution containing
sodium sulphide for twenty-four hours at a current density of 0-5 amp.
using a rotating platinum cathode, and measuring the increase in weight of
the cathode. Mercaptoacetic acid is assayed by adding potassium iodide
and glacial acetic acid and titrating with potassium iodate. Mercaptomerin
sodium is a mercurial diuretic and is administered subcutaneously as a
14 per cent, aqueous solution in a dose of 05 to 2 ml. G. R. K.

Methoxyphenamine Hydrochloride (Orthoxine Hydrochloride). (New and
Nonofficial Remedies; J. Amer. med. Ass., 1950, 143, 897.) Methoxy-
phenamine hydrochloride is /S-(o-methoxyphenyl)wopropylme:hylamine
hydrochloride, CH30.C6H4.CH2CH(CH3.NH(CH3,HCI. It occurs as an
odourless, bitter, white, crystalline powder, melting at 124° to 128°C.; it is
freely soluble in water, alcohol and chloroform and slightly soluble in
benzene and ether, the pH of a 5 per cent, solution in water being 5-3 to
5-7t  When distilled with hydriodic acid, methyl iodide is obtained in the
distillate; when the residual solution in the flask is cooled to 0°C., treated
with diazotised p-nitroaniline and made alkaline, a bright orange-red pre-
cipitate forms (presence of hydroxyphenyl group), Methoxyphenamine
hydrochloride loses not more than 0-5 per cent, of its weight when dried
in vacuo over phosphorus pentoxide for 24 hours; ash, not more than 0-5
per cent. It contains 98 to 102 per cent, of methoxyphenamine hydrochloride
(determined by the Kjeldahl method) and 16-25 to 16-65 per cent, of
chlorine, Methoxyphenamine hydrochloride is a sympathomimetic agent
and is administered as tablets in doses of 50 to 100 mg. every 3 or 4 hours.

G. R. K.

Tripelennamine Citrate (Pyribenzamine Citrate). (New and Nonofficial
Remedies; J. Amer. med. Ass., 1950, 142, 569.) Tripelennamine citrate,
A'hV-dimethyl-Al'-benzyl-7V'(u-pyridyl)ethylenediamine citrate, is a bitter,
white, crystalline powder, m.pt. 106° to 110°C. It is freely soluble in water,
and alcohol, very slightly soluble in ether and almost .insoluble in benzene
and chloroform; a 1 per cent, solution has pH 4-25. It gives a flocculent pink
precipitate with ammonium reineckate, and a dipicrate melting between
184° and 186°C. When treated with sulphuric acid it turns brown but does
not dissolve (distinction from the hydrochloride). When dried in vacuo over
phosphorus pentoxide for 24 hours, it loses not more than 0-5 per cent, of
its weight; ash not more than 0-3 per cent. It contains 98 to 102 per cent, of
tripelennamine citrate and is assayed by weighing the dipicrate obtained by

treatment with trinitrophenol.  Tripelennamine citrate is a histamine
antagonist and has the same action as the hydrochloride; it is, however, more
palatable. The average dose is 75 mg. 4 times a day. g. r. k.

PHARMACOGNOSY

Eucalypt Kinos, Chromatographic Analysis of. W. E. Hillis. (Nature,
Lond., 1950, 166, 195.) Butyl alcohol-acetic acid-water (40-10-50 per cent.)
gave poor resolution of the components of the eucalypt kinos, and phenol-
water, although more suitable did not give sharp resolution. The most suitable
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solvents were (a) a mixture of phenol and 2N acetic acid containing 0-3 per
cent, of sodium chloride; (b) a mixture of equal volumes of phenol and an
aqueous solution 2N with respect to both acetic and hydrochloric acids;
and (c) ethyl alcohol-benzene-water (40-20-40 per cent.). Solvents (a) and (b)
gave comparable Rf values but (b) was more suitable for old samples of
kino. Solvent (c) resolved only those compounds which had a high Rf value
in the phenol solvents. The kino of E. calophylla R. Br. (marri) was
resolved into at least 12 components (6 fluorescent and 6 detected by Tollen’s
reagent), that of E. corymbosa Sm. into at least 13 (5 fluorescent, 7 by Tollen’s
reagent, 1 by both), and that of E. goniocalyx F. v. M. into at least 11 (4
fluorescent, 5 by Toller’s reagent, 1 by both and 1 carbohydrate). Aroma-
dendrin had an Rf value of 0-79 and showed a green fluorescence in ultra-
violet light. G. R. K.

Frangula Extract, Chromatographic Examination of. P. F. Jorgensen.
(Dansk Tidsskr. Farm., 1950, 24, 111.) By a series of fractionations on
various columns, a number of fractions were obtained from liquid extract of
frangula. These are summarised in the table below, with their probable
modes of origin.

b
Compound Fgrr(%ed Reaction
l. Anthrone-anthranol glucoside complex —_
2. Anthragiiinone glucoside complex A 1 Hydrolysis and oxidation
3. Anthraquinone glucoside complex B 1 Hydrolysis and oxidation
4. Chrysophanic acid enthrone-j-frangula emodinan-
throne monomethyl ether 1 Hydrolysis
Y- Frangula emodinanthrene | Hydrolysis
6 Difrangulin 3 Hydrolysis
7. Frangulin 6 Hydrolysis
8 Condensation product of partly oxidised frangula
emodinanthrone S 5 Oxidation
9. Chrysophanic acid I-frangula emodin monomethyl
ether ﬁ Oxidation
Hydrolysis
3 Hydrolysis
10 Frangula emodin ... % Hydrolysis
Oxidation
5 Oxidation
7 Hydrolysis

PHARMACOLOGY AND THERAPEUTICS

Adrenocorticotrophic Hormone in Poliomyelitis. L. L Coriell,
A. C. Siegel, C. D. Cook, L. Murphy and J. S. Stokes. (3. Amecr.
med. Ass., 1950, 142, 1279.) This is a report of a clinical investigation
undertaken to obtain answers to the following questions: (1) Is the “alarm
reaction ” evoked by poliomyelitis? (2) What is the physiological action of
the drug in poliomyelitis? (3) Does the drug modify the course of the
disease when administered in the early stages? A total of 70 patients with
poliomyelitis was studied 35 receiving the drug and 35 a placebo (isotonic
sodium chloride solution). The drug was given intramuscularly at 6-hourly
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intervals for 4 or 5 days. The results showed (1) that the “ alarm reaction ”
is mobilised in poliomyelitis as shown by the eosinophil response; (2) that in
these patients the drug produced a physiological effect as evidenced by a
further depression of the eosinophil count and by decreased excretion of
17-ketosteroids; (3) that there was no demonstrable effect on the treated as
compared with the untreated group when evaluated on the basis of tem-
perature response, paralysis, progression of paralysis, or early residual effects.
Statistical analysis showed that the drug has no beneficial or obvious dele-
terious effect on the course of poliomyelitis when treatment is begun after
the onset of symptoms. S.1.w.

Adrenocorticotrophic Hormone Therapy in Inflammatory Diseases of
the Eye. J. A. Olson, E. H. Steffenson, R. R. Margulis R. W.
Smith and E. L. Whitney. (/. Amer. med. Ass., 1950, 142, 1276.)
Of 7 patients with inflammatory eye diseases 4 had acute plastic iritis and 2
had keratitis and anterior uveal tract involvement, 1 of the 2 with secondary
glaucoma, 1 patient had a recent chorioretinitis with absolute scotoma. The
drug was given intramuscularly at intervals of either 4 or 6 hours in dosages of
10 to 20 mg. Total dosages ranged from 185 to 432 mg. and treatment was
continued over periods of from 3 to 13 days. In all patients attempts were
made to avoid early relapses by withdrawing the drug slowly after the last
24 to 36 hours of treatment. All the patients responded abruptly and
favourably to the treatment. Symptomatic relief and distinct objective changes
were achieved as early as the second hour in 1 patient and by the 4th hour
in the other patients. 2 of the patients with acute plastic iritis were “ cured ”
and showed no evidence of relapse in 5 and 7 weeks. Glycosuria in 2
patients and auricular fibrillation in 1 patient were observed during the
period of administration. S. 1. w.

Antimycin A, an Antibiotic with Insecticidal and Miticidal Properties.
G. S. Kido and E. Spyhalski. (Science, 1950, 112, 172.) Antimycin is
derived from an unidentified species of Streptomyces and is a potent fungi-
cide. It is an optically active nitrogenous phenol of the molecular formula
CBH400 N2 For antimycin to exert its poisonous effect against insects it
must be ingested. Certain insects such as the German cockroach and the
larva of the webbing clothes moth (Tineala biselliella, (Hum.)) are immune;
larvaae of Attagenus perceus, (Oliv.) will not feed on fabrics treated with it.
In one-hundredth of the concentration, antimycin A will afford the same
protection for fabrics as the normal amount of sodium aluminium silico-
fluoride against larva; of the black carpet beetle. It is more effective than
methoxychlor in controlling Mexican bean larvce and di(p-chlorophenyD-
methyl carbinol against red spider mite. A d.o.

Anreomycin, Treatment of Pneumococcal Pneumonia with. H. F.
Dowling. M. H. Lepper, H H. Hussey, E. R. Caldwell and
H. W. Spies. (/. lab. clin. Med., 1950, 35, 215.) 174 cases of pneumo-
coccal pneumonia were treated with aureomycin. 250 mg. was administered
orally every 3 hours, or 500 mg. every 6 hours until temperature fell and
remained normal for 48 to 72 hours. Temperature fell more rapidly than
in penicillin-treated patients. The fatality rate in cases of typed pneumo-
coccal pneumonia was 1-4 per cent., compared with 5-2 per cent, in penicillin-
treated cases, but this difference is not statistically significant because of the
relatively small number of patients treated witth aureomycin. G. B
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Bacitracin, Treatment of Amcebiasis with. H. Most, J. W. Miller,
E. B. Grossman and N. Conan. (7. Amer. med. 1950, 143,
792.) 51 patients with amceebiasis varying in severity from an asymptomatic
condition to fulminating dysentery were treated with bacitracin given as
tablets. The total daily dose varied from 40,000 to 120,000 units and
treatment extended for from 5 to 20 days. In 34 patients there was apparent
parasitic cure after the first course of treatment, but the remainder relapsed;
of these, 9 received a second course and of these, 6 again relapsed. Extension
of therapy beyond 10 days or increase in dose above 80,000 units did not
significantly enhance the probability of cure. In 8 patients who were
moderately or severely ill, the clinical response was notable in that the
dysentery was brought under control within a few days, the amoebae dis-
appeared from the stools and surface lesions, and complete healing occurred
in from four to fourteen days. In 3 patients, E. histolytica reappeared in
the stools 5 8 and 350 days after the last dose of bacitracin, but were
unaccompanied by clinical activity. The toxicity of bacitracin is negligible

and the drug is apparently little absorbed. G. R K.
Chloramphenicol, Hamiopoietic Changes during Administration of. 1. F.
Volini, I. Greenspan. L Ehrlich, J H. Gonner, O

Felsenfeld and S O. Schwartz. (/. Amer. med. Aw., 1950,
142, 1333.) In 3 patients, 2 with typhoid and 1 with brucellosis, profound
blood and marrow changes were observed during chloramphenicol therapy.
These changes consisted of a precipitous fall in the total leucocyte count,
which occurred by the 7th day in 1 case and continued as long as the drug
was administered. The leucopenia resulted primarily from a decrease in
the number of granulocytes in the marrow due to a maturation arrest without
significant alteration in the monocytes or lymphocytes. The total dosages
employed were 53 g. in 18 days in one case, 53 g. in 19 days in the second
case, and 26 g. in 9 days in the third case. The treatment was remarkably
effective in controlling the infection in all the patients; an immediate precipi-
tous rise in granulocytes and leucocytes followed discontinuance of the
chloramphenicol therapy. The toxic manifestations of chloramphenicol in
man will have to be studied more extensively before it can be considered
an absolutely safe therapeutic agent, particularly when large total dosages
are employed over relatively short, time periods. S. 1. w.

Chloramphenicol, Placental Transfer of. W. C. Scott and R. F
Warner. (/. Amer. med. Ass., 1950, 142, 1331.) In order to determine
whether or not there was placental transfer of chloramphenicol 12 normal
pregnant patients were given the drug during term labour in doses of 2 g.
orally at 2-hour intervals until delivery occurred. At the time of delivery
10 ml. of maternal venous blood was drawn and 10 ml. of feetal blood
was collected from the umbilical cord. Colorimetric determinations revealed
that 10 of the 12 had a therapeutically effective serum concentration in
feetal cord blood within 71 minutes after initial dosage. This level was
maintained for at least 135 minutes and by 2-hourly repetition of the dose
could be maintained as ;ong as 625 minutes. No evidence of toxicity
was exhibited by any of the patients or infants. s. 1. w.

Dicouniarol Labelled with Carbon-14, Tracer Experiments in Mammals
with. J.W. T. Spinksand L. B.Jaques. (Nature, Lond., 1950, 166, 184.)
Fourteen mice were each given 0-25 mg. of labelled dicoumarol intravenously
and sacrificed at various times after injection. No significant radioacivity
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was detected in the lungs, kidney or tissues in general, but great activity was
found in the liver, gall bladder, faeces and urine; 80 per cent, of the activity
disappeared from the blood in the first hour following injection. A series of
rabbits similarly treated with 10 mg. of labelled dicoumarol gave a similar
distribution pattern, with a rapid disappearance of dicoumarol from the
blood and a rapid increase of activity in the liver; it was shown that the
activity in the liver was essentially all due to unchanged dicoumarol, whereas
although a large percentage of activity was recovered in the urine at the end
of the experiment, none of this was due to dicoumarol. In the mice, the
dicoumarol remained in the liver for one day and the prothrombin time
remained high for 3 days, whereas in the rabbits the corresponding periods
were 7 days and 8 days respectively. When mice were injected with the
labelled dicoumarol together with vitamin K, activity appeared in the liver
immediately, but disappeared much more quickly than from the livers of
animals not receiving the vitamin. The results show that the liver is the
target organ for the action of dicoumarol and suggest that the period of time
during which it remains in the liver is related to its effectiveness in interfer-
ing with the formation of prothrombin. a.r.k.

Mephenesin in Infantile Cerebral Palsy. C. H. Frantz. (/. Amer. med.
Ass., 1950, 143, 424)) Mephenesin (3-ortho-toloxy-l :2-propanediol) given
by mouth over a 7-month period was well tolerated by 23 out of a test
group of 27 children with infantile cerebral palsy. 4 doses of mephenesin
a day were given, 20 minutes before meals and 30 minutes before retiring.
Children under 10 received 1 g. a day initially as 4 tablets of 250 mg., and
children over 10were started at 1-5 g. daily. From 5 to 7 days the dose
was increased byadding 1 (or more) tablet per meal. Thereafter, monthly,
the dosage was increased to tolerance. The average doses over a prolonged
period were between 0-75 and 3 g. Vertigo, nausea, vomiting, irritability and
listlessness were undesirable side effects noted in children receiving doses
up to 2 g. Vertigo was in most cases easily controlled by a change in dosage.
No undesirable results were shown in blood and urine studies. Of 16 athe-
toid children 14 showed beneficial effects. Children with tension athetosis
seem to give a more consistently favourable response than other group«.
Children with spasticity and rigidity did not respond satisfactorily.

S. L. W.

Morphine, Pharmacological Properties of New Derivatives of. P.
Chabrier, RGiuducelli and K. Kr istensson. (C. R. Acad.
Sci., Paris, 1950, 231, 289.) The two new compounds described are the
dibromomethylate of morpholylethylmorphine, and dihydromorpholylethyl-
morphine. The dibromomethylate shows a toxicity 30 times as great as
morpholylethylmorphine itself. Thus toxicity of the bases, which decreases
in the order codeine, morphine, morpholylethylmorphine, is reversed in the
methyl bromide compounds. This fact is the more remarkable as codeine
is 7-5 times more toxic than morpholylethylmorphine. With all three,
bromomethylation has the effect of reducing considerably, in intensity and
duration, the inhibitory respiratory action; decreasing their convulsive power;
and causing curarising properties. The latter is, for rabbits, about 10 times
as great with the morpholylethylmorphine compound as for morphine and
codeine. G. m.

Phenosulfazole (Darvisul) in Acute Poliomyelitis. M. J. Fox and E. Z.
Hornberger. (. Amer. med. 1950, 143, 535.) 29 patients who
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had bulbar and spinobulbar forms of poliomyelitis were treated with pheno-
sulfazole, /V-(2-thiazolyl)-phenol sulphonamide, in a dose of 400 mg./kg. of
bodyweight daily; the drug was given both intravenously and orally. Among
this group the mortality rate was 34-5 per cent. During the same period
19 patients did not receive the drug and showed a mortality rate of 42-1 per
cent. There appeared to be no alteration in the length of temperature eleva-
tion or the length of hospitalisation in the group receiving the drug, and
instances of drug toxicity were not noted. .The authors conclude that pheno-
sulfazole has little to offer in the treatment of poliomyelitis, since the
mortality rate in both the treated and untreated groups fell within the
expected range for a severe epidemic. S. L.w.

Fituitary Adrenocorticotrophic Hormone Therapy in Ophthabnoktgicai
Conditions. D. M. Gordon and J M. McLean. (7. Amer. med.
Ass., 1950, 142, 1271.) Pituitary adrenocorticotrophic hormone was given
to 6 patients with the following diseases:—severe corneal oedema (corneal
dystrophy), secondary glaucoma, chronic iridocyclitis, retinitis pigmentosa
and acute choroiditis. The usual dosage was 25 mg. intramuscularly 3 or
4 times daily. The duration of treatment was controlled by the short supply
of the drug and the response of the patient; in no instance was treatment
continued for longer than 9 days. The circulating eosinophil count offers
a good index of the dosage. The response of the patients with iridocyclitis
and choroiditis was dramatic, that of the patient with retinitis pigmentosa
apparently temporarily beneficial. The other 2 patients failed to show any
favourable response to short courses of treatment. No adverse systemic
effects were noted other than temporary hypertension, glycosuria and mild
abdominal distension. Every patient showed a definite fall in circulating
eosinophils. s. 1. W.

Pituitary Posterior Lobe Extracts, Assay of. G. A. Stewart.
(Analyst, 1950, 75, 542.) For oxytoxic activity, various modifications of the
in vitro guinea-pig uterus method are in use, with different assay patterns, and
different concentrations of magnesium and calcium in the Ringer’s solution.
The most precise isolated uterus method appears to be that using the non-
pregnant rat uterus in a modified Locke’s solution having one half the usual
calcium and one quarter the usual glucose concentration, with a 4-point
design. The depression of blood pressure in fowls anaesthetised with pheno-
barbitone sodium is an effect of the oxytocic hormone. This is the basis of
a quick and reliable in vivo assay, and the vasopressor hormone does not
affect the results appreciably unless the ratio vasopressin/oxytocin is greater
than 10. Vasopressor activity may be estimated by recording the blood pres-
sure in spinal cats or anaesthetised dogs, and antidiuretic activity may be
assayed by delay in excretion of water in rats, or inhibition of diuresis in dogs.
It should not be assumed that commercial pituitary extracts all contain the
hormones in the same relative proportions. Separate tests for oxytocic,
vasopressor and antidiuretic activity should be made. G. B.

Pyrogens, Action of, in Rabbits. J. Dore he and M. Castaing.
(Ann. pharm. franc., 1950, 8, 353.) Methods, based on leucocytosis in
rabbits, have been proposed as a test for pyrogens. The authors find that
pyrogenic solutions, when injected intravenously, produce a leucopenia of
short duration followed by hyperleucocytosis affecting the polynuclear
leucocytes. On account or the instability of the blood of the rabbit, it does
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not appear that any test of this kind would be more sensitive than that of
hyperthermy. Untreated rabbits rarely show a percentage of polynuclear
leucocytes greater than 50, and any higher value, if confirmed 3 or 4 hours
after the injection, is generally parallel with the hyperthermy. G. M

Pyrogens, French Official Test for. J. Dorche G. Bouthier, M. T.
Ardietand M. Castaing. (Ann. pharm. franc., 1950, 8, 358.) In using
the French official test, it is essential to take certain precautions. Some
animals show an abnormal reaction, small ones tending to be hyposensitive
and large ones hypersensitive. The sensitivity of the animals should be
tested by a suspension of typhoid bacilli (200 million /ml.), heated at 115°C.
for one hour. This suspension retains its activity for a long period. A dose
of 0-5ml./kg. of body weight should produce a rise of temperature of 0-9
to 1-5°C. Alternatively a freshly prepared and sterilised cn&ition (1:20) of
T.A.B. vaccine may be used. Any type of thermometer may be used, but
it should be inserted to a depth of 75 mm. Strongly hypotonic solutions
should be made isotonic. In 30 negative tests, the range was within
+0-3°C. in 84 per cent, of the cases. The official limit of 0-6°C. may there-
fore be considered reasonable. g.m.

Terramycin in the Treatment of Venereal Disease. F. D. Hendricks,
A. B. Greaves, S. Olansky, SS R. Taggart, C. N. Lewis, G. S
Landman, G. RR. MacDonald, and H- Welch. (J. Amer. med.
Ass.. 1950, 143, 4.) Terramycin at the proper dosage effects a satisfactory
cure rate in the treatment of gonorrhoea, though the dose required for
cure is somewhat higher than has been necessary with chloramphenicol.
From 1 to 2 g. of terramycin hydrochloride given by mouth in divided
doses gives a cure rate of 80 to 100 per cent, (based on treatment of 73
cases), while single doses of 750 mg. of chloramphenicol give similar cure
rates. Clinical healing of lesions of both syphilis and granuloma inguinale
occurs promptly with terramycin hydrochloride given orally in doses of
60 mg./kg. of bodyweight daily. S. 1. w.

Terramycin Hydrochloride, Clinical Observations on the Use of. E. Q.
King, C. N. Lewis, H. Welch, E. A Clark, J. B. lohnson,
J.B. Lyons, R. B. Scott and P, B. Comely. (J. Amer. med. Ass..
1950. 143, 1) Terramycin hydrochloride was administered to 30 patients
with various types of infection; these included penumococcal pneumonias,
urinary tract infections due to Escherichia coli and Aerobacter aerogenes,
whooping cough bacterasmia due to Salmonella, pneumonitis and lung
abcess with mixed bacterial infections. The drug was given by mouth
according to the following dosage schedules. In patients of 14 years and
older without urinary tract infections 750 mg. every 6 hours; with urinary
tract infections 500 mg. every 6 hours; in children of 9 years and younger
500 mg. every 4 hours. Assayable amounts of terramycin were found in the
blood and urine within 1 hour and for 5 hours after administration of
750 mg. of the drug by mouth. There was a good response to the treatment
in the majority of cases and the results obtained in urinary tract infections
were promising. There was a low incidence of side reactions most of which
were mild and subsided with continued treatment; they included nausea,
abdominal pain, slight headache, mild transient erythema, vomiting and
diarrhoea. In an occasional instance severe gastro-intestinal distress, including
diarrhoea, may necessitate withdrawal of the drug. S.l.w.
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CELL PHYSIOLOGY AND PHARMACOLOGY, by J. F. Danielli. Pp.
viii + 153 (including 21 illustrations, 3 plates and 22 tables). Cleaver-Hume
Press Ltd., London. 195C. 24s.

A knowledge of the function of cells and the effects of drugs thereon is
fundamental to the understanding of the complexities of drug action. Yet
to-day we must admit that we know very little of the biological reactions
occurring within the cell and the manner in which drugs affect them. Much
of our information consists of hypotheses and data from results with an
inherent degree of inaccuracy. Pharmacology is a young science which is
rapidly developing and, while we are gaining an insight into many problems,
as we progress we become more acutely aware of the complexities of biologi-
cal systems. We may compare our present knowledge with that of the chemist
prior to the elucidation of atomic structure. Reading Dr. Danielli's book
one is soon aware of the lack of progress in this field since the classical
publication of the late Professor Clark on the “ Mode of Action of Drugs on
Cells” in 1933. It is to be hoped that the main purpose of the book, to
stimulate research in the cellular action of drugs, is fulfilled.

The book itself is based upon a series of lectures given at University College,
London, and is chiefly concerned with the physico-chemical aspects of the
cell and its reactions to drugs. It is divided into six chapters dealing with
the cell as a physico-chemical unit; the actions of drugs on surfaces, mem-
brane permeability and enzymes; the actions of narcotics and the response
of cells on the biological level. It assumes, from the reader, a reasonable
knowledge of physical chemistry and for the student a more elementary
account of the complex systems and formulae involved would appear desir-
able. The book is a valuable contribution to biological research on drug
action and can be profitably read by chemists who may then more fully
appreciate the limitations of the biological worker.

G. F. Somers.

LETTERS TO THE EDITOR

Correction.

CONVERSION OF VITAMIN B 2 INTO VITAMIN B

By B. Ellis, V. Petrowv, G. H. Beaven, E. R. Holiday and E. A. Johnson.
This Journal, 1950, 2, 735,
Lines 10 and 17, for B12read B,,b
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619-715 ; 747-846 ; 880-918.
Symposium, 916-936.
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SUBJECT

Bromine, lodimetric Microdetermination
of (Alicino, Crickenberger and
Reynolds), 180.

Bromine and lodine in Organic Com-
pounds, Determination of (Michel
and Deltour), 717.

C

Caffeine, Phenacetin and Aspirin, Infra-
red Determination of (Washburn
and Krueger), 250.

Calcium and Magnesium, Separation by
Oxalate Method (Holth), 250.
Calcium and Magnesium in Small

Amounts of Biological Material,
Colorimetric Determination of
(Michaels, Anderson, Margen and

Kinsell), 450.

Calcium Gelatinate, Hydrolysed, A
Comparison of the Activity of some
Drug Products when injected in
Distilled Water and (Allmarkg, 556.

Calcium Gluconate and Saccharate,
Injection of (Siegrist), 335.

Camphor, in Galenical Preparations,
Determination of (Julien), 180.

Capsaicin, in Oleoresin of Capsicum,
Colorimetric Determination of
(North), 45.

Carbon Monoxide, Spectrophotometric
Determination of (Klendshoj, Feld-
stein and Sprague), 957.

Cardio-active Toad Poisons (Meyer), 118,

/3-Carotene, Stereoisomeric Analysis of

(Bickoff, Atkins, Bailey and Stilt),
395.
Carotene Solutions, Stabilisation of

(Cooley), 394.

Carvone, in Essential Oils, Determina-
tion of (Schooltens), 847.

Cation Exchange Resin, for Treatment
of Oedema (Irwin, Benger, Rosen-
berg and Jackenthal), 461.

Cerebrospinal Fluid, Globulin and Total
Protein in, Microphotelometric De-
termination of (Salt), 965.

Charcoal, Determination of Adsorptive
Power of (Charonnat and Leclerc),
501.

Chemicals, Bacterial Contamination of
(Dalsgaad and Kjaer), 468.

Chloramphenicol (Chloromycetin;, (New
and Nonofficial Remedies), 724.

Chloramphenicol (Chloromycetin), in
Early Syphilis, Antitreponemal Ef-
fect of (Romansky, Olansky, Tag-
gart and Robin), 531.

Chloramphenicol, Enzymatic Hydrolysis
of (Smith, Worrell and Lilligren), 53.

Chloramphenicol in Experimental
Cholera (Gould, Schlengman, Jack-
son, Manning, Batson and Camp-
bell), 124.
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Chloramphenicol, Hsmopoietic Changes
during Administration of (Volini,
Greenspan, Erhlich, Gonner, Felsen-
feld and Schwartz), 972.

Chloramphenicol, in Infantile Gastro-
enteritis (Rogers, Kcegler and Ger-
rard), 530.

Chloramphenicol, Inhibition of Bacterial
Esterases (Smith, Worrel and Swan-
son), 406.

Chloramphenicol,
(Gray), 461.

Chloramphenicol in Paratyphoid B
Fever (Curtin), 461.

Chloramphenicol, Placental Transfer of
(Scott and Warner), 972.

Chloramphenicol, in Typhoid Fever
(Good and MacKenzie), 857 ; (El
Ramli), 858; (Rankin and Grimble),
857

Observations on

Chloride in Blood, Polarographic Micro-
determination of (Zimmerman and
Layton, Jr.), 451.

Chlorine and Bromine, Microdetermina-
tion of (Grodsky), 519.

Chloriodised Oil (lodochlorol), (New and
Nonofficial Remedies, 725.

0-Chloromercuriphenol and Phenylmer-
curic Acetate, The Comparative
Antibacterial Activity of (Wood-
bine), 376.

Chloromycetin and Serine Derivatives,
Analogous Action of (Mentzer,
Meunier, Molho-Lacroix and Billet),
720.

Chloromycetin in Serum or Plasma,
Colorimetric Determination of
(Bessman and Stevens), 721.

Chlorphenesin, Analysis and Determina-
tion of (Stross and Stuckey), 549.

Cholla Gum (Brown, Hirst and Jones),
403

Choline Bicarbonate (New
official Remedies), 967.
Choline Chloride (New and Nonofficial

and Non-

Remedies), 261. o
Chromatography, Paper, Simplified
SQZ%antitative Procedures (Block),

Cinchona Alkaloids, Toxicity of (John-
son and Poe), 191

Cinchona, Limit Test for Quinine Con-
tent of (Moers), 326.

Cinchona and Nux Vomica, Assay of,

by Microsublimation (Zapatocky
and Harris), 251.
Cinchophen, Nicotinamide and Pethi-

dine, Crystals formed with Nitric
Acid from, Optical Crystallographic
Properties of (Wickstrom), 444.

Citric Acid, Fluorimetric Determination
of (Lemmger and Katz), 333.

Citric Acid, Microcolorimetric Deter-
mination of (Taussky), 452.

Citric Acid, Micro-estimation of (Cartier
and Pm) 597.



SUBJECT

INDEX

Citric Acid, Micro-estimation of (Mai- | Curcumin and Curcuminoids (Pavolini,

herbe and Bone), 524.

Gambarin and Gringato), 719.

Citric Acid, Production of, by Aspergillus \ Cyanides, Argentometric Determination

niger (Kunstmann) 960.

Cobalt, Effect on Bacterial
(Schade), 468.

Cocaine, Colour Test for (Rathenasin-
kam), .

Cocaine and Ethocaine, Chromato-
graphic Separation of (Fischer and
Buchegger), 847.

Codex Medicamentorum Nederlandicus,
A Review of (Denston), 342.

Codeine and Diamorphine, Determina-
tion of, in Admixture (Stainier and
Bosley), 252.

Codeine and Morphine, 2 - Anthra-
quinonesulphonate Derivatives of
‘(1|Zgldstein, Klendshoj and Sprague),

Codeine, Morphine, Diamorphine and
Barbiturates, Separation and Deter-
g’lsi(?ation of (Stolman and Stewart),

Codeine, Morphine and Diamorphine
from Viscera, Isolation and Deter-
g})igation of (Stolman and Stewart),

Colchicine, Pilocarpine and Veratrine,
'{ggicities of (Poe and Johnson),

Colchicum Autumnale, New Compounds
from (Santavy), 856.

Colchicum Seeds, Colchicine Content
and Toxicity of, Collected at
Different Heights (Ventura) 17.

Component a, see Vitamin B12

Copper, Determination of Traces of, by
means of Penicillium  (Keilling,
Camus, Foulet and Burdin-Steeg),
452.

Coriander Fruit, Dutch (van Os), 856.

Cortisone, Effects of on the Acute Phase
of Rheumatic Fever (Hench, Slo-
cumb, Barnes, Smith, Rolley and
Kendall), 191.

Cortisone and Related 17:21-Dihydroxy-
20-ketosteroids, a Quantitative Re-
action for (Porter and Silber), 958.

Creatine, Creatinine and Related Com-
Bounds in Urine ; Determination

Growth

y Paper Chromatography (Ames

and Rlsley) 851.

Curare Assays : A modification of the
Rats’ Phrenic Nerve-Diaphragm
Method (West), 404.

Curare Preparations : Assay by the
Rabbit Head-drop Method e/Dutta
and Macintosh), 462.

Curarising Activity, Antagonism of
Phenolic Substances (Mogey and
Young),

Curarising Act|V|ty, Assay in the Con-
scious Mouse and Rat (Collier,

Fieller and Hall), 404.

—

of (Serries), 181.

D

Datura and Belladonna Species, Post-
Harvest Alkaloidal Movement in
(Brewer and Hiner), 263.

Décaméthonium Bromide in Anzsthesia
(Holaday, Harvey and Grob), 462.

Décaméthonium lodide and Bromide ;
Effects on Neuromuscular Function
and Induced Convulsions in Man
(Grob, Holaday and Harvey), 338.

Décaméthonium lodide, Comparison
with d-Tubocurarine in Controlling
Electrically Induced Convulsions
(Hobson and Prescott), 125.

Décaméthonium lodide, as a Muscle
Relaxant in Anesthesia (Hewer,
Lucas, Prescott and Rowbotham),
192.

Décaméthonium lodide and Related
Compounds, Pharmacological Ac-
tions of (Paton and Zaimis), 532.

Deoxycortone and Ascorbic Acid, Effect
of, on Formaldehyde-induced Arth-
ritis in Normal and Adrenalecto-
mised Rats (Brownlee), 462.

Detergents, Non-ionic, and Antiseptics,
Antagonism between (Bolle and
Mirimanoff), 685 ; Discussion, 691.

Dextrose, Intravenous Injection, 5 per
cent. (Bryan and Grainger), 471.

4 :4'-Diamino-2 : 2'-dihydroxydiphenyl
%Jtliphone (Linnell and Stenlake),

4 : 4'-Diaminodiphenyl Sulphone, Nu-
clear Derivatives of (Linnell and
Stenlake), 937.

Diaminodiphenyl Sulphone, Oral Treat-
ment of Leprosy with (Lowe), 462.

Diamorphine and Codeine, Determina-
tion of, in Admixture (Stamler and
Bosley) 252.

Diamorphine, Codeine and Morphine
from Viscera, Isolation and Deter-
g’lSig\ation of (Stolman and Stewart),

Diamorphine, Morphine, Codeine and
Barbiturates, Separation and Deter-
mination of Mixtures of (Stolman
and Stewart), 330.

Dibromoprocaine Hydrochloride,
Radioactive Spinal
(Howarth), 603.

Dibromoprocaine Hydrochloride, Radio-
active, as Spinal Anaesthetic, Tissue
Distribution of (Howarth), 192.

Dichroa febrifuga Lour. A Chinese
Antimalarial Plant (Fairbairn and
Lou), 162

a
Anaesthetic
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SUBJECT
Dicoumarol in Biological Fluids, Estima-
tion of (Axelrod, Cooper and
Brodie), 452.

Dicoumarol, Labelled with Carbon-14,
Tracer Experiments in Mammals
with (Spinks and Jaques), 972.

Diethyl Nitrophenylthiophosphate
(DPTF), Poisoning by (Anderson
and Jersild), 193.

Digitalinum Verum, lIsolation of, from
D. purpurea and D. lauata (Mohr
and Reichstein), 43.

Digitalis, Chemical Assay of (Neuwald),
958

Digitalis, Effect of the Rate of Injection
on the Lethal Dose in Guinea-pigs
(Miya and Hoick), 58.

Digitalis, Some Extraction Studies on
(King and Giovold), 604.

Digitalis, Standardisation of, Differences
in (Keeser), 858.

Digitalis, Tinctures of, The Biological
and Chemical Assay of (Brindle and
Rigby), 880 ; Discussion, 899.

DigitalisGlycosides, Influence of Saponins
on Toxicity of (Neuwald and ZolI-
ner), 532.

Digitalis Glycosides, Modified Bell and
Krantz Method for the Assay of
(Kennedy), 716.

Digitalis Glycosides, Paper Chromato-
graphy of (Svendsen and Jensen),
848.

Digitalis purpurea, Chromatographic
Examination of (Ulrix), 182.
Digitoxin, Polarographie Determination

of (Hilton), 453.

Digitoxin, Quantitative Detection of
Minute Concentrations of (Bine and
Friedman), 463.

Digitoxin, Renal Excretion Following
Oral Administration (Friedman,
Byers, Bine and Bland), 532.

Digitoxins, Pharmacology of (Macht),
604.

Digitoxoside and Gitoxoside, Colour
Reactions of (Bellet), 848.

Diglycocoll Hydroiodide-lodine (Burso-
line) (New and Nonofficial Reme-
dies), 854.

Dihydrostreptomycin in Procaine-Pectin
Solution (Zini), 604.

Dihydroxypropyltheophylline, and Theo-
phylline Ethylenediamine, Compara-
tive Toxicity of (Jensen), 467.

Dimercaprol, Effect of, on Lead Poison-
ing In Mice (Anderson), 533.

Dimercaprol and Oxophenarsine, Con-
densation Product of, Toxicity and
Chemotherapeutic Effect (Sawyers,
Burrows and Maren), 400.

Dimercaprol and Parathyroid Extract,
Effects on Distribution of Lead in
Rabbits (Adam, Ginsburg and
Weatherall), 463.
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Dimethylhydantoin, A New Antiepileptic
(Hazard, Cheymol, Chabrier and
Smarzewaka), 339.

Dimethyltubocurarine lodide (Metubine
lodide) (New and Non-official Re-
medies), 854.

Dinaphthalene Methane Silver Disul-
phonate, Trichomonicidal Action of
(Sluming), 858.

Doxylamine Succinate (New and Non-
official Remedies), 336.

Dramamine, Chemistry of (Cusie), 50.

Dramamine, for the Prevention of
Airsickness (Strickland and Hahn),
58

Dramamine, in the Prevention and
Treatment of Motion Sickness
(Gay and Carliner), 58.

Dymenhydrinate (Dramamine) (New and
Nonofficial Remedies), 125.

E

Electrolytes, Antibacterial Colloidal :
The Potentiation of the Activities
of Mercuric-, Phenylmercuric- and
Silver lons b?/ a Colloidal Sulphonic
Anion (Goldberg, Shapero and
Wilder), 20.

Emetine, Distribution of, in Tissues
(Parmer and Cottrill), 193.

Emetine and Quaternary Emetine Deri-
vatives, Chemical and Pharma-
cological Studies on (Lasslo and
Kimura), 727.

Emetine Hydrochloride, Cephaeline Con-
tent of (Ashworth and Foster), 198.

Emodins, in Drugs, Determination of
(Fischer and Buchegger), 959.

Emulsions, Use of Chlorophyll for
Breaking (Edmundson and Wilkins),
959.

Ephedrine and Adrenochrome, “ Biuret
Reaction ” of (Bouvet), 594.

Ephedrine, Colour Reaction of (Wach-
smuth), 115.

Ergot, Oil of, Unsaponifiable Matter of
(Ruppol), 48.

Ergothioneine Content of Ergots from
Different Plant Hosts (Hunter,
Fushtey and Gee), 182.

Ergothioneine, Determination in Simple
Solution and in Blood (Hunter), 259.

Ergothioneine, Preparation from Blood
and Ergot (Hunter, Molnar and
Wight), 257.

Erythrina thollonia, a Curare-like Com-
pound from (Lapiere and Coppee),
178.

Eserine Solutions, Determination of
Decomposition Products of (Hell-
berg), 326.

Eserine Solutions, Stability of (Hellberg),
335.



SUBJECT

Essential Oils, Antibacterial Activity of,
a Method for comparing (Schroeder
and Messing), 269.

Esters, Preparation of (Campbell and
Taylor), 229.

Ethyl Alcohol in Ethyl Ether, Determina-
tion of (Lamond), 252.

Ethylene Glycol, and Some of Its Mono-
alkyl Ethers, Evaluation of the
Bactericidal Activity against Bac-
terium coli (Berry and Michaels) :

Part VIII,' 27 ; Par. IX, 105;

Part X, 243 ; Part XI, 382.
Ethylene Glycol Vapour, Chronic In-

toxication by (Troisi), 727.

Ethylene Oxide, for Sterilisation (Wilson
and Bruno), 731.

Ethylene Oxide for the Sterilisation of
Hospital Equipment (Kaye), 861.

/- IV-Ethylephedrine and f-Ephedrine,
Comparison of Pharmacological
Actions (Ostrorn), 193.

Eucalypt Kinos, Chromatographic
Analysis of (HiIIis), 969.

F

Fat Analysis, Micro-method based on
the Formation of Monolayer Films
(Jones), 717.

Fat Emulsion for Intravenous Feeding
(Lerner, Charkoff and Entenman),
463.

Fat Emulsion, Intravenous Infusion into
Human SubLects (Shafiraff, Mul-
holland, Roth and Baron), 405.

Fluoro-lodo X-Ra%/ Contrast Media,
Preparation of (Mittelstaedt and
Jenkins), 725.

Folic Acid, Vitamin B12 and Anaemia,
IOChemlcaI Aspects (Lester Smith),

Folic Acid, Vitamin B2 ard Anaemia :
i, M icrobiological Aspects
(Woods) 537.

Folic Acid, Vitamin BI2 ar.d Anaemia :
I&_JIL{(,)Megaloblastic Anania (Ungley),

Formaldehyde, Acidimétrie Titration of,
in the Presence of Ammonium Salts,
(Casini), 392.

Forms:blgehyde, Determination of (Fiore),

Formularies and Formulation,
posium,  British
Conference, 919.

Frangula Extract, Chromatographic
Separation of (Jorgensen;, 970.

Fructose, 14C Labelled, Preparation of
(Udenfriend and Gibbs), 329.

Furtrethonium lodide (Furmethide lo-
dide) (New and Nonojfic'al Reme-
dies), 262.

Sym-
Pharmaceutical

INDEX
G

Gallic Acid and Pyrogallol, Paper
Partition Chromatography of (Rydel
and Macheboeuf), 253.

Gantrisin, Studies on Solubility, Absorp-
tion and Excretion (Svec, Rhoads
and Rohr), 464.

Globulin and Total Protein in Cerebro-
spinal Fluid, Microphotelometric
Determination of (Salt), 965.

Glucose, in Blood, Microdetermination
of (Castaigne), 598.

Glucose, Galactose and Rhamnose in
Mixtures, Determination of (Porter
and Fenske, Jr.), 399.

Glucose, Injection of (see Dextrose).

Glucose, Microdetermination of (Her-
bain), 591; (Park and Johnson), 525.

Glycerophosphates, Stability of (Bamann,
Nowotny and Heumuller), 594.

Gonadotrophin, Chorionic, Effect of
Colloids on the Action of (Pedersen-
Bjergaard and Tonnesen), 850.

Gramicidin S, Tyrocidine, and Gramici-
din, Diffusion Experiments on
(Pedersen and Synge), 120.

Grote’s Reagent, for Sulphur Compounds
(van Sonsbeek), 45.

Ground - Nut Oil (Ramamurti
Banerjee), 117.

Gum Arabic from Tanganyika (Coomber
and Coomes), 187.

and

H

Heparin, Assay of, Use of Sulphated
\é\égole Blood in (Adams and Smith),

Heparin, Biological Assay of (Lewis and
De Maria), 125.

Heparin, Intramuscular Administration
of (Bauer), 605.

Heparin, Notes on Fractionation and
Colorimetric Assay of (Snellman,
Jensen and Sylven), 183.

Heparin Preparations, Sheep Plasma
Method for the Bioassay of (Swoap
and Kuizenga), 265.

Heparin, A new Technique for Assay of
(McGoon) 722.

Heparin Sodium, Ultraviolet Absorption
of (Bell and Krantz), 596.

Hetrazan, Action on Filariasis and
Onchocerciasis (Hawking and
Laurie), 266.

Hetrazan, in Body Fluids, Estimation of
(Lubran), 525.

Hetrazan (Banocide) in Treatment of
Iz_géaSIS (Murgatroyd and Woodruff),

Hexachlorocycfohexane, Infra-red Spec-
troscopic Analysis of Mixture of
Stereoisomerides (Morrison), 45.
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SUBJECT

Hydrastis, Use of Selective Adsorption
in the Analysis of (Mendez, Kirch
and Voigt), 253.

Hydroxyamphetamine Hydrobromide
(Paredrine Hydrobromide) (New and
Nonofficial Remedies), 855.

Hyoscyamus muticus, Botanical and
Phytochemical Studies of (Ahmed
and Fahmy), 337.

Hyoscyamus muticus, Effect of Environ-
ment on the Growth and Alkaloidal
(33??7ntent of (Ahmed and Fahmy),

Hyoscyamus niger,
(Laruelle), 602.

Hyoscyamus niger Linn., The Structure
of the Flower of (Rohatgl and Fair-
bairn), 286.

Cultivation of

Imidazoline Derivatives, Identity Re-
action of (Laubie), 717.

Injections, Bactericidal Action of (Alin
and Diding), 56.

Insulin, Dermal Reactions to, Analysis
of the Accessory Factors in the
Causation of (Paley), 304.

Insulin, Infra-red Evidence of Chain
Configuration in Natured and De-
natured (Elliott, Ambrose and
Robinson), 961.

Insulin Preparations, Commercial, A
Comparison of Three Methods for
the Assay of (Young, Reid and
Romans), 965.

lodides, Detection of Traces of (Deniges),
447,

lodine and Available Chlorine, Deter-
mination of Bactericidal EfflClency
by Semi-micro Methods (Gershen-
feld and Palisti), 470.

lodine and Bromine in Organic Com-
pounds, Determination of (Michel
and Deltour), 717.

lodine in Blood, Micro-estimation of
(Lachiver and Leloup), 598.

lodine, Tincture of, Determination of
Potassium lodide in (Mesnard)

46.

lodonium Compounds, Bactericidal
Efficiency of, against Gram-negative
Bacteria (Gershenfeld and Kruse),
407.

lon-Exchange, Determination of Alka-

loids by (Jindra and Pohorsky), 361.

Intravenous, and Anaemia of

Pregnancy (Govan and Scott), 59.

Intravenously in the Treatment of

‘Anaemia (Ramsey), 727.

Isoamidone and Amidone, Homologues
of, and some Related Compounds
(Walton, Ofner and Thorp), 400.

Isopropyl Alcohol, Identification of
(Auterhoff), 847.

Iron,

Iron,

INDEX

Isopropylarterenol Hydrochloride
(Isuprel Hydrochloride) (New and
Nonofficial Remedies), 967.

Isopropylarterenol Sulphate (Isonorin
Sulphate) (New and Nonofficial
Remedies), 968.

K

Ketohexoses, Specific Qualitative Colour
Test (Tauber), 447.

Kurchi Bases, Labile Nature of, and the
Assay of Kurchi Bismuth lodide
(Basu and Battacharya), 447.

Kurchi Bismuth lodide, Assay of (Basu
and Battacharya), 447.

L

Lard, Preservation of (Sandell
Spross), 449.

Lactose in Urine, Detection of (Ormsbhy
and Johnson), 184.

Leptazol and Strychnine for Testing
Anticonvulsant Drugs (Williams and
Pfeiffer), 464.

Liver Extracts (Shaw), 64.

Lobeline and Acetophenone, Determina-
tion of (Matérn and Schill), 956.

and

M

Magnesium and Calcium, Separation by
Oxalate Method SHoIth), 250.

Magnesium and Chloride, in Small
Amounts of Biological Material,
Colorimetric Determination of
(Michaels, Anderson, Margen and
Kinsell), 450.

Maize Starch, Waxy, Amylose Content
of (Bourne and Peat), 49.
Maleic Hydrazide : A Selective Herbi-
cide (Currier and Crafts), 459.
Mephenesin (Oranixon) (New and Non-
official Remedies), 855.

Mephenesin, Analysis and Determination
of (Stross and Stuckey), 549.

Mephenesin in Infantile Cerebral Palsy
(Frantz), 973.

Mephobarbltal (Mebarol) (New and
Nonofficial Remedies), 262.

Mercaptomerin Sodium (Thiomerin
Sodium) (New and Nonofficial
Remedies), 968.

Mercuric Chloride, Tablets, Determina-
tion of Silvestri), 46.
Mercury, Absorption of, Through the
Skin (Bass and Roblnson) 267.
Mercury, Bismuth, Antimony and
Arsenic, in Blologlcal Material,
Detection of (Gettler and Kaye),
599.

Methadone and its Isomers, Narcotic
Powers of (Denton and Beecher),
405.
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Methadone, and its Isomers, Side Effects
of (Denton and Beecher), 464.
Methapyrilene Hydrochloride (Theny-
lene Hydrochloride) (New and Non-

official Remedies), 186.

Methenamine Mandelate (Mandelamine)
(New and Nonofficial Remedies),
602.

Methoxyphenamine Hydrochloride (Or-
thoxine Hydrochloride) (New and
Nonofficial Remedies), 969.

Methyl Compounds, Occurrence in
Galenicals (Sergeant), 434.

2-Methylaminoheptane  (CEnethyl), A
Study of (Shaffer and Knoefel),
728.

Methyl-iso-octenylaminc, see Octin.

Methyl K-Propyl Ether (Sykes), 125.

Micro-organisms and Viruses, Men-
struum for Drying (Hornibrook),
861.

Mineral Oil, in Fatty Oil,
(Patzsch), 847.

a-Monostearin and Sodium Stearate, as
Emulsifying Agents (Jellinek and
Anson), 56.

Morphine and Codeine, 2 - Anthra-
quinonesulphonate Derivatives of
(Feldsteln Klendshoj and Sprague),

Deletion of

Morphlne Codeine and Diamorphine
from Viscera, Isolation and Deter-
mination of (Stolman and Stewart),
256.

Morphine Derivatives : Chemical Con-
stitution and Analgesic Action
(Schueler, Gross and Holland),
59.

Morphine, Determination of, ;n Poppy
Capsules (Mascre and Genot -
Boulanger), 327.

Morphine, Diamorphine, Codeine and
Barbiturates, Separation and Deter-
mination of Mixtures of (Stolman
and Stewart), 330.

Morphine in Opium, Determination of
(van Pinxteren and Smeets), 520.

Morphine, Pharmacological Properties
of New Derivatives of (Chabrier,
Giuducelli and Kristensson), 973.

Morphine, Response of Duodenum
(Loomis), 533.

Morphine Solutions, Decomposition of,
on Sterilisation (van Arkel and van
Waert), 853.

Morphine Sulphate Injection, Stability of
(Foster, Macdonald and Whittet),
673 ; Discussion, 683.

N

i8-Naphthyldi-2-chloroethylamine (R48)
in Leukaemia, Hodgkin’s Disease
%gg Allied Diseases (Matthews),
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Naprylate Caprylic Compound (New
and Nonofficial Remedies), 262.
Neoarsphenamine, Toxicity Determina-
tion by a Method based on Survival
Time (Allmark and Lavallee), 605.

Neohetramine, see Thonzylamine.

Neostigmine-like Compounds, Curarising
and Anti - curarising Action of
(Chase, Bhattacharya and Glassco),
601.

Nicotinamide, Pethidine and Cincho-
phen, Crystals formed with Nitric
Acid from, Optical Crystallographic
Properties of (Wickstrom), 444.

Nisin, Some Recent Applications of
(Hirsch and Mattick), 59.

Nitrogen Mustards (Nabarro), 865.

Norisodrine Sulphate Dust, Inhalation
of in Asthma (Krasno, Grossman
and lvy), 194.

Nux Vomica and Cinchona, Assay of,
by Microsublimation (Zapatocky
and Harris), 251.

0

Octin (Methyl-wo-octenylamine) in the
Treatment of Vasodilating Head-
aches (Peters and Zeller), 267.

(Estrogenic Action and Chemical Con-
stitution in Azomethine Derivatives
(Keasling and Schueler), 601.

(Estrogens, Artificial, Activity of, Deter-
mined by Experlments on Rats
(Harmer and Broom), 859.

(Estrogens, Further Observations on the
Potency of (Bishop, Richards, Smith
and Perry), 728.

(Estrogens, Natural, Polarographic Esti-
mation of (Heusghem), 722.

(Estrogens, Synthetic Stilbene, Identifica-
tion of (Smith and Turfitt), 10.

(Estrogens in Urine, Determination by a
Micro- fluorlmetnc Method (Finkel-
stein), 4

(Estrone, Effect of Crystal Size on the
Activity of (Simond, Lindquist
Tendrick and Rowe), 605.

(Estrone, Equilin and Equilenin in

Mixture, Colorimetric Determina-

tion of (Banes), 723.

Removal of Bacteria from, by
Filtration (Sykes and Royce), 639 ;
Discussion, 646.

Ointment Bases, Absorption of Radio-
active Sodium lodide from (Cyr
Skauen, Christian and Lee), 402.

Ointment Bases, Diffusion of Sulpha-
diazine and Wetting Agents from
(Levy and Huyck), 402.

Opium Poppy, Dutch Culture of (Becker
and Indemans), 188.

Orange Oils from Palestine (Islip and
Major), 328.
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Organic Acids, Qualitative Analysis of,
by Filter Paper Chromatography
(Fink and Fink), 454.

Orthoxine, Evaluation for Broncho-
spasm (Bresnick, Beakey, Levinson
and Segal), 267.

Ouabain, Microscopical Characterisation
of the Polymorphic Forms of
(Keenan), 181.

Oxalate, Colorimetric Determination of
(Burrows), 591.

Oxophenarsine and Dimercaprol, Con-
densation Product of, Toxicity and
Chemotherapeutic Effect of (Saw-
yers, Burrows and Maren), 400.

Oxophenarsine Hydrochloride (Maphar-
sen), Decomposition Products of
(Banks), 255.

Oxophenarsine Hydrochloride %Maphar—
sen), Decomposition Rate of (Banks),
256.

P

Pancreatin, Tryptic Activity of, A
Critical Study of Some Assay Pro-
cesses and Standards (Bullock and
Sen), 693 ; Discussion, 713.

Pancreatin, Trypsin in, A Note on the
B.P. 1948 Assay Process for (Foster
and Smith), 709 ; Discussion, 713.

Panthenol, Microbiological Assay of
(De Ritter and Rubin), 334.

Papaverine, Oxidation by Selenium
Dioxide (Taylor), 324.

Penicillin, in Blood, Micromethod for
Assay (Hildick-Smith and Fell), 723.

Penicillin, Concentration in Cerebro-
splnal Fluid (Boger and Wilson),

Pemcnlm lodimetric Titration of. The
Influence of lodide Concentration in

(Canback, Ehrlen, liver, Reimers
and West), 364.
Penicillin and Lanoline Ointments,

gtablllty of (Diding and Sandell),

Penicillin, in Liquids, the Adgar-rope
Techmque for Estimating (Julius
and Alsche), 723.

Penicillin, Stabilisation of Aqueous
Solutions of (Fleury, Schuster,
Dessus, Roux-Delimal and Morel),
401.

Penicillin and Sulfactin, Drug-fastness
Studies with Staphylococcus aureus
(Morton and Perez), .

Penicillin, and Sulphonamides,
bined Effect in Injections with
Gram-negative ~ Organisms  (El
Borolossy and Buttle), Parts | and

Com-

I, 82; Parts Il and IV, 152.

Penicillin  and  Tubercle Bacillus :
Tubercle Penicillinase (Hand and
Baines), 470.

INDEX

Penicillin, Uptake by Bacterial Cells
(Maass and Johnson), 63.

Penicillin in Urine, Determination of
(Penau, Salas, de Chezelles and
Benoist), 965.

Penicillins, Total Determination of, by
the lodimetric Method (Analyst’s
Sub-Committee of the M.O.H.
Conference on the Differential
Assay of Penicillin), 260.

Penicillinase Activity, Determination of
(Wise and Twigg), 599.

Peptide - Amino - Nitrogen, Determina-
tion by the Copper Method (Kerk-
konen{ 122.

Pethidine and Amidone (Methadone)
Derivatives (Wolff), 728.

Pethidine, Atropine, Procaine and
Qurnldme Common Pharmaco-
logical Properties (Dutta), 190.

Pethidine, Nicotinamide and Cincho-
phen, Crystals formed with Nitric
Acid from, Optical Crystallographic
*Properties of (Wickstrgm), 444.

Pharmaceutical Progress, Fifty Years of,
British Pharmaceutical Conference,
Chairman’s Address (A. D. Powell),
609.

Pharmacopoeia, of the United States,
Fourteenth Revision, A Review of
(Denston), 606.

Phenacetin, Acet-4-chlorar.ilide as Im-
purity in (Hald), 960.

Phenacetin, Caffeine and Aspirin, Infra-
red Determination of (Washburn
and Krueger), 250.

Phenadoxone, Pharmacology of (Basil,
Edge and Somers), 465.

Phenadoxone in Urine, Determination of
(Page and King), 599

p-Phenanthroline Derivatives as Anti-
malarials (Douglas and Kermack),
401.

Phenazone, Alkalimetric Determination
of (Monforte and Stagno d’
Alcontres), 393.

Phenazone, lodomercuric Compounds of
(Monforte and Stagno d’Alcontres),

Phenergan and Anthisan, Comparison of
as Histamine Antagonlsts (Bain,
Broadbent and Warin), 190.

Phenobarbitone, in Ethyl Alcohol-Water
Systems, Solubilitv of (Levallen),
457,

Phenolic Compounds, Adsorption of, on
Aluminium Oxide (Bjorling), 118.

Phenolphthalein in Mineral Oil Emul-
sion, Determination of (Warner,
Logun and Thatcher), 718.

Phenols, in Aqueous Solutions of Soap,
Bactericidal Activity of (Bean and
Berry), Part |, 484.

Phenosulfazole (Darvisul) in Acute
Poliomyelitis (Fox and Horberger),
973.
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Glycerol Ethers, Analysis and
ermination of, with particular
;rence to Pharmaceutical Pre-
paidtions (Stross and Stuckey), 549.

Phenylbarbiturates, Detection of (Rath-
enasinkam), 592.

Phenylephrine (Neo-synephrine), Colori-
metric Determination of (Auerbach),
592.

Phenylmercuric Acetate and n-Chloro-
mercuriphenol, The Comparative
Antibacterial Activities of (Wood-
bine), 376.

Phenylmercuric Acetate, as Preservative
in Antigens (Wllllams and Piness),
472.

Phenylmercurlc Dinaphthylmethane Di-
sulphonate, Penetration into Skin
and Muscle Tissue (Goldberg,
Shapero and Wilder), 89

Phenylosazones, Identification of, by
Chromatography (Jorgensen), 329.

Phenylpropylmethylamine Hydrochloride
Vonedrine Hydrochloride) (New
and Nonofficial Remedies), 263.

Phosphate, Inorganic, Mechanism of
Absorption of from Blood by Tissue
Cells (Popjak), 962.

Picric Acid, in Picrates, Coiorimetric
Determination of (Stohr), 115.
Pills, Preparation of, by the Drop
Method (Ernefeldt and Sandell),

457.

Pilocarpine, Colchicine and Veratrine,
Toxicities of (Poe and Johnson),
125.

Pituitary Gland, The Hormones of the
Anterior Lobe of (Gaddum and
Loraine), 65. _

Pituitary, Posterior, Injection : Evalua-
tion of Antidiuretic Activity of
(Lindquist and Rowe), 125.

Pituitary Posterior Lobe Extracts, Assay
of (Stewart), 974.

Plant Constituents, a Proposed Method
of Isolating (Curtis and Harris), 182.

Plasma, Liquid Human, Preparation of
by the Kaolin Process (Milne and
Todd), 831 ; Discussion, 833.

Polyhydric Alcohols, Chromatographic
Separation of (Hough), 5S6.

Polypeptide with High Adrenocortico-
trophlc Activity (Morris and Morris),
523

Poppy Capsules Determination of Mor-
phine in (Mascre and Genot-
Boulanger), 327.

Potassium in Biological Materials, Esti-
mation of (Joukovsky and Lowen-
thal), 600.

Potassium lodide, in Tincture of lodine,
Determination of (Mesnarc), 46.
Potato Starch, Fractionation of, by
means of Aluminium Hydromde
(Bourne, Donnison, Peat and

Whelan), 49.
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Pressor Concentrates, from Dog Urine,
Pharmacology of (Lockett), 194.

Priscol, in Peripheral Vascular Disease
(Douthwaite and Finnegan), 729.

Procaine, Atropine, Pethidine and
Quinidine :  Common Pharmaco-
logical Properties (Dutta), 190.

Procaine, Photometric Determination of
(Lapiere), 254.

Procaine, Sulphanilamide and Related
Products, Determination of (Srini-
vasan), 592.

Procaine - Penicillin,
Stearate (Wayne,
Burke), 465.

Procaine-Penicillin, Aqueous Suspension
of (Cohen), 729.

Procaine-Penicillin, Choice of Prepara-
tion (Fairbrother and Daber), 859.

Procaine-Penicillin in Oil, Histological
Reactions to (Story), 860.

Procaine - Penicillin  Preparations
(Griffiths, Walker and Shooter),
608.

Procaine-Penicillin and Sulphonamide
Antagonism (Fischbach, Welch,
King, Levine, Price and Randall),
339.

Procaine-Penicillin G, Prophylaxis of
Tetanus with (Novak, Goldin and
Taylor), 465.

Progesterone, Solubility in Water and in
Saline Solution (Haskins), 449.
Progesterone and Anhydrohydroxy -
progesterone, A Comparative Study
of Oral Administration (Bickers),

860.

Progesterone, Paper Chromatographic
Separation and Ultraviolet Analysis
of Commercial Preparations of
(Haskins, Sherman and Allen), 723.

Propylthiouracil, Compared with Thio-
urea in Thyrotoxicosis (Kent, Ship-
ley and Rundell), 340.

Propylthiouracil, for Exophthalmic
Goitre in Children (Jackson and
Haley), 268.

Prophenpyridamine (Trimetron), (New
and Nonofficial Remedies), 726.
Protamine Zinc Insulin, Precision of the
U.S.P. Assay for (Bliss), 268.
Prothrombin Levels in Blood, A New
Improved Method of Determination
of (Goldfeder Bloom and Weiner),

with  Aluminium
Colgquhoun and

Protozoa Free-Living, as Test Organisms
for Drugs (James), 226.

Pyranisamine Maleate (Anthisan), Acute
ggésonlng by (Miller and Pedley),

Pyranisamine Maleate, Spectrophoto-
metric Assay of (Anderson, Gaken-
heimer, Rosenblum and Smith), 520.

Pyrethrum Flowers, Analysis of (Mitchell
and Tresadern), 403.
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Pyrethrum Flowers from Ceylon
(Chittenden and Coomber), 188.
Pyrogallol and Gallic Acid, Paper
Partition Chromatography of (Rydel
and Machebceuf), 253.

Pyrogens, Decrease of, on Storage
(Dorche and Castaing), 962.

Pyrogens, French Officlal Test
(Dorche, Bouthier, Ardiet
Castaing), 975.

Pyro?ens a Quantitative Assay Method
or (Ott), 126.

for
and

Q

Quassia and Quassin, Characterisation of
(Duquénois and Colbe), 603

Quinidine, Atropine, Pethidine and
Procaine : Common Pharmacologi-
cal Properties (Dutta), 190

Quinidine Gluconate ; an Intramuscular
Preparation of Qumldlne (Bellet and
Unbach), 405.

Quinine, Extraction from Cinchona
Bark (Bhunvara and Khorana), 178.

Quinine and Quinidine, Differential
Colour Reaction of (David), 326.

Quinine, Spectrophotometric Determina-
tion of (St. John), 254.

R

Resorcinol, Stabilisation of, for Topical
4Péeparat|0ns (Halpern and Getz),

Ribonucleotides, Chromatography of
(Montreuil and Boulanger), 850.
Ricinoleic Acid, Studies of, and a
Turbidimetric Method of Evaluating
the Bactericidal Action of Solutions
of Phenols in Potassium Ricinoleate
(Berry and Cook), Part I, 217 ;
Part 11, 311 ; Part 11, 565.

Ringers’Solution, Isotonicity of (Michaels
and Miinzel), 57.

Rupe’s Rearrangement (Linnell and
Shen), 13

Rutin, Effect of on the Biological
Potence/ of Vitamin C (Crompton
and Lloyd), 268.

Rutin, Occurrence of, in Sambucas

(i%riadensis (King and Schwarting),

S

Salicyl Derivatives, Renal Excretion of
during Aspirin Therapy, Influence of
Urinary pH on (Hoffman and
Noble), 860.

Salicylates, Toxicity during Pregnancy
(Jackson), 60.

Salicylic Acid, Metabolism and Toxicity

of, in Combination with Various
Drugs (Cranheim, Wiland and
Ehrlich), 183.

INDEX

Salicylic, Acetylsalicylic and Benzoic
Acids, Colorimetric Determination
of (Lapiére), 180.

Saponins, Haemolytic Assay of (Awe
and Hausserman), 593.

Saponins, Rate of Haemolysis by (Sols),
120.

Sempervirine, Structure of (Bentley and
Stevens), 391.

Senna, Biological Assay of (Miller and
Alexander), 60.

Senna, and Related Compounds, Studies
in the Chromatography of (Mac-
morran), 773 ; Discussion, 782.

Senna Leaves (Alexandrian), a new
Fluorimetric Method of Assay
(Christensen and Abdel-Latif), 459.

Senna Leaves, Spectrophotometric
Method of Assay for (Christensen
and Abdel-Latif), 448.

Shark-Liver Oil, Indian, Examination of
for Vitamin A (Bose and Subrah-
manyan), 183.

Shark-Liver Qil, Vitamin A in, Protection
by Anti-Oxidants (Bose and Subrah-
manyan), 120.

Silver, Colorimetric Determination of
Small Quantities of (Saini), 521.
Soap, Aqueous Solutions of, Structure
and Properties of (Berry and Bean),

473.

Soap, Bactericidal Activity of Phenols in
Aqueous Solutions of (Bean and
Berry), Part |, 484.

Sodium, in Biological Fluids, Deter-
mination of (Stone and Goldzieher),
527.

Sodium p-aminosalicylate, Determina-
tion of (van Steenbergen), 448.
Sodium Azide Preservation of Blocking-
type Rh Antiserum (Jayne, Batson

and Brown), 721.

Sodium Carboxymethylcellulose, Evalu-
ation of Hydrophylic Properties of
Bulk Laxatives containing (Blythe,
Gulesich and Tuthill), 6

Sodium Citrate, action of, on sparingly
Soluble Compounds of Calcium and
Barium (Gengou, Grégoire, La-
grange and Thomas?, 255,

Sodium Gentisate, in Tablets, Estimation
of (Smith), 439.

Sodium Hydroxide, Carbonate-free, Pre-
paration of (Davies and Nancollas)

594.

Sodium Phosphate in Lead Poisoning
(Procter and Kahn), 729.

Sodium Stearate, and a-Monostearin as
Emulsifying Agents (Jellinek and
Anson), 56.

Soft Paraffin, Peroxide in (Golden), 521.

Solutions Injectables, La Stérilisation des
Guillot), 345.

Starch and Cellulose, Determination of
with Anthrone (Viles and Silver-
man), 46.
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Starch, Hydrolysis of by Hycrochloric
Acid (Leman and Didry), 849.
Sterilisation in Free Steam (Steiger), 853.
Stérilisation des Solutions Injectables

(Guillot), 345.

Steroid Metabolism, Abnormality in,
Associated with Rheumatoid Arth-
ritis (Sommerville, Duthie, Marrian
and Sinclair), 466.

Steroids, Nomenclature of (Klyne), 595.

Stramonium, Assay and Comparative
Method of Drying (Rubin and
Harris), 856.

Streptomycin, A New (Benedict, Stodold,
gggtwell, Borud and Lindefelser),

Streptomycin and p-Aminosalicylic Acid,
Additive Effect of, in Experimental
Tuberculosis Infection (Rees and
Robson), 195

Streptomycin, Spectrophotometric De-
termination of (Eisenman and
Bricker), 527.

Streptomycin in Treatment of Tubercu-
losis and Other Infections (Kallner),
340.

Streptomycin, Turbidimetric Assay for,
and its Critical Evaluation (Oswald
and Knudsen), 724,

Streptomycin, in Urine, Colorimetric
Determination of (Masquelier), 55.

Streptomycin B (Mannosido-strepto-
me/cin), Colorimetric Determination
of (Emery and Walker), 260.

Strychnine and Brucine, Chromato-
graphic Separation of (Fischer and
Buchegger), 960.

Strychine and Brucine, Chromatographic
gggaration of (Jensen and Svendson),

Strychnine, Colorimetric Determination
of (Rolland-Leclercq), 254.
Strychnine and Leptazol for Testin
Anticonvulsant Drugs (Williams an
Pfeiffer), 464.
Strvchnos species, from British Guiana,
Examination of (King), 39%4.
Sugar, in Urine and Milk, Colcrimetric
Estimation of (Salah El-Dewi), 122.
Sugars, Reducing, Colorimetric Deter-
mination with Triphenyltetrazolium
Chloride (Mattson and Jensen), 593.
Sugars, Reducing, Estimation of, by
Ferricyanide (Plumel), 593.
Sugars, Reducing, Quantitative Paper
Chromatography (Montreuil), 847.
Sulphadiazine and Wetting Agents, Diffu-
sion from Ointment Bases (Levy and
Huyck), 402.
Sulphadiazine-Penicillin Mixtures, Steri-
lisation of (Lennert-Petersen), 457.
Sulphanilamide Powders, Sterilisation of
(Shotton and Simons), 231.
Sulphanilamide, Procaine and Related
Substances, Determination of (Srini-
vasan), 592.

INDEX

Sulphates, Insoluble Inorganic, Micro-
scopic ldentification of (Deniges),
522.

Sulphonamide and Procaine Penicillin
Antagonism  (Fischbach, Welch,
King, Levine, Price and Randall),
339.

Sulphonamides, Identification of (de
Wolff), 522.

Sulphonamides, and Penicillin, Com-
bined Effect in Infections with
Gram negative Organisms (El
Borolossy and Buttle), 82.

Sulphonamides, Scheme for Identifica-
tion of (Schallengerg-Heertjes), 522.

Sulphur Compounds, Grote’s Reagent
for (van Sonsbeek), 45.

Suppositories, Calculation for Quantities
for Preparation of, by Cold Com-
pression (Jensen and Jorgensen),
336.

Suppository Excipients, Physiological
Evaluation of (Charronat, Chevil-
lard and Giono), 602.

Suramin and Antrycide, Action on
Enzymes (Town, Willsand Wormall),

269.
Sympathin (West), 269.
T

Tablets, Compressed, The Disintegration
of. The Effect of Age and Certain
Associated Factors (Burlinson and
Pickering, 630 ; Discussion, 637.

Tablets, Compressed, The Preparation
of. Part 11l (Berry and Ridout), 619;
Discussion, 626.

Terramycin, A new Antibiotic (Finlay),
524.

Terramycin in the Treatment of Venereal
Disease (Hendricks, Greaves, Olan-
sky, Taggart, Lewis, Landman,
MacDonald and Welch), 975.

Terramycin Hydrochloride, Clinical Ob-
servations on the Use of (King,
Lewis, Welch, Clark, Johnson,
Lyons, Scott and Comely), 975.

Tersavin, /-Ephedrine Salt of Benzyl-
penicillin (Gunberg, Randall and
Schuitzer), 265.

Test Organisms for Drugs, A Note on
the Use of Free-Living Protozoa for
(James), 226.

Testosterone and Androsterone, Spectro-
photometric Determination of (Hil-
mer and Hess), 331.

Testosterone, Colorimetric Assay of
(Nielsen), 852. )
Tetanus Toxoid, Concentration of

(Jacobs and Behan), 962.
Tetanus Toxoid, Purification of (Jacobs),
963.
2:3:5: 6-Tetrachloronitrobenzene,
Experiments on the Toxicology of
(Buttle and Dyer), 371.
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2:3:5: 6-Tetrachloronitrobenzene,
Photometric Determination of
(Canbéck and Zajackowska), 545.

Tetraethylthiuram disulphide, and Apo-
morphine, in Alcoholism, Action of
glégcoq, Chauchard and Mazoue),

Thenylene, see Methapyrilene.

Thephorin Ointment in Pruritic Der-
matoses (D’Avanzo), 340.

Theobromine in Theobromine and So-
dium Salicylate, Determination of
(Bell), 523.

Theophylline Ethylenediamine and Di-
hydroxypropyltheophylline, Com -
parative Toxicity of (Jensen), 467.

Theophylline Ethylenediamine, Solution
of, for Injection (Blchi and Hippen-
meyer), 57.

Theophylline, Mercurimetric Detection

Determination of (Bosly), 116.

Theophylline Sodium Glycinate (New
and Nonofficial Remedies), 458.

Thiocyanate, Titration of (Hammock,
Beavon and Swift), 47.

Thiomerin, A new Diuretic (Feinberg,
Isaacs and Boikan), 195.

Thiomerin, Clinical Studies on (Winik
and Benedict), 406.

Thiomerin (see also Mercaptomerin).

Thiomersalate, Polarographie Deter-
mination of (Page and Waller), 116.

Thiosemicarbazones, Behaviour of To-
wards Silver Nitrate, and a Gravi-
metric Estimation of 4-Acetamido-
benzaldehyde Thiosemicarbazone
(Haugas and Mitchell), 759 ; Dis-
cussion, 763.

Thiosemicarbazones, Tuberculostatic
Activity of (Bavin, Rees, Robson,
Seiler, Seymour and Suddaby), 764 ;
Discussion, 772.

Thiouracil Compounds and /»-Amino-
benzoic Acid, A Comparison of the
Anti-thyroid Activity of (Goodwin,
Miller, and Wayne), 529.

Thiouracil and Propylthiouracil, Effect
on Halides on Action of (Williams,
Jaffe and Solomans), 534.

Thiourea Compared with Propylthloura-
cil in Thyrotoxicosis (Kent, Shipley
and Rundell), 340.

Thiourea, as Reagent in Inorganic
Analysis (Den|g£s?] 448.

Thonzylamine Hydrochloride (Neohetr-
amine) (New and Nonofficial
Remedies), 184.

Thyroid ; Ef ect on Toxicity of Arseno-

benzenes (Dybing), 127.
Thyroid Preparations, Acetonitrile Test
for Control of (Laland and Stoa), 467.
Thyroxine, Polorographic Determination
of (Borrows, Hems and Page), 47.
Thyroxine and Related Substances,
Synthesis of (Borrows, Clayton and
Hems), 51.
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Thyroxine, Synthesis from 2 : 6-Dinitro-
phenyl Ethers (Borrows, Clayton and
Hems), 51.

Titanifluorides, Alkaloidal Salts of (Janot
and Chai%neou), 391.

Tolserol, in the Treatment of Children
with Cerebral Palsy (Denhoff, Hol-
den and Silver), 341.

Toxin Production, in Aerated Cultures
of Corynebacterium Diphtheria
(Howatt and Reed), 861.

Trichloroethylene, in Blood, Estimation
of (Brain and Helllwell) 55.

Tnchloroethylene Toxicity of (Hunter),

195.

Tripelennamine Citrate (Pyribenzamine
Citrate) (New and Nonofficial Re-
medies), 969.

¢/-Tubocurarine, Comparison with Deca-
methonium lodide in Controlling
Electrically Induced Convulsions
(Hobson and Prescott), 125.

¢I-Tubocurarine, Liberation of Heparin
and Histamine by (Reid), 608.

¢I-Tubocurarine Chloride, Determination
of (Klein and Jordan), 117.

¢I-Tubocurarine Chloride, Statistical Ex-
amination of Assay on Isolated
Rat-Diaphragm (Mozey, Trevan and
Young), 467.

¢I-Tubocurarine lodide, Dimethyl Ether
of, as an Adjunct to Anaesthesia
(Stoelting, Graf and Vieira), 341.

Tubocurarine lodide, Dimethyl Ether of,
as a Curarising Agent in Anaesthesia
(Wilson, Gordon and Ruffan), 730.

Tubocurarine lodide, Dimethyl Ether of,
Pharmacology of (Collier), 730.

Tyrocidine, Gramicidin and Gramicidin
S, Diffusion Experiments on (Peder-
sen and Synge), 120.

Tyrothricin, in vitro Assay of (Reedy and
Wolfson), 852.

\Y

Vegetable Drugs, Fluorescence of (Chase
and Pratt), 187.

Vegetable Purgatives Containing Anthra-
cene Derivatives (Fairbairn and
Michaels), Part 11, 801; Partili, 813;
Discussion, 827.

Veratrine, Colchicine and Pilocarpine,
Toxicities of (Poe and Johnson), 125.

1:5-Vinyl-2-thiooxazolidone, an Anti-
thyroid Compound (Astwood, Greer
and Ettlinger), 395.

Vitamin A, Determination of (Morton),
129.

Vitamin A, Determination of (Verhagen
and Parent), 528.

Vitamin A, Examination of Indian Shark
Liver Oils for (Bose and Subrah-
manyal

n), 183.
Vitamin A, in Milk (Sobel and Rosen-

berg), 454.
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Vitamin A, in Shark Liver Oil, Protec-
tion by Anti-oxidants (Bose and
Subrahmanyan), 120.

Vitamin A, Synthesis of Ether-oxides of
(Golse and Gavarret), 851.

Vitamin A, in Whale Liver Oil,
mination of (Braekkan), 600.

Vitamin Bl Determination of (Utiger),
334.

Vitarzég B6, Some Reactions of (Laubie),

Deter-

Vitamin BI2 Conversion of Vitamin
Bi%d into (Ellis, Petrow, Beaven,
Holiday and Johnson), 735.

Vitamin B2 and Desoxyribosides as
Growth Factors for Lactic Acid
ggfteria (Kitay, McNutt and Snell),

Vitamin B12, Distribution in Natural
Materials (Lewis, Register, Thomp-
son and Elvenhjem), 524.

Vitamin B;2, Folic Acid and Ansemia, |,
thgemical Aspects (Lester Smith),

Vitamin B12 Further Observations on
the “ Ninhydrin-Reacting ” Hydroly-
tic Fragment (Cooley, Ellis and
Petrow), 128.

Vitamin B12 Microbiological Assay of
(Hoffman, Stokstad, Hutchings,
Dornbush and Jukes), 455.

Vitamin B2 : Microbiological Assay of,
using Lactobacillus leichmannii
(Peeler, Yacowitz and Norris), 185.

Vitamin BI2, Mode of Combination of
Component a in (Beaven, Holiday,
Johnson, Ellis and Petrow), 944.

Vitamin B12 The Mode of Linkage of
Component a in (Beaver., Ellis,
Holiday, Petrow and Johnson), 733.

INDEX OF
A

Abelson, P. H. and H. H. Darby, 449.

Adam, K. R., M. Ginsburg and M.
Weatherall, 463.

Adams, S. S. and K. L. Smith, 336.

Adamson, D.W. and A. F. Green, 456.

Ahmed, Z. F. and |. R. Fahmy, 337.

Alicino, J. F., A. Crickenberger and
B. Reynolds, 180.

Alin, K. and N. Diding, 56.

Allmark, M. G., 556.

Allmark, M. G. and D. Lavallee, 605.

Ames, S. R. and H. A. Risley, 851.

Anderson, A. B., 533.

Anderson, A. H. and T. Jersild, 193.

Anderson, R. T., W. C. Gakenheimer,
C. Rosenblum and E. H. Smith, 520.

Appelbaum, E. and R. Saigh, 856.

van @éléel, C. G. and J. H. van Waert,

INDEX

Vitamin B12, “ Ninhydrin-Reacting ”
Hydrolytic Fragment of, and 1-
Aminopropan-2-ol (Cooley, Ellis
and Petrow), 535.

Vitamin B12 Some Pharmaceutical As-

pects of (Hartley, Stross and
Stuckey), 648 ; Discussion, 659.
Vitamin B2 and Related Growth

Factors, Paper Chromatography of
(Wmsten and Eigen), 3

Vitamin B12 Synthesis of, |n the Diges-
tive System of the Sheep (Abelson
and Darby), 449.

Vitamin B2 and Thyroid Function
(Wayne Macgregor and Miller),

Vltamm C, Effect of Rutin on the
Blologlcal Potency of (Crampton
and Lloyd), 268.

Vitamin C, Effect on Wound Healing
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