
R E V IE W  A R T IC L E
RECENT DEVELOPMENTS IN THE PHARMACY 

OF ANTIBIOTICS

By W. A. Woodard, M.P.S.
Glaxo Laboratories Ltd., Greenford, Middlesex

The unique therapeutic properties of penicillin, discovered by Florey 
and his Oxford collaborators in 1940, have led to some noteworthy 
advances in applied pharmacy. In particular they have set the industrial 
pharmacist diverse problems in making available a wide range of useful 
preparations for preventing and curing disease. Some idea cf the extent 
to which this antibiotic is used to-day is illustrated by the following 
figures giving the annual production (all forms of penicillin) in the 
United Kingdom for the last five calendar years.1

1947
1948
1949
1950
1951

Mega-units
millions

4-881
9-687

18-502
37-599
63-166

Of the other valuable antibiotics since discovered, notably streptomycin, 
aureomycin, chloramphenicol and terramycin, none is so extensively 
used in this country as penicillin : moreover, none has offered so strong 
a challenge to the skill of the pharmacist. Thus, although streptomycin 
is of considerable importance in the treatment of diseases such as 
tuberculosis, it offers less scope for pharmaceutical ingenuity than 
penicillin because the range of its preparations is limited by its fewer 
clinical applications.

Again, although the so-called “wide spectrum” antibiotics, aureomycin, 
chloramphenicol and terramycin, are now recognised as valuable 
systemic chemotherapeutic agents, they are of less interest to the 
pharmacist in his role of formulator than is penicillin. The common 
route of administration for all three is by mouth, usually in capsules, 
and so the range of presentations is restricted. Although the newer 
antibiotics are said to be adequately absorbed from the alimentary 
tract, it is also true that, in contrast to penicillin, they possess physico­
chemical properties rendering them less suitable for administration by 
injection.

Since the general discussion on penicillin at the British Pharmaceutical 
Conference, 1946, the extent of developments in the antibiotic field as a 
whole is truly remarkable. Indeed, expansion in knowledge has been 
so rapid that the subject is to-day vast and complicated. To attempt to 
do full justice to more than few of the many pharmaceutical developments
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that have taken place in recent years is beyond the scope of this or any 
similar review. Accordingly, its main purpose is to describe such develop­
ments in broad terms except when advancements have been outstanding 
or are of special interest. It is convenient to deal with each antibiotic 
separately and under the following two sub-headings (1) preparations 
for systemic therapy; (2) preparations for local therapy.

P enicillin

A development of considerable importance occurred at the beginning 
of 1947 when pure penicillin—as benzylpenicillin or crystalline penicillin 
G—first became available on a commercial scale in Britain. Apart from 
the obvious clinical advantages, this event also had repercussions on the 
pharmacy of penicillin. Increased thermostability ard reduced hygro­
scopic properties constitute the main advantages of benzylpenicillin 
sodium and benzylpenicillin potassium over the impure freeze-dried 
salts formerly available. These qualities have eased the problems of the 
manufacturer, have made it possible to embark on universal distribution 
of the dry salts with an extended life of three years and have enabled the 
research pharmacist to formulate products that retain their potency in 
tropical as well as in temperate climates.

1. (a) Preparations for systemic use—short acting. By far the most
important preparation of penicillin is the aqueous injection, in which 
form it exerts its maximum clinical effect. The sodium or potassium 
salts of benzylpenicillin (B.P. Addendum 1951) are customarily used 
for this purpose.

(i) Stabilisation with buffers. Although benzylpenicillin in the dry 
state is stable, being unchanged after several hours heating at 100° C., 
its keeping qualities in aqueous solution are poor.2 Hydrolytic opening 
of the /1-lactam ring occurs (hastened by rise in temperature) to yield 
irreversibly the inactive penicilloic acid, which reduces the pH and so 
catalyses further decomposition. This reaction can be slowed down by 
buffering at pH 6 to 7, the optimal pH for stabilky. Numerous workers 
have reported310 13 their findings with citrate and phosphate buffers. 
The general consensus of opinion is that buffered solutions of benzyl­
penicillin retain their potency for significantly longer periods than 
unbuffered ones, whether stored at ambient temperatures or in the 
refrigerator; further, most workers consider citrates to be more effective 
than phosphates. A new development is reported in a contemporary 
communication14 describing the stabilising effect of hexamine on simple 
and buffered solutions of sodium benzylpenicillin. In its presence 
longer periods of storage are possible than hitherto, and thus the work 
of the pharmacist is lessened in those hospitals where k  is the practice to 
prepare solutions in bulk for issue to the wards. It is therefore unfortunate 
that the 1951 Addendum to the British Pharmacopoeia, 1948, should 
permit the use of suirable buffering agents in making injection of 
penicillin and should at the same time reduce the period of storage in a 
refrigerator from 7 to 4 days. In view of the ample published evidence 
of the superior keeping qualities of buffered solutions, it would seem
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desirable that the footnote to the existing monograph for injection of 
penicillin should be amended accordingly. Alternatively, it might be 
preferable to follow the example of the U.S.P. XIV, which includes 
buffered crystalline penicillin as a separate monograph.

(ii) Stabilisation by other means. Other investigators have attempted 
to improve the stability of penicillin solutions by incorporating substances 
klTown to sequester trace metals, of which copper, zinc and mercury in 
particular are known to attack the sulphur-contaimng ring in the 
penicillin molecule. Lester Smith15 studied the effect of sodium hexameta- 
phosphate; later Chain and Philpot16 reported their findings with 2:3- 
dimercaptopropanol. More recently, Swallow17 has described the 
stabilising action of sodium ethylenediamine tetra-acetate. A third and 
previously unreported approach to the stabilisation of penicillin solutions, 
by use of soil extracts, has been reported by Coulthard, Fawcet, Lewis and 
Sykes.18

(iii) Bacteriostatics. The ideal bacteriostatic for addition to penicillin 
solutions dispensed in multiple-dose containers has yet to be defined. 
The unusual sensitivity of the antibiotic to other substances, along with 
the need for more fundamental work on bacteriostatics in general, 
presents a number of difficulties. Of the many substances investigated 
up to date only phenylmercuric nitrate (0 001 per cent.) and phenol 
(0-5 per cent.) seem to justify serious consideration. In our laboratories 
the former has given good results and has the advantage of being as 
satisfactory in simple as in buffered solutions of penicillin. Phenol has 
been claimed18 to exert a stabilising effect on solutions of penicillin G, 
but it lacks the utility of phenylmercuric nitrate, especially in citrate- 
buffered solutions, which deposit crystals of phenyl phenaceturate at 
room temperature.19

1 (b) Preparations for systemic use—prolonged acting. For several 
years commercially available forms of penicillin were restricted to the 
calcium, sodium, and potassium salts, all of which are highly soluble in 
water and tissue fluids and are therefore rapidly eliminated from the 
body. In consequence, many attempts have been made to decrease 
frequency of administration by delaying absorption or excretion of the 
antibiotic and so prolonging the action of injected doses. The familiar 
oil-beeswax suspension of penicillin introduced by Romansky and 
Rittman20 is a typical example of modern formulation aimed at delaying 
the absorption of a water-soluble drug.

The popularity of this preparation was short-lived; unfavourable 
reactions at the sites of injection, associated with inherent difficulties in 
administration, quickly led to a search for something better. Accordingly, 
attention was focussed on the alternative and more physiological approach, 
prolonging the action of penicillin by its conversion into less soluble 
salts, esters or complexes. To-day many such compounds are known, 
but the only one that has so far come into widespreac clinical use is 
procaine benzylpenicillin (B.P. Addendum, 1951). The approximate 
solubility of procaine penicillin G in oil and water is 7000 I.U./ml. As 
a result of this low solubility, the salt, when given intramuscularly as a
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suspension in oil or water, produces a depot or slow release effect at the 
site of injection, thus prolonging the presence of the penicillin in the 
blood. To-day pharmaceutical manufacturers provide a multiplicity of 
procaine penicillin preparations for parenteral use; most of them contain
300,000 I.U. of penicillin combined with 120 mg. cf procaine base in each
1-ml. dose. Some are available as ready-prepared suspensions in oil or 
water, others are presented as dry powders to which the aqueous diluent 
is added immediately before use. None, however, is yet included in the 
British Pharmacopoeia. In discussing some of the more important 
pharmaceutical aspects of these preparations, it will be convenient to 
deal with them in the order of their origin and to follow the trend through 
to the most recent developments with the newer penicillin salts of the 
slow release type; some of them are reputed to have advantages over the 
procaine salt.

(i) Simple and compound suspensions in oil. Clinical studies on 
procaine penicillin in oil were first reported by Herrell, Nichols and 
Heilman21 in 1947. There quickly followed commercial preparations in 
which was used refined sesame or arachis oil containing 300,000 I.U. in 
1 ml. as free-flowing suspensions. With them, according to numerous 
clinical reports, therapeutic blood levels (>  0-03 I.U./ml.) are obtained 
for 24 hours in most patients. Moreover such preparations need not be 
refrigerated, as at room temperature they retain their potencies for 12 
to 18 months. Although it is a marked improvement on the earlier 
arachis oil-beeswax formulation, procaine penicillin in oil presents 
difficulties, because the procaine salt on standing separates from the oil, 
thus requiring vigorous agitation in order to re-establish the suspension. 
Several attempts have been made to facilitate easier re-suspension by 
incorporating small percentages of surface-active materials, such as 
ethylene glycol distearate or a polyoxyethylene derivative of a partial 
higher fatty acid ester of sorbitan (e.g., “tween 80”).22’23 These 
measures, however, were not completely successful; when Buckwalter 
and Dickison24 added aluminium stearate to the mixture to provide a 
suspension of greatly improved physical stability and delayed absorption 
effect, the use of procaine penicillin in oil quickly declined in many parts 
of the world.

Procaine penicillin in oil with 2 per cent, aluminium stearate is of unusual 
interest, because problems of particle size and rheology are involved. 
The' addition of the stearate not only stabilises the suspension but also 
ensures a therapeutic level in the blood over a much longer period than 
was possible with ordinary procaine penicillin in oil. According to a 
number of workers24’25’26*27 this effect is most marked in man when the 
particle size of the penicillin is 50/a or less. Floyd28 has since confirmed 
these findings in a mouse-protection test. Previous investigators29-30 had 
shown the opposite effect and claimed that optimal prolongation resulted 
from the use of penicillin particles exceeding 50/x. The mechanism of 
extended slow-release by reduction of particle size is not known with 
certainty. Water-repellency of the stearate, controlled release of the 
penicillin from a conceivable latticework structure in the gel and
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adsorbed films of “procaine stearate” have all been suggested as possible 
explanations: so far, there has been no confirmation of any. It is 
evident from an examination of commercial prototypes that they all 
conform to more or less the same standard for particle size—i.e., 90 to 
100 per cent, under 5/a with substantially nothing in excess of lOu. From 
the claims of the inventors,31 who prefer procaine salts of penicillin G 
with a particle size of 0-1 to 10/x, it would seem that this degree of size- 
reduction is essential for the maximum prolongation effect. Supporting 
clinical investigations demonstrated that penicillin blood concentrations 
equal to or exceeding 0-03 I.U./ml. of serum were obtained in most 
patients after intramuscular injection of 1 ml. (300,000 I.U.) of the 
suspension. Tables are also included to illustrate the results in rabbits 
with the particle size reduced from 250¡j, to 1 to 2¡i.

Thus some 30 per cent, w/v of solid penicillin with a high specific 
surface is incorporated in a viscous aluminium stearate gel. If the 
latter has been prepared to give the desired visco-elasticity, the resultant 
suspension may have the characteristics of a thixotropic gel system in 
which the dispersed-solid remains in substantially permanent suspension 
for a long time. A sharp rap and a few vigorous shakes are sufficient to 
reduce the preparation to a uniform, liquid state. In contradistinction, 
when similar suspensions are made with penicillin of low or relatively 
low specific surface the property of thixotropy may be reduced or lost 
altogether. Such preparations are more prone to sediment and impact 
and so to inconvenience users trying to re-establish the suspension. 
Especially is this liable to occur with mixtures of fine and coarse particles; 
the former, by virtue of their greater deformability and smaller mass are 
able to adhere to the latter, thus illustrating the experimentally established 
fact that a mixture of coarse and fine particles settles more quickly than 
do particles of uniform size. Although it would appear that a thixotropic 
product is preferable for maintaining the physical stability o: suspensions, 
clinical experience has shown that equally satisfactory blood levels can 
be obtained from less viscous preparations that do not exhibit thixotropy.

Ultra-fine grinding of the procaine penicillin under sterile conditions 
with highly specialised machines operating on the fluid energy principle 
is necessary to give the size-reduction mentioned above. Again, the 
efficacy of the aluminium stearate gels depends on the care exercised 
over moisture content, viscosity and other properties, which are controlled 
by the heat treatment employed in their manufacture. Eastland32 has 
correctly referred to the lack of precise technical information on the 
most suitable type of aluminium stearate. Reputable British manu­
facturers deny the existence of the hypothetical mono, -di- and // ¡-stearates 
of aluminium and claim that any desired ratio of aluminium to stearic 
acid can be obtained by varying the conditions of precipitation. > The 
general belief is that aluminium stearate of commerce is an adsorption 
complex of stearic acid with alumina monohydrate. There is some 
support for this point of view in the literature,33’34 and it would seem 
that the use of the description “mono-stearate” is not justified in any 
precise sense.
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Although the duration of penicillin in the blood is prolonged after 
injections of procaine penicillin in oil with aluminium stearate, the peak 
concentration is low. In other words, the highest concentration of 
penicillin at any time after the injection is lower than that obtained with, 
say, 50,000 units of aqueous penicillin or 300,000 units of simple procaine 
penicillin in oil. This fact led to the idea of supplementing the sparingly 
soluble procaine salt with a dose of soluble penicillin G sodium or 
potassium, thereby combining the advantages of slow-release with a 
high initial concentration of penicillin in the blood. Several available 
commercial preparations of this type contain 300,000 I.U. of the procaine 
salt and 100,000 I.U. of soluble penicillin suspended together in each 
1 ml. of arachis oil with aluminium stearate. On injection, this produces 
first a powerful action due to the soluble material, with a peak of TO to 2-0 
I.U./ml. of blood, and then a sustained effect due to the procaine salt, lasting 
24 hours or more. Such preparations are said to be superior to procaine 
penicillin alone, providing a satisfactory clinical response in staphy­
lococcal and other more resistant infections within the range normally 
considered susceptible to penicillin treatment. More recently, Welch 
and his associate workers35 have shown that the blood concentrations of 
penicillin obtained by the addition of pectin-treated crystalline potassium 
penicillin gave higher maximum levels than those obtained by the addition 
of the potassium salt alone.

Aluminium stearate suspensions of procaine penicillin G retain their 
potency for at least 12 to 18 months at rocm temperature. Storage at 
elevated temperatures or in the refrigerator is contra-indicated, because 
exposure to extremes of heat or cold tends to accelerate ageing and 
breakdown of the gels. A disadvantage that applies equally to the 
plain and compound suspensions is that dry syringes and needles must 
be used for their administration. Except in the treatment of special 
diseases, such as syphilis and yaws, for which the aluminium stearate 
suspensions are still preferred by some sections of the medical profession, 
oily formulations have been largely superseded by the more convenient 
aqueous forms of procaine penicillin. The disadvantages of the former 
(including, inter alia, pain and indurations on injection, the possibility 
of oil embolisms, the need of exacting conditions for administration and 
the difficulty of cleaning the needle and syringe) fostered the search for 
improved presentations.

(ii) Aqueous suspensions (for extemporaneous preparation). The very 
early aqueous preparations of procaine penicillin G were dry products 
containing the antibiotic in association with a non-injurious surface- 
active agent. On adding sterile water or saline solution the surface-active 
agent wetted the crystals of procaine penicillin, thereby facilitating suspens­
ion and minimising the formation of clumps. Although the procaine salt 
was stable in the vehicle, it settled out with undesirable rapidity; when the 
suspension was administered from a syringe, the plunger tended to 
“freeze” in the barrel. This type of mixture was quickly succeeded by 
improved dry products containing a harmless hydronhylic colloid in 
addition to the surface-active agent. The combined effects of these
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adjuvants facilitates rapid wetting of both the penicillin salt and the 
hydrophylic colloid, maintains the penicillin in discrete particulate 
suspension and minimises the danger of needle blockage from clumping 
on addition of the aqueous vehicle.

Non-ionic wetting agents are normally employed in formulating these 
preparations; the polyoxyethylene ethers of partial higher fatty acid 
esters of sorbitans (e.g., “tween 80” ) and suitable mixtures of the fatty 
acid esters of polyethylene glycol are typical examples. For the hydro­
phylic colloid many substances, such as gelatin, pectin, dextrin, alginates, 
tragacanth and the water-soluble salts of carboxymethylcellulose, have 
been suggested. Few, if any, however, satisfy all the criteria for the 
satisfactory manufacture of dry products for injection. For example, 
sodium carboxymethylcellulose has many desirable qualities and has 
been widely used as a suspending agent in the United States; some 
grades, however, have the disadvantage of being only slowly soluble in 
water, and this can sometimes give rise to difficulty when it is necessary 
to administer suspensions immediately after their preparation.

Present-day use of dry procaine penicillin for aqueous suspension is 
largely confined to those preparations containing a supplement of the 
soluble sodium or potassium salts of benzylpenicillin and a suitable 
buffering agent. Such mixtures normally contain concentrations of 
penicillin salts identical with those described in the previous section. 
Further, they have similar clinical applications but without the attendant 
disadvantage of oily vehicles. In the dry state, mixtures of procaine 
penicillin with buffered soluble penicillin have a shelf-life of 3 years. 
Sterile aqueous suspensions retain their potency for 7 days at room 
temperature or 14 days in a refrigerator. If the products are further 
stabilised14 these periods can be doubled.

(iii) Aqueous suspensions (ready prepared). The low solubility of 
procaine penicillin G in water has been turned to advantage in formulating 
ready-prepared suspensions of the salt. Procaine penicillin is relatively 
stable in high concentrations in water, but it is not sufficiently so to 
withstand the exacting conditions demanded by commercial practice. 
Although by no means universally applied—since there are preferred 
methods of achieving the same end—one of the more interesting techniques 
for stabilising aqueous suspensions of procaine penicillin utilises 
the solubility-product principle,36 that is, depression of solubility 
by common ion effect. The addition of a small excess of the cation 
procaine (as soluble salt) results in a significant reduction in the solubility 
of the procaine penicillin, thereby slowing down the rate of decom­
position.

Stabilised aqueous suspensions of procaine penicillin contain buffering, 
suspending and wetting agents, of a similar type to those used in the dry 
presentations. That some commercial preparations are more stable than 
others is reflected in the different conditions laid down for their storage. 
Some are stated to be stable for 12 months at room temperature, whereas 
others are required to be kept below 15° C. (i.e., in a refrigerator). These 
■differences are magnified at higher temperatures, as shown in Table I,
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which illustrates the comparative stability of four preparations (300,000 
I.U./ml.) stored for 11 weeks at 40° C.

(iv) Particle size. The advent of antibiotic suspensions has focussed 
attention on the question of particle size. It is, however, a controversial 
subject and can receive but brief comment here. Aside from the 
specialised application of the oil/stearate suspension of procaine penicillin 
to the treatment of specific diseases, the clinical significance of particle 
size is debatable. On the one hand, there is the school cf thought that 
insists on prolonged blood levels as necessary for effective treatment. 
Opposed to this is the view that maintenance of a continuous detectable 
level of penicillin is unnecessary and that the clinical efficacy of the 
preparation is the only test, not its ability to produce blood levels 
over long intervals of time.

Apart from therapeutic considerations, control of particle size is 
important to the pharmacist in arriving at a satisfactory formulation. In 
this respect, minimal sedimentation, ease of re-constitution and freedom 
from any tendency to block needles are essential criteria. Theoretically, 
it is desirable that all the particles should be of uniform size and shape. 
In practice, however, this is difficult to achieve and it is evident from an 
examination of various American and British preparations of procaine 
penicillin that standards vary considerably. For example, the range in 
some preparations is largely confined to 50 to 100/x. In others, the bulk 
of the material is under 25/x with only a few per cent, over that size and 
nothing in excess of lOOju. Again, other preparations show a fairly 
uniform spread over the whole range with little or nothing over 100/lz. 
Generally speaking, it is desirable to limit the percentage of undersize 
and oversize material. Large crystals are obviously conducive to needle 
blockage. Too high a proportion of fine particles can also cause the 
same difficulty because of the tendency to form gelatinous agglomerates. 
Another disadvantage of fine particles is that they can complicate the 
formulation of dry parenteral products by giving rise to foaming problems.

(v) Drain-clear containers for antibiotic suspensions. A recent inno­
vation of considerable novelty is the introduction of silicone-treated 
containers for aqueous liquid preparations. Although of fairly wide 
application, the invention37 is of special interest in relation to antibiotic 
suspensions. It utilises the principle of rendering the internal surfaces 
of injection vials water-repellent by means of selected or.ganopolysiloxanes, 
i.e., organo-silicon oxide polymers. The treatment is carried out with a 
solution of the appropriate silicone followed by evaporation of the 
solvent and baking of the silicone film under prescribed conditions. 
The main advantages of silicone treatment as applied to antibiotic 
suspensions are economy of the surpluses otherwise required to ensure 
adequate dosage, more accurate dosage and the improved aesthetic appeal 
of the drain-clear effect.

(vi) Newer slow-release type salts o f  penicillin. The utility of the 
sparingly soluble procaine benzylpenicillin lent considerable impetus to 
the search for similar slow-release salts. Until recently, however, little 
has been published since Monash38 described the depot effect of various

THE PHARMACY OF ANTIBIOTICS
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penicillin salts other than those then in current use. Many new insoluble 
types—especially amine salts—are now receiving mention in the patent 
and general literature. Only two will be mentioned here, each of which, 
in its own way, depicts the modern trend in antibiotic depot therapy.

In the course of investigating salts of penicillin, Szabo et a!.39 observed 
that the penicillin salt of A^A'-dibenzvlethylenediamine is nearly 
insoluble in water. Accordingly, this salt was selected for further 
examination in collaboration with associate workers.40-41 Pharmaco­
logical and histological studies in animals after its injection in watery or 
oily media, accompanied by extensive feeding tests, showed that this salt 
(consisting of 2 moles of penicillin to 1 mole of base) compares very 
favourably with procaine penicillin (control). Subsequent studies in 
man were equally promising.

Dibenzylethylenediamine dipenicillin G has a theoretical potency of 
1307 I.U ./m g.; approximately 7 to 9 per cent, of water of crystallisation 
is present and results in practical potencies of 1180 to 1200 I.U./mg. 
The salt melts at about 110° C. and its solubility ir, water is approximately 
200 I.U./ml.; that is, about 1/30 that of procaine penicillin. A striking 
advantage of the new salt is that it is tasteless and thus facilitates 
formulation of palatable suspensions for oral use (see later).

As shown by potency tests conducted over 12 months at various 
temperatures, dibenzylethylenediamine dipenicillin is at least as stable as 
procaine penicillin in all its current presentations. Although this is not 
specifically emphasised, the published evidence suggests that aqueous 
suspensions of the salt stored at elevated temperatures (37° C.) retain 
their potency much better than comparable preparations of procaine 
penicillin. This might be expected from the considerable differences in 
solubility.

Penicillin blood concentrations in human subjects after the intra­
muscular injection of dibenzylethylenediamine dipenicillin G in aqueous 
suspension have been reported41 and Table II is abstracted from the published 
results. These show residual concentrations of penicillin over periods 
far in excess of any hitherto reported for slow-release antibiotic salts in 
aqueous suspension. Other results presented illustrate the cumulative 
effect produced by repeated intramuscular injection of suspensions of 
dibenzylethylenediamine dipenicillin (non-micronised) in water or in oil 
with aluminium stearate. Aside from oral therapy, and provided the 
initial work with this new salt is borne out in full-scale practice, it may 
well supplant procaine penicillin in some of its more specialised appli­
cations. For example, the oil/stearate injection of the latter could be 
replaced to considerable advantage by an aqueous suspension of one of 
the less soluble salts of penicillin.

Progress of a different but equally interesting nature has recently been 
reported by Longacre,42 who described the clinical advantages of the 
penicillin salt of A-inethyl-l :2-diphenyl-2-hydroxyethylamine (1-ephen- 
amine penicillin G). The free base itself has been shown to possess 
anti-allergic properties apparently unrelated to true anti-histaminic 
action. Thus, administration of the penicillin salt is claimed to reduce
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the incidence of sensitisation in patients receiving normal penicillin 
therapy. Cases are quoted in which patients who have reacted to 
treatment with procaine or sodium penicillin have responded well to the 
new preparation with subsidence of the reaction effects. This advantage 
of 1-ephenamine penicillin. G and the fact that it produces a depot effect 
approximating to that of procaine penicillin—thereby lending itself to 
similar pharmaceutical presentations—suggest that it may have a place 
in the growing list of useful antibiotic preparations.

1 (c) Preparations for systemic use—selective tissue concentration.
(i) Penicillin esters and penethamate hydriodide. Oil-soluble penicillin 

esters have also received some attention in the past as potential agents 
for delayed absorption therapy. The methyl, ethyl, n-butyl and 
benzhydryl esters were first prepared by Mayer, Hobby and Chaffee,43 
who showed that they were active in the infected mouse because of their 
hydrolysis in the animal’s body to yield free penicillin. Other investi­
gators44’45’16 have shown, however, that only mice, rats and guinea-pigs 
were able to hydrolyse the esters of free penicillin, but that this was not 
possible to the dog, the rabbit, the monkey or man; it was therefore 
concluded that the esters of penicillin were of no therapeutic value.

Later, Carpenter47 described the preparation of the dimethylamino- 
ethyl ester hydrochloride of penicillin, which was readily hydrolysed in 
vitro in aqueous buffer at pH  7-3. More recently, Jensen et al.iS 
synthesised a number of dialkylaminoethyl esters of benzylpenicillin and 
submitted them to detailed investigations in vitro and in vivo with the 
primary object of discovering new penicillin derivatives for delayed 
absorption therapy. The hydriodide of the diethyl ester—penicillin G 
diethylaminoethyl ester hydriodide—has since aroused widespread 
interest because, besides having a marked depot effect (though rather less 
than procaine penicillin), it was found to exhibit the remarkable property 
of concentrating penicillin in lung tissues, especially when these are 
inflamed. Although the concept of selective concentration of antibiotics 
in particular organs or tissues is not entirely new, this would seem to be 
the first product for which it has been shown to have practical significance 
in the treatment of disease.

(ii) Mode o f  action o f  penethamate hydriodide. Because of the 
complexity of the factors involved, the causes of the affinity of the ester 
for lung tissues are not known with certainty. Ungar and Muggleton49 
have thrown light on this aspect in a recent report describing the effects 
of the hydriodide in the laboratory animal. Among the tentative reasons 
advanced by them for the selective accumulation of the drug in lung 
tissues are: (1) quantitive influence of tissue esterase on the rate of 
hydrolysis; (2 ) prolongation effect from the antidiuretic action of 
diethylaminoethanol; (3) physico-chemical interaction between the ester 
and lung tissue (e.g., binding on tissue proteins); (4) influence of molecular 
size and structure; (5) differences in the chemical composition and cell 
constituents of tissue exudates. Discovery of the unique property of 
selective lung action in this ester hydriodide may well be a milestone in

THE PHARMACY OF ANTIBIOTICS
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medical progress. Although much remains to be done before its 
behaviour is properly understood, what is already established clearly 
points the way to future discoveries in a relatively unexplored field of 
research.

(iii) Properties. Benzylpenicillin 2-diethylaminoethyl ester hydriodide 
(penethamate hydriodide; estopen) occurs as a whitecrystdline powder with

c h3x)c------- CH.COO.CH2 .CH2.N (Q H 5)2.HI
C H /  I I

HC CO
\ /

' HC
1

NH.CO.CH 2 .C6 H5

a theoretical potency of 1058 I.U./mg. It is sparingly soluble in water 
(about 1 per cent, at 20° C.), a saturated solution having a pH of about
5-0. Aqueous solutions are unstable owing to hydrolysis of the penicillin 
ester to free penicillin and diethylaminoethancl, the velocity of the reaction 
increasing with rise in temperature and pH. Hydrolysis is pronounced 
above pH 7 0 and slowest between pH 4-0 and 5-0. The unhydrolysed 
ester is not affected by penicillinase but the free penicillin liberated by 
de-esterification in aqueous solution is inactivated by the enzyme.

(iv) Formulation and stability. As with procaine penicillin, satis­
factory aqueous suspensions of penethamate hydriodide cannot be 
prepared in water alone. Foaming and entrainment of air and solid 
particles in the froth, as well as a tendency for unwetted particles to cling 
to the walls of the container, detract from pharmaceutical elegance and 
convenient administration from a hypodermic syringe. In this country 
the drug is issued in two strengths—100,000 and 500,000 I.U.—as finely 
divided sterile powders containing small quantities of wetting, suspending 
and buffering agents of similar composition to those used for procaine 
penicillin. On addition of water the powder is converted to a uniform 
suspension that can be withdrawn and injected with ease.

In dry form, penethamate hydriodide has a shelf life cf at least 2 years. 
If stored in a cool place (below 25° C.) sterile aqueous suspensions retain 
their potency for a maximum of 7 days and for at least 30 days in a 
refrigerator (4° C.). Since experimental evidence49 indicates that the 
phenomenon of selective lung concentration is dependent on the intact 
ester link within the molecule, it is important that hydrolysis be delayed 
as far as possible until the ester reaches the desired site. In order to 
ensure this happening it is essential to know the rate of hydrolysis in 
pharmaceutical suspensions. Some typical results are given in Tables III 
and IV being based on determinations of unchanged ester-hydriodide. 
After 7 days storage at 24° to 26° C. the total loss of penethamate 
hydriodide was 12-4 (9-9 to 14-9 for P =  0-95) per cent, no loss occurred 
after 8 weeks storage at 4° C. Reduction in /;H is accelerated by increase 
in temperature.
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1 (d) Preparations for systemic use—oral therapy.
In the early days of penicillin, scarcity, expense and inadequate dosage, 

as well as the uncertain fate of the antibiotic in the alimentary tract, 
tended to discredit the value of oral therapy. Until the last year or so, 
dose schedules have been largely conditioned by amounts and costs. 
There has thus been a tendency to sub-optimal oral dosage with poor 
or indifferent clinical response. Thanks, however, to increased produc­
tion and improved methods of manufacture, economic considerations

TABLE III
S t a b il it y  o f  a q u e o u s  s u s p e n s io n s  o f  p e n e t h a m a t e  h y d r io d id e  

S T O R E D  A T  24° T O  26° C.

Percentage Potency Remaining After

Determination 1 Hour 3 Days 4 Days 6  Days 7 Days 10 Days 14 Days

Total potency per vial (103)
1 0 0

(96-9)
—

( 1 0 1 -2 )
98

(95)
—

(94-4)
92

(89-4)

(90-7)
87-6

(85-1)

(93-8)
89-4

(85-7)

Unhydrolysed ester- 
hydriodide remaining

( 1 0 0 )
96-9

(93-8)
—

(98-8)
95-7

(92-6)
—

(901)
87-6

(851)

(87)
83-9

(81-4)

(91 3) 
87

(83-2)

pH 6-59 — 5-55 4-87 4-66 4-70

N o t e :—In this and Table IV the unhydrolysed ester remaining represents the difference between the 
total potency of the suspension and the filtered supernatant liquid. Bio-assays (20 plate) were used 
and fiducial limits (in brackets) are stated for P =  0-95. Approximate potency of suspension =  250,000 
lU ./ml.

TABLE IV
St a b il it y  o f  a q u e o u s  s u s p e n s io n s  o f  p e n e t h a m a t e  h y d r io d id f . 

S T O R E D  A T  4° C.

Percentage Potency Remaining After

Determination 1 Hour 1 Week 2 Weeks 3 Weeks 6  Weeks 6  Weeks 8  Weeks

Total potency per vial (103)
1 0 0

(96-9)

(105-6)
101-9
(97-5)

(103)
98-8

(94-4)

(98-8)
95-7
(92)

(1C5)
101-9

(98-8)

(109-3)
105-6

(102-5)

(109-3)
105-6

(102-5)

Unhydrolysed ester- 
hydriodide remaining

( 1 0 1 -2 )
98-1
(95)

(103)
99-4
(95)

( 1 0 0 )
95-7

(91-3)

(95*7)
92-6

(8 8 -8 )

(1C2)
98-8

(95-7)

(105-6)
101-9
(98-8)

(105)
1 0 1 - 2
(98-1)

PH 7-37 600 6 - 1 1 5*96 5-76 5-86 5-85

now carry far less weight than they did 5 years ago. Moreover, despite 
the seemingly inevitable disparity between effective oral and parental 
dosage (a ratio of approximately 5 : 1 ) ,  there is increasing appreciation 
of the fact that oral administration may be justified because of its extra 
convenience.
• While oral therapy can never compete with aqueous injection of 
penicillin in the treatment of the more acute conditions, it is, none the 
less, a valuable method for treating early and localised infections. It is 
useful, too, for dealing with infants and young children whom the doctor 
wishes to spare the pain or psychological upset of injections. A further 
advantage is that it enables treatment to be carried out at home by the 
patient without medical attendance.
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The growing interest in oral penicillin therapy has focussed attention 
on new formulations and methods of presentation, of which some of the 
more important are briefly considered below.

(i) Tablets. The most widely used presentation is the simple tablet 
made of the sodium or potassium salt of benzylpenicLlin. Tablets of 
from 50,000 to 400,000 I.U. each are commercially available: the higher 
potencies—200,000 I.U. and above—are being increasingly used. The 
fact that it is traditional to describe penicillin dosage ir_ terms of units, 
whereas oral dosage with the newer antibiotics is measured exclusively 
by weight, is confusing and can be misleading to prescribers in calculating 
the relative costs of treatment. In oral therapy there would seem to be 
a case for mentioning both weight and units when stating the dosage of 
penicillin.

The essential criteria for a stable and otherwise acceptable tablet are: 
(1) simplicity of formulation with exclusion of all other ingredients 
except for a trace of lubricant and, where necessary, an inert and non- 
hygroscopic filler: (2) control of moisture (preferably > 0-5 per cent.):
(3) rapid disintegration. Absorption of penicillin from the stomach is 
poor. Maximum utilisation occurs in the small intestine, notably in the 
duodenum, where inactivation is much less than in the jejunum or 
ileum.50’61 A quick disintegration or solution rate (if the tablet is made 
from entirely soluble ingredients) of approximately 5 to 15 minutes 
would therefore seem desirable to ensure that the penicillin is in solution 
and available for absorption by the time it reaches the duodenum. In 
clinical studies with oral penicillin, Boger and Beatty62 have stressed the 
importance of disintegration and warn against the combined dangers of 
excessive compression during manufacture of the tablets and an imper­
fectly balanced ratio of penicillin to excipient. Carefully formulated oral 
tablets packaged in moisture-proof containers, made with sodium or 
potassium benzylpenicillin will retain their potency under normal 
conditions of storage for at least 18 months.

Non-ionic surface active agents (e.g., polyoxyethylene sorbitan 
mono-oleate) have been administered orally in conjunction with penicillin 
to increase absorption in the upper intestine by improving dispersion and 
lowering surface tension.53 Results, however, were disappointing.

Sparingly soluble penicillin salts—e.g., aluminium and procaine 
penicillin—have been investigated by American workers52’64 to test the 
hypothesis that low solubility in water would protect against acid 
destruction during passage through the stomach and there ay give concen­
trations in the blood more prolonged than is usual with soluble penicillins. 
It was concluded that none of the insoluble salts administered by mouth 
were any more effective than sodium or potassium benzylpenicillin.

(ii) Antacids, buffers and other forms o f  protection. At one time 
there was a widely held belief that penicillin by mouth ran the distinct 
risk of being rendered substantially inactive by the acid gastric secretion. 
To-day, however, there is increasing appreciation that this is not a 
basically important factor, provided that the antibiotic is administered 
in sufficiently large doses and preferably on an empty stomach.
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The earlier belief that protection against acid destruction was essential 
for effective oral therapy led to the introduction of numerous methods 
for combating inactivation. Many of these depended on the collateral 
administration of various antacids and buffer salts, all of which are too 
well known to require detailed mention here. Penicillin tablets buffered 
with sodium citrate have been commercially available for some time, but 
practical considerations of tablet size in relation to ease of swallowing 
precludes the incorporation of therapeutically effective quantities of 
buffer salt. An interesting development in this connection has been the 
introduction in America of an effervescent tablet claimed to contain 300 
per cent, more buffering alkali than any comparable product.

An alternative approach was the administration of penicillin in oily 
suspensions, but wide variations in the rate of absorption of the antibiotic 
gave rise to poor clinical results. For similar reasons enteric coating has 
been found wanting by Florey and Florey55 and by Brindle and Keepe.56

Although of doubtful practical utility, several ingenious methods of 
protecting penicillin against acid destruction during oral therapy have 
been the subject of patents. For example, ion-exchange resins have 
been used:67 coating the finely divided antibiotic with waxes such as 
jojoba wax has been described:68 dry porous tablets said to possess 
“enteric” properties have been prepared from hydrogenated vegetable 
o.ils and fats containing various percentages of alkali stearates, sodium 
oleate (as emulsifier), starch and crystalline potassium penicillin.69

(iii) Liquid preparations—modern trend in presentation. The soluble 
salts of penicillin are characterised by an unpleasant bi:ter taste extremely 
difficult to disguise in dry compressed products. The problem is not 
lessened by the current demand for higher dosage coupled with obligatory 
restriction of tablet size. Sugar coating, an obvious solution, presents 
practical difficulties in both stability and disintegration. Encapsulation 
in gelatine is less economical than tabletting and cannot always be relied 
upon to provide the same rapidity of disintegration as careful formulation 
of a tablet. A further point is that tablets—by means of cursor or 
cleavage lines—lend themselves to the administration of divided doses, 
whereas capsules do not.

It is true of unpleasant tasting drugs in general that liquid presentations 
afford the pharmacist maximum scope for achieving palatability. 
Further, pleasantly flavoured liquids are acceptable to infants and young 
children, who also find them easier to swallow. Recognition of this fact, 
coupled with the growing interest in oral penicillin, has encouraged the 
development of new liquid presentations, most of which are designed to 
facilitate mixture of the antibiotic with the vehicle at the time of 
dispensing.

Such preparations mostly contain crystalline sodium or potassium 
penicillin G, as a powder or as soluble tablets, and are supplied along with 
a bottle of an attractively flavoured diluent so compounded as effectively 
to mask the taste of the penicillin. Alternative formulations avoid the 
expense of dual containers by presenting the penicillin and all adjuvants 
in one bottle (as a dry mixture) with directions to the pharmacist to add
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a specified quantity of water at the time of dispensing. Potencies range 
from 50,000 to 500,000 I.U. per teaspoonful and buffering agents are 
frequently incorporated, presumably for pharmaceutical rather than 
therapeutic reasons. Needless to say, the life of dispensed solutions is 
restricted to seven days, during which they must be stored in a refrigerator. 
It therefore follows that these preparations can only enjoy widespread 
application in countries such as the United States, where practically all 
members of the community have easy access to one.

There is little doubt that the most important advance of recent years 
in this field has stemmed from the development of new insoluble salts of 
penicillin, such as AjA'-dibenzylethylenediamine dipenicillin G. The 
combined advantages of low solubility, stability and absence of taste 
enable this salt to be presented as a palatable ready-to-use oral suspension 
that is said to be stable for 18 months at normal temperatures. With it 
penicillin concentrations in the blood are stated to be closely similar to 
those produced by similar oral doses of procaine or potassium salts of 
penicillin.41 The all-round merit of such preparations suggests that they 
are likely to have an important influence on :he future of oral penicillin 
therapy. They also provide an excellent example of the part played by 
the chemist in modifying the physico-chemical properties of a drug and 
so enabling the pharmacist to present it in a more acceptable and stabler 
form.

Oral doses of penicillin in combination with one or more of the 
sulphonamides are sometimes used in the treatment of mild streptococcal, 
pneumococcal or gonococcal infections. They are usually presented as 
tablets or occasionally as dry flavoured powders to be reconstituted with 
water by the dispenser when needed for use.

2. Preparations for local therapy.
Penicillin preparations for topical application are too numerous to be 

considered in any detail here. They range from “micronised” powders 
for inhalation therapy to antibacterial toothpowders, with diverse inter­
mediate examples. Some have incurred severe criticism—particularly in 
the United States—because of the tendency to produce sensitisation, 
which is especially prone to occur when, for instance, an ointment or 
lotion contains only a small amount of penicillin and treatment is 
unnecessarily prolonged.

Of the numerous formulations described in the literature many are 
inevitably of limited interest to the industrial pharmacist, if only because 
they do not lend themselves to presentation in forms stable enough to 
withstand long periods of storage under varied climatic conditions. 
Even the official lozenge and ointment have given rise to serious problems 
of stability, the solution of which has been made possible by changes 
recently sanctioned in the Addendum 1951 to the British Pharmacopoeia, 
1948. The implications of these changes are discussed oelow.

(i) Lozenges. The British Pharmacopoeia, 1948, prescribed the use of 
calcium penicillin for making lozenges. It also indicated the nature of 
the base to be used and defined the conditions of storage (in air-tight
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containers below 15° C.). Attention has already been drawn to the 
instability of calcium penicillin lozenges stored at elevated temperatures60, 
and to the marked variations among products of different manufacture.61 
Later, lozenges manufactured from a ball-milled triturate of penicillin 
(calcium salt) and magnesium stearate were reported to be stable for 
twelve months at ordinary room temperature.62 No results were given 
for storage at higher temperatures.

Considerable additional experience in our laboratories, including an 
investigation of calcium penicillin lozenges issued by other manufacturers, 
led to the following conclusions:—

1. At ordinary room temperature, some products retained their 
potency much better than others: generally, however, potency tended to 
decline steadily with increase of time: instability could not be attributed 
to any differences in moisture content.

2. At higher temperatures (38° C.) loss of potency was general and 
substantial: some products lost more than 50 per cent, of their initial 
activity in eight months.

3. Various methods of manufacture (including ball-milling with 
stearates) were tried: none revealed any correlation between loss of 
potency and technique of processing.

4. Triturates of the penicillin in pre-dried lactose, starch, tragacanth 
or magnesium stearate were substantially stable at atmosphere tempera­
tures, but losses similar to those observed with lozenges occurred at 38° C. 
Sucrose occasionally gave rise to indifferent results and its use is 
still undergoing investigation.

5. Marked variations in stability were observed with lozenges made 
from different batches of calcium salt of identical origin. Similar 
variations were noted when calcium salts of different manufacture were 
compared.
To sum up: unsatisfactory stability of the original lozenge of penicillin 
is attributed mainly to inherent weaknesses of the calcium salt, namely, 
(a) variable composition and (b) lack of stability to heat, for which 
there is independent confirmation.4 In general, for all low potency 
preparations of penicillin the control of moisture (preferably > 0-5 per 
cent.) is important. However, so far as our experience has gone, 
moisture variation below an upper limit of 1 per cent, is not a factor 
influencing stability.

The revised monograph on penicillin lozenge in the Addendum 1951 
to the British Pharmacopoeia, 1948, sanctions the alternative use of 
benzylpenicillin (sodium or potassium salt). Lozenges mace with these 
salts have the following advantages: (a) superior stability at elevated 
temperatures, with consequent avoidance of the need to store below 
15° C. and facilitated distribution in hot climates: (b) less penicillin 
overage required to compensate for losses during storage. Yet another 
advantage, now widely recognised, is that the crystalline sodium or 
potassium salts of penicillin are less hygroscopic than any of the 
amorphous salts. Preliminary observations60 suggested that the reverse 
was true of calcium penicillin, but radical changes in the primary
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manufacture of the crystalline sodium salt and further experience 
have refuted this. The advantage is, however, not sufficient to discount 
the necessity for protecting the lozenges against attack from moisture 
during storage.

Table V illustrates a comparison between lozenges (theoretical potency 
2000 I.U./lozenge) made with calcium penicillin and crystalline sodium 
penicillin G. A base of sucrose and gum was used for both, and the 
lozenges were stored in bottles with screw caps having waxed cardboard 
liners.

TABLE V
Stability  of penicillin  lozenges made w ith  crystalline and 

AMORPHOUS CALCIUM PENICILLIN 2000 I.u A o Z E N G E

Lozenge
Moisture 
per cent.

Percentage Potency Remaining After: 
Months

Temperature 0 1 2 4 6 8 10

Crystalline
Sodium 0-98 Room 100 100-5 106-5 97-6 — 105 100
Penicillin 28° C 100 105 106 92-5 102 — 96
Amorphous

0-38 Room 100 102 103 90-5 — 87 77-5
Penicillin 38e C 100 89-5 76 71-5 58 49

(ii) Ointments. In a preliminary communication/ 0 attention has 
been drawn to the effect of wool alcohols on the stability of penicillin 
ointments. Further studies have confirmed the adverse effect that this 
ingredient can have on the stability of penicillin. Hard paraffin, though 
less damaging than wool alcohols, is also contra-indicated. Carbowaxes 
(high molecular weight polyethylene glycols), cetyl-stearyl alcohol, self- 
emulsifying stearyl alcohol, cocoa butter, lanette wax “SX”, polychols 
(water soluble polyoxyethylene condensation product of wool wax 
alcohols) and many ionic and non-ionic surface-active agents are also 
destructive to the antibiotic.

In the Addendum 1951 to the British Pharmacopoeia the composition 
of the base for the skin ointment has been changed to a mixture of liquid 
and soft paraffins, in which penicillin is much more stable, especially at 
elevated temperatures. Further, since the initial moisture content of 
the old and the new base is so low that the variations occurring in practice 
are not critical for stability, the earlier injunction to pre-heat the base 
at 110° C. has been deleted. The new monograph also permits the use 
of crystalline sodium or potassium salts of penicillin as alternatives to 
the amorphous calcium or potassium salts in the ointment. As in the 
lozenge the former salts give greater stability under adverse conditions 
of storage, with concomitant reduction in overage.

Tables VI and VII show some typical results for ointments (5001.U./g.) 
under various conditions of storage.

It is evident from these results that the best method of presenting 
penicillin ointment is in collapsible tubes. Deterioration in pots and 
Petri dishes was noticeably greater, with little to choose between them. 
The increases in moisture content were surprisingly small and there is
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little evidence to connect them with loss in potency of samples stored in 
pots and Petri dishes.

Permissive use of benzylpenicillin (sodium or potassium salt) is also 
extended to the ophthalmic ointment of penicillin. However, the base 
is unchanged, despite the fact that several workers have drawn attention 
to the detrimental effect of lanolin and crude cholesterinated bases in 
general on the stability of penicillin.63’64’65

TABLE VI
S t a b il it y  o f  p e n ic il l in  o in t m e n t  (b .p . 1948) in  t u b e s ,

POTS AND PETRI DISHES

Batch No. 1 Batch No. 2

Percentage
Loss

( 6  months)

M oisture (per cent.) Percentage
Loss

( 6  months)

Moisture (per cent.)

Storage Initial Final Initial Final

In Tubes 43 003 0-04 34 0-03 0-05

In Pots . . 51 0 03 0-03 46 003 008

In Petri dishes . . 56 003 004 46 003 008

TABLE VII
S t a b il it y  o f  p e n ic il l in  o in t m e n t  (s im p l e  p a r a f f in  b a s e )

IN TUBES, POTS AND PETRI DISHES

Calcium Penicillin Penicillin G Sodium

Percentage
Loss

( 6  months)

M oisture (per cent.) Percentage
Loss

( 6  months)

M oisture (per cent.)

Storage Initial Final Initial Final

In Tubes 25 0 0 2 005 8 0 - 0 2 005

In Pots . . 48 0 0 2 004 2 2 0 0 2 0 1 2

In dishes Petri . . 35 0 0 2 0 1 0 2 0 D0 2 007

(iii) Penicillin creams. Antibacterial creams formulated with oil-in­
water emulsified bases are sometimes preferred to ointments because of 
their superior ¿esthetic and medical qualities. There are two examples 
of such creams in the British Pharmacopoeia. Both, however, suffer 
from the disadvantage of very limited stability (only storage in the 
refrigerator being allowed) because of the rapid decomposition of the 
soluble penicillin salts used in their preparation.

An interesting development in this connection has been the recent 
introduction of a stabilised high potency cream of procaine penicillin 
(10,000 I.U./g.) containing some 50 per cent, of water and possessing a 
shelf-life of 12 months at room temperature.

Streptomycin and  D ihydrostreptomycin 
The discovery of streptomycin arose from a carefully planned search 

by Waksman and his collaborators in 1939 for an antibiotic that would 
bring about inhibition and lysis of Gram-negative bacteria. After 
having isolated and examined several thousand actinomycetes, these
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workers produced a substance called streptothricin. It proved to be 
too toxic for general use and shortly after there followed the isolation of 
streptomycin from Streptomyces griseus,66 To-day, streptomycin is 
produced in large quantities by deep fermentation, as is penicillin. 
Dihydrostreptomycin is prepared by hydrogenation cf streptomycin in 
presence of a platinum catalyst.

The Addendum, 1951, to the British Pharmacopoeia, 1948, contains 
monographs on four compounds of streptomycin, namely, streptomycin- 
calcium chloride, streptomycin hydrochloride, streptomycin sulphate and 
dihydrostreptomycin, either as the hydrochloride or the sulphate. There 
are also separate monographs for injectable preparations of each 
compound. Because one unit of antibacterial activity is approximately 
equal to 1 /xg. of streptomycin base, the unit has been re-defined as such 
in the United States, where potencies are normally expressed in terms of 
micrograms of base in 1 mg. of product. In contrast, the British 
Pharmacopoeia adheres to the original method of defining potencies in 
terms of units. It will also be noted that a biological assay is mandatory 
in this country, mainly as a safeguard against possible contamination of 
streptomycin with mannosidostreptomycin (streptomycin B), which is 
considerably less active against most micro-organisms.

In its antibacterial activity streptomycin is effective against a wide 
range of organisms, both Gram-negative and Gram-positive. For 
treating the latter, however, penicillin is usually mere effective and is 
preferred because of its freedom from toxicity. Broadly speaking, 
therefore, streptomycin is complementary to penicillin in combating 
infections due to Gram-negative organisms. The outstanding use of 
streptomycin to-day is in the battle against tuberculosis—especially 
miliary tuberculosis and tuberculous meningitis—against which it has 
proved a most valuable adjunct to previous medical treatment.

1. Preparations for systemic treatment.
Under this heading it will be convenient to deal collectively with the 

injectable preparations of streptomycin, because they are similar in 
presentation, formulation and stability.

(i) Presentation. Like soluble penicillin, streptomycin and dihydro­
streptomycin are normally presented in rubber capped vials as amorphous 
or crystalline solids. Vials usually contain sufficient to provide the 
equivalent of 1 g. of streptomycin base for conversion to solution with 
sterile water as required. Except for very dilute solutions, saline solution 
is contra-indicated as a solvent because of the risk of irritation from 
excessive hypertonicity. Even with 250,000 I.U./ml., the official strength 
for intramuscular injections, solutions contain approximately 30 per cent, 
w/v of solids.

Stabilised aqueous solutions of dihydrostreptomycin sulphate are 
available in some parts of the world. These are said to retain their 
potency for 12 months at ordinary temperatures. Several contain 
procaine penicillin as well as dihydrostreptomycin, thereby giving a 
widened range of antibacterial activity.
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Dry mixtures of streptomycin or dihydrostreptomycin, or both, with 
penicillin (sodium or procaine salts or both), for extemporaneous 
dispensing, are also coming into use. They provide in one injection a 
“broad spectrum” antibiotic preparation exploiting a useful synergistic 
action against mixed infections. Formulation follows the same pattern 
as that described for procaine penicillin in aqueous suspension.

Penetration of streptomycin into the cerebrospinal fluid is poor, so 
that in meningitis normal systemic treatment must be supplemented by 
intrathecal injection. In view of the need in such conditions for extreme 
precautions about purity, clarity and sterility, the most satisfactory 
presentation would seem to be a single-dose ampoule. Systemic treat­
ment by mouth is impracticable, because streptomycin is poorly absorbed 
from the gastro-intestinal tract. Oral therapy is therefore confined to 
the treatment of intestinal infection, against which it is sometimes used 
to supplement injections.

In the present-day treatment of tuberculosis, injections of streptomycin 
are frequently augmented by oral administration of /^-aminosalicylic 
acid, usually in daily doses of 12 to 18 g. It is claimed that it has a 
synergistic effect and also that by its use the onset of streptomycin 
resistance is delayed.

(ii) Stability. Provided they are stored in a cool dry place, the official 
salts of streptomycin and dihydrostreptomycin are stable for at least 
2 years.

In general, dilute aqueous solutions (25,000 to 50,000 I.U./ml.) remain 
substantially stable over long periods of time, even at 38° C. Develop­
ment of colour, however, increases with rise in temperature. Strong 
solutions (250,000 to 500,000 I.U./ml.) also retain their potency for 
considerable periods in the refrigerator and at room temperature, but 
they are less stable at 38° C. Discolouration is more rapid in strong 
solutions and increases markedly with rise in temperature. There is also 
a tendency for solutions to deposit when stored for excessive periods. 
Storage in a refrigerator retards the development of colour.

The discolouration of streptomycin solutions does not appear to be 
related to loss of antibacterial activity, nor is there any evidence that 
coloured solutions are more toxic than freshly prepared ones. Neverthe­
less, it is an undesirable quality, accentuated by the fact that streptomycin 
salts from different manufacturers can vary in their propensity to develop 
colour. Although the answer will probably be found in improved 
methods of manufacture, it is questionable whether there was justification 
at the time of publication of the Addendum, 1951, to the British Pharma­
copoeia, 1948, for the liberal storage period of 1 month at room 
temperature.

It is not known with certainty how critical is the relationship between 
pH and the stability of streptomycin, although it is generally held that 
solutions are stable between limits of pH 3 and 7. Tentative evidence 
suggests that pH 7-0 or even slightly higher is advantageous, 
especially for dihydrostreptomycin, but more work is required to check 
this.

THE PHARMACY OF ANTIBIOTICS
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(iii) Bacteriostatics. Chlorocresol, chlorbutol, phenol and phenyl- 
mercuric nitrate, in the customary concentrations, are satisfactory 
preservatives for solutions of streptomycin. The suitability of three of 
these for use with streptomycin-calcium chloride has been confirmed by 
Rolph and Usher.67

2. Preparations for local therapy.
Although the primary use of streptomycin is in the treatment of 

tuberculosis, the fact that it is effective against a wide range of Gram­
negative organisms has led to the introduction of various preparations 
for topical application. Some depend on the use of streptomycin alone; 
others reflect the growing interest in combined antibiotics to achieve the 
advantage of additive or even synergistic action in the treatment of 
mixed infections.

In formulating anhydrous preparations—e.g., ointments and powders— 
the sulphates of dihydrostreptomycin or streptomycin are preferred to 
the calcium chloride complex salt, which has the disadvantage of being 
hygroscopic. For other local uses there is little to choose between the 
salts, except that a sensitive person might possibly experience less 
irritation from eye drops prepared with one or other of the sulphates 
rather than with the calcium chloride complex.

The successful combined parenteral application of penicillin and 
dihydrostreptomycin has led to their similar use in an ointment for 
treating mixed infections in wounds, indolent ulcers and certain super­
ficial skin conditions. As yet few preparations of streptomycin for 
local application have appeared on the market in this country. In 
America, however, their use is increasing as seen by the revised index to 
the U.S. Federal Register (Food and Drug Administration), from which 
the following examples are taken:—penicillin-streptomycin-bacitracin 
ointment: streptomycin and dihydrostreptomycin tablets: streptomycin- 
polymyxin-bacitracin tablets: dihydrostreptomycin and kaolin in gel: 
streptomycin otic with antifungal agent.

N ew  A ntibiotics

The discovery of streptomycin focussed attention on the antimicrobial 
properties of the actinomycetes as a potential source o: other antibiotics. 
As a result of extended investigations into this group of micro-organisms, 
several new substances have been isolated in the United States, among 
the more important of them being chloramphenicol aureomycin and 
terramycin. It has become common practice to re'er collectively to 
these and similar new chemotherapeutic agents as the “wide-spectrcm” 
antibiotics, because they show activity against a wider range of micro­
organisms than does penicillin alone. They are of undoubted value in 
the treatment of specific infections that do not respond to penicillin— 
for example, virus pneumonia and typhoid fever—but their indiscriminate 
use can produce serious toxic reactions. In this respect they differ from 
penicillin, which, besides having numerous clinical applications, is 
unique in being practically free from all side-effects.
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C hloram phenicol

During 1947, chloramphenicol, originally called Chloromycetin, was 
isolated from the culture fluid of a species of Streptomyces discovered in 
soil from Caracas, Venezuela.76 It was independently isolated from a 
Streptomyces found in a compost heap at the . Illinois Agricultural 
Experimental Station. Chloramphenicol is to-day the only synthetically 
prepared antibiotic. It is d ( —)-?Am?-2-dichloroacetamido-l-/?-nitro- 
phenyl-1:3-propanediol. It is a bitter tasting white or off-white 
crystalline compound, sparingly soluble in water (2-5 mg./ml. at 25° C.), 
but readily soluble in ethanol, propylene glycol and acetyldimethylamine. 
In the dry state the antibiotic is stable for long periods at ordinary 
temperatures. Acid and neutral solutions are stable: in alkaline solution 
activity is lost owing to hydrolysis at the amide linkage. Between pH 2 
and pH 6 solutions may be boiled for an hour with little loss of potency. 
Greater loss occurs on autoclaving (20 minutes at 120° C.). Below pH 2 
or above pH 6 rapid loss of potency occurs on boiling or auto­
claving.77

1 (a) Preparations for systemic therapy—oral. Chloramphenicol is 
active when administered orally. Other routes of administration are 
used only when high blood levels are required quickly or when a patient 
is unable to take the drug by mouth. Hard gelatin capsules containing 
50 or 100 mg. are available. For children, however, a comparatively 
tasteless ester—chloramphenicol palmitate—has been specially devel­
oped.78 A suspension of the palmitate in a flavoured vehicle is reputed 
to taste like custard! It contains in 1 ml. the equivalent of 31 mg. of 
chloramphenicol and has pH 6 to 7. The product is stable for 12 months 
at room temperature. Absorption is slightly slower with this preparation, 
because the ester must be hydrolysed in the alimentary tract before the 
chloramphenicol can be absorbed.

1 (b) Preparations for systemic therapy—parenteral. The low 
solubility of chloramphenicol in water complicates the preparation of 
parenteral dose forms. However, solutions in acetyldimethylamine may 
be diluted with water, saline solution or dextrose solution without precipita­
tion .79>80>81 Care must be taken to add the antibiotic solution to the 
diluent and below its surface. Ampoules (2 ml.) containing a 25 per cent, 
solution of chloramphenicol in 50 per cent, aqueous acetyldimethylamine 
are available for intravenous injection, diluted or undiluted. Such 
solutions are said to be stable for 12 months at room temperature.

2. Preparations for local therapy. Pure powdered chloramphenicol 
has been applied to ulcers and placed in operation wounds; dusting 
powders (500 to 1000 mg. per ounce) made up with lactose, or with equal 
parts of starch and zinc oxide, have been applied to larger surface 
wounds.82

Chloramphenicol is also used in ointments and creams containing 
about 1 per cent, of the drug. For ear infections a 10 per cent, solution 
in propylene glycol is used; eye drops are prepared extemporaneously by 
addition of water to a dry mixture of the drug and a borate buffer.
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A u reo m ycin

The isolation of aureomycin from the culture fluid of Streptomyces 
aureofaciens was reported by Duggar68 in 1948. Like terramycin, 
aureomycin is an amphoteric substance: it is fairly soluble in water 
at both high and low pH, but sparingly soluble near the neutral point; 
above pH 8-5 it is readily soluble. The base is soluble in water to the 
extent of 0-5 to 0-6 m g./nl. at 25° C. The hydrochloride is more soluble 
(about 14 mg./ml. at 25° C.) to give a solution with pH 2-9. Provided 
it is stored in well-closed containers protected from light, dry crystalline 
aureomycin hydrochloride is stable at normal temperatures. It is fairly 
stable in acid solution, but is rapidly inactivated above pH 7.69 A 1 per 
cent, solution may be kept frozen for 6 weeks without loss.70 The 
polysaccharide fraction of egg yolk prolongs the life of aqueous solutions71 
and has been suggested for preventing deterioration of aureomycin 
during biological assay.

1 (a). Preparations for systemic use—oral. Aureomycin hydro­
chloride (now included in the British Pharmaceutical Codex by the 1952 
Supplement) is customarily administered by mouth in hard gelatin 
capsules containing 50 or 250 mg. of the drug. Anorexia, nausea and 
vomiting are common sequelae; to prevent them all the well known 
antacids and buffering agents have been tried. Some of these relieve 
the symptoms by simply reducing absorption of the aureomycin. For 
example, aluminium hydroxide gels have been shown to adsorb both 
aureomycin and terramycin hydrochlorides in amounts ranging from 25 
to 90 per cent.72’73 Bismuth subsalicylate was free from ± is  disadvantage. 
A more recent report74 describes the successful use of tablets incorporating, 
the antibiotic and antacid in the same preparation. Aureomycin calcium 
caseinate was combined with calcium caseinate and calcium carbonate.

1 (b). Preparations for systemic use—parenteral. In exceptional cases 
it may be desirable to administer aureomycin intravenously. A leucine 
buffer was formerly employed for this purpose, but has since been 
replaced by sodium glycinate because of the tendency of the former to 
cause thrombophlebitis.70 The pH of the buffered solution is about 8 to 
9. Intramuscular injections cause local pain and irritation and are not 
used. Although aureomycin passes the blood-brain barrier when the 
meninges are inflamed, it may not always do so in sufficient amount to 
control the infection. A solution suitable for intrathecal use may be 
prepared by mixing aseptically immediately before use 1 ml. of a 1 per 
cent, solution of aureomycin hydrochloride with 9 ml. of a specially 
prepared solution of sodium glycinate.70 The final solution has a pH of
7-2 to 7-4. It may be cloudy owing to precipitated aureomycin, but 
apparently this is without adverse effect.

2. Preparations for local therapy. Lozenges containing 15 mg. of 
aureomycin hydrochloride are used to supplement ora. systemic therapy 
in the treatment of mouth and throat infections. Ophthalmic drops are 
prepared by adding water to a mixture of the hydrochloride, sodium 
borate (buffer) and sufficient sodium chloride to render the solution isotonic.
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Solutions should be recently prepared (according to U.S. Federal Register 
they are stable for 2 days in a refrigerator). Ear drops in a 5 per cent, 
solution of benzocaine in propylene glycol are stated to be stable for 7 
days at 15° C.

For skin infections, 3 per cent, aureomycin hydrochloride in soft 
paraffin or “carbowax” bases has been used with success.75 An ointment 
containing 30 mg./g. is available commercially. Dental cones, dental 
paste, suppositories, surgical powder and gauze packing are commercially 
available in the United States.

THE PHARMACY OF ANTIBIOTICS

T erramycin

Early in 1950 a new chemotherapeutic agent was introduced in the 
United States. It was called terramycin after Streptomyces rimosus, the 
soil organism83 producing it. Terramycin is available as the crystalline 
base or as the hydrochloride.

Like aureomycin, terramycin is an amphoteric ’Substance: the hydro­
chloride and disodium terramycin are both well defined salts. The base 
is not very soluble in water, but its solubility increases with fall or rise of 
pH owing to formation of acid or basic salts, respectively. Reasonably 
concentrated solutions are formed only at low and fairly high pH .85>84 
In the dry state, both the base and the hydrochloride are stable for long 
periods at room temperature. Even at 50° C. the hydrochloride loses 
only 5 per cent, of its potency after 4 months. The base shows no loss 
of potency after heating for 4 hours at 100° C. Disodium terramycin is 
less stable and darkens in colour at room temperature. Under these 
conditions it loses about 45 per cent, of its potency after 150 days. 
Stability in aqueous solution is largely a function of pH. Terramycin is 
most stable in acid solutions; at pH 1-0 to 2-5 solutions are stable for at 
least 30 days at 25° C. Alkaline solutions are less stable.

1 (a). Preparations for systemic therapy—oral. Terramycin is well 
absorbed when given by mouth, usually in capsules or as a solution or 
suspension in a flavoured vehicle. Capsules of 50, 100 and 250 mg. of 
the hydrochloride are available. A proprietary elixir containing 250 
mg./5 ml. (as hydrochloride), in a buffered diluent with 20 per cent, of 
ethanol, has a pH of about 2-5 and a life of 2 weeks at room temperature. 
Lowering the alcohol content or raising the pH causes precipitation of 
terramycin with decreased stability.86 A more concentrated form of a 
similar product is available for administration to infants as drops. An 
oral suspension of the base is also provided, with the same potency as 
the elixir but containing no alcohol. The pH is 5-6, which reduces the 
period of storage to one week.

1 (b). Preparations for systemic therapy—parenteral. The fact that 
therapeutically acceptable concentrations of terramycin can only be 
obtained in strongly acid or alkaline solutions creates obvious difficulties 
in making simple preparations for injection. Although acid solutions 
are irritant and, conversely, alkaline solutions are unstable, nevertheless 
a method of preparing a satisfactory intravenous injection of terramycin 
has recently been described.87 It follows the same pattern as that for
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aureomycin, sodium glycinate being used as a buffer: 9 parts of a 
special parenteral grade of the latter are mixed with 10 of terramycin 
hydrochloride. Addition of water gives a clear solution of pH 9-0 to 
9-25, containing 100 mg. of terramycin activity and suitable for intra­
venous use. The dry mixture is stable over long periods. The prepared 
injection lost about 8 per cent, of its initial activity in 24 hours at room 
temperature, as well as after 72 hours at 5° C. Solutions darkened 
progressively during storage, owing to slow oxidation.

2. Preparations for local therapy. As with aureomycin, ophthalmic 
solutions (about 0-5 per cent.) are prepared extemporaneously from dry 
mixtures of terramycin, sodium borate and sodium chloride. The 
resultant solutions are said to be stable for 2 days in the refrigerator. 
An eye ointment containing 0-5 per cent, of terramycin in a soft paraffin 
base has been available for some time. Recently, stable sugar-coated 
tablets of terramycin base have been introduced, with the same potencies 
as capsules.

A ntibiotic  T herapy  in  Veterinary  M edicine 
This survey would be incomplete without at least a brief reference to 

the impact of antibiotics on the pharmacy of veterinary preparations. 
Apart from the use in veterinary practice of many of the established 
antibiotic preparations, special formulations and methods of presentation 
have been called for to suit particular purposes. Two products of 
current interest will suffice as practical examples; both of them reflect 
the influence of antibiotics on national economy. First, the importance 
of the problem of bovine mastitis to the dairy-farming industry and the 
success achieved with intra-mammary injections of penicillin and other 
antibiotics in controlling and eradicating the disease have called for the 
development of effective dosage forms in collapsible tubes with specially 
designed nozzles to facilitate convenient administration: formulation of 
improved bases and their evaluation in vitro and in vivo with different 
penicillin salts has been needed: the respective merits of presentation in 
collapsible tubes and bougies was also studied. A second, and equally 
interesting, development is well illustrated by the growing importance 
attached to antibiotics in nutrition. The observation that the addition 
of small quantities of an antibiotic to animal foodstuffs can induce 
measurable increases in growth—especially in pigs and table poultry— 
has aroused widespread interest. Although the study of antibiotics in 
nutrition is still in a preliminary stage, present evidence already indicates 
a promising future. Among the pharmaceutical problems thereby 
involved are: (a) selection of suitable carriers for the antibiotic with 
special reference to physical properties and stability under adverse 
conditions of storage over long periods: (h) conditions for stability over 
short periods after blending with various animal feedstuff's.
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B R IT IS H  P H A R M A C E U T IC A L  C O N F E R E N C E  
N O T TIN G H A M , 1952

(icontinued from page 1000)

REPORT OF A SYMPOSIUM ON RECENT DEVELOPMENTS 
IN THE PHARMACY OF ANTIBIOTICS

At the Symposium Session the Chairman, Mr. H. B. Mackie, presided, 
and introductory addresses were given by Mr. W. A. Woodard, Mr. 
W. Trillwood and Mr. J. O. Davidson.

Mr. W. A. Woodard read, in abstract, a communication dealing with 
recent developments in the pharmacy of penicillin, streptomycin and 
dihydrostreptomycin, chloramphenicol, aureomycin and terramycin (see 
Review Article, pages 1009 to 1036).

Mr. W. T rillw ood , dealing with the subject from the point of hospital 
practice, said:—Although a great deal of knowledge is available 
to the physician, surgeon and pharmacist by the time a new antibiotic 
is issued for use in hospital, many new problems confront the hospital 
pharmacist as clinical investigation proceeds and new uses are suggested. 
Whatever the problem, the pharmacist augments his efforts with the 
accumulated experience of all whose skill is at the disposal of the hospital 
service..

Penicillin should be kept cool, dry and sterile—the condition in which 
it is supplied by the manufacturer. To ensure maximum potency at the 
time of injection it should be dispensed as it is received in its original 
container as a dry sterile powder, and the procedure is to supply with the 
dry powder a sterile solvent and sterile injection apparatus. The pharma­
cist should provide a sterile syringe service, so that each injection is given 
with a clean, dry, sterile syringe and a clean, dry, sharp, sterile needle. 
For intrathecal injections a solution containing a precise concentration 
of the antibiotic is required, and this must be prepared by the pharmacist. 
Storage at a low temperature must be ensured by careful labelling, by the 
regular inspection of ward stocks, and by the withdrawal of out-dated 
material.

The increasing emergence of penicillin-resistant bacteria had occasioned 
much discussion. In Oxford, the dosage technique had gone the full 
circle. With very few minor exceptions no delay-penicillin is used. 
Instead, penicillin B.P. in high dosage (500,000 I.U.) is given in acute 
infections, at twelve-hourly intervals; thus providing a germicidal con­
centration to a wider range of strains of bacteria than procaine penicillin, 
intermittently it is true; yet it is believed that intermittent bactericidal 
levels of penicillin are likely to be more effective than continuous bacterio­
static levels.

In view of the increased emergence of insensitive organisms, and the 
widening bacterial range of antibiotics, sensitivity tests had assumed an
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added importance. In requesting sensitivity tests, the physician wants to 
know what organisms are present, what is the antibiotic of choice, and 
what is the degree of sensitivity. Bacteriological skill beyond the scope 
of the pharmacist was required to name and type bacteria; the degree of 
sensitivity might then be determined by a technician. Sensitivity to peni­
cillin is usually expressed as the concentration of penicillin, in I.U./ml., 
required to inhibit the organism tested. The question is often posed: an 
organism has a sensitivity cf 0-01, 0T, 1, 10 or 100 I.U. of penicillin, what 
dosage of penicillin should be given intramuscularly? The properties of 
penicillin provide the answer: penicillin is rapidly absorbed and rapidly 
excreted, blood levels of 10 I.U./ml. are rarely reached. The precise 
degree of sensitivity is of theoretical interest only; for practical purposes 
the organisms should be reported simply as “sensitive” for those with a 
sensitivity below 10 I.U./ml. or “insensitive” where the sensitivity is 
above 10 I.U./ml.

Bacterial resistance to antibiotics is an ever-present source of anxiety, 
and many promising new agents have been discarded as organisms have 
become resistant. It seemed that streptomycin was likely to be short­
lived, but, fortunately, the collateral use of p-aminosalicylic acid prevents 
or delays the tubercle bacillus from developing streptomycin-resistance. 
Unlike penicillin, streptomycin has not been required in diverse pharma­
ceutical forms. Apart from intramuscular and intrathecal injections and 
the use of solutions for application to septic granulation areas in plastic 
surgery, the use of streptomycin is limited. Streptomycin is far more 
stable than penicillin and does not require any special precautions other 
than those normally required for the preparation of sterile material. 
Administration by injection has' disadvantages; the injection may be 
painful, and even when painless, most patients, particularly children, are 
apprehensive of injections. There has been a general desire for agents 
which are effective by the oral route, and chloramphenicol, aureomycin 
and terramycin fulfil this requirement. In addition, these new agents 
have increased considerably the effective clinical range of antibiotics, notably 
in providing the first effective weapons for virus and rickettsial infections.

Chloramphenicol is now in general use and is freely available. The 
use of aureomycin and terramycin is restricted to hospitals, except for 
certain specified clinical conditions for which general practitioners may 
obtain supplies through the regional distribution centres.

The shift from antibiotics given parenterally to those effective by mouth 
is not an unmixed blessing. The rapid absorption, circulation and 
excretion of penicillin has not resulted in the elimination of the normal 
bacterial flora of the intestinal tract. This has happened, however, with 
the oral antibiotics. Not only does the sterilisation of the gut necessitate 
supplementary administration of vitamin B complex, but a still more 
disturbing condition may arise. With the sterilisation of both pathogenic 
and benign organisms, the field seems to be clear for fungal infections, 
and already deaths have been reported from yeast and monilia infections 
following the use of oral antibiotics. As the oral antibiotics become more 
widely used, the demand for fungicidal drugs will increase.

BRITISH PHARMACEUTICAL CONFERENCE
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He concluded with an acknowledgment to Dr. R. L. Vollum, Director 
of the Public Health Laboratories, Oxford, for permission to publish his 
sensitivity table of antibiotics.

A n t ib io t ic s

Table of Sensitivities

Organism Penicillin Streptomycin Aureomycin
Chloram­
phenicol Terramycin

$-hcem olytic strep to co ccu s 4- 4- 4- 4- 0 001 to 0-2*
H—1—f- 

0-5 to 120*
+  +  +  

0-3 to 2-5*
+  +

0-3 to 2-5*
+  +  ? 

1-0 to 1-5*

a -h œ m o ly tic  s trep to co ccu s +  4-4-4- 
0 05 to 5

+  +  + 
2-5 to 120

+  +  +  
0-3 to 2-5

7 +  ?
0-3 to 2-5

P n eum ococcus +  4- 4- 4- 0 001 to 0-2
+ +  + +  +

0-1 to 0-3
1 4- +  ? 

0-02 to 2-5

S ta p h y lo co cc u s  aureus 4- 4- +  4- 0-002 to 1000
+  +  

3-50
+  +  +  + 

0-2 to 5
+

1-5
+ + ?  

0-5 to 1-5

N eisser ia  . . 4-4- +  +
0 002 to 0-3

+  + 
5-40

+  + 4- +  ? 
0-2 to 2-5

C lostrid ium  w elchii +  +  +  +  0-1 to 1
- 7 ? 7

H œ m ophilus  in flu e n za 0-2 to 10
+  +  +  

1 to 50
+ + +  

1 to 5
4- +0-6 +  ?

2-5 to 4-0

H ä m o p h ilu s  p er tu ss is - - + ? 4- +
0-2 to 0-3

9
5-0

Bruce lla - - +  +  +  +  
0-75

4-4-4--+ -+ 4- ? 
0-3 to 2-0

B a c ter iu m  coli - +  +  + 
0-3 to 1000

+  +  +  
5-0

+  +  + 
3 to 10

4- +
2-0 to  5-0

S a lm o n e lla  ty p h i . . - 4- 4- +  -  +  
5

7

S h ig e lla  . . - +  +  + +  +  +  1
7

P ro te u s 1 tolOOO
+

2-5 to 100 10 to 100
4-?

50

Pseudom onas p yo c ya n ea  . . +  +2 to 1000 10 to 50 3 to 100
+  ? 

25

M y co b a c te r iu m  tuberculosis - +  +  +  +  0-1 to 1
- -

R ic k e tts ia  . . - - +  +  + +  +  + + + ?

L ep to sp ira + - ? ? 7

T re p o n em a  pa llida 4- + + 7 + + 4-

Administration .. Parenteral Parenteral Oral Oral Oral

Optimum 5-5 to 7 7-4 to 9 4 to 5 2 to 9 4 to 7

Toxic effects . .  . . Dermatitis Dermatitis 
Vertigo 
Deafness 
B. deficiency

Nausea 
Diarrhoea 
Stomatitis 
B. deficiency

Nausea 
Diarrhoea 
Stomatitis 
B. deficiency

Nausea 
Diarrhoea 
Stomatitis 
B. deficiency

+  -+-+ +  Probably most effective treatment. 4- ? Preliminary reports satisfactory.
4-4-4- Satisfactory. — No effect.

4- 4- Moderately satisfactory. ? Unknown.
4- Possibly effective.

* In vitro sensitivity: In units/ml. for penicillin and in ¡xg./ml. for other antibiotics.

Mr. J. O. D avidson, speaking from the point of view of general pharma­
ceutical practice, said:—Although our connection with antibiotics is 
limited to penicillin, streptomycin and chloramphenicol, a large number of 
preparations of these three substances exists. We have, therefore, to be
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prepared to meet a demand quite different from that in the specialised 
field of the hospital service.

Penicillin occurs in several closely related forms, of which the best 
known and most important is benzylpenicillin, the soluble sodium salt 
being the form most frequently met with in general practice.

The preparations most frequently required are:—
Aqueous Injection: Initially, penicillin was injected as a sterile, aqueous 

solution of from 20,000 to 30,0001.U./ml. at imervals of from 3 to 4 hours 
over a 5-day period. The concentration was later increased to 200,000 
I.U./ml. and, on occasion, 500,000 I.U. in 2 ml. has been administered at 
from 4 to 12-hourly intervals. Oily Injection: To avoid the dosage fre­
quency of the aqueous solution, oily injection of penicillin B.P., at a 
concentration of 300,000 I.U./ml. was introduced. Although its high 
viscosity and liability to cause irritation tend to reduce its popularity, it is 
still favoured by some practitioners. Procaine Penicillin: This is a 
sparingly soluble salt which is suspended in sterile water before use at a 
concentration of 300,000 I.U./ml. The suspension retains its potency 
over relatively long periods. Fortified Procaine Penicillin contains
300,000 I.U. with the addition of 100,000 I.U. of benzylpenicillin. Other 
Suspension Injections: Many other suspension injections are available for 
special conditions. Chief among them is a hydriodide ester which 
produces a relatively high concentration in the lungs. Another prepara­
tion reduces the administration frequency to 24- and even 48-hour inter­
vals. Tablets: Penicillin tablets, administered orally when injections are 
undesirable, usually contain from 100,000 to 200,000 I.U. This is wasteful 
and expensive, as 5 times the injectable dose must usually be given. 
Lozenges, Gums: A mixture of hard and soft white paraffin, after suitable 
heat treatment and when sweetened with soluble saccharin and flavoured 
with oil of peppermint, gives a satisfactory chewing material in which to 
incorporate penicillin. Eye-drops: Penicillin eye-drops, normally contain­
ing 15,000 I.U. in 110 minims, should be stored in a cool place and used 
within 7 days. Insufflation: An aural insufflation containing 5000 I.U./g. 
in sterile sulphathiazole is frequently required for use in a Cade’s insuffla­
tor. Oily Nasal Drops: These are also prescribed at a concentration of 
5000 I.U./ml., prepared by dissolving the penicillin in a small amount of 
distilled water, adding 1 per cent, of phenoxetol as a preservative and 
making up to volume with Eucerin oil. Creams, Cones, Dressings, 
Ointment, Pessaries: Most of these are now available commercially.

Streptomycin is used either as the hydrochloride or the sulphate or as a 
double salt formed with calcium chloride. Dihydrostreptomycin B.P., 
which is formed by the reduction of streptomycin, is used as the hydro­
chloride or as the sulphate. Its properties, antibacterial activity and 
therapeutic efficiency, are similar to those of streptomycin and it was 
thought for a time that this modification considerably reduced the toxicity 
of the drug. These two substances differ chemically and are not inter­
changeable.

The preparations most frequently required are:—
Aqueous Injection: A  sterile aqueous solution of streptomycin-calcium
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chloride complex is most frequently required, the usual strength being 
either 0-5 g. in 2 ml. or 1-0 g. in 5 ml. It is given intramuscularly in the 
treatment of tuberculosis, either alone or simultaneously with /7-amino- 
sal icy lie acid. Eye-drops: 10 mg./ml. of sterile normal saline. Eye- 
ointments: 0-5 per cent, in sterile eye ointment base. Solution or Powder 
for Wounds or Ulcers: 5 per cent, solution, or 5 to 10 per cent, powder in 
sterile sulphadiazine. Cream: 5 per cent, in a base similar to that used 
for penicillin cream. Pessaries: 100 mg. of streptomycin with 50,000 I.U. 
of penicillin in oil of theobroma. The streptomycin must be finely pow­
dered to avoid the possibility of small crystals gravitating to the points of 
the pessaries before they set.

Chloramphenicol occurs as whitish crystals having a very bitter 
taste. It is only slightly soluble in water but dissolves readily in ethanol 
and in propylene glycol giving stable solutions. It is absorbed well after 
administration by the mouth. It is given in the following forms:— 
Capsules: Hard capsules each containing 250 mg., the recommended daily 
doses being 30 mg., 75 mg., or 100 mg./kg. bodyweight in suitably divided 
doses. Palmitate Suspension for infants and children unable to swallow 
capsules. This non-bitter derivative hydrolyses in the small intestine, 
liberating chloramphenicol. Two teaspoonfuls are equal to one 250-mg. 
capsule. Suppositories each containing 125 mg. in cocoa butter. Eye- 
drops: either a 0-25 per cent, solution (saturated) or a 0-5 per cent, borate 
buffered solution of the drug. Eye-ointment: 1 per cent, in oculentum 
base. Cream: 1 per cent, in hydrous emulsifying ointment. Dusting 
Powders: 2 to 3 per cent, in dried sterile lactose. Ear-drops: 10 per cent, 
in propylene glycol. Use in Dentistry: Recently, a suspension of 1 g. each 
of chloramphenicol, streptomycin and sodium caprylate with 3 ml. of 
propylene* glycol has been required for insertion into inflammatory root 
areas of teeth via the root canal. The function of sodium caprylate is to 
inhibit the action of the yeasts which are unaffected by .he antibiotics.

Mr. H. A. T u rner  (Nottingham) observed that the subject of anti­
biotics, which began in the academic field, had now passed into the hands 
of manufacturers. The B.P. statement that benzylpenicillin was so stable 
that when heated in an open vial at 100° C. for four days it lost not more 
than 10 per cent, of its potency spoke well for the quality of the material 
now available.

Mr. A. F. C ald w ell  (Singapore) said that temperatures should be 
stated more precisely than by the word “normal.” This was of importance 
to workers in tropical countries. With regard to the oral use of antibiotics, 
in Singapore trouble had been experienced with mcnilia and fungus 
infections. There was also the problem of allergic sensitivity, especially in 
patients using penicillin lozenges.

Mr. A. Sterling  (London) said that the length of treatment with 
antibiotics and the cost were important in hospital practice. No mention 
had been made of drugs which delayed excretion of the antibiotics. For 
instance, was there any substance which was not toxic to the kidney and 
which would delay excretion of penicillin?

Mr. J. M . M yers (Bradford) asked Mr. Woodard whether there was a
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suitable solvent for aureomycin in 2 to 3 per cent, solution for topical 
application. Was there any evidence that chloramphenicol and aureo­
mycin were inactivated by specific enzymes in the way that penicillin was 
inactivated by penicillinase? He asked for information regarding staff, 
cost and type of syringe required for the maintenance of a sterile syringe 
service for a 500-bed hospital. Was a mixture of chloramphenicol and 
streptomycin efficacious for sterilising root canals, and was it good practice 
to continue the use of antibiotics in dentistry, because of sensitisation 
resulting from continued local application ?

Mr. P. Clapham (Speke) said he understood that “tweens” were norm­
ally used in preparing aqueous injections, and inquired whether they 
could be used for oily injections ? Four days seemed a short period for the 
storage of buffered penicillin solutions. Advances were taking place in 
which higher concentrations of soluble penicillin added to procaine 
penicillin were made available. There was room for the development of 
injections which enabled higher doses of soluble penicillin to be given 
with the usually accepted doses of procaine penicillin. This would 
achieve a bacteriostatic level of soluble penicillin, and would maintain a 
suitable blood level over a period, thus reducing the number of injections. 
Generally, sodium carboxymethylcellulose was used in very small quanti­
ties, and if the grade was carefully selected it was a very useful addition. 
There were improved forms available which produced an almost clear 
solution.

Mr. J. H. Oakley (London), referring to the improved ointment base 
in the B.P. Adcendum 1951, gave figures showing the improvement in 
stability using potassium benzylpenicillin. A 5 per cent, loss of potency 
occurred in 12 months when the ointment was stored at 5° C., at 20° to 
28° C., or at 35° C. Lozenges were now so stable that there was no 
significant loss in twelve months at the above temperatures, provided they 
were kept dry. With solution-tablets there was a 1C per cent, loss of 
potency in 12 months. Here, most of the losses occurred just after 
manufacture, but if the tablets were buffered there was no loss of potency 
after 8 months. It was a pity that the eye ointment of penicillin was not 
changed at the same time as the ointment.

Mr. T. D. Whittet (London) said that since the introduction of 
penicillin in lactose for topical application the use of sulphonamides as 
diluents in powders had, in general, been abandoned at his hospital. 
Streptomycin with maphenide had been used topically, and sulphacetamide 
with penicillin powder had been useful for infected root canals. In 
making potassium benzylpenicillin with lactose powder a loss of potency 
of 40 to 50 per cent, was obtained using dry heat at 150" C. even when the 
lactose had been previously dried. Chloramphenicol could be sterilised 
by dry heat at 150° C. for one hour. An intrathecal injection of chlor­
amphenicol containing 2-5 mg./ml. could be sterilised by autoclaving.

Mr. F. H. Oliver (Sunderland) said that the determination of the 
sensitivity of the organism to the antibiotic would lead to a saving in the 
antibiotics and would prevent their misuse. In his view the determination 
of the sensitivity of organisms was an excellent example of pharmacy as
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opposed to dispensing, to which the pharmacist could make a valuable 
contribution.

Mr. J. C. H anbury (Ware) said it was clear that the dangers inherent 
in the use of the newer antibiotics were so serious that the continued use of 
penicillin, with its lower toxicity, was called for. In his view more 
discrimination was needed in the use of ointments, creams and lozenges of 
penicillin in local infections. The pharmacist should familiarise himself 
with the use and abuse of antibiotics.

Mr. R. L. Stephens (Brighton) suggested that the stability of penicillin 
oral tablets and lozenges would be improved by replacing the cottonwool 
packings. with plastic or nylon. Nylon yarn had a water absorption 
of under 1 per cent., whereas cotton wool normally absorbed about 8 per 
cent, of moisture, which must adversely affect the storage life of the tablets. 
At the same time the use of a coloured silica gel moisture indicator might 
be of advantage. Had Mr. Woodard any experience of the combination 
of two or more antibiotics in one preparation or of their simultaneous use ? 
In particular, the combination of streptomycin and penicillin was very 
popular with ships’ doctors, and he asked why more of it had not been 
seen in this country.

Mr. E. Matthews (Portsmouth) said that in cases of shock it was 
necessary, in order to get absorption, either to use intra-arterial injection 
or to add a spreading agent, such as hyaluronidase, and he asked for 
information on the formulation of such injections. Was anything known 
of the formulation of antibiotics with an antihistamine, and would it be 
pharmacologically sensible as a means of preventing anaphylactic 
emergencies ?

Mr. D. M. Bryce (Barnet) asked Mr. Woodard what was his experience 
of sodium carboxymethylcellulose, and whether he was aware of any 
tissue damage following injection.

Mr. W. P. Leggett (Speke) referred to the co-operative work on 
bacteriostatics which was going on in the laboratories of penicillin manu­
facturers and others interested. The papers suggested a return to the 
use of soluble penicillin salts and it might be that developments towards 
improvements in buffering would follow. Most of the bacteriostatics 
tried had failed owing to incompatibility. They had turned, therefore, 
to the newer agents, such as the esters of p-hydroxybenzoic acid and the 
quaternary ammonium compounds. These were compatible, and the 
former were quite effective against Pseudomonas pyocycnea, though they 
did not suppress certain resistant strains of staphylococci: the latter, on 
the other hand, “almost fertilised” Ps. pyocyanea.

Mr. J. R. Elliot (London) said that at his hospital it had been found 
possible to reduce the concentration of aureomycin in ointments from 3 to 
1 per cent, and obtain similar clinical results. Why did Mr. Trillwood 
prefer penicillin as a dry powder to a ready-made injection issued from 
the pharmacy? Multiple dose containers holding 5 to 10 mega-units of 
penicillin had been found useful so that supplies would be used up within 
the stated pharmacopoeial life. Injections in multiple dose containers 
were cheaper and easier to prepare.
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Mr. A. Marsh (Brighton) stated that sensitivity tests were part of the 
duties of the pharmacist, because not every hospital had the services of a 
bacteriologist or laboratory technician. He agreed with Mr. Hanbury 
that the pharmacist should know all the properties of the antibiotics, 
including how to test for sensitivity.

Mr. R. W. G illham (Leeds) referred to some unusual preparations, 
including a mixture of penicillin with blood plasma, penicillin tampons, 
penicillin with talc, and dihydrostreptomycin as a bulk injection of 50 ml. 
containing 1 g./ml. with a dose of 0-5 ml. for a child; this gave a solution 
of treacly consistency.

Dr. E. I. Short (Beckenham) said sensitivity tests acted as a control on 
excessive prescribing of antibiotics. Had Mr. Trillwood any experimental 
or clinical evidence to support his belief that intermittent bactericidal levels 
of penicillin were more effective than continuous bacteriostatic levels?

Mr. H. Williams (Reading) said that in his experience general practi­
tioners were tending to prescribe mixtures containing penicillin in preference 
to injections. Could Mr. Davidson suggest the best solvent and say how 
he would dispense such a preparation ?

Mr. N. A. Herdman (Speke) said that leading dermatologists were not 
in favour of topical penicillin preparations. The variation in the views of 
doctors on such treatment led him to suggest that the collection and 
correlation of medical information might be the subject of a future sym­
posium.

Mr. S. Powlson (London) queried the statement that chloramphenicol 
could be sterilised at 150° C. The suppliers of the drug suggested that a 
suitable method of sterilisation was to heat the chloramphenicol in fine 
powder at 105° C. for one hour. That had been issued as a suspension in 
water at a strength of 1 or 2 g. in 10 ml. for injection into the pleural 
cavity. Aureomycin was being used in concentrated solution as an 
aerosol.

Mr. C. W. R obinson (Liverpool) said that a number of different brands 
of penicillin lozenges described as “B.P.'’ contained added colour and 
flavour. It would be of advantage for the Pharmacopoeia to lay down 
standards.

Miss I. Harris (Bromley) pointed out that penicillin and chlorampheni­
col were frequently prescribed to be administered together and asked 
whether the simultaneous administration of penicillin and other anti­
biotics was advantageous.

Mr. D. F. Smith (Bournemouth) said that he had used with success 
polyvinylpyrrolidine in preparing a chloramphenicol suspension for 
introduction into the pleural cavity. With regard to therapy with two or 
more antibiotics, American workers had found that while penicillin and 
streptomycin could be administered concurrently and with complementary 
effects, penicillin or streptomycin was antagonistic to other antibiotics, 
such as chloramphenicol or aureomycin.

Mr. Hi Treves Brown said that Mr. Trillwood referred to the use of 
vitamin B complex tablets to mitigate the effects of antibiotics when 
administered orally. It would be interesting to know whether the view
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was still held that they had some effect. Their use started when the 
occurrence of black tongue was reported and somebody found that 
nicotinamide and nicotinic acid cured it. Then it was suggested that as 
the condition occurred suddenly, it could not be a vitamin deficiency, 
and he understood that the prevailing view was that the vitamin B complex 
was not a cure for the symptoms following oral treatment with antibiotics.

Mr. F. G. Wells (London) said he wondered if it was realised how 
seldom the retail pharmacist had an opportunity to use his knowledge of 
antibiotics, and how the medical man would receive any attempts to tell 
him how to prescribe? The main worry in retail work was the present 
multiplicity of preparations on the market. The use of proprietary names 
necessitated the stocking of more than one brand of an antibiotic prepara­
tion, and the matter was not being viewed from the pharmaceutical, but 
rather from the commercial, point of view.

Mr. J. Jacobs (Sunderland) referred to tyrothricin and bacitracin, 
which were used topically. More information on these was desirable.

Mr. J. O. Davidson, in reply, said that in the use of suspensions in 
dentistry, the aim was to stop the formation of chronic ulcers in the root 
area. Mr. Clapham’s remarks concerning procaine penicillin and his de­
fence of it as an injection were interesting. The fact that the cily injection 
of penicillin was going out of use was rather surprising, because it seemed 
much more logical to inject a little oil rather than procaine Lozenges 
were being used very widely for all purposes, but the sterile cream was 
falling out of favour. It was not his experience that the injection of 
penicillin was giving place to oral administration in mixtures. In his 
opinion an aqueous solvent was the best for penicillin.

Mr. W. A. Woodard, in reply, agreed that it was important to specify 
temperature. In preparing oily suspensions “tweens” and similar prepara­
tions had been used with partial success. Aluminium stearate gave a 
permanently stable suspension when the preparation was properly 
formulated and prepared. Plastic materials were coming into use for the 
protection of tablets in place of cotton wool. Combinations of stepto- 
mycin and penicillin were extensively used in the United States. Because 
of the wider spectrum effect such combinations were active against Gram­
negative and Gram-positive organisms, and were clinically more effective. 
Incorporation of soluble forms of penicillin reduced their stability in 
procaine penicillin preparations. Much depended on the degree of 
substitution in sodium carboxymethylcellulose. It was reasonably safe 
material, provided it was used in small amounts, and :he correct grade 
chosen. The only way of determining whether a grade was suitable was 
by animal tests and clinical trials. Agreeing with Mr. Leggett, bacterio­
statics in the suspension type of product could frequently give rise to more 
trouble than in penicillin solutions. Bacteriostatics were often not 
compatible with added suspending and wetting agents. He did not con­
sider that the B.P. went far enough in the control of penicillin lozenges 
and other preparations of that type.

Mr. W. Trill wood, in reply, said that he had no experimental evidence 
to offer with regard to the desirability of having intermittent bactericidal
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levels of penicillin rather than continuous bacteriostatic levels. However, 
work was being done at Oxford because there was evidence that in a 
number of hospitals something like 30 to 35 per cent, of all septic cases had 
resistant organisms. It was felt that that had largely been caused by 
under-dosage with penicillin. It was also thought that it might have been 
caused by the use of delayed action penicillin giving a long continuous 
bacteriostatic level. Penicillin in the right dosage was a bactericide and 
should be used as such. It was impossible for the general practitioner, 
and difficult for the nursing staff, to administer injections three-hourly in 
order to maintain a continuous bactericidal level; but there was a school of 
thought which took the view that it was a good thing to let penicillin 
completely disappear from the blood for a period. The best time to strike 
bacteria was when they were in an active state of metabolism. With 
regard to the cost of treatment with antibiotics, 30 drugs accounted for 
two-thirds of the hospital drug bill and the five substances: penicillin, 
streptomycin, chloramphenicol, aureomycin and p-aminosalicylic acid 
accounted for 50 per cent. A sterile syringe service would always 
be expensive. A saving could be made in the avoidance of breakages 
by the use of skilled technicians In his own case the breakage 
rate was less than \  per cent. The case for sensitivity tests had been 
stated in the paper. If a mixed culture were being investigated the doctor 
would want to know what organisms were present, and what was the 
antibiotic of choice. In his experience local applications of penicillin or 
antibiotics were not used to any great extent. Streptomycin was used in 
plastic surgery. He believed in keeping penicillin powder dry because a 
sterile syringe service was provided which was essential quite apart from 
antibiotics. Hospital pharmacists knew that ward stock should be 
regularly turned over to ensure that solutions of penicillin would not be 
inactive when administered to the patient but could they always be sure 
that this was done? With the dry powder, and by allowing the nursing 
staff to add sterile water with sterile apparatus, as much as possible had 
been done to ensure that the patient received a penicillin injection of the 
strength which the prescriber ordered. He was unable to answer the 
point raised by Mr. Treves Brown.
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RESEARCH PAPERS
THE EFFECT OF PENICILLIN AND OF STREPTOMYCIN ON 

BLOOD COAGULATION IN NORMAL SUBJECTS

By G. I. C. Ingram*
(Department o f  Surgery, University o f  Edinburgh) 

with experimental design and analyses 

By P. Armitage
(Medical Research Council Statistical Research Unit 
London School o f  Hygiene and Tropical Medicine)

R e c e iv e d  Ju ly  10 ,  19 5 2

Introduction
A number of workers have presented laboratory evidence that penicillin 
and streptomycin affect the clotting of blood, and it has been suggested 
that recumbency thrombosis might be precipitated by their use. A study 
of the literature shows a conflict of experiihental evidence, and it appears 
that much of the reported work has been imperfectly controlled. It was 
therefore thought worth while to reinvestigate this problem in healthy 
human volunteers by using an experimental design in which the effects of 
person-to-person and day-to-day differences would not bias the results, 
and to study a number of clotting tests.

Review of the Literature
The experimental literature is summarised in Table I. Impressions of 

corresponding clinical effects have been equally varied. Frada,1 Courty 
and Biscaye2 and Ochsner et a/.3 suggested that penicillin treatment might 
contribute to the occurrence of thrombosis in ill persons, while, on the

T A B L E  I

S um m a ry  o f  th e  lite r a t u r e

T h e se  re p o rts  d e a l w ith  effects  in  m an  an d  in  la b o r a to r y  m a m m a ls : th e ta b u la tio n  
d o es  n o t re fe r  to  th e in vitro exp e rim e n ts  w h ich  so m e o f  the a u th o rs  a lso  d e scrib e

Effect reported
Drug Coagulant Anticoagulant None

Penicillin Moldavsky et a/.aa 

Macht20’21’22

Hines and Kessler* 
(potentiation of heparin)

Ungar33

Lewis34 (including haemo­
philia)

Macht and Ostro23 (haemo­
philia)

Weiner et al.zt
Dolkan et u/.38 (including 
tests with heparin)

Reggianini37

Streptomycin Macht (ibid.) 
Donatelli and Pasqui-
micci38

Meneghini et a/.89

Giannico and Provini40 Farrington et al.il 
Nassi and Ulivelli42

de Michele and Portella43 
Elson44

* In  re ce ip t o f  a  g ra n t fro m  th e  M e d ic a l R e s e a rc h  C o u n c il.
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other hand, Hines and Kessler4 thought that penicillin might contribute 
to the occurrence of hsmorrhage in cases of subacute bacterial endocarditis 
under combined treatment with penicillin and heparin.

Experimental
3 experiments were made, the drugs being given parenterally. The first 

2, each with 6 subjects, investigated penicillin and streptomycin separately 
and were similar in design. The third, with 2 sets of 4 subjects, included 
both drugs.

1. Experiments 1 and 2 
Drug Administration

Experiment 1: Penicillin. Tests were made about 15 minutes after a 
single injection of 0-5 mega-units of crystalline sodium penicillin, and 
again 12 to 24 hours after the last of 4 daily injections of 0-6 mega-units 
of crystalline procaine penicillin G.

Experiment 2: Streptomycin. Tests were made about 15 minutes after 
a single injection of TO g. of dihydrostreptomycin sulphate, and again 
12 to 24 hours after the last of 3 daily injections of the same quantity 
given on the days following the first test.

The first series of tests with each drug was designated “immediate,” 
and the second series “delayed.”

T A B L E  I I
P a ir in g  of d r u g  a n d  c o n t r o l  su bjects  in  ex perim en ts  1 a n d  2 

T h e  sam e d esign  w a s  u sed  w ith  d iffe re n t su b je cts  in the tw o  exp erim en ts

G. I. C. INGRAM AND P. ARMITAGE

Week and day of test Test Drug subject Control subject
Week 1. 
Week 1.

Monday
Friday

Immediate! 
Delayed j I IV

Week 2. 
Week 2.

Monday
Friday

Immediate! 
Delayed J II V

Week 3. 
Week 3.

Monday
Friday

Immediate! 
Delayed J III VI

Week 4. 
Week 4.

Monday
Friday

Immediate! 
Delayed J IV

Week 5. 
Week 5.

Monday
Friday

Immediate! 
Delayed J V n

Week 6. 
Week 6.

Monday
Friday

Immediate! 
Delayed j VI h i

Controls. It was not practicable to test all 6 subjects on each experi­
mental day, so they were tested in pairs according to the scheme of 
Table II. In both experiments the six subjects thus each provided a 
“drug” and a “control” reading in the immediate and in the delayed tests, 
with an interval between the drug and control readings on any one subject. 
The paired tests were made strictly in parallel.

In these experiments the control subjects did not receive inert injections.
Tests Used

(i) Clotting tests. The whole blood clotting time was measured on 
venous blood by the method of Lee and White5 at 37° C. in ordinary glass

1048



tubes 6-5 x  0-9 cm. and in similar tubes silicone-coated (in both cases 
taking the mean clotting time from 4 tubes at each venepuncture), and 
on capillary blood by the bead-capillary method of Dale and Laidlaw,6 
taking the mean of single readings obtained from a stab wound in each 
ear lobe.

The “prothrombin consumption” was measured 1 hour after venepuncture 
on the “glass” and “silicone” sera from the Lee-White tubes, by observing

PENICILLIN, STREPTOMYCIN AND BLOOD COAGULATION

PEN IC ILLIN  AND BLOO D CLOTTING

GENERAL TESTS
WHOLE BLOOD CLOTTING TIME 

VENOUS: LEE -W H ITE  G LASS

LEE -W H ITE  SILICONE 

CAP ILLARY: DALE-LA IDLAW

" PROTHROMBIN CONSUM PTION" 
LEE-W HITE S IL ICONE SERA

" PROTHROMBIN T IM E"
BRAIN THROMBOPLASTIN  

VENOM THROMBOPLASTIN

HEPARIN REACTIONS  
" RESISTANCEH n  V ITRO

WAUGH-RUDDICK

SPECIAL TESTS
FIBRINOGEN DETERMINATION 

THROMBIN CLOTTING TIME 

PLATELET COUNT

CONTROL
„ , . VALUE „

-157. -104, -5?. = io o %+57. + io 7. +¡51  +20 /.

¡23+40);

-\kl -107, -51 =iool +57. +107, +¿1 +20/.
CONTROL

VALUE

m zsm m sn  im m e d ia t e  t e s t s  .- '- -.a  d e l a t e d  t e s t s

PROBABILITY OF A MORE I I MORE THAN I IN 2 0  
EXTREME DIFFERENCE f -=—-,i (E S S  THAN l IN 20

BEING DUE TO CHANCE =  LESS  THAN , |N ,0 0

® DIFFERENCE BETWEEN IMMEDIATE AND DELAYED EFFECTS

F ig . 1. Experiment 1 : Penicillin. M a g n itu d e s  o f  d ifferen ces betw een  test a n d  
c o n tro l resu lts  fo r  e a c h  test w ith  in d ic a tio n s  o f  s ta t is tic a l s ig n ifican ce . T h e  p en ic illin  
v a lu e s  a re  sh o w n  as  the p ercen tages b y  w h ich  th ey d iffe r  fro m  the resp ective  co n tro l 
v a lu e s , w h ich  a re  ta k e n  a s  10 0  p e r  cen t. F o r  the de T a k a ts  test, see  F ig .  2 .

the clotting times of mixtures of 0-1 ml. of serum, fibrinogen solution, 
M/40 calcium chloride solution and acetone-dried human brain extract 
(Biggs and Macfarlane7). The mean was taken of 2 replicate readings in 
Experiment 1 and of 4 in Experiment 2. None of the “glass” sera clotting 
times was pathologically short. All the “silicone” sera clotting times were 
therefore accepted for analysis.

The plasma “prothrombin time” was measured by the one-stage tech­
nique with both human brain thromboplastin as above and with Russell’s
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viper venom, taking the mean of 2 to 4 replicate readings on each plasma 
sample.

The heparin “resistance” test (Waugh and Ruddick8’9) was made on 
citrated whole blood against 6 concentrations of heparin, a single series 
being tested with each sample. The results were summarised as the slope 
of the regression of clotting time on heparin concentration.

The heparin “ tolerance” test (de Takats10) was made by giving an 
intravenous injection of heparin after the venepuncture and the Dale- 
Laidlaw tests; in Experiment 1, 500 U./stone of body-weight were given, 
and in Experiment 2, 5000 U. to each subject. Thereafter at intervals

G. I. C. INGRAM AND P. ARMITAGE

450 -
CLOTTING

TIME
(X control)

400-

PENICILLIN AND BLOOD CLOTTING

HEPARIN TOLERANCE TEST (de la.ka.fe)

P = PENtOLLlN IMMEDIATE 
P*PENICILLIN' DELAYED 
• = CONTROL IMMEDIATE 
C* CONTROL DELAYED

300-

250-

200-

150-

P P

'  c Pc

p p
C4 P

S
PC
p

c c 

c

8>
50

° 2 4 6 e 10 I'Z 14 16 '8 2Ü 22 24 ¿6 28 30 32 34 *  &  40 42 44 4fi 4  5b 52 ÍA 5'6 SS 60 62
MINUTES AFTER INJECTION 

-Or HEPARIN

Fig. 2. Experiment I : Penicillin. O b served  resu lts  in the de T a k a ts  test (h ep arin  
“ to le ra n c e ,”  in vivo) in c o n tro l a n d  p e n ic illin  su b je cts.
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the Dale-Laidlaw clotting times were obtained from alternate ear lobes and 
were expressed as percentages of the mean Dale-Laidlaw clotting time 
before the injection of heparin. This test was abandoned in Experiment 
2 because of the magnitude of the experimental error.

The plasma fibrinogen concentration was determined by a clot-weight 
method (Ingram11) on a single plasma sample at each testing.

PENICILLIN, STREPTOMYCIN AND BLOOD COAGULATION

STREPTOMYCIN AND BLO O D  CLOTTING
CONTROL

VALUE
-152, -lO/L -52, HO P?, +5?„ -t-IO/L +2p t

•Z2&

G EN ERAL TESTS 
W HOLE BLO O D  CLOTTING  T IM E

VEN O U S: L EE -W H IT E  G LASS  

LEE -W H ITE  SILICONE 

C AP ILLAR Y : DALE -LA ID LAW

"PROTHROMBIN  C O N SU M PT IO N "
LEE -W H ITE  S IL ICO N E  SER A

" PRO TH RO M BIN  T IM E "
BRAIN TH RO M BO PLAST IN

V E N O M  TH RO M BO PLAST IN

HEPARIN REAC T IO N S 
" 'RESISTANCE" IN V ITRO  

WAUGH -RU D D IC K

SPEC IA L  TESTS
FIBRINOGEN DETERMINATION

THROMBIN CLOTTING  TIME 

PLA TELET  COUNT

-15! - IO Z  - 5 l= IO O l+ 5 7 0 +IOZ + I5 £ + 2 o 7. 
C O N TRO L  

VALUE

IMMEDIATE TESTS t:L DELAYED TESTS
PROBABILITY OF A MORE 

EXTREM E D IFFERENCE 
BEING DUE TO CHANCE

I I M O RE THAN I IN 2 0
LESS  THAN I IN 2 0
LESS  THAN I IN IOO

*  (IMMEDIATE +  DELAYED) COM PARED WITH CONTROL
ffl D IFFERENCE BETWEEN IMMEDIATE AND DELAYED EFFECTS

F i g . 3 . Experiment 2 :  Streptomycin. M a g n itu d e s  o f  d iffere n ces b etw een  test 
a n d  c o n tro l resu lts fo r  each  test w ith  in d ic a tio n s  o f  s ta t is tic a l s ig n ifican ce . T h e  
stre p to m y c in  v a lu e s  a re  sh o w n  a s  th e p ercen tag es  b y  w h ich  th ey  d iffe r  fr o m  the 
resp ectiv e  c o n tro l v a lu e s , w h ich  a re  ta k e n  a s  10 0  p e r  cen t. F o r  the d e  T a k a ts  test, 
see  F ig .  4 .

The thrombin clotting time was measured on citrated plasma with 
solutions of purified human thrombin (Lister Institute), the mean of 2 
to 4 replicate tests being taken.

Platelet counts were made on capillary blood by the method of Baar.12 
(ii) Other tests. Serum drug concentrations were estimated by the tube 

dilution method using the Oxford staphylococcus for penicillin and the 
Klebsiella K41 for streptomycin.
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STREPTOMYCIN AND BLOOD CLOTTING

3 5 0

C L O T T I N G
T IM E

(X c o n t r o l )

3 0 0

S

J -  S TREPTO M YCIN IMMEDIATE
S - S T R E DTOMYCIN DELAYED 
•  -C O N T R O L  IMMEDIATE 
C -  CONTROL DELAYED

2 5 0

200

150

100

5 0-

0  2 4  6  8  10 12 14 16 18 2 0 2 2 2 4  2 6 2 6 3 0 5 2 3 4 3 6 3 8 4 0 4 2 4 4 4 6 4 8 5 0 '  
M IN U T E S  A ? T E R  IN JE C TIO N  

OF HEPARIN

F i g . 4 .  Experiment 2: Streptomycin. O b served  resu lts in  th e de T a k a ts  test 
(h ep arin  “ to le ra n c e ,”  in vivo) in  c o n tro l a n d  stre p to m y c in  su b jects.

Plasma fats  were estimated as it was thought that the random variation 
in the clotting tests might be reduced by taking into account the plasma 
concentrations of fatty substances (Waldron and Friedman13). The 
following techniques were used: total fatty acids by the method of Stewart 
and Hendry14; total cholesterol by the method of Sackett15; free cholesterol 
by the method of Schoeniieimer and Sperry16; ar.d the Ppoid phosphorus 
by the method of Stewart and Hendry.17
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PENICILLIN, STREPTOMYCIN AND BLOOD COAGULATION 
2. Experiment 3 
Drug Administration and Controls

2 groups each of 4 subjects were submitted to immediate tests only, 
testing all 4 subjects on each experimental day according to the scheme of 
Table III, and testing the 2 groups on different days. The subjects 
received on different days one of the following injections : 1 '0 mega-unit of

PENICILLIN AND STREPTOMYCIN
CONTROL

VALUE

iwssssaarea PENICILLIN s t r e p t o m y c in

PROBABILITY LESS  THAN I IN IOO 
OF A MORE EXTREME DIFFERENCE 
BEING DUE TO CHANCE

Fig . 5. Experiment 3 : Penicillin and streptomycin. M a g n itu d e s  o f  d iffe re n ces 
betw een  test an d  co n tro l resu lts  fo r  each  test (im m ed iate  effects o n ly ). T h e  test 
resu lts  a re  sh o w n  a s  the p ercen tag es  b y  w h ich  th ey  d iffe r  fro m  the resp ective  co n tro l 
resu lts , w h ich  a re  ta k e n  a s  1 0 0  p er  cent.

crystalline sodium penicillin G ; 2-0 g. of dihydrostreptomycin sulphate;
0-3 mg. of adrenaline tartrate (synthetic); and saline solution. The adren­
aline and the saline solution were given as controls of emotional responses 
to the investigation: the subjects believed in fact that 4 different batches of 
penicillin were under investigation. Since they were not aware that they 
might receive adrenaline, and it was, thus, not desirable to make any 
systematic clinical observations for signs of adrenaline activity in the 
subjects concerned, indices of adrenaline activity were sought by platelet 
counting and by making blood sugar estimations.
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T A B L E  I I I

GRAECO-LATIN ARRANGEMENT USED IN ALLOCATING in je c t io n s  a n d  o r d e r  of 
INJECTIONS IN EXPERIMENT 3

P  =  p e n ic i ll in ; S  =  s tre p to m y c in ; a  =  a d re n a lin e ; s =  sa lin e  
S u ffix  n u m e ra ls  d eterm in e  the o rd e r  o f  in jec tin g  the su b je cts  on each  d a y . T h e  
o rd e r  o f  in je c tio n  d e p a rts  fro m  the b a la n c e d  a rra n g e m e n t req u ired  fo r  a  G r a e c o -  
L a t in  sq u a re  b u t th e o th e r , m o re  im p o rta n t, fa c to r s  a re  p e rfe c tly  b a la n ce d .

Group (i) Group (m)

Week and day 
of test

Subjects
Week and day 

of test

Subjects

I II III IV V VI VII VIII

Week 1. Monday s« p. S, a3 Week 1. Friday s4 Pz S, a3
Week 2. Monday s, a4 s3 p; Week 2. Friday s, a* s3 p,
Week 3. Friday ai S, p , s3 Week 3. Monday ai S, Pz s2
Week 4. Friday p. Si a6 Sz Week 4. Monday Pz Si aa S4

Tests Used
(i) Clotting tests. The Lee-White silicone whole blood clotting time 

as above.
The plasma “prothrombin time” as above.
The heparin “resistance” test was made on slow-spun citrated plasma, 

following the modification of Silvermann18 and testing 4 heparin concen­
trations. The results were summarised as before.

The thrombin clotting time as above.
The platelet count on venous blood, otherwise as above.
In the plasma prothrombin time and thrombin clotting time tests the 

samples from the 4 subjects were tested concurrently, 4 replicates being 
obtained from the venepuncture on each subject on each day. The 4 
samples were also examinee concurrently in the heparin “resistance” 
test, 1 reading being obtained from the venepuncture on each subject 
against each heparin concentration on each day. In all these tests, 
randomised Latin square arrangements were used to eliminate systematic 
errors on order of testing.

(ii) Other tests. Serum concentrations o f  penicillin and streptomycin 
were determined as above.
. The blood sugar was determined on oxalated blood by the method of 
Hagedorn and Jensen.19

Results
Presentation o f Results

Experiments 1 and 2 each provided about 1000 individual readings 
and Experiment 3 about 400. Raw data are therefore not usually given 
but the summarised data are arranged principally to indicate the magni­
tude and significance of the observed differences between mean drug and 
control results. The standard errors of the differences were obtained 
from analyses of variance in which overall differences between subjects 
and between days have been eliminated from the treatment comparisons.

1. Serum concentrations o f  penicillin and streptomycin. Table IV 
shows the serum concentrations of penicillin and of streptomycin obtained 
in the 3 experiments. The accuracy of the determinations is subject to 
the usual limitations of twofold dilution assays.
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2. Adrenaline activity. Table V shows the mean platelet counts and 
the mean blood sugar concentrations observed in the adrenaline and 

• saline subjects in Experiment 3. It appears that in neither test was the 
dose of adrenaline sufficient to evoke a response. As significant differ-

T A B L E  I V

S er u m  c o n c e n t r a t io n s  o f  p e n ic il l in  a n d  o f  st r e pt o m y c in  o b ta in ed  in  th e
D R U G  S U B JE C T S  I N  T H E  T H R E E  E X P E R IM E N T S

PENICILLIN, STREPTOMYCIN AND BLOOD COAGULATION

E x c e p t  a t  th e e xtrem e co n ce n tra tio n s , th e resu lts  a re  exp ressed  as  the m ean  o f  the 
tested  c o n ce n tra tio n s  ju s t  p e rm itt in g  a n d  ju s t  in h ib itin g  the g ro w th  o f  th e test 
o rg a n ism . T h e  en tries  a re  d erived  fro m  the 6 , 6  an d  8  su b je cts  resp ective ly

Experiment 1 
Penicillin I.U./ml.

Experiment 2 
Streptomycin I.U./ml.

Experiment 3

Penicillin
(immediate)

I.U./ml.

Streptomycin
(immediate)

I.U./ml.Immediate Delayed Immediate Delayed

7-5 0-03 80 10 20 20
15 0-06 40 10 15 40
15 003 20 2-5 30 40
4 003 5 2-5 15 20

15 003 20 10 15 10
7-5 01 40 2-5 006* 1-2*

30 20
20 15

* These low values occurred in different subjects on the same day. In both cases a quantity of the drug 
was lost at the time of injection.

T A B L E  V

P la telet  c o u n t s  a n d  blo o d  su g a r  c o n c e n t r a t io n s  o bserved  in  a d r e n a lin e
A N D  S A L IN E  S U B J E C T S  I N  E X P E R IM E N T  3

8 o b se rv a tio n s  w e re  a v a ila b le  in  each  case

S .E .  =  S ta n d a rd  e rro r  o f  the d iffere n ce  betw een  the m ean s
P =  P ro b a b ility  o f  o b ta in in g , b y  c h a n ce , a  d iffere n ce  m o re  extrem e th an  th at 

o b serv ed

Adrenaline subjects Saline subjects Difference ±  S.E. 
between means, 
with significanceTest Mean (Range) Mean (Range)

Platelet count thousands/cu. mm. 320 (261-390) 331 (262-390) -1 1  ±  15 
(0-4 <  P  <  0-5)

Blood sugar mg. per cent. 96-8 (87-112) 94-5 (69-147) 2-3 -t 4-8 
(0 6 <  P  <  0 7)

ences are not apparent in the clotting data from these two groups, this 
material has therefore been pooled in the subsequent analysis, with the 
exception of the “prothrombin time” test with brain thromboplastin as 
shown in Table VIIIb.

3. Effects due to penicillin and to streptomycin. The analyses of the 
results of the 3 experiments are given in Tables VI-VIIIa and B. A num­
ber of the drug-control differences are shown as statistically significant. 
The significance is probably spurious in the immediate Lee-White silicone 
test of Experiment 1 and in the delayed Lee-White glass test of Experiment 
2, because in these cases the estimate of residual variation used in the 
analysis of variance is, by chance, actually smaller than its error component.

(The estimates of the total residual variances, derived from the analyses 
of variance, are based on at most 7 degrees of freedom in Experiments 1 
and 2, and 12 in Experiment 3. For each test a separate estimate of the
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experimental error, which is one component of the total variance, can be 
obtained from the scatter between replicates, and, being based on a large 
number of degrees of freedom, is relatively more accurate. These error 
components were therefore always estimated as a check on the residual 
variances, whenever replicate readings were obtained.)

The magnitudes of drug-control differences are shown diagrammatically 
in Figures 1, 3 and 5, except for the de Takats tests, of which the actual 
data are shown as scatter diagrams in Figures 2 and 4. Treatment effects

T A B L E  V I

E x pe r im e n t  1. T he  effects o f  p e n ic il l in

Immediate observations E)elayed observations

Test

Drug
subjects’

mean

Control
subjects’

mean

Difference 
in means 

±  S.E.

Drug
subjects’

mean

Control
subjects’

mean

Difference 
in means 

±  S.E.

1. Lee-White (glass) 
(minutes) 13-08 12-58 + 0-50 ±0-72 12-78 12*02 +  0-76 ±0-72

2.ÎLee-White (sili­
cone (minutes) .. 39-13 43-13 -4-00** ±  0-88 39-05 36-32 + 2-73*± 0-88

3. Dale-Laidlaw 
(minutes) 2-14 2-41 -0-27 ±  0-18 2-15 2-34 -0-15 ±  0-18

4. “Prothrombin
consumption”
(seconds)

5. “Prothrombin
time” (brain
thromboplastin)
(seconds)

6. “Prothrombin
time” (venom 
thromboplastin) 
(seconds)

21-5 22-0 -0-5  ±  1-6 21-8 23-9

vo-H<N1

15-30 Î5-65 -0-35 ±  0-22 16-01 15-85 + 0-16 ±  0-22

15-17 14-68 + 0-49 ±  0-37 13-80 13-50 +  0-30 ±  0-37
7. Thrombin clotting 

time (seconds) .. 7-66 7-82 -0-16 ±0-13 7-00 6-93 +0-07 ±  0-13
8. t  W augh-Ruddick 

(heparin) 
(minutes/u. 
heparin) || 340 43-6 -9 -6  ±  7-1 50-9 36-5 +  14-4 ±  7-1

9. Platelet count 
(thousands/cu. 
mm.) 316 335 -1 9  ±  30-0 399 384 +  15 ±  30

10. Fibrinogen 
concentration 
(g. per cent.) 0-305 0-256 +0-049 ±0-028 0-254 0-266 -0-012+  0 028

* Different significant at the 5 per cent, level.
** Different significant at the 1 per cent, level.
t  Difference between immediate and delayed drug values significant at the 5 per cent, level.
% Difference between immediate and delayed drug values significant at the 1 per cent, level.
|| Results are expressed as the slope of the regression of clotting time on heparin concentration.
S.E. — Standard Error of the difference between the means.
Note that for an analysis with no missing readings there are only 7 degrees of freedom for error: where 

n =  l y t  — 2-365 for P  =  0 05.

in the Lee-White whole blood clotting times were also non-significant 
when studied as the ratio of the silicone time to the glass time.

4. Correlation between clotting times and blood fats {Experiments 1 
and 2). It was thought that if a significant correlation could be demon­
strated between clotting times and blood fats the effect would be most 
obvious in the Lee-White silicone whole blood clotting time and in the 
venom “prothrombin time.” In neither case was a significant correlation 
found and thus no reduction in random error could be obtained. All the 
fat values were thought to be within normal limits for the several 
determinations.
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T A B L E  V I I

E x pe r im e n t  2. T he effects  of strepto m y c in

Immediate observations. Delayed observations

Test

Drug
subjects’

mean

Control
subjects’

mean

Difference 
in means 

±  S.E.

Drug
subjects’

mean

Control
subjects’

mean

Difference 
in means 

±  S.E.
1. Lee-White (glass) 

(minutes) 13-02 12-82 +  0-20 ±  0-30 13-23 12-11 +1-12**4- 0-30
2. Lee-White 

(silicone) 
(minutes) 32-10 31-32 -h 0-78 ±  5-05 28-78 34-98 -6-20 ±  5-05

3. fDale-Laidlaw
(minutes)

4. “Prothrombin
consumption”
(seconds)

5. “Prothrombin
time” (brain
thromboplastin)
(seconds)

6. “Prothrombin
time” (venom
thromboplastin)
(seconds)

1-66 1-90 -0-24*4- 0-08 1-77 1-73 +  0 04 ±  0-08

21-8 22-6 -0 -8  ±  3-2 18-4 17 1 +  1-3 ±3-2

14-12 13-98 +  0-14 ±  0-19 13-98 13-85 +  0-13 ±  019

14-17 14-63 -0-46 ±  0-73 14-99 15-44 -0-45 ±  0-73
7. Thrombin clotting 

time (seconds) .. 10-68 10-47 +  0-21 ±  0-16 9-40 9-60 -0-20 ±0-16
8. ||Waugh-Ruddick 

(heparin) 
(minutes/u. 
heparin) 24-5 25-4 -0-9  ±  5-8 18-7 18-6 +  0-1 ±  5-8

9. Platelet count 
(thousands/cu. 
mm.) 323 305 +  23 ±  24-0 288 266 +22 ±  24

10. Fibrinogen con­
centration (g. 
per cent.) >340 0-308 +  0-032+ 0-017 0-394 0-325 +  0-069*+ 0-017

* Difference significant at the 5 per cent, level.
** Difference significant at the 1 per cent, level, 

t  Difference between immediate and delayed drug values significant at the 5 per cent, level.
|| Results are expressed as the slope of the regression of clotting time on heparin concentration.
S.E. =  Standard Error of the difference between the means.
Note that for an analysis with no missing readings there are only seven degrees of freedom for error: 

where n =  7, t =  2*365 for P =  0-05.

T A B L E  V I I I a

E x perim en t  3. T he effects o f  p e n ic il l in  a n d  of strepto m y c in

Penicillin tests 
(immediate)

Streptomycin tests 
(immediate)

Test

Pooled means 
for adrenaline 

and saline tests 
(=  control) Mean

Difference 
between drug 
and control 

means ±  S.E. Mean

Difference 
between drug 
and control 

means +  S.E.

2. Lee-White (silicone) 
(minutes) . . 22-25 23-05 + 0-80 ±  1-36 22-30 +  0-05 ±  1-36

6. “Prothrombin time” 
(venom thrombo­
plastin) (seconds) . . 14-87 15-11 +  0-24 ±  0-20 15 00 +  0-13 +  0-20

7. Thrombin clotting time 
(seconds) 16-19 15-68 -0-51 ±  0-50 16-40 +  0-21 ±  0-50

8. Waugh-Ruddick (hep­
arin) (minutes/u. 
heparin)|| 60-00 35-10 -24-90+13-05 64-80 +  4-80 ±13-05

9. Platelet count (thous­
ands/cu. mm.) 325 331 +  6 ±13 328 +  3 ±13

The pooled means for the adrenaline and saline tests have been used as control values. No differences 
are significant.

|| Results are expressed as the slope of the regression of clotting time on heparin concentration.
S.E. =  Standard Error of the difference between the means.
Note that for an analysis with no missing readings there are only 12 degrees of freedom for error: where 

n =  12, t  =  2-179 for F =  0-05.
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5. Differences between subjects and between days. A number of sig­
nificant differences were detected between mean resulrs obtained from 
different subjects and on different days, but the design of these experi­
ments was not suitable for studying the magnitudes of these differences 
and they are therefore not presented.

T A B L E  V I I I b

E x pe r im e n t  3. T he effects of p e n ic il l in  a n d  of strepto m y c in  
M e a n  c lo ttin g  tim es (seco n d s) fo r  th e b ra in  “ p ro th ro m b in  tim e” , to  sh o w  

sig n ifican t d ifferen ces.

Controls Streptomycin tests 
(immediate)Saline Adrenaline (immediate)

Mean Mean

Difference 
between drug 

and saline 
means ±  S.E. Mean

Difference 
between drug 

and saline 
means ±  S.E. Mean

Difference 
between drug 

and saline 
means ±  S.E.

15-31 14-64 -0-67* 0-24 14-56 -0-75»* ±  0-24 14-94 -0-37 ±  0-24

* Difference significan: at the 5 per cent, level.
** Difference significant at the 1 per cent, level.
S.E. =  Standard Error of the difference between the means.
Note that for an analysis with no missing readings there are only 12 degrees of f-eedom for error: where 

n =  12, / = 2-179 for P  =  0-05.

6. Residual error variances', the experimental error of the tests. In 
tests where replicate readings have been obtained, the error component 
of the residual variance can be directly determined, and the experimental 
error of the different tests may be usefully compared by means of the 
coefficient of variation. These data are shown in Table IX.

D i s c u s s i o n

1. Effects due to Penicillin and to Streptomycin
(i) Clotting time tests. In certain tests :he clotting times appear to 

have been influenced by penicillin and by streptomycin, cut the irregular

T A B L E  I X
E x pe r im e n t a l  er r o rs  : A p p ro x im a te  v a lu e s  fo r  the sta n d a rd  d e v ia tio n s  fo r  e x p e r i­
m en tal e r ro r  h a v e  b een  o b ta in ed  fro m  th e ran ges o b se rv e d  w it i in  r e p lic a te s : fo r  
p u rp o ses  o f  c o m p a r iso n  th ese v a lu e s  h a v e  been e xp ressed  as  p ercen tages o f  the

c o rre sp o n d in g  m ean s

Coefficients of variation per cent, (from scatter within replicates)

Estimates of
Unweighted Briggs and

Experiment 1 Experiment 2 Experiment 3 mean (present MacMillan
Test (.penicillin) (streptomycin) (both drugs) 3 experiments) (1948)

1. Lee-White (glass)
2. Lee-White (sili-

14-7 11-3 13-0 7-0

cone) 15-9 20-2 13-0 16-4
3. Dale-Laidlaw
4. “Prothrombin

9-3 10-8 10-1 25-1

consumption” .. 
5. “Prothrombin

7-0 7-8 7-4

time” (brain
thromboplastin) 

6. “Prothrombin
2-0 4-4 5-2* 3 9

time” (venom 
thromboplastin) 3-0 2-6* 1-7 24

7. Thrombin clotting
time 3-7 4-9 6-5* 5 0

* In these tests a different observer recorded the results in the indicated instances: in the other tests 
observations were mostly obtained by the same observer(s).
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pattern of the significant effects is bizarre. Moreover, individual sig­
nificant effects were of the order of only a 10 per cent, increase or decrease 
over control values. It therefore seems wise to ascribe no fundamental 
importance to any of these effects : where a number of tests are made an 
occasional “significant” effect of low magnitude must be expected to arise 
by chance. Hence this work does not support the earlier claims of a 
coagulant effect of penicillin and of streptomycin of which Macht20»21*22’23 
has been the chief exponent.

Macht’s (passim) studies are difficult to discuss. There is no doubt of 
the marked effects on clotting time of these and many other drugs apparent 
in his published data. Nevertheless his results may fairly be questioned 
in the many instances in which he has not used concurrent controls but 
has compared the clotting times obtained after the administration of a 
drug with those previously obtained from the same subject. In such 
circumstances it is always possible that the shortening in clotting time is 
due to some other cause, such as the progress of anaesthesia, the effect of 
restraint in the unanæsthetised animal, the method of administration of 
the drug or even to the effect of obtaining serial blood samples. For 
instance, a shortening of the clotting time following emotional reaction 
in the cat was demonstrated by Cannon and Mendenhall24 and a similar 
effect in animals and in man has recently been studied by Macht25 himself. 
Menghini and Giunti26 have observed in man a progressive shortening of 
clotting time in serial venepunctures without the administration of any drug.

(ii) Plasma fibrinogen determination. This measurement is probably 
liable to less subjective error than the observations of clotting time. It is 
therefore reasonable to look for a biological explanation of the 20 per 
cent, rise in the delayed-streptomycin value over control, significant at 
the 5 per cent, level, in Experiment 2 (Table VII). This might be due to 
a mild toxic action of the drug : a rise in the plasma fibrinogen concentra­
tion is a sensitive indication of toxic or inflammatory processes (Foster 
and Whipple27 ; Gram28 ; Schultz et al.29) and the body might respond in 
this way to streptomycin before clinical evidence of toxicity was apparent. 
A subclinical toxic action of streptomycin has also been detected electro- 
cardiographically by di Maria.30

2. Residual Error Variances
Table IX shows great differences between the error coefficients of the 

various tests. The heparin resistance test showed the greatest variability 
and the plasma tests the least.

Biggs and MacMillan31 obtained estimates of experimental error for 
whole blood clotting times (Lee-White glass and Dale-Laidlaw) in their 
detailed study of laboratory errors. Their estimates are based on 
differences between replicates, with no interaction; their values are in­
cluded in Table IX for comparison.

S u m m a r y

1. The effects of penicillin and of streptomycin on blood coagulation 
have been studied on 20 normal subjects after injection of the drugs.

PENICILLIN, STREPTOMYCIN AND BLOOD COAGULATION
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Each subject acted in turn as “test” and “control” and 3 experiments were 
made: 2, each using 6 subjects, on the immediate and delayed effects of 
the 2 drugs separately, and 1, using 8 subjects, on the immediate effects 
of both drugs. Symmetrical experimental designs eliminated differences 
between subjects and between days of test. 9 tests of clotting function 
were used, in addition to the counting of platelets and the determination 
of plasma fibrinogen.

2. A few significant differences were detected between test and control 
subjects but no systematic effect was apparent through all 3 experiments.

3. Estimates are given for the experimental error of the various tests. 
The error was relatively low for one-stage “prothrombin times” and 
thrombin clotting times, and relatively high for whole-blood-clotting times.

4. No support has been obtained for previous work reporting a coag­
ulant action of penicillin and streptomycin.

It is a pleasure to acknowledge the generous help of the following: 
Dr. C. P. Stewart and his staff for the determinations of blood fats and 
blood sugars; Dr. R. W. Tonkin for the bacteriological assays of penicillin 
and streptomycin; Dr. G. D. Forwell fcr much help in obtaining the 
observations in Experiment 3; Dr. W. A. R. Thomson, of Boots Pure 
Drug Company Limited, for advice on dosage and administration of 
penicillin and streptomycin; Miss Irene Allen for computing assistance; 
and Dr. M. E. McDonald Clark for making translations from Italian. 
The investigation is particularly indebted to the cheerful endurance of the 
20 volunteer subjects.
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THE TOXICITY OF THE DINITRO-CRESOLS
P a r t  I. 4 : 6  D i n i t r o - o/T^o - c r e s o l  a n d  i t s  S i m p l e r  D e r i v a t i v e s  

B y  D. G. H a r v e y

{From the Department fo r Resect-cK in Industrial Medicine. Medical Research Council, 
Hampstead, and the London Hospital)

R e c e iv e d  Ju n e  24 , 19 5 2

I n t r o d u c t i o n

4 :6-Dinitro-o-cresol* is widely used as an ovicide n winter washes 
for fruit trees and in the spring and early summer for the control of weeds 
in corn (David1). A recent report also indicates that i : may prove to be 
effective as an anti-locust measure.2 Attention has been drawn to the 
dangers likely to be encountered in its use (Bidstrup ar d Payne3) and to 
the fact that it acts as a cumulative poison in man (Harvey, Bidstrup and 
Bonnell4; Bidstrup, Bonnell and Harvey6). Suggestions have been made 
that its toxicity may be complicated by the presence of isomeric dinitro- 
cresols that may be formed during the course of its manufacture. This 
theory has also been advanced by Molnar6 who has described extensive 
toxicological tests on two isomeric dinitro-o-cresols Although one 
of these has properties that suggests that it is probably identical with 
4 :6-dinitro-o-cresol Molnar has neither specified the structure nor 
detailed the manufacturing processes of either compourd. A discussion 
of this aspect will be included in a later communication.

The present paper deals with a general survey of the physical properties 
and toxicity of some commercial samples of 4 :6-dinitro->cresol and their 
simpler derivatives which have been manufactured in the United Kingdom.

M a n u f a c t u r e

A process at present employed is essentially that described by Nolting 
and Salis.8 High grade o-cresol is sulphonated with sufficient sulphuric 
acid to give the 4 :6-disulphonate derivative. The mixture containing 
this substance is then treated with nitric acid at a temperature above the 
melting point of the nitro-compound. This ensures complete nitration. 
The crude nitro-compound is separated from the acid mixture while still 
in the molten state. This reduces the amount o: occluded impurities. 
The crude product is washed with cold water to remove the last traces of 
mineral acids. It is then packed in drums while still in the moist state. 
This is then ready for despatch. Most solutions are mace up as ammon­
ium or sodium salts since these are more soluble than dinitro-o-cresol 
itself.

P h y s i c a l  P r o p e r t i e s  o f  S o m e  C o m m e r c i a l  S a m p l e s  

The moisture content, solubility at 18° C , melting points and mixed 
melting points with pure samples were determined in the usual way. 7

* A n  a lte rn a tiv e  n am e is 3 :5 -d in itro -o -c re so l. T h is  is u sed  b y  P a rk e r , B a rn e s  and 
D e n z . 7
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commercial samples of dinitro-n-cresol and 1 each of the sodium, ammon­
ium and diethylamine salts were thus examined. In addition a sample of 
4 :6-dinitro-iec.-butyl phenol was included in the survey since this sub­
stance is also used in spray operations, although not to the same extent 
as dinitro-o-cresol. Table I lists the results of the examinations.

In view of the possibility of the occurrence of additional isomers or 
toxic impurities an attempt was made to remove them on an alumina
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column. With the exception of a small quantity of dark brown amor­
phous benzene insoluble material no substances other than 4 :6-dinitro-
o-cresol could be isolated from the samples examined. Relative purity 
of the substances examined was also expected from the small depressions 
obtained from the mixed melting points.

T o x i c i t y  T e s t s

All solutions of the samples were made up to 1 per cent, w/v by dissolv­
ing exactly 1 -0 g. of the material (dried at 60° C. and then over sulphuric 
acid in vacuo) in 1-0 per cent, saline solution containing 1-0 per cent, of 
sodium bicarbonate and making up to 100 ml. The solutions were 
administered by subcutaneous injection. Pure recrystallised 4 :6-dinitro-
o-cresol was mads up as a 1 per cent, solution in a similar manner and 
used as a reference throughout. Pilot experiments were carried out to 
determine the approximate LD50 on small groups of about 4 rats per 
group. Thereafter 10 animals were used per dose level. 2 or 3 dose 
levels were selected, the mortalities over 24 hours converted into probit 
values which were plotted against log doses, and the LD50 calculated in 
the usual way.

In view of the importance of the alimentary canal as route of absorption 
of dinitro-o-cresoi and the possible effect of heat in stimulating its meta­
bolic effects (Bidstrup and Payne, loc. cit., Barnes et al. loc. cit., King and 
Harvey11) a further simple comparative test was carried out. This 
consisted of administering by stomach tube a single sub-lethal dose to 
rats and noting their response and mortality to 4 hours exposure at 20° to 
22° C., 5 hours at 37° to 40° C. and 15 hours at 20° to 22° C. The dose 
level was 50 mg./kg., and the samples were dissolved in aqueous bicarbon­
ate solution to give 1 per cent, strength. 10 rats were used per sample. 
The results of both toxicity tests are given in Table II.

D i s c u s s i o n

The evidence presented indicates that the commercial samples that have 
been examined are slightly less toxic than the pure compound and that 
the ammonium, sodium and diethylamine salts are also less toxic than 
dinitro-o-cresol. Also that 4:6-dinitro-sec.-butylphenol is slightly more 
toxic than dinitro-o-cresol. Indirectly this also suggests that if the 
manufacturing process is carried out in general agreement with the 
method of Nolting and Salis, using high grade o-cresol uncontaminated 
by the meta and para isomers there will be little likelihood of any other 
dinitro-cresols or by-products being formed in any quantity.

The two values obtained for the LD50 on the two series of rats are in 
fairly close agreement with the values quoted by Ambrose,12 25 mg./kg., 
and by Parker et al. {loc. cit.), 24-6 mg./kg.

Although the diethylamine salt is nearly half as toxic as pure dinitro-o- 
cresol this can probably be correlated with the increased molecular weight 
and the consequent reduction of the amount of "‘active” compound per 
unit volume of its solution in water or other solvent. It is possible that 
the decreased toxicity and the increased solubility of this salt may have

1064



some practical bearing on its use in the field. In the first place comparison 
of the “effective” quantities of the diethylamine salt and other derivatives 
required for weed killing suggests that less of the former compound may 
be required.

The second point is that the increased solubility of the diethylamine salt 
aids its dispersion since it does not sediment readily in the storage tanks 
and will not block the nozzles in the spray beam. This means that the

THE TOXICITY OF THE DINITRO-CRESOLS

T A B L E  II
T o x ic ity  o f  some c o m m er c ia l  sam ples o f  4 :6 -  d in it r o - o- cresol a n d  th e ir

DERIVATIVES

Subcutaneous injection 
LD50 Stomach tube, mortality out of 10

Substance
1st series 
(albino 
rats)

2nd series 
(hooded 

rats)
4 hours 

20û to 22° C.
5 hours 

37° to 40° C.
15 hours 

20° to 22° C.
Total 

per cent.
4 :6-Dinitro-o-

cresol pure 25-6 28-5 0 7 0 70
„ Comm. A 26-2 — 3 7 0 100
„ B 26-8 — 3 7 0 100
„ C 27-5 — 2 8 0 100

D .— — 0 9 0 90
„ E -— — 0 10 0 100
„ H 26-8 — 0 9 0 90
„ K .— — 1 7 0 80

Ammonium salt,
pure .— — 0 6 1 70

Comm. G -— 27-5, 30-0 0 10 0 100
Diethylamine salt,

pure -— 36-5, 39-1 0 1 2 30
Comm. F . . — — 0 8 0 80
Sodium salt (a) .. — — 0 9 0 90
Comm. J, 4:6- 

dinitro-seobutyl 
phenol, 95 per

100cent. ' 21-4 0 6 4

Note.—(a) This was not assayed as all other samples of 4:6-dinitro-o-cresol were administered as solu- 
t ions of their sod ium salts.

spray operator will not need to clear the nozzles and therefore will not 
incur the risk of a sudden shower of spray (cf. Bidstrup and Payne3). 
In spite of these practical points, which are of obvious importance, it 
must be remembered that increased solubility may increase absorption 
and every effort must be made to continue protective devices.

From this study it can be concluded that all the dinitro-o-cresol com­
pounds which have been investigated are dangerous. Although the 
diethylamine salt is less toxic than the other compounds studied it 
appears to have similar physiological effects at normal and elevated 
environmental temperatures. The lower toxicity of the diethylamine salt 
suggests a profitable line of research in finding other derivatives of dinitro-
o-cresol which, even if they have the same qualitative effect may be quanti­
tatively less active as human poisons.

S u m m a r y

1. Commercial samples of dinitro-o-cresol and their common salts 
have been examined by physical and toxicological tests.

2. Commercial samples of dinitro-o-cresol and its salts are less 
toxic than the pure substance.
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3. The diethylamine salt is about 50 per cent, less toxic than pure 
4 :6-dinitro-o-cresol.

4. 4 : ô-Dinitro-iec.-butylphenol is slightly more toxic than 4:6- 
dinitro-o-cresol.

The author wishes to thank the several commercial firms who have 
kindly supplied him with samples of 4 :6-dinitro-o-cresol and its salts, 
and who have assisted him with much useful information ; also Professor
V. H. Blackman for a sample of 4 : ô-dinitro-xec.-butylphenol ; Dr. Donald 
Hunter, Head of the Department, for encouragement; Dr. P. Lesley 
Bidstrup and Dr. J. A. Bonnell for valuable discussions; Dr. F. J. Dyer 
for much advice and help, and finally Miss Jean Peal, Mr. K. E. Carling 
and Miss A. Mackrill for technical assistance.

D. G. HARVEY

R e f e r e n c e s

1 .  D a v id , Trans. Assoc. Ind. Med. Officers, 1 9 5 1 ,  1 ,  14
2 . The Times, Special article, Red Locusts in N. Rhodesia, 12 th  F e b ., 19 5 2 .
3 . B id stru p  a n d  P a y n e , Brit. med. J., 1 9 5 1 ,  2 , 16 .
4 . H a rv e y , B id stru p  a n d  B o n n e ll, Brit. med. J., 1 9 5 1 ,  2 , 13 .
5 . B id stru p , B o n n e ll an d  H a rv e y , Lancet, 19 5 2 , 2 6 2 , 794.
6. M o ln a r , Ann. Physiol., 19 3 7 , 1 3 ,  1 16 4 .
7 . P a rk e r , B a rn e s  a n d  D e n z , Brit. J. Ind. Med., 19 5 2 , 8, 226 .
8. N o lt in g  an d  S a lis , Ber. dtsch. chem. Ges., 1 8 8 1 ,  14 ,  987.
9 . H e ilb ro n  a n d  B u n b u ry , Dictionary o f  Organic Compounds, V o l. 1 ,  19 4 6 , 98 3.

10 .  P a rk e r , Analyst, 19 4 9 , 74 , 646.
1 1 .  K in g  a n d  H a rv e y , 19 5 2 , unpublished results.
12 .  A m b ro s e , J. Pharmacol., 19 4 2 , 7 6 , 245 .

1066



THE PHOTOMETRIC DETERMINATION OF 2-AMINO-5-
NITROTHIAZOLE AND CERTAIN ACYL DERIVATIVES

By C. W. Ballard and Miss S. Spice
(From the Analytical Control Division o f  M ay and Baker, Ltd., Dagenham.)

R e c e iv e d  Ju l y  2 , 19 5 2

T he use of 2-amino-5-nitrothiazole in veterinary medicine makes it 
desirable to have available a method for its determination in aqueous 
solution and in blood. Although diazotisation of aminothiazoles in 
hydrochloric acid yields chlorine substituted products,1 in sulphuric acid 
the normal diazo-salt is formed. Optimum conditions were, therefore, 
established for diazotisation of aminonitrothiazole in sulphuric acid 
followed by coupling with A-naphthylethylenediamine and a method for 
the determination of aminonitrothiazole in aqueous solution was evolved. 
This method was applicable to the phthalyl and succinyl derivatives after 
hydrolysis and to blood after a suitable deproteinisation procedure.

Proposed M ethod
Reagents

(1) Sulphuric acid 20N (55 per cent. v/v).
(2) Sodium nitrite solution 2 per cent.
(3) Sulphamic acid solution 2-5 per cent.
(4) M-naphthylethylenediamine hyd rochloride solution 0-4 per cent.
(5) Trichloracetic acid 10 per cent.

Procedures
(a) For simple solutions o f  aminonitrothiazole. Into a 25-ml. flask, 

pipette 1 ml. of a solution containing up to 0-5 mg. of aminonitrothiazole 
in dilute sulphuric acid, add 5 ml. of 20N sulphuric acid and cool in ice- 
water for 2 minutes. Add 1 ml. of 2 per cent, sodium nitrite, mix and 
leave for 4 minutes; add 1 ml. of 2-5 per cent, sulphamic acid, mix and 
leave for 4 minutes. Add 1 ml. of 0-4 per cent. /V-naphthylethylenediamine 
hydrochloride solution, mix and leave for 2 minutes. Remove the flask 
from the ice bath, dilute to 25 ml. with ethanol (95 per cent.) and within 5 
minutes of dilution measure the extinction of 1 cm. at 580 mjx. or using a 
suitable filter. Read off the amount of aminonitrothiazole from a 
standard curve prepared using pure aminonitrothiazole. Calibration 
data are given in Table I.

(h) For succinylaminonitrothiazole. Pipette 1 ml. of solution containing 
up to 0-8 mg. of succinylaminonitrothiazole into a 25-ml. flask, add 5 ml. 
of 20N sulphuric acid and heat in a boiling water bath for 40 minutes. 
Cool in ice-water for 5 minutes and proceed as in (a) commencing with 
the words “Add 1 ml. of 2 per cent, sodium nitrite solution.” Read off 
the amount of succinylaminonitrothiazole from a standard curve prepared 
by this method, using pure succinylaminonitrothiazole.

(c) For phthalylaminonitrothiazole. Proceed as for succinylamino­
nitrothiazole, but heat for 90 minutes at 100° C. instead of for 40 minutes.
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(d) For aminonitrolhiazole and acyl derivatives in blood. To 1 ml. of 
blood in a small centrifuge tube add 2 ml. of water and mix, add 1 ml. of 
10 per cent, trichloracetic acid, mix well and centrifuge fcr 2 minutes. If 
aminonitrothiazole is present, pipette 1 ml. of the supernatant liquid into 
a 25 ml. flask, add 5 ml. of 20N sulphuric acid and continue as in (a), 
commencing with the words “cool in ice/water for 2 minutes.” If 
succinyl- or phthalyl-aminonitrothiazole is present, treat 1 ml. of solution 
as in (b) and (c) respectively.

Notes on the Method
Procedure (a). Variation in acidity affects the tint but not the intensity 

of the final colour. The purpose of the ethanol is to prevent precipitation 
of the pigment and minimise fading which, in the final method, is at the

rate of about 1 per cent, in 3 
minutes. The reproducibility of 
the method is illustrated by the 
following values obtained in 
determinations carried out in 
pairs at different times; 0-810,
0-810; 0-800, 0-810; 0-813, 0-800;
0-815, 0-815; 0-810, 0-805.

Procedures (b) and (c). Under 
the conditions used for the hydrol­
ysis of phthalyl- and succinvl- 
aminonitrothiazole, hydrolysis to 
aminonitrothiazole is complete 

and no decomposition of the latter occurs.
Procedure (d). When determinations were made on blood to which 

known amounts of aminonitrothiazole had been added, recovery was 70 
per cent, owing to the adsorption which commonly occurs in deproteinisa- 
tion. Allowance may be made for this either by applying a correction or 
by using a calibration curve based on data obtained by applying the 
method to aminonitrothiazole in the presence of blood.

Summary

1. A photometric method, based on diazotisation and coupling, for the 
determination of aminonitrothiazole and its phthalyl- and succinyl- 
derivatives is proposed.

2. The method is applicable to blood after the deproteinisation 
procedure described.

Thanks are due to the directors of May and Baker, Ltd., for permission 
to publish this paper.

Reference
i .  M o rg a n  a n d  M o rro w , J. chem. Soc., 1 9 1 5 ,  10 7 , 1 2 9 1 .

T A B L E  I

C a libr a tio n  d a ta  for  th e
DETERMINATION OF AMINONITROTHIAZOLE IN 

AQUEOUS SOLUTION

Aminonitrothiazole
mg.

Extinction of 1 cm. 
at 580 mpt Slope

005 0165 3-3
010 0-335 3-4
0-15 0-505 3-4
0-20 0-65 3-3
0-25 0-77 3-1
0-30 0-88 3-0
0-35 1-01 2-9
0-40 1-145 2-9
0-45 1-26 2-8
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ALKALOIDS
Ergot Alkaloids, Paper Chromatography of. V. E. Tyler and A. E. 

Schwarting. (J , A m e r . p h a rm . A ss ., S c i. E d ., 1952, 41, 354). Descending 
paper partition chromatography (22-5 in Whatman No. 1 paper) was used. 
Filter paper strips were impregnated with propylene glycol, and formamide, 
and after application of the alkaloids, the wash liquids of benzene, toluene, 
and xylene, each equilibrated with the stationary-phase liquid, were used to 
form the chromatograms; separations of the water-insoluble alkaloids were 
possible, but not adaptable to all of the alkaloids. Hydrophobic filter paper 
was prepared by dipping strips or sheets of paper in a 5 per cent, v/v solution 
of Dow-Corning Silicone No. 1107 in heptane, allowing to dry in air, and 
heating in an oven at 150° C. for 3 minutes. After application of the alkaloids 
the paper was equilibrated for 12 hours with the vapour of the saturated butanol 
phase of the wash liquids, the chromatograms were formed with the saturated 
aqueous phase of the several wash liquids. The aqueous phases of the 
butanol-acetic acid-water and butanol-pH 3 0 buffer systems gave the broader 
separations; R F values of the alkaloids obtained with these two systems are 
reported. The methods fail in the separation of ergotoxine and its isomer; 
ergotoxine and ergotinine are separable when chromatographed with a butanol 
pH 4-5 buffer system, the R f of ergotoxine being 0-60 and R f  of ergotinine 
0-69. r . e . s.

Veralbidine, A New Alkaloid from Veratrum album. A. Stoll and E. 
Seebeck. (S c ie n c e , 1952, 115, 678). From the mother liquors obtained in 
the isolation of protoveratrine, jervine, and rubijervine, a new alkaloid 
“veralbidine” was separated. The pure substance crystallises from dilute 
acetone in pentagonal plates, from dilute methanol in prisms, and from 
ether in fine needles. It melts between 181° and 183° C. and has 
[a] jj'r' a =  — 11-7° in pyridine and + 5-4° in chloroform. In 84 per 
cent, sulphuric acid, veralbidine gives a colourless solution. It is 
sparingly soluble in ether, ethanol, and acetone, insoluble in water but readily 
soluble in chloroform. It is irritating to the nasal mucosa, causing sneezing. 
The empirical formula is C37H610 12N. Veralbidine yields a crystalline thio­
cyanate C37H610 12N,HNCS which melts at 235° to 236° C. with decomposition 
and frothing and a crystalline hydrochloride C37H610 12N,HC1 readily soluble 
in ethanol and water and melting at 250° to 251° C. R . e . s .

ANALYTICAL
Alcohols, Colorimetric Determination of. V. W. Reid and R. K. Truelove. 

(.A n a ly s t, 1952, 77, 325). The use of ceric ammonium nitrate as a colorimetric 
reagent for the quantitative determination of various alcohols in dilute aqueous 
solutions is described. A standardised reagent is used and after mixing with 
the sample the colour is measured after exactly 5 minutes as the colours 
produced with lower alcohpls are unstable. Calibration data for methanol, 
ethanol, /.wpropanol, «-butanol, sec.-butanol, teri.-butanol, monoethylene
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glycol and triethylene glycol are given. Tertiary alcohols, in contrast to 
primary and secondary alcohols, produced a colour of excellent stability almost 
directly proportional to the concentration. Certain polyhvdric alcohols gave 
stable colours, but others either no coloration or unstable colours. Sucrose 
gave an excellent calibration curve, whereas dextrose did not. Glycerol produced 
deep unstable colours in dilute solutions. Certain oxidising agents (such as 
organic peroxides), reducing agents, sulphate ions and other compounds 
containing hydroxyl groups interfered; methods for the separation of inter­
fering substances are given. The application of the method to the analysis of 
effluents and to the determination of trace amounts of alcohol is discussed.

R. e . s.

2:8-Diaminoacridines, Colorimetric Determination of. J. G. Devi and 
M. L. Khorana. (Indian  J. P h a rm ., 1952, 14, 43). A method is described 
for the assay of proflavine sulphate and hemi-sulphate. The substance in 
solution is diazotised and the diazotised product is coupled with resorcinol in 
an alkaline solution; the intensity of the colour developed is then compared 
with a similarly treated standard solution. Although alkaline solutions of 
resorcinol darkenec on standing and had to be freshly prepared, this substance 
produced a stable intense red colour on diazotization wh:ch possessed advantages 
over the colours yielded by a- and jS-naphthols, phoroglucinol, thymol and 
guaiacol. The colour produced with resorcinol showed a broad spectrum 
maximum at 544 :o 548 mp, and could be measured photoelectrically; the 
colour intensity obeyed Beer’s Law and experiments showed that it was stable 
up to 3 hours when kept at a low temperature; at room temperature the value 
for the blank changed quite rapidly. It is claimed that the results indicated 
the method to be as accurate as the official B.P. method. r . e . s .

Digitalis Glycosides, Chemical Determination of. M. Kaern. ( D a n sk  
T id ssk r . fa r m ., 1952, 26, 89.) A mixture of digitoxin and digitoxigenin can 
be assayed by the following process. 5 ml. of a chloroform solution, containing 
0-25 to 0-5 mg. of digitoxin, is evaporated to dryness and the residue is dried 
for 30 minutes at 100° C. The residue is dissolved in 5 ml. of ethanol and the 
digitonin is determined colorimetrically (see below). Another 5 ml. of the 
original solution is passed through a column of alumina (2 g. in 0-5 cm. diameter 
tube) and eluted with 3 quantities, each of 5 ml., of chloroform. This solution 
is assayed for digitoxigenin. The column is then again eluted with 3 quantities, 
each of 5 ml., of a mixture of 3 parts of chloroform and 1 part of ethanol, to 
give a solution containing the digitoxin. For the colorimetric assay 5 ml. of 
a methanol solution is mixed with 5 ml. of Knudson-Dresbach reagent (0-95 g. 
of picric acid and 5 ml. of 10 per cent, sodium hydroxide solution in 100 ml.). 
The colour is measured within 15 to 30 minutes in a 1 cm. cell at 492 m/u.. The 
factor for conversion of E to digitoxin (in 10 ml. of reaction mixture) is 
107 x 1 O'2; and for digitoxigenin 2-21 x 10A The method may be applied to 
digitoxin tablets, bat not to tincture of digitalis. g . m .

Galenical Preparations, Identification of, by Paper Chromatography. A. B.
Svendsen. {D a n sk . T id ssk r . fa r m ., 1952, 26, 125.) Strip paper chroma­
tography may be applied to the identification of galenicals. Examples are 
given of the application to morphine preparations, the solvent being prepared 
by shaking together 10 volumes of butanol, 2 of glacial acetic acid, and 10 of 
water, and, after separation, using the butanol layer. For development either 
nitrite reagent or potassium bismuth iodide solution is used. Morphine
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solutions may be tested directly, using the equivalent of about lOO/xg, of the 
salt. For injection of scopolamine, morphine and ephedrine, 0 01 ml. of the 
solution is run in the usual way, and developed successively with potassium 
bismuth iodide (morphine + scopolamine), nitrite (= morphine) andninhydrin 
(ephedrine). In the case of tetrapon injection the presence of glycerin interferes 
with the chromatography, since the glycerin itself accumulates at an JRF of 
about 0-45 and interferes with the morphine and codeine, although not with 
narcotine and papaverine. Thus nitrite reagent gives a long streak which has 
a weaker colour in the middle, where the glycerin is concentrated. In tincture 
of opium the morphine can easily be detected. For morphine suppositories it 
is necessary to prepare an extract by shaking with warm water; and for opium 
suppositories by shaking with water containing 1 per cent, of hydrochloric acid.

G. M.

Histamine in Pharmaceutical Products, Determination by means of 2:4-Dinitro- 
fluorobenzene. F. C. M clntire. (/. A m e r . p h a rm . A ss ., S c i. E d ., 1952, 41, 
277.) A test solution is prepared to contain 20 to 100 p.g. of histamine base per 
ml. in 0-004M sodium diethylthiocarbamate buffered with a concentration of 
0TM sodium carbonate and 01M sodium bicarbonate. The solvent is distilled 
water of low copper content. 1 ml. of a 0-6 per cent, v/v solution of 2:4- 
dinitrofluorobenzene is mixed with 1 ml. of the test solution, allowed to stand 
for 20 minutes and diluted to 20 ml. with 0-IN hydrochloric acid. The solution 
is extracted with benzene and the optical density of the aqueous phase measured 
at 358 m/i, the histamine concentration being calculated from the data for pure 
histamine. A reaction blank test and 2 different concentrations of a histamine 
standard should be included in each set of determinations. The method has a 
high degree of precision and reproducibility. Solutions containing a high 
proportion of phenol as a preservative should be submitted to a preliminary 
extraction with benzene or ether to remove most of the phenol which may 
interfere in the reaction. g . b .

isoNicotinyl Hydrazide and y-Picoline, Photometric Determination of.
C. W. Ballard and P. G. W. Scott. (C h em . In d ., 1952, 715). The method 
is based on the fact that a purple colour with l-chloro-2:4-dinitrobenzene is 
given by y-picoline and ¡sonicotinyl hydrazide but not by 2:6-lutidine, a-picoline, 
(S-picoline, pyridine, ««nicotinic acid or ethyl Aonicotinate. To 5 ml. of a 
solution in dehydrated ethanol containing up to about 01 mg. of y-picoline 
or ¡'sonicotinyl hydrazide is added, 5 ml. of a 5 per cent, solution of 1-chloro- 
2 :4-dinitrobenzene in dehydrated ethanol and 01 g. of borax; after heating in a 
boiling water bath for 10 minutes, cooling and adding 25 ml. of methanol, the 
mixture is filtered and the optical density is measured at 560 m/a (y-picoline) 
or 530 m/x (¡'sonicotinyl hydrazide). Calibration curves are almost linear and 
reproducibility is about ±  2 per cent, for y-picoline and ±  3 per cent, for 
¡'sonicotinyl hydrazide. Up to 0-2 ml. of water may be present in a determin­
ation without appreciable effect. The colour fades in intense artificial light 
or bright daylight but not in weak artificial light or in ultra-violet light. The 
method can be used for the determination of y-picoline in mixtures of picolines 
containing pyridine and for the determination of ¡'sonicotinyl hydrazide in 
pharmaceutical preparations and, possibly, biological fluids. R. e . s .

Oxalates in Fresh Plant Material, Determination of. C. J. L. Baker. 
(A n a ly s t, 1952, 77, 340). A method is described for determining total oxalates 
in plants, by extraction with hydrochloric acid, precipitation as calcium oxalate

CHEMISTRY—ANALYTICAL
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from the deproteinised extract and subsequent t.tratioa with potassium 
permanganate; removal of proteins is accomplished with a sodium tungstate- 
phosphoric acid reagent. Water-soluble oxalates are determined similarly on 
an aqueous extract. In each case the oxalate ir. the final stages is precipitated 
with calcium chloride, the precipitate being cooled overnight in the refrigerator, 
separated by centrifuging and then heated with dilute sulphuric acid before 
titration with permanganate. The efficiency of the extraction method was 
examined by studying the variation in oxalate content of the extract with 
length of time in contact with the solid material; results shewed that extraction 
was complete after 16 hours. The method is designed for fresh green plants 
only, as oxalate is lost on drying the material. R. E. s.

Pilocarpine, Colorimetric Assay of. J. W. Webb, R. S. Kelley and A. J . 
McBay. (J . A m e r .p h a r m . A s s . ,S c i .  E d ., 1952,41,278.) The following method 
is applicable to the determination of pilocarpine and its salts even in low con­
centrations. It is based on the method of Shupe, but avo:ds the liberation of 
the unstable free base during the process. To solutions containing 2 to 6 mg. 
in 5 ml. of water, a mixture of 1 ml. of acetic acid (20 per cent.), 10 ml. of 
chloroform, 1 ml. of a 5 per cent, solution of potassium chromate and 2 ml. of a 
3 per cent, solution of hydrogen peroxide is added, and the liquid shaken in a 
separator. The chloroform solution is separated and the aqueous solution 
extracted successively with 10 and 5 ml. quantities of chloroform, the mixed 
chloroform solutions being made up to 25 ml., and submitted to a determination 
of light absorption at 560 mp with a spectropiotoraetcr. The determination 
is completed as rapidly as possible to avoid errors due to temperature changes, 
evaporation and the sensitivity of the colour to light. Beer's law applies at the 
optimum pH, 2-9. Results are compared with those of the titration and the 
Kjeldahl methods. In the former, the end-point is difficult to determine because 
of the buffering power of the pilocarpine salts in aqueous solution, and the 
Kjeldahl method is unreliable since partly decomposed pilocarpine may have the 
correct nitrogen content. g . b .

Solanaceous Alkaloids, Colorimetric Assays for. A. B. Colby and J. L. 
Beal. (J . A m e r . p h a rm . Am., S c i. E d ., 1952, 41 , 351). An examination of 
two previously described colorimetric assays for solanaceous alkaloids has 
been made to determine their suitability for rcutine use. The first was based 
on the purple colour formed in Vitali’s test, the second involved the use of 
ammonium reineckate to precipitate the alkaloids as reineckates, which were 
then dissolved in acetone to form a coloured solution. Derails of the two assay 
procedures are given together with the results obtained with stramonium and 
belladonna. It was concluded that the reineckate assay gave results which 
were more comparable to the U.S.P. XIV assay than were the results of the 
Vitali assay; the standard error for the reineckate assay was smaller than for 
the official assay. The colour developed in the reineckate assay was much 
more stable than the colour developed in the Vitali assay, although the latter 
was the more sensitive. The Vitali assay was the more rapid of the two assays 
studied although both were quicker than the official process and required 
less material. r. e. s.

Thiourea, Volumetric Estimation of. K. Appa Rao and K. Neelakantam . 
( Indian J . P h a rm ., 1952, 14, 50). The method of Mahr (Z. A n a l. C h em ., 
1939, 117, 91; 389; A n g ew . C h em ., 1939, 52, 618) for the estimation 
of thiourea using brómate was investigated and found to yield erratic 
results. Slow titrations yielded better results than fast and even then
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the errors were of the order of 4 to 8 per cent, on the calculated titre values. 
The high acid concentration (6-8N) recommended by Mahr in all cases was 
found to be neither necessary nor desirable. A modified method using 
potassium permanganate in the place of bromate, and in the presence of 
potassium iodide as “oxidation buffer” was found to yield better results, the 
errors ranging from 0 to 1-3 per cent, for amounts of thiourea ranging from 
20 to 154 mg. at an initial acid concentration of 6-6N. The results are more 
easily reproduced and the method is recommended for general use. r . e . s .

Tocopherol, Colorimetric Determination of. C. Domart. (A nn. p h a rm . 
/r a n g ., 1952, 10, 199.) The determination depends upon the oxidation of 
tocopherol in ethanolic solution by ferric chloride. The quantity of ferrous 
ions produced is estimated from measurements of the stable red colour formed by 
reaction with a:a'-dipyridyl. The wavelength of maximum absorption is 522 
r a p  and Beer’s law has been found to apply. Ferric chloride also absorbs in 
the red region of the spectrum, but the excess may be removed by the addition 
of potassium fluoride which forms a colourless complex provided the pH is not 
less than 3-2. The dipyridyl ferrous colour being stable within the pH range
3-5 to 8-5, it is convenient to carry out the determination at about pH 4T. The 
following procedure is recommended. To an ethanolic solution of tocopherol 
add 1 ml. of a 0-2 per cent, ethanolic solution of ferric chloride, shake, add 1 ml. 
of a 05 per cent, ethanolic solution of a:a'-dipyridyl, shake and allow to stand 
for 8 to 10 minutes. Add 2 ml. of a 0-5 per cent, ethanolic solution of potassium 
fluoride, shake, allow to stand for 2 minutes, add 5 ml. of buffer solution at pH 
4T and dilute to 25 ml. with ethanol. Determine the red colour by comparison 
photoelectrically with a similar solution prepared without tocopherol (Meunier 
instrument, filter No. 49). The tocopherol content is read from a standard 
curve. 1 G. b .

GLYCOSIDES, FERMENTS AND CARBOHYDRATES
Cardiac Glycosides, Paper Chromatography of. C. H. Hassall and S. L. 
M artin. (/. chem . S o c ., 1951, 2766.) The procedure is described, and the 
R f values are recorded for the cardiac glycosides using a variety of solvent 
mixtures. The results indicate that all the glycosides investigated may be 
identified by this procedure when suitable solvents are employed. a . h . b .

GUMS AND RESINS
Resins, Paper Chromatography of. J. S. Mills and A. E. A. Werner. 

(N a tu re , L o n d ., 1952, 169, 1064.) The work deals with the application of paper 
partition chromatography to the identification of natural resins and the separa­
tion of the constituents, with particular reference to dammar and mastic. 
The separation can readily be achieved in a reversed-phase system using odourless 
kerosene (boiling range 170° to 200° C.) as the stationary phase on the filter 
paper and aqueous wopropanol saturated with odourless kerosene as the mobile 
phase. A descending chromatogram is used and details of technique are given; 
the strips are dried, developed by spraying with a 50 per cent, w/v solution of 
phenol in carbon tetrachloride and exposing to bromine vapour for a short 
period. Resin components which give a positive Halphen-Hicks test show as 
coloured zones varying from pink to violet. Dammar, mastic, sandarac, 
rosin, elemi and copal, give characteristic chromatograms which may be dis­
tinguished by the number, colour and R F values of the coloured zones. R. e. s .
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ORGANIC CHEMISTRY
(Estrone, Purification of. H. B ra u n s b e rg .  { N a tu r e ,  L a n d . ,  1952,169, 967.) 

Traces o f an impurity are revealed when the p-nitrobenzeneazodimethoxyaniline 
(fast black salt K) derivative of commercial cestrone is submitted to  paper 
chromatography by the m ethod of Helftmann. The impurity, which yields a 
blue spot o f lower R P value than the pink dye due to the cestrone derivative, may 
be equilenin which gives a blue spot of similar R F value. The impurity may be 
removed by partition chromatography on celite-scdium hydroxide columns.

G. B.

Visnagan, Crystalline. E. S m ith , L. A. P u c c i and W. G. By w a te r . { S c ie n c e ,  
1952, 115, 520.) An optically active extract o f the seeds of A m m i  v i s n a g a  L. 
from which khellin and chellolglycoside had been removed was submitted to 
chromatographic analysis, using optical activity and ultra-violet absorption 
as a guide to selecting eluted fractions. An am orphous product, [a]D +  16° was 
re-chromatographed and crystalline visnagan, obtained from  a central fraction 
by crystallising from  methanol a t 4° C. on prolonged standing, and recrystallised, 
had the following characteristics:—m.pt., 8 6 ° to  8 8 ° C., [a]D +  12-5°, molecular 
weight, 373. Its vasodilatatory effect in isolated rabbit hearts was 8  times as 
great as that of khellin. A further chromatographic fraction, [a]D +  50°, 
yielded a crystalline compound of m.pt. 157° to 159° C., [a];, +  96°, and molecu­
lar weight 276. The ultra-violet absorption spectrum closely resembled that of 
dihydrokhellin. This substance appeared to be a dihydrofuranochromone. 
In isolated rabbit hearts this substance was as potent a vasodilator as khellin.

G. B.

B IO C H E M IS T R Y
GENERAL BIOCHEMISTRY

Noradrenaline and Accessory Chromaffin Tissue. D. M. S h e p h e rd  and 
G. B. W est. { N a tu r e ,  L o n d . ,  1952, 170, 42.) Following the finding that the 
collection of chromaffin tissue in babies, known as the organs of Zuckerkandl, 
contains large amounts of noradrenaline, experiments were conducted { a )  to 
confirm that a sympthomimetic substance is present in accessory chromaffin 
tissue of animals, and (6 ) to identify such a substance by biological and chrom ato­
graphic methods. The results indicated that large amounts of noradrenaline 
may be found in the retro-peritoneal tissue of young dogs rabbits, guinea-pigs 
and cats, exceeding in some cases the am ount found in the suprarenal glands. 
These additional chromaffin structures must perform some autonomic function 
early in life, possibly the maintenance of blood pressure. As the animal grows 
older and the suprarenal medulla matures, so the amine content of this accessory 
tissue declines. Extracts of the carotid bodies and of the aortic bodies of rabbits, 
cats and guinea-pigs did not yield any sympathomimetic material ; this may be 
explained by the fact that chromaffin tissue is not necessary for the production 
of adrenaline and noradrenaline. Precursors of noradrenaline, such as hydroxy- 
tyramine and dihydroxyphenylalanine were not detecied in any of the extracts.

s. l . w.

BIOCHEMICAL ANALYSIS
Dried Plasma, Water Content of. H . S a g e r . { P h a r m . A c t a  H e l v e t . ,  1952, 

27, 121.) The activity of a  comparatively stable product such as diphtheria 
anti-toxin decreases much more rapidly in the form  o f a solid containing 5  to
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8  per cent, o f water than when in solution. Thus the water content o f such 
materials is o f great importance for stability. It has been shown that under 
tropical conditions large quantities o f water are able to penetrate through 
rubber bungs. When removing water by freezing, 3 factors are im portant in 
order to attain a low final water conten t: the thickness of layer o f the frozen 
product must be as uniform as possible; the cooling at the beginning of drying 
must be sufficient to  avoid water inclusions; and de-mixing in the form of 
separation of pure ice on the walls o f the container must be avoided, as this 
prevents the direct contact of the product with the walls. The minimum 
residual moisture content depends on the temperature o f the condensing 
surface, the maximum permissible temperature for the product, and the vapour 
pressure curve of the product. F or the determination of water content, 3 
methods were compared—the U.S.P. method (phosphorus pentoxide), the 
Thomann and Kaelin method (distillation with xylene) and the Karl Fischer 
method. The results obtained diverged considerably. Moreover all these 
methods have the disadvantage that the contents o f the container, after removal 
o f the sample, cannot be used for transfusion. The author is attem pting to 
develop a new method based on the measurement o f vapour pressure, which 
rises very steeply with increase in water content. The starting point is a 
“physically dry” plasma prepared at a plasma temperature o f +  50° C., using 
a condenser cooled with liquid air. Results o f these experiments are to be 
reported later. g . m .

Hydrazine Derivatives of tsoNicotinic Acid in Blood, Determination of.
S. H . R u b in ,  L . D r e k te r ,  J . S c h e in e r  and E . de R i t t e r .  ( D i s .  C h e s t . ,  
1952, 21, 439). A  colorimetric method is described for the determination of 
blood plasma levels o f ¿vonicotinic acid and its derivatives, the hydrazide and 
the isopropyl hydrazide. The substance is converted to /son icotin ic  acid and 
determined colorimetrically by the reaction with 1 0  per cent, cyanogen bromide 
and ammonia described for nicotinic acid (/. A m e r .  p h a r m .  Ass., S c i .  E d . ,  1951, 
40, 513); the hydrazide derivatives, which yield relatively slight colour p e r  se, 
are converted to fsonicotinic acid by treatment o f the protein-free plasma with 
permanganate. A blank determination to correct for non-specific colour can 
be made by assay of a control sample taken before dosage or the blank can be 
estimated by the reaction with 3 per cent, cyanogen bromide and metol, in 
which ¿wnicotinic acid yields no colour. Details o f the procedure are given. 
Results are given of plasma levels over a 24-hour period after a single oral 
dose for dogs having 3-5, 7, or 14 mg./kg. and for humans receiving up to
3-4 m g./kg. of i'sonicotinyl hydrazide and isopropylhydrazide. Maximum 
plasma levels were found within one-half to 2  hours after the dose and declined 
rapidly. N o significant am ount o f either compound was found in the plasma 
after 24 hours. R. E. s.

isoNicotinyl Hydrazide in Biological Fluids, Estimation of. J. M . K e lly  
and R . B . P o e t .  (A m e r . R e v .  T u b e r c . , 1952, 65, 484). Two methods are 
described for the estimation o f ¿wnicotinyl hydrazide in blood plasma or 
urine. The substance is extracted from  alkalinised plasma or urine into an 
isoamyl alcohol-ether-ammonium sulphate system and subsequently estimated 
either spectrophotometrically or colorimetrically after extraction into 0 -IN  
hydrochloric acid. The spectrophotometric method using the absorption 
peak in the ultra-violet at 266 m/x is reliable for concentrations of 5 /xg./ml. in
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plasma and 20 /ig./m l. in urine. The colorimetric m ethod using p-dimethyl- 
aminobenzaldehyde as the reagent has a lower limit in plasma of 1 /xg./ml. and 
5 ixg./ml. in urine. Details o f procedure are given; blank determinations on 
the biological material are necessary. R. e. s.

Penicillin in Culture Fluids, Determination of. A . E e l o f f - C h a in  and
F . D e n t ic e  D ’A c c a d ia .  (A n a l y s t , 1952, 77, 423). A rapid iodimetric 
m ethod o f determining penicillin in culture fluids or crude preparations is 
described. The penicillin is extracted from an aqueous phase with amyl acetate 
a t p H  2 and is re-extracted from an aliquot o f the amyl acetate solution by a 
known volume of phosphate buffer at pH  7. The penicillin is then assayed by 
the iodimetric titration method, details o f which are given. A  blank determin­
ation must be made to correct for substances other than penicillin present in 
the culture fluid that are extracted and that take up iodine under the specified 
conditions ; in addition some of the inactivation products o f penicillin are 
extracted by amyl acetate and take up iodine, and a correction factor depending 
on the penicillin present in the original broth must be subtracted from the 
titration value of the blank. Results on culture fluids are given and it is 
concluded that for all normal routine penicillin fermentation work the rapid 
assay is sufficiently accurate between the limits of 150 and 1200 I .U ./m l.; at 
concentrations o f less than 150 I.U ./m l. it is advisable tc use the biological 
assay m ethod; above 1200 I.U ./m l. it is necessary to  dilute the culture fluid 
before assay. R. e. s.

Urinary 17-Ketosteroids, Analysis of. B. M . B ra y . >A n a ly s t ,  1952, 77, 
426). An examination of the methods available for the preparation of crude 
urine extracts for 17-ketosteroid analysis has been made. 3 methods for 
isolating the ketonic fraction from a mixture o f urinary steroids by means of 
G irard’s reagents were compared with respect to reprocucibility, the time 
required for the formation of the hydrazone and the degree o f  dryness necessary 
in the reaction mixture. Condensation with G irard’s reagent T for 3 minutes 
in a bath of boiling water gave an average recovery of 95 per cent, for amounts 
o f dehydro-i.wandrosteronc between 0-5 and 2;5 mg. and 94 per cent, for the 
same steroid added to  a urinary extract. G irard’s reagent P gave lower results. 
Drying the urinary extract for 12 to 36 hours in  v a c u o  did not improve the 
recovery. The m ethod of Talbot e t  a l  (/. b io l .  C hem ., 1940,132, 595) was used 
for the hydrolysis of the hydrazone; for the estimation of the sterone 
Zimmermann’s reaction was used. r . e . s.

Vitamin A, Reproducibility of Geometrical Correction Procedures in the 
Spectrotrophotometric Estimation of. H . H . B a g n a l l  and F . G. S to c k . 
(A n a ly s t , 1952, 77, 356). Recent assessments o f the precision of geometrical 
correction procedures for the spectrophotometric estimation of vitamin A are. 
discussed. Results are given for correction procedures as applied to halibut 
liver o ils; for the estimation o f vitamin A, the method of the B.P. Addendum 
1951 was followed except that all three correction equations recommended by 
Cama (B io c h e m . / . ,  1951, 50, ¿ 8 ) were used with each o f three separate weights 
o f oil dissolved in cyc/ohexane so giving 9 “corrected” values for £ 'i ^ r cent- at 
327-5 to 328 mp,. The fiducial limits (P =  0 05) o f the mean of the 9 values 
from  ±  0-60 to ±  2-33, with average value ± 1 -1 7  (intra-laboratory). Results 
were then calculated. The P =  0 05 fiducial limits o f the mean o f 9 values for 
the corrected E \  ccr,t a t 328 m/a, expressed as a percentage of the mean, varies 
are also given of a small scale inter-laboratory test. r . e. S.
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C H E M O T H E R A P Y
Diphenylmethane and Diphenylamine, Some Alkylamino Derivatives of.

G. B e n o it  R. D e la v ig n e  and F. E lip o u lo .  { A n n . p h a r m .  f r a n g . ,  1952, 10, 
181.) Diphenylmethane derivatives o f the general formula (C6 H 5)2 H C (C H 2)n- 
N(C 2H 5)2, HC1 were prepared where n  =  1 to 6  and 10. Com pound n  =  1 
was prepared by catalytic reduction o f diphenylacetonitrile in the presence of 
Raney nickel, followed by ethylation. Com pound n  =  2 was made by the 
interaction of diethylaminochloroethane and the sodium derivative o f diphenyl­
methane, and a similar process was applied for com pound n  =  3. Compounds 
n  =  4 and 5 could not be obtained in this manner because cyclisation occurred. 
They were prepared from  the phenoxyalkyl bromide by reaction o f the mag­
nesium derivative with benzophenone, followed by dehydration o f the tertiary 
alcohol produced and hydrogenation o f the double bond. The phenoxy group 
was removed with hydrogen bromide and the product heated in a sealed tube 
with diethylamine. A corresponding series o f derivatives o f diphenylamine of 
the general formula (C6 H 5) 2 N  (CH2)n (C2H 6 ) 2 was prepared. The lower members 
were obtained by condensation of diphenylamine with the appropriate diethyl- 
aminoalkyl chloride in the presence o f sodamide. F or the higher members o f 
the series the phenoxy derivative was heated with hydrochloric acid in a sealed 
tube and the product treated with diethylamine. The antiacetylcholinic and 
antihistaminic activities o f the diphenylamine derivatives were much less than 
that o f the corresponding members of the diphenylmethane series. g . b .

Phenyl Esters of jB-Dialkylaminopropionic Acids as Antispasmodics. T. O.
S o in e  and F. E. D iG a n g i.  ( /. A m e r .  p h a r m .  A s s . ,  S c i .  E d . ,  1952, 41, 236.) 
Derivatives o f phenyl propionate o f the type

r < 3 o o c c h * c h ’-r '
where R  =  —NOa, —N H 2, —N H C O -C H 3, or —H  and IT =  diethylamino, di-n- 
propylamino, di-n-butylamino, di-n-amylamino, di-isoamylamino and piperidino 
were prepared. p-Nitrophenyl 6 -chloropropionate was made by heating ,9-chloro- 
propionyl chloride with p-nitrophenol and magnesium in benzene, and purified. 
The /3-dialkylamino derivatives were prepared by heating this substance under 
a reflux condenser with the dialkylamine in ether, filtering, drying the ethereal 
solution with sodium sulphate, adding a  solution o f hydrochloric acid in ether 
and crystallising. Corresponding p-amino compounds were prepared by reduc­
tion with hydrogen in the presence of palladium on charcoal and ethanolic 
hydrogen chloride. The p-acetylaminophenyl compounds were prepared from 
p-acetylaminophenyl chloropropionate, obtained by catalytic reduction o f the 
nitro compound, and reaction with acetic anhydride. Melting points and 
analytical data are given. p-Aminophenyl ,3-dialkylaminopropionates showed a 
moderate antispasmodic activity, and the other compounds are undergoing 
pharmacological testing. a .  b .

Sulphonamides: Relative Potencies and Specificity of. J. F ra n c is .  ( B r i t .
J .  P h a r m a c o l ,  1952, 7, 189.) The relative potencies of the common sulphon­
amides and of 4 :4 /-diaminodiphenyl sulphone were compared in  v i t r o  against 
a num ber of pathogens. Though not a “ sulphonamide,” the sulphone was 
included because its action is strongly antagonised by p-aminobenzoic acid. 
The compounds were divided into a non-heterocyclic group (sulphanilamide, 
sulphaguanidine and sulphone) and a heterocyclic group (sulphapyridine,
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sulphamezathine, sulphamerazine, sulphadiazme and sulphathiazole). The 
sulphone was more active than any other compound against S ir . pneum onia  
and Str. pyrogenes, with the exception of sulphathiazole Against all other 
organisms (P ast, sep tica  B act. coli, Salm . cholera suis, N . gonorrhoea, N . mening­
itidis) the non-heterocyclic compounds were less active than the heterocyclic. 
The latter group were nearly always placed in the same order of activity, sulpha- 
pyridine being the least potent and sulphathiazole the most p aten t; the exceptions 
were sulphamezathine against S tr . pyrogen es and sulphadiazme against N . 
gonorrhoea. There was no difference in the action c f  sulphamerazine, sulpha­
diazine and sulphathiazole against B act. coli, whereas tnere was a fivefold 
difference with some other organisms. In the most satisfactory series of 
experiments the average sulphanilamide coefficient of the heterocyclic sulphon- 
amides was only 2-3 against streptococci but 139 against Salm . cholera suis 
and 36 against B act. coli. s. L. w.

P H A R M A C Y

G A LE N IC A L PH A R M A C Y

Hyoscyamine, Racemisation of, in Preparation of Dry Extract of Belladonna.
L -E . F r y k lo f .  (P harm . A c ta  H elve t., 1952, 27, 175.) The rotation of the 
alkaloids in belladonna extract may be determined by extracting an alkaline 
mixture of the extract and kieselguhi; with chloroform, and passing the solution 
through a column of kieselguhr, which absorbs the alkalo ds. They can then 
be extracted with chloroform saturated with am monia and, after passing through 
a layer of alumina, the colourless solution can be used foi a determination of 
the optical rotation, while total alkaloids may be determined by titration after 
removal o f the ammonia. Application of this m ethod has shown that, while 
slow drying of the extract at 100° C. leads to a considerable am ount of 
racemisation, drying at 60° C. for 24 to 48 hours has no such effect, while 8  

hours at 80° C. is also permissible. In this respect the 'e  is practically no 
difference between an extract containing chlorophyll and one freed from it.

G. M.

NO TES A N D  FORMULAE

Piperazine (Estrone Sulphate (Sulestrex Piperazine). (N ew  and N on­
official R em edies, J . A /ner. med. A ss., 1952, 149, 443.) Piperazine cestrone 
sulphate is an equimolecular compound of piperaz.ne and oestrone sulphate 
stabilised by the addition o f a small am ount o f free piperazine. It is a fine, 
white to creamy-white, odourless, crystalline powder, slightly soluble in water 
and ethanol. It melts between 185° and 195° C. to a light brown syrup, which 
solidifies on further heating and finally melts at about 2 hT‘ to 250° C., with 
decomposition. When dissolved in water and boiled with a solution o f quinone 
in ethanolic acetic acid, a currant-red colour appears. When heated with a 
solution of /8 -naphthol in sulphuric acid, cooled, and diluted with water, an 
orange-yellow colour appears which becomes red-orange on further heating. 
When dried at 105° C. for one hour, it loses not more than 10  per cent, o f its 
weight; it yields no t more than 01  per cent, o f  sulphated ash. It contains 
cestrone 56 0 to 63 0 per cent., equivalent to 90-4 to 101 -7 per cent, o f piperazine 
oestrone sulphate, and nitrogen 6-4 to 7 0 per cent. The cestrone is assayed by 
heating an aqueous solution with hydrochloric acid, extracting with benzene,
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treating the residue from the benzene solution with a solution o f phenol in 
sulphuric acid, and determining the optical absorption at 5220 A o f this 
solution and o f solutions prepared similarly from  standard cestrone. The 
nitrogen is assayed by a semi-micro Kjeldahl method. G. R. k .

P H A R M A C O G N O SY

Colchicum  autum nale, Alkaloidal Content of. F. S a n ta v y  and T. 
R e ic h s te in .  (P h a r m . A c t a  H e l v e t . ,  1952, 27, 71.) In the spring, when the 
first leaves are showing, old corms of C o lc h ic u m  a u tu m n a le  contain 3 times as 
much total alkaloid as in autumn, and 14 days later the am ount is still greater. 
The largest am ount is o f substance F, followed by colchicine and finally sub­
stance G. Some months later the content in the old corms is reduced, as they 
atrophy considerably and the new ones grow: only small amounts of colchicine­
like substances could be isolated. A t the time of ripening of the seeds the old 
corms were so much atrophied that they could not be analysed; the young ones 
¿ontained the same substances as later, in the autumn. Small amounts of 
another com pound—substance S were found. Ether-soluble alkaloids were 
present especially in old corms in the spring months. The results show that in 
Central Europe the harvesting is most profitable during flowering in au tum n: 
although there is a greater percentage of alkaloids in old corms, in spring, they 
are more difficult to find, and moreover the corms are larger in autum n and the 
total am ount of alkaloid is greater. g . m .

Digitalis, Occurrence of Free Genins in. F. N e u w a ld . { A r c h . P h a r m .  B e r l . ,  
1952, 285, 22.) Although free genins are often stated to be present in digitalis 
leaf, the evidence for this is not decisive, and there are no enzymes in the leaf 
capable of splitting the glycosides of the digitoxin stage into genins and digitoxose. 
In order to decide this question the genin-glycoside fraction (free from digitoxose) 
was extracted, and assayed by the modified genin m ethod of the author (depend­
ing on the genin content) and by the digitoxose method of Soos. Tests were 
carried out on 3 samples of the drug which had been stored under different 
conditions and contained about 10 per cent, o f water. The agreement between 
the 2 methods was very good and indicates that free genins were absent in the 3 
samples, within the limits o f accuracy of the photometric determination ( ± 2  per 
cent.). g . m .

Ergot, Alkaloidal Content of Naturally Occurring. L. F u c h s . { S c ie n t ia  
P h a r m . ,  1952, 20, 1.) Samples of natural (wild) ergot were assayed by the 
method o f Fuchs for water-soluble and insoluble alkaloids. M ost of the 67 
samples contained less than 100 mg. per cent, of insoluble alkaloids. Some 
samples from localities where artificial inoculation had been carried out in the 
same season showed a considerably higher content (up to  252 mg. per cent.) 
but this appeared to be a secondary infection, since elsewhere in the same region 
ergot was found which was almost alkaloid-free. There also appear to be other 
strains of ergot which are distinguished from one another by the content of water- 
soluble alkaloids. Thus all samples from  Lower Austria showed less than 20 mg. 
per cent, (generally less than 1 0  mg. per cent.), while most of those from 
Steiermark contained more than 20 mg. per cent, and up to 39-5 mg. per cent, 
o f water-soluble alkaloids. g . m .
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P H A R M A C O L O G Y  AND TH ER A P EU TIC S
p-Aminosalicylic Acid, Effect on the Allergic Process. E. R .T re h e w ie . { M e d .

J .  A u s t . ,  1952, 1, 638.) Sodium salicylate and acetylsalicylic acid have been 
previously found by the author to  inhibit the release of histamine from the lungs 
of sensitised guinea-pigs by the sensitising antigen, egg albumen, and experiments 
were made to discover whether p-aminosalicyhc acid also had an anti-allergic 
effect. Guinea-pigs were sensitised with crystalline egg albumen, and the 
antigen was injected immediately after being dissolved in Tyrode solution,' 
containing the salicylate compound, in the same concentration as in the perfusing 
fluid. Samples of the perfusion fluid were collected 5 minutes before and 0 to  10 
and 10 to  15 minutes after intra-arterial injection c f  5 mg. o f the egg albumen. 
The samples were immediately boiled and the histamine determined on the isola­
ted jejunum of the guinea-pig. The results are tabulated and show that p-amino- 
salicylic acid is a powerful inhibitor of histamine release. The author suggests 
that the anti-allergic activity of p-aminosalieylic acid may be of therapeutic 
importance in tuberculosis. Since completion of this worlc evidence has been 
published that in some tuberculous patients antihistaminics cause an extremely 
rapid and unexpected subsidence of the pathological process while histamine 
stimulates the growth of tubercle cultures. It is suggested that p-aminosalicylic 
acid may be of value in certain allergies in which antihis:amines fail because 
inhibition of the antigen-antibody response might be expected to block a wider 
variety of effects. h . t . b .

Basic Ketones and Related Compounds, Pharmacology of. P. B. M a rs h a ll ,
N. A h m a d  and R. E. W e s to n . ( B r i t .  J .  P h a r m a c o l . ,  1952, 7, 85.) The 5 
series of compounds investigated included: /t-cialkylaminokctones, bispidines, 
-/-dialkylaminoketones, y-dialkylaminobutyramidines and 2 -(y-dialkylamino- 
propyljdihydroglyoxalines. M ost are spasmolytics having non-specific direct 
action on plain muscle. 2 compounds (C6 H 6 )2C H C O C H 2 CH 2N R 2, where 
R  =  CH a and C 2H 5, possessed fairly high activity. Many of the compounds 
have well-marked local anaesthetic action. Intracutaneously in guinea-pigs, 
10 compounds showed greater activity than procaine while two of the jS-di- 
alkylaminoketone series proved to be half as active as cinchocaine. One 
compound, in the bispidire series, containing a /3-chloroer.hyl group attached 
to nitrogen, showed some protective action against lethal doses of adrenaline in 
mice. Its potency is about 1/16th that o f dibenamine. None o f the compounds 
was found to have any analgesic or neuromuscular blocking action or very 
marked action on blood pressure, spleen volume and respiration. J. r . f .

Chloramphenicol Administration, Fatal Aplastic Ansemia Following. L. A.
H a w k in s  and H. L e d e re r  ( B r i t .  m e d .  J . ,  1952, 2, 423), B. W o lm a n  ( B r i t ,  
m e d . J . ,  1952, 2,426), R . K. S m iley , G. E. C a r tw r ig h t  and M. M. W in tr o b e  
( J .  A m e r .  m e d .  A s s . ,  1952, 149, 914), and P. S tu rg e o n  (J. A m e r .  m e d .  A s s . ,  
1952, 149, 918). 1 adult and 8  child cases of fatal aplastic anaemia following 
chloramphenicol therapy are described in the 4 papers. W olman describes 1, 
Smiley e t  a l . 2, Hawkins and Lederer 2, and Sturgeon 4 cases. The British 
papers report prolonged treatment with large doses (44 days, 28 g. Hawkins and 
Lederer), the American papers report intermittent and prolonged treatment. 
Sturgeon reports 1 case where another drug, an antihistaminic, which has been 
known to  produce the disease, was administered for 1  day only, and 2  cases 
where exposure to organic solvents and dyes occurred. The other authors
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state tha t no drug, known to produce the disease, was given during the anti­
biotic treatment. Hawkins and Lederer administered adrenocorticotrophic 
horm one to both of their patients, 1 and 3 days before death. The hormone 
had  no apparent effect, but no conclusions are drawn, as the period of adminis­
tration was too short. W olman and the American authors suggest that as the 
drug has not produced the anæmia in a large number of cases a  small number 
of persons must possess an idiosyncrasy to it. Smiley e t  a l . report that both 
cases treated by them had a history of allergic manifestations. All the authors 
conclude that as no other drug with known aplastic anæmia-producing proper­
ties had been used during treatment, and as chloramphenicol was the common 
factor, its nitrobenzene radical, which is a known hæmopoietic toxin, is responsi­
ble for the disease. Prolonged treatm ent is not advised and the possibility of 
idiosyncrasy should be borne in mind. j. r . f .

Choline Group, Studies of the Structure-action of Related Compounds. H. R.
In g , P. K o r d ik a n d D .  P. H. T u d o r  W illia m s . { B r i t .  J .  P h a r m a c o l . ,  1952, 7, 
103.) Several groups of substances all related in structure to acetylcholine have 
been tested on cat blood pressure, rabbit auricles, guinea-pig ileum, frog heart 
and rectus abdominis. 3 isomeric keto-amyltrimethylammonium iodides ex- 
hibted primarily nicotine-like activity, the 4-keto-compound possessing the 
greatest and the 2-keto-compound the least activity. Both the 4-keto and 3-keto- 
com pounds were equipotent with acetylcholine in producing contracture of the 
frog’s rectus abdominis. The action of the 2-keto-compound was considerably 
weaker. All 3 produced muscarine-like effects, the 4-keto-compound being 
consistently the most potent. These effects were largely due to stimulation of 
ganglion cells since they were considerably reduced by hexaméthonium iodide. 
A comparison of 3 isomeric ethers :— O-ethylcholine, O-methylhomocholine and 
0 -«-propylformocholine, showed that the O-ethylcholine has the most potent 
muscarine-like activity and that the activities of the other two compounds were 
alike and resembled those of /z-amy I-tri méthylammonium more closely than 
those of choline ethyl-ether. In a furfuryl series, 5-methylfurfuryltrimethyl- 
ammonium iodide was found considerably more active in its muscarine-like 
effects than furmethide. Of other compounds investigated, the homologues, 
acetoxyethyl dimethyl-n-propyl- and acetoxyethyldimethyl-/z-butyl-ammonium 
iodides, of acetoxyethyldimethylethylammonium iodide, unlike the latter, 
exhibited only feeble activities and the activities o f the sulphur analogue of 
acetylcholine (acetoxyethyldimethyl-sulphonium) were consistently less than 
those recorded for acetylphosphocholine. j . r . f .

Dextran in the Treatment of Blood Loss and Shock. J. S. W ilso n , E. H. 
E s te s , J r . ,  J. T. D o y le , W. L. B lo o m  and J. V. W a rre n . { A m e r .  J .  m e d .  
S c i . ,  1952, 223, 364.) The immediate product o f the fermentation of sucrose by 
L e u c o n o s to c  m e s e n te r o id e s  is a viscous mass consisting o f very large dextran 
molecules. By partial acid hydrolysis the molecules are broken down into 
smaller units and the authors used a product, fractionated by means o f ethanol, 
in which the average molecular weight was about 70,000, comparable to  that of 
hum an albumin. I t is not known whether the untoward reactions obtained in 
m an with some varieties o f dextran are related to  the size of the molecules they 
contain. The product was administered as a 6  per cent, solution in norm al 
saline solution. A  preliminary test was carried out on 5 normal healthy men, 
the systemic and the pulmonary arterial blood pressures, the cardiac output and 
the blood volume being determined before the experiment, after withdrawal of 
450 to 900 ml. of blood, and again after injecting 500 ml. of dextran solution. In
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4 cases cardiac output was again determined 45 to 60 minutes later. The bleed­
ing produced a fall in systemic arterial blood pressure only in the subject from 
whom 900 ml. o f blood was taken. N o appreciable alteration in cardiac output 
occurred in any, and all showed a fall in pulmonary arterial pressure and the 
blood volume. The dextran injection resulted in a return to or above normal in 
all the factors investigated, apart from the dilution effect. 52 patients with 
clinical shock were subsequently treated with 500 ml. o f the dextran solution. 
There was a prom pt disappearance of clinical signs of shock in 44; o f these, 10 
subsequently received a blood transfusion and in no instance did the dextran 
interfere with the typing or cross-matching of the blood. Satisfactory clinical 
improvement was obtained in all cases with shock due to  blood loss, traum a and 
dehydration. In patients with cerebral traum a or severe infection the results 
were poor. In general the results were essentially the same as might have been 
expected from plasma transfusion, and dextran is regarded as a convenient, 
reaction-free alternative which offers the advantages of large scale production 
and stability on storage. H . t . b .

Diaminodiphenylsulphone (Dapsone), Treatment of Leprosy with. E. M u ir . 
( T r a n s ,  r o y .  S o c .  tr o p .  M e d . ,  1952, 46, 113.) Diaminodiphenylsulphone is 
administered orally, starting with about 1 0 0  mg. twice a week, gradually in­
creased to 100 mg., 4 times a week. A marked improvement in the bacteriologic­
al index of the patients may be observed, especially when treatment commences 
early. In more advanced cases, especially when reaction-anaemia complex is 
present, initial dosage must be carefully controlled, and where there is a serious 
reaction to the drug, adrenocorticotrophic hormone or vitamin B 12 may be 
useful for controlling the condition. A lepra reaction, similar to the ordinary 
lepra reaction which occurs without treatment may be induced by large doses 
and this is accompanied by rapid destruction of the bacilli and consequent 
improvement in the bacteriological index. Thiosemicarbazcne, streptomycin 
and chaulmoogra oil or esters may be used in conjunction with sulphone therapy. 
The effectiveness of diaminodiphenylsulphone in small doses is due to its almost 
complete absorption when given by mouth, and the slow rate o f its excretion. 
The effect of the substituted derivatives promin, diasone and sulphetrone is due 
to the diaminodiphenylsulphone which they liberate before or after absorption 
and consequently they are uneconomical and less certain in action. Treatm ent 
in early and moderately advanced cases needs cnly a m ininum  of medical 
supervision, so that the drug could be widely used in endemic areas, g . b .

2 :4-Diaminopteridines and Sulphathiazole, Activity of, Against S t r e p t o c o c c u s  
f s e c a l i s  and S t a p h y l o c o c c u s  a u r e u s .  H. O. J. C o l l ie r  and P. D. W a te r -  
h o u se . ( B r i t .  J .  P h a r m a c o l . ,  1952, 7, 161.) The activities in  v i t r o  of 27 
2 :4-diamino-pteridines against 4 strains of S i r .  fc e c a l i s  were studied. Greatest 
activity was shown in the dialkyl compounds with straight o r branched chains 
containing 3 to 6  carbon atoms, and also depended on the substituents being in 
the 6  and 7 positions. Higher activity was found against strains requiring pre­
formed pteroglutam.c acid than against strains able to synthesise this nutrient. 
The addition of sulphathiazole potentiated the inhibitory effects upon the latter. 
The inhibitory effect of dibenzylpteridine on S t r .  fc e c a l is  was not antagonised by
5 per cent, human urine. 18 2 :4-diaminopteridines were examined in  v i t r o  
against a strain of S ta p h ,  a u r e u s . The dibenzyl, dicye/ohexylmethyl compounds, 
and the 6 :7-dialkyl compounds with unbranched side chains, exhibited greatest 
activity. The salts o f the dibenzyl com pound had toxicity similar to
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sulphathiazole when administered intraperitoneally to  mice. The phosphate 
was found to act synergistically with sulphathiazole both in  v i t r o  and in pro­
tecting mice against S t a p h ,  a u r e u s  infections. j. r . f .

Hexamethonium and Apresoline, Caution in the Use of. K. S. G r im s o n ,
E. S. O rg a in , C. R. R o w e and H. A. S ie b e r. (7. A m e r .  m e d .  A s s . ,  1952, 149, 
215.) Hexamethonium (methium) is an orally effective ganglionic blocking 
agent. Apresoline (1-hydrazinophthalazine hydrochloride) is a weakly adreno­
lytic and sympatholytic agent with several complex actions. The former may 
well prove a valuable drug in the treatm ent of hypertension, while the latter 
although a less potent antihypertensive agent might aid the treatm ent o f disorders 
such as toxaemias of pregnancy or early malignant hypertension. Both drugs 
may produce untoward results and the following precautions should be noted 
in their use. Therapy should be instituted slowly during observation in a hos­
pital and should be preceeded by thorough physical examination including 
retinoscopic study to exclude papilloedema with associated encephalopathy 
and hazard of respiratory arrest from sudden reduction of blood pressure. The 
heart and kidneys should also be examined since coronorv disease makes marked 
hypotension or tachycardia hazardous, and reduction o f pressure can precipitate 
uraemia. In  patients with encephalopathy or damaged myocardium, the drugs 
should be used cautiously and in small doses. Patients previously treated by 
sympathectomy usually tolerate smaller doses and should receive very small 
initial doses. Patients should be warned of untoward effects and told to vary 
the dose as necessary. Salt-depletion diet with hexamethonium has resulted in 
low-salt syndrome and barbiturates used with apresoline have caused excessive 
drowsiness. With either drug, tolerance for ethanol may be decreased. Com­
bined use of hexamethonium and apresoline is under trial, with hexamethonium 
usually being used first and apresoline being added after a week or m ore ; the 
procedure is associated with definite hazards. g . r . k .

isoNicotinyl Hydrazide. R. K n o x , K. S. M a c L e a n  and J. M. R o b s o n . 
( B r i t .  m e d .  J . ,  1952, 1, 1081.) The authors give a preliminary account o f their 
two m onths’ experience of the use of /sonicotinyl hydrazide in the treatment 
o f human tuberculosis. While confirming that the hum an tubercle bacillus 
(strain H37Rv) is sensitive to the drug in concentrations of the order o f 1 in 100 
million, they find that cultures are not sterilised but become increasingly resistant 
to  increasing concentrations, even without subculturing. A 3  to 4 weeks old 
culture has shown continuing growth in as much as 8  p g./ml. o f the hydrazide. 
Resistance to as much as 62-5 /xg./'ml. has been obtained after only three sub­
cultures. This increased tolerance can be delayed or abolished by culturing 
in the presence of streptomycin. Tests carried out on intracorneal tuberculosis 
in mice, using bovine and hum an strains o f the infecting organism, showed that 
if the drug was given in the diet in doses of 1 2  mg./kg. o f body weight per day 
the infection was apparently controlled completely but if treatm ent was dis­
continued after 4 weeks, lesions developed which were indistinguishable from 
those in untreated animals. Clinical tests on patients with long-standing 
fibro-caseous disease treated with Aonicotinyl hydrazide in comparison with 
similar patients given lactose showed striking subjective and objective clinical 
improvement during 6  weeks although the fall in the erythrocyte sedimentation 
rate was not commensurate w ith the clinical improvement. The authors suggest 
that efforts be made to find effective combinations of wonicotinyl hydrazide 
and other drugs or antibiotics in the hope of delaying the emergence of resistant 
strains. h . T - B -
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Sodium Antimonyltartrate in the Treatment of Schistosomiasis. B. G irg is  

and A. M a g id . { T r a n s .  R .  S o c .  tr o p . M e d .  H y g . ,  1952, 46, 81.) Forty cases 
of schistosomiasis were treated with varying dosages of sodium antim onyltartrate 
to determine the optimal dose and duration of treatment. F or an intensive 
course of treatment the optimal dose was found to lie between 1 2  and 15 mg./kg. 
of body weight administered in 6  equal injections over a period of 6  successive 
days. The smaller dose is recommended for patients who may be suffering 
from  moderate degrees of anaemia or other m inor ailments. Chronic rheumatic 
and syphilitic heart disease, emphysema and chronic bronchitis are not absolute 
contraindications provided the heart lesion is compensated and the injections 
are given on alternate days while the patient is at rest in bed s. l . w .

SuccinylchoHne, a Muscle-relaxant of Short Action. J .  G. B o u rn e , H. O. J. 
C o l l ie r  and G. F. S o m ers . (Lancet, 1952, 262, 1225.) The need for a drug 
capable of giving in the anaesthetised patient a brie: but complete muscular 
relaxation led to extensive tests of succinylcholine. The authors summarise its 
chemistry and pharmacology and comment on its freedom from toxicity. The 
drug was administered without misadventure to 546 patients ranging in age from 
3  to  8 6  years, and it was found to  be particularly valuable in short procedures 
such as intubation, electroconvulsive therapy and orthopcecic manipulation. 
It was also used to supplement relaxation when the effects of a long-acting 
relaxant were waning. Dosage ranged from 5 to 300 mg. in single injections, 
while up to 2300 mg. was given by intravenous crip  continued for 3 hours. In 
the majority of cases the duration of the relaxant effect of a single dose did not 
exceed 8  minutes, and in none did it exceed 15 minutes. Details are given of 4 
different ways in which succinylcholine was applied to abdominal surgery, 
namely as a supplement to curare or gallamine, as a supplement to decamethon- 
ium in some old and bronchitic patients, as the sole relaxant administered by 
frequently repeated injections and as the sole relaxant by continuous intravenous 
infusion. The drug differs from  decamethonium ir being destroyed by 
cholinesterases; neostigmine and other anticholinesterases therefore prolong its 
action. Although used as an antidote to rf-tubocurarine and gallamine, 
neostigmine would be worse than useless for succinylcholine. h . t . b .

Succinylcholine Chloride; Self-Experiments. O. K. M a y rh o fe r .  { B r i t .  m e d .  
J '., 1952, 1, 1332.) Self-experiments were carried out by the author to prove 
the specific action of succinylcholine chloride on the skeletal muscle of man, its 
safety as a curarising agent for use in anaesthesia, and its freedom from  undesir­
able side effects. The substance was used in the form  of 5-ml. ampoules 
containing 2 0  m g./m l. of the dihydrate. 6  tests, spread over several days, 
showed that the muscular paralysis produced on intravenous injection was 
regular, quick in onset and short in duration. In 3 experiments the injection 
was given quickly (within 2 seconds), the dose varying between 0-125 and 
0-375 m g./kg. of body weight. In the next 2 tests the drug was injected slowly 
(within 2 minutes) in doses of 0-25 and 0-5 m g./kg. Finally a continuous drip 
was set up of a solution containing 2  m g./m l. in normal saline, in an attem pt to 
maintain a constant degree of relaxation and to  regulate the depth of muscular 
paralysis at will. N o medication other than oxygen by face mask was given. 
The action of succinylcholine chloride is due to the same mechanism as that of 
decamethonium, namely depolarisation of the end-plate region of the skeletal 
muscles, so that it is not counteracted by anticholinesterases. The com pound is 
destroyed rapidly in the body and no antidote is considered necessary. The 
paralysis lasts from  1 to several minutes according to the dose, and full respira­
tory power is recovered within 3 minutes after the first movement of the
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diaphragm, even following heavy dosage. N o side or after effects were observed. 
There were no attributable changes in blood pressure, pulse rate or electro­
cardiographic tracings. Consciousness was not lost. The small margin 
between the relaxing and the paralysing dose, and the rather painful muscle- 
twitching at the onset of its action when large doses are given, makes the drug 
unsuitable for use with analgesics; it should be used only by anaesthetists in 
conjunction with an anaesthetic machine. The possible uses are thought to 
be ( 1 ) to provide relaxation for abdom inal and thoracic surgery; (2 ) to facilitate 
endotracheal intubation; (3) to overcome severe laryngeal spasm; and (4) as an 
adjuvant in electric convulsion therapy. h . t . b .

Succinylcholine, Sensitivity to. F. T. E v a n s , P. W. S. G ra y , H. L e h m a n n  
and E. S ilk . ( L a n c e t ,  1952, 262, 1229.) The response to succinylcholine 
usually lasts for from 2 to 4 minutes, but it has been noted that an occasional 
patient fails to recover fully for much longer periods. Having had 2 patients 
who did not recover for 2 0  and 2 1  minutes respectively, the authors thought this 
alarm ing reaction might have been related to low cholinesterase levels in the 
patients’ red cells or serum. A study was therefore made of the enzymic 
hydrolysis of succinylcholine in  v i t r o , and. the serum-esterase level was measured 
in 4 people who showed a normal reaction to the drug, and in the 2 patients 
whose response was prolonged. D etails are given of the methods adopted. 
Blood contains 2 cholinesterases; “pseudo”-cholinesterase, present in the serum 
is unspecific for acetylcholine, while there is the true acetylcholinesterase in the 
red cells. It was found that the “pseudo” -cholinesterase level was very low in 
the 2 patients reacting abnormally. The in  v i t r o  tests shows that succinylcholine 
is not broken down by true acetylcholinesterase but that it is metabolised slowly 
by the “pseudo” -esterase. It is a competitive inhibitor of acetylcholine 
hydrolysis by both enzymes. I t is suggested that succinylcholine should not 
be administered to patients likely to have a low serum-esterase level, such as may 
be found in liver disease or severe anaemia and after poisoning with anti-cholin- 
esterase compounds. h . t . b .

Synthetic Sweetening Agents, Chronic Toxicides of. O. G. F i tz h u g h ,  
A. A. N e ls o n  and J. P. F ra w le y . ( /. A m e r .  p h a r m .  A s s . ,  S c i .  E d . ,  1951, 
40, 583.) Cyclamate sodium (sodium cycfohexyl sulphamate), P 4000 (1-n- 
propionoxy-2-amino-4-nitrobenzene), dulcin (4-ethoxyphenylurea) and saccharin 
were given to  rats in varying amounts for periods up to 2 years. Saccharin and 
cyclamate sodium were found to have no pathological effect whatever at dose 
levels o f 1 per cent, or less of the diet and to cause only slight toxic effects at 
5 per cent.; at this level cyclamate sodium caused diarrhoea. Although it is 
only one-eighth as sweet as saccharin, cyclamate sodium appears to be safe 
for use as a saccharin substitute. Dulcin was toxic to rats at dose levels o f  
0T per cent, and above. Adenomata of the liver occurred in 10 out of 20 animals 
on 1 per cent, and in a  few a t lower levels down to 0  1 per cent, o f the diet. 
Splenic enlargement and darkening began a t the 0T per cent, level and increased 
proportionally with the dosage. Anaemia and decreased growth rate were 
present at 1 and 0-5 per cent. Because of the extensive damage observed, 
dulcin cannot be considered safe for food or drug use, even in small quantities. 
P 4000 was also toxic to  rats a t dose levels of 0Y per cent, and above. An 
unusual pathological change was the presence of large amounts o f a melanin­
like pigment in the thyroid; at the 1 per cent, level the thyroids were slightly 
enlarged and almost black. A somewhat increased incidence of focal nephritis 
was present a t 0Y per cent, and above. Dosage levels o f 1 and 0-5 per cent, 
decreased growth rate ; the 1 per cent, level increased the m ortality rate.
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Although P 4000 has about 10 times the sweetening power of saccharin, the ratio 
o f toxicities is less. Moreover, P 4000 has an undesirable anaesthetic action. 
It cannot therefore be considered to be a safe or desirable sweetening agent.

G. R. K.

Terramycin Base, Serum Levels after Oral Administration. R. M a so n , 
P. K ice , E. L. C a ffe ry  and M. M. M u sse lm a n . ( /. A m e r .  pharm . A ii., 
S ci. E d ., 1951, 40, 587.) Three groups of 12 patients were given 1, 2 and 3 g. 
of terramycin base respectively. The drug was given by month and the serum 
levels of terramycin determined 1, 2, 4, 6  and 24 hours later. Similar tests 
were then carried out with terramycin hydrochloride on the same patients. 
The patients were arranged in groups according to age and the gastric juice 
of each was analysed for free hydrochloric acid and pH  in the fasting state 
and for free hydrochloric acid after stimulation by histamine, both before 
administration of the terramycin and before adm inistration of the hydro­
chloride. The group receiving 1 g. had an average maximum serum level o f
0-7 /xg./ml. 4 hours after administration of the base and of 0-9 /xg./ml. 4 hours 
after adm inistration of the hydrochloride. F or the group receiving 2 g., the 
maximum levels were 2-4 /xg./ml. 4 hours after administration of the base and 
T 8  /xg./ml. 4 hours after adm inistration of the hydrochloride. The last group 
showed a maximum of 3T /xg./ml. 4 hours after the hydrochloride but a 
maximum of 2-2 /xg./ml. 2 hours after the base. In  all groups there was a 
demonstrable level throughout 24 hours. The data accumulated were not 
significant in regard to the relation of variations in serum level to differences 
in age or gastric acidity. G. r . k .

Terramycin, Value of, in Surgical Infections. F. F. N ie d n e r  and H. P. 
L an g e . (D tsch . tried. W schr., 1952, 77, 242.) On account of the complex 
flora of surgical infections, and the varying resistance of the strains, it is necessary 
to use an antibiotic with the widest possible range of activity, and one to  which 
the smallest number of strains are resistant. It has been claimed that terramycin 
most nearly fulfils these requirements. A report is given of 74 cases treated in 
this way. B ronchopneum onia: results were good : 1 patient died later from  post­
operative pneumonia, 33 recovered. Infections o f  the gastro-in testina l reg io n : 
Results were good when the source had been removed by operation. Terramycin 
treatm ent alone did not prevent the occurrence of, or cure existing, abscesses, 
The use of terramycin greatly reduced the time of treatment. Urinary in fec tio n s : 
These were rapidly cured, but there were recurrences, when there were mechanical 
causes for the infection, so that these must be removed if a  permanent result 
is to be attained. In the other cases infections were overcome by operation 
and terramycin treatment. G ail b ladder in fec tio n s : The acute phenomena were 
rapidly relieved by terramycin, but final cure was only attained after a combina­
tion of surgical and medical treatment. E rysipelas and burns were rapidly 
healed. The length of treatm ent was on the average 4 days, with a maximum of 
9 days. When treatm ent was discontinued too early there were recurrences, 
so that the cost of treatm ent is actually increased by an attem pt to economise 
on the costly preparation. g . m .

3:5:3'-L-Triiodothyroninein Human Plasma. J. G ro s s  and R. P i t t - R iv e r s .  
(L a n c e t , 1952, 262, 439.) Investigations of plasma of patients who have 
received radioactive iodine showed the presence of an iodine-containing sub­
stance which behaves, on two dimensional paper chromotograms and a 
keiselguhr column, in a manner identical with that o f 3 : 5 :3'-L-triiodothyronine. 
It is shown that this com pound is not an artefact of analytical procedure or of 
the destructive effects of radiation. The amino-acid is concluded to  be a normal

1086



PHARMACOLOGY AND THERAPEUTICS
constituent of the organic iodine fraction of the plasma since it has been found 
in the plasmas of both euthyroid and hyperthyroid individuals. j . r . f .

3:5:3'-L-Triiodothyronine in Myxcedema. J. G ro s s , R. P i t t - R iv e r s  and 
W. R. T r o t te r .  (L a n c e t , 1952, 262, 1044.) 3:5:3'-L-Triiodothyronine has 
been shown to be a norm al constituent o f human plasma and to be several times 
as active as L-thyroxine in the prevention of goitre in rats. Two hum an cases of 
hypothyroidism were therefore treated with the triiodothyronine administered 
intramuscularly as a solution in 0 0004N sodium hydroxide, sterilised by heating 
in an autoclave. The concentration is not stated. Chromatographic examina­
tion before and after sterilisation confirmed the absence of thyroxine or other 
organic iodine compound. 1 patient received an initial dose of 2 0  ¡ ig . ,  followed 
after an interval o f 1 day by 20 /xg. daily for 9 days, then 40 /xg. daily for 5 
days and 80 p.g. daily for 13 days. M arked improvement resulted. The basal 
metabolic rate rose from —40 per cent, to —4percent., the plasma cholesterol level 
fell from  390 mg. to 170 mg. per 100 ml. and there was a loss o f 9 lb. in weight. 
The second patient was treated with a daily dose o f 40 /xg. rising to 80 /xg. and 
comparable improvement resulted. Treatm ent o f both patients was continued 
with L-thyroxine orally. Experience in these cases indicates that 80 /xg. 
of triiodothyronine intramuscularly produces in m an an effect similar to  that 
obtained from  100 to 300 /xg. o f thyroxine orally. It is thought possible that 
triiodothyronine is the com pound directly responsible for the peripheral action 
of the thyroid gland. h . t . b .

3 : 5 :3'-L-Triiodothyronine, Physiological Activity of. J. G ro s s  and R. 
P i t t - R iv e r s .  (L a n c e t , 1952, 262, 593.) The synthesis of this compound 
has recently been reported by these authors and its formation, during the 
iodination of 3 :5-diiodothyronine has been described by Roche e t  a l  (C . R . A c a d .  
S c i . ,  P a r i s ,  1952, 232, 997). This paper describes the biological assay of the 
compound by its effect in preventing goitre in rats treated with thiouracil. Its 
activity is shown to be about three times that of L-thyroxine. The role of 
triiodothyronine in thyroid function is not yet known but the possibility exists 
that it is the form of the thyroid hormone that is active in the tissues, s. l . w .

Tubocurarine and Strychnine; Action on Spinal Reflex Excitability. C. G .
B e rn a r d ,  D . T a v e rn e r  and L . W id e n . ( B r i t . - J .  P h a r m a c o l . ,  1951, 6 , 551). 
The effects o f ¿/-tubocurarine and strychnine on the monosynaptic extensor 
reflex and the polysynaptic reflex evoked from a cutaneous nerve were studied 
in decapitated, low spinal, deafferented, and anaesthetised cats. ¿/-Tubocurarine 
did not influence the polysynaptic reflex response in any of the preparations 
tested, but strychnine increased the amplitude of the response in all types of 
preparations. In  low spinal preparations strychnine produced an increase 
in the amplitude o f the monosynaptic reflex response parallel to  its effect on 
the polysynaptic reflex. When the segment giving rise to the reflex under 
test is in continuity with the upper part o f the spinal cord, strychnine produces 
a decrease in the amplitude of the monosynaptic reflex response, probably due 
to inhibition of the reflex by an increased continuous activity from upper 
segmental levels caused by the strychnine. In the same sort of preparation, if  
tubocurarine is given beforehand, strychnine augments the monosynaptic 
extension reflex; this favours the view that tubocurarine blocks structures 
exerting an inhibitory action on this reflex. A t the segmental level o f the reflexes 
tested, tubocurarine produces an increase in the amplitude of the monosynaptic 
reflex response but has no effect on the polysynaptic reflex, whereas strychnine 
increases the amplitude of both reflexes in parallel. s. l . w.
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LETTER TO THE EDITOR
The Melting Point of Amidone Picrolonate

Sir ,—In the monograph on amidone hydrochloride, appearing in the Supple­
ment to the British Pharmaceutical Codex 1949, the picrolonate is prepared for 
purposes of identification and its melting point given as being about 160° C. 
N e w  a n d  N o n o f f i c ia l  R e m e d ie s  (1951 Edition) gives, under methadone hydro­
chloride, the melting point o f the picrolonate as 160° to  162° C.

I t has been found in our laboratories that amidone sometimes gives a picrolon­
ate of m.pt. 178° to  180° C. when prepared according to the B.P.C. m onograph. 
There is little doubt that the sab  exists in two forms of which the higher melting 
is the more stable for, in our experience, it is very difficult to prepare amidone 
picrolonate of m.pt. 160° C., after the high melting form  has been obtained in a 
laboratory.

G. E. F oster.
Wellcome Chemical Works, D artford, Kent.

G. F. H all.
Standards Departm ent, Boots Pure D rug Co. Ltd., Nottingham.

October 9, 1952.

ABSTRACTS (c o n t in u e d  f r o m  p a g e  1087)

BA C TER IO LO G Y AND C LIN IC A L T E ST S
Antibiotics, Tests for Sterility. D. V id e a u . ( A n n .  p h a r m .  f r a n g . ,  1952, 10, 

204.) Except in the case o f penicillin, for which a suitable inactivating agent is 
available, elimination o f the antibiotic is necessary in testing for sterility. In 
the following method, aureomycin was separated from  micro-organisms by 
centrifuging and washing. 15 g. o f  aureomycin was dissolved as completely 
as possible in  50 ml. o f sterile water, any undissolved aureomycin being separated 
by decantation. 5 ml. o f the solution was added to  each o f 10 centrifuge tubes, 
each containing 1 ml. o f a sterile 3 per cent, suspension o f kaolin in water. The 
tubes were centrifuged for 15 minutes the speed being gradually increased to 
5000 to  6000 r.p.m. and maintained for 5 minutes. The supernatant liquid was 
removed with a pipette and bulb and replaced with sterile water, the centrifuging 
and washing process being repeated twice and the deposit finally suspended in
1-5 ml. o f water. To ensure great dilution o f any remaining antibiotic the 
contents o f the centrifuge tubes were used to  inoculate large volumes o f media- 
tubes containing 50 ml. o f meat-liver broth for aerobic and anaerobic culture 
and flasks containing 100 ml. o f  Sabouraud-Langeron medium. Tubes and 
flasks were examined for growth after 5-days’ incubation at 37c and 10 days’ at 
25° C. The m ethod was effective in detecting the presence of bacteria, yeasts 
and fungi in aureomycin, and could be applied to ether antibiotics. g . b .
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Bioassay of (Morris), 77.

Adrenocorticotrophic Hormone and 
Cortisone, Effect of, on Polio­
myelitis and on other Virus Infec­
tions (Findlay and Howard), 37.

Adrenocorticotrophic Hormone, Ascor­
bic Acid Depletion Method for the 
Bioassay of, and the Use of Inhibi­
tion of Tissue Repair (Clayton and 
Prunty), 77.

Adrenocorticotrophic Hormone in Slow 
Release Medium (Bruce and Parkes), 
421.

Adrenotrophic Hormone, Inactivation 
by Plasma (Reiss, Badrick, Hal­
kerston and Plaice), 133.
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Agar-yielding Seaweeds from the 
Philippines (Cantoria, Velasquez 
and Valenzuela), 419.

Aglycones, Acetates and Cardiac Glyco­
sides, Paper Chromatography of 
(Heftmann and Levant), 494.

Alcohols, Colorimetric Determination 
of (Reid and Truelove), 1069.

Alcohols, Paper Partition Chromato­
graphy of, using Potassium Xantho- 
genates (Kariyone and Hashimoto), 
125.

Alginic Acid, Organic Derivatives of 
(Steiner and McNeely), 132.

Aliphatic Amines, Paper Chromato­
graphy of (Schwyzer), 659.

Alkaloidal Halides, Direct Estimation of 
the Base Contents of (Ekeblad), 
636.

Alkaloids in Tissues, Colorimetric Deter­
mination by Methyl Orange (Gettler 
and Sunshine), 126.

Alkaloids, Observations on the Paper 
Partition Chromatogram as applied 
to the Detection of (Gore and 
Adshead), 803.

Alkaloids, Paper Chromatography of 
(Carless and Woodhead), 6 6 .

Alkaloids, Paper Chromatography of 
(Munier and Macheboeuf), 408.

Alkaloids, Precipitation of, in Ethereal 
Solution (Wachsmuth), 126.

Alkaloids, Toxicity to Bacteria (Johnson, 
Johnson and Poe), 670.

Alkaloids, Ultra-violet Spectrophoto- 
metric Assay o f: Part I, Strychnine 
and Brucine (Bhattacharya and 
Ganguly), 485.

Alkyl Sugar Derivatives, Absorption 
and Excretion of (Skelton, 
McConkey, Souch and Grant), 
421.

Alloxan, Thiouracil and Nicotine Effects 
of, on the Suprarenal Glands 
(West), 375.

Ambergris, Identification of (Hardwick 
and Laws), 327.

Amethocaine and Procaine, Local Anaes­
thetic and Irritant Effects of 2- 
Alkoxy Analogues of (Luduena and 
Hoppe), 660.

Amethocaine (Tetracaine) and Phenyl­
ephrine Hydrochloride, Spectro- 
photometric Determination of 
(Ellin and Kondritzer), 656.

Amidines, Volumetric Assay of 
(Stephan), 585.

Amidone (Methadone), Analytical 
Studies of (Demonceau), 492.

Amidone Picrolonate, Melting Point of 
(Foster and Hall), 1088.

Amines, Paper Chromatography of 
(Bremner and Kenton), 334.

Amino-acids and Peptides, Spectro- 
photometric Analysis of (Spies and 
Chambers), 136.

Amino-acids, A New Paper Chromato­
graphy Solvent for (Bryant and 
Overell), 73.

Amino-acids, Starch Chromatography 
and Ion Exchange Resin for the 
Separation of 16N-labelled (Aqvist), 
332.

Aminoalkyl Morphine Ethers (Cheymol, 
Giudicelli, Chabrier and Kristens- 
son), 593.

1- Amino- and 2 -Amino-octane. Res­
piratory Stimulant Action of (Hut- 
cheon and McCullough), 790. 

p-Aminobenzoic Acid, Metabolism of 
(Tabor and Freeman), 133. 

p-Aminobenzoic Acid on Cortisone in 
Rheumatoid Arthritis, Synergistic 
Action of (Wiesel, Barritt and 
Stumpe), 338.

4 - Amino - 6  - hydroxy - i.vophthalic Acid 
(Funck, van der Stelt, Simonis and 
Nauta), 657.

Aminoketones, Oper -chain, Related to 
Morphine (Burckhalter and John­
son), 141.

2- Amino-5-Nitrothiazole and Certain
Acyl Derivatives, Photometric De­
termination of (Ballard and Spice), 
1067.

m-Aminophenol and p-Aminosalicylic 
Acid, Antithyroid Effect of (Kjerulf- 
Jensen and Wolffbrandt), 422. 

m-Aminophenol in p-Aminosalicylic 
Acid (Seaman, Woods, Prescott and 
McComas), 651.

m-Aminophenol in p-Aminosalicylic 
Acid, Estimation of (Kirschbaum), 
493.

o-Aminophenol in Experimental Tuber­
culosis (Croshaw), 1005. 

p-Aminosalicylic Ac d and m-Amino­
phenol, Antithyroid Effect of 
(Kjerulf-Jensen and Wolffbrandt), 
422.

p-Aminosalicylic Acid, m-Aminophenol 
in (Seaman, Woods, Prescott and 
McComas), 651.

p-Aminosalicylic Acid, Derivatives of 
(Hiickel and Janecka), 330. 

p-Aminosalicylic Acid, Detection of 
Impurities in (Neufeld), 126. 

p-Aminosalicylic Acid, Effect on the 
Allergic Process (Trehewie), 1080. 

p-Aminosalicylic Acid, Estimation of in 
m-Aminophenol (Kirschbaum), 493. 

p-Aminosalicylic Acid, Further Aspects 
of the Pharmacology of (Bavin and 
James), 856.

p-Aminosalicylic Acid, Thiacetazone 
and Streptomycin in Genito-urinary 
Tuberculosis (Ross, Gow and Hill), 
507.

A m m i  v is n a g c , Pyrone Content of 
(Steinegger), 133

Amphetamine in Visctra, Determination 
of (Rathenasinkam), 495.
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Amylase and Maltase in Urine (Fleury, 
Courtois and Ramon), 590.

Anæsthetics, Local, Analytical Charac­
ters of (Steiger and Kühni), 587.

Anæsthetics, Local, Determination of 
by Exchange of Ions (Jindra and 
Rentz), 645.

Analgesic Drugs, Assay of, on Man 
(Keele), 663.

Analgesic Potencies, Estimation of (Tye 
and Christensen), 663.

Analgesics—A General Survey (Beckett), 
425.

L’Analyse Potentiometrique Appliquée 
au Contrôle des Médicaments 
(Domange), 513.

Aneurine, Microbiological Assay of 
(Fang and Butts), 416.

Aneurine Salts, Titration of, with 
Perchloric Acid (Pifer and Wollish), 
414.

Animal Protein Factor and Vitamin Bi2, 
Chick Assay of (Coates, Harrison 
and Kon), 207.

Antibiotics from S tr e p to m y c e s  (Berger, 
Rachlin, Scott, Stembach and Gold­
berg), 272.

Antibiotics : in  v itro  Effect on Typhus 
Rickettsiae (Karp and Snyder), 502.

Antibiotics, Microscopic Identification 
of (Landgren), 414.

Antibiotics, Recent Developments in 
the Pharmacy of (Woodard), 1009.

Antibiotics, Symposium on Recent 
Developments in the Pharmacy of 
(British Pharmaceutical Conference 
1952), 1037.

Antibiotics, Tests for Sterility (Videau), 
1088.

Antidiuretic Activity : A Method of 
Assay (Ginsberg), 211.

Antihistamine Compounds and Hyoscine 
in the Prevention of Seasickness 
(Glaser and Hervey), 213.

Antihistamine Drugs ; Method of Assess­
ment of Activity in Man (Ross), 77.

Antihistamine Preparations, Spectro- 
photometric Assay of (Banes), 127.

Antihistamines and Histamine, An­
tagonism and Synergism of in Mice 
(Ambrus, Packman, Rossi, Ambrus 
and Harrisson), 466.

Antihistamines, Geometrical Isomers of 
(Adamson, Barrett, Billinghurst, 
Green and Jones), 71.

Antimonial Compounds, Action of, on the 
Liver Fluke in  v itro  (Mansour), 276.

Antioxidants in Lard, Estimation of 
(Mahon and Chapman), 201.

Antipernicious Anæmia Factors, 
Chemistry of, Part IX (Davies, 
Mamalis, Petrow, Sturgeon, Beaven, 
Holiday and Johnson), 448.

Antiseptic Power of Some Ointments, 
Influence of Excipients on (Miri- 
manoff and Ducommun), 418.

Antispasmodics, Esters of /8 -Alkyltropic 
Acids (Weston and DeNet), 140.

Antithyroid Substances, 2-Mercapto- 
glyoxalines, Mercaptothiazoles and 
Thiohydantoins (Searle, Lawson and 
Morley), 140.

Antituberculous Compounds, Diphenyl 
Ether Derivatives of as (Partridge), 
533.

Aplastic Anaemia, Fatal, following Chlor­
amphenicol Administration (Haw­
kins and Lederer, Wolman, Smiley, 
Cartwright and Wintrobe and 

• Sturgeon), 1080.
Aplastic Anaemia Following Prolonged 

Administration of Chloramphenicol 
(Wilson, Harris, Henstell, Witherbee 
and Kahn), 1005.

Applications of Ultra-violet Absorption 
Spectrophotometry in Pharma­
ceutical Analysis (Stuckey), 345.

Apresoline and Hexamethonium, 
Caution in the Use of (Grimson, 
Orgain, Rowe and Sieber), 1083.

Arsenic in Bismuth Compounds, Detec­
tion of (van Pinxteren and Schallen- 
berg-Heertjes), 268.

Arsenic in Hair, A Method of Localisa­
tion for Use in Toxicology (Griffon 
and Barbaud), 413.

Arsphenamines, Survival of Bacterial 
Spores in (Coulthard and Chantrill), 
373.

Aryloxypropanolamines, The Synthesis 
and Local Anaesthetic Properties of 
(Ing and Ormerod), 21.

Aseándole, Determination of (Bohme 
and van Emster), 127.

Aseándole, Determination of in Oil of 
Chenopodium and in Solution of 
Oil of Chenopodium in Castor Oil 
(Beckett and Dombrow), 738.

Aseándole in C h e n o p o d iu m  a m b r o s io id e s  
(Wegner), 789.

Ascorbic Acid, A Photoelectric Colori­
metric Method for the Estimation 
of (Barakat, Badran and Shehab), 46.

Ascorbic Acid in Pharmaceutical Pre­
parations, Estimation of (Chapman, 
Rochon and Campbell), 201.

Aspirin, Phenacetin and Caffeine, 
Analysis by Partition Chromato­
graphy (Higouchi and Patel), 1001.

Aspirin, Phenacetin and Caffeine in 
Mixtures, Spectrophotometric Deter­
mination of (Jones andThatcher), 67.

Asterol Dihydrochloride and Pheninda- 
mine, Fungistatic Powers of (Seale). 
666.

Atropine, Action of on the Cardio­
vascular System (Nalefski and 
Brown), 276.

Atropine and Hyoscyamine, Decom­
position of (Schneider), 409.

Atropine, Photometric Determination of 
(Romeike), 1001.
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Aureomycin, Chloramphenicol and 
Terramycin, Interference with the 
Action of Streptomycin (Jawetz, 
Gunnison and Speck), 279.

Aureomycin Hydrochloride and Terra­
mycin, Isomorphism of (Pepinsky 
and Watnabe), 786.

Aureomycin, Intrathecal Administration 
in Meningitis (Ainley-Walker and 
Bosanquet), 664.

Aureomycin, Topical Use of, in Skin 
Diseases (Solomons), 276.

Aureomycin, Toxicity of, to Guinea- 
pigs (Rome and Ettala), 790.

B
Bacitracins A, B and C, Biological 

Properties of (Newton, Abraham, 
Florey, Smith and Ross), 211.

Bacterial Pyrogens, Assay of (Dawson 
and Todd), 972.

Bacterial Spores, Survival of, in 
Arsphenamines (Coulthard and 
Chantrill), 373

Bacterial Survival in Systems of Low 
Moisture Content. Part IV, The 
Effects of Increasing Moisture 
Content on Heat Resistance, 
Viability and Growth of Spores of B . 
s u b ti l is  (Bullock and Tallentire), 917.

Bacteriostasis, Chemotherapeutic Studies 
in. Part II, Tertiary Amines and 
Quaternary Ammonium Salts Con­
taining the Skeleton of /»-Toluidine 
(Linnell and Vora), 55.

Barbiturate Action, Factors Affecting 
the Potentiation of, by Tetra­
ethylthiuram Disulphide (Graham, 
Teed and Allmark), 615.

Barbiturate Anaesthesia, Effect of on the 
Blood a-Keto Acid Levels in Rats 
and Rabbits (Goodwin and 
Williams), 197

Barbiturate Poisoning, Conservative 
Treatment of (Locket and Angus), 
664.

Barbiturates, Anaesthetic Properties of 
some new /V-benzylated and N N '-  
dibenzylated Compounds (Sand­
berg), 335.

Barbiturates and Sulpha Drugs Deter­
mination of, in Non-aqueous Solu­
tion (Vespe and Fritz), 652.

Barbiturates, Cobalt Reaction for Identi­
fication of (Gomahr and Kresbach), 
127.

Barbiturates, Copper Reaction for 
Detection of (Gomahr and 
Kresbach), 128.

Barbiturates, Ident fication of by X-ray 
Analysis (Huang), 128.

Barbiturates, Separation and Identifica­
tion of Some, by Paper Chromato­
graphy (Wicks trbm and Salvesen), 
98.

Barbituric Acid Derivatives as Narcotics 
and Anaesthetics (Morren, Dony and 
Levis), 661.

Barbituric Acid Derivatives, Synthesis 
and Pharmacological Properties of 
(Ruhnek and Sandberg), 661.

Barbituric Acid, Thiocyanate and iso -  
Thiourea Derivatives of (Skinner 
and Waitz), 417.

Barbituric Acids, Titration of, in Pyridine 
(Heiz), 782.

Barium :n Calcium Salts, Limit Test for 
(Askgaard and Reimers), 493.

Barley Starch Constitution of (Mac- 
William and Percival), 206.

Basic Ketones and Related Compounds, 
Pharmacology of (Marshall, Ahmad 
and Weston), 1080.

Belladonna Leaves, Phosphatase of 
(Courtois. Anagnostopoulos and 
Khorsand), 595.

Belladonna Preparations, Assay of, by 
Partition Chromatography (Schill 
and Agren), 584.

Belladonna, Racemisation of Hyoscya- 
mine in Preparation of Dry Extract 
of (Fryklöf), 1072.

Benzilic Acid Derivatives, Pharmacology 
of (Forbes and Marshall), 422.

Benzocaine, Cocaine and Other Local 
Anasstheti.es, Chromatographic 
Separation of (Jaminet), 128.

Benzoic Acid in Foods, Detection of 
(Rathenasinkam), 652.

Benzoin, Determination of Acid Value 
of (Cumming), 325.

Benzylpenicillin Diethylaminoethyl 
Ester, A Note on (Nielsen and 
Roholt), 266.

Bicyclic Alcohols, Esters of Basic, As 
Antispasmodics (Stembach and 
Kaiser), 788.

Biological Standardisation, Recent Ad­
vances in, with Particular Reference 
to the Assays of Digitalis and 
Posterior Lobe Pituitary Extracts 
(Somers), 793.

Bismuth Compounds, Detection of 
Arsenic in (van Pinxteren and 
Schallenberg-Heertjes), 268.

Bismuth, Titration of, with Versenate 
(Landgren), 783.

Blood and Spinal Fluid, Determination 
of Bromides in (Paul, Knouse and 
Routh), 787.

Blood Clotting-times, Simple Apparatus 
for the Determination of and its 
Application to the Assay of Heparin 
(Bryce), 980.

Blood Coagulation, Influence of Drugs 
on (Macht), 502.

Blood Coagulation in Normal Subjects, 
Effect of Streptomycin and Penicillin 
on (Ingram and Armitage), 1047.

Blood in Urine, Chemical Tests for 
(Caplan and Discombe), 272.
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Blood or Urine, Determination of 
Ethanol in (Scandrett), 498.

Blood Stains, Spectrophotometric Detec­
tion of (Khalifa and Salah), 495.

Book Reviews, 79, 150, 215, 280, 341, 
600.

Borate-impregnated Paper, Paper 
Chromatography on (Wacht- 
meister), 207.

Borate, Inhibition of Oxidation of 
Adrenaline by (Trautner and 
Messer), 414.

Boric Acid; Antibacterial Action in 
Tears (Novak and Taylor), 340.

Boric Acid, Phagocyticidal and Anti­
bacterial Action of (Novak and 
Taylor), 422.

Brazilian Jalap. Part III, An Examina­
tion of the Resin and Some Com­
parisons with the Resins from Vera 
Cruz Jalap and Orizaba Jalap 
(Shellard). 304.

British Pharmaceutical Conference, 1952.
Chairman’s Address (Mackie), 673.
Science Papers and Discussions, 681 

to 780 and 803 to 1000.
Symposium on Recent Developments 

in the Pharmacy of the Antibiotics, 
1037.

Proceedings, In se t.
Bromides in Blood and Spinal Fluid, 

Determination of (Paul, Knouse 
and Routh), 787.

Bromides, Official Limit Test for 
Chlorides in (Cumming and 
Rhodes), 319.

Bromine, A New Method for the 
Determination of, in a-Bromo- 
acylcarbamides, Carbromal and 
Bromvaletone (Hardwick, Johnston 
and Picard), 109.

a-Bromoacylcarbamides, Carbromal and 
Bromvaletone, A New Method for 
the Determination of Bromine in 
(Hardwick, Johnston and Picard), 
109.

A'-Bromosuccinimide, Action of on 
Alcohols and Amines (Barakat and 
Mousa), 115.

A-Bromosuccinimide, Action on 
Aliphatic Dicarboxylic Acids 
(Barakat), 582.

Bromvaletone, Acetylsalicylic Acid, 
Phenacetin and Caffeine in Ad­
mixture, Determination of (Lan- 
gejan and van Pinxteren), 125.

Bromvaletone, a-Bromoacylcarbamides 
and Carbromal, A New Method 
for the Determination of Bromine 
in (Hardwick, Johnston and Picard), 
109.

Brucine and Strychnine, Spectrophoto­
metric Study of (Demoen and 
Janssen), 785.

Brucine, A New Reduction Product of 
(Findlay), 6 6 .

Brucine, Strychnine and Morphine in 
Viscera Extracts, Spectrophoto­
metric Identification and Estimation 
of (Biggs), 547.

c
Cadmium Iodide Linear Starch Reagents 

(Lambert), 202.
Caffeine, Acetylsalicylic Acid, Phenacetin 

and Bromvaletone in Admixture, 
Determination of (Langejan and 
van Pinxteren), 125.

Caffeine, Aspirin and Phenacetin, 
Analysis by Partition Chromato­
graphy (Higouchi and Patel), 1001.

Caffeine in Cacao Beans (Forsyth), 337.
Caffeine, Phenacetin and Acetylsalicylic 

Acid and Combinations with 
Codeine or Thenylpyramine, Infra­
red Analysis of (Parke, Ribley, 
Kennedy and Hilty), 67.

Caffeine, Phenacetin and Aspirin in 
Mixtures, Spectrophotometric Deter­
mination of (Jones and Thatcher), 67.

Calcium and Magnesium in Plasma, 
Simplified Titrimetric Techniques 
for the Assay of (Buckley, Gibson 
and Bortolotti), 273.

Calcium Gluconate Solutions, Stabilisa­
tion of (Balasundaram and Sabrah- 
manyan), 418.

Calcium in Biological Fluids, Deter­
mination of (Greepblatt and Hart­
man), 416.

Calcium Lasvulinate, Injection of (Emer- 
feldt and Sandell), 788.

Calcium, Magnesium and Mercury 
Compounds, Application of the 
Schwarzenbach Method to Analysis 
of (Hernandez, Biermacher and 
Mattocks), 202.

Calcium Salts, Limit Test for Barium 
in (Askgaard and Reimers), 493.

Camphor in Spirit of Camphor, Deter­
mination of (Ozger), 67.

Camphor Substitutes, Water-soluble 
Synthetic (Fioretti), 271.

2-Carbethoxy thio-1 -methylgly oxaline 
(C.G.l), Antithyroid Activity of 
(Lawson, Rimington and Searle),276.

Carbinols, Unsaturated, New Class of 
Hypnotics (Margolin, Perlman. 
Villani and McGavack), 510.

Carbon-14 Glucose, Biological Synthesis 
of Lactose from (French, Popjak 
and Malpress), 272.

ira/t.s-4-Carboxy vitamin-A Acid, The 
Biological Activity of (Manly, 
Petrow, Stephenson and Underhill),
43.

Carbromal, a-Bromoacylcarbamides and 
Bromvaletone, A New Method for 
the Determination of Bromine in 
(Hardwick, Johnston and Picard), 
109.
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Cardiac Glycosides, Absorption Rate 
of Orally Administered (White and 
Gisvold), 664.

Cardiac Glycosides, Aglycones and 
Acetates, Paper Chromatography 
of (Heftmann and Levant), 494.

Cardiac Glycosides, Colour Reactions 
with Antimony Trichloride 
(Jaminet), 128.

Cardiac Glycosides, Paper Chromato­
graphy of (Hassalland Martin), 1073.

Cardiotonic Drugs, Chick Embryo Assay 
(Bryan and Waldon), 338.

Cardiovascular System, Action of Atro­
pine on (Nalefski and Brown), 276.

Castor Oils, Determination of Acetyl 
Values of (Riley), 6 8 .

Cation Exchange Resins: Optimal
Potassium Content for Clinical 
Use (McChesney), 212.

Cephalosporin P1; Biological Properties 
of (Ritchie, Smith and Florey), 212.

Ceric Sulphate, Estimation of Phos­
phorus by (Deshmukh), 270.

Cevadine, Veratrine and Veratridine, 
Cardiac Stimulation by (Gotten 
and Walton), 510.

Chairman’s Address at 1952 British 
Pharmaceutical Conference (Mac- 
kie), 673.

Chemotherapeutic Dyes. I. 5-Aralkyl- 
amino-9-aIkylaminobenzo[a]phen- 
oxazines (Crossley, Dreisbach, Hof- 
man and Parker), 499; II. 5-Aryl- 
amino-9-dialkylaminobenzo[a]phen- 
oxazines (Crossley, Turner, Hofman, 
Dreisbach and Parker), 500; III. 
5-Heterocyclicamino-9-dia.kyl- 
aminobenzo[a]phenoxazines (Cross- 
ley, Hofman and Dreisbach), 500.

Chemotherapy of Tropical Diseases. 
Part I, Protozoal Infections (Good­
win), 153.

Chemotherapy of Tropical Diseases. 
Part II, Diseases Caused by 
Rickettsiae, Bacteria, Spirochaetes 

■ and Worms (Goodwin), 601.
C h e n o p o d iu m  a m b r o s io id e s  L., Ascaridole 

in (Wegner), 789.
Chenopodium, Oil of. Determination 

of Ascaridole in (Beckett and 
Dombrow), 738.

Chick Assay of Vitamin B12 and the 
Animal Protein Factor (Coates, 
Harrison and Kon), 207.

Chloramphenicol Administration, Fatal 
Aplastic Anaemia Following (Haw­
kins and Lederer, Wolman, Smiley, 
Cartwright and Wintrobe and 
Sturgeon), 1080.

Chloramphenicol, Analogues of (Ashley 
and Davies), 658.

Chloramphenicol, Aplastic Anaemia 
Following Prolonged Administra­
tion (Wilson, Harris, Henstell, 
Witherbee and Kahn), 1005.

Chloramphenicol, Aureomycin and 
Terramycin, Interference with the 
Action of Streptomycin (Jawetz, 
Gunnison and Speck), 279.

Chloramphenicol, Colour Reaction for 
(Truhaut), 494.

Chloramphenicol, Local Use in Wound 
Infections ('Flint, Gillies and Reid), 
665.

Chloramphenicol Palmitate; Use in 
Paediatrics (Lark:n), 422.

Chloramphenicol Series. Part II, Some 
Observations on the Structural 
Requirements for Antibiotic Activity 
in the (Collins, Ellis, Hansen, 
Mackenzie. Moualim, Petrow. 
Stephenson and Sturgeon), 693.

Chloramphenicol, Serum Concentra­
tions following Intravenous and 
Intramuscular Injections (Burnell 
and Kirby), 212.

Chloramphenicol, Stability of Aqueous 
Solutions of (Trolle-Lassen), 662.

ChlorcycLzine Hydrochloride (Di-Para- 
lene Hydrochloride) (N e w  a n d  N o n ­
o ffic ia l  R e m e d ie s )  419.

Chloride in the Presence of lodate. 
Determination of (Stanton), 203.

Chlorides in Bromides, Official Limit 
Test for (Cumm ng and Rhodes), 
319.

Chlorinated o-Cresols, Determination 
of, with Gibbs’s Reagent (Gardner), 
652.

Chlorocobalamm and Vitamins B12ll 
and B12„, Some Observations on 
(Petrow and Ellis), 152.

Chlorodyne, Changes in the Hydro­
cyanic Acid Content of, on Storage 
(Glastonbury), 7 1.

Chlorprophenpy ridamine M a le a te  
(Chlor-Trimeton Maleate) (N e w  a n d  
N o n o ff ic ia l  R e m e d ie s ) , 141.

Chlor-Trimeton Maleate (Chlorprophen- 
pyridamine Maleate) (N e w  a n d  
N o n o ff ic ia l  R e m e d ie s ) , 141.

Choline Esters and Ethers, Relation­
ships between Structure and 
Nicotine-like Stimulant Activity in 
(Hey), 791.

Choline Gluconate (N ? w  a n d  N o n o ffic ia l  
R e m e d ie s ) , 500.

Choline Group, Studies of the Structure- 
action of Related Compounds (Ing, 
Kordik and Tudor Williams), 1081.

Cholinesterase, Action of Quinine and 
Quinidine on (Bach, Robert and 
Robert), 590.

4-Chondocurarine, Isolation of, and 
Purification of 4-Tubocurarine 
Chloride (Dutcher), 781.

Chorionic Gonadotropin, Prolongation 
of Action (Didcock, Robson and 
Sharai), 277.

Chromatography and its Applications 
in Pharmacy (Partridge), 217.
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Chromatography, Paper, on Borate- 
impregnated Paper (Wachtmeister), 
207.

Chromium, Separation of, from Vanad­
ium (Brookshier and Freund), 203.

Cinchona Alkaloids, Optical Isomers of 
(Baranger and Maréchal), 6 6 .

Cinchona Alkaloids, Oxytocic Action of 
(de Jongh, van Proosdij-Hartzema 
and Knoppers), 277.

Cinchona Alkaloids, Separation by 
Paper Partition Chromatography 
(Lussman, Kirch and Webster), 129.

Cinnamon in the form of Powder, 
Quantitative Determination of 
(Dequeker), 573.

Cinnoline Compounds in T . C o n g o le n se  
Infections (Lourie, Morley, Simpson 
and Walker), 335.

Citric Acid and Acetone, New Reaction 
for (di Giacomo and Rispoldi), 203.

Citrinin, Therapeutic Tests on (Leusch), 
665.

Citrovorum Factor in the Treatment of 
Megaloblastic Anaemia (Davidson 
and Girdwood), 502.

Clopane Hydrochloride (Cyclopentamine 
Hydrochloride) (N e w  a n d  N o n ­
o f f ic ia l  R e m e d ie s ) , 142.

Cocaine, Benzocaine and other Local 
Anaesthetics, Chromatographic 
Separation of (Jaminet), 128.

Cocaine, Effect of on, the Metabolism 
of S a c c h a r o m y c e s  cervisice (Ryman 
and Walsh), 496.

Codeine, Liberation of Morphine from, 
in the Rat (Alder and Shaw), 6 6 8 .

Codeine or Thenylpyramine, Combina­
tions of Caffeine, Phenacetin and 
Acetylsalicylic Acid with, Infra-red 
Analysis of (Parke, Ribley, Kennedy 
and Hilty), 67.

Cod-liver Oil, Vitamin A in, Some 
Observations on the Determination 
of (Swann), 8 8 6 .

Colchicine, Colorimetric Estimation of 
(King), 327.

Colchicine, Natural « Resistance of the 
Golden Hampster to (Orsini and 
Pansky), 503.

Colchicine, U.S.P., Desmethÿlcolchicine 
a Constituent of (Horowitz and 
Ullyot), 584.

Colchicum, Alkaloid Content of 
(Mastnak-Regan), 501.

C o lc h ic u m  a u tu m n a le , Alkaloidal Content 
o f (Santavÿ and Reichstein), 1079.

Corticosteroids in Urine, Estimation of 
Formaldehydcgenic (Rabinovitch, 
Decombe and Freedman), 334.

Cortisone Acetate (Cortone Acetate) 
( N e w  a n d  N o n o ff ic ia l  R e m e d ie s ), 75.

Cortisone and Adrenocorticotrophic 
Hormone, Effect of, on Polio­
myelitis and on other Virus Infec­
tions (Findlay and Howard), 37.

Cortisone and Related Hormones; Effect 
on Responses to Analgesic Drugs 
(Winter and Flataker), 143.

Cortisone and Related Ketol Steroids, 
Colorimetric Determination of 
(Mader and Buck), 653.

Cortisone, Antitoxic Action of (Boyer 
and Chedid), 277.

Cortisone, Detection in Body Fluids 
(Cope), 72.

Cortisone (Free Alcohol), Hydro­
cortisone (Free Alcohol) and Hydro­
cortisone Acetate, Antirheumatic 
Effects of, Compared with Cortisone 
Acetate (Boland), 6 6 6 .

Cortisone in Rheumatoid Arthritis, 
Synergistic Action of p-Amino- 
benzoic Acid on (Wiesel, Barritt and 
Stumpe), 338. ,

Cortone Acetate (Cortisone Acetate) 
(N e w  a n d  N o n o ffic ia l  R e m e d ie s ), 75.

Cough-suppressing Drugs, Assessment 
of (Hillis), 791.

Coumarin in the Presence of Vanillin, 
Test for (Nivoli), 268.

Creosote, Ethyl Esters of Hydnocarpus 
Oil stabilised with (Foster, Ken­
drick, Walton and Williams), 730.

o-Cresols, Chlorinated, Determination 
of with Gibbs’s Reagent (Gardner), 
652.

Cumertilin Sodium (Mercumatilin 
Sodium) (N e w  a n d  N o n o ff ic ia l  
R e m e d ie s ) , 662.

Cumopyran (Cyclocumarol) ( N e w  a n d  
N o n o ff ic ia l  R e m e d ie s ) , 501.

Curare Alkaloids, Purification of d -  
Tubocurarine Chloride and Isola­
tion of rf-Chondocurarine (Dutcher), 
781.

Cyclocumarol (Cumopyran) (N e w  a n d  
N o n o ff ic ia l  R e m e d ie s ) , 501.

Cyclopentamine Hydrochloride (Clopane 
Hydrochloride) (N e w  a n d  N o n ­
o ff ic ia l  R e m e d ie s ) , 142.

D
Dapsone (Diaminodiphenylsulphone), 

Treatment of Leprosy with (Muir), 
1082.

Daraprim, a New Antimalarial; Trials 
in Human Volunteers (Goodwin), 
665.

Daraprim in Treatment of Malaria 
(McGregor and Smith), 665.

D a tu r a  in n o x ia  Miller, Structure of the 
Flower of (Wallis and Rohatgi), 471.

D a tu r a  s tr a m o n iu m  L. and D . ta tu la  L., 
Structure of the Flowers of (Wallis 
and Rohatgi), 243.

D a tu r a  s tr a m o n iu m , Location of 
Alkaloids in (Hegnauer), 595.

D a tu r a  ta tu la  L. and D . s tr a m o n iu m  L., 
Structure of the Flowers of (Wallis 
and Rohatgi), 243.
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Dechlorogriseofulvin—A Metabolic Pro­
duct of P e n ic ill iu m  g r is e o fu lv u m  
Dierckx and P e n ic ill iu m  ja n c z e w s k i i  
Zal (MacMillan), 271.

Dehydrolaudanosoline, Alkaloids Re­
lated to (Ewing, Hughes, Ritchie 
and W. C. Taylor), 491.

D e lp h in iu m  b a r b e y i H., Alkaloids of 
(Cook and Beath), 651.

Desmethylcolchicine, A Constituent of
U.S.P. Colchicine (Horowitz and 
Ullyot), 584.

Dextran and its Derivatives, Chemistry 
of (Ricketts), 133.

Dextran in the Treatment of Blood 
Loss and Shock (Wilson, Estes, 
Doyle, Bloom and Warren), 
1081.

Dextrin Sulphate as an Anticoagulant 
(Walton), 77.

Dextran Sulphate, Synthetic Heparin 
Analogue of (Ricketts), 496.

jS-Dialkylaminopropionic Acids, Phenyl 
Esters of, as Antisp&smodics (Soine 
and DiGangi), 1077.

Diallylbarbiturates, .Y-Substituted, Anti­
pyretic and Analgesic Activity of 
(Sandberg), 418.

2 :8-Diaminoacridines, Colorimetric De­
termination of (Devi and Khorana), 
1070.

Diaminodiphenylsulphone (Dapsone), 
Treatment of Leprosy with (Muir), 
1082.

2 : 4-Diaminopteridines and Sulpha- 
thiazole, Activity of, Against 
S tr e p to c o c c u s  fceca lis and S ta p h y lo ­
c o c c u s  a u re u s  (Collier and Water- 
house), 1082.

2 :4-Diaminopyrimidines; a New Series 
of Antimalarials (Falco, Goodwin, 
Hitchings, Rollo and Russell), 
74.

Di- and Triphenylmethane Derivatives, 
Bacteriostatic Action of Basic. 
Part I, The Inhibition of Bacterio­
static Action by Inactive Com­
pounds of Similar Structure (Fischer, 
Genselovich and Rona), 262.

Di- and Triphenylmethane Derivatives, 
Bacteriostatic Action of. Part II, 
The Relations Between Chemical 
Structure and Bacteriostatic Effects 
(Fischer, Genselovich and Rona), 
314.

Diatrine Hydrochloride (Methaphenilene 
Hydrochloride) { N e w  a n d  N o n ­
o ff ic ia l  R e m e d ie s ), 210.

Dibenzylmethylamine in Experimentally 
Produced Ventricular Tachycardia 
(Charlier and Klutz), 213.

2 : 6-Dichloroquinone-chloroimide,
Colorimetric Determination of 
Methylthiouracil and Propyl­
thiouracil in Tablets using (Mc­
Allister and Howells), 259.

2 :6-Dichloroquinone-chloroimide in the 
Determination of Propylthiouracil 
in Urine (McAllister), 417.

Diethylstilbcestrol a n l Related CEstro- 
gens, Specrrophotometric Assay of 
(Kelly and James), 586.

Diethylstilbcestrol, Some Thiophene 
Analogues of (Biggerstaff and 
Stafford), 417.

Digitalis Chemical Assay of (Langejan). 
129.

Digitalis, Chemical Assay of (Neuwald 
and Diekmann), 783.

Digitalis, Comparison of the Biological 
Activity of Leaves of Various 
Species (Duquenois), 1005.

Digitalis Extraction Studies (Hopponen 
and Gisvold), 719.

Digitalis Glycosides, Chemical Deter­
mination of (Käem), 1070.

Digitalis Glycosides. The Colorimetric 
Assay of the Chloroform-soluble 
Glycosides of Eigitalis (Eastland. 
Lawcay and SellA'Ood), 811.

Digitalis Leaf Glycoside Yields, Effects 
of Freezing Temperature Storage 
on (Youngken, Djao and Tsao), 
501.

Digitalis, Occurrence of Free Genins in 
(Neuwald), 1079.

D ig ita l is  p u r p u r e a  L., Diurnal Variation 
in the Cardiac Activity of Leaves of 
(Dare and Nelson), 619.

D ig ita l is  p u rp u r e a , Effects of Season, 
Temperature and Plant Age on 
Glycoside Production in (Tsao and 
Youngken), 502.

Digitalis, Relation of Biological Activity 
to Time of Collection of (Neuwald), 
595.

D ig ita lis , Studies in the Genus. Part I. 
The Colorimetric Estimation of 
Digitoxin and o ' Preparations of 
D ig ita lis  p u r p u r e c  (Rowson), 814.

D ig ita l is , Studies in the Genus. Part II, 
A Comparison o ' the Colorimetric 
and Biological Methods for the 
Evaluation of D ig ita l is  p u r p u r e a  
(Rowson and Dyer), 831.

Digitoxoside and Gitoxoside, Some 
Comparative Pharmacological Data 
(Jequier, Peterfalvi and Plotka), 596.

Dihydrostreptomycin; Deafness Follow­
ing use in Tuberculous Meningitis 
(Naismith), 503.

Dihydrostreptomycin Sulphate, Toxicity 
for Auditory Nerve (Don and 
Gregory), 423.

Dimercaprol in _ead Poisoning 
(Vigliani and Zurlo), 503.

Dimethylaminoethyl-substituted Com­
pounds, Antispasmodic and Local 
Antesthetic Activ.ty of (Reinhard, 
Kimura and ScucE), 274.

Dinitro-o-cresol in Blcod, Estimation of 
(Harvey), 659.
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Dinitro-o-cresol Poisoning, Prevention 
of (Bidstrup, Bonnell and Harvey), 
666.

Dinitro-cresols, Toxicity of (Harvey), 
1062.

2 :4-Dinitrofluorobenzene, Determina­
tion of Histamine in Pharmaceutical 
Products by means of (Mclntire), 
1071.

Di-Paralene Hydrochloride (Chlor- 
cyclizine Hydrochloride) ( N e w  a n d  
N o n o ff ic ia l  R e m e d ie s ) , 419.

Diphenylamine and Diphenylmethane, 
Some Alkylam no Derivatives of 
(Benoit, Delavigne and Elipoulo), 
1077.

xa-Diphenyl-y-dimethylaminovaleramide 
Hydrogen Sulphate, A Synthetic 
Atropine Substitute (Wollum and 
Pollard), 504.

Diphenyl Ether, Derivatives of, as 
Antituberculous Compounds (Part- 

. ridge), 533.
Diphenylmethane and Diphenylamine, 

Some Alkylamino Derivatives of 
(Benoit, Delavigne and Elipoulo), 
1077.

3 :3-Diphenyl-propanolamines, -allyl- 
'amines and -propylamines; Pharma­
cological Properties of (White, 
Green and Hudson), 274.

Disintegrating Agents, A Comparative 
Study of (Gross and Becker), 594.

Dithiocarbamic Esters, Antibacterial 
Activity of IV-disubstituted (Quevau- 
viller, Chabrier, Nachmias and 
Maillard), 593.

Dithizone as an Indicator in the Volu­
metric Determination of Zinc 
(Mehlig and Guill), 327.

Dried Plasma, Water Content of (Sager), 
1074.

E
Emission Spectrography, Application 

of to Pharmaceutical Analysis 
(Brealey, Garratt and Proctor), 717.

Enzymes, Separation of, by Paper 
Chromatography (Giri and Prasad), 
206.

Ephedra, 337.
Ephedrine, Colorimetric and Chromato­

graphic Determination of (Capone), 
409.

Ephedrine in Pharmaceutical Prepara­
tions, Colorimetric Assay of 
(Chatten and Pugsley), 586.

Ergot, Alkaloidal Content of Naturally 
Occurring (Fuchs), 1079.

Ergot Alkaloids, Paper Chromatography 
of (Berg), 408, 781.

Ergot Alkaloids, Paper Chromatography 
of (Fuchs and Pohm), 584.

Ergot Alkaloids, Paper Chromatography 
of (Tyler and Schwarting), 1069.

Ergot Mycelium, Effects of Nitrogen 
Compounds on Growth and Alka­
loid Biosynthesis in (Sim and 
Youngken), 210.

Eserine, Sparteine as an Antagonist of 
(Hazard, Corteggiani and Cornec), 
147.

Esterases, Spectrophotometric Deter­
minations of (Hofstee), 69.

Esters of Basic Bicyclic Alcohols as 
Antispasmodics (Sternbach and 
Kaiser), 788.

Ethanol in Blood or Urine, Determina­
tion of (Scandrett), 498.

Ethanol in Ether, Determination of, 
by Infra-red Absorption (Colon and 
Frediani), 328.

Ether, Determination of Ethanol in, 
by Infra-red Absorption (Colon and 
Frediani), 328.

Ethoxy and Methoxy Groups in Ad­
mixture, Microdetection of (Wolff, 
Smithius and Sterk), 68.

Ethyl Biscoumacetate (Tromexan Ethyl 
Acetate) ( N e w  a n d  N o n o ff ic ia l  
R e m e d ie s ) , 1004.

Ethylmercuric or Phenylmercuric Com­
pounds, Determination of (Miller, 
Polley and Gould), 204.

F
Fish-liver Oils and Vitamin A Con­

centrates, Neovitamin A and 
Vitamin A Alcohol in Commercial 
(Hayes and Petitpierre), 879.

Fluorine in Organic Compounds, Deter­
mination of (Belcher and Tatlow), 
268.

Folic Acid Stability in Solutions of the 
B Group Vitamins (Biamonte and 
Schneller), 134.

Formaldehyde, Acidimetric Titration of 
(Krause), 130.

Formaldehydogenic Corticosteroids in 
Urine, Estimation of (Rabinovitch, 
Decombe and Freedman), 334.

Fungicides, Organic, A New Class of 
(Kittleson), 415.

Fungistatic Agents, A Quantitative 
Method for the in v itro  Assay of 
(Blank), 787.

G
Galenical Preparations, Identification of 

by Paper Chromatography (Svend- 
sen), 1070.

Gelatin Sponge, Absorbable, in Experi­
mental Surgery (Blaine), 143.

Gelsemicine, Structure of (Janot, 
Goutarel and Friedrich), 408.

Gentesic Acid, and its Oxidation Pro­
ducts, Some Observations on the 
Inhibition of the Action of 
Hyaluronidase on Hyaluronic Acid 
by (Forrest, Overell, Petrow and 
Stephenson), 231.
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Gentisic Acid in Serum. Determination 
of (Lowenthal), 334.

Gentisic and Salicylic Acids, Simul­
taneous Spectrophotometric Deter­
mination of (Kleckner and Osol), 
586.

Gibbs’s Reagent, Determination of 
Chlorinated o-Cresols with (Gard­
ner), 652.

Gitoxigenin, Fluorimetric Determina­
tion of (Jensen), 783.

Gitoxigenin, Gitoxn and Purpuiea- 
glycoside B, Paper Chromatography 
of (Jensen), 784.

Gitoxin, Gitoxigenin and Purpurea- 
glycoside B, Paper Chromatography 
of (Jensen), 784.

Gitoxoside and Digitoxoside, Some 
Pharmacological Data (Jequier, 
Peterfalvi and Plotka), 596.

Glacial Acetic Acid and Other Non- 
aqueous Solvents, Titrations in 
(Auerbach), 130.

Globin Zinc Insulin, Preparation and 
Testing of the Provisional British 
Standard for (British Insulin Manu­
facturers’ Biological Sub-Committee 
and the Department of Biological 
Standards, National Institute for 
Medical Research), 382.

Glucose in the Presence of Maltose, 
Estimation of (Ramon), 592.

Gold Sodium Thiosulphate, Influence 
of Drugs on the Acute Toxicity of 
(Byrum and Lichtin), 791.

H
Heavy Metals in Pharmaceutical 

Chemicals (Stewart and Strode), 
1001.

Hecogenin, Source of (Callow, Comforth 
and Spensley), 206.

Hecogenin, Source of (Spensley), 658.
Heparin, Sublingual Administration of 

(Litwins, Vorzimer, Sussman, 
Applezweig and Etess), 144.

Heparin, Synthetic Analogue Dextran 
Sulphate (Ricketts), 496.

Hetrazan in the Treatment of Human 
Ascariasis (Loughlin, Rappaport, 
Joseph and Mullin), 597.

Hexachlorophen Soap, Bactericidal Pro­
perties of (Jacobsen), 214.

Hexaméthonium and Apresoline, 
Caution in the Use of (Grimson, 
Orgain, Rowe and Sieber), 1083.

Hexaméthonium and Homologues, 
Actions of (Wien and Mason), 
275.

Hexaméthonium Bromide in Hyper­
tension (Murphy), 597.

Hexamine, Preliminary Observations on 
the Stabilisation of Penicillin Solu­
tions with (Hobbs, Livingstone, 
Reece and Woodard), 911. |

S U B J E C T

cyc/oHexanone, Synthesis of Vitamin A 
from (Attenburrow, Cameron, 
Chapman, Evars. Hems, Jansen 
and Walker), 658.

Histamine and Antihistamines, An­
tagonism and Synergism of in Mice 
(Ambrus, Packman, Rossi, Ambrus 
and Harrisson), 466.

Histamine, Gravimetric Determination 
of (Schmall, WoLish and Galender), 
1002.

Histamine in Pharmaceutical Products, 
Determination by means of 2 :4-Di- 
nitrcfluorc benzene (Mclntire), 1071.

Hyaluronic Acid, Some Observations 
on the Inhibition of the Action of 
Hyaluronidase on, by Gentisic Acid 
and :ts Oxdatior Products (Forrest, 
Overell, Fetrow and Stephenson), 
231.

Hyaluronidase on Hyaluronic Acid, 
Some Observations on the Inhibition 
of the Action of, by Gentisic Acid 
and its Oxidatior Products (Forrest, 
Overell, Petrowand Stephenson), 231.

Hydnocarpus Oil, Ethyl Esters of, 
Stabilised with Creosote (Foster, 
Kendrick, Walton and Williams), 
730.

Hydrastine in Hydrastis, Fluorimetric 
Determination of (Brochmann- 
Hanssen and Evers), 328.

Hydrastis, Fluorimerric Determination 
of Hydrastine in (Brochmann- 
Hanssen and Evers), 328.

Hydrazine Derivatives of /.soNicotinic 
Acid in Blood, Determination of 
(Rubin, Drekter, Scheiner and 
de Ritter), 1075.

Hydrocortisone (Free. Alcohol), Hydro­
cortisone Acetate and Cortisone 
(Free Alcohol i, Antirheumatic 
Effects of, Compared with Cortisone 
Acetate (Boland), 666.

Hydrocyanic Acid Content of Chloro- 
dyne, Changes in, on Storage 
(Glastonbury), 711.

a-Hydrojuglone Glucosidss, the 
Synthesis of Two Isomeric (Daglish), 
539.

/)-Hydroxybenzoic Acid, A Note on 
the Assay of Methyl and Propyl 
Esters of (SharpL 648.

Hydroxyethylcarbamyl Group, Pharma­
cology of Compounds Containing 
(Hazard, Cheyrrol, Cha Drier, Gay 
and Muller), 504.

Hydroxyethyltheophylline, Clinical Ex­
perience with (Lurmann and Bores), 
667.

/j-p-Hydroxyphenylpropionic Acid in 
Viscera, Identification of (Roche 
Lynch), 413.

f t-p - i lydroxyphenylpiopionic Acid in 
Viscera, Note on the Occurrence of 
(Nickolls), 413.

I N D E X
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m-Hydroxyphenylpropionjc Acid, Note 
on the Preparation of (Dombrow 
and Linnell), 118.

Hydroxytyramine (0: 4-Dihydroxy- 
phenylethylamine) in Human 
Urine (Von Euler, Hamberg and 
Hellner), 271.

Hyoscine and Antihistamine Compounds 
in the Prevention of Seasickness 
(Glaser and Hervey), 213.

Hyoscine and Hyoscyamine, Separation 
of (Schill and Agren), 409.

Hyoscine Hydrobromide, Small Quan­
tities of, in Some Pharmaceutical 
Preparations, An Application of the 
Vitali-Morin Reaction to the Deter­
mination of (Ashley), 181.

Hyoscyamine and Atropine, Decom­
position of (Schneider), 409.

Hyoscyamine and Hyoscine, Separation 
of (Schill and Agren), 409.

Hyoscyamine, Racemisation of, in Pre­
paration of Dry Extract of Bella­
donna (Fryklof), 1072.

H y o s c y m u s  m u tic u s  L. Morphology 
and Histology of the Flowering 
Tops (Saber and Balbaa), 419.

I
Indian Strophanthus, S tr o p h a n th u s  

w ig h tia n u s  Wall (Handa and 
Chopra), 790.

Indole, Colorimetric Estimation of, 
by Xanthydrol Reaction (Fearon 
and Drum), 273.

Indoxyl, Estimation of (Drum), 273.
Infra-red Heating, Application of to 

Pharmaceutical Products (Fowler), 
Part I, Preliminary Investigation, 
932; Part II, Drying of Granules, 
937.

Instruments Employed in Potentiometric 
Determinations (Morton), 281.

Insulin and Protamine, Estimation of, 
in Protamine Zinc Insulin (Robinson 
and Fehr), 787.

Insulin, Maximum Molecular Weight of 
(Creeth), 1003.

Insulin, NPH (Swallow and Chute), 144.
Insulin NPH, Composition and Pro­

perties (Jameson, Lacey and Fisher), 
144.

Insulins, Comparison of Duration of 
Action of Different Forms of 
(Gerritzen), 667.

Iodate, Determination of Chloride in 
the Presence of (Stanton), 203.

Iodinated Phenyl- and Pyridyl-alkanoic 
Acids as Contrast Agents (Archer, 
Hoppe, Lewis and Haskell), 330.

Iodine, Determination of, in Organic 
Compounds by Alkaline Reduction 
(Ballard and Spice), 322.

Iodine, Determination of Organically 
Bound (Zak and Boyle), 784.

Iodobismuth Acid, A Colour Reaction 
for certain Mercaptoimidazoles 
using (McAllister), 311.

Ion Exchangers, Use of, in the Analysis 
of Salts of Weak Organic Bases 
and Weak Organic Acids (Bagges- 
gaard Rasmussen, Fuchs and Lund- 
berg), 566.

Ipecacuanha, Extract and Root of, A 
Note on the Rapid Assay of (Low- 
dell), 123.

Iron, Determination of Sulphates in the 
Presence of (Gandolfo), 205.

Isotonic Saline Solution, Diuretic Effect 
of, Compared with that of Water 
(Blomhert. Gerbrandy, Molhuysen, 
de Vries and Borst), 598.

J
Jalap, Brazilian. Part III, An Examina­

tion of the Resin and some Com­
parisons with the Resins from Vera 
Cruz Jalap and Orizaba Jalap 
(Shellard), 304.

Jalap Resins, Nomenclature of (Duque- 
nois and Trease), 75.

K
Karl Fischer Reagent, Review of the 

Use of (Jones), 68.
Kemadrin in Postencephalitic Parkin­

sonism (Montuschi, Phillips, 
Prescott and Green), 667.

a-Keto Acid, Blood Levels in Rats and 
Rabbits, Effect of Barbiturate 
Anaesthesia on (Goodwin and 
Williams), 197.

Ketones, Basic, and Related Com­
pounds, Pharmacology of (Marshall, 
Ahmad and Weston), 1080.

17-Ketosteroids, Estimation of Urinary 
(Cook), 499.

17-Ketosteroids, Urinary, Analysis of 
(Bray), 1076.

Kofler’s Micro Method, Identification 
of Metaldehyde by (Teuchner), 653.

L
Laburnum Poisoning in Children 

(Mitchell), 78.
Lactic Acid in Urine, Microdetermina­

tion of (Tsao, Baumann and Wark), 
659.

Lactose, Biological Synthesis of, from 
Carbon-14 Glucose (French, Popjak 
and Malpress), 272.

Lappaconitine and Aconitine, Toxicity 
of (Dybing, Dybing and Jensen), 
420.

Lard, Estimation of Antioxidants in 
(Mahon and Chapman), 201.

Lead Poisoning, Dimercaprol in (Vigliani 
and Zurlo), 503.

1099



S U B J E C T  I N D E X

Leptazol, Assay of (Sharp), 52.
L ip p ia  c a rv io d o ra  from Somaliland, Oil 

from (Islip and Matthews), 411.
Liquorice, Pharmacological Action of 

(Vincent), 339.
Litmus Solutions, Stability and Preserva­

tion of (Gumming), 324.
Liver Fluke, Action of Antimonial 

Compounds on, in v itro  (Mansour), 
276.

Lyxoflavin, Vitamin Activity of 
(Emerson and Folkers), 272.

M
Magnesium and Calcium in Plasma, 

Simplified Titrimetric Tecaniques 
for the Assay of (Buckley, Gibson 
and Bortolotti), 273.

Magnesium, Calcium and Mercury 
Compounds, Application of the 
Schwarzenbach Method to Analysis 
of (Hernandez, Biermacher and 
Mattocks), 202.

Maltase and Amylase in Urine (Fleury, 
Courtois and Ramon), 590.

Malt Extract, Fermentation of (English), 
134.

Maltose, Estimation of Glucose in the 
Presence of (Ramon), 592.

Megaloblastic Anaemia, Citrovorum 
Factor in the Treatment of (David­
son and Girdwood). 502.

Meningitis, Intrathecal Administration 
of Aureomycin in (Ainley-Walker 
and Bosanquet), 664.

Mepacrine Hydrochloride in Taeniasis 
(Sodemand and Jung), 504.

Mephenesin Carbamate, Pharmacology 
of (Dresel and Slater), 505.

Mephenesin, Effect of, on Spastic 
Paralysis (Lawrence), 505.

2-Merca ptoglyoxal ines, Mercaptothia- 
zoles and Thiohydantoins, Anti­
thyroid Substances (Searle, Lawson 
and Morley), 140.

MercaptoimidazOles, A Colour Reaction 
for Certain, Using Iodofcismuth 
Acid (McAllister), 311.

Mercaptothiazoles, 2-Mercaptogylox- 
alines and Thiohydantoins, Anti­
thyroid Substances (Searle, Lawson 
and Morley), 140.

Mercumatilin Sodium (Cumertilin 
Sodium) (N e w  a n d  N o n o ff ic ic l  R e m ­
ed ies ), 662.

Mercurial Diuretics, Combination of, 
with Dimercaprol; Effect on 
Diuretic Activity and Toxicity 
(Short), 985.

Mercurial Diuretics, Note on the Prep­
aration of Compounds of, with 
Dimercaprol (Sharp), 998.

Mercurial Diuretics, Pharmacology of 
New (Handley, Chapman and 
Moyer), 505.

Mercuric Chloride, Volatility when 
Evaporating Aqueous Solutions 
(Bellucci and Casmi), 70.

Mercury, Ca cium and Magnesium 
Compounds, Application of the 
Schwarzenbach Method to Analysis 
of (Hernandez, Biermacher and 
Mattocks), 202.

Mercury, Thiocyanate Titration of, and 
the Standardisation of Ammonium 
Thiccyanate Solution (Cumming 
and Spice), 321.

Mersalyl Analogues, Synthesis of (Foyre, 
Kotak and Hefferren), 1004.

Mescaline, New Synthesis of (Tsao), 
201.

Metaldetyde, Identif cation by Kofler’s 
Micro Method (Teuchner), 653.

Methadone (Amidone), Analytical 
Studies in (Demonceau), 492.

Methanol, Assay of and Content of in 
Brandy (Mokranjac and Radmic), 
587.

Methanol in Distilled Spirits, Spectro- 
photometric Estimation of (Beyer), 
203.

Methaphenilene Hydrochloride (Diatrine 
Hydrochloride) ( \ e w  a n d  N o n o ffic ia l  
R e m e d ie s ) , 210.

Methedrine, Adrenaline and Noradrena­
line; Effects on Renal Circulation 
during Anaesthesia (Churchill- 
Davidson, Wylie, Miles and de 
Wardener), 338.

Methimazole (Tapazole) (N e w  a n d  N o n ­
o ff ic ia l  R e m e d ie s), 275.

Methionine, Colorimetric Determination 
of (Rudra and Chouhbury), 73.

Methonium Compounds: Oral Use in 
the Treatment of Hypertension 
(Campbell. Graham and Maxwell), 
668.

Methoxamine, Clinical Observations on 
(Nathanson and Miller), 505.

Methoxy and Ethoxy Groups in Ad­
mixture, Microdetection of (Wolff, 
Smitaius and Sterk), 68.

Methyl and Propyl Esters of p-Hydroxy- 
benzoic Acid, A Note on the Assay 
of (Sharp), 648.

l-Methyl-2-mercaptoi midazole, Treat- 
ment of Thyrotoxicosis with (Ken­
drick, Balls and Rose), 668.

Methylth:ouradl and Propylthiouracil in 
Tablets, Colorimetric Determination 
of, Using 2: f-Dichloroquinone- 
chloroimide (McAllister and 
Howells), 259.

Monosaccharides, £ Colorimetric 
Method for the Determination of. 
in Organic Solvents for use in 
Partition Chromatography (Gar- 
dell), 269.

Morphine Derivatives, Pharmacological 
Properties of (Giudicelli, Chabrier 
and Kristensson), 78.
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Morphine from Poppy Heads and 
Stalks (Ristic), 337.

Morphine in Opium, Colorimetric Deter­
mination of (Mariani, Guarino and 
Mariani Marelli), 328.

Morphine in Opium, Determination of, 
by Paper Chromatography (Svend- 
sen), 587.

Morphine in Poppy Capsules, Estima­
tion of (Valente), 69.

Morphine, Intravenous, in Ocular 
Surgery (Johnson), 144.

Morphine, Liberation from Codeine in 
the Rat (Alder and Shaw), 668.

Morphine, New Colour Reaction for 
(Castagnou and Paoletti), 130.

Morphine, Open-chain Aminoketones 
Related to (Burckhalter and John­
son), 141.

Morphine, Strychnine and Brucine in 
Viscera Extracts, Spectrophoto- 
metric Identification and Estima­
tion of (Biggs), 547.

Mouse Insulin Assays, Distribution of 
Error in (Young and Stewart), 
169.

M y r o x y lo n  pereirce  Klotzch, A Source 
of Nerolidol (Cortesi), 419.

Myrrh, Some Observations on the 
Constitution of (Hough, Jones and 
Wadman), 657.

Mysoline in the Treatment of Epilepsy 
(Handley and Stewart), 669.

N
*8-Naphthyl-di-2-chloroethylamine

(R48); Oral Treatment of Poly­
cythemia Vera (Iversen and Meulen- 
gracht), 278.

Neoarsphenamine B.P. and Sulphars- 
phenamine B.P. for Injection, A 
Sterility Test for (Sykes, Royce and 
Hugo), 366.

Neoplastic Disease, Triathylene Mel­
amine in the Treatment of 
(Kamofsky, Burchenal, Armi- 
stead, Southam, Bernstein, Craver 
and Rhoads), 509.

Neoretinene and Neovitamin A Esters 
(Dalvi and Morton), 331.

Neostigmine Methylsulphate, Decom­
position of Solutions of (Indemans 
and van Pinxteren), 594.

Neovitamin A and Vitamin A Alcohol 
in Commercial Fish-liver Oils and 
Vitamin A Concentrates (Hayes 
and Petitpierre), 879.

Neovitamin A Esters and Neoretinene 
(Dalvi and Morton), 331.

Nerolidol, a Source from M y r o x y lo n  
p e re ir te  Klotzch (Cortesi), 419.

Nicotinamide, Fluorimetric Determina­
tion by Use of Synthetic Ion 
Exchange Resins (Kato and 
Shimizu), 73.

Nicotine, Thiouracil and Alloxan on 
Suprarenal Glands Effects of 
(West), 375.

Nicotinic Acid Derivatives, Paper 
Chromatography of (Kodicek and 
Reddi), 132.

Nicotinic Acid Ester, Skin Response 
to Local Application in Rheumatoid 
Arthritis (Nassim and Banner), 
1005.

woNicotinic Acid Hydrazide, A Note 
on the Estimation of (Canbàck), 
407.

/.«»Nicotinic Acid, Hydrazine Derivatives 
of in Blood, Determination of 
(Rubin, Drekter, Scheiner and de 
Ritter), 1075.

Nicotinic Acid in Pharmaceutical Pro­
ducts (Mueller and Fox), 410.

woNicotinyl Hydrazide (Knox, MacLean 
and Robson), 1083.

woNicotinyl Hydrazide and y-Picoline, 
Photometric Determination of 
(Ballard and Scott), 1071.

woNicotinyl Hydrazide, Detection and 
Determination of (Scott), 681.

woNicotinyl Hydrazide, Estimation of 
(Haugas and Mitchell), 687.

woNicotinyl Hydrazide in Biological 
Fluids, Estimation of (Kelly and 
Poet), 1075.

Niger Seed Oil from Tanganyika (Pear- 
men, Raymond and Squires), 412.

Nisin in Experimental Tuberculosis 
(Bavin, Beach, Falconer and Fried­
man), 506.

Nitrates and Nitrites, Colour Reaction 
for (Barnes), 269.

Nitrites and Nitrates, Colour Reaction 
for (Barnes), 269.

Nitrites, Determination of (Barnes and 
Folkard), 269.

Nitrites in the Presence of Nitric Acid 
Iodopermanganate Determination 
of (Brasted), 130.

Nitrogen, Determination of (McCutchan 
and Roth), 654.

Nitrogen Mustards (Wilson and Tishler), 
71.

Nitrogen Mustard Treatment of 
Rheumatoid Arthritis (Diaz, Garcia, 
Merchante and Perianes), 1006.

Nitroglycerin in Tablets, Rapid Assay of 
(Cannon and Heuermann), 204.

Nitroparaffins, Antitubercular and Anti- 
rickettsial Properties of Derivatives 
(Urbanski), 140.

Non-aqueous Media, Acidimétrie Titra­
tions in (van Ariel and Kroonberg), 
781.

Non-aqueous Media, Application of 
Titration in, to Pharmaceutical 
Analysis. Part I, The Determina­
tion of Alkali Metal Salts of 
Aliphatic and Aromatic Acids 
(Beckett, Camp and Martin), 399.
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Non-aqueous Solvents, Acid-base Titra­
tions in (Riddick), 491.

Noradrenaline, Adrenaline and Methe- 
drine; Effects on Renal Circulation 
during Anaesthesia (Churchill- 
Davidson, Wylie, Miles and de 
Wardener), 338.

Noradrenaline, Adrenaline and the 
Human Circulation (Swan), 1006.

Noradrenaline and Accessory Chrom­
affin Tissue (Shepherd and West), 
1074.

Noradrenaline and Adrenaline, Con­
centrations in Adrenal Glands at 
Different Ages (West, Shepherd 
and Hunter), 420.

Noradrenaline and Adrenaline; Effects 
of Stimulation of Rat Adrenals 
(Outschoorn), 71.

Noradrenaline and Adrenaline; Elimina­
tion of (Lund), 420.

Noradrenaline and Adrenaline ; Release 
from the Suprarenal Gland ‘ Lund), 
596.

Noradrenaline and the Suprarenal 
Medulla (Shepherd and West), 278.

Noradrenaline, Formation of, Using 
Ultra-violet Irradiation (Shepherd 
and West), 671.

Noradrenaline in Adrenaline, Limit 
Test for : Analysis of Pharrracopceial 
Samples of Adrenaline (V/est), 95.

Noradrenaline, Stability of Solutions 
(West), 560.

NPH Insulin (Swallow and Chute), 144.
NPH Insulin, Composition and Pro­

perties (Jameson, Lacey and Fisher), 
144.

o
Octyl Cresol- A New Germicide 

(Boocock), 214.
(Estrogens, Chromatographic Separation 

of (Nyc, Maron, Gorst and Fried- 
good), 207.

(Estrone, Purification of (Braunsberg), 
1074.

Ointments, Antiseptic Power of Some, 
Influence of Excipients on (Miri- 
manoff and Ducommun), 418.

Ophthalmology, Streptomycin in 
(Sorsby, Ungar and Bailey), 508.

Opium Colorimetric Determination of 
Morphine in (Mariani, Guarino 
and Mariani Marelli), 328.

Opium, Determination of Morphine in, 
by Paper Chromatography (Svend- 
sen), 587.

Opium Poppy of Macedonia (Akacic, 
Markovic and Petricic), 76.

Orange Oil, Fermentation-inhibiting Pro­
perties of (Mossel), 270.

Organic Acids, Partition Paper Chroma­
tography of (Opienska-Blauth, 
Saklawska-Syzmonowa and Kan- 
ski), 134.

Ouabain, Influence of Sex upon 
Response of Rat Heart to (Wollen- 
berger and Kars.i), 339.

Oxalates in Fresh Plant Material, 
Determination of (Baker), 1071.

P
Pancreatin with High Enzymatic Activity 

(Bauer and Vazakas), 496.
Papaverine and Phenobarbitone in Com­

pound Preparations, Potentiometric 
Titration of (Roland), 1002.

Paper Chromatography on Borate- 
impregnated Paper (Wachtmeister), 
207.

Paper Partition Chromatogram as 
Appiied to the Detection of Alka­
loids, Observations on the (Gore 
and Adshead), 803.

Particle Size Analysis, Approximate 
(Johnson and King), 269.

Particle Size of Fine Powders, Deter­
mination of (Rossi and Baldacci). 
329.

Partition Chromatography of the Alka­
loids. Part IV, The Assay of 
Solanaceous Drugs (Evans and 
Partridge), 769.

Penicillin and Streptomycin, Effect of 
on Blood Coagulation in Normal 
Subjects (Ingram and Armitage), 
1047.

Penicillinase, Assay of Penicillin using 
(Royce, Bowler and Sykes), 904.

Penicillin, Determination of Total, in 
Procaine Penicillin (Wild), 273.

Penicillin, Effect of Sugars on Plate 
Assay of (Bond). 498.

Penicillin in Culture Fluids. Determina­
tion of (Beloff-Chain and Dentice 
D’Accardia), 1076.

Penicillin, Radioactive, Chromatography 
of (Smith and Allison), 590.

Penicillin, RacioactNe, Preparation of 
(Smith and Hockenhuil), 1003.

Penicillin Solutions with Hexamine, 
Preliminary Observations on the 
Stabilisation of (Hobbs, Living­
stone, Reece and Woodard), 911.

Penicillin using Penirillinase, Assay of 
(Royce, Bowler and Sykes), 904.

P e n ic ilU u m  g n s e o fu lr u m  Dierckx and 
P e n ic ill iu m  j c n c z e w s k i i  Zal., 
Dechlorogriseofulvin—A Metabolic 
Product o: (MacMillan), 271.

P e n ic ill iu m  ju n c z e w s k i i  Zal. and 
P e n ic ill iu m  g r i s e o fu h u m  Dierckx, 
Dechlorogriseofulvin—A Metabolic 
Product of (MacMillan), 271.

Pepsin Assay, Comparison of Methods 
(Anderson. Findlay, Targy, Wies- 
man and Wheeler), 131.

Peptides and Amino-acids, Spectro- 
photometnc Analysis of (Spies and 
Chambers), 136.
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Perchloric Acid, Titration of Aneurine 
Salts with (Pifer and Wolfish), 414.

Peroxidase Content of Drugs, as Measure 
of Age (Hörhammer and Hänsel), 
75.

“Pharmacist, An Education for,” Chair­
man’s Address at 1952 British 
Pharmaceutical Conference at 
Nottingham (Mackie), 673.

Pharmacopoea Internationalis. 216.
Pharmacopoeias and Formularies, 216, 

512.
Phenacemide (Phenurone) ( N e w  a n d  

N o n o ffic ia l  R e m e d ie s ) , 142.
Phenacetin, Acetchloranilide as Impurity 

in (Hald), 142.
Phenacetin, Acetylsalicylic Acid, Caffeine 

and Bromvaletone in Admixture, 
Determination of (Langejan and 
van Pinxteren), 125.

Phenacetin, Aspirin and Caffeine, 
Analysis by Partition Chromato­
graphy (Higouchi and Patel), 1001.

Phenacetin, Aspirin and Caffeine in 
Mixtures, Spectrophotometric De­
termination of (Jones and Thatcher), 
67.

Phenacetin, Caffeine and Acetylsalicylic 
Acid and Combinations with 
Codeine or Thenylpyramine, Infra­
red Analysis of (Parke, Ribley, 
Kennedy and Hilty), 67.

Phenacetin, Colorimetric Determination 
of (Hormn), 204.

Phenacetin, Estimation of (Casini), 204.
Phenindamine and Asterol Dihydro­

chloride, Fungistatic Powers of 
(Seale), 666.

Pheniodol; Elimination in Normal Sub­
jects (Bang and Georg). 506.

Phenobarbitone anc Papaverine in Com­
pound Preparations, Potentiometrie 
Titration of (Roland), 1002.

Phenobarbitone, Mode of Absorption of 
(Fabre, Regnier and Grasset), 145.

Phenobarbitone Narcosis, Effect of 
Iodides on (Krautz and Fassel), 598.

Phenol, Bromination of, in Assays 
(Reimschneider), 410.

Phenol, Cutaneous Absorption of (Free­
man, Draize ar.d Alvarez), 145.

Phenols and Surface-active Agents, 
Fungicidal and Fungistatic Evalua­
tion of (Walker, Porter and De Kay), 
659.

Phenurone (Phenacemide) ( N e w  a n d  
N o n o ff ic ia l  R e m e d ie s ) , 142.

Phenyl-alkyl-carbinols, Derivatives of 
Basically substituted (Kjter and 
Petersen), 330.

Phenyl- and Pyridyl-alkanoic Acids, 
Iodinated, as Contrast Agents 
(Archer, Hoppe, Lewis and Haskell), 
330.

Phenylboric Acid, Toxicity of (Caujolle, 
Franck, Gayrel and Roux). 507.

Phenylephrine Hydrochloride and Tetra­
caine (Amethocaine), Spectrophoto­
metric Determination of (Ellin and 
Kondritzer), 656.

Phenyl Esters of /9-Dialkylaminopro- 
pionic Acids as Antispasmodics 
(Soine and DiGangi), 1077.

Phenyimercuric Nitrate, Polarographic 
Characteristics of (Wuggatzer and 
Cross), 654.

Phenyimercuric or Ethylmercuric Com­
pounds, Determination of (Miller, 
Polley and Gouid), 204.

Phenyipyruvic Acid in Urine, Estima­
tion of (Berry and Woolf), 416.

a-Phenyl Succinimides, Anticonvulsant 
Activity of (Chen, Portman, Ensor 
and Bratton). 145.

Phethenyiate Sodium (Thiantoin Sodium) 
( N e w  a n d  N o n o ffic ia l  R e m e d ie s ) , 143.

Phosphorus, Estimation of, by Ceric 
Sulphate (Deshmukh), 270.

y-Picoline and AuNicotinyl Hydrazide, 
Photometric Determination of 
(Ballard and Scott), 1071.

Pilocarpine, Colorimetric Assay of 
(Webb, Kelley and McBay), 1072.

Piperazine (Estrone Sulphate (Sulestrex 
Piperazine) (N e w  a n d  N o n o ff ic ia l  
R e m e d ie s ) , 1078.

Pituitary, Antidiuretic Hormone of the 
Posterior Lobe fCavallero and 
Zanchi), 78.

Plasma, Dried. Water Content of 
(Sager), 1074.

Plasma, Simplified Titrimetric Tech­
niques for the Assay of Calcium 
and Magnesium in (Buckley, Gibson 
and Bortolotti), 273.

Podophyllin, Toxicology of (Sullivan, 
Follis and Hilgartner), 146.

P o d o p h y llu m  e m o d i Wall, New Com­
pounds from (Nadkarni, Maury 
and Hartwell), 412.

Polarography, Applications of in Phar­
maceutical Analysis (Page), 1.

Poliomyelitis and other Virus Infections, 
Effect of Adrenocorticotrophic Hor­
mone and Cortisone on (Findlay 
and Howard), 37.

Polycythaemia Vera, Oral Treatment of 
with /3-NaphthvI-di-2-chloroethyl- 
amine (R48) (Iversen and Meulen- 
gracht), 278.

Polymer-fume Fever (Harris), 598.
Polymyxin in the Treatment of Burns 

(Jackson, Lowbury and Topley), 
146.

Polymixins, Chemotherapy and Pharma­
cology of (Brownlee, Bushby and 
Short), 788.

Potassium Xanthogenates use of, in 
Paper Chromatography of Alcohols 
(Kariyone and Hashimoto), 125.

Potentiometric Determinations, Instru­
ments Employed in (Morton), 281.
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Prantal, A New Parasympathetic 
Blocking Agent, Pharmacology of 
(Margolin, Doyle, Giblin, Makov- 
sky, Spoerlein, Stephens, Berchtold, 
BellofF and Tislow), 507.

Pressor Substance in Urine (Dekanski), 
146.

Primaquine in Experimental T ry p a n ­
o so m a  c r u z i infection (Pizzi), 339.

Procaine Amide and Dibenzylmethyl- 
amine in Experimentally Produced 
Ventricular Tachycardia (Charlier 
and Klutz), 213.

Procaine Amide for Cardiac Ar­
rhythmias (Kinsman. Hansen and 
McClendon), 278.

Procaine Amide in Cardiac Arrhythmias 
(Miller, Nathanson and Griffith), 213.

Procaine Amide in Digitalis-induced 
Ventricular Tachycardia (Goldberg 
and Cotten), 339.

Procaine and Amethocaine, Local 
Anaesthetic and Irritant Effects of 
2-Alkoxy Analogues (Luduena and 
Hoppe), 660.

Procaine Benzyl Penicillin, Assay of 
(Gottlieb), 660.

Procaine Hydrochloride, Spectrophoto- 
metric Detection and Estimation 
of in Aqueous Solution (Biggs), 479.

Procaine Penicillin, Determination of 
Total Penicillin in (Wild), 273.

Proflavine Hemisulphate, Colorimetric 
Estimation of (Shaw and Wilkinson), 
654.

Progesterone in Blood, New Method 
for Determination of (Butt, Morris, 
Morris and Williams), 136.

Proguanil, Metabolite of, with High 
Antimalarial Activity (Carrington, 
Crowther, Davey, Levi and Rose), 
1007.

Propyl and Methyl Esters of p-Hydroxy- 
benzoic Acid, A Note on the Assay 
of (Sharp), 648.

Propylthiouracil and Methylthiouracil in 
Tablets, Colorimetric Determina­
tion of, Using 2: 6-Dichloro- 
quinone-chlorointidc (McAllister 
and Howells), 259.

Propylthiouracil in Urine, Determina­
tion with 2: 6-Dichloroqu.none- 
chloroimide (McAllister), 4 P .

Protamine and Insulin, Estimation of, 
in Protamine Zinc Insulin (Robin­
son and Fehr), 787.

Protamine Zinc Insulin, Estimation of 
Protamine and Insulin in (Robinson 
and Fehr), 787.

Purpureaglycoside B, Gitoxigenin and 
Gitoxin, Paper Chromatography of 
(Jensen), 784.

Pyrazoline Derivatives. Part I, Studies 
in the Effect of Substitution on 
Local Anaesthetic Activity of (Craw­
ford, Nisbet and Ritchie), 294.

Pyridyl- and Phenyl-alkanoic Acids, 
lodinated, as Contrast Agents 
(Archer, Hoppe, Lewis and Haskell), 
330.

Pyridine, Titrations of Barbituric Acids 
in (Heiz), 782.

Pyrogenic Properties, Attenuation of, 
During the Ageing of Sterile 
Microbial Preparations (Dorche and 
Castaing), 340.

Pyrogenic Properties af Distilled Water 
and Microbial Cultures (Dorche, 
Carraz and Castaing), 340.

Pyrogens, Assay of Bacterial (Dawson 
and Todd), 972.

Pyrogens from Various Bacterial Species 
(Ginger, Nesset, Riegel and Fitz- 
simons), 344.

Q
Quercetin and Rutin, Relative Stability 

in Alkaline Solutions (Dechene), 
332.

Quercetin, Determination of Rutin in 
the Presence of (Horhammer and 
Hansell), 588.

Quercetin in Rutin, Chromatographic 
Estimation of (Naghski, Fenske 
and Couch), 330.

Quinidine and Quinine Action of on 
Cholinesterase (Each, Robert and 
Robert), 590.

Quinidine and Quinine, Identification of 
(Barkovii), 587.

Quinidine, Effects of Parenteral Adminis­
tration o ' (Blinder, Burstein, 
Horowitz, Gersh and Smelin), 279.

Quinine and Quinidine, Action of on 
Cholinesterase (Each, Robert and 
Robert), 590.

Quinine and Quinidine, Identification of 
(Barkovid), 587.

R
Radioactive Penicillin, Chromatography 

of (Smith and Allison), 590.
Radioactive Penicillin, Preparation of 

(Smith and Hockenhull), 1003.
Resins, Paper Chromatography of (Mills 

and Werner), 1073.
Review Articles—

Applications of Polarography in Phar­
maceutical Analysis (Page), 1.

A Critical Account of the Spectro- 
photometric Estimation of Vitamin 
A (Bagnall and Stock), 81.

Chemotherapy of Tropical Diseases. 
Part I, Protozoal Infections (Good­
win), 153.

Chromatography and Its Application 
in Pharmacy (Partridge), 217.

Instruments Employed in Potentio- 
metric Determination (Morton), 
281.
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The Applications of Ultra-violet Ab­
sorption Spectrophotometry in 
Pharmaceutical Analysis (Stuckey), 
345.

Analgesics—A General Survey 
(Beckett), 425.

L’Analyse Potentiométrique Appli­
quée au Control Des Médicaments 
(Domange), 513.

The Chemotherapy of Tropical 
Diseases. Part II, Diseases caused 
by Rickettsiæ, Bacteria, Spirochætes 
and Worms (Goodwin), 601.

Recent Advances in Biological Stan- . 
dardisation—with Particular Refer­
ence to the Assays of Digitalis and 
Posterior Lobe Pituitary Extracts 
(Somers), 793.

Recent Developments in the Pharmacy 
of Antibiotics (Woodard), 1009.

Rheumatic Fever, Sodium y-Resorcylate 
in (Reid, Watson, Cochran and 
Sproull), 599.

Rheumatoid Arthritis, Nicotinic Acid 
Ester, Skin Response to Local 
Application in (Nassim and Banner), 
1005.

Rheumatoid Arthritis, Nitrogen Mustard 
Treatment of (Diaz, Garcia, Mer- 
chante and Perianes), 1006.

Riboflavine in Compressed Tablets and 
Ampoule Solutions, Polarographic 
Determination of (Fowler and 
Kaye), 748.

Riboflavinyl Glucoside (Whitby), 415.
Rotenone, Determination of. Using 

Mercury Acetate (Hornstein), 205.
Rutin and Quercetin, Relative Stability 

in Alkaline Solutions (Dechene), 
332.

Rutin and Related Flavonols, Prepara­
tion of Water-soluble Metal Com­
plexes of (Krewson and Couch), 
589.

Rutin, Chromatographic Estimation of 
Quercetin in (Naghski, Fenske and 
Couch), 330.

Rutin, Determination of, in Presence of 
Quercetin (Hdrhammer and 
Hânsell), 588.

S
Saccharin, Elydrolitic Stability of 

(DeGarmo, Ashworth, Eaker and 
Munch), 495.

S a c c h r o m y c e s  ce rv is iœ  Effects of Cocaine 
on the Metabolism of (Ryman and 
Walsh), 496.

Salicyiamidc, Analgesic and Antipyretic 
Properties of Some Derivatives of 
(Bavin, Macrae, Seymour and 
Waterhouse), 872.

Salicylamide, Analgesic Properties of 
Certain Derivatives of (Carron, 
Tabart and Jullien), 593.

Salicylate, Application of Paper Parti­
tion Chromatography to the Study 
of Metabolism of, in the Rat 
(Quilley and Smith), 624.

Salicylates and Derivatives, Estimation 
of Salicylic Acid in (Scandellari), 
494.

Salicylates, Colorimetric Determination 
of (Pankratz and Bandelin), 784.

Salicylates: Effect on the Pituitary and 
Suprarenal Glands (Hetzel and 
Hine), 147.

Salicylic Acid, Estimation of, in 
Salicylates and Derivatives (Scan­
dellari), 494.

Salicylic Acid, Fatty Acid Esters of 
(Lespagnol, Batteur and Lespagnol), 
147.

Salicylic and Gentisic Acids, Simul­
taneous Spectrophotometric Deter­
mination of (Kleckner and Osol), 
586.

Salts, Titration of, in Non-aqueous 
Solvents (Fritz), 655.

Santonin in Artemisia, Solubility Correc­
tion (Qazilbash), 511.

Santonin, Note on the Gravimetric 
Determination of (Qazilbash), 103.

Sapote Gum, Composition of (Anderson 
and Ledbetter), 412.

Schwarzenbach Method of Analysis, 
Application to, Calcium, Mag­
nesium and Mercury Compounds 
(Hernandez, Biermacher and Mat­
tocks), 202.

S c i l la  m a r it im a , Vegetative Reproduction 
(Devetak), 595.

Scopadonnine, a New Scopolamine 
Alkaloid (Kussner and Voigtlander), 
67.

Serum, Determination of Gentisic Acid 
in (Lowenthal), 334.

Serum, Rapid Determination of Sodium 
in (Trinder), 270.

Sodium /?-Aminosalicylate, Intravenous 
(Douris and Bory), 336.

Sodium Antimonyltartrate in the Treat­
ment of Schistosomiasis (Girgis and 
Magid), 1084.

Sodium Bisulphite, Sterilisation of Solu­
tions of (Schou and Rhodes), 336.

Sodium in Serum, Rapid Determination 
of (Trinder), 270.

Sodium Propionate and its Derivatives 
as Bacteriostatics and Fungistatics 
(Heseltine), 577.

Sodium Propionate, A Note on (Hesel­
tine), 120.

Sodium y-Resorcylate in Rheumatic 
Fever (Reid, Watson, Cochran and 
Sproull), 599.

Solanaceous Alkaloids, Colorimetric 
Assays for (Colby and Beal), 1072.

Solanaceous Drugs, Assay of by Partition 
Chromatography (Evans and Part­
ridge), 769.
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Sparteine as Antagonist of Eserine 
(Hazard, Corteggiani and Cornec), 
147.

Spinal Fluid and Blood, Determination 
of Bromides in (Paul, Knouse and 
Routh), 787.

Starch Chromatography and Ion Ex­
change Resin for the Separation 
of 15N-Iabe!ied Amir.o-acids 
(Aqvist), 332.

Starch-Iodate Reagent, Linear (Lam­
bert), 205.

S tr e p to m y c e s , Antibiotics from (Berger, 
Rachlin, Scott, Stembach and Gold­
berg), 272.

Streptomycin, p -Aminosalicylic Acid and 
Thiacetazone in Genito-urinary 
Tuberculosis (Ross, Gow and Hill), 
507.

Streptomycin and Penicillin, Effect of 
on Blood Coagulation in Normal 
Subjects (Ingram and Armitage), 
1047.

Streptomycin ;n Ophthalmology (Sorsby, 
Ungar and Bailey), 508.

Streptomycin, Interference of Aureo- 
mycin Chloramphenicol and Terra- 
mycin with the Action of (Jawetz, 
Gunnison and Speck), 279.

Streptomycin, New Colour Reaction for 
(Halliday), 497.

Strophanthin, Heart Activity of, When 
Administered Gastro-enterically 
(Zollner and Foth), 599.

S tr o p h a n th u s  in te r m e d iu s  Pax, Glycosides 
of Seeds of (Salmon, Smith and 
Bywater), 70.

S tr o p h a n th u s  w ig h tia n u s  Wall, Indian 
Strophanthus (Kanda and Chopra), 
790.

Strychnine and Brucine, Spectrcphoto- 
metric Study of (Demoen and 
Janssen), 785.

Strychnine, Brucine and Morphine in 
Viscera Extracts, Spectrophoto- 
metric Identification and Estimation 
of (Biggs), 547.

Strychnine in Galenicals, The Chromato­
graphic Purification and Ultra­
violet Spectrophotometric Assay of 
(El Ridi and Khalifa), 190.

Succinylcholine, Muscle-relaxant of 
Short Action (Bourne, Collier and 
Somers), 1084.

Succinylcholine; Self Experiments 
(Mayrhofer), 1084.

Succinylcholine, Sensitivity to (Evans, 
Gray, Lehmann and Silk), 1085.

Sugars, Colorimetric Determination of 
(Dubois, Gilles, Hamilton, Rebers 
and Smith), 69.

Sugars, Detection of, by Paper Chroma­
tography (Bayly, Bourne and 
Stacey), 136.

Sugars, Effect of, on Plate Assay of 
Penicillin (Bond), 498.

Sulestrex Piperazine (Piperazine (Estrone 
Sulphate) (N e w  a n d  N o n o ffic ia l  
R e m e d ie s ) . 1078

Sulpha Drugs and Earbiturates, Deter­
mination of in Non-aqueous Solu­
tion (Vespe and Fritz), 652.

“Sulpha” Drugs ard  Sulphonamides, 
Titration of in Non-aqueous Sol­
vents (Fritz and Keen), 655.

Sulphanilamides in Mixture, Spectro- 
graphic Determination of (Thomas 
and Lagrange), 589.

Sulpharsphenamine B.P. and Neoars- 
phenamine B.P. for Injection, A 
Sterility Test for (Sykes, Royce and 
Hugo), 366.

Sulphates in Presence of Iron, Deter­
mination of (Gaaidolfo), 205.

Sulphathiazole and 2 : 4-Diamino- 
pteridines, Activity of, Against 
S tr e p to c o c c u s  fee calis and S ta p h y lo ­
c o c c u s  a u re u s  (Collier and Water- 
house), 1082.

Sulphonamides and “Sulpha” Drugs, 
Titration of, in Non-aqueous Media 
(Fritz and Keer), 655.

Sulphonamides, Identification of, by 
Paper Partition Chromatography 
(Robinson), 131.

Sulphonamides, Identification of, on 
Paper Chromatograms (Steel), 411.

Sulphonamides: Relative Potencies and 
Specificity of (Francis), 1077.

Supplement 1952 to the British Pharma­
ceutical Codex 1949, 512.

Suprarenal Cortex and its Relation to 
the Biosynthesis of Adrenaline 
(Shepherd and West), 1010.

Surface-active Agents and Phenols, 
Fungicidal and Fungistatic Evalua­
tion of (Walker, Porter and De Kay), 
659.

Surface-active Agents, Anti-tuberculous 
Depression of Tuberculin Sensitivity 
in Guinea-pigs by (Hart, Long and 
Rees), 669.

Surface-active Agents in Pharmaceutical 
Preparations, Use of. The Evalua­
tion of Emulsifying Power (Cockton 
and Wynn), 959.

Surgical Dressings, Water Retention 
Coefficient of (Savage, Bryce and 
Elliott), 944.

Surital Sodium (Thiamylal Sodium), 
(N e w  a n d  N o n o ff ic ia l  R e m e d ie s ) , 789.

Sweetening Agents, Synthetic, Chronic 
Toxicities of (Fitzhugh, Nelson and 
Frawley), 1085.

Symphathomimetic Amines, Separation 
and Identification of some, by 
Paper Partition Chromatography 
(Wickstrdm and Salvesen), 631.

Symposium on Recen: Developments in 
the Pharmacy of Antibiotics (British 
Pharmaceutical Conference, 1952), 
1037.
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Synthetic Sweetening Agents, Chronic 
Toxicities of (Fitzhugh, Nelson and 
Frawley), 1085.

T
Tasniasis, Mepacrine Hydrochloride in 

(Sodeman and Jung), 504.
Talc, The Effects of Introducing Certain 

Suggested Substitutes for, into the 
Peritoneal Cavity and into Wounds 
in Experimental Animals (Graham 
and Jenkins), 392.

Tapazole (Methimazole) ( N e w  a n d  N o n ­
o ffic ia l  R e m e d ie s ) , 275.

Terramycin and Aureomycin Hydro­
chloride, Isomorphism of (Pepinsky 
and Watnabe), 786.

Terramycin, Aureomycin and Chlor­
amphenicol, Interference with the 
Action of Streptomycin (Jawetz, 
Gunnison and Speck), 279.

Terramycin Base, Serum Levels after 
Oral Administration (Mason, Kice, 
Caffery and Masselman), 1086.

Terramycin Base, Terramycin in Serum 
and Urine after Ingestion of (Carlile, 
Kester, McDonald and Clancy), 497.

Terramycin, Fluorimetric Behaviour of 
(Serembe), 497.

Terramycin in Infections in Infants and 
Children (Wolman and Holzel), 669.

Terramycin in Serum and Urine after 
Ingestion of Terramycin Base 
(Carlile, Kester, McDonald and 
Clancy), 497.

Terramvcin in Treatment of Gonorrhoea 
(W'llcox), 508.

Terramycin, Value of, in Surgical 
Infections (Niedner and Lange), 
1086.

Testosterone and Derivatives, Deter­
mination of (Diding), 656.

Testosterone Propionate in Vegetable 
Oil Solution, Determination of 
(Madigan, Zenno and Pheasant), 270.

Tetracaine (Amethocaine) and Phenyl­
ephrine Hydrochloride, Spectro- 
photometric Determination of (Ellin 
and Kondritzer), 656.

Tetraethylthiuram Disulphide, Factors 
Affecting the Potentiation of Bar­
biturate Action by (Graham, Teed 
and Allmark), 615.

1:2:3 :4-Tetrahydrocarbazolylcarboxylic 
Acid Esters with Local Anaesthetic 
Activity (Murphy), 74.

Thenylpyramine or Codeine, Combina­
tions of Caffeine Phenacetin and 
Acetylsalicylic Acid with, Infra-red 
Analysis of (Parke, Ribley, Kennedy 
and Hilty). 67.

Thiacetazone, p -  Aminosalicylic Acid and 
Streptomycin in Genito-urinary 
Tuberculosis (Ross, Gow and Hill), 
507.

Thiamylal Sodium (Surital Sodium) ( N e w  
a n d  N o n o ff ic ia l  R e m e d ie s ) , 789.

Thiantoin Sodium (Phethenylate Sodium) 
(N e w  a n d  N o n o ff ic ia l  R e m e d ie s ) , 143.

Thiochrome Solutions under Various 
Lighting Conditions (DeMerre and 
Seibold), 498.

Thiocyanate and uoThiourea Deriva­
tives of Barbituric Acid (Skinner 
and Waitz), 417.

Thiocyanates, Antifungal Activity of a 
Series of (Landis, Kley and Ercoli), 
74.

Thiocyanate Titration of Mercury and 
the Standardisation of Ammonium 
Thiocyanate Solution (Cumming 
and Spice), 321.

Thiohydantoins, 2-Mercaptoglyoxalines, 
and Mercaptothiazoles, Anti­
thyroid Substances (Searle, Lawson 
and Morley), 140.

Thiosemicarbazones in the Chemo­
therapy of Tuberculosis (Hoggarth 
and Martin), 141.

Thiouracil, Alloxan and Nicotine on the 
Suprarenal Glands, Effects of 
(West), 375.

woThiourea and Thiocyanate Derivatives 
of Barbituric Acid (Skinner and 
Waitz), 417.

Thiourea, Volumetric Estimation of 
(Appa Rao and Neelakantam), 1072.

Thyroxine, Biological Action of Sub­
stances Related to (Wilkinson, 
Sheanan and Maclagan), 209.

Thyroxine, Determination of with Special 
Reference to Tablets (Adamson, 
Domleo, Jefferies and Shaw), 760.

Tigloidine as a Substitute for Atropine 
in Parkinsonism (Trautner), 148.

Tocopherol, Colorimetric Determination 
of (Domart), 1073.

Toxiferines, Pharmacology of (Paton and 
Perry), 148.

Trachea, Isolated, Action of Drugs on 
(Akcasu), 671.

Treburon, a New Heparin-like Anti­
coagulant (Mangieri, Engelberg and 
Randall), 148.

Tri- and Diphenylmethane Derivatives, 
Bacteriostatic Action of Basic. 
Part I, The Inhibition of Bacterio­
static Action by Inactive Com­
pounds of Similar Structure (Fischer, 
Genselovich and Rona), 262.

Tri- and Diphenylmethane Derivatives, 
Bacteriostatic Action of. Part II, 
The Relations Between Chemical 
Structure and Bacteriostatic Effects 
(Fischer, Genselovich and Rona), 
314.

Triethanolamine Trinitrate; Cardio­
vascular Effects of (Melville and 
Lu), 149.

Triethanolamine Trinitrate in Angina 
Pectoris (Palmer and Ramsey), 149.
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Triethylene Melamine in Neoplastic 
Diseases (Wright, Prigot, Wright 
and Arons), 670.

Triethylene Melamine in the Treatment 
of Neoplastic Disease (Kamofsky, 
Burchenal, Armistead, Southam, 
Bernstein, Craver and Rhoads), 509.

3 : 5 : 3'-L-Triiodothyronine in Human 
Plasma (Gross and Pitt-Rivers), 
1086.

3 :5 :3'-L-Triiodothyronine in Myxoedema 
(Gross, Pitt-Rivers and Trotter), 
1087.

3 : 5 : 3'-L-Triiodothyronine, Physio­
logical Activity of (Gross and 
Pitt-Rivers), 1087.

Tromexan (bis-3: 3'-(4-oxycoumarinyl) 
ethyl acetate), Pharmacology of 
(Stirling and Hunter), 149.

Tromexan, Clinical Experience with 
(Bronstein and Witkind), 5C9.

Tromexan Ethyl Acetate (Ethyl Biscoum- 
acetate) ( N e w  a n d  N o n o ffic ia l  
R e m e d ie s ), 1004.

Tromexan Toxicology and Anticoagulant 
Action of (Gruber, Lee, Lasziczenko 
and Gruber), 509.

Tropa Alkaloids, Assay of (Berggron 
and Nordberg), 656.

Tropical Diseases, Chemotherapy of. 
Part I, Protozoal Infections (Good­
win), 153.

Tropical Diseases, Chemotherapy of. 
Part II, Diseases caused by 
Rickettsia. Bacteria, Spirochsetes 
and Worms (Goodwin), 601.

Tropine Alkaloids in Tablets, Deter­
mination of (Jentzsch), 785.

Tropine, Paper Chromatographic Separa­
tion of, from Esters (Mathes and 
Klementschitz), 584.

Tubercle Bacilli, Bacteriostatic Action of 
Certain Compounds on (de Fazi 
and Berti), 209.

Tuberculosis, o-Aminophenol in Experi­
mental (Croshaw), 1005.

Tuberculosis, Chemotherapy of. TV- 
Substituted 4-Aminodiphenyls 
(Bauer, Cymerman and Sheldon), 
210 .

Tuberculostatic Compounds, Further 
Studies on (Bavin, Drain, Seiler 
and Seymour), 844.

Tuberculous Meningitis; Deafness 
Following Use of Dihydrostrepto- 
mycin in (Naismith), 503.

Tubocurarine and Strychnine; Action 
on Spinal Reflex Excitability 
(Bernard, Taverner and Widen), 
1087.

d-Tubocurarine Chloride, Purification 
of and Isolation of AChondo- 
curarine (Dutcher), 781.

Typhus Rickettsiae, in v itro  Effect of 
Antibiotics on (Karp and Snyder), 
502.

Tyrothrycin, Assay of (Miller, Matt and 
Ciminera), 660.

u
Ultra-violet Absorption Spectrophoto­

metry in Pharmaceutical Analysis, 
Application of (Stuckey), 345.

Urethanes with Anaesthetic Properties 
(Hazard, Cheymol, Chabrier, Gay 
and Muller), 792.

Uric Acid in Blood and Urine, Deter­
mination of (Bidmead), 137.

Urinary 17-Ketosteroids, Analysis of 
(Bray), 1076.

Urinary 17-Ketosteroids, Estimation of 
(Cook), 499.

Urine, Microdetection of Lactic Acid 
in (Tsao, Baumann and Wark), 
659.

Urine or Blood, Determination of 
Ethanol in (Scardrett), 498.

V
Vanadium, Separation of Chromium 

from (Brookshier and Freund), 
203.

Vanillin, Assay of (Sharp), 131.
Vanillin, Test for Coumarin in the 

Presence of (Nivoli), 268.
Veralbidine, New Alkaloid from V era -  

tr u m  a lb u m  (Stoll and Seebeck). 
1069.

Veratridine, Veratrine and Cevadine, 
Cardiac Stimulation by (Cotten 
and Walton), 51C.

Veratrine, Veratridine and Cevadine, 
Cardiac Stimulation by (Cotten 
and Walton), 510.

V e r a tr u m  a lb u m , Veralbidine, New 
Alkaloid from (Stoll and Seebeck). 
1069.

Veratrum Alkaloids, Depressor Action 
of (Dawes, Mott and Widdicombe), 
599.

Veratrum Alkaloids, Relative Hypo­
tensive Activity of (Maison, Gotz 
and Stutzmann), 792.

Veratrum Derivatives, Emetic Properties 
of (Swiss), 792.

V e r a tr u m  v ir id e , Biological Estimation 
of (Benigni), 340.

Veriloid ( V e ra tr u m  v ir d e ) , Treatment of 
Arterial Hypertension with (Kauntze 
and Trounce), 600.

Versenate, Titration of Bismuth with 
(Landgren), 783.

Virus Infections, EFect of Adreno- 
corticotrophic Hormone and 
Cortisone on (Findlay and Howard),
37.

Viscera, Determination of Amphetamine 
in (Rathenasinkam), 495.

Visnagan, Crystalline Smith, Pucci and 
Bywater), 1074.
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Vitali-Morin Reaction, An Application 
of, to the Determination of Small 
Quantities of Hyoscine Hydro­
bromide in Some Pharmaceutical 
Preparations (Ashley), 181.

Vitamin A Alcohol and Neovitamin A 
in Commercial Fish-liver Oils and 
Vitamin A Concentrates (Hayes 
and Petitpierre), 879.

Vitamin A Alcohol in Aqueous and 
Oily Media, The Stability of (Coles 
and Thomas), 898.

Vitamin A, Assessment of Potency by 
Spectrophotometry (Boldingh, 
Cama, Collins, Morton, Gridge- 
man, Isler, Kofler, Taylor, Welland 
and Bradbury), 137.

Vitamin A Concentrates and Fish-liver 
Oils, Neovitamin A and Vitamin A 
Alcohol in Commercial (Hayes and 
Petitpierre), 879.

Vitamin A, Critical Account of the 
Spectrophotometric Estimation of 
(Bagnall and Stock), 81.

Vitamin A in Cod-liver Oil, Some 
Observations on the Determination 
of (Swann). 886.

Vitamin A, Precision of the 3-point 
Correction Method of Spectro­
photometric Assay of (Adamson, 
Elvidge, Gridgeman, Hopkins, 
Stuckey and R. J. Taylor), 138.

Vitamin A, Reproducibility of Geo­
metrical Correction Procedures in 
the Spectrophotometric Estimation 
of (Bagnall and Stock), 1076.

Vitamin A, Spectrophotometric Assay 
of, Geometric Correction of Absorp­
tion Curves (Gridgeman), 138.

Vitamin A, Spectroscopic Properties of 
All- ir a n s  Vitamin A and Vitamin A 
Acetate (Cama, Collins and 
Morton), 333.

Vitamin A, Synthesis from cy c lo -  
Hexanone (Attenburrow, Cameron, 
Chapman, Evans, Hems, Jansen 
and Walker), 658.

Vitamin B12 and the Animal Protein 
Factor, Chick Assay of (Coates, 
Harrison and Kon), 207.

Vitamin B12 Assay of. Interference with 
E sc h e r ic h ia  c o li Response (Cuthbert- 
son, Pegler, Quadling and Herbert), 
138.

Vitamin B12, Cup-Plate Assay of, Using 
L a c to b a c i l lu s  la c tis  Dorner 10697 
(Larkin and Stuckey), 139.

Vitamin B12, Determination of, with a 
Mutant Strain of E s c h e r ic h ia  c o li  
(Burkholder)', 273.

Vitamin B12, Formation of a Competitive 
Antagonist of, by Oxidation (Beiler, 
Moss and Martin), 72.

Vitamin B12 from Fish, Hfemopoietic 
Effect of (Hausmann and Mulli), 
511

Vitamin B12 in Crude Liver Extracts, 
The Microbiological Assay of 
(Robinson, Williams and Brown), 27.

Vitamin B12 in Liver Preparations, 
Stability of (Noer), 786.

Vitamin B12, Microbiological Determina­
tion of (Noer), 139.

Vitamin B,2, Microbiological Estimation 
of, using the L a c to b a c il lu s  la c t is  
Dorner Cup-Plate Method (Cuth- 
bertson, Pegler and Lloyd), 208.

Vitamin B12, Microbiological Estimation 
with L a c to b a c i l lu s  le ic h m a n ii 313 
by the Turbidimetric Procedure 
(Emery, Lees and Tootill), 208.

Vitamin Bl2, New Form of (Lewis, 
Tappan and Elvehjem), 591.

Vitamin B12, Plate Assay with E sc h e r ic h ia  
c o li (Harrison, Lees and Wood), 335.

Vitamin B12, Purity of (Heathcote), 641.
Vitamin B12, Selective Assay of by 

Chromatography (Patte), 592.
Vitamin B12, Side Effects of a Preparation 

of (Bedford), 670.
Vitamin B12, Spectroscopic Evidence 

for the Presence of Benziminazole 
Chromophore in Intact (Beaven and 
Holiday), 342.

Vitamin D, Analytical Purification by 
Differential Solubility, Precipitation 
and Chromatography (Green), 208.

Vitamin D. Reaction with Iodine 
Trichloride (Green), 209.

Vitamin D,, Separation by Condensation 
and Irradiation (Green), 135.

Vitamins B12a, B12t) and Chloroco-
balamin, Some Observations on 
(Petrow and Ellis), 152.

w
Water Content of Medicinal Chemicals 

and Drugs, Karl Fischer Method 
for (Brochmann-Hanssen and Pong), 
653.

Water, Hardness of by the Versenate 
Method (Houlihan), 656.

Water Retention Coefficient of Surgical 
Dressings (Savage, Bryce and 
Elliott), 944.

X
Xanthydrol Reaction, Colorimetric Esti­

mation of Indole by (Fearon and 
Drum), 273.

z
Zinc, Dithizone as an Indicator in the 

Volumetric Determination of 
(Mehlig and Guill), 327.

Zinc, Identification and Volumetric 
Determination of (Wachsmuth and 
Cornelis), 411.

Zinc Oxide in Ointments, Assay of 
Deltombe), 589.
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