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Introduction

In any study of absorption spectrophotometry it is helpful to define some 
of the fundamental units of measurement which are commonly used. The 
wavelength, A, is expressed in millimicrons m/x (10 6mm.), or in Angstrom 
units (lA. =  10-8cm.). The wave-number is the number of waves per 
unit length, i.e. the reciprocal of the wavelength, and is commonly 
expressed in cm.-1. The curve relating wavelength and intensity of absorp
tion is characteristic of a substance and is often loosely described as “ light 
absorption curve” or “light extinction curve” ; conversely the absorption 
may be plotted as “ transmittancy” against wavelength in which case a 
reciprocal type of curve is obtained. There is unfortunately a great lack 
of uniformity in the recording of results, particularly in cases where spectra 
in the ultra-violet and visible region are plotted together.

Absorption measurements can be made in different parts of the spectrum. 
The infra-red region involves wavelengths greater than about 1000 m/x; 
the visible spectrum extends from approximately 800 m/x down to 400 m/x; 
while the ultra-violet is usually taken as extending from 400 m/x to the 
sudden air absorption at 185 m/x. Shorter wavelengths than 185 m/x are 
sometimes referred to as being in the Schumann region (185 to 125 m/x) 
or simply as the “ far ultra-violet.”

When radiant energy is absorbed by any substance it may be utilised 
for different purposes according to the wavelength of the energy available. 
Absorption of energy in the infra-red region (wavelength greater than 
1000 m/x) involves relatively small energy changes and causes excitation 
of the modes of vibration of the molecule. Absorption in the visible and 
near infra-red region corresponds to larger energy changes causing 
excitation and changes in the vibration and rotation of the molecule.

When radiation of wavelength 200 m/x to 400 m/x is absorbed the energy 
is used for the excitation of the electronic energy levels, involving the dis
placement of valency bonding electrons, these being associated as before 
with simultaneous vibrational and rotational changes. The spectrum 
produced with some liquids and vapours is therefore of the complex band 
type and is difficult to interpret. In the liquid phase, as is the case with 
solutions and pure liquids, intermolecular forces are present causing 
disturbances, and the fine structure disappears producing the single wide 
bands usually observed for solutions of organic compounds.

Mathematical treatment of these molecular processes is available for 
some simple molecules on the basis of quantum mechanics; it is, however, 
complex and need not be considered for the practical purposes of 
analysis. Nevertheless it is of value for the analyst to have a broad
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appreciation of the class of compounds to which ultra-violet absorption 
spectrophotometry can be usefully applied.

The ultra-violet absorption spectra of inorganic compounds have been 
used to a relatively small extent in general analysis, particularly for 
pharmaceutical purposes. Results indicate that those cations which have 
complete electronic structures of the inert gas type are transparent in the 
region 185 to 700 m/x; ions with an incomplete inert gas electronic structure 
show absorption in the visible or in the ultra-violet region. Thus ultra
violet absorption measurements have proved to be of value in the study 
of the rare earth elements and for complex ions; solutions of nitrates and 
dichromates have been examined in detail and potassium nitrate and 
potassium dichromate have been widely used as pure salts having known 
light absorption properties suitable for the calibration of spectrophoto
meters ; the absorption spectra of the halogen elements in various solvents 
have also been used for their analysis.1

It is in the organic sphere, however, that ultra-violet light absorption 
measurements have been of inestimable value. A considerable amount of 
practical data has made possible an empirical approach which ascribes 
absorption of certain definite wavelengths to particular organic groupings 
or “chromophores.” Theoretical treatment indicates that when electrons 
are more mobile or loosely bound the frequency of absorption is lower, 
i.e. the wavelength of the absorbed light is higher. Compounds which 
are unsaturated and are known to exhibit resonance will absorb light 
within the ultra-violet and visible regions, whereas saturated and non- 
resonating compounds are transparent. Saturated hydrocarbons are 
therefore transparent in the ultra-violet and visible regions, although it is 
often difficult to purify them to such an extent that all extraneous absorp
tion has been eliminated. Aromatic hydrocarbons on the other hand 
exhibit ultra-violet absorption,2 benzene derivatives absorbing in the 
region 250 to 280 m¡jl according to the substituent groupings; the spectra 
in a homologous series such as the alkyl benzenes are very similar, the 
absorption being mainly due to the benzene nucleus and suffering slight 
modification only due to the substituent groupings.

Among aliphatic compounds many chromophoric groupings, e.g. a 
simple ethylenic linkage C =  C, absorb in the 185 to 200 m/x region 
although this is of little value for analytical purposes. The carbonyl 
group =  CO is associated with absorption ca. 280 m/x as shown for 
acetone and for many of the steroids.3 Where two chromophores are 
conjugated, i.e. are separated by a single bond, a new type of absorption 
arises with increased intensity of absorption at longer wavelengths. Thus 
conjugation of one ethylenic bond with a second or with a carbonyl, 
carboxyl, acetylenic or nitro-group results in high intensity bands in the 
region 200 to 230 mp.. A lengthening of the conjugated chain to produce 
compounds containing two or more groups in conjugation further increases 
the intensity of absorption; when the number of conjugated groups 
reaches five or six, Amal approaches the visible region of the spectrum 
and a yellow colour results.

The ultra-violet light absorption of isocyclic systems generally resembles
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that of aliphatic compounds containing the corresponding number of 
alkyl groups; isocyclic systems of particular pharmaceutical interest 
are encountered in the sterols.3 Aromatic and heterocyclic compounds 
generally absorb light and their ultra-violet absorption spectra 
have been the subject of extensive study. A number of useful 
reviews have been published dealing with the ultra-violet absorption 
spectra of organic compounds from an empirical viewpoint, detailing the 
characteristics of a wide range of chromophores both separate and 
conjugated. An excellent review by Braude4 can be consulted, or articles 
by Lewis and Calvin5, and by Ferguson6; the detailed study of aromatic 
compounds by Jones7 is also useful.

E x p e r i m e n t a l  M e t h o d s

In absorption spectrophotometry we have to consider the fate of light 
falling on the absorbing medium. It may be reflected, transmitted, or 
absorbed, though the effect of reflection is usually eliminated by means of 
a comparison cell. Quantitative absorption measurements are based on 
relationships derived from two fundamental laws. Lam bert’s Law  states 
that the proportion of light absorbed by a substance is independent of 
the intensity of the incident light. Beer’s Law, derived from quantitative 
work on the absorption of red light by aqueous solutions, states that the 
absorption is proportional to the total number of molecules in the light 
path. Combining the algebraic form of these two laws we obtain the 
expression

lo g ™  I 0/ I  =  e c .l.

where I„ is the intensity of the incident light, I is the intensity of the 
emergent light, e is the molecular extinction coefficient, c is the concentra
tion in g. mol./l., and I is the length of absorbing medium in cm. The 
molecular extinction coefficient e is most frequently used in fundamental 
studies on the structure of organic molecules. More commonly used in 
analysis is the notation E ‘. By this is meant the value of log I0/I for a 
layer / cm. thick, of concentration c. Most modern spectrophotometers 
have a scale graduated in terms of log I0/I and this method forms a 
convenient way of expressing, for example, the empirical absorption of a 
substance of uncertain or unknown molecular weight, c in this case being 
measured in g./l. In practice interrelationships used are

e =  E ]™ ™ 1- x  Mol. wt./lO and 
Log T =  2 -  log Io/I

where T is the percentage transmission, equal to 100 I/I0.
Beer’s Law is usually regarded as being valid at least in dilute solutions; 

where deviations occur these can usually be explained by a change in 
molecular species due to association, ionisation or other phenomena. 
Published curves of light absorption are usually plotted of e against A, 
log e against A, or more commonly in analytical studies of E\ “°t' against 
A in m /i. The latter notation, is used throughout the B.P. 1948.

Several methods are available for the determination of ultra-violet
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absorption spectra. Glass absorbs strongly at wavelengths below 300 m/x, 
and prisms of quartz are usually used in conjunction with an optical 
mechanical or photoelectric device for comparing light intensities.

Older methods were based on Hartley’s work, thicknesses being plotted 
against wavelength, thus giving the curves of the early literature which are 
angular and atypical when compared with those produced to-day. Henri, 
between the years 1910 and 1919, made advances on this method, but the 
bulk of the work done prior to 1941 was carried out with photographic 
instruments such as the rotating sector and “Spekker” photometers. 
These instruments depended finally on the matching of two adjacent 
spectra on a photographic plate, and great accuracy was not possible. 
With a number of determinations, however, relatively good results were 
obtained, an accuracy of the order of ± 3 per cent, being obtainable 
using a number of replicate determinations. Photographic measurements 
with a continuous light source are also useful for determining fine structure 
spectra. Detailed studies are available of the determination of absorption 
spectra using photographic instruments.8’9’10

The introduction, in 1941 by Cary and Beckman, of an accurate photo
electric spectrophotometer which soon became commercially available, 
changed the whole field of ultra-violet absorption studies. The intensity 
of the incident and emergent light were compared directly by photo
electric means after dispersion through a quartz prism; details of the 
instrument are available in the original paper11, or as a Technical Bulletin 
issued by the makers. Two instruments of similar type have been available 
commercially in Great Britain for some years, the “Unicam” manufactured 
by Unicam, Ltd., Cambridge, and the “Uvispek” manufactured by 
Hilger & Watts, Ltd., London. The ready availability of instruments on 
which an absorption curve can rapidly and accurately be determined has 
revolutionised the whole field of ultra-violet spectra and during the past 
decade an immense amount of accurate information on the ultra-violet 
absorption spectra of organic compounds has been published.

Q uantitative A nalysis

The accuracy to be obtained with photographic instruments varies 
considerably, depending more on individual performance than is the case 
with photoelectric instruments. In general the reproducibility to be 
obtained with any one instrument can be as good as ±3 per cent., although 
greater variations would be expected between instruments in different 
laboratories.

With regard to photoelectric instruments, at first sight it would appear 
that a relatively high degree of accuracy can be obtained; thus sources 
quote limits of error ±0T per cent.,12 ±0-22 per cent.,13 ±0-4 per cent.,14 
and ±0-5 per cent.15 It is fairly certain that a reproducibility of the order 
of iO-5 per cent, can be obtained on any one instrument after a reasonable 
attention to detail and on a solution of a pure substance in water, i.e. 
where there is no likelihood of error due to lack of homogeneity. Com
parisons between different instruments, however, soon show greater dis
crepancies as the results obtained on a single aqueous solution of potassium
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nitrate and of potassium dichromate in the collaborative trials organised 
by the Photoelectric Spectrophotometry Group show. In addition there 
is still some doubt as to the correct value to be assigned to the solutions 
of potassium nitrate and potassium dichromate used as standard, so that 
it is not easy to calibrate a particular instrument which deviates from the 
standard at certain wavelengths.

In order to obtain results of the highest degree of accuracy, considerable 
attention must be paid to detail. Such factors as stray light, slit width, 
wavelength calibration, cell thickness, and phototube response must be 
studied; an extremely useful discussion of these and other factors is 
reported in the early Bulletins of the Photoelectric Spectrometry Group16 
and these sources should be consulted when making a detailed check of 
any particular instrument.

Analysis o f  M ixtures. If there is no interaction between the various 
absorbing entities in a solution containing a number of components, the 
total light absorption of all the components may be additive; the amounts

Wavelength m/z
F i g . 1 . A b s o r p t i o n  s p e c t r a  o f  a s p i r i n ,  p h e n a c e t i n  a n d  c a f f e i n e  i n  e t h a n o l i c  s o l u t i o n :  

A ,  C a f f e i n e ;  B ,  p h e n a c e t i n ;  C ,  a s p i r i n .
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220 230 240 250 260 270 280 290 300
Wavelength m/i

FlO. 2. Absorption spectra o f mephenesin. A, in water; B, in cyclohexane;
C, in ¿sopropanol.

of the individual members present may then be determined by the solution 
of a number of simultaneous equations obtained from data at varying 
wavelengths. In the Beer’s Law equation log I0/I =  e.c.l., if a constant 
cell thickness is used the product c.l. can be denoted by a factor a. If, for 
example, three materials are present the equation becomes:

log I0/I =  a 1 c 1 +  u2 c2 +  a 3 c 3

where a u a 2> and a 3 are the factors for the three components, and c u c2, 
and c3 are the respective concentrations.

In order to perform a successful analysis of mixtures by means of such 
simultaneous equations, a number of requirements are necessary. (1) the 
data for the pure components must be known, (2) one component must 
absorb more strongly than the others at the particular wavelength chosen
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for that component and (3) a high degree of instrumental accuracy must 
be obtained if the final results are to be of real value.

This method has been applied with some success to the aromatic hydro
carbons toluene, benzene, ethylbenzene and the xylenes. It can equally 
well be applied to mixtures of substances of pharmaceutical interest and 
Hernandez and Mattocks17 have, for example, published such a method 
for the analysis of caffeine and sodium benzoate preparations. One of the 
most interesting pharmaceutical uses of this technique is in the analysis of 
mixtures of aspirin, phenacetin, and caffeine; Mattocks and Hernandez18 
have worked out a method depending on three simultaneous equations 
using ethanolic solutions and absorption measurements at the wavelengths 
226, 250, and 272 mju. The absorption curves are shown in Figure 1.

A further method available for the spectrophotometric analysis of 
mixtures was devised by Morton and Stubbs19 for the determination of 
anthracene in petroleum oils and for vitamin A estimation. The method

ULTRA-VIOLET ABSORPTION SPECTROPHOTOMETRY

Fig . 3. Absorption spectra of phenyl ethers in cyc/ohexane. A, o-cresyl ethyl 
ether; B, o-chloroanisole; C, p-cresyl methyl ether; D, p-chloroanisole.
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depends on the assumption that the absorption of one component or the 
total absorption of the impurities is essentially linear over the relevant 
wavelengths. This method has been used extensively for the estimation of 
vitamin A and numerous papers and articles relating to its accuracy and 
precision have appeared.20’21,18 For a more comprehensive study of the 
application of spectrophotometry to the analysis of mixtures an account 
by Lothian8 can be consulted.

T he Effect of pH  and  of Solvent

Various changes in ultra-violet absorption spectra are noted when a 
single substance is examined in different solvents. Such changes may be 
divided into two classes: (1) relatively minor solvent alterations pre
sumably due to interaction between the solute and solvent molecules, and 
(2) fundamental changes due to ionisation.

As an example in the first class, simple phenols examined in 
ethanolic solution show a shift towards longer wavelenghts in comparison 
with the spectrum measured in a non-polar solvent such as a paraffin 
hydrocarbon. This applies to benzene derivatives generally and is seen 
in the absorption spectra of mephenesin (a(3-dihydroxy-y-(2-methyl- 
phenoxy)-propane)22 shown in Figure 2. It is interesting to compare 
the alterations in spectra due to solvent with the changes brought about 
by the introduction of different substituents in the benzene nucleus {see 
page 351) shown in Figure 3.

Ionisation causes even greater and more fundamental changes. Almost 
all polar substituted aromatic compounds show large shifts of absorption 
maxima when examined in solutions of different pH values; many nitro- 
geneous compounds in general show similar shifts. The spectra of 
barbituric acid, the parent compound of many hypnotic derivatives, show 
a variation with pH to a marked degree23-24; such changes are due to 
tautomerism following ionisation, the presumption being that enolisation 
to one of the possible tautomeric forms (I, II, III) occurs.

/ N\ H / N\ H ,N \
CO CO CO COH

1 II
HOC C-OH

1 1 — A V | s
NH CH,
\ c /

0
1

NH CH
\ c /

O
II

N CH
%C/
ÔH
III

Figure 4 shows the variations in with change in pH.

Pharmaceutical A pplications

It is difficult to give a comprehensive account of the application of 
ultra-violet absorption spectrophotometry to pharmaceutical analysis. 
With the advent of photoelectric instruments the increase in the amount of 
such work published during the past decade has been phenomenal. In 
many research laboratories the determination of absorption spectra has
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F ig . 4. Variation o f  absorption maximum of 
barbituric acid with change in pH. (Loofbourow 

and Stimpson).

become a property almost as important as melting-point for the determina
tion of the purity of a compound and considerably more important for the 
elucidation and confirmation of molecular structure. Any selection of 
material from the mass of information available can only be arbitrary; 
preference will, however, be given to those compounds already in use in 
pharmacy, especially if they illustrate any special method of general 
interest in the application of ultra-violet absorption spectrophotometry.

In routine analysis ultra-violet absorption measurements are of special 
importance in the examination of solutions intended for injection and in 
the examination of tablets after the extraction of the active principle; in 
addition measurements of an empirical nature can also be used. The 
absorption characteristics can be used as a criterion of purity of the sample, 
e.g. calciferol, and for the determination of the pure substance in a simple 
solution; processes can also be worked out, as indicated above, for the 
analysis of mixtures of drugs found in liquid or solid pharmaceutical 
preparations.

In considering the various classes of compound to which ultra-violet 
absorption spectrophotometry can be applied the general principles given 
above (page 346) can be used and for any new substance a consideration 
of its organic structure will quickly indicate whether or not it is likely to 
possess selective absorption in the ultra-violet. It will be convenient,
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however, from a pharmaceutical point of view to consider the applications 
under a number of headings as follows :

(1) Vitamins.
(2) Hormones.
(3) Antibiotics.
(4) Urea derivatives and sulphonamides.
(5) Alkaloids.
(6) Miscellaneous pharmaceutical applications.

V i t a m i n s

Most water-soluble and oil-soluble vitamins possess chromophoric 
groupings and absorb light in the ultra-violet region and, in fact, for many 
of the vitamins spectrophotometry is the main method of assay. In some 
cases it can be adapted for the estimation of the vitamin in pharmaceutical 
products and in foods, in addition to being of great value in the determina
tion of the purity of the parent compound. Many accounts on the subject 
have been written and some of the assays have been officially adopted by 
various organisations. Tw'o text-books on the subject are noteworthy, 
one by Morton3 summarising the position to 1942, the other published by 
the Association of Vitamin Chemists.26

Vitamin A . This vitamin has probably been the subject of more 
published work relating to its ultra-violet absorption than any other 
single compound. The method is used extensively and is now virtually the 
sole process for the final evaluation of vitamin A. The subject has been 
adequately reviewed by Morton20 and will not therefore be covered here.

Aneurine hydrochloride. The study of the absorption spectra of degrada
tion products of this compound materially helped in the elucidation of its 
structure26 and in the subsequent synthesis. The compound shows a peak 
ca. 270 m/x in water, the addition of acid displacing the peak towards the 
ultra-violet and at the same time increasing the extinction, giving a value 
of E'\ e" oeQt~ =  450 at 247 m/x in 0-005N hydrochloric acid.27 The property 
can be used for the determination of the substance in tablets (after suitable 
extraction) and injections.28

Riboflavine. Much work has been done on the spectrum of riboflavine 
and several authors have reported peaks at slightly differing wavelengths 
and intensities.29'30-31’32 Wokes33 in examining the position showed that 
the absorption curve was materially affected by the pH of the solution 
and published graphs showing in detail the alterations to be expected. 
Solutions of pH 3 were recommended for spectrophotometric estimation, 
such solutions exhibiting peak absorption at 223, 267, 375 and 444 m/x; if 
the peaks at 267, 375 and 444 m/x only were used the pH range of the 
solution could be allowed to vary between 3 and 7 since only the 223 m/x 
peak was greatly affected.

Other members of the vitamin B complex group also show well-defined 
ultra-violet absorption spectra. Nicotinic acid shows a maximum at 
261-5 m/x, which is greatly affected by a change in pH31; Hughes et al35 
record the variations over the pH range T3 to 13 and confirm the validity 
of Beer’s Law when applied to aqueous solutions at any definite pH value.
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Pyridoxine shows two well-defined peaks changing in alkaline and acid 
solution; in 0-1N sodium hydroxide A^ =  244 and 309 m/x, in 0-1N 
hydrochloric acid A^. =  291 and 324 m/x. Folic acid absorbs throughout 
the visible and ultra-violet range and the fight absorption is of value in its 
identification and in the estimation in injections and tablets. In 0-1N 
sodium hydroxide solution, i.e. as “folate” ion, the characteristic absorp
tion shows Amai 256 m/x E \ a b o u t  570, Amas. 283 m/x Fj cp" “nL about 
560 and Arnal 365 m/x E\ p" cent‘ about 200; these requirements are included 
in the monograph for folic acid in the B.P.C. 1949.

Vitamin B12 (Cyanocobalamin). For this substance the fight absorption 
data are unique in that they form almost the only real criterion of purity 
for the parent compound. Following upon the isolation of the substance 
the absorption curve was published in 1949 by Ellis, Petrow and Snook,36 
three peaks at 278, 361 and 548 m/x being observed. Brink et alzi subse
quently published data on the absorption spectra and the U.S.P. XIV 
now uses spectrophotometric measurements for the characterisation and 
asay of the compound in the official monograph.

ULTRA-VIOLET ABSORPTION SPECTROPHOTOMETRY

Wavelength m/x

Fig . 5. Absorption spectra of vitamin B12 of varying purity. A, containing 
approximately 0-6 per cent. : B, containing approximately 2 per cent. ; C, con
taining approximately 5 per cent.; D, pure vitamin B12. The curves are 
adjusted so that they relate to the same total amount o f vitamin B12 in each case.

Hartley et a/38 have made a study of pharmaceutical aspects of vitamin 
B12 and show clearly the manner in which the absorption spectrum is 
altered by the presence of impurities. Figure 5 shows the type of spectra 
obtained with impure samples, the curves being adjusted so that they 
relate to the same total amount of vitamin B12 in each case. Curve A 
represents the spectrum of the solution prepared from a concentrate con
taining about 0-6 per cent, of vitamin B12; it shows no peak at 278, 361, or 
548 m/x, since the presence of relatively highly absorbing impurities masks 
the characteristic vitamin B12 spectrum, leaving a slight shoulder only ca.
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520 to 550 m/x. A solid concentrate containing approximately 2 per cent, 
of vitamin B12 (Curve B) begins to show the peaks at 361 and 584 m/x, 
while for a solid concentrate containing 5 per cent, of vitamin Bia 
(Curve C) these peaks are more apparent and the divided peak can be 
seen in the visible region. It is necessary to have a much purer sample 
before the peak at 278 m/x can be realised, and even with samples having 
a purity of approximately 10 per cent, the value of at 278 m/x is 
relatively high when compared with the curve for pure vitamin Bia; the 
peaks at 361 and 548 m/x, however, approximate to those shown by pure 
vitamin B12. Thus a suitable criterion exists for establishment of the 
purity of a sample of vitamin Bia in that the three peaks at 278, 361 
and 548 m/x should be in a definite ratio and the U.S.P. XIV has taken 
advantage of this property in fixing a limiting range for the ratios :—

£ìcm“nt 361 mp / E \ E ”$  278 m/x of 1-62 to 1-88, and for
£ 1  per cent. 361 548 m/x of 2'83 to 3-45.

Limits for wavelength values are also specified allowing maxima within 
±1 m/x at 278 and 361 m/x and within ±4 m/x at 548 m/x, allowance being 
made in the latter case for the broad maximum shown in the visible region. 
Results obtained in spectrophotometric studies of deterioration of aqueous 
solutions at various pH values indicated that a pH within the range 4-0 
to 7-0 was necessary for maximum stability. The spectrum did not change 
significantly with pH, but decomposition occurred below pH 2 and 
above pH 7.

Ascorbic acid, Calciferol and a-Tocopherol. Ascorbic acid shows a peak 
absorption at 245 m/x in acid ; solutions do not obey Beer’s Law, presumably 
due to the change in pH and ionisation at relatively high concentrations. 
Dehydroascorbic acid does not show a similar peak and this property can 
be used in the determination of ascorbic acid in biological fluids, the 
absorption at 245 m/x being determined before and after oxidation.39

The light absorption characteristics of calciferol are of value in deter
mining the purity of the compound itself, but not of great value in the 
analysis of pharmaceutical preparations owing to general interference 
shown at the relatively low peak wavelength of 265 m/x. Bacharach 
et ali0 recorded values of E\ cent’ 265 m/x (Amax) ranging from 460 to 500; 
the figure of 460 has since been adopted as a minimum limit for the purity 
of the substance in the B.P. 1948.

Vitamin E, a-tocopherol. shows an absorption peak at 292 m/x, which 
helped in determining the structure of the compound as isolated from 
natural sources, but has not been used to any great extent in analysis 
owing to the fact that it is of low intensity and does not give a satisfactory 
distinction from other tocopherols. The B.P.C. 1949 includes an ultra
violet absorption requirement, £j ("““*■ 285-5 m/x of 45 to 50 in cyclo
hexane, as a criterion of purity. Stern et al41 discuss the absorption spectra 
of a, /?, y and 8 tocopherols in considering their biological and anti-oxidant 
properties.

The vitamin K substitute, 2-methyl-1:4-naphthoquinone (menaph- 
thone) and its diacetate (acetomenaphthone) both absorb strongly,42 the
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former with Amai at 250 m/x and 331 m/x, the latter with Amal 220 to 227 m/x 
272 to 277 m/x.43

Rutin. This substance can be considered here as belonging to the 
general class of compounds having “Vitamin P-like” activity. It has been 
isolated from a number of plants and has been characterised by its 
spectrum44'45’46-47 The hydrolysis product, quercetin, also absorbs in the 
ultra-violet.

The spectra of rutin and quercetin are shown in Figure 6. When 
dissolved in ethanol (95 per cent.) containing 1 per cent, of 0-02N acetic 
acid, both rutin and quercetin obey Beer’s and Lambert’s laws. As shown 
in Figure 6 rutin exhibits absorption maxima at 259 m/x and 362-5 m/x; 
quercetin exhibits maxima at 257 m/x and 375 m/x. The maxima at 
362-5 m/x and 375 m/x are suitable for the determination of rutin and 
quercetin in mixtures. Owing to the similarity in the values of Amai for 
rutin and quercetin, the determination of small amounts of quercetin in 
rutin presents some difficulty. A method devised by Porter et a/44’48 to over
come this difficulty uses the ratio E\ ¡̂ r.cent' 375 m/x/362-5 m/x. A formula is 
given from which the quercetin content can be calculated assuming that 
the actual value for the ratio for pure rutin is 0-875.

H o r m o n e s

The many naturally occurring steroid hormones have been the subject 
of extensive investigation and the spectra of numerous such compounds 
and related steroids have been published. A review by Morton3 gives 
much of the work done on this subject and although chiefly of interest 
from the organic structural viewpoint records many absorption spectra for 
hormones and related compounds. Of the more common pharmaceutical 
substances cestrone and cestradiol have been the subject of investigation 
and, more recently, the highly potent substance ethinyloestradiol; the latter 
possesses a phenolic grouping and the peak at 281 m/x in ethanol shifts to 
300 m/x in aqueous alkali, a peak at 242-5 m/x becoming apparent, which 
is not realised in ethanolic solution.

An interesting method due to Kilmer and Hess,49 based on the deter
mination of the spectra of the 2:4-dinitrophenylhydrazones, has been 
applied to the determination of androsterone and testosterone. The 
spectra were examined in solution in 0-1N ethanolic potassium hydroxide, 
the hydrazine of androsterone having Am„. 430 m/x, the hydrazine of 
testosterone Amai 460 m/x. By combining chromatographic methods with 
photoelectric spectrophotometry it was possible to separate the androgens 
from pharmaceutical mixtures containing cestrone and progesterone.

Progesterone has been determine by Haskins, Sherman and Allen60 in 
oily solution following paper chromatography by determination of 
E\ ocrlt' 240 m/x correcting for oils which interfered; deoxycortone acetate 
and testosterone propionate could be determined similarly. Ethinyl 
testosterone61 showed Am„. 238 m/x E \"" c'nt' 580.

The synthetic hormones stilbcestrol, stilboestrol dipropionate and 
hexcestrol all possess absorption properties which can be applied to 
pharmaceutical analysis, and a useful study of the subject has been made

357



R. E. STUCKEY

Fig . 6. Absorption spectra o f  rutin and quercetin in 95 per cent, ethanol containing 
1 per cent, o f  0-02N acetic acid: A, rutin; B, quercetin.

by Elvidge52 together with a report on the general determination of 
oestrogens in pharmaceutical preparations. Requirements for ultra-violet 
absorption are given in the B.P 1948 and Addendum 1951 for ethinyl 
œstradiol,53 dienœstrol, ethisterone, progesterone and testosterone.

A n t i b i o t i c s

Benzylpenicillin and its salts show in general smooth curves with only 
weak inflexions of little value for analytical purposes. Other penicillins 
absorb more strongly and there is comprehensive information in the litera
ture on their absorption spectra.54 Degradation products of penicillin 
possess well defined absorption spectra and spectrophotometry after
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various chemical treatment has been recommended for the estimation of 
penicillin.

The ultra-violet absorption curves of aureomycin and terramycin55 show 
multiple maxima and minima between 220 and 400 m/x. For analysis 
aureomycin preparations are hydrolysed by boiling with dilute sulphuric 
acid before measuring the absorption at 274 and 350 m/x; the aureomycin 
content is proportional to the difference in absorption at these two 
wavelengths. Terramycin can be determined similarly after hydrolysis 
and examination at 249 and 572 m/x. The processes have been applied 
satisfactorily to capsules, troches and ointments containing these 
antibiotics.

Chloramphenicol, the first generally used, orally active, antibiotic to 
be synthesised, contains a nitro-group the presence of which in the molecule 
was originally forecast from a consideration of its absorption spectrum. 
The monograph for the pure substance in the Addendum 1951 to the 
B.P. 1948 contains the requirement that 278 m/x shall be between
289 and 307, this property also being of value for the determination of 
chloramphenicol in pharmaceutical preparations.

U r e a  D e r i v a t i v e s  a n d  S u l p h o n a m i d e s

Certain groups, when substituted for hydrogen attached directly to a 
chromophoric system show selective light absorption in the visible region 
of the spectrum and bring about an increase in Amai . Thus the colour of 
dyes is deepened and displaced towards the red by co-ordinatively 
unsaturated substituents in certain positions, such substituent groupings 
being frequently termed auxochrom es; the group — NR2 is a typical 
example.

In addition to any auxochromic effect due to the presence of the groups 
NH2 or —NR2 in the molecule the urea groupings possesses a special 
significance in that when suitably “activated” the tautomerism:

-NH-C ^  -N =  C-

O O- +  H+

can occur. Such tautomerism, following on ionisation, materially affects 
the spectrum so that in alkaline solution strongly selective absorption is 
often shown by urea derivatives. Another ionisation effect which influences 
the spectrum is the formation of substituted ammonium salts in acid 
solution, e.g.

-NR2 + H-Cl ** -NR2

H+ +  Cl-

Hydantoin derivatives show a shift in absorption to longer wavelengths 
in alkaline solution, compounds of pharmaceutical interest in this class 
including 5 :5'-diphenylhydantoin or phenytoin.56 The acyl ureas show 
a sim ilar shift and increase in absorption, acetylurea, bromvaletone and 
carbromal exhibiting spectral curves which can be used for analytical 
purposes.

Barbituric acid derivatives67 can be determined in solutions, tablets
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and pharmaceutical preparations generally from their absorption spectra. 
Numerous publications have also appeared on their determination 
similarly in biological fluids, based on the differences between the spectra

Fig . 7. Absorption spectra o f  barbituric acid derivatives:
A, phenobarbitone in OT N hydrochloric acid;
B, phenobarbitone; 0 00025 M in water;
C, phenobarbitone in 0-1 N sodium hydroxide;
D, 5 :5'-woamyIethyl barbituric acid in 0T N sodium 
hydroxide; E, barbitone in 0T N  sodium hydroxide.
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in acid and in alkaline solution. The ionisation occurring in alkaline 
solutions produces tauteromeric forms yielding a peak absorption suitable 
for analytical purposes. Stuckey58 gives data for 13 derivatives which have 
molecular extinction coefficients (V) ranging from 6500 to 9000, Amax =  245 
to 253 m/x. The similarity in the peak absorption values renders this 
property of little use for diagnostic purposes, although the spectrum 
differences between acid and alkaline solutions give a useful function for 
the determination of any one barbituric acid derivative in mixtures 
(see Figure 7).

Numerous members of the “sulphonamide” group have been investi
gated in ethanol, in water and in sodium hydroxide solutions59; they 
show pronounced peaks in each solvent. Among the compounds examined 
were sulphanilamide, sulphapyridine, sulphathiazole and sulphacetamide ; 
the absorption spectra are markedly altered with change in p H . 
Thiosemicarbazones, including p-aminobenzaldehyde and p-acetylamino- 
benzaldehyde thiosemicarbazones can be determined either separately or 
together by means of their absorption spectra ; the estimation in biological 
fluids can be accomplished according to Spinks60 by extracting with 
chloroform and reading the optical densities at 320 and 342 m/x, followed 
by the solution of simultaneous equations. p-Aminobenzaldehyde semi- 
carbazone can be estimated directly by reading the optical density at 
Amai. 330 m/x.

Ureides with a structure similar to caffeine have been examined spectro- 
photometrically both with regard to their analysis and also as reference 
compounds in organic structural studies. Caffeine itself has been the 
subject of much work, although the early work of Hartley 61 is of interest 
only ; more recent studies62-63, in particular due to Ishler et alei, haveapplied 
the absorption spectra to the determination of caffeine in crude products 
including coffee, interfering impurities being removed by treatment with 
magnesium oxide and zinc ferrocyanide plus, in some cases, permanganate 
oxidation ; it is claimed that the method is both rapid and specific.

A l k a l o i d s

Absorption spectra have been reported for most of the common 
alkaloids. The pure alkaloids and their salts usually absorb in the ultra
violet region although the intensity of absorption is not always sufficient 
to be of value for analysis ; in few cases is the absorption so strong that it 
can be used without prior treatment for the determination of the alkaloid 
in a tincture or in a crude percolate. It is often useful, however, in the 
characterisation of the pure substance and in the analysis of simple 
aqueous solutions.

Analytical studies of cocaine and synthetic local anaesthetics have been 
made65 and absorption maxima and minima have been recorded for 
orthocaine, benzamine hydrochloride, amydricaine hydrochloride, phena- 
caine hydrochloride, amylocaine hydrochloride and procaine hydro
chloride. In examining the aqueous solutions of alkaloidal salts the effect 
of p H  should be remembered ; it is essential, in order to obtain reproducible 
results, that conditions prevail which will ensure complete ionisation.
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For solutions of weak bases in aqueous media a strongly acid reaction is 
often necessary to “ stabilise” the spectrum so that it is unaffected by small 
pH changes. The solanaceous alkaloids exhibit similar spectral properties 
with somewhat ill-defined absorption bands in the region 245 to 265 m/x; 
the intensity of absorption is low (E\ ®“ cent' ca. 6) and the spectrum is thus 
of little value for analytical purposes. The ephedra alkaloids are also 
weakly absorbing65 and although the spectra of the pure substances are 
of interest, again they are of relatively little assistance in pharmaceutical 
analysis.

Morphine, opium alkaloids generally, and other related alkaloids all 
show light absorption. The curves for morphine, codeine, and diamorph- 
ine as salts are very similar, the absorption being low in acidic 
solution (E \ l"ce“1' 280 m/x ca. 50); morphine in alkaline solution shows a 
much higher absorption E\ J“ ""1, ca. 310 at 258 m/x, presumably due to 
the phenolic group. Apomorphine absorbs more strongly in acid 
solution (E\ c'nr.ccr,t 373 m/x ca. 600) and this property can be used for its 
estimation in injection solutions and in tablets. The absorption spectra 
at varying p H  values have been recorded for papaverine hydrochloride,66 
the peak value E  j ‘jjocnt 251 mp. of 1595 being very sensitive to pH changes; 
in alkaline solutions a higher value is shown, the minimum value occurring 
at p H  6-3.

Results obtained in a study of the curare alkaloids have been reported 
and Swann67 has examined tubocurarine hydrochloride and dimethyl- 
tubocurarine iodide at varying p H  values; the spectra were sufficiently 
different to permit the determination of the two compounds both together 
and in mixtures. The ergot alkaloids show well-defined spectra and 
ergometrine maleate can best be characterised in the pure state by its 
peak absorption at 312 m/x E ] c,"0“1' =  183. Emetine and its salts and 
strychnine and its salts65 can also be determined spectrophotometrically. 
The absorption spectra of nicotine and related derivatives have been 
studied in some detail by Willits et alm and by Swain et al,69 Vacher and 
Tounichon70 identify and determine nicotine and similar compounds by 
treating with dilute cyanogen bromide solution followed by spectrophoto- 
metric estimation in the range 350 to 400 m/x. The alkaloids in cinchona 
bark were determined by Grant and Jones71 by using the absorption at 
316 m/x for quinine alkaloids and at 348 m/x for the cinchonine alkaloids, 
two component equations being used for calculating the final results.

M i s c e l l a n e o u s  P h a r m a c e u t i c a l  A p p l i c a t i o n s

Absorption spectrophotometry is being increasingly applied in general 
pharmaceutical analysis and it is notable that in the standardisation and 
characterisation of new synthetic drugs, light absorption properties are 
now frequently specified. Thus spectrophotometric requirements have 
been included in the standards published by the American Medical 
Association for pyranisamine maleate,72 antazoline hydrochloride,73 
benzpyrinium bromide,74 and piperoxan hydrochloride75; in addition 
dimethyltubocurarine chloride and hydroxyamphetine hydrochloride 
are both assayed spectrophotometrically by measurements in the
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ultra-violet. These standards reflect the growing use of direct measure
ments in the ultra-violet region on solutions of the substance itself, 
rather than the absorptiometric determination of a coloured derivative.

The examination of samples of /̂ -aminosalicylic acid has presented some 
difficulty in that many chemical and physical methods of analysis do not 
differentiate between the various isomers; standards for this substance 
have recently been issued76 which include requirements for the absorption 
spectra of a 0-0005 per cent, solution at 265 m/x (E \e"cent', 856) and 299 m/x, 
with minima at 244 and 285 m/x; the ratio of the optical densities, 
265 m/x/299 m/x must fall between T50 and 1-56.

The presence of benzaldehyde as a contaminant in benzyl alcohol up to 
a concentration of 0-1 per cent, can be determined according to Rees and 
Anderson77 by dissolving the sample in a water-methanol mixture and 
measuring the absorption at 283 m/x. Davidow and Woodard78 have 
estimated benzene hexachloride by hydrolysis to 1:2:4-trichlorbenzene 
followed by the determination of the absorption at 286 m/x, using a base
line technique to avoid the interference of other substances. Dietz et al79 
show that the residual oil in petroleum wax can be determined from a 
knowledge of the ultra-violet absorption of the substances involved; in 
this field Lundren and Waller80 have determined benzene and toluene 
in light petroleum by a similar process, the analysis of mixtures of phenols 
and cresols has been described by Robertson et a/.81 A paper dealing with 
medicinal liquid paraffin has appeared which makes a critical study of the 
BP. 1948 “acid test” by comparing it with results obtained from ultra
violet absorption measurements; it was concluded that the B.P. “acid 
test” does not afford a criterion of the true “quality” of liquid paraffin.82

The various methods available for the determination of khellin and 
visnagin are discussed at length by Ellenbogen et al,83 who found the 
ultra-violet absorption method to be convenient and reproducible ; 
solutions in cjc/ohexane were used giving satisfactory results for mixtures 
of khellin and visnagin although crude extracts could not be analysed 
owing to interference at the relevant wavelengths. Shaw and Jefferies84 
have» published the spectra of phenadoxone hydrochloride in water and 
ethanol and find that the extinction values, though relatively low, provide 
a basis for a satisfactory method of assay.

Sodium gentisate has been estimated in solution, powder, and tablets 
by Smith,85 making use of the peak at 320 m/x in aqueous alkaline 
solutions; in this case the tablets were dissolved in water and examined 
directly, solvent extraction being unnecessary. The absorption of sodium 
heparin has been examined by Bell and Krantz,86 who could not find any 
consistent relationship between light absorption properties and anti
coagulant activity.

In the field of oils, fats, and soaps the wide scope of the quantitative 
analytical methods available may be illustrated by the complex analysis 
of animal fats and soap due to Brice et a/;87-88 these workers use the 
natural absorption of the fatty acids to determine three components and 
then isomerise any unconjugated unsaturated acids to their conjugated 
ultra-violet absorbing form. The absorption is then studied in detail to
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arrive at concentrations of three additional components, thus resulting 
in a six component analysis in steps. As an additional example, a complete 
analysis for saturated oleic, linoleic and linolenic acids can be carried out 
using absorption measurements before and after isomerisation with 
potassium hydroxide in ethylene glycol at 180° C., producing a band at 
230 m /i characteristic of diene conjugation.89-90-91 Linolenic acid, treated 
similarly, gives at 270 m/r. a band due to triene absorption while 
saturated acids and oleic acids are unchanged; it is claimed that 0-2 g. of oil 
can be examined with an average percentage error of less than ±2 per cent.

C o n c l u s i o n

The availability of photoelectric instruments has, during the past 
decade, greatly increased the use of ultra-violet absorption spectro
photometry in pharmaceutical analysis. The speed and accuracy with 
which absorption curves can be determined, together with the wide 
applicability of the method, suggests that light absorption properties will 
figure in many specifications and assay processes in the future; this will 
especially be true for many of the new organic compounds now being 
introduced into pharmacy.
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T h e  British Pharmacopoeia 1948 includes a large number of monographs 
on preparations for injection required to comply with tests for sterility, 
but this requirement has not so far been applied to neoarsphenamine or 
sulpharsphenamine used in making the respective injections. Neo
arsphenamine and sulpharsphenamine are arsenobenzene derivatives 
which in most aqueous solutions are rapidly oxidised to the corresponding 
highly toxic arsenoxides, and it is probably on this account, and also on 
account of suggestions that the arsphenamines are self-sterilising, that 
sterility tests have been omitted. That these arsphenamines are not 
self-sterilising towards pathogenic bacteria is shown by Coulthard and 
Chantrill in the Addendum to this paper.

It is recognised that there are many difficulties in preparing batches 
of any compound used for injection which cannot be sterilised in its 
finished state. But, by applying appropriate aseptic methods during 
processing, bacterial infections can be adequately eliminated. Such 
methods are already used with a number of preparations, and they can 
be applied equally effectively to the arsphenamine derivatives. It is the 
purpose of this paper to present details of a method of testing for sterility 
which has proved satisfactory in detecting bacteria in various preparations 
of arsphenamine derivatives.

Any substance, toxic or potentially toxic to bacteria, can be tested for 
sterility provided it is adequately diluted in the test, or a suitable in
activating agent is included. The former method becomes impracticable, 
however, if dilutions of the preparation as great as 1 in 1000 or more 
have to be used. In the case of neoarsphenamine and sulpharsphenamine, 
the inhibitive concentrations to many of the commoner bacteria range 
between about 1 in 10,000 and 1 in 100,000 in nutrient broth, therefore, 
the alternative procedure of employing a suitable inactivating or 
neutralising agent is necessary.

Considerable work has been reported on the mode of action of arsenical 
drugs on living cells. As early as 1909, Ehrlich1 theorised that these

* Present address: Department of Pharmacy, University of Nottingham.
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compounds owed their toxicity to their affinity for thiol groups. Their 
mode of action against trypanosomes was studied by Voegtlin and 
colleagues in a series of papers published between 1920 and 1925. This 
work, summarised by Voegtlin,2 showed that arsenobenzene derivatives 
were oxidised to the corresponding arsenoxides which then combined 
with essential thiol groups in biological systems, such compounds as 
glutathione (Rosenthal and Voegtlin3) or fixed thiol groups of proteins 
(Rosenthal4) being suggested. It also showed that arsenoxide derivatives 
were the biologically active ones and, furthermore, that their anti- 
trypanocidal activity could be removed by thiol compounds. The 
protective action of these compounds was confirmed by Eagle5’6 and by 
Albert, Falk and Rubbo7 in their respective studies on spirochaetes and 
on trypanosomes and bacteria. This idea was again applied by Peters, 
Stocken and Thomson8 when developing British anti-Le’wisite (dimer- 
caprol). Latterly, a large number of enzymes containing thiol groups 
have been described by Singer,9 Gordon and Quastel10 and Barron11 
the last of whom reviewed the importance of thiol compounds in biological 
processes generally.

It can thus be seen that arsenic interferes with some essential enzyme 
system containing a thiol group and that the action can be counteracted 
by adding to the system compounds themselves containing this group. 
Many such compounds have been used with greater or less success in 
reversing the toxic effects of arsenicals, typical examples being cysteine, 
thioglycollic acid, thiolactic acid, glutathione and dimercaptopropanol, 
and it was suggested by one of us (W. B. H.) that one of these compounds 
might be used in testing arsphenamines for sterility by incorporating 
it in the normal culture medium.

E x p e r i m e n t a l

As a result of work carried out many years ago on the sterility testing 
of arsphenamines considerable success was obtained in mitigating the 
toxicity developed, and so reducing inhibition of bacterial growth, by 
adding heat-coagulated muscle to the culture medium. This medium 
was, therefore, used in all subsequent routine batch testing. In such a 
meat medium thiol compounds occur naturally in variable amounts, 
and this could explain, at least in part, the results obtained. However, 
a more sensitive and reliable medium was required, and, taking into 
account other requisites for sterility test culture media, such as stability, 
ability to support growth of small inocula, availability and cost, a nutrient 
broth incorporating sodium thioglycollate appeared most promising. If 
used in sufficient concentration, this substance is inhibitory to bacterial 
growth, but experiments with a wide variety of organisms of the 
Staphylococcus, Streptococcus, Bacillus, Bacterium and Clostridium genera, 
showed that retardation of growth was apparent only in concentrations 
above 0-5 per cent.; hence 0-4 per cent, sodium thioglycollate was 
considered the maximum concentration which could be added.

In view of past experiences, two types of medium were examined: 
(a) a tryptic digest broth containing 0-4 per cent, of sodium thioglycollate,
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and (b) the same med:um with about a 1 cm. layer of heat-coagulated 
muscle added. They were filled in 50 ml. amounts into 4 oz. and 2 oz. 
screw-capped bottles, the former (with an air space above the medium) 
being designated for tests for aerobic bacteria and the latter for anaerobic 
ones. The anaerobic meat medium was always steamed for 30 minutes 
and cooled immediately before use. Although the oxidation-reduction 
potential of these media might appear to be held at too low a level for 
adequate aerobic growth, nevertheless, Bacillus subtilis grew very satis
factorily in both. Moreover, the anaerobic organism, Clostridium 
sporogenes, grew luxuriantly in the meat medium (as might be expected), 
but sometimes failed to grow in the plain thioglycollate medium. The 
one disadvantage with this medium, namely, its susceptibility to oxidation 
if stored in plugged tubes, was readily overcome by preparing it in screw- 
capped bottles, a large air space being left in the aerobic test media. Under 
these conditions storage losses up to one month were negligible, but 
there was always a slight loss on sterilising in the autoclave usually 
representing about 0-05 per cent, in thioglycollic acid concentration. In 
all experiments reported here, freshly prepared media were used.

Sterile neoarsphenamine B.P. and sterile sulpharsphenamine B.P. 
(Boots Pure Drug Co., Ltd.) were used at final dilutions in the media of 
1 in 100 or 1 in 200, these concentrations being found to be the most 
convenient in relation to the volumes of media employed and the size 
of dose in ampoules usually to be tested. The dilutions were made in 
each test in triplicate by first preparing a concentrated solution in distilled 
water and transferring appropriate amounts to bottles of medium as 
quickly as possible. These were then sown with 1 ml. of a highly 
attenuated dilution of a broth culture of the chosen test organism—in 
many cases less than 20 viable cells being inoculated per bottle, as shown 
by replicate plate counts. The test organisms chosen for detailed in
vestigation were Staphylococcus aureus (F.D.A. strain), Bacterium coli 
(N.C.T.C. 86), Bacterium prodigiosum, a strain of Bacillus subtilis, and 
Clostridium sporogenes (N.C.T.C. 533), but similar responses were 
obtained with other unidentified species including a strictly aerobic 
spore-former and a strictly anaerobic spore-former. All bottles, including 
controls without arsphenamines, were incubated at 37° C. for 10 days 
and plate counts were usually made daily; in the case of the anaerobes, 
serial 10-fold dilutions were made in broth and the extinction point 
obtained.

Counts from typical experiments with neoarsphenamine at concentra
tions of 1 in 100 and 1 in 200 in thioglycollate broth and thioglycollate 
meat broth are given in Table I and illustrated in Figures 1 and 2. Results 
obtained with sulpharsphenamine (Table II) were not significantly 
different from those with neoarsphenamine. Control tubes without 
arsphenamine showed vigorous growths without exception within 48 
hours, and at least 1 X 106 viable cells per ml. were present after 10 days 
incubation. It will be seen that, in general, growths from the very small 
inocula were initiated more readily and reached rather higher levels of 
viable cells in the weaker concentration of the arsphenamines. The
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STERILITY TEST FOR NEOARSPHENAMINE B.P.

T A B L E  I
G r o w t h s  o f  b a c t e r ia  in  s t e r il it y  t e s t  m e d ia  w i t h  n e o a r s p h e n a m in e  b .p .

Inoculum Logarithm o f  viable counts obtained
(organisms per ml. after (days):
per 50-ml. 

bottle)tration Medium Organism 1 2 3 4 5 7 10
Broth with 0-4 per B. subtilis 15 < 2 < 2 < 2 2 5 3-2 3-6

cent, o f  sodium Staph, aureus 10 < 2 < 2 < 2 < 2 < 2 < 2 < 2
thioglycollate Baci, coli 8 6 6-7 6-2 5-6 4-1 2-6 2

Baci, prodigiosum 10 6 7 6-3 5-8 4-5 2-5 < 2
1 in 100

Cl. sporogenes 26 < 2 < 2 < 2 < 2 < 2 < 2 < 2
Broth with 0-4 per B. subtilis 15 < 2 < 2 2-5 5 6 4-3 4-3

cent, o f  sodium Staph, aureus 3 < 2 < 2 4-5 5-4 5-6 5-5 4-9
thioglycollate and Baci, coli 8 6 6-4 6-6 6-3 5-3 4-5 2-5
heat-coagulated B ad. prodigiosum 10 6 6-9 8 6-8 5-6 4-8 31
muscle Cl. sporogenes 20 < 2 3 5 7 5 4 t 4

Broth with 0-4 per B. subtilis 15 < 2 3-8 6-5 6-4 5-8 5 0 4-7
cent, o f  sodium Staph, aureus 10 < 2 2-5 2-8 < 2 < 2 < 2 < 2
thioglycollate Bact. coli 8 6 6-9 6-5 61 5-3 4-1 2-3

Baci, prodigiosum 10 6 7 7-6 7-8 6-8 6 5-7
1 in 200

Cl. sporogenes 26 < 2 < 2 < 2 < 2 < 2 < 2 < 2
Broth with 0-4 per B. subtilis 15 < 2 3-7 6-3 5-9 5-9 5-3 4-7
cent, o f  sodium Staph, aureus 3 < 2 3 5 61 5-7 5-4 5-3
thioglycollate and Baci, coli 8 6 6-9 7-3 7-3 7-3 7-1 5
heat-coagulated Bact. prodigiosum 10 6 8 7-7 7-7 7 6 6
muscle Cl. sporogenes 20 2 5 5 7 4 3 < 2

T A B L E  I I
G r o w t h s  o f  b a c t e r ia  in  s t e r il it y  t e s t  m e d ia  w it h  s u l p h a r s p h e n a m in e  b .p .

Concen
tration Medium Organism

Inoculum 
(organ
isms per 
50-ml. 
bottle)

Logarithms o f  viable counts obtained 
per ml. after (days):—

1 2 3 4 5 7 10
Broth with 0-4 per B. subtilis 15 < 2 4-6 6 5-4 5-4 5-1 2-6

cent, o f  sodium Staph, aureus 10 < 2 < 2 4 4-2 61 5-6 4-8
thioglycollate Bact. coli 8 6 6-3 5 5 4 2 < 2

Bact. prodigiosum 13 5-7 7 5-6 2-3 < 2
1 in 100

Cl. sporogenes 26 < 2 < 2 < 2 < 2 < 2 < 2 < 2

Broth with 0-4 per B. subtilis 15 < 2 5-3 6 5-7 5-5 5-4 4-7
cent, o f  sodium Staph, aureus 3 2-3 5 6 5-7 5*3 < 2 < 2
thioglycollate and Bact. coli 8 6 6-3 5-8 5 4 < 2 < 2
heat-coagulated Bact. prodigiosum 13 6-7 7-5 7-7 6-6 5-2
muscle Cl. sporogenes 20 2 5 6 6 5 < 2 < 2

Broth with 0 4 per B. subtilis 15 < 2 6-3 6 6-3 6 5-7 5
cent, o f  sodium Staph, aureus 10 < 2 < 2 5-3 7-4 6-2 5-8 4
thioglycollate Bact. coli 8 6 6-8 6-8 5-5 3-5 < 2 < 2

Bact. prodigiosum 13 6-7 6-9 7-6 6-9 5-2

1 in 200
Cl. sporogenes 26 < 2 < 2 < 2 < 2 < 2 < 2 < 2

Broth with 0-4 per B. subtilis 15 3-8 6-3 6 5-6 5-5 5 4-7
cent, o f  sodium Staph, aureus 3 2-3 4-3 6-7 6 5-5 4-9 5
thioglycolla:e and Bact. coli 8 6 6-9 7-3 7-3 6-5 4-7 < 2
heat-coagulated Bact. prodigiosum 13 6-7 7-8 7-9 7-3 7-3
muscle Cl. sporogenes 20 2 7 7 7 5 4 4

G r a m - n e g a t i v e  o r g a n is m s  a p p e a r e d  t o  d e v e lo p  m o r e  e a s i ly  t h a n  th e  

G r a m - p o s i t iv e  c n e s . M a x i m u m  g r o w t h s  o c c u r r e d  b e tw e e n  a b o u t  th e  

s e c o n d  a n d  f o u r t h  d a y s  a n d  b e y o n d  th is  p e r io d  t h e r e  w a s  a  d e c l in e  in  

t h e  n u m b e r  o f  v ia b le  c e lls . T h is  d e c l in e  w a s  r a t h e r  s h a r p  w i t h  th e  h ig h e r  

c o n c e n t r a t io n  o f  a r s p h e n a m in e .  N e v e r t h e le s s ,  e a s i ly  d e t e c t a b le  le v e ls  

w e r e  p r e s e n t  a f t e r  5  d a y s  in c u b a t io n  ( t h e  u s u a l  p e r io d  f o r  o f f ic ia l  te s ts  

f o r  s t e r i l i t y ) ,  p a r t i c u l a r l y  w h e n  th e  m e a t  m e d iu m  w a s  e m p lo y e d .  P la in  

t h io g ly c o l la t e  b r o t h ,  w h i ls t  s u p p o r t in g  g r o w t h s  o f  o r g a n is m s  i n  m o s t  

e x p e r im e n t s ,  f a i le d  t o  p r o d u c e  s a t is fa c t o r y  g r o w t h s  o f  S ta p h , a u re u s  in
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t h e  p re s e n c e  o f  e i t h e r  1 i n  1 0 0  o r  1 in  2 0 0  n e o a r s p h e n a m in e ,  b u t  w a s  

f a i r l y  g o o d  w i t h  s u lp h a r s p h e n a m in e ; i t  a ls o  y ie ld e d  o n ly  d e la y e d  g r o w t h s  

o f  B .  s u b t i l is .  T h e  f o r e g o in g  r e s u lts  s h o w  t h a t  i t  is  fe a s ib le  t o  u s e  a  

t h io g ly c o l la t e  m e a t  b r o t h  i n  te s t in g  f o r  b o t h  a e ro b ic  a n d  a n t e r o b ic  

o r g a n is m s . T h e  te s ts  c o u ld  b e  c a r r ie d  o u t  s e p a r a te ly ,  t h e  a e ro b ic  te s t  

in  a  c o n t a in e r  w i t h  a  la r g e  v o lu m e  o f  a i r  a b o v e  t h e  m e d iu m ,  a n d  th e  

a n a e ro b ic  o n e  in  a  f i l l e d  b o t t le ,  s te a m e d  i m m e d ia t e ly  b e f o r e  u s e ;  a l t e r 

n a t iv e ly ,  t h e y  m ig h t  b e  c a r r ie d  o u t  s im u lt a n e o u s ly  i n  t h e  s a m e  c o n t a in e r .

A  Su g g e s t e d  St e r il it y  T est  P r o c e d u r e

T h e  f o l lo w in g  is  a n  o u t l in e  o f  a  m e t h o d  f o r  te s t in g  n e o a r s p h e n a m in e  

B .P .  a n d  s u lp h a r s p h e n a m in e  B .P .  f o r  s t e r i l i t y .  I t  h a s  b e e n  a ls o  a p p l ie d  

t o  a r s p h e n a m in e  d ig lu c o s id e  B .P .  a n d  o c c a s io n a l ly  t o  o t h e r  a r s p h e n a m in e  

p r e p a r a t io n s .

T h e  m e d iu m  c o n s is ts  o f  a  n u t r i e n t  b r o t h ,  m a d e  b y  t h e  t r y p t ic  d ig e s t  o f  

h e a r t  m u s c le , w i t h  t h e  a d d i t io n  o f  0 - 4  p e r  c e n t ,  o f  s o d iu m  t h io g ly c o l la t e  

( o r  t h e  e q u iv a le n t  a m o u n t  o f  th e  a c id  n e u t r a l is e d  w i t h  s o d iu m  h y d r o x id e )  

a n d  a  1 -c m . la y e r  o f  h e a t - c o a g u la t e d  m u s c le . I t  is  d is p e n s e d  a n d  

s te r i l is e d  in  s c r e w -c a p p e d  c o n t a in e r s ,  a n d  s h o u ld  b e  r e la t i v e ly  f r e s h ly  

p r e p a r e d .  T h e  r e q u ir e d  a m o u n t  o f  th e  te s t  s a m p le  o f  t h e  a r s p h e n a m in e  

is  d is s o lv e d  in  a  s u f f ic ie n t  q u a n t i t y  o f  th is  m e d iu m  t o  g iv e  a  f in a l  c o n 

c e n t r a t io n  n o t  e x c e e d in g  1 in  2 0 0 .  T h e  c o n t a in e r s  a r e  in c u b a t e d  a t  

3 7 °  C .  f o r  5  d a y s . D u r i n g  in c u b a t io n  t h e  m e d iu m  w i l l  h a v e  b e c o m e  

t u r b i d ,  a n d  s u b c u ltu r e s  a r e  n e c e s s a ry  t o  c o n f i r m  p r e s e n c e  o r  a b s e n c e  

o f  g r o w t h .  O n e  lo o p f u l  is  in o c u la t e d  i n t o  a  f r e s h  t u b e  o f  th e  t h i o 

g ly c o l la t e  b r o t h  ( t e r o b ic  t e s t )  o r  a n  a g a r - s h a k e  t u b e  (a n a e r o b ic  t e s t )  a n d  

th e s e  a r e  in c u b a t e d  f o r  a  f u r t h e r  2 4  t o  4 8  h o u r s  a t  3 7 °  C .

T h is  m e d iu m  h a s  b e e n  a p p l ie d  s u c c e s s fu lly  f o r  m a n y  m o n t h s  in  th e  

d e t e c t io n  o f  b a c t e r ia  in  r o u t i n e  te s ts  f o r  s t e r i l i t y  o f  th e  a r s p h e n a m in e s .

T h e  a u t h o r s  w is h  t o  e x p re s s  t h e i r  t h a n k s  t o  M r .  D .  V .  C a r t e r  f o r  h is  

w o r k  o n  t h e  s t a b i l i t y  o f  t h e  t h io g l y c o l la t e  m e d ia ,  a n d  t o  M r .  C .  B o w le r  

f o r  m a n y  h o u r s  o f  p a t ie n t  w o r k  a t  t h e  b e n c h .

S u m m a r y

1. A  m e t h o d  is  d e s c r ib e d  f o r  te s t in g  n e o a r s p h e n a m in e  a n d  s u lp h a r s 

p h e n a m in e  f o r  s t e r i l i t y  u s in g  a  m e d iu m  c o n t a in in g  s o d iu m  t h io g ly c o l la t e  

a n d  h e a t - c o a g u la t e d  m u s c le .

2 .  B y  th is  m e t h o d  v e r y  s m a l l  in o c u la  o f  a  v a r i e t y  o f  b a c t e r ia  c a n  b e  

d e te c te d .
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STERILITY TEST FOR NEOARSPHENAMINE B.P.

A D D E N D U M

T h e  Su r v i v a l  o f  B a c t e r ia l  Spo r es  i n  A r s p h e n a m in e s  

B y  C .  E .  C o u l t h a r d  a n d  B . H .  C h a n t r il l

S t e r i l i t y  te s ts  c a r r ie d  o u t  b y  us  o v e r  m a n y  y e a r s  h a v e  in d ic a t e d  t h a t  

b a c t e r ia  c a n  b e  f o u n d  in  a r s p h e n a m in e s  p r e p a r e d  w i t h o u t  a s e p t ic  p r e 

c a u t io n s  a n d  t h a t  t h e y  m a y  r e m a in  v ia b le  f o r  y e a r s  i n  c o n t a c t  w i t h  th e  

d r u g  a n d  u n d e r  n i t r o g e n .  I t  s e e m e d  d e s ir a b le  t o  m a k e  s o m e  s tu d y  o f  

t h e  v i r u le n c e  o f  s u c h  o r g a n is m s  a n d  th e  f o l lo w in g  w o r k  w a s  i n i t i a t e d  f o r  

t h is  p u r p o s e .  I t  w a s  o b v io u s ly  d e s ir a b le  t o  u s e  a n  o r g a n is m  w h ic h  

w o u ld  s u r v iv e  a  d r y in g  p ro c e s s  a n d  w h ic h  w a s  p a t h o g e n ic  t o  s m a l l  

a n im a ls ,  a n d  s in c e  m e m b e r s  o f  t h e  C lo s t r id iu m  g r o u p  h a v e  f r e q u e n t ly  

b e e n  f o u n d  r e s p o n s ib le  f o r  d e a th s  a f t e r  in f e c t io n  (s e e  C o u l t h a r d  a n d  

S y k e s 1)  i t  w a s  d e c id e d  t o  u s e  o n e  o f  th is  g r o u p  i f  p o s s ib le . O n e  d i f f ic u l t y  

w i t h  t h e  C lo s t r id ia  is  t h a t  s o m e  d o  n o t  r e g u la r ly  p r o d u c e  s p o re s , b u t  a f t e r  

a  p r o lo n g e d  s e a r c h , w e  f o u n d  t h a t  a  C lo s t r id iu m  s e p t ic u m  is o la t e d  f r o m  

a  s h e e p  b y  M r .  J . E .  K .  L i n e h a m ,  a t  t h a t  t im e  o f  o u r  V e t e r i n a r y  R e s e a r c h  

D iv is i o n ,  a p p e a r e d  t o  b e  s u i ta b le .  I t  s p o r e d  f a i r l y  r e a d i ly  o n  c o a g u la t e d  

b lo o d - s e r u m  a n d  r e m a in e d  v i r u le n t  o n  d r y in g .

E x p e r im e n t a l

T h e  C l .  s e p t ic u m  w a s  g r o w n  a n a e r o b ic a l ly  o n  c o a g u la t e d  b lo o d - s e r u m  

s lo p e s  a t  3 7 °  C .  f o r  2 4  h o u r s .  T h e  g r o w t h ,  c o n t a in in g  m a n y  s p o re s ,  

w a s  s u s p e n d e d * in  R in g e r  s o lu t io n  a n d  d is t r ib u t e d  in  0 - 2  m l .  a m o u n t s  in t o

5 - m l .  a m p o u le s ,  w h ic h  w e r e  im m e d ia t e ly  d r ie d  u n d e r  v a c u u m  a t  5 0 °  C .  

N e o a r s p h e n a m in e  B .P .  ( B o o t s )  0 - 6  g . w a s  t h e n  d is p e n s e d  i n t o  e a c h  

a m p o u le  a n d  th e s e , a f t e r  b e in g  f i l le d  w i t h  n i t r o g e n ,  w e r e  s e a le d . T h e s e  

a m p o u le s ,  h a l f  o f  w h ic h  w e r e  s to r e d  a t  r o o m  t e m p e r a t u r e  a n d  h a l f  a t  

4 °  C . ,  w e r e  te s te d  f o r  s u r v iv in g  b a c t e r ia  a t  in t e r v a ls  b y  a n im a l  in o c u la t io n .

T A B L E  I
S u r v iv a l  o f  v ir u l e n t  b a c t e r ia l  sp o r e s  in  a m p o u l e s  o f

NEOARSPHENAMINE UNDER NITROGEN

Test

Storage time 
o f  ampoules 

(weeks)

Dose o f
neoarsphenamine 

per mouse 
mg.

Method o f 
sampling

Mice killed by injection from 
infected ampoule stored at:

Room
temperature 4° C.

1 0 5-4 A +
2 0 5 0 B +
3 1 3-1 A +
4 1 4 0 A +
5 2 5-0 B +
6 2 5 0 B +
7 2 3-25 A +
8 2 2-26 A +
9 14 5-0 B ~r

10 14 5-0 B +
11 26 5 0 B +
12 26 5 0 B +
13 48 ? A + +

A =  Contents decanted and ampoule tested. B =  Aliquot o f  entire contents tested.
O f the groups o f  5 mice injected in each test, all died except in tests 1, 4, 9 and 10, where 4 out o f  5 

died. The presence o f  Cl. septicum was confirmed by autopsy and culture o f  at least one mouse from 
each test.
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A t  f i r s t ,  t o  r e d u c e  t h e  d o s e  o f  n e o a r s p h e n a m in e ,  t h e  m a j o r  p o r t i o n  

o f  t h e  c o n te n ts  o f  t h e  a m p o u le  w a s  d e c a n te d .  T h e  a m p o u le  w a s  t h e n  

r in s e d  w i t h  T O  m l .  o f  d is t i l le d  w a t e r  a n d  0 - 2  m l .  o f  th is  in je c t e d  i n t r a 

m u s c u la r ly  i n t o  e a c h  o f  5  m ic e .  I t  w a s  s u b s e q u e n t ly  f o u n d  p o s s ib le  t o  

m o d i f y  th is  p r o c e d u r e  b y  d is s o lv in g  t h e  e n t i r e  c o n te n ts  o f  th e  a m p o u le  

in  2 4  m l .  o f  d is t i l le d  w a t e r  a n d  in je c t in g  0 - 2  m l .  a l iq u o t s  in t o  e a c h  o f  

5 m ic e .  T o  e n s u r e  t h a t  t h e  d e a th s  w e r e  n o t  d u e  t o  t h e  t o x ic i t y  o f  th e  

d r u g  a  c o r r e s p o n d in g  d o s e  o f  s te r i le  n e o a r s p h e n a m in e  w a s  in je c t e d  in t o  

a  c o n t r o l  g r o u p  o f  a n im a ls .  W h e n  t h e  f i r s t  p r o c e d u r e  w a s  a d o p t e d  

th is  d o s e  w a s  c a lc u la t e d  f r o m  th e  d i f f e r e n c e  i n  t h e  w e ig h t  o f  t h e  a m p o u le .

A s  a  f u r t h e r  c o n t r o l  t o  m a k e  c e r t a in  t h a t  t h e  d e a th s  w e r e  d u e  t o  th e  

m u l t i p l i c a t io n  o f  o r g a n is m s  a n d  n o t  t o  t o x in s  c a r r ie d  o v e r ,  a u to p s ie s  

w e r e  p e r f o r m e d  o n  r e p r e s e n t a t iv e  m ic e  a n d  t h e  p r e s e n c e  o f  t y p ic a l  C l .  

s e p t ic u m  c o n f i r m e d  b y  c u l t u r e  a n d  a n im a l  in o c u la t io n .
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T h e  re s u lts  w h ic h  a r e  g iv e n  in  T a b l e  I  s h o w  c le a r ly  t h a t  th e  d r ie d  C l.  

s e p t ic u m  s p o re s  r e t a in e d  t h e i r  v i r u le n c e  i n  c o n t a c t  w i t h  n e o a r s p h e n a m in e  

a n d  u n d e r  n i t r o g e n  f o r  a t  le a s t  4 8  w e e k s .

Su m m a r y

1. S p o re s  o f  C l .  s e p t ic u m  in  s e a le d  a m p o u le s  o f  n e o a r s p h e n a m in e  B .P .  

h a v e  b e e n  s h o w n  t o  s u r v iv e  a n d  r e t a in  t h e i r  v i r u le n c e  f o r  a t  le a s t  4 8  w e e k s .

R e f e r e n c e

1 .  C o u l t h a r d  a n d  S y k e s ,  Pharm. 1 9 3 6 ,  1 3 7 ,  3 9 .

G. SYKES, A. ROYCE AN D  W. B. HUGO

374



THE EFFECTS OF THIOURACIL, ALLOXAN AND 
NICOTINE ON THE SUPRARENAL GLANDS

B y  G .  B .  W e s t

From the Department o f  Pharmacology and Therapeutics, University o f  St. Andrews
Medical School, Dundee

R e c e i v e d  M a r c h  1 7 ,  1 9 5 2

T h e  s u p r a r e n a l  m e d u l l a  o f  m o s t  a n im a ls  c o n ta in s  b o t h  a d r e n a l in e  a n d  

n o r a d r e n a l in e .  A l t h o u g h  i t  is  f a i r l y  c e r t a in  t h a t  a d r e n a l in e  is  f o r m e d  

f r o m  n o r a d r e n a l in e  b y  m e t h y l a t i o n ,  t h e  e x a c t  w a y  i n  w h ic h  n o r a d r e n a l in e  

is  p r o d u c e d  in  t h e  b o d y  is  s t i l l  a n  o p e n  q u e s t io n .  R e c e n t ly ,  w i t h  th e  a id  

o f  p a p e r  c h r o m a t o g r a p h y ,  G o o d a l l 1 s h o w e d  t h a t  h y d r o x y t y r a m in e ,  in  

a d d i t io n  t o  a d r e n a l in e  a n d  n o r a d r e n a l in e ,  m a y  b e  p r e s e n t  i n  s h e e p  

s u p r a r e n a l  g la n d s ,  a n d  t h a t  d i h y d r o x y p h e n y la la n in e  m a y  b e  f o u n d  i n  t h e  

g la n d s  o f  t h y r o id e c t o m is e d  s h e e p . T h e s e  t w o  s u b s ta n c e s  m a y  t h e r e f o r e  

b e  p r e c u r s o r s  o f  n o r a d r e n a l in e .  W e  h a v e  n o w  e x a m in e d  s u p r a r e n a l  

e x t r a c ts  o f  r a b b i t s  t o  w h ic h  t h io u r a c i l  h a s  b e e n  g iv e n ,  t o  t r y  t o  d e t e r m in e  

s u c h  p r e c u r s o r s .  W e  h a v e  a ls o  te s te d  s u p r a r e n a l  e x t r a c ts  o f  r a b b i t s  

m a d e  d ia b e t i c  w i t h  a l lo x a n ,  s in c e  H o k f e l t 2 s h o w e d  t h a t  t h e  s u p r a r e n a l  

g la n d s  o f  d ia b e t ic  r a t s  c o n t a in e d  a  v e r y  l o w  c o n t e n t  o f  a d r e n a l in e  a n d  

n o r a d r e n a l in e .  I f  s u p r a r e n a l  e x h a u s t io n  o c c u r s  in  th is  c o n d i t io n ,  i t  m ig h t  

b e  p o s s ib le  t o  d e t e c t  p r e c u r s o r s  o f  a d r e n a l in e  in  th e  s u p r a r e n a l  g la n d .

In je c t io n s  o f  n ic o t in e  o v e r  lo n g  p e r io d s  ( 1 3  t o  1 7  m o n t h s )  m a y  p r o d u c e  

c h r o m a f f i n  a d e n o m a  in  t h e  s u p r a r e n a ls  o f  y o u n g  r a ts  a n d  s u p r a r e n a l  

h y p e r p la s ia  i n  a d u l t s .3 I n  r a b b i t s ,  c o n t i n u e d  a d m in is t r a t io n  o f  n ic o t in e  

( 9 7  t o  1 2 4  d a y s )  h a s  b e e n  s h o w n  t o  d e c re a s e  a n d  t h e n  t o  in c r e a s e  t h e  

a d r e n a l in e  c o n t e n t  o f  t h e  s u p r a r e n a l  g la n d s .4 S in c e  th is  t r e a t m e n t  m a y  

a ls o  b e  a s s o c ia te d  w i t h  c h a n g e s  i n  t h e  c o n c e n t r a t io n s  o f  p r e c u r s o r s  o f  

a d r e n a l in e ,  w e  h a v e  g iv e n  d a i l y  d o s e s  o f  n ic o t in e  t o  r a b b i t s ,  r a ts  a n d  

g u in e a -p ig s .  A f t e r  a  s u i t a b le  in t e r v a l  o f  t im e ,  w e  h a v e  e x a m in e d  e x t r a c ts  

o f  t h e i r  s u p r a r e n a l  g la n d s . I n  s o m e  e x p e r im e n ts ,  d a i l y  d o s e s  o f  

m e t h io n in e  ( a  m e t h y l  d o n o r )  h a v e  a ls o  b e e n  g iv e n .  I t  w a s  e x p e c te d  

t h a t  th e  m e t h io n in e - t r e a t e d  a n im a ls  w o u ld  p o ssess  a  m o r e  r a p id  r a t e  

o f  m e t h y la t i o n  in  th e  s u p r a r e n a ls  t h a n  t h a t  f o u n d  in  th e  o t h e r  g r o u p s .

M e t h o d s

R a b b i t s ,  g u in e a -p ig s  a n d  r a ts  w e r e  k i l l e d  b y  a  b lo w  o n  t h e  h e a d  a n d  

t h e i r  s u p r a r e n a l  g la n d s  w e r e  r e m o v e d  a s  s o o n  a s  p o s s ib le . A f t e r  r e m o v a l  

o f  t h e  c a p s u le , t h e  g la n d s  w e r e  w e ig h e d  a n d  g r o u n d  w i t h  s a n d  a n d  1 t o  

5  m l .  o f  0 -0 1  N  h y d r o c h lo r ic  a c i d / g .  T h e  e x t r a c ts  w e r e  c e n t r i f u g e d  a n d  

t h e  c le a r  s u p e r n a t a n t  l iq u id s  w e r e  a s s a y e d  f o r  t h e i r  a d r e n a l in e  a n d  

n o r a d r e n a l in e  c o n te n ts  b y  p a p e r  c h r o m a t o g r a p h y  a n d  b i o lo g ic a l  a s s a y  

(s e e  S h e p h e r d  a n d  W e s t 5) .  C a r e f u l  e x a m in a t i o n  o f  t h e  p a p e r  c h r o m a t o 

g r a m s  w a s  c a r r ie d  o u t  in  e v e r y  c a s e  t o  d e te c t  h y d r o x y t y r a m in e  a n d  

d ih y d r o x y p h e n y la la n in e .
S u b c u ta n e o u s  in je c t io n s  o f  t h i o u r a c i l  ( i n  s l ig h t ly  a lk a l in e  s o lu t io n )
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w e r e  g iv e n  d a i l y  (e x c e p t  S u n d a y s )  t o  6  r a b b i t s .  O t h e r  r a b b i t s  r e c e iv e d  

a l lo x a n  ( 1 0 0  m g . / k g .  in t r a v e n o u s ly )  a f t e r  f o o d  h a d  b e e n  w i t h d r a w n  f o r  

4 8  h o u r s .  F o r  t h e  n ic o t in e  e x p e r im e n t s ,  g r o u p s  o f  2  r a b b i t s ,  r a t s  o r  

g u in e a -p ig s  w e r e  in je c t e d  d a i l y  ( e x c e p t  S u n d a y s )  w i t h  v a r y in g  d o s e s  o f  

n ic o t in e  a c id  t a r t r a t e .  A f t e r  a  c e r t a in  n u m b e r  o f  s u b c u ta n e o u s  in je c t io n s ,  

t h e y  w e r e  k i l l e d  e i t h e r  6  h o u r s  o r  7  d a y s  a f t e r  t h e  la s t  in je c t io n .  I n  

o t h e r  e x p e r im e n t s ,  n ic o t in e  a n d  m e t h io n in e  w e r e  g iv e n  t o  g r o u p s  o f  

r a b b i t s  a n d  r a ts .  S o lu t io n s  o f  / - a d r e n a l in e ,  / - n o r a d r e n a l in e  b i t a r t r a t e ,  

h y d r o x y t y r a m in e  h y d r o c h lo r id e ,  a n d  i / / - d ih y d r o x y p h e n y la la n in e  i n  0 -0 1  N  

h y d r o c h lo r ic  a c id  w e r e  u s e d  a s  c o n t r o ls .

R e s u l t s

E f f e c t  o f  t h io u r a c i l  in  th e  r a b b it .  A f t e r  1 5  d o s e s  o f  t h i o u r a c i l  

( 5 0  m g . / k g . ) ,  th e  m e a n  v a lu e  o f  e x t r a c ts  f r o m  2  r a b b i t s  w a s  5 0 5  /x g . o f  

a d r e n a l i n e / g . ,  n o r a d r e n a l in e  b e in g  a b s e n t .  N o  m a j o r  c h a n g e  h a s
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F i g . 1 .  T h e  e f f e c t  o f  d a i l y  d o s e s  o f  n i c o t i n e  a c i d  t a r t r a t e  ( 1 6  m g ./ k g . )  o n  t h e  
a m i n e  c o n t e n t  ( l o w e r  h i s t o g r a m )  a n d  t h e  r e l a t i v e  n o r a d r e n a l i n e  c o n t e n t  ( u p p e r  
g r a p h )  o f  t h e  s u p r a r e n a l  g l a n d s  o f  r a b b i t s .  P l a i n  a r e a s ,  a d r e n a l i n e ;  s h a d e d  a r e a s ,  
n o r a d r e n a l i n e .  T h e  b r o k e n  l i n e s  r e p r e s e n t  t h e  m a x i m a l  a b s o l u t e  a n d  r e l a t i v e  
n o r a d r e n a l i n e  c o n t e n t s  o f  t h e  g l a n d s  f r o m  5 6  c o n t r o l  r a b b i t s .
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Doses

F i g . 2. The effect o f  daily doses o f nicotine acid tartrate (2 mg./kg.) o n  the 
amine content (lower histogram) and the relative noradrenaline content (upper 
graph) o f the suprarenal glands o f rats. Plain areas, adrenaline; shaded areas, 
noradrenaline. The broken lines represent the maximal absolute and relative 
noradrenaline contents o f the glands from 24 control rats.

o c c u r r e d  t h e r e f o r e  i n  th e  a m in e  c o n t e n t  o f  t h e i r  s u p r a r e n a l  g la n d s ,  

s in c e  th e  m e a n  v a lu e s  o f  e x t r a c ts  f r o m  5 6  a d u l t  c o n t r o l  a n im a ls  a r e  

4 7 0 /x g . o f  a d r e n a l in e  a n d  1 0  /xg . o f  n o r a d r e n a l in e /g .  ( S h e p h e r d  a n d  

W e s t 6) .

2  o t h e r  r a b b i t s  r e c e iv e d  4 0  d o s e s  o f  t h i o u r a c i l  a n d  lo s t  w e ig h t  ( 3 - 2  t o

2 -8  k g . ) .  T h e i r  s u p r a r e n a l  g la n d s  a p p e a r e d  t o  b e  p a r t ly  e x h a u s te d ,  v a lu e s  

o f  1 5 0  fxg . o f  a d r e n a l in e  a n d  2  /xg . o f  n o r a d r e n a l in e /g .  b e in g  r e c o r d e d .  

A n o t h e r  2  r a b b i t s  r e c e iv e d  4 0  d o s e s  o f  t h i o u r a c i l  f o l lo w e d  b y  in s u l in  

( 4  I . U . / k g .  s u b c u t a n e o u s ly ) .  3  h o u r s  a f t e r  t h e  in s u l in ,  t h e y  w e r e  k i l l e d .  

A p a r t  f r o m  f u r t h e r  s u p r a r e n a l  e x h a u s t io n  ( m e a n  v a lu e  o f  5 0  ¡xg . o f  

a d r e n a l in e / g . ) ,  n o  p r e c u r s o r s  o f  a d r e n a l in e  w e r e  d e te c te d .

E ffe c t o f  a l lo x a n  in  th e  r a b b i t .  W h e n  d ia b e te s  w a s  c o n f i r m e d  i n  th e s e  

a n im a ls ,  t h e y  w e r e  k i l l e d  ( a b o u t  1 0  d a y s  a f t e r  t h e  d o s e  o f  a l lo x a n ) .  

S u p r a r e n a l  e x h a u s t io n  h a d  o c c u r r e d  ( m e a n  v a lu e  o f  6 1  /x g . o f  

a d r e n a l i n e / g . )  b u t  a g a in  n o  p r e c u r s o r s  o f  a d r e n a l in e  w e r e  d e te c te d .

C o n t in u e d  a d m in is t r a t io n  o f  n ic o t in e .  R a b b i t s  r e c e iv e d  d a i l y  s u b 

c u ta n e o u s  d o s e s  o f  1 6  m g . / k g .  a n d  t h e  r e s u lts  a r e  s h o w n  i n  F i g u r e  1. 

S in c e  t h e  m a x i m a l  n o r a d r e n a l in e  c o n t e n t  o f  th e  s u p r a r e n a l  g la n d s  f r o m  

5 6  c o n t r o l  r a b b i t s  is  3 5  /x g . /g .  ( s h o w n  b y  t h e  d o t t e d  l i n e ) ,  i t  is  c le a r  t h a t  

e v e n  a f t e r  1 3  d o s e s  o f  n ic o t in e  th e  n o r a d r e n a l in e  v a lu e s  a r e  r a is e d ,  w h i ls t  

t o t a l  a c t i v i t y  f ig u r e s  a r e  s o m e w h a t  d e c re a s e d . D e s p i t e  th is  in c r e a s e  in  

t h e  r e la t i v e  n o r a d r e n a l in e  c o n t e n t  o f  th e  s u p r a r e n a l  g la n d ,  h y d r o x y -  

t y r a m in e  o r  d i h y d r o x y p h e n y la la n i n e  w e r e  n o t  id e n t i f ie d .  T h e  r a b b i t s
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A  =  Control D =  Control
B =  32 doses killed at 6 hours E =  90 doses killed at 6 hours
C =  32 doses killed at 7 days F =  90 doses killed at 7 days

G =  Control
H =  90 doses and 90 doses o f  methionine 

killed at 6 hours
I =  90 doses and 90 doses o f  methionine 

killed at 7 days
F i g . 3. The effect o f daily doses o f nicotine acid tartrate (16 mg./kg.) on the amine 

content (lower histogram) and the relative noradrenaline content (upper graph) o f  the 
suprarenal glands o f rabbits. Plain areas, adrenaline; shaded areas, noradrenaline. 
The broken lines represent the maximal absolute and relative noradrenaline contents 
of the glands from 56 control rabbits. Also shown is the effect of 90 doses of nicotine 
and methionine (24 mg./kg.) on the amine content of the suprarenal glands o f rabbits. 
Some animals killed 6 hours after the last injection, others left for 7 days. Note 
the protective action o f methionine.

lo s t  w e ig h t  d u r i n g  t h e  f i r s t  2  o r  3  w e e k s  o f  t r e a t m e n t ,  b u t  t h e n  s te a d i ly  

g a in e d .  A f t e r  e a c h  n ic o t in e  d o s e , r e s p i r a t i o n  w a s  s t im u la t e d  a n d  t h e r e  

w a s  lo s s  o f  p o w e r  i n  t h e  h in d - l im b s .

R a t s  r e c e iv e d  d a i l y  s u b c u ta n e o u s  d o s e s  o f  2  m g . / k g .  a n d  th e  re s u lts  

a r e  s h o w n  i n  F i g u r e  2 .  W i t h  2 3  d o s e s  th e r e  is  a  d e c re a s e  i n  t o t a l  a c t i v i t y ,  

b u t  a f t e r  f u r t h e r  d o s e s  t h e r e  is  a n  in c r e a s e . A s  i n  t h e  r a b b i t  e x p e r im e n t s ,  

t h e  in c r e a s e  i n  r e la t i v e  n o r a d r e n a l in e  c o n t e n t  w a s  n o t  a c c o m p a n ie d  b y  

t h e  a p p e a r a n c e  o f  d e t e c t a b le  a m o u n t s  o f  o t h e r  p r e c u r s o r s .  S t im u la t io n  

o f  t h e  c e n t r a l  n e r v o u s  s y s te m  ( t a i l  e r e c t io n ,  c i r c u la r  m o v e m e n t  s o m e t im e s  

b a c k w a r d s )  w a s  u s u a l ly  n o t e d  a f t e r  e a c h  n ic o t in e  d o s e . R e s p i r a t io n  w a s  

d e p r e s s e d , p r o b a b ly  d u e  t o  d e p r e s s io n  o f  t h e  r e s p i r a t o r y  c e n tre .

G u in e a - p ig s  r e c e iv e d  3 6  d a i l y  s u b c u ta n e o u s  d o s e s  o f  S m g . / k g .  W h e n  

k i l l e d ,  t h e i r  s u p r a r e n a l  g la n d s  c o n t a in e d  o n ly  a d r e n a l in e ,  a n d  t o t a l  

a c t i v i t y  v a lu e s  w e r e  l o w  ( m e a n  o f  5 0 / x g . / g . )  c o m p a r e d  w i t h  t h e  m e a n
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v a l u e  o f  6 0  c o n t r o l  g u in e a -p ig s  ( 1 2 2 - 5 /xg . a d r e n a l in e  a n d  2 -5  /x g . n o r -  

a d r e n a l in e / g .  t is s u e ) .  G e n e r a l  d e p r e s s io n  w a s  n o t e d  i n  th e s e  a n im a ls  

a f t e r  e a c h  n ic o t in e  d o s e .

C o n t in u e d  a d m in is t r a t io n  o f  n ic o t in e  a n d  m e th io n in e .  I n  F ig u r e  3  a r e  

s h o w n  t h e  e ffe c ts  o f  3 2  a n d  9 0  d o s e s  o f  n i c o t in e  ( 1 6 m g . / k g . )  a n d  o f  

9 0  d o s e s  o f  n ic o t in e  a n d  m e t h io n in e  ( 2 4  m g . / k g . )  o n  th e  a m in e  c o n t e n t  

o f  th e  s u p r a r e n a l  g la n d s  o f  r a b b i t s .  T h e  t o t a l  a c t i v i t y  w a s  d e c re a s e d  

i n  a l l  t h r e e  e x p e r im e n t s ,  b u t  w h e r e a s  t h e  r e l a t i v e  n o r a d r e n a l in e  c o n t e n t  

w a s  in c r e a s e d  f o l lo w i n g  n ic o t in e  d o s a g e  i t  w a s  n o t  s ig n i f ic a n t ly  in c r e a s e d  

w h e n  n ic o t in e  a n d  m e t h io n in e  w e r e  g iv e n  to g e t h e r .  T h e r e f o r e  t h e  

d e p r e s s a n t  e f fe c t  o f  n ic o t in e  o n  t h e  r a t e  o f  m é t h y l a t i o n  i n  th e  r a b b i t  m a y  

b e  r e d u c e d  b y  t h e  a d m in is t r a t io n  o f  e xc e s s  o f  m e t h io n in e  ( t h a t  is ,  b y  

g iv in g  a  m e t h y l  d o n o r ) .  I n  t h e  r a t ,  o n  t h e  o t h e r  h a n d  ( F i g .  4 ) ,  i t  is  

c le a r  t h a t  t h e  r a t e  o f  m é t h y la t i o n  is  d e c re a s e d  e v e n  i n  t h e  p r e s e n c e  o f  

e x c e s s  o f  m e t h io n in e  (3  m g . / k g . ) .

30 
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noradrenaline 
in mixture 0
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1500

Amine fiig./g.)
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A  =  Control D =  Control G =  Control
B =  23 doses killed at 6 hours E =  90 doses killed at 6 hours H =  90 doses and 90 doses o f  
C =  23 doses killed at 7 days F  =  90 doses killed at 7 days methionine killed at 6 hours

I =  90 doses and 90 doses o f  
methionine killed at 7 days

F i g . 4. The effect o f daily doses of nicotine acid tartrate (2 mg./kg.) on the amine 
content (lower histogram) and the relative noradrenaline content (upper graph) o f the 
suprarenal glands of rats. Plain areas, adrenaline; shaded areas, noradrenaline. The 
broken lines represent the maximal absolute and relative noradrenaline contents o f 
the glands from 24 control rats. Also shown is the effect o f 90 doses o f nicotine and 
methionine (3 mg./kg) on the amine content o f the suprarenal glands of rats. Some 
animals killed 6 hours after the last injection, others left for 7 days. Note the rapid 
return to normal levels in the presence o f excess of methionine.
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G. B. WEST

A ls o  s h o w n  in  F ig u r e s  3  a n d  4  a r e  t h e  r e s u lts  o f  le a v in g  s o m e  t r e a t e d  

a n im a ls  f o r  7  d a y s  a f t e r  th e  la s t  in je c t io n  b e f o r e  te s t in g  t h e i r  s u p r a r e n a l  

e x t r a c ts .  I n  r a b b i t s  r e c e iv in g  o n ly  n ic o t in e ,  r e c o v e r y  o f  th e  r a t e  o f  

m e t h y l a t i o n  o c c u r r e d  d u r in g  t h is  p e r io d  a l t h o u g h  t o t a l  a c t i v i t y  r e m a in e d  

lo w .  I n  r a b b i t s  r e c e iv in g  b o t h  n ic o t in e  a n d  m e t h io n in e ,  r e c o v e r y  o f  

b o t h  t h e  r a t e  o f  m e t h y l a t i o n  a n d  th e  t o t a l  a c t i v i t y  r a p id l y  t o o k  p la c e .  

I n  r a ts  r e c e iv in g  2 3  d o s e s  o f  n ic o t in e ,  r e c o v e r y  w a s  s lo w  in  t h is  p e r io d ,  

l i t t l e  c h a n g e  b e in g  r e c o r d e d  i n  t h e  r e l a t i v e  n o r a d r e n a l in e  c o n t e n t  o f  th e  

g la n d s . A f t e r  9 0  d o s e s , h o w e v e r ,  t h e r e  w a s  a  la r g e  in c r e a s e  in  t h e  t o t a l  

a c t i v i t y  w i t h  l i t t l e  o r  n o  c h a n g e  i n  t h e  r a is e d  r e la t i v e  n o r a d r e n a l in e  

c o n t e n t .  I n  r a t s  r e c e iv in g  b o t h  n ic o t in e  a n d  m e t h io n in e ,  r e c o v e r y  o f  

b o t h  t o t a l  a c t i v i t y  a n d  r a t e  o f  m e t h y l a t i o n  w a s  a lm o s t  c o m p le t e  i n  th is  

p e r io d .  M e t h io n i n e  t h e r e f o r e  s p e e d e d  u p  t h e  r e c o v e r y  p h a s e  i n  th e  g la n d s  

o f  b o t h  r a b b i t s  a n d  r a ts .

H is t o lo g ic a l  e x a m in a t io n .  E x a m i n a t i o n  o f  f r o z e n  s e c t io n s  s ta in e d  w i t h  

h e m a t o x y l in  a n d  e o s in , H e i d e n h a i n ’ s i r o n  h e m a t o x y l i n ,  M a l l o r y ’s s ta in ,  

o r  a c id  f u s c h in  a n d  m e t h y l  g r e e n , in d ic a t e d  t h a t  o n ly  m in o r  c h a n g e s  

h a d  o c c u r r e d  w i t h in  t h e  s u p r a r e n a ls .  R e d u c t io n  i n  t h e  a m o u n t  o f  

s t a in a b le  m a t e r ia l  in  t h e  m e d u l l a  w a s  p a r t ic u la r ly  n o t ic e a b le  in  t h e  

n ic o t in e - t r e a t e d  a n im a ls .  N o  n e o p la s t ic  t is s u e  w a s  v is ib le  in  th e  m e d u l la .

D is c u s s io n

T h e s e  e x p e r im e n ts  w e r e  d e s ig n e d  t o  d e te c t  p r e c u r s o r s  o f  a d r e n a l in e  

b y  in f lu e n c in g  t h e  n o r m a l  p r o d u c t io n  o f  a d r e n a l in e  i n  t h e  s u p r a r e n a l  

m e d u l l a .  H o w e v e r ,  o n ly  n o r a d r e n a l in e  h a s  b e e n  f o u n d  a n d  t h e n  n o t  

i n  e v e r y  e x t r a c t .  S in c e  th e  l i m i t  f o r  t h e  d e t e c t io n  o f  h y d r o x y t y r a m in e  

a n d  d i h y d r o x y p h e n y la la n i n e  b y  p a p e r  c h r o m a t o g r a p h y  is  5  /x g . /g . ,  less  

t h a n  1 p e r  c e n t ,  o f  t h e  t o t a l  c a te c h o ls  c o u ld  b e  p r e s e n t  a s  th e s e  s u b s ta n c e s .

I n  r a b b i t s  r e c e iv in g  t h i o u r a c i l  f o r  4 0  d a y s , t h e  t o t a l  a c t i v i t y  o f  t h e  

g la n d s  w a s  r e d u c e d  t o  o n e - t h i r d  o f  th e  c o n t r o l  v a lu e  w i t h o u t  a f f e c t in g  

t h e  r e la t iv e  n o r a d r e n a l in e  c o n t e n t .  S u b s e q u e n t  t r e a t m e n t  w i t h  in s u l in  

p r o d u c e d  f u r t h e r  s u p r a r e n a l  e x h a u s t io n  w i t h  l i t t l e  o r  n o  c h a n g e  in  t h e  

r e la t i v e  a m o u n t s  o f  th e  a m in e s  p r e s e n t .  T h e r e f o r e ,  th e  n o r m a l  p r o d u c t io n  

o f  a d r e n a l in e  i n  th e  m e d u l l a  h a s  n o t  b e e n  a l t e r e d  b y  th is  t h i o u r a c i l  

t r e a t m e n t .  A  s im i la r  f in d in g  w a s  o b t a in e d  w i t h  d ia b e t ic  r a b b i t s  so  t h a t  

h y p o t h y r o id i s m  a n d  d ia b e te s  a p p a r e n t ly  d o  n o t  in f lu e n c e  t h e  r a t e  o f  

m e t h y l a t io n  i n  th e  s u p r a r e n a l  m e d u l l a  o f  r a b b i t s .

T h e  in f lu e n c e  o f  n ic o t in e  is  o f  c o n s id e r a b le  im p o r t a n c e  b e c a u s e  o f  th e  

g r e a t  p r e v a le n c e  o f  s m o k in g .  T h e  g e n e r a l  r e s p o n s e  o f  th e  o r g a n is m  t o  

n ic o t in e  is  i n  p a r t  d u e  t o  a d r e n a l in e ,  t h e  o u t p u t  o f  w h ic h  is  in c r e a s e d  

s o o n  a f t e r  th e  in je c t io n  a n d  r e m a in s  a t  a  h ig h  le v e l  f o r  s e v e r a l m in u t e s .  

S in c e  t u m o u r s  o f  th e  s u p r a r e n a l  g la n d  h a v e  b e e n  r e p o r t e d  i n  t h e  l i t e r a t u r e  

f o l lo w in g  n ic o t in e  a d m in i s t r a t io n  o v e r  lo n g  p e r io d s ,  i t  w a s  o f  in t e r e s t  

t o  s ee  t h e  e ffe c ts  i n  t h e  r a b b i t  w h o s e  g la n d  c o n ta in s  a lm o s t  e n t i r e ly  

a d r e n a l in e .  B e s id e s  p o s s ib le  t u m o u r  f o r m a t i o n ,  t h e r e  s e e m e d  e v e r y  

p o s s ib i l i t y  t h a t  m o r e  t h a n  o n e  p r e c u r s o r  o f  a d r e n a l in e  w o u ld  b e  id e n t i f ie d .  

H o w e v e r ,  9 0  d o s e s  o f  n ic o t in e  d i d  n o t  p r o d u c e  d r a s t ic  c h a n g e s . A  s te a d y  

d e c re a s e  i n  t o t a l  c a t e c h o l  a c t i v i t y  w a s  n o t e d  in  r a b b i t s ,  w h e r e a s  th e
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d e c re a s e  w a s  f o l lo w e d  b y  a n  in c r e a s e  in  r a t s ; th e  r e la t iv e  n o r a d r e n a l in e  

c o n t e n t  in c r e a s e d  in  b o t h  r a ts  a n d  r a b b i t s  b u t  n o  o t h e r  p r e c u r s o r  a p p e a r e d .  

M e t h io n in e  h a d  l i t t l e  e f fe c t  o n  th e  a c t io n  o f  n ic o t in e  i n  r a t s  b u t  d i d  

a l lo w  o f  f a s t e r  m e t h y l a t i o n  i n  r a b b i t s .  W h e n  d o s e s  w e r e  s to p p e d  a n d  

t h e  a n im a ls  w e r e  le f t  f o r  7  d a y s , t h e  m e t h io n in e - t r e a t e d  a n im a ls  r e c o v e r e d  

q u ic k e r  t h a n  t h e  c o n t r o ls ,  i .e .  m e t h io n in e  a c c e le r a te d  t h e  r a t e  o f  m e t h y l 

a t io n  in  a n im a ls  w h o s e  s u p r a r e n a ls  h a d  b e e n  p a r t l y  e x h a u s te d  o r  s t im u la t e d .  

P r e v io u s  w o r k e r s  h a v e  a l r e a d y  s h o w n  t h a t  t h e  m e t h y l  g r o u p  o f  m e t h io n in e  

g iv e n  t o  r a ts  m a y  b e  f o u n d  a s  t h e  N - C H 3 g r o u p s  o f  a d r e n a l in e  is o la t e d  

f r o m  t h e  a d r e n a l  g la n d  ( K e l l e r ,  B o is s o n a s  a n d  d u  V ig n e a u d 6) .

S u m m a r y

1. I f  t h i o u r a c i l  o r  a l lo x a n  is  g iv e n  t o  r a b b i t s ,  s u p r a r e n a l  e x h a u s t io n  

o c c u r s  b u t  t h e  r e la t i v e  n o r a d r e n a l in e  c o n t e n t  o f  th e  g la n d  is  n o t  r a is e d .

2 .  T h e  a d m in i s t r a t io n  o f  n ic o t in e  t o  r a t s  a n d  r a b b i t s  f o r  p e r io d s  u p  

t o  9 0  d a y s  r e s u lts  in  a  lo w e r e d  r a t e  o f  m e t h y l a t i o n  o f  n o r a d r e n a l in e .  

S im u l t a n e o u s  d o s a g e  o f  m e t h io n in e  p r o v id e s  s o m e  p r o t e c t io n .  I n  t h e  

r e c o v e r y  p h a s e  f o l lo w in g  t h e  in je c t io n s ,  t h e  m e t h io n in e - t r e a t e d  a n im a ls  

p o ss e s s  a  m o r e  r a p id  r a t e  o f  m e t h y l a t i o n  in  t h e  s u p r a r e n a ls  t h a n  t h a t  o f  

t h e  c o n t r o l  a n im a ls .

3 . I n  n o  e x p e r im e n t s  w e r e  d i h y d r o x y p h e n y la la n in e  o r  h y d r o x y -  

t y r a m in e  d e te c te d  i n  a d r e n a l  e x t r a c ts  b y  t h e  c h r o m a t o g r a p h ic  m e t h o d .

I  w is h  t o  r e c o r d  m y  t h a n k s  t o  D r .  D .  M .  S h e p h e r d  o f  th is  D e p a r t m e n t  

f o r  m o s t  o f  th e  c h r o m a t o g r a p h ic  s tu d ie s , a n d  t o  D r .  A .  T .  M c Q u e e n  o f  

t h e  P h y s io lo g y  D e p a r t m e n t ,  U n iv e r s i t y  C o l le g e ,  D u n d e e ,  f o r  s u p p ly in g  

t h e  g la n d s  o f  a l lo x a n - t r e a t e d  r a b b i t s .  P r o fe s s o r  A .  H a d d o w  o f  th e  

C h e s t e r  B e a t t y  C a n c e r  R e s e a r c h  In s t i t u t e  s u p p l ie d  t h e  r e fe r e n c e  t o  w o r k  

o n  e x p e r im e n t a l  a d r e n a l  m e d u l l a r y  t u m o u r s .
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T h e  in v e s t ig a t io n  d e s c r ib e d  i n  th is  p a p e r  w a s  p la n n e d  a n d  th e  e x p e r i 

m e n t a l  w o r k  c a r r ie d  o u t  b y  D r .  C .  W .  E m m e n s ,  D r .  J . A .  B .  G r a y ,  

D r .  A .  A .  M i l e s  a n d  D r .  W .  L .  M .  P e r r y  r e p r e s e n t in g  t h e  N a t i o n a l  

I n s t i t u t e  f o r  M e d i c a l  R e s e a r c h ,  a n d  M r .  S . S . A d a m s ,  M r .  W .  A .  B r o o m ,  

M is s  J . M .  L e s f o r d ,  M r .  H .  R .  R o w l in s o n ,  M r .  K .  L .  S m i t h ,  M r .  G .  A .  

S t e w a r t ,  D r .  R .  H .  T h o r p ,  D r .  S . W .  F .  U n d e r h i l l ,  D r .  A .  C .  W h i t e ,  

M r .  G .  F .  H .  W h i t n e y  a n d  M r .  P .  A .  Y o u n g  r e p r e s e n t in g  t h e  B r i t is h  

I n s u l i n  M a n u f a c t u r e r s  ( A l l e n  a n d  H a n b u r y s  L t d . ,  T h e  B r i t is h  D r u g  

H o u s e s  L t d . ,  B o o t s  P u r e  D r u g  C o .  L t d . ,  a n d  B u r r o u g h s  W e l l c o m e  a n d  

C o .  ( T h e  W e l l c o m e  F o u n d a t i o n  L t d . ) )

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

F r o m  t h e  t i m e  o f  t h e  in t r o d u c t i o n  o f  g lo b in  z in c  in s u l in  i n  1 9 3 9 , a n d  

u p  t o  t h e  d a t e  o f  is s u e  o f  t h e  P r o v is io n a l  B r i t is h  S t a n d a r d  f o r  G l o b i n  

Z i n c  I n s u l i n  o n  J a n u a r y  1 s t, 1 9 4 9 ,  t h e  p o t e n c y  o f  b a tc h e s  o f  g lo b in  z in c  

i n s u l i n  w a s  m e a s u r e d  i n  t e r m s  o f  e i t h e r  s o lu b le  in s u l in  o r  o f  p r o t a m in e  

z in c  in s u l in  b y  t h e i r  a c t io n  o n  t h e  b l o o d  s u g a r  le v e l  in  e x p e r im e n t a l  

a n im a ls .  T h e  m e a s u r e m e n t  o f  p o t e n c y  o f  o n e  k i n d  o f  p r e p a r a t io n  o f  a  

b i o l o g ic a l ly  a c t iv e  s u b s ta n c e  in  t e r m s  o f  a n o t h e r  k in d  o f  p r e p a r a t io n  o f  

t h e  s a m e  s u b s ta n c e , is  i n  g e n e r a l  u n d e s i r a b le  i n  t h e  l i g h t  o f  t h e  r e q u i r e 

m e n t s  f o r  v a l i d  b io lo g ic a l  a s s a y . I t  c a n n o t  b e  a s s u m e d  t h a t  in s u l in  b o u n d  

i n  a  c o m p le x  w i t h  g lo b in  f o r  t h e  e x p re s s  p u r p o s e  o f  a l t e r in g  its  r a t e  o f  

a c t io n ,  w i l l  a lw a y s  h a v e  t h e  s a m e  e f fe c t  r e l a t i v e  t o  o t h e r  p r e p a r a t io n s  o f  

i n s u l in  i n  t h e  te s t  a n im a l .

F o r  th is  r e a s o n ,  t h e  B r i t is h  I n s u l in  M a n u f a c t u r e r s ’ B io lo g ic a l  S u b - C o m 

m i t t e e ,  in  c o l l a b o r a t i o n  w i t h  t h e  D e p a r t m e n t  o f  B io l o g ic a l  S t a n d a r d s  o f  t h e  

N a t i o n a l  In s t i t u t e  f o r  M e d i c a l  R e s e a r c h ,  h a v e  e s ta b l is h e d  a  s t a n d a r d  p r e p 

a r a t io n  o f  g lo b in  z in c  in s u l in  f o r  u s e  in  t h e  a s s a y  o f  g lo b in  z in c  in s u l in .  

T h is  h a s  b e e n  p r e p a r e d  b y  t h e  B r i t is h  In s u l i n  M a n u f a c t u r e r s ,  d is t r ib u t e d  in  

a m p o u le s  in  t h e  f r e e z e - d r ie d  s ta te  a n d  p r e s e n te d  t o  t h e  M e d ic a l  R e s e a rc h  

C o u n c i l  f o r  c u s t o d y  in  t h e  D e p a r t m e n t  o f  B io l o g ic a l  S ta n d a r d s .  T h e  

p r e p a r a t i o n  h a s  b e e n  d e s ig n a te d  T h e  P r o v is io n a l  B r i t is h  S t a n d a r d  f o r  

G l o b i n  Z i n c  In s u l in .  I n  t h is  c o n n e c t io n  i t  m u s t  b e  e m p h a s is e d  t h a t  t h e  

q u a l i f ic a t io n  “ P r o v is io n a l”  d o e s  n o t  im p l y  a n y  d o u b t  a b o u t  th e  s u i t a b i l i t y  

o f  t h e  p r e p a r a t i o n  a s  s u c h . T h e  s t a n d a r d  w a s  e s ta b l is h e d  p r o v is io n a l ly  

s o le ly  t o  a v o id  u n d u ly  p r e ju d ic in g  a n y  a c t i o n  t h a t  m a y  i n  th e  f u t u r e  b e  

t a k e n  t o  e s ta b l is h  a n  I n t e r n a t i o n a l  S t a n d a r d  f o r  t h e  s u b s ta n c e .
B e f o r e  a  f r e e z e - d r ie d  g lo b in  z in c  in s u l in  p r e p a r a t io n  c o u ld  b e  a d o p t e d  

a s  a  s t a n d a r d  i t  w a s  i m p o r t a n t  t o  s h o w  t h a t  th e  f r e e z e - d r y in g  a n d  

s u b s e q u e n t  r e c o n s t i t u t io n  h a d  p r o d u c e d  n o  c h a n g e s  in  its  p r o p e r t ie s .
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I t  w a s  f e l t  t h a t  t h is  p o in t  c o u ld  b e  e s ta b l is h e d  b y  s h o w in g  :—

1 . T h a t  t h e  p o t e n c y  w a s  u n c h a n g e d  b y  f r e e z e - d r y in g  a n d  r e c o n s t i 

t u t i o n  a n d  d i d  n o t  v a r y  f r o m  a m p o u le  t o  a m p o u le .

2 .  T h a t  t h e  r a t i o  o f  p o te n c ie s  a s  d e t e r m in e d  r e s p e c t iv e ly  b y  th e  

r a b b i t  a n d  m o u s e  a s s a y s  w a s  u n c h a n g e d  b y  th e s e  p ro c e s s e s .

3 .  T h a t  t h e  s h a p e  o f  t h e  r a b b i t  b lo o d  s u g a r  c u r v e  b e f o r e  a n d  a f t e r  

f r e e z e - d r y in g  a n d  r e c o n s t i t u t io n  w a s  u n c h a n g e d .

B e f o r e  t h e  f r e e z e - d r ie d  g l o b in  z in c  in s u l in  p r e p a r a t io n  c o u ld  b e  u s e d  

a s  a  s t a n d a r d  i t  w a s  e s s e n t ia l t o  s h o w  a ls o  t h a t  i t  w a s  s te r i le  a n d  w a s  

s u f f ic ie n t ly  s ta b le  w h e n  s to r e d  u n d e r  r e a s o n a b le  c o n d it io n s .

I .  P r e p a r a t i o n  a n d  P r o p e r t ie s  o f  t h e  S t a n d a r d  

M eth od  o f  Preparation

T h e  B r i t is h  s t a n d a r d  f o r  g lo b in  z in c  in s u l in  w a s  p r e p a r e d  b y  f r e e z e 

d r y in g  a  s o lu t io n  o f  g lo b in  z in c  in s u l in  m a d e  f r o m  a  c o n c e n t r a te d  

s o lu t io n  o f  c r y s t a l l in e  in s u l in  f r o m  o x  p a n c r e a s .  G l o b i n  a n d  z in c  

c h lo r id e  w e r e  a d d e d  t o  b r in g  t h e  c o n c e n t r a t io n  o f  g lo b in  t o  3 -8  m g .  a n d  

o f  z in c  t o  0 -3  m g .  f o r  e a c h  1 0 0  u n i t s  o f  in s u l in .  T o  t h is  s o lu t io n  o -c r e s o l  

w a s  a d d e d  t o  g iv e  a  f in a l  c o n c e n t r a t io n  o f  0 -2  p e r  c e n t .  T h e  p H  o f  th is  

s o lu t io n  b e f o r e  f r e e z e - d r y in g  w a s  3 -1 .

T h e  p o t e n c y  o f  t h e  c o n c e n t r a te d  in s u l in  s o lu t io n  u s e d  i n  th e  p r e p a r a t io n  

o f  t h e  o r ig in a l  g lo b in  z in c  in s u l in  s o lu t io n  w a s  n o t  d e t e r m in e d  d i r e c t ly .  

T h e  r e s t  o f  th is  s a m e  c o n c e n t r a te d  s o lu t io n  w a s ,  h o w e v e r ,  b y  s im p le  

d i lu t i o n  c o n v e r te d  in t o  9  c o m m e r c ia l  b a tc h e s  o f  in s u l in  w h ic h  w e r e  

s e p a r a te ly  a s s a y e d  b y  t h e  m o u s e  c o n v u ls io n  m e t h o d .  T h e  r e s u lts  o b t a in e d  

i n  th e s e  a s s a y s  a r e  g iv e n  i n  T a b l e  I .  F r o m  t h e m  i t  c a n  b e  c a lc u la t e d  t h a t  

t h e  a m o u n t  o f  s o lu b le  in s u l in  c o n v e r te d  t o  g lo b in  z in c  in s u l in  a n d  p r e s e n t  

in  e a c h  m l .  o f  t h e  o r ig in a l  g l o b in  z in c  in s u l in  s o lu t io n  w a s  3 9 -7 3  I . U .  

w i t h  l im i t s  o f  e r r o r  ( P  =  0 - 9 5 )  f r o m  3 8 -4 5  t o  4 1  0 5  I . U .  T h is  r e s u l t  d id  

n o t  d i f f e r  s ig n i f ic a n t ly  f r o m  t h e  in t e n d e d  v a lu e  o f  4 0  I . U . / m l .  w h ic h  w a s  

t h e r e f o r e  a c c e p te d  a s  t h e  c o n c e n t r a t io n  o f  s o lu b le  in s u l in  p r e s e n t  a n d  

c o n v e r te d  t o  g l o b i n  z in c  in s u l in .
T h e  g l o b i n  z in c  in s u l in  s o lu t io n  p r e p a r e d  a s  a b o v e  w a s  f r e e z e - d r ie d

T A B L E  I

P o t e n c y  a s s a y s  b y  t h e  m o u se  c o n v u l s io n  m e t h o d  o f  c o m m e r c ia l  b a t c h e s
PREPARED FROM THE SAME CONCENTRATED SOLUTION AS THE GLOBIN ZINC INSULIN

STANDARD

Dilution
No.

Labelled
Potency
I.U./ml.

Assayed
Potency
I.U./ml.

Log
Potency

Weight
=  Reciprocal o f 

Variance
j 40 4 M 1-6135 4075
2 40 38-7 1-5877 2469
3 40 41*6 1-6194 1802
4 20 20-9 1-3211 1239
5 80 78’8 1-8964 1295
6 20 190 1-2785 1419
7 20 19-7 1-2943 1570
8 20 19-5 1 -2904 1827
9 20 19-2 1-2839 3257
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a n d  t h e  s o l id  m a t e r i a l  d is t r ib u t e d  i n  a m p o u le s  e a c h  c o n t a in in g  a p p r o x i 

m a t e ly  4 0  m g .

A  q u a n t i t y  o f  t h e  g lo b in  z in c  in s u l in  s o lu t io n  b e f o r e  f r e e z e - d r y in g ,  

t e r m e d  h e r e a f t e r  t h e  “ o r ig in a l  l i q u i d , ”  w a s  s e t a s id e  in  o r d e r  t h a t  t h e  

f r e e z e - d r ie d  m a t e r ia l ,  w h e n  r e c o n s t i t u t e d ,  c o u ld  b e  a s s a y e d  in  te r m s  o f  

t h e  f o r m e r  t o  a s c e r ta in  w h e t h e r  a  lo s s  i n  p o t e n c y  h a d  o c c u r r e d  d u r in g  th e  

f r e e z e - d r y in g  p ro c e s s .

THE PROVISIONAL BRITISH STANDARD FOR GLOBIN ZINC INSULIN

C a lc u la t e d  P o te n c y  f r o m  W e ig h t  Y ie ld  

A s s u m in g  n o  lo s s  o f  p o t e n c y  o n  f r e e z e - d r y in g ,  t h e  p o t e n c y  o f  t h e  f r e e z e -  

d r ie d  m a t e r i a l  c o u ld  b e  c a lc u la t e d  f r o m  t h e  w e ig h t  o f  f r e e z e - d r ie d  g lo b in  

z in c  in s u l in  o b t a in e d  f r o m  a  g iv e n  v o lu m e  o f  t h e  o r ig in a l  g lo b in  z in c  

in s u l in  s o lu t io n .  T h is  w a s  d e t e r m in e d  i n  t h e  f o l lo w in g  m a n n e r .

1 0  w e ig h in g  b o t t le s  w e r e  p a c k e d  w i t h  s t r ip s  o f  a b s o r b e n t  p a p e r  a n d  

d r ie d  in  v a c u o  o v e r  s i l ic a  g e l t o  c o n s ta n t  w e ig h t .  8  o f  t h e  b o t t le s  w e r e  

t h e n  t a k e n  a n d  1 0  m l .  o f  th e  o r ig in a l  l i q u i d  w a s  d e l iv e r e d  in t o  e a c h .  

T h e  1 0  b o t t le s  w e r e  t h e n  r e d r ie d  in  v a c u o  a t  2 0 °  C .  u n t i l  t h e  8  b o t t le s  h a d  

a t t a in e d  c o n s t a n t  w e ig h t  a n d  t h e  2  r e m a in in g  b o t t le s  w e r e  t h e  s a m e  

w e ig h t  as  a t  th e  c o m m e n c e m e n t  o f  t h e  e x p e r im e n t .  T h is  la t t e r  p r e 

c a u t io n  w a s  t a k e n  t o  e n s u r e  t h a t  a  s im i la r  s ta te  o f  d ry n e s s  w a s  o b t a in e d  

a t  t h e  e n d  as  a t  th e  b e g in n in g  o f  t h e  e x p e r im e n t .

T h e  w e ig h t  o b t a i n e d  f r o m  1 0  m l .  ( 4 0 0  u n i t s )  o f  l i q u i d  g lo b in  z in c  

in s u l in  w a s  4 4 - 0 2  m g .  T h e r e f o r e ,  t h e  p o t e n c y  o f  th e  a n h y d r o u s  m a t e r ia l ,  

a s s u m in g  n o  p o t e n c y  lo s s  w a s  4 0 0 - 0 /4 4 - 0 2  =  9 -0 9  U . / m g .

T o  o b t a in  t h e  p o t e n c y  o f  t h e  s t a n d a r d  f r o m  th is  f ig u r e  i t  w a s  n e c e s s a ry  

t o  k n o w  its  m o is t u r e  c o n t e n t .  T h is  w a s  d e t e r m in e d  b y  d r y in g  t h e  

c o n te n ts  o f  4  a m p o u le s  o f  t h e  s t a n d a r d  p r e p a r a t i o n  t o  c o n s t a n t  w e ig h t  

i n  t h e  d e s ic c a to r  u s e d  i n  t h e  a b o v e  e x p e r im e n t .  B e f o r e  d r y in g  t h e  

w e ig h t  w a s  1 6 7 -1  m g .  a n d  t h e  lo s s  in  w e ig h t  d u e  t o  m o is t u r e  7 -4  m g .  

T h e  B r i t is h  s t a n d a r d  f o r  g lo b in  z in c  in s u l in  t h e r e f o r e  h a s  a  m o is t u r e  

c o n t e n t  o f  4 -4 3  p e r  c e n t .  I t s  p o t e n c y  c a lc u la t e d  f r o m  t h a t  o f  th e  a n h y d r o u s  

m a t e r ia l  b y  c o r r e c t in g  f o r  t h e  m o is t u r e  c o n t e n t  o f  t h e  f o r m e r  w a s  t h e r e f o r e

9 -0 9  ( 1 0 0 - 0  -  4 - 4 3 )
---------- ----------------------------- -  =  8 -6 9  U . / m g .

I I .  P r o o f  o f  t h e  I d e n t i t y  o f  t h e  O r i g i n a l  L i q u i d  a n d  t h e  

R e c o n s t i t u t e d  F r e e z e - d r i e d  s o l i d  

A s e x p la in e d  in  t h e  in t r o d u c t io n  a  h ig h ly  a c c u r a te  d e t e r m in a t io n  o f  

t h e  i d e n t i t y  o f  t h e  o r ig in a l  l i q u i d  a n d  t h e  r e c o n s t i t u t e d  f r e e z e - d r ie d  s o l id  

w a s  a b s o lu t e ly  n e c e s s a ry  t o  t h e  s u c c e s s fu l a s s ig n m e n t  o f  a  p o t e n c y  t o  th e  

B r i t is h  s t a n d a r d  f o r  g lo b in  z in c  in s u l in .  T h e  p r e s e n t  s e c t io n  d e s c r ib e s  

t h e  te s ts  u n d e r t a k e n  t o  p r o v e  th is .  T h e  a s s a y s  w e r e  c a r r ie d  o u t  o n  b o t h  

r a b b i t s  a n d  m ic e .

R a b b it  A s s a y s

T h e  r a b b i t  a s s a y s  w e r e  p la n n e d  t o  a  d e s ig n  w h ic h  c o n s is te d  o f  th r e e  

t r ip l e t  c r o s s -o v e r  te s ts  e m b o d ie d  i n  a  6  x  6  L a t i n  S q u a r e .  S im i l a r  

d e s ig n s  h a v e  b e e n  d is c u s s e d  b y  E m m e n s 2 a n d  S m i t h 3. A n  e x a m p le  o f .  

o n e  s u c h  s q u a r e  is  s h o w n  i n  T a b l e  I I .
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TABLE II
6 X 6  LATIN SQUARE DESIGN CONSISTING OF 3 TRIPLET CROSS-OVER TESTS

Day

Group ! 2 3 4 5 6
1 T , s, s, T , T , Sa2 S, T , T , s, Sa T ,
3 T , s„ Si T , Sa T ,
4 s, T, T s Sa T , Sa
5 T a s2 T, S, T, S,
6 s, t 2 Sa T, Sa T ,

Sj. =  low dose— original liquid
52 =  medium dose— original liquid
53 =  high dose— original liquid
Tx =  low dose— freeze-dried reconstituted material 
Ta =  medium dose— freeze-dried reconstituted material 
T3 =  high dose—freeze-dried reconstituted material

T h e  r o w s  r e p r e s e n t  g r o u p s  o f  r a b b i t s ,  3 o r  4  a n im a ls  b e in g  u s e d  p e r  

g r o u p ,  a n d  t h e  c o lu m n s  r e p r e s e n t  th e  d i f f e r e n t  d a y s  o f  th e  te s t .  T h e  6  

t r e a t m e n t s  a r e  p r o v id e d  b y  t h e  3  d o s e s  o f  o r ig in a l  l i q u i d  a n d  3  d o s e s  o f  

r e c o n s t i t u t e d  m a t e r i a l .  I n  a d d i t io n  t o  t h e  L a t i n  S q u a r e ,  h o w e v e r ,  e a c h  

p a i r  o f  2  d a y s  p r o v id e s  a  c o m p le t e  t r ip l e t  c r o s s -o v e r  te s t  in  its  o w n  r ig h t .  

T h is  d e s ig n  m a k e s  f o r  f l e x ib i l i t y  i n  p r a c t ic e ,  s in c e  i f  a n y t h in g  o c c u rs  t o  

in v a l i d a t e  th e  r e s u lts  o n  o n e  p a r t i c u la r  d a y ,  t h e  w h o le  o f  t h e  e x p e r im e n t  

is  n o t  r e n d e r e d  u s e le s s , as  2  c o m p le t e  c r o s s -o v e r  te s ts  c a n  s t i l l  b e  a n a ly s e d ; 

in  a d d i t io n ,  t h e  a n a ly s is  o f  t h e  re s u lts  c a n  b e  c a r r ie d  o u t  in  b o t h  w a y s  

a n d  th e  m e t h o d  h a v in g  t h e  s m a l le r  e r r o r  u s e d  f o r  e s t im a t in g  th e  p o t e n c y .  

6  s u c h  s q u a re s  w e r e  w o r k e d  t h r o u g h  in  3  s e p a ra te  la b o r a t o r ie s ,  p r o v id in g  

1 8  c r o s s -o v e r  te s ts  in  a l l .  E a c h  s q u a r e  w a s  r a n d o m is e d  in d e p e n d e n t ly  in  

e a c h  la b o r a t o r y  a n d  t h e  e x a m p le  g iv e n  is  o n e  o f  th o s e  a c t u a l ly  u s e d . I n  

a d d i t io n  a l l  r a b b i t s  w e r e  a l lo c a t e d  in  t h e  f i r s t  p la c e  t o  t h e  d i f f e r e n t  g r o u p s  

a t  r a n d o m ,  m a k i n g  u s e  o f  a  t a b le  o f  r a n d o m  n u m b e r s .

M e t h o d s .  T h e  m e t h o d s  u s e d  i n  th e  d i f f e r e n t  la b o r a t o r ie s  w e r e  b a s e d  

o n  th o s e  in  u s e  f o r  t h e  r o u t in e  a s s a y  o f  in s u l in  o n  r a b b i t s  ( S m i t h 3) .  I n i t i a l  

b l o o d  s u g a r  le v e ls  o f  f a s t in g  r a b b i t s ,  d e t e r m in e d  f r o m  th e  m e a n  o f  t w o  

s e p a r a te  b le e d in g s , w e r e  r e c o r d e d  o n  e a c h  d a y  o f  t h e  te s t .  T h e  a n im a ls  

w e r e  t h e n  in je c t e d  w i t h  t h e  a p p r o p r ia t e  s o lu t io n  f o r  e a c h  g r o u p  a n d  

f u r t h e r  b le e d in g s  w e r e  c a r r ie d  o u t  a t  h o u r ly  in t e r v a ls  f o r  6  h o u r s ,  s in g le  

b lo o d  s u g a r  d e t e r m in a t io n s  b e in g  c a r r ie d  o u t  in d e p e n d e n t ly  o n  e a c h  b lo o d  

s a m p le .  I t  h a d  b e e n  s u g g e s te d  t h a t  d u p l i c a t e  e s t im a t io n s  o f  b lo o d  s u g a r  

s h o u ld  b e  d o n e  f o r  e a c h  s a m p le  b u t  S m i t h  h a s  s h o w n  ( lo c . c i t . )  t h a t  1 2  

r a b b i t s  w i t h  o n e  d e t e r m in a t io n  o f  b lo o d  s u g a r  a t  e a c h  t im e  a r e  e q u iv a le n t  

t o  1 0  r a b b i t s  w i t h  d u p l i c a t e  b l o o d  s u g a r  d e t e r m in a t io n s ;  i t  w a s  t h e r e f o r e  

d e c id e d  t o  c a r r y  o u t  o n ly  s in g le  e s t im a t io n s .  A n  in t e r v a l  o f  o n e  w e e k  

w a s  a l lo w e d  b e tw e e n  e a c h  d a y  o f  th e  e x p e r im e n t .

R e s u lts .  A s  i t  w o u ld  b e  im p r a c t i c a b le  t o  r e p r o d u c e  ta b le s  g iv in g  th e  

d e t a i le d  d a t a  f o r  a l l  t h e  e x p e r im e n t s  i n  th is  c o l l a b o r a t i v e  a s s a y , t h e  d a t a  

h a v e  b e e n  c o l le c te d  a n d  b o u n d ,  a n d  a r e  a v a i la b le  f o r  in s p e c t io n  in  t h e  

l i b r a r y  o f  t h e  N a t i o n a l  I n s t i t u t e  f o r  M e d i c a l  R e s e a r c h ,  M i l l  H i l l ,  L o n d o n ,

N . W . 7 ,  U . K .
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A n a ly s is .  T h e  f u n c t io n s  o f  t h e  d a t a  u s e d  f o r  t h e  e s t im a t io n  o f  t h e  

p o t e n c y  o f  t h e  f r e e z e - d r ie d  p r e p a r a t io n  i n  te r m s  o f  its  o w n  o r ig in a l  l i q u i d  

w e r e  c h o s e n  so  as  t o  m in i m i z e  th e  f id u c ia l  l i m i t s  o f  e r r o r  o f  t h a t  e s t im a t e .  

I t  b e c a m e  e v id e n t  a t  a n  e a r ly  s ta g e  o f  t h e  a n a ly s is  t h a t  n o t h in g  w a s  t o  b e  

g a in e d  b y  a n a ly s in g  t h e  re s u lts  o f  a  c o m p le t e  L a t i n  S q u a r e  in s t e a d  o f  b y  

t r e a t in g  t h e  in d iv id u a l  c r o s s -o v e r  te s ts  s e p a r a te ly .  I n  f a c t ,  th e  f id u c ia l  

l im i t s  o f  e r r o r  o b t a in e d  b y  a n a ly s in g  t h e  w h o le  s q u a r e  w e r e  w id e r  t h a n  

th o s e  o b t a in e d  b y  a n a ly s in g  t h e  c r o s s -o v e r  te s ts  s e p a r a te ly .  T h is  is. 

a t t r i b u t a b l e  t o  t h e  f a c t  t h a t  d u r i n g  a  t o t a l  p e r io d  o f  6  w e e k s  t h e  v a r i a t i o n  

w i t h i n  a n im a ls  is  so  la r g e  t h a t  th e  a d d i t io n a l  a d v a n t a g e  g a in e d  b y  t h e  

u s e  o f  a  L a t i n  S q u a r e  d e s ig n  is  la r g e ly  o f fs e t .  T h e  a n a ly s is  w a s , t h e r e f o r e ,  

b a s e d  s o le ly  o n  t h e  in d iv i d u a l  c r o s s -o v e r  te s ts . T h e  v a r io u s  f u n c t io n s  

o f  t h e  d a t a  u s e d  i n  t h e  a n a ly s is  w e r e :

1. T h e  m e a n  p e r c e n ta g e  r e d u c t io n  o f  b l o o d  s u g a r  o v e r  t h e  h o u r s  1 

t o  6  in c lu s iv e .

2 .  T h e  m e a n  p e r c e n ta g e  r e d u c t io n  o f  b l o o d  s u g a r  o v e r  t h e  h o u r s  I  

t o  6  in c lu s iv e  a d ju s te d  b y  c o v a r ia n c e  f o r  th e  i n i t i a l  b lo o d  s u g a r .

3 .  T h e  m e a n  b lo o d  s u g a r  le v e l  o v e r  t h e  h o u r s  1 t o  6  in c lu s iv e .

4 .  T h e  m e a n  b lo o d  s u g a r  le v e l  a t  s e le c te d  h o u r s  o n ly .  T h e  h o u r s  

s e le c te d  v a r i e d  i n  d i f f e r e n t  la b o r a t o r ie s .

A s  e x p la in e d  e a r l ie r  i t  w a s  a ls o  n e c e s s a ry  t o  e n s u r e  t h a t  t h e  s h a p e  o f  

t h e  b l o o d  s u g a r  c u r v e  w a s  u n a l t e r e d  b y  t h e  p ro c e s s e s  o f  f r e e z e - d r y in g  

a n d  r e c o n s t i t u t io n .  F o r  th is  p u r p o s e  g r a p h s  w e r e  d r a w n  o f  a l l  t h e  

in d iv id u a l  c u r v e s . I t  w a s  a p p a r e n t  t h a t  t h e  b ig g e s t  d is c r e p a n c ie s  o c c u r r e d  

a t  d i f f e r e n t  t im e s  in  t h e  d i f f e r e n t  la b o r a t o r ie s .  T h e  a n a ly s is  m e n t io n e d  

i n  4  a b o v e  w a s , t h e r e f o r e ,  c a r r ie d  o u t  a t  th o s e  h o u r s  a t  w h ic h  t h e  

d is c r e p a n c ie s  w e r e  g r e a te s t .  S u c h  a n a ly s is  w o u ld  b r in g  o u t  a n y  s ig n if i 

c a n t  d i f f e r e n c e  in  t h e  s h a p e  o f  t h e  c u r v e s . I t  w a s  a p p a r e n t  f r o m  t h e  

a n a ly s e s  t h a t  th e  b e s t  e s t im a t e  o f  p o t e n c y ,  t h a t  is  t h e  o n e  g iv in g  t h e  

n a r r o w e s t  f id u c ia l  l im i t s  o f  e r r o r ,  w a s  o b t a in e d  f r o m  t h e  a n a ly s is  u s in g  

as  t h e  v a r i a t e  t h e  m e a n  p e r c e n ta g e  r e d u c t io n  o f  b l o o d  s u g a r  o v e r  t h e  

h o u r s  1 t o  6  in c lu s iv e ,  a d ju s te d  b y  c o v a r ia n c e  f o r  t h e  i n i t i a l  b lo o d  s u g a r .  

T a b l e  I I I  s h o w s  a  s u m m a r y  o f  t h e  r e s u l ts , u s in g  th is  v a r i a t e  f o r  a n a ly s is ,  

f o r  e a c h  l a b o r a t o r y  s e p a r a t e ly ;  e a c h  e s t im a t e  w a s  w e ig h t e d  b y  t h e  

r e c ip r o c a l  o f  i ts  o w n  v a r ia n c e  a n d  a l l  v a lu e s  f o r  lo g .  p o t e n c y  r a t i o  ( M )  

h a v e  b e e n  a d ju s te d  t o  r e f e r  t o  a n  a s s u m e d  p o t e n c y  o f  1 0  U . / m g .

T h e r e  w a s  n o  h e t e r o g e n e i t y  o f  t h e  e s t im a te s  o f  p o t e n c y  c a lc u la t e d  

f r o m  t h e  d i f f e r e n t  c r o s s -o v e r  te s ts  e i t h e r  w i t h i n  a n y  o n e  la b o r a t o r y  o r

THE PROVISIONAL BRITISH STANDARD FOR GLOBIN ZINC INSULIN

T A B L E  I I I

E st im a t e  o f  p o t e n c y  b y  t h e  r a b b it  a s s a y

Laboratory M Weight
Potency
U./mg.

Limits o f  Error 
P =  0-95

A -0-07096 2191 8-49 7-71— 9-36
B -0-04600 2195 9-00 8-15—9-92
C -0-08623 2206 8-22 7-44— 9-04

Mean -0-06776 8-56 8-09— 9-04
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b e tw e e n  t h e  d i f f e r e n t  la b o r a t o r ie s .  T h e  r e s u lts  o f  t h e  te s ts  w h ic h  

i l lu s t r a t e  th is  a r e  g iv e n  in  T a b l e  V .

THE PROVISIONAL BRITISH STANDARD FOR GLOBIN ZINC INSULIN

M ou se Assays
M ethod . T h e  m o u s e  a s s a y s  w e r e  c a r r ie d  o u t  b y  t h e  u s u a l  m o u s e -  

c o n v u ls io n  m e t h o d  a n d  th e  d a t a  s u b je c te d  t o  p r o b i t  a n a ly s is . A  ( 2  +  2 )  

a s s a y  d e s ig n  w a s  u s e d  t h r o u g h o u t .

Results. T h e  re s u lts  o f  th e  in d iv i d u a l  m o u s e  a s s a y s  a r e  n o t  r e p r o d u c e d  

h e r e ,  b u t  m a y  b e  in s p e c te d  a t  t h e  N a t i o n a l  In s t i t u t e  f o r  M e d i c a l  R e s e a r c h .

Analysis. E a c h  a s s a y  w a s  a n a ly s e d  b y  t h e  m e t h o d  d e s c r ib e d  b y  B lis s 4 ; 

t h e  c o m b in a t io n  o f  th e  re s u lts  w a s  c a r r ie d  o u t  b y  th e  s im p le s t  m e t h o d ; 

n a m e ly ,  b y  o b t a in in g  th e  w e ig h t e d  m e a n  p o t e n c y ,  e a c h  e s t im a t e  b e in g  

w e ig h t e d  b y  t h e  r e c ip r o c a l  o f  i t s  o w n  v a r ia n c e .  T h is  m e t h o d  te n d s  t o  

u n d e r e s t im a t e  t h e  l im i t s  o f  e r r o r  ( P e r r y 5) .  T a b l e  I V  s h o w s  t h e  

s u m m a r is e d  r e s u l t s ;  a l l  v a lu e s  f o r  lo g .  p o t e n c y  r a t i o  ( M )  h a v e  b e e n  

a d ju s t e d  t o  r e f e r  t o  a n  a s s u m e d  p o t e n c y  o f  1 0  U . / m g .

T A B L E  I V

E s t im a t e  o f  p o t e n c y  b y  t h e  m o u se  a s s a y

Laboratory M Weight
Potency
U./mg.

Limits o f  Error 
P =  0-95

A -  0 05651 2553 8-78 8-03— 9-60
C -  0-08323 2265 8-26 7-51— 9-08
D -  0 06208 3634 8-67 8-04— 9-34

Mean -  0-06607 8-59 8-18—9-02

T h e r e  w a s  n o  h e t e r o g e n e i t y  o f  t h e  e s t im a te s  o f  p o t e n c y  b e tw e e n  th e  

d i f f e r e n t  in d iv id u a l  a s s a y s  w i t h in  t h e  la b o r a t o r ie s  n o r  b e tw e e n  th e  

d i f f e r e n t  l a b o r a t o r i e s ; t h e  r e s u lts  o f  t h e  x 2 te s ts  s h o w in g  th is  a r e  g iv e n  in  

T a b l e  V .
T A B L E  V

C o n s is t e n c y  o f  a s s a y  r e su l t s

Test Laboratory x !
Degrees o f  

freedom P

Consistency with laboratories
(a) Rabbit assays A 2-7 5 0-7— 0-8

B 1-9 5 0-8—0-9
C 1-7 5 0-8—0-9

(6) Mouse assays A 12-09 12 0-3—0-5
C 9-52 8 0-3—0-5
D 21-85 16 0 1 — 0-2

Consistency between laboratories
0-3—0-5(a) Rabbit assays 1 81 2

(b) Mouse assays 0-96 2 0-5— 0-7
Consistency between mouse and rabbit

assays 2-78 1 0 05-0 1

Total 55-31 56 0-49

Assignm ent o f  P oten cy  to the Standard.
F r o m  th e  6  v a lu e s  f o r  M  a n d  W  ( T a b le s  I I I  a n d  I V )  a n  o v e r a l l  e s t im a te  

p o t e n c y  o f  t h e  f r e e z e - d r ie d ,  r e c o n s t i t u t e d  g lo b in  z in c  in s u l in  i n  t e r m s

o f  t h e  o r ig in a l  l i q u i d  w a s  o b t a in e d  b y  u s in g  t h e  e q u a t io n  M  =
S W M  

S W  ’
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t h is  g a v e  a  v a lu e  o f  8 -5 7  U . / m g .  w i t h  l im i t s  o f  e r r o r  ( P  =  9 - 9 5 )  o f  8 -2 6  a n d

8 - 9 0  U . / m g .

T h e  c o n s is te n c y  o f  t h e  r e s u lts  w a s  te s te d  b y  m a k i n g  u s e  o f  t h e  

a p p r o x im a t e  r e l a t io n s h ip  x 8 =  S W  ( M  —  M ) 2 a n d  T a b l e  V  s h o w s  th e  

r e s u lts  o f  a l l  s u c h  c o m p a r is o n s .  S in c e  t h e r e  is  th u s  n o  e v id e n c e  o f  

h e t e r o g e n e i t y  o f  t h e  e s t im a te s  i t  is  a s s u m e d  t h a t  t h e  c o m b in e d  p o t e n c y  

o f  8 -5 7  U . / m g .  is  t h e  b e s t  a v a i la b le  e s t im a t e  o f  t h e  t r u e  p o t e n c y  o f  t h e  

B r i t is h  s t a n d a r d  f o r  g lo b in  z in c  in s u l in .

T h e  c r i t e r i a  s e t o u t  i n  t h e  in t r o d u c t io n  f o r  p r o o f  o f  t h e  id e n t i t y  o f  t h e  

f r e e z e - d r ie d ,  r e c o n s t i t u t e d  m a t e r ia l  w i t h  its  o r ig in a l  l i q u id  h a v e  th u s  b e e n  

s a t is f ie d .  I t  w a s  s h o w n  in  S e c t io n  I  t h a t ,  o n  t h e  b a s is  o f  th e  w e ig h t  

y ie ld ,  t h e  p o t e n c y  o f  t h e  f r e e z e - d r ie d  m a t e r ia l  s h o u ld  b e  8 -6 9  U . / m g .  

a s s u m in g  n o  lo s s  o n  f r e e z e - d r y in g .  T h e  a s s a y  re s u lts  a r e  in  f u l l  a c c o r d  

w i t h  th is  e x p e c t a t io n ,  in d ic a t in g  t h a t  t h e r e  is  n o  s ig n if ic a n t  lo s s  o f  

p o t e n c y .  T h e  s h a p e s  o f  th e  b lo o d  s u g a r  c u r v e s  w e r e  c o m p a r e d  i n  t w o  

w a y s ; n a m e ly  b y  g r a p h ic a l  r e p r e s e n t a t io n ,  w h ic h  s h o w e d  a  c lo s e  

s im i la r i t y  i n  g e n e r a l  a p p e a r a n c e ,  a n d  b y  a n a ly s is  o f  t h e  s e le c te d  h o u r s  a t  

w h ic h  t h e  m o s t  n o t ic e a b le  d iv e r g e n c e  in  t h e  s h a p e s  o f  th e  c u r v e s  e x is t e d ; 

th e  a n a ly s is  s h o w e d  n o  s ig n i f ic a n t  c h a n g e  i n  t h e  p o t e n c y  r a t i o  a t  th e s e  

s e le c te d  h o u r s .  F i n a l l y ,  th e  h o m o g e n e i t y  o f  t h e  p o t e n c y  r a t io s  in  

d i f f e r e n t  s p e c ie s  in d ic a t e d  in  t h e  x 2 te s ts , le n d s  s t r o n g  s u p p o r t  t o  t h e  

c o n c lu s io n  t h a t  t h e  o r ig in a l  l i q u i d  a n d  t h e  f r e e z e - d r ie d ,  r e c o n s t i t u t e d  

p r e p a r a t i o n  a r e  id e n t ic a l  in  p r o p e r t ie s .

I t  w a s  a g r e e d , t h e r e f o r e ,  w i t h  t h e  c o n c u r r e n c e  o f  t h e  M e d ic a l  R e s e a r c h  

C o u n c i l ,  t o  e s ta b l is h  th is  f r e e z e - d r ie d  g lo b in  z in c  in s u l in  as  t h e  P r o v is io n a l  

B r i t is h  S t a n d a r d  f o r  G l o b i n  Z i n c  In s u l in ,  a n d  t o  d e f in e  i t  a s  h a v in g  a  

p o t e n c y  o f  8 -6  B r i t is h  u n i t s  o f  g lo b in  z in c  in s u l in  p e r  m g . ,  o n e  B r i t is h  

u n i t  o f  g lo b in  z in c  in s u l in  b e in g  th e  a c t i v i t y  o f  o n e  In t e r n a t io n a l  u n i t  o f  

s o lu b le  in s u l in  a f t e r  c o n v e r s io n  t o  t h e  P r o v is io n a l  B r i t is h  S t a n d a r d  f o r  

G l o b i n  Z i n c  In s u l in .

I I I .  S t a b i l i t y  a n d  B a c t e r i o l o g i c a l  T e s t s  

S t a b i l i t y

S a m p le s  o f  t h e  s t a n d a r d  w e r e  s to r e d  f o r  6  m o n t h s  b o t h  a t  r o o m  t e m p e r 

a t u r e  a n d  a t  5 0 °  C .  a n d  t h e r e a f t e r  a s s a y e d  o n  m ic e  a g a in s t  th e  s a m e  m a t e r ia l  

s to r e d  in  t h e  c o ld .  A s s a y s  w e r e  c a r r ie d  o u t  b y  t h r e e  la b o r a t o r ie s .  T h e  

re s u lts  w e r e  as  fo l lo w s .

(a ) S to r a g e  a t  r o o m  te m p e r a tu r e  f o r  6  m o n th s

T a b l e  V I  g iv e s  t h e  r e s u lts . T h e  c o m b in e d  w e ig h t e d  m e a n  p o t e n c y  is  

8 -3 8  U . / m g .  w i t h  P  =  0 - 9 5  l im i t s  o f  e r r o r  7 -9 9  a n d  8 -7 6  U . / m g .  A  x 2 

t e s t  in d ic a te s  t h a t  th e r e  is  n o  h e t e r o g e n e i t y  b e tw e e n  th e s e  th r e e  e s t im a te s .  

X 2 =  1 -6 2 6 1  o n  2  d e g re e s  o f  f r e e d o m .  A s s u m in g  8 -5 7  U . / m g .  t o  b e  th e  

p o t e n c y  a t  t h e  b e g in n in g  o f  t h e  e x p e r im e n t ,  t h e r e  h a s  b e e n  a  n e t  lo s s  o f  

p o t e n c y  o f  2 - 3 0  p e r  c e n t ,  d u r i n g  s to r a g e  a t  r o o m  t e m p e r a t u r e  f o r  a  p e r io d  

o f  6  m o n t h s .  T h is  p o t e n c y  lo s s , h o w e v e r ,  is  n o t  s ig n i f ic a n t : t  =  0 - 7 7 2  

P =  0 - 4  -  0 -5 .
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T A B L E  V I

S t o r a g e  a t  r o o m  t e m p e r a t u r e  f o r  6  m o n t h s

Laboratory Potency U/mg. Log. potency Weight

A 8-60 0-93450 3715
D 8-08 0-90741 3919
C 8-57 0-93278 1906

Mean 8-38 0-92303

(b) S torage at 5 0 °  C. f o r  6  months
T a b l e  V I I  s h o w s  t h e  r e s u l ts . T h e  c o m b in e d  w e ig h t e d  m e a n  p o t e n c y  

is  6 - 7 4  U . / m g .  w i t h  P  =  0 - 9 5  l i m i t s  o f  e r r o r  6 -4 7  —  7 -0 2  U . / m g .  A  x 2 

te s t  in d ic a t e s  t h a t  t h e r e  is  n o  s ig n i f ic a n t  h e t e r o g e n e i t y  b e tw e e n  th e  

e s t im a te s  a t  t h e  P  =  0 - 9 9  le v e l ,  a l t h o u g h  t h e r e  is  s ig n i f ic a n t  h e t e r o g e n e i t y  

a t  t h e  P  =  0 - 9 5  le v e l .  x~' —  7 - 9 5 4 5  o n  2  d e g re e s  o f  f r e e d o m .  A s s u m in g  

h o m o g e n e i t y  t h e r e  h a s  b e e n  a  n e t  lo s s  o f  p o t e n c y  o f  2 1 -4 1  p e r  c e n t ,  

d u r i n g  s to r a g e  a t  5 0 °  C .  f o r  6  m o n t h s .

T A B L E  V I I

S t o r a g e  a t  5 0 °  c .  f o r  s i x  m o n t h s

Laboratory Potency U./mg. Log. potency Weight

A 7-09 0-85065 6822
D 6-36 0-80346 4403
C 6-07 0-78297 891

Mean 6-74 0-82852

( c )  Estim ated Stability o f  the Standard at —  1 0 °  C.
T h e  p r o b a b le  r a t e  o f  d e t e r i o r a t i o n  o f  t h e  s t a n d a r d  a t  —  1 0 °  C .  h a s  

b e e n  c a lc u la t e d  f r o m  t h e  a b o v e  r e s u l ts . I t  h a s  b e e n  a s s u m e d  t h a t  “ r o o m  

t e m p e r a t u r e ”  m a y  b e  t a k e n  a s  1 8 °  C . ,  a n d  t h a t  t h e  m o s t  p r o b a b le  v a lu e s  

f o r  t h e  r a te s  o f  d e t e r i o r a t i o n  a t  5 0 °  C .  a n d  1 8 °  C .  m a y  r e a s o n a b ly  b e  

d e r iv e d  f r o m  t h e  e s t im a te d  p o te n c ie s  a f t e r  s to r a g e  a t  th e s e  t e m p e r a t u r e s .  

M o r e o v e r ,  t h e  c o m p a r is o n s  w e r e  m a d e  a g a in s t  m a t e r i a l  s to r e d  a t  0 °  C . ,  

a n d  n o  a l lo w a n c e  h a s  b e e n  m a d e  f o r  a n y  d e t e r io r a t io n  a t  th is  t e m p e r a t u r e  

w h ic h  w o u l d  t e n d  t o  le s s o n  t h e  a p p a r e n t  d e c a y . T h e  c a lc u la t io n  o f  t h e  

p r o b a b le  lo s s  o f  p o t e n c y  a t  —  1 0 °  C .  is  b a s e d  u p o n  th e  t h e o r e t ic a l  l i n e a r  

r e la t io n s h ip  b e t w e e n  t h e  r e c ip r o c a l  o f  t h e  a b s o lu te  t e m p e r a t u r e  a n d  t h e  

v e lo c i t y  o f  t h e  r e a c t io n .  O n  th is  b a s is  a t  —  1 0 °  C .  t h e  s t a n d a r d  w o u ld  

b e  e x p e c te d  t o  lo s e  p o t e n c y  a t  t h e  a p p r o x im a t e  r a t e  o f  0 -5  p e r  c e n t ,  p e r  

a n n u m .  T h e  s to c k  o f  s t a n d a r d  h e ld  w i l l  n o t ,  a t  p r e s e n t  r a te s  o f  u s a g e ,  

la s t  f o r  m o r e  t h a n  1 0  y e a r s ; a n d  i n  th is  p e r io d  t h e  t o t a l  lo s s  o f  p o t e n c y  

s h o u ld  n o t  e x c e e d  5  p e r  c e n t .  A l t h o u g h  t h e  lo s s  o f  p o t e n c y  h a s  n o t  

b e e n  c o n s id e r e d  s u f f ic ie n t ly  s e r io u s  t o  in v a l i d a t e  t h e  u s e  o f  t h e  m a t e r i a l  

a s  a  s t a n d a r d ,  i t  is  la r g e  e n o u g h  t o  m e r i t  f u r t h e r  in v e s t ig a t io n .

B acteriological Tests
(a) Sterility. 6  a m p o u le s  o f  t h e  s t a n d a r d  p r e p a r a t io n ,  r e c o n s t i t u t e d  

w i t h  d is t i l le d  w a t e r ,  p a s s e d  t h e  s t e r i l i t y  te s ts  d e s c r ib e d  i n  t h e  B r i t is h  

P h a r m a c o p o e ia  1 9 4 8 .
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(,b)  B a c t e r io s t a t ic  p o w e r s .  T h e  c o n te n ts  o f  5  a m p o u le s  o f  th e  s t a n d a r d  

p r e p a r a t i o n  w e r e  m ix e d ,  r e c o n s t i t u t e d  a n d  d i s t r ib u t e d  in t o  tu b e s  in  

1 -0  m l .  lo ts .  T h e s e  w e r e  s e e d e d  w i t h  s e r ia l  1 0 - f o ld  d i lu t io n s  in  0 - 8 5  p e r  

c e n t ,  s a l in e  s o lu t io n  o f  w a s h e d  c u ltu r e s  o f  S tre p to c o c c u s  p y o g e n e s ,  

S ta p h y lo c o c c u s  a u re u s , E s c h e r ic h ia  c o l i ,  a n d  o f  B a c il lu s  s u b t i l is  s p o re s .  

T h e  l i q u i d ,  t h e  p W  o f  w h ic h  w a s  b e lo w  3 -0 ,  w a s  b a c t e r ic id a l  w i t h i n  2 4  

h o u r s  a t  2 0 °  C .  a n d  3 7 °  C .  t o  t h e  3  v e g e ta t iv e  b a c t e r i a  a d d e d  t o  m a k e  a  f in a l  

c o n c e n t r a t io n  o f  1 0 4 l i v i n g  c e lls  p e r  m i l l i l i t r e .  A  s m a l l  p r o p o r t io n  o f  t h e  

B a c il lu s  s u b t i l is  s p o re s  w a s  k i l l e d ,  a n d  t h e  r e m a in d e r  f a i le d  t o  g e r m in a t e  

i n  t h e  g lo b in  z in c  in s u l in  s o lu t io n  e v e n  a f t e r  1 w e e k  a t  3 7 °  C .  T h e  

r e c o n s t i t u t e d  m a t e r ia l  th u s  h a s  b a c t e r i c i d a l  a n d  b a c t e r io s t a t ic  p r o p e r t ie s  

a n d  i t  is  u n n e c e s s a r y  t o  a d d  a n y  a n t i m ic r o b i a l  s u b s ta n c e  t o  i t .

I V .  C o n c l u s i o n s  a n d  R e c o m m e n d a t i o n s  f o r  t h e  u s e  o f  t h e  S t a n d a r d  

S u i t a b i l i t y  o f  th e  F r e e z e - d r ie d  P r e p a r a t io n s  f o r  u s e  a s  a  S t a n d a r d

F r o m  t h e  te s ts  a lr e a d y  d e s c r ib e d  i t  m a y  b e  c o n c lu d e d  t h a t  t h e r e  w a s  

n o  e v id e n c e  o f  a  lo s s  o f  p o t e n c y  d u r i n g  f r e e z e - d r y in g  o f  t h e  p r e p a r a t i o n ; 

i ts  p o t e n c y  d i d  n o t  a p p e a r  t o  v a r y  f r o m  a m p o u l e  t o  a m p o u l e ; a n d  i t  w a s  

f o u n d  t o  b e  b a c t e r io lo g ic a l ly  s te r i le  a n d  s u f f ic ie n t ly  s ta b le . T h a t  is , i t  

s a t is f ie d  t h e  r e q u ir e m e n t s  f o r  a  s ta b le  b io lo g ic a l  s t a n d a r d .

P o te n c y  o f  th e  S t a n d a r d

I n t e r n a t io n a l  u n i t  p o t e n c y  f o r  s o lu b le  in s u l in ,  w h ic h  is  th e  a c t i v i t y  o f  

0 - 0 4 5 5  m g .  o f  t h e  2 n d  I n t e r n a t io n a l  S t a n d a r d  f o r  In s u l in ,  c a n n o t  b e  

u s e d  d i r e c t ly  t o  d e s c r ib e  t h e  a c t i v i t y  o f  g lo b in  z in c  in s u l in .  M o r e o v e r ,  

t h e  p o t e n c y  o f  a  p r e p a r a t i o n  c a n n o t  b e  d e s c r ib e d  in  t e r m s  o f  t h e  u n i t s  o f  

s o lu b le  in s u l in  u s e d  i n  its  m a n u f a c t u r e  w i t h o u t  m a k i n g  u n w a r r a n t a b le  

a s s u m p tio n s  a b o u t  t h e  m o le c u la r  s ta te  o f  g lo b in  z in c  in s u l in .  A n  

in d e p e n d e n t  u n i t  o f  g lo b in  z in c  in s u l in  p o t e n c y  is  t h e r e f o r e  r e q u ir e d .  

H o w e v e r ,  g lo b in  z in c  in s u l in  d e f in e d  i n  t e r m s  o f  t h e  In t e r n a t io n a l  u n i t  o f  

s o lu b le  in s u l in  h a s  a l r e a d y  b e e n  in  e x te n s iv e  c l in ic a l  u s e , s o  t h a t  i t  w a s  

h i g h l y  d e s ir a b le  t o  e n s u r e  t h a t  t h e  u n i t s  o f  s o lu b le  a n d  o f  g lo b in  z in c  

in s u l in ,  a l t h o u g h  f o r m a l l y  d is t in c t ,  w e r e  r e la te d  in  s u c h  a  w a y  t h a t  th e  

a s s o c ia t io n  b e tw e e n  t h e  t w o ,  a l r e a d y  e s ta b l is h e d  c l in ic a l ly ,  w a s  m a in t a in e d .  

C o n s e q u e n t ly ,  u n i t  p o t e n c y  o f  g lo b in  z in c  in s u l in  is  d e f in e d  a s  t h e  a c t i v i t y  

o f  a  w e ig h t  o f  th e  P r o v is io n a l  B r i t is h  S t a n d a r d  f o r  G l o b i n  Z i n c  In s u l in  

a n d  n o t  in  t e r m s  o f  t h e  In t e r n a t io n a l  S t a n d a r d  f o r  S o lu b le  In s u l in .  

T h e  u n i t  o f  a c t i v i t y  is  t h e  a c t i v i t y  o f  0 -1 1 6 3  m g .  o f  th e  P r o v is io n a l  B r i t is h  

S t a n d a r d  f o r  G l o b i n  Z i n c  I n s u l in  ( i . e .  t h e  s t a n d a r d  c o n ta in s  8 -6  B r i t is h  

U n i t s  p e r  m i l l i g r a m . ) ;  b u t  th is  u n i t  is  r e la t e d  t o  t h e  u n i t  o f  s o lu b le  in s u l in  

i n  t h a t  o n e  B r i t is h  U n i t  h a s  t h e  a c t i v i t y  o f  o n e  I n t e r n a t io n a l  U n i t  o f  s o lu b le  

in s u l in  a f t e r  c o n v e r s io n  t o  t h e  B r i t i s h  s t a n d a r d  f o r  g lo b in  z in c  in s u l in .

U s e  o f  th e  S t a n d a r d

T h e  s e a le d  s t a n d a r d  p r e p a r a t i o n  s h o u ld  b e  k e p t  in  t h e  d a r k  a t  

t e m p e r a t u r e s  o f  —  5 -0 °  C .  o r  b e lo w .  E a c h  a m p o u le  o f  t h e  p r e p a r a t io n  

c o n t a in s  a p p r o x im a t e ly  4 0  m g .  o f  d r ie d  g lo b in  z in c  in s u l in ,  a n d  s h o u ld  

b e  r e c o n s t i t u t e d  f o r  u s e  b y  a d d in g  d is t i l le d  w a t e r .
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( a )  P o te n c y  E s t im a t io n .  T h e  m o u s e  c o n v u ls io n  o r  t h e  r a b b i t  c ro s s 

o v e r  m e t h o d  is  r e c o m m e n d e d  f o r  t h e  e s t im a t io n  o f  th e  p o t e n c y  o f  g lo b in  

z in c  in s u l in  p r e p a r a t io n s  i n  t e r m s  o f  t h e  s t a n d a r d .  T h e  a s s a y  s h o u ld  b e  

d e s ig n e d  so  t h a t  t h e  f id u c ia l  l i m i t s  o f  e r r o r  o f  th e  e s t im a t e d  p o t e n c y  c a n  

b e  c a lc u la t e d  f r o m  th e  d a t a .

( b )  E s t im a te s  o f  D e la y e d  A c t io n .  N o  r o u t i n e  m e t h o d  o f  e s t im a t in g  

t h e  d e la y e d  a c t io n  o f  g lo b in  z in c  in s u l in  c a n  b e  r e c o m m e n d e d  s in c e  a  

d e t a i le d  in v e s t ig a t io n  r e v e a le d  t h a t  th e  r a t e  o f  r e c o v e r y  o f  r a b b i t  b l o o d  

s u g a r  f o l lo w in g  t h e  d e c re a s e  in d u c e d  b y  g lo b in  z in c  in s u l in  is  b io m e t r ic a l l y  

in d is t in g u is h a b le  f r o m  t h a t  in d u c e d  b y  s o lu b le  in s u l in  u n le s s  a n  im p r a c 

t ic a b ly  la r g e  n u m b e r  o f  a n im a ls  is  u s e d  in  a  c r o s s -o v e r  te s t .

S u m m a r y

1. I n  t h e  l i g h t  o f  t h e  r e q u ir e m e n t s  f o r  v a l id  b io lo g ic a l  a s s a y  i t  s e e m e d  

d e s ir a b le  t o  e s ta b l is h  a  s t a n d a r d  g lo b in  z in c  in s u l in  p r e p a r a t io n .  A  

s u it a b le  s o lu t io n  p r e p a r e d  b y  th e  B r i t is h  I n s u l in  M a n u f a c t u r e r s  h a s  b e e n  

f r e e z e - d r ie d  a n d  te s te d  i n  c o l l a b o r a t i o n  w i t h  t h e  N a t i o n a l  In s t i t u t e  f o r  

M e d i c a l  R e s e a r c h .  T h e  s o l id  h a s  b e e n  d e s ig n a te d  t h e  P r o v is io n a l  

B r i t is h  S t a n d a r d  f o r  G l o b i n  Z i n c  In s u l in .

2 .  V a r io u s  te s ts , b o t h  c h e m ic a l  a n d  b io lo g ic a l ,  w e r e  c a r r ie d  o u t  o n  

t h e  s o lu b le  in s u l in  s o lu t io n  f r o m  w h ic h  t h e  g lo b in  z in c  in s u l in  s o lu t io n  

w a s  m a d e  a n d  o n  t h e  g lo b in  z in c  in s u l in  p r e p a r a t io n  b e f o r e  a n d  a f t e r  

f r e e z e - d r y in g ,  in  o r d e r  t o  e n s u r e  t h e  s u i t a b i l i t y  o f  th e  f r e e z e - d r ie d  m a t e r ia l  

a s  a  s t a n d a r d  p r e p a r a t i o n  a n d  t o  d e t e r m in e  its  p o te n c y .

3 . T h e r e  w a s  n o  e v i  d e n c e  o f  a  lo s s  o f  p o t e n c y  d u r in g  th e  f r e e z e - d r y in g  o f  

t h e  s t a n d a r d ; its  p o t e n c y  d i d  n o t  a p p e a r  t o  v a r y  f r o m  a m p o u le  t o  a m p o u l e ; 

a n d  i t  w a s  f o u n d  t o  b e  b a c t e r io lo g ic a l ly  s te r i le  a n d  s u f f ic ie n t ly  s ta b le .

4 .  T h e  u n i t  p o t e n c y  o f  g lo b in  z in c  in s u l in  h a s  b e e n  d e f in e d  as  th e  

a c t i v i t y  o f  0 T 1 6 3  m g .  o f  t h e  P r o v is io n a l  B r i t is h  S t a n d a r d  f o r  G l o b i n  Z i n c  

I n s u l in .  T h a t  is , t h e  s o l id  c o n ta in s  8 -6  B r i t is h  U n i t s  p e r  m g .  T h is  u n i t  

is  r e la te d  t o  t h e  u n i t  o f  s o lu b le  in s u l in  in  t h a t  o n e  B r i t is h  U n i t  o f  a c t i v i t y  

is , t h e  a c t i v i t y  o f  o n e  In t e r n a t i o n a l  U n i t  o f  s o lu b le  in s u l in  a f t e r  c o n v e r s io n  

t o  t h e  B r i t is h  s t a n d a r d  f o r  g lo b in  z in c  in s u l in .

5 . T h e  u s e  o f  t h e  P r o v is io n a l  B r i t is h  S t a n d a r d  f o r  G l o b i n  Z i n c  

I n s u l i n  in  a s s a y s  o f  g lo b in  z in c  in s u l in  in t e n d e d  f o r  t h e r a p e u t ic  u s e  h a s  

b e e n  d is c u s s e d . P o t e n c y  m a y  b e  e s t im a te d  b y  t h e  m o u s e  c o n v u ls io n  o r  

t h e  r a b b i t  c r o s s -o v e r  m e t h o d .  T h e  a s s a y  s h o u ld  b e  d e s ig n e d  so  t h a t  t h e  

f id u c ia l  l im i t s  o f  e r r o r  o f  t h e  e s t im a t e d  p o t e n c y  c a n  b e  c a lc u la t e d  f r o m  

t h e  d a t a .  N o  m e t h o d  o f  e s t im a t in g  t h e  d e la y e d  a c t io n  o f  g lo b in  z in c  

in s u l in  h a s  b e e n  r e c o m m e n d e d  o w in g  t o  t h e  f a c t  t h a t  t h e  r a b b i t  b lo o d  

s u g a r  c u r v e  in d u c e d  b y  g lo b in  z in c  in s u l in  is  b i o m e t r ic a l l y  in d is t in g u is h 

a b le  f r o m  t h a t  in d u c e d  b y  s o lu b le  in s u l in  u n le s s  a n  im p r a c t i c a b ly  la r g e  

n u m b e r  o f  a n im a ls  is  u s e d .

R e f e r e n c e s

1 .  R e i n e r ,  S e a r l e  a n d  L a n g ,  J. Pharmacol., 1 9 3 9 ,  6 7 ,  3 3 0 .
2 .  E m m e n s ,  Principles o f  Biological A ssay, C h a p m a n  a n d  H a l l ,  L t d . ,  1 9 4 8 .
3 .  S m i t h ,  H orm one A ssay, E d .  E m m e n s ,  A c a d e m i c  P r e s s  I n c . ,  1 9 5 0 .
4 .  B l i s s ,  Ann. Appl. Biol., 1 9 3 5 ,  2 2 ,  1 3 4 ,  3 0 7 .
5 .  P e r r y ,  M .R .C . Spec. Rep. Ser., N o .  2 7 0 ,  S . O .  1 9 5 0 .

THE PROVISIONAL BRITISH STANDARD FOR GLOBIN ZINC INSULIN

391



T H E  E F F E C T S  O F  I N T R O D U C I N G  C E R T A I N  S U G G E S T E D  

S U B S T I T U T E S  F O R  T A L C  I N T O  T H E  P E R I T O N E A L  C A V I T Y  

A N D  I N T O  W O U N D S  I N  E X P E R I M E N T A L  A N I M A L S

B y  J .  D .  P .  G r a h a m  a n d  M .  E .  J e n k i n s

From the Departm ent o f  Pharm acology, Welsh National School o f  M edicine, Cardiff 

R e c e i v e d  J a n u a r y  1 0 ,  1 9 5 2

F o r  m a n y  y e a r s  t a lc u m  { a  c o m p le x  n a t u r a l  m a g n e s iu m  s i l i c a t e )  w a s  t h e  

s t a n d a r d  p o w d e r  u s e d  f o r  lu b r ic a t i n g  s u r g ic a l  g lo v e s . A  r e m a r k a b l y  

lo n g  t im e  p a s s e d  b e tw e e n  t h e  f i r s t  u s e  o f  t a lc  f o r  t h is  p u r p o s e  a n d  th e  

r e c o g n i t io n  b y  p a t h o lo g is t s  t h a t  i t  is  a  h a r m f u l  s u b s ta n c e . T h e r e  is  n o w  

a  c o n s id e r a b le  l i t e r a t u r e  o n  t h e  s u b je c t ,1' 19 o f  w h ic h  S e e lig , V e r d a  a n d  

K i d d 7 g iv e  s o m e  2 5  e x a m p le s  u p  t o  1 9 4 3 . I t  h a s  b e e n  e s ta b l is h e d  t h a t  

t h e  u n a b s o r b a b le  s il ic e o u s  p a r t ic le s  o f  t a lc  c a u s e  a  f o r e ig n  b o d y  o r  g ia n t  

c e l l  r e a c t io n  i n  tis s u e s . T h e  r e s u l t in g  g r a n u l o m a t a  m a y  g iv e  r is e  t o  th e  

m o s t  s e r io u s  p o s t - o p e r a t iv e  c o m p l ic a t io n s  w h ic h  e n t i r e ly  in v a l id a t e  t h e  

b e n e f its  o f  s u r g e r y .  G r a n u l o m a t a ,  p s e u d o - t u b e r c u lo u s  r e a c t io n s  ( le a d in g  

t o  a c t io n  b a s e d  o n  a  m is d ia g n o s is ) ,  f is tu la s , a d h e s io n s ,  s t e r i l i t y  in  fe m a le s ,  

a n d  e v e n  a c u te  a b d o m i n a l  c r is e s  c a u s in g  d e a t h ,  h a v e  a l l  b e e n  a t t r i b u t e d  

w i t h  a p p a r e n t  ju s t i f i c a t io n  t o  t h e  e v i l  e f fe c ts  o f  m a g n e s iu m  s i l ic a te .  

E x p e r im e n t a l  w o r k  w i t h  a n im a ls  h a s  s h o w n  t h a t  v e r y  s m a l l  a m o u n t s  o f  

t a lc  m a y  c a u s e  s e v e re  d a m a g e  i n  a lm o s t  a n y  c a v i t y  o r  t is s u e  o f  t h e  b o d y ,  

a n d  t h a t  p o w d e r  s p i l le d  i n  o n e  p a r t  o f  t h e  p e r i t o n e a l  c a v i t y  m a y  b e  c a r r ie d  

t o  o t h e r  r e g io n s  a n d  t h e r e  c a u s e  d a m a g e . A n t o p o l 1 w a s  p e r h a p s  t h e  f i r s t  

t o  p o in t  o u t  t h e  d a n g e r s  o f  t a lc ,  a n d  B e t h u n e 3 a c t u a l ly  u s e d  i t  t o  p r o d u c e  

f ib r o u s  o b l i t e r a t i o n  o f  th e  p l e u r a l  c a v i t y ,  b u t  its  g e n e r a l  u s e  i n  s u r g e ry  

p e r s is te d . T h e  a t t e m p t  t o  s u b s t i t u t e  ly c o p o d iu m  f o r  t a lc  w a s  a b a n d o n e d  

w h e n  E r b 20 d e m o n s t r a t e d  t h a t  th is  s u b s ta n c e  w a s  e q u a l ly  h a r m f u l .  T h e  

u n d e s i r a b le  e ffe c ts  o f  c o n t a m in a t io n  o f  w o u n d s  w i t h  t a lc  h a v in g  b e e n  

r e c o g n is e d , i n  r e c e n t  y e a r s  m a n y  a t t e m p t s  h a v e  b e e n  m a d e  t o  f in d  a  

h a r m le s s  a n d  e f f ic ie n t  s u b s t i tu te .  T h e  c r i t e r i a  f o r  a  d e s ir a b le  s u r g ic a l  

g lo v e  p o w d e r  h a v e  b e e n  o u t l in e d 21 a n d  i t  is  th e  a im  o f  th is  p a p e r  t o  

r e p o r t  t h e  r e s u lts  o f  e x p e r im e n t a l  t r i a l  o f  a  n u m b e r  o f  s u c h  s u b s t itu te s  

w h ic h  a r e  a t  p r e s e n t  o f f e r e d  t o  t h e  m e d ic a l  p r o fe s s io n .

M o r e  s e r io u s  t h a n  t h e  a c c id e n t a l  c o n t a m in a t io n  o f  t is s u e s  w i t h  u n 

d e s ir a b le  s u b s ta n c e s  u s e d  a s  g lo v e  p o w d e r s  is  t h e  q u e s t io n  o f  d e l ib e r a t e  

in t r o d u c t io n  o f  s im i la r  s u b s ta n c e s  i n t o  w o u n d s  a n d  c a v i t ie s ,  f r e q u e n t ly  

u n w i t t i n g ly  o n  t h e  p a r t  o f  t h e  s u r g e o n  c o n c e r n e d , a s  a  c o n s t i t u e n t  p a r t  

o f  c h e m o t h e r a p y  a p p l ie d  in  p o w d e r  f o r m — s u lp h o n a m id e s ,  a n t ib io t ic s  

a n d  m ix t u r e s  o f  th e s e . F o r  th is  p u r p o s e  w id e  u s e  is  m a d e  o f  a  t r i t u r a t e  

o f  t h e  s u lp h o n a m id e  w i t h  5  p e r  c e n t ,  m a g n e s ia  m ix e d  w i t h  p e n ic i l l i n ,  e tc .  

( D a h l , 22 W h i t e 23) .  S te a r a te s  h a v e  a ls o  b e e n  r e c o m m e n d e d  f o r  th is  

p u r p o s e 24 b e c a u s e  o f  t h e i r  lu b r ic i t y .

F i n a l l y ,  t h e r e  is  t h e  q u e s t io n  o f  in t r o d u c in g  s u b s ta n c e s  i n t o  t is s u e s  

a n d  c a v i t ie s  a s  a  h a e m o s ta t ic ,  o r  u s in g  t h e m  a s  a  w o u n d  d re s s in g . S u c h  

m a t e r ia ls  a s  H o r s l e y ’ s w a x  w e r e  lo n g  u s e d  t o  c o n t r o l  h a e m o rr h a g e  o o z in g
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f r o m  b o n e ,  b u t  g r a n u lo m a t o u s  r e a c t io n s  a n d  f i s t u l a  a s  a  r e s u l t  w e r e  n o t  

u n k n o w n .  I n  A m e r ic a  a  w h o le  g r o u p  o f  “ a b s o r b a b le ”  h a e m o s ta t ic s  

h a s  b e e n  d e v e lo p e d  a n d  r e p o r t e d  u p o n  f a v o u r a b ly .  F i b r i n  f o a m  w i t h  

t h r o m b i n 25 h a s  t h e  a d v a n t a g e  o f  b e in g  a  b i o lo g ic a l  p r o d u c t .  O x id is e d  

c e l lu lo s e  w i t h  t h r o m b i n 26 a n d  g e la t in  w i t h  t h r o m b i n 27 h a v e  a ls o  b e e n  

f a v o u r a b l y  r e c e iv e d .  I n  th is  c o u n t r y  d e v e lo p m e n ts  h a v e  o c c u r r e d  in  t h e  

u s e  o f  a lg in a t e  ( B la in e 28-31) .  T h is  s u b s ta n c e , a  p h y c o c o l lo id ,  f o r m s  a  

c o n t in u o u s  in s o lu b le  g e l in  th e  f o r m  o f  t h e  c a lc iu m  s a l t ,  w h e r e a s  th e  

s o d iu m  s a l t  is  w a t e r - s o lu b le .  T h e s e  p r o p e r t ie s  p e r m i t  o f  i ts  u s e  in  a  

g r e a t  v a r i e t y  o f  w a y s ,  b o t h  m e d ic in a l  a n d  in d u s t r ia l .  V a r y i n g  p r o p o r t io n s  

o f  t h e  t w o  s a lts  r e s u l t  i n  s u b s ta n c e s  w h ic h  d is s o lv e  o r  a r e  a b s o r b e d  a t  

d i f f e r in g  r a te s  d e p e n d in g  u p o n  t h e  p H ,  v a s c u la r i t y  a n d  s i t u a t io n  o f  th e  

t is s u e  o r  c a v i t y  w h e r e  t h e y  a r e  p la c e d . A l r e a d y  a  c o n s id e r a b le  l i t e r a t u r e  

is  g r o w in g  o n  t h e  s u b je c t  o f  th e  u ses  o f  a lg in a te s 32-36 in  w h ic h  i t  is  s u g g e s te d  

t h a t  th is  s u b s ta n c e  is  h a r m le s s  i f  u s e d  a s  a  s u r g ic a l  g lo v e  p o w d e r ,  a s  a  

h a e m o s ta t ic  a g e n t  in  m a n y  s it u a t io n s ,  o r  a s  a n  e x t e r n a l  d r e s s in g .

T h e  s u b s ta n c e s  in v e s t ig a t e d  w e r e  ( 1 )  t a l c ;  ( 2 ) ,  ( 3 )  a n d  ( 4 )  t h r e e  m o d i f ie d  

s ta rc h e s  d e s ig n a te d  a s  s ta r c h  ( a ) ,  ( b )  a n d  ( c ) ;  ( 5 )  m a g n e s ia ;  ( 6 )  a  m ix t u r e  

o f  m a g n e s iu m  c a r b o n a t e  a n d  m a g n e s iu m  s t e a r a t e ;  ( 7 )  m a g n e s iu m  

s te a r a te  a l o n e ; ( 8 )  p o t a s s iu m  b i t a r t r a t e ; ( 9 )  c a lc iu m  a n d  s o d iu m  a lg in a t e .  

A l l  o f  th e s e  s u b s ta n c e s  r e a c h  t is s u e  w o u n d s  a n d  c a v i t ie s  in a d v e r t e n t ly  

o r  a s  a  r e s u l t  o f  d e l ib e r a t e  a c t i o n  d u r i n g  r e g u la r ly  e x e c u te d  t h e r a p e u t ic  

p r o c e d u r e s .

SUBSTITUTES FOR TALC

M e t h o d s

T h e  “ c o m m e r c ia l  p o w d e r s ”  w e r e  e x a m in e d  a s  r e c e iv e d  f r o m  t h e  m a k e r s ,  

o t h e r  s u b s ta n c e s  b e in g  o f  B .P .  s t a n d a r d  o r  e q u iv a le n t  s t a n d a r d  o b t a in e d  

f r o m  r e p u t a b le  s o u rc e s  ( e .g .  t a lc ,  m a g n e s ia ,  b i t a r t r a t e ,  s t e a r a t e ) .  T h e  

f o l lo w i n g  te s ts  w e r e  a p p l ie d .

( 1 )  A n  e s t im a t e  o f  t h e  m e a n  p a r t ic le  s iz e , b e f o r e  a n d  a f t e r  s te r i l is in g  

b y  t h e  m e t h o d  r e c o m m e n d e d  b y  t h e  m a k e r  o f  t h e  p o w d e r ,  o r  in  a n  

a u t o c la v e  a t  1 5  lb .  p r e s s u re  f o r  3 0  m in u t e s ,  o r  w i t h  d r y  h e a t  a t  1 5 0 °  C .  

f o r  3 0  m in u te s .

( 2 )  A n  e s t im a t e  o f  l u b r i c i t y  b y  m e a s u r in g  in  g . t h e  w e ig h t  n e c e s s a ry  

t o  b e  a p p l ie d  v ia  a  p u l le y  t o  a  b l o c k  in  o r d e r  t o  o v e r c o m e  l i m i t i n g  f r i c t io n .  

T h e  b lo c k  w a s  e n c lo s e d  in  a  p o r t i o n  o f  s u r g ic a l  g lo v e  a t t a c h e d  w i t h  t h e  

in n e r  s u r fa c e  o f  th e  g lo v e  f a c in g  o u t w a r d ,  r e s t in g  o n  a  p la n e  s u r fa c e  

c o v e r e d  w i t h  a  m a t e r ia l  w h ic h  w a s  s e le c te d  f r o m  a  n u m b e r  o f  f a b r ic s ,  

p la s t ic ,  le a t h e r ,  r u b b e r  a n d  o t h e r  m a t e r ia ls ,  t r e a t e d  a n d  u n t r e a t e d  s k in s ,  

b e c a u s e  i t  s e e m e d  i n  a p p e a r a n c e ,  fe e l a n d  o t h e r  p r o p e r t ie s  m o s t  s im i la r  

t o  l i v i n g  s k in .  D e a d  h u m a n  s k in  v a r ie s  w id e ly  in  its  s u r fa c e  p r o p e r t ie s  

a n d  c a n  n o t  e a s i ly  b e  m a i n t a in e d  i n  a  c o n s t a n t  s ta te . T h e r e f o r e  i t  is  

n o t  s u i t a b le  f o r  p r o lo n g e d  u s e  w h ic h  w o u ld  r e q u ir e  n u m e r o u s  f r e s h  

p ie c e s  o f  m a t e r i a l  o f  c o n s t a n t  p r o p e r t ie s .  T h e  p o w d e r s  w e r e  a p p l ie d  in  

s t a n d a r d  a m o u n t  a n d  b y  s t a n d a r d  p r o c e d u r e  b e tw e e n  t h e  o p p o s e d  

s u r fa c e s . T r i a l s  w e r e  m a d e  b e f o r e  a n d  a f t e r  a u t o c la v in g  t h e  p o w d e r s .

( 3 )  S a m p le s  o f  t h e  p o w d e r s  s e le c te d  f r o m  t h e  d e p th s  o f  f r e s h ly  o p e n e d  

p a c k in g s  a s  r e c e iv e d  w e r e  s u b je c te d  t o  b a c t e r i a l  e x a m in a t io n  a n d  a g a in
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a f t e r  t h e  r e c o m m e n d e d  s te r i l is in g  p r o c e d u r e .  I n c u b a t io n  o f  s a m p le s  

p r o c e e d e d  i n  s u i t a b le  m e d ia  f o r  8  w e e k s ,  a f t e r  w h ic h  t im e  a n y  g r o w t h  

w a s  s u b c u l t u r e d  a n d  e x a m in e d .

( 4 )  A  s t a n d a r d  t e c h n iq u e  w a s  a p p l ie d  t o  t h e  e x a m in a t io n  o f  t h e  

e ffe c ts  o f  th e s e  s u b s ta n c e s  u p o n  l i v i n g  t is s u e s . R ig o r o u s  a s e p t ic  te c h n iq u e  

w a s  a p p l ie d  i n  t h e  s u r g ic a l  w o r k .  G r o u p s  o f  4  a n im a ls  w e r e  u s e d  w i t h  

e a c h  o f  th e  9  p o w d e r s .  K i t t e n s ,  r a b b i t s ,  g u in e a -p ig s ,  r a t s  a n d  m ic e  

w e r e  u s e d . T h e  la r g e r  a n im a ls  w e r e  g iv e n  a  p r e l i m in a r y  s u b c u ta n e o u s  

in je c t io n  o f  a t r o p in e  s u lp h a t e ,  a l l  w e r e  a n a e s th e t is e d  w i t h  e t h e r ,  a n d  

s u it a b le  a re a s  o f  s k in  w e r e  s h a v e d  a n d  w a s h e d  w i t h  a  s o lu t io n  o f  c e t r im id e .  

A n  a t t e m p t  w a s  m a d e  t o  p r o d u c e  ( a )  a  s t a n d a r d  2 - c m .  in c is io n  t h r o u g h  

a l l  la y e r s  o f  t h e  s k in  o f  t h e  b a c k  o n  t h e  le f t  s id e  o f  t h e  m id l in e  a n d  ( b )  

a  s t a n d a r d  l a p a r o t o m y  w o u n d  2  c m . i n  le n g t h  o p e n in g  i n t o  t h e  p e r i t o n e a l  

c a v i t y  o n  t h e  le f t  s id e  l a t e r a l  t o  t h e  r e c t i  a n d  m id w a y  b e tw e e n  t h e  lo w e r  

r i b  a n d  t h e  i l i a c  c re s t ,  s u t u r in g  b e in g  c a r r ie d  o u t  c a r e f u l ly  i n  la y e r s  w i t h  

c a t g u t  f o r  th e  p e r i t o n e u m  a n d  m u s c le  a n d  f in e  s i lk  f o r  th e  s k in .  I n t o  

t h e  s k in  w o u n d  w a s  p la c e d  1 0  m g . o f  p o w d e r ,  i n t o  t h e  p e r i t o n e u m  5 0  m g . ,  

i n  e a c h  c a s e  d r y  a n d  t ip p e d  i n  lo o s e ly ,  a n d  t h e  w o u n d  c lo s e d . I n  th e  

c a s e  o f  t h e  m ic e  t h e  w o u n d s  w e r e  a s  s m a l l  a s  c o u ld  b e  c o n v e n ie n t ly  m a d e  

a n d  less  p o w d e r  w a s  u s e d . T h e  w o u n d  s u r fa c e  a n d  t h e  s k in  a r e a ,  a f t e r  

s u t u r in g ,  w e r e  s w a b b e d  w i t h  t h e  c e t r im id e  s o lu t io n  a n d  le f t  u n d r e s s e d .  

S i lk  s t itc h e s  w e r e  r e m o v e d  f r o m  s k in  a f t e r  1 0  d a y s  a n d  th e  a n im a ls  

k i l l e d  w i t h  c o a l  g a s  a f t e r  6  t o  9  w e e k s  h a d  e la p s e d . A  c a r e f u l  p o s t 

m o r t e m  e x a m in a t io n  a n d  r e p o r t  w a s  m a d e  o n  e a c h  o n e ,  d r a w in g s  o f  

a p p e a r a n c e s  w e r e  t a k e n  a s  n e c e s s a ry , a n d  p o r t io n s  o f  t is s u e , e tc . e x c is e d  

a n d  e x a m in e d  b y  h is t o lo g ic a l  m e t h o d s .  T h e  s t a n d a r d  s ta in  u s e d  w a s  

h æ m a t o x y l in  a n d  e o s in ,  b u t  a  p o la r is in g  m ic r o s c o p e  w a s  u s e d  o n  s e c t io n s  

f r o m  a l l  t is s u e s  i n  o r d e r  t o  d e t e c t  b i r é f r in g e n t  p a r t ic le s .  A n  in d e p e n d e n t  

e x p e r t  o p in io n  w a s  o b t a in e d  o n  t h e  a p p e a r a n c e  o f  m o s t  o f  t h e  s e c t io n s .

R e s u l t s

T h e  f in d in g s  a s  t o  p a r t ic le  s iz e  a n d  lu b r i c i t y  a r e  s u m m a r is e d  i n  T a b le s  

I  a n d  I I  r e s p e c t iv e ly .  T a lc ,  a s  is  w e l l  k n o w n ,  is  a  v e r y  f in e  p o w d e r ,  

t h e  m e a n  p a r t ic le  s iz e  b e in g  t h e  s m a l le s t  o f  th is  s e r ie s , b u t  m o d i f ie d  

s t a r c h  w h ic h  a p p r o a c h e s  i t  in  s iz e  is  a  m u c h  m o r e  e v e n  p o w d e r .  S t a r c h  ( b )  

is  t h e  m o s t  e v e n  o f  t h e  t h r e e  s ta rc h e s , t h e  g r a n u le s  s e e m in g  t o  b e  la r g e ly  

u n a f f e c t e d  b y  th e  p ro c e s s  o f  h a r d e n in g  e m p lo y e d .  T h e  s te a r a te s  h a v e  a

J. D . P. G RAH A M  AN D  M. E. JENKINS

TABLE I
P a r t ic l e  s iz e  o f  p o w d e r s  in  m ic r o n s , a f t e r  s t e r il is a t io n

Substance Mean Range
Standard
deviation Mode

Talc ................................................... 7-6 0-6 to 1230 ±  6-1 0-6
Starch (a) . . 101 1-2 to 19*5 ±  1-4 8-5

« 0 ................................................... 111 2-4 to 19-5 ±  1-4 110
( c ) ................................................... 11-3 2-4 to 27-0 ±  1-4 110

Magnesia . . 161 2-4 to 134 0 ±  6-3 6-1
Magnesium carbonate-stearate ,. 30-3 2-4 to 244-0 ±15-1 6-1
Potassium bitartrate 26-4 2-4 to 171-0 ±11*0 61
Alginate 41-7 2-4 to 220 0 ±16-0 30*5
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SUBSTITUTES FOR TALC

T A B L E  I I
L u b r ic it y , e x pr e ss e d  a s  w e ig h t  r e q u ir e d  t o  o v e r c o m e  l im it in g  

f r ic t io n . A p p e a r a n c e  a n d  feel  o f  p o w d e r s

Substance
Before

autoclaving
After

autoclaving
Appearance 

and feel

g- g-
T a l c ............................................................... 107 125 same
Starch (a) 100 100 same

( * ) ................................................... 134 134 same
( c ) ................................................... 117 117 same

Magnesia 174 174 lumpy
Magnesium carbonate-stearate 93 93 lumpy
Magnesium stearate . . 125 — solid
Potassium bitartrate 140 140 lumpy
Alginate 161 161 lumpy

g r e a s y  fe e l  a n d  m e l t  w i t h  h e a t ,  w h ic h  e x c lu d e s  t h e m  f r o m  u s e  i n  a  p u r e  

f o r m  w h e r e  p r e l im i n a r y  s t e r i l is a t io n  is  e s s e n t ia l .  T h is  p r o p e r t y  p r o b a b ly  

a c c o u n ts  f o r  a n  o b s e r v e d  in c r e a s e  i n  p a r t ic le  s iz e  o f  t h e  c a r b o n a t e -  

s te a r a te  m ix t u r e  a f t e r  a u t o c la v in g .  H o w e v e r ,  th is  p o w d e r  r e t a in s  its  

s m o o t h  f e e l  a n d  t h e  “ s l ip p e r in e s s ”  is  n o t  a f fe c te d .  N o  p o w d e r  s h o w e d  

v a r i a t i o n  i n  t h e  c r i t ic a l  m e a s u r e  o f  l i m i t i n g  f r i c t io n  f r o m  s a m p le  t o  s a m p le ,  

a n d  o n ly  t a lc  w a s  r e n d e r e d  less  s l ip p e r y  b y  th e  p ro c e s s  o f  s t e r i l is a t io n .  

N o  d i r e c t  c o r r e l a t i o n  e x is ts  b e t w e e n  t h e  p a r t ic le  s iz e  a n d  t h e  lu b r ic i t y ,  

o t h e r  p r o p e r t ie s  t h a n  s iz e  a n d  s h a p e  o f  p a r t ic le s  h a v in g  a n  e f fe c t .  T h u s ,  

n e i t h e r  m a g n e s ia  n o r  p o ta s s iu m  b i t a r t r a t e  is  v e r y  s l ip p e r y ,  b o t h  c lu m p  

s o m e w h a t  a f t e r  a u t o c la v in g ,  a n d  y e t  b i t a r t r a t e  is  m u c h  m o r e  a b r a s iv e  

t o  t h e  s k in  a n d  t o  r u b b e r  g lo v e s . B o t h  a lg in a t e  a n d  t h e  c a r b o n a t e -  

s te a r a te  m ix t u r e  f o r m  r a t h e r  l u m p y  p o w d e r s  a f t e r  a u t o c la v in g ,  b u t  t h e r e  

is  a  m a r k e d  d i f f e r e n c e  i n  t h e i r  lu b r ic i t y .  T h e r e  is  l i t t l e  d i f f e r e n c e  i n  t h e  

p a r t ic le  s iz e  o f  t h e  t h r e e  m o d i f ie d  s ta rc h e s  te s te d , b u t  s o m e  d i f fe r e n c e  

i n  lu b r ic i t y .

T A B L E  I I I
S t e r il it y  o f  p o w d e r s  b e f o r e  a n d  a f t e r  a u t o c l a v in g  (8  w e e k s  g r o w t h )

Substance Before autoclaving After autoclaving

- T a l c ............................................................... sterile sterile
Starch (a) contaminated sterile

( b ) ................................................... sterile sterile.
( c ) ................................................... contaminated sterile

Magnesia sterile sterile
Magnesium carbonate and stearate sterile sterile
Magnesium stearate .. contaminated sterile
Potassium bitartrate sterile sterile
Alginate contaminated sterile

A l l  th e s e  s u b s ta n c e s  a r e  c a p a b le  o f  b e in g  s te r i l is e d  b y  r o u t i n e  m e a n s : 

s e v e r a l  o f  t h e m  a r e  s te r i le  i n  t h e  r a w  s ta te .  O t h e r s  a r e  c o n t a m in a t e d  

b y  s t r e p t o t h r ix .  F r o m  n o n e  o f  t h e m  w e r e  p a t h o g e n ic  o r g a n is m s  is o la t e d .  

N e v e r t h e le s s  i t  is  o b v io u s  t h a t  g r e a t  c a r e  m u s t  b e  t a k e n  t h a t  n o  n o n -  

s te r i le  s u b s ta n c e  re a c h e s  th e  tis s u e s  b y  t h e  a d m ix t u r e  o f  a  n o n - s t e r i le  

a d ju v a n t  t o  a  c h e m o t h e r a p e u t ic  p o w d e r .

T h e  e f fe c t  o f  t h e  p o w d e r s  o n  t h e  t is s u e s  o f  t h e  s k in  a n d  o n  t h e  p e r i t o n e a l  

c a v i t y  w e r e  a s s e s se d  b y  a p p ly i n g  t h e  c o d e  s h o w n  i n  T a b l e  I V .  T h e  m e a n  

f ig u r e  th u s  o b t a in e d  f r o m  e a c h  g r o u p  o f  4  . a n im a ls  o f  o n e  s p e c ie s  is
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T A B L E  IV
C o d e  a p p l ie d  in  asse ssm en t  o f  e ffe cts  o f  p o w d e r s  o n  s k in  w o u n d

AND PERITONEAL CAVITY OF ANIMALS

Skin Peritoneum

0 =  N.A.D.
1 =  slight fibrosis
2 =  fibrosis or slight round-cell invasion

3 =  foreign body reaction— slight

4 =  foreign body reaction— more severe,
with crystals

0 =  N .A.D.
1 =  omentum adherent to wound site only
2 =  as above plus fibrous tissue masses,

“ bloom”  on spleen, etc.
3 =  as above plus slight adhesions remote

from site o f  wound, granulomata, etc.
4 =  general and severe adhesions, marked

foreign body reaction in organs, etc.

s h o w n  i n  T a b l e  V ,  t o g e t h e r  w i t h  t h e  t o t a l  s c o re . O b v io u s ly  t h e  s u b s ta n c e  

s c o r in g  t h e  le a s t  t o t a l  is  t h e  le a s t  h a r m f u l  t o  l i v i n g  t is s u e  in  c o m m o n  

l a b o r a t o r y  a n im a ls ,  a n d  t h e r e f o r e  p o s s ib ly ,  o r  e v e n  p r o b a b ly ,  le a s t  l i k e ly  

t o  b e  h a r m f u l  i n  m a n .  E x a m i n a t i o n  w i t h  th e  p o la r is in g  m ic r o s c o p e  

r e v e a le d  h e a v y  c o n t a m in a t io n  w i t h  d o u b l y  r e f r a c t i le  p a r t ic le s  in  a l l  t is s u e s  

c o n t a in in g  t a lc ,  i n  o c c a s io n a l  t is s u e s  c o n t a in in g  m a g n e s ia ,  a n d  in  t is s u e s  

c o n t a in in g  s ta r c h  ( c ) .  P o s t e l t h w a i t  e t  a / . 18 d e s c r ib e  a n d  i l lu s t r a t e  t h e  

g r a n u lo m a t a  w h ic h  m a y  b e  c a u s e d  b y  th is  s a m e  p r e p a r a t io n  (s t a r c h  c )  

a n d  t h e  c u r io u s  d o u b ly  r e f r a c t i le  p a r t ic le s  w h ic h  i t  c o n t a in s .  A lg i n a t e  

h a d  a  c o l la g e n o u s  a p p e a r a n c e  a n d  s l ig h t ly  a f fe c te d  t h e  r e f r a c t iv e  p o w e r s .  

S e c tio n s  f r o m  tis s u e s  c o n t a m in a t e d  w i t h  t h e  o t h e r  s u b s ta n c e s  s h o w e d  n o  

e v id e n c e  o f  r e f r a c t i le  b o d ie s  b e in g  p r e s e n t.

T A B L E  V
M e a n  e ffe cts  o f  su b s t a n c e s  o n  s k in  w o u n d s  a n d  p e r it o n e a l  c a v it ie s

OF ANIMALS ASSESSED ACCORDING TO THE CODE SHOWN IN TABLE IV

Kitten Rabbit Guinea-pig Rat Mouse Totals Total
(maxi
mum
40)Substance skin

perito
neum skin

perito
neum skin

perito
neum skin

perito
neum skin

perito
neum skin

perito
neum

T a l c ........................... 4*0 4 0 2 0 4 0 4-0 4 0 4-0 4 0 2-0 4-0 16-0 20-0 360
Starch (a) .. 10 2*0 1-0 1-0 0 0 1*5 1*0 2-5 10 3 0 4-0 10-0 14-0

( M  . . 0*0 30 0-0 0-0 10 30 2*0 10 0 0 0-5 30 7-5 10-5
( c )  . . 0 0 3*0 0 0 0 0 10 0 0 0-0 3 0 1-0 4 0 2-0 11-0 13-0

Magnesia 0 0 1-25 1*0 10 2 0 30 2 0 3-5 0-0 2-0 50 i0-75 15-75
Magnesium stearate- 

carbonate .. 2 0 3-0 0*0 2-0 1*0 10 1-0 2-75 1-0 2-0 5 0 10-75 15-75
Magnesium stearate 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0-0 0 0
Potassium bitartrate 0 0 0-25 1*0 1*0 0 0 0*75 0*0 1-25 10 2-5 2 0 5-75 7-75
Alginate 1*0 3*0 4*0 2*0 10 3*25 1*0 3 0 1-0 2 0 8 0 13-25 21-25

Total 8 0 19 5 9*0 110 10*0 17-5 110 210 7-0 200 45 0 890 134 0

Total Skin Peritoneum
Mean damage, per powder . .  14*88 5 9-88
Mean damage, per species . .  26*8 9 17-8

D i s c u s s io n

F r o m  th is  t a b le  i t  m a y  b e  d e d u c e d  t h a t  n o  s u b s ta n c e  is  e n t i r e ly  h a r m le s s  

w i t h  t h e  e x c e p t io n  o f  s te a r a te ,  w h ic h  a c ts  a s  a  c o n t r o l  f o r  t h e  o t h e r  

o b s e r v a t io n s .  T h is  s u b s ta n c e  is  p r e c lu d e d  f r o m  b e in g  o f  p r a c t i c a l  

im p o r t a n c e  b y  i t s e l f  b e c a u s e  i t  is  f r e q u e n t ly  c o n t a m in a t e d  in  th e  r a w  

s ta te  a n d  is  m e l t e d  b y  h e a t .  I t  le a v e s  a  g r e a s y  a p p e a r a n c e  in  t h e  p e r i t o n e a l  

c a v i t y ,  b u t  n o  e v id e n c e  o f  in f la m m a t i o n  o t h e r  t h a n  a  m ic r o s c o p ic a l  

a p p e a r a n c e  o f  s w e l l in g  o f  c o n n e c t iv e  t is s u e  c e lls . F u r t h e r m o r e ,  i t  a p p e a r s
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t h a t  t h e  p e r i t o n e a l  c a v i t y  is  a  m o r e  s e n s it iv e  in d ic a t o r  o f  i r r i t a t i o n  t h a n  

is  th e  s k in ,  f o r  e a c h  s u b s ta n c e  e x a m in e d ,  e x c e p t  s te a r a te  w h ic h  is  h a r m le s s  

a t  b o t h  s ite s  in  a l l  s p e c ie s . T h e  s k in s  o f  t h e  5  s p e c ie s  e x h ib i t  a  g r a d e d  

d e g r e e  o f  s e n s i t iv i t y  t o  t h e  t o t a l  in s u l t  o f f e r e d  t h e m ,  t h e  p e r i t o n e a l  c a v i t ie s  

d i f f e r  w id e ly  i n  r e s p o n s e , b u t  a n y  o n e  p o w d e r e d  s u b s ta n c e  m a y  p r o v o k e  

a  s im i la r  r e s p o n s e  i n  t h e  s k in s  o f  a l l  s p e c ie s  te s te d  ( t a lc  is  u n iv e r s a l ly  

d a m a g in g ,  s te a r a te  is  h a r m le s s )  o r  a  w id e ly  d i f f e r in g  r e s p o n s e  in  t w o  

s p e c ie s  ( a lg i n a t e ) .  A g a in ,  a  s im i la r  r e s p o n s e  m a y  b e  e v o k e d  in  t h e  

p e r i t o n e a l  c a v i t ie s  o f  a l l  s p e c ie s  ( t a lc  a n d  s t e a r a t e )  o r  a  w id e ly  d i f f e r in g  

r e s p o n s e  in  d i f f e r e n t  s p e c ie s  ( s t a r c h  c ) .  I n d i v i d u a l  a n im a ls  i n  a n y  s p e c if ic  

g r o u p  v a r i e d  l i t t l e  in  t h e i r  r e s p o n s e  t o  a n y  g iv e n  a g e n t  a p p l ie d  t o  e i t h e r  

s ite . S m a l l  g r o u p s  o f  a n im a ls  a r e  t h e r e f o r e  a  ju s t i f i a b le  s a v in g  o f  e x p e n s e  

in  c o n d u c t in g  s u c h  a  s c r e e n in g  te s t . I n  th is  te s t  1 8 0  a n im a ls  w e r e  u s e d .

E x c lu d i n g  t a lc  a s  b e in g  u n iv e r s a l ly  d a m a g in g  a n d  s te a r a te  a s  u n s u i t a b le  

f o r  s t e r i l is a t io n ,  i t  a p p e a r s  t h a t  b i t a r t r a t e  is  t h e  le a s t  h a r m f u l  s u b s ta n c e ,  

w h ic h  a g re e s  w i t h  t h e  f in d in g s  o f  S e e lig  e t  a V  a n d  V e r d a . 37 U n f o r 

t u n a t e ly ,  a s  h a s  b e e n  s ta te d  a u t h o r i t a t i v e ly ,  th is  s u b s ta n c e  te n d s  t o  

m a c e r a t e  th e  h a n d s  o f  th e  s u r g e o n  a n d  t o  s h o r te n  t h e  l i f e  o f  s u r g ic a l  

g lo v e s .21 T h e  l a t t e r  c o n s id e r a t io n  is  n o t  o f  p r im e  im p o r t a n c e ,  b u t  th e  

f o r m e r  m a y  w e l l  b e . I n  th is  te s t  a lg in a t e  p o w d e r  p r o v e d  d a m a g in g  t o  

a  m o d e r a t e  e x t e n t  in  a l l  s p e c ie s  a t  b o t h  s ite s  a n d  a c c o r d in g ly  m a y  w e l l  

b e  e x c lu d e d  f r o m  o u r  c h o ic e .  I t  m u s t  b e  s tre s s e d  t h a t  n o  c o n c lu s io n  

m a y  b e  r e a c h e d  a s  t o  t h e  u s e  o f  a lg in a t e  d re s s in g s  a n d  h e m o s t a t i c  p r e p a r a 

t io n s .  M a g n e s iu m  o x id e  a n d  c a r b o n a t e -s t e a r a t e  m ix t u r e  w e r e  l i k e w is e  

n o t  f r e e  f r o m  a d v e rs e  e ffe c ts  t h o u g h  a  g r e a t  im p r o v e m e n t  o n  t a lc .  T h is  

le a v e s  th e  m o d i f ie d  s ta r c h  p o w d e r s  w h ic h  h a v e  b e e n  p r a is e d  b y  L e e  a n d  

L e h m a n ,12 E b e r l ,  G e o r g e ,  M a y  a n d  H e n d e r s o n 38 a n d  M c Q u i d d y  a n d  

T o l l m a n . 39 T h e r e  a p p e a r s  t o  b e  l i t t l e  t o  c h o o s e  b e tw e e n  t h e m ,  b u t  

n o n e  o f  t h e m  is  e n t i r e ly  h a r m le s s  a s  f r e q u e n t ly  c la im e d .  T h e r e  is  l i t t l e  

i n f o r m a t io n  a v a i la b le  a s  t o  t h e  n a t u r e  o f  s ta r c h  ( a ) ,  b u t  s ta r c h  ( b )  is  a  

f o r m a ld e h y d e - t r e a t e d  s e le c te d  s ta r c h ,  a n d  s ta r c h  ( c )  is  d e s c r ib e d  a s  a  

m ix t u r e  o f  a m y lo s e  a n d  a m y lo p e c t in  w h ic h  d o e s  n o t  c o n t a in  f o r m a ld e h y d e  

b u t  d o e s  c o n t a in  1 p e r  c e n t ,  o f  m a g n e s ia .  I n  t o t a l  d a m a g in g  e f fe c t ,  

s ta r c h  ( b )  h a d  s l ig h t  a d v a n ta g e s  o v e r  t h e  o t h e r  s ta rc h e s  a n d  t h is  im p r o v e 

m e n t  is  e v id e n t  in  t h e  f in d in g s  i n  t h e  p e r i t o n e a l  c a v i t y ,  t h o u g h  i n  s o m e  

s p e c ie s  i t  w a s  b y  n o  m e a n s  h a r m le s s .  I t  h a s  b e e n  s ta te d  t h a t  t h e  u s e  o f  

a  f o r m a ld e h y d e - t r e a t e d  s ta r c h  p o w d e r  is  c o m p le t e ly  s a fe  i n  h u m a n  

b e in g s .39 M ic r o p h o t o g r a p h s  o f  th e  a p p e a r a n c e s  o f  tis s u e s  t r e a t e d  w i t h  

t a lc  a n d  t h e  s ta r c h  p o w d e r s ,  t o g e t h e r  w i t h  o t h e r  f in d in g s ,  h a v e  b e e n  

p u b l is h e d .  ( G r a h a m  a n d  J e n k in s 40) .

S u m m a r y  a n d  C o n c l u s i o n s

1. T e s ts  w e r e  m a d e  o f  th e  p a r t ic le  s iz e , lu b r ic i t y  a n d  s t e r i l i t y  o f  a  

n u m b e r  o f  s u b s ta n c e s  w h ic h  h a v e  b e e n  a d v o c a t e d  a s  lu b r ic a t in g  p o w d e r s  

f o r  s u r g ic a l  g lo v e s , o r  a s  a d ju v a n t s  t o  c h e m o t h e r a p e u t ic  p o w d e r s  u s e d  

t o  in c r e a s e  t h e i r  r a t e  o f  f lo w ,  v iz . ,  t a lc ,  t h r e e  s e p a r a te  m o d i f ie d  s ta rc h e s ,  

m a g n e s ia ,  m a g n e s iu m  c a r b o n a t e  w i t h  m a g n e s iu m  s te a r a te ,  m a g n e s iu m  

s te a r a te  a lo n e ,  p o t a s s iu m  b i t a r t r a t e  a n d  a lg in a t e  p o w d e r .

SUBSTITUTES FOR TALC
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2 .  T h e  e ffe c ts  o f  a d m i t t in g  th e s e  s u b s ta n c e s  t o  t h e  s k in  a n d  p e r i t o n e u m  

a f t e r  s t e r i l is a t io n  w a s  d e t e r m in e d  i n  g r o u p s  o f  a n im a ls  o f  5  s p e c ie s .

3 .  A s  a  r e s u l t  o f  th e s e  te s ts  a n d  c e r t a in  a u t h o r i t a t i v e  s ta te m e n ts  w h ic h  

h a v e  b e e n  p u b l is h e d ,  i t  w a s  c o n c lu d e d  t h a t  m o d i f ie d  s ta rc h e s  a p p e a r  t o  

b e  t h e  m o s t  p r a c t ic a b le  s u b s t i tu te  f o r  t a lc  a t  p r e s e n t  a v a i la b le ,  b u t  t h a t  

f u r t h e r  e f f o r t  t o  p r o d u c e  a  s u b s ta n c e  w h ic h  is  e n t i r e ly  c o m p a t ib le  w i t h  

h u m a n  t is s u e  is  n e e d e d .

Thanks are due to manufacturers fo r generous offers o f in form ation and 
samples o f their products. Acknowledgments are also offered w ith  
gratitude to Prof. J. Gough, Department o f Pathology, Welsh N ational 
School o f Medicine, fo r his invaluable histo-pathology reports on 
specimens prepared in  his Department.
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THE APPLICATION OF TITRATION IN NON-AQUEOUS
MEDIA TO  PHARMACEUTICAL ANALYSIS

Part I. The D etermination of A lkali M etal Salts of A liphatic
and A romatic A cids

By A. H. Beckett, R. M. Camp and H. W. M artin
From the Pharm aceutical C hem istry Laboratories o f  the School o f  Pharm acy, Chelsea 

Polytechnic, London, S. IV. 3
Received March 26, 1952

The method of determination by titration in non-aqueous media of 
bases and acids which are too weak to be titrated in aqueous solution 
has been investigated and applied in analysis for many years.1’2’3’4’5 
It is only recently, however, that the method has received considerable 
attention, and it is now proving to be of wide applicability in the control 
of the purity of many diverse types of chemicals. Although many 
solvents have been used, glacial acetic acid has found the widest acceptance 
as a solvent for the titration of basic materials, and perchloric acid in 
glacial acetic acid has proved to be the most satisfactory titrant. This 
method allows not only of the titration of weak bases, but also of salts, 
because in many cases the anion is sufficiently basic under these conditions 
to give a good end-point.6>7’8 It has recently been shown that hydro
chlorides can also be titrated provided that mercuric acetate is added to 
the solution.9 Titration in non-aqueous media does not require expensive 
equipment, and has been shown to be quick and accurate.8-9’10 The 
completion of the titration can be determined either by the use of indicators 
or potentiometrically.

An examination of the B.P. and B.P.C. shows that many chemicals, 
at present being analysed by different procedures, some of which require 
a few hours to perform, could probably be analysed in non-aqueous media 
by a direct titration involving only a few minutes work. If  this should 
prove to be possible, then the standardisation of the analytical procedures, 
and the simplicity, accuracy and speed of the method should be of great 
value in its application to pharmaceutical analysis, and this approach we 
have been investigating. Despite the fact that it has recently been demon
strated by other workers8 that many of the compounds discussed in this 
communication can be titrated in non-aqueous media, we now present 
some of our results to show a comparison between the values obtained 
by this method and the values obtained by the procedure adopted in the 
B.P. and B.P.C., and to indicate the advantages and disadvantages asso
ciated with the method. We feel it necessary to place these results on 
record to emphasise the simplification of the B.P. and B.P.C. procedures 
which is possible. During the course of this work a number of publica
tions have appeared showing the wide range of compounds, many being of 
pharmaceutical importance, which can be titrated in non-aqueous sol- 
vents.9-11’12’13’14-15’16

Theory
By making use of the Bronsted-Lowry concept of acids and bases, the
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titration of a base (B) in a solvent (SH) with an acid (HA) can be repre
sented as follows:—

HA +  SH ^  SH2+ +  A '
%  + B

BH+ +  SH +  A '
If  the reaction to BH+ is to be complete (complete neutralisation) upon 
mixing one equivalent of base (B) and acid (HA), then B must be a 
stronger base than either SH or A'. For the titration of a very weak base 
in aqueous solution, the solvent (SH =  H20) is too strong a proton 
acceptor, but it may be possible to titrate in glacial acetic acid (CH3COOH) 
which has less tendency to accept a proton to become CH3COOH2+. 
Thus titrations with perchloric acid of the base B in glacial acetic acid 
solution can be represented as follows:—

HC104 +  CH3COOH ^  CH3COOH2+ +  CIO/
t  + B

BH+ +  CH3COOH +  CIO/
and so complete neutralisation of B to BH+ becomes possible.

An aliphatic or aromatic carboxylic acid anion is also sufficiently basic 
to be titrated under these conditions because the equilibrium is consider
ably to the right in the following:—

RCOO' +  CH3COOH2+ ^  RCOOH +  CH3COOH 
In the titration of hydrochlorides in glacial acetic acid,

BH+ +  Cl' +  CH3COOH2+ ^  BH+ +  HC1 +  CH3COOH
the anion Cl' is too weakly basic compared with CH3COOH to result in 
a good end-point. However, by heating to remove HCF, or by adding 
mercuric acetate to remove the chloride anion as follows9:—

Hg (CH3COO)2 +  2 0 ' ^  HgCl2 +  2CH3COO'
it is possible to obtain good results.

It is evident that the method therefore holds out considerable promise 
for the analysis of pharmaceutical substances because of the vast range of 
compounds which can be considered as falling within its scope.

Reagents, Solutions and Apparatus 
Perchloric acid, Analar (72 per cent.).
Glacial acetic acid. Before use as a solvent it was treated with the 

theoretical amount of acetic anhydride to render it anhydrous.
Acetic anhydride. Redistilled before use.
Potassium hydrogen phthalate, Analar.
Crystal violet indicator solution (0.5 g. of crystal violet in 100 ml. of 

anhydrous acetic acid).
Standard solution of perchloric acid (OTN). Perchloric acid (20-5 ml.) 

was added slowly, with stirring, to approximately 2000 ml. of anhydrous 
acetic acid in a large flask cooled in ice. Then acetic anhydride (50-5 ml.) 
was slowly added to react with the water in the perchloric acid, and the 
solution made up to approximately 2500 ml. with anhydrous acetic acid.

A. H. BECKETT, R. M. CAMP AND H. W. MARTIN
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The solution was allowed to stand 24 hours before use, and then stan
dardised against potassium hydrogen phthalate both potentiometrically 
and by using crystal violet indicator solution (2 drops).

Potentiometric titrations were carried out using a Morton D.C. 
Amplifier,18 calibrated in pH and millivolt readings, and a glass electrode 
and a saturated calomel electrode (sleeve or fibre type). A mechanical 
stirrer was used.

Consideration of V arious Factors A ssociated w ith  the T itrations

In this paper we are dealing only with titrations with perchloric acid 
using glacial acetic acid as solvent.

Standardisation. Diphenylguanidine, sodium carbonate, and potassium 
hydrogen phthalate have been used by different workers as basic standards, 
and Seaman and Allen10 studied the last standard in detail. We have 
found potassium hydrogen phthalate to be a reliable standard. The 
standardisation was performed both potentiometrically and using crystal 
violet as indicator, the indicator change at the end-point being blue~>blue- 
green as shown in Figure 1.

E ffect o f  W ater-content 
upon the End-point. The 
results used in the prepara
tion of the curves in Figure 2 
were obtained with known 
percentages of water in 
solutions of 0-5 g. of potas
sium hydrogen phthalate in 
50 ml. of acetic acid solution.
The standard solution of 
perchloric acid was water- 
free. These results demon
strate that the presence of 
water must be avoided. A 
small percentage of water, 
even less than 1 per cent., 
leads to a slight flattening of 
the titration curve. The 
sharpness of the indicator 
end-point is impaired by 1 
per cent, of water, and 
larger amounts of water ruin the end-point completely. The presence of 
excess of acetic anhydride has no effect upon the potentiometric titration 
or upon the indicator end-point. Consequently we have used an excess 
of 1 per cent, of acetic anhydride in all the acetic acid used in subsequent 
work to obviate the necessity of taking any precautions to exclude atmos
pheric moisture.

E ffect o f  Temperature. One of the disadvantages associated with titra
tion in glacial acetic acid, and with non-aqueous solvents in general, is 
the rather large coefficient of expansion of these solvents. Seaman and

TITRATION IN NON-AQUEOUS MEDIA

Fig. 1. The titration of potassium hydrogen 
phthalate using crystal violet as indicator.
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Allen10 applied a factor of O i l  per cent, per ° C. to the observed volumes 
of titrating solution, because the coefficient of expansion of glacial acetic 
acid is 0-0011 per ° C. We have determined the volumes of perchloric 
acid solution (OTN) required at different room temperatures by 0-5 g. of 
potassium hydrogen phthalate dissolved in acetic acid (50 ml.), both the 
solution and the titrant being at room temperature before the commence
ment of the titration. The results are shown graphically in Figure 3 
which indicates that a correction of 0-11 per cent, per ° C. is required. 
Thus, for accurate work, the perchloric acid must be standardised and 
used at the same constant temperature, or the burette readings must be 
multiplied by 1 — (n X 0-0011) if  the temperature is above the standardisa
tion temperature, and 1 — (n x 0 -0011) if  below, where n is the difference 
in ° C. from the standardisation temperature.
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TITRATION IN NON-AQUEOUS MEDIA
Potentiometric or Indicator 

End-point? The use of the 
Morton D.C. Amplifier18 
makes it possible to perform 
potentiometric titrations in 
a few minutes. However, 
because we consider it desir
able to make the titration -cro
method applicable to general a 
pharmaceutical analysis, ° 
without having to resort to h! 
instruments, we are attempt- “■ 
ing to find suitable indicators f  
for the proposed analyses, o 
It has been pointed out ° 
previously10 that the slope "i 
of the curve at the end-point, 
and the colour change of 
crystal violet indicator at the 
end-point, are not only 
influenced by the strength of 
the base being titrated, but 
possibly by the concentration 
and nature of the ions in 
solution at this point. Fig . 3. The effect of temperature.

T he D etermination of A lkali M etal Salts of A liphatic and  
A romatic C arboxylic A cids of the B.P. and  B.P.C.

It has been shown6’8 that salts of this type can be titrated in non- 
aqueous media. In the B.P. and B.P.C. are found three different pro
cedures for the analysis of these substances, namely:—

(1) Ignition to alkali metal carbonate, addition of excess of 0-5N 
sulphuric acid, filtration and back titration with 0-5N sodium 
hydroxide, e.g., sodium potassium tartrate.

(2) Titration in almost boiling solution with 0-2N sodium hydroxide,
e.g., potassium acid tartrate.

(3) Titration with 0-5N sulphuric acid, involving shaking with ether 
to remove most of the aromatic acid from the aqueous phase before 
a correct end-point can be obtained, e.g., sodium salicylate.

We suggest a simple standard analytical procedure for these substances 
as outlined later.

In Table I we present the mean results of analyses using the official 
procedures, and titration with perchloric acid in glacial acetic using the 
potentiometric and indicator methods.

The determinations were made on chemicals supplied as of B.P. or 
B.P.C. quality. The aqueous standard solutions, and the perchloric acid
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TABLE I

Chemical Determined purity percentage

Official Potentiometric Indicator
method method method

Lithium citrate 99-40 99-56 99 52
Lithium salicylate .. 98-79 98-95 98 86
Potassium acetate .. 99-86 99-95 9992
Potassium citrate .. 99-94 99-93 99 92
Potassium tartrate.. 100-16 99-97 99-95
Potassium acid tartrate .. 99-95 99-80 99-80
Sodium acetate 99-93 99-90 99-89
Sodium benzoate . . 99-83 99-92 99-90
Sodium citrate 99-64 99-75 99-68
Sodium acid citrate 100-04 99-93 99-90
Sodium potassium tartrate 100-3 100-2 100-2
Sodium salicylate 99-91 99-91 99-88

solutions in anhydrous acetic acid, were standardised against the same 
sample of potassium hydrogen phthalate. Many titrations were per
formed on the above salts in anhydrous acetic acid containing 1 per cent.

of acetic anhydride, and the 
results indicated a reproduc
ibility of ±0-15 per cent, on 
a 25 ml. titration using either 
the potentiometric or indi
cator method.

Potentiometric Titrations. 
Sufficient of the salt, to give 
a titration of approximately 
25 ml. was dissolved in 50 ml. 
of anhydrous acetic acid. 
The change at the end-point 
was very sharp indeed in all 
cases, even when 0-0IN  per
chloric acid solution was used 
as titrant. Figure 4 is a 
typical differential titration 
curve. In some titrations 
2 drops of crystal violet indi
cator solution were added in 
order to observe the colour 
changes in the vicinity of the 
end-point. The millivolt 

readings recorded in the figures are meter readings (uncorrected).
Indicator Colour Changes. The colours near the end-point were affected 

by the type of cation present. For instance, the potassium salt produced a 
different colour from that of the corresponding sodium and lithium salt 
under comparable conditions, this fact being portrayed on the potentio
metric curves in Figure 5. This may be connected with the fact that 
potassium perchlorate precipitates during the titration, whereas lithium 
and sodium perchlorates do not. When both sodium and potassium ions 
are present, the colour changes represent the mean of the changes produced

0  10
m l. of 0

20 30
N  perch loric  acid

F i g . 4. A typical differential titration curve of 
alkali metal salts of aliphatic and aromatic 

carboxylic acids.
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TITRATION IN NON-AQUEOUS MEDIA

0  50 0 5 0

ml. o f 0-1 N  p erch loric  acid m l. o f 0-1 N  perch loric  acid

Fig. 5. Colour changes of the indicator (crystal violet) during the titration of sodium 
and potassium salts of organic carboxylic acids.

by these ions alone. However, in the determination of all the above 
salts, the end-point may be taken as the colour change from blue to blue- 
green, which is a sharp colour change. In fact, using sufficient salt 
dissolved in 50 ml. of anhydrous acetic acid to give a titration of 25 ml. of 
0-1N perchloric acid solution a volume of 0-1 ml. of titrant is sufficient to 
change the colour from the last shade of blue to the full green.

Solution of the Salts. Sufficient of the salts could be dissolved in 50 ml. 
of anhydrous acetic acid to give a titration figure of 20 to 25 ml. of 0-1N 
perchloric acid, with the exception of the tartrates. Solution was affected 
in some cases by heating, with subsequent cooling before the titration. 
Too vigorous heating tended to cause charring in some cases. For the 
tartrates, more dilute solutions had to be employed, and 0-0IN  perchloric
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acid was used as titrant. There is not sufficient water in the water of 
crystallisation of the salts to affect the end-point, and even if  large per
centages are present, the water may be removed prior to the titration by 
heating with glacial acetic acid containing excess acetic anhydride.

We consider the method of titration with perchloric acid in anhydrous 
acetic acid to offer considerable advantages over the official methods 
used for the determination of the salts mentioned in this communication, 
because of its speed, simplicity and standardisation of procedure without 
any loss of accuracy. Further communications will show its application 
to other groups of pharmaceutical substances. The major disadvantage 
is the effect of change of temperature upon the observed results, but a 
correction factor can readily be applied.

Recommended G eneral Procedure

1. Use sufficient acetic anhydride to leave a 1 per cent, excess in the 
anhydrous acetic acid.

2. Record the room temperature at the time of standardisation of the 
perchloric acid solution and at the time of its use for determinations, 
and apply a correction factor.

3. For the salts (except tartrates) mentioned in this communication, 
weigh sufficient of the sample to give a titration of approximately 25 ml. 
of OTN perchloric acid, and dissolve in 50 ml. of anhydrous acetic acid, 
by the use of gentle heat if  necessary. Cool to room temperature, add 
2 drops of crystal violet indicator solution and titrate, taking the colour 
change from blue to blue-green as the end-point.

4. For tartrates, use 0-01N perchloric acid and proceed as above. 
We have applied the general procedure to other alkali metal salts of

organic acids such as sodium alginate, sodium glycerophosphate, sodium 
lauryl sulphate etc., with success. Although some of these substances 
are not pure material, and ether analytical data will be required for the 
control of their purity, yet to specify a minimum figure for a determination 
in a non-aqueous medium such as outlined above, would certainly be of 
advantage.

Summary

1. Various factors concerned with titrations in non-aqueous media 
are examined, and the advantages and disadvantages of the method in 
respect to its application to the analysis of pharmaceutical substances are 
considered.

2. Comparative results are quoted for the determinations of alkali 
metal salts of aliphatic and aromatic carboxylic acids using the B.P. and 
B.P.C. methods, a potentiometric method, and an indicator method.

3. A general indicator method suitable for routine analysis is recom
mended.
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A NOTE ON THE ESTIMATION OF ISONICOTINIC ACID
HYDRAZIDE

By  Teodor Canback
From A potekens kontrollaboratorium , S tockholm , Sweden  

Received April 4, 1952

The current interest in isonicotinic acid hydrazide has prompted the 
need for a rapid assay method. It is well known that hydrazines in 
slightly alkaline solutions are oxidised by iodine according to the scheme :— 

RNHNH2 +  2I2 =  RI +  3HI +  N2.
Mono-acylhydrazides are said to behave in a different way1 :— 

2RCONHNH, +  2I2 =  RCONHNHCOR +  N2 +  4HI.
However, isonicotinic acid hydrazide consumes 4 equivalents of iodine 
when oxidised as described below. Thus the mechanism of the reaction 
seems to be analogous to that of hydrazines.

Isonicotinic acid hydrazide may be titrated in the following manner :—■ 
Dissolve 50 mg. of the substance in 50 ml. of water, add 1 g. of sodium 
bicarbonate and 25 ml. of OTN iodine. Allow to stand for 15 minutes. 
Cautiously add 10 ml. of 5N hydrochloric acid and titrate the excess of 
iodine with 0-1N sodium thiosulphate using starch solution as indicator. 
1 ml. of 0-1N iodine corresponds to 0-003429 g. of C6H7ON3.

Two samples of the hydrazide from different manufacturers, m.pt. 168° 
to 169° C. and 170° to 171° C. (Kofler), assayed 97-8, 97-8, 98-0 and 98-4, 
98-6, 98-7, 98-2 per cent.

Commercial tablets containing 50 mg. of the hydrazide were analysed 
in a similar way, the only difference being that the suspension of the 
tablet powder was centrifuged before the addition of the sodium bicar
bonate. The following results were obtained:—47-7, 48-1, 48-3 and 
48-2 mg. per tablet.
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A B S T R A C T S  O F  P A P E R S  P U B L I S H E D  

I N  O T H E R  J O U R N A L S

CHEMISTRY

ALKALOIDS

Ergot Alkaloids, Paper Chromatography of. A. M. Berg. (P h a rm . W eek b l., 
1951, 86, 900.) The six most important alkaloids o f ergot can be separated by 
using buffered filter paper (pH 5) and ether as solvent. The best results are 
obtained by circular chromatography, which gives narrower bands than are 
obtained with the usual stnp method. These bands represent, in order from 
the centre, ergometrine, ergometrinine, ergotamine, ergotaminine, ergocristine 
and ergocristinine. They are located by their fluorescence in ultra-violet light.

G . M .

Gelsemicine, Structure of. M. M. Jano t, R. G o u ta re l and W. F r ie d r ic h . 
( A m . ph a rm . fra n c ., 1951, 9, 305.) Gelsemicine is relatively rare and owing to 
difficulties similar to those met in the elucidation o f the structure o f gelsemine, 
the formula is not yet certain. That adopted is ClaH 240 3N2. The alkaloid 
has been obtained by benzoylation and a laborious chromatographic purification 
on alumina followed by recrystallisation. The product melted at 262° C. and 
is considered to be an cxynorhydrogelsemine. j . r . f .

ANALYTICAL
Alkaloids, Paper Chromatography of. R. M u n ie r and M . M acheboeuf. 

(Bull. S o c . C him . b io l., 1951, 33, 846.) In dealing with mixtures o f alkaloids 
with unknown chromatographic characters, i t  is necessary first to determine 
the physicochemical conditions (pH) giving the most sharply defined spots, 
and then to find a solvent giving R F values showing good separation. W ith a 
dissociation constant of the base not less than 10~2, neutral or acid solutions 
should be used; at K  =  10~3 to 10~7, alkaline solutions; and at K  =  less 
than 10'12, either acid, alkaline or neutral. Examples o f the separation o f 
groups o f alkaloids are given; the figures given representing R F values. A tro p in e  
group: «-butanol +  14 per cent, o f glacial acetic acid: atropine, 0-71; 
hyoscyamine, 0-72; homatropine, 0-64; scopolamine, 0-60; tropine, 0-43. 
N ico tin e  group: «-butanol — 20 per cent, o f hydrochloric acid (d  =  IT 9): 
nicotine hydrochloride, 0 27; pyrrolidine hydrochloride, 0-53; pyridine hydro
chloride, 0-36. A lk a lo id s  o f  broom : «-butanol +  20 per cent, o f glacial acetic 
acid: genisteine, 0 84; sparteine, 0-73. P seudocinchona group: «-butanol +  4 per 
cent, o f hydrochloric acid (d  =  1 T9). Distinct spots are given by corynanthine, 
corynantheine cryst., corynanthidine, corynantheidine and yohimbine. For 
the development o f alkaloidal spots two solutions are used: 0-85 g. o f bismuth 
subnitrate with 40 ml. o f water and 10 ml. o f glacial acetic acid, and 8 g. o f 
potassium iodide with 20 ml. o f water. Equal volumes o f these two solutions 
are mixed, and 10 ml. of the mixture is diluted with 20 ml. o f glacial acetic 
acid and 100 ml. o f water. The paper is dipped in this reagent for a few seconds, 
and dried between filter paper. The spots show up red on a pale orange ground.

G . M .
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CHEMISTRY—ANALYTICAL
Ephedrine, Colorimetric and Chromatographic Determination of. A. Capone. (Boll, chim.-farm., 1951, 90, 465.) Ephedrine, 1 to 15 mg., is placed in a 25-ml. 

flask, with 4 ml. o f 16 per cent, sodium chloride solution, 0-45 ml. o f 0-IN 
sodium hydroxide, 6 drops o f 33 per cent, hydrogen peroxide, and water to make 
25 ml., and the flask is kept in a boiling water-bath for 5 minutes. A  reddish- 
violet colour is produced and the reading is taken in a Hellige colorimeter. The 
amount o f ephedrine present is read from a curve previously obtained by treating 
known quantities in the same way. Many drugs likely to be mixed with ephe
drine, such as diethylbarbituric acid, calcium chloride, codeine, magnesium 
chloride, terpene hydrate cause only slight inaccuracies but many, such as 
lactic acid, calcium gluconate, chloral hydrate and potassium bromide and 
iodide hinder the reaction. The author therefore devised a chromatographic 
method. 0 01 ml. o f the solution to be examined is placed on a sheet of Schlei
cher and Schull filter paper No. 597 36 cm. high, placing the drops 25 mm. 
apart for aqueous solutions and 30 mm. apart for oils and ointments. The 
solvent is allowed to ascend for 30 cm. in a suitable closed glass cylinder at 
room temperature. To develop the chromatogram the paper is kept immersed 
in an atmosphere saturated with iodine vapour for 12 hours. For aqueous 
solutions the solvent is 100 parts o f water-saturated butanol with 25 parts o f 
ethanol, for oils and ointments it is equal parts o f butanol, ethanol and water. 
The quantity o f ephedrine should be about 50 ¿¿g. h . d .

Hyoscyamine and Atropine, Decomposition of. W. Schneider. (Arch. Pharm., Berl., 1951, 284, 306.) The cause of the ease of racemisation of hyoscyamine 
lies in the character o f the tropic acid fraction o f the molecule, which has a 
enolisable hydrogen atom attached to the asymmetric carbon atom. The 
racemisation is favoured by the same factors as the enolisation. This also applies 
to hyoscine and homatropine. Hyoscyamine and atropine behave similarly with 
respect to hydrolytic decomposition. The proportion o f atropine and tropine in a 
partially hydrolysed solution may be determined by shaking out the bases and 
determining their equivalent by titration against standard acid. Comparing 
the effect o f sodium carbonate, ammonia and sodium bicarbonate on atropine, 
the greatest amount o f hydrolysis is produced by sodium carbonate, less by 
ammonia, and only a small amount by sodium bicarbonate. In assaying 
drugs, using the ammonia method, high values are therefore due not only to 
traces o f residual ammonia, but partially to tropine. g . m .

Hyoscyamine and Hyoscine, Separation of. G. S ch ill and A. Agren. (Svensk farm. Tidskr., 1952, 56, 55.) A  chromatographic method has been 
worked out for the separation o f hyoscyamine and scopolamine. For the pure 
substances a solution in chloroform is added to a column o f kieselguhr acidified 
with hydrochloric acid, and eluted with chloroform. The eluate contains the 
hyoscyamine as hydrochloride which is converted to base by passing the eluate 
through a kieselguhr column containing sodium carbonate; the alkaline column 
is washed with chloroform to remove the hyoscyamine. The scopolamine is 
eluted from the first column with chloroform saturated with ammonia; recovery 
experiments with known amounts o f the alkaloids were satisfactory. The same 
principle is used for separation o f belladonna alkaloids in pharmaceutical 
preparations; an amount o f the preparation equivalent to about 015 g. o f 
alkaloids is made alkaline with M sodium carbonate and extracted with 200 ml. 
of chloroform by percolation. The eluate in turn passes three columns; the 
first containing=4 ml. o f M  hydrochloric acid and 15 g. o f kieselguhr retains the 
scopolamine, the second containing 4 ml. o f M  sodium carbonate and 15 g. of
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kieselguhr w ill convert the hyoscyamine hydrochloride to base, while the third 
containing 4 ml. o f 0-5M phosphoric acid and 15 g. o f kieselguhr retains the 
hyoscyamine; the inert substances pass through the columns. The first column 
is then eluted with 250 ml. o f chloroform and the eluate may pass the second and 
third columns; the scopolamine is eluted from the first column with 250 ml. o f 
chloroform saturated with ammonia, and the solution may pass 10 g. o f alu
minium oxide. The second column is washed with 50 ml. o f chloroform and the 
eluate is added to the third column. The hyoscyamine is eluted from the third 
column with 250 ml. o f chloroform saturated with ammonia, and the eluate may 
pass 10 g. o f aluminium oxide. The second column is necessary in order not 
to get low values since i f  it is omitted part o f the hyoscyamine hydrochloride will 
pass the third column. Recovery experiments were satisfactory. r . e . s .

Nicotinic Acid in Pharmaceutical Products, Determination of. A. M u e lle r  
and S. H . F ox . ( / .  A m er. ph a rm . A ss ., S c i. E d ., 1951, 40, 513.) When 
nicotinic acid reacts with cyanogen bromide in the presence o f ammonia, a 
bright yellow colour is produced. The intensity o f the colour is proportional 
to concentration when absorption at the maximum wavelength is plotted against 
concentration. The maximum wavelength is 408 mji and the colour reaches 
its maximum intensity after two to two-and-a-half minutes. The maximum 
wavelength for nicotinamide is at 389 m^, reaching its maximum intensity 
after 6 minutes. Since the rate o f reaction with nicotinamide is slower than 
with nicotinic acid, it is better to hydrolyse the amide; either acid or alkaline 
hydrolysis may be used. The method o f determination is to heat a suitable 
number o f capsules, tablets, etc., with water on a steam-bath until the sample 
is dispersed; i f  a fatty basis is present, 3 to 5 ml. o f ethylene dichloride is added 
to dissolve the fat. After cooling, the solution is made up to volume and 
filtered. I f  hydrolysis is necessary an aliquot part o f the filtrate is evaporated 
to low bulk with hydrochloric acid, diluted with water and the pH adjusted 
to 2 to 12 with potassium hydroxide; alternatively the filtrate may be heated 
with 0-5 N  sodium hydroxide. The test solution is then treated with a buffered 
ammonia solution and a 10 per cent, solution o f cyanogen bromide in water, 
and the absorption measured. The experiments are repeated using a standard 
solution o f nicotinic acid, and the result calculated from a given formula. With 
coloured solutions, a blank determination is also carried out and the absorption 
o f the blank subtracted from the total. Data given showing results obtained 
with multivitamin capsules with or without ferrous sulphate, ferrous gluconate, 
liver concentrate, whole dried liver, yeast, and mixtures o f these indicate that 
the method is precise in the application to pharmaceutical preparations.

G . R. K .

Phenol, Brominadon of, in Assays. R. R eim schneider. (C him . e t  Ind., 
1951, 66, 806.) A  number o f assay processes depend upon the treatment o f 
phenol with bromine in acid solution, tribromophenol bromide being formed. 
Methods which measure only the amount o f free bromine absorbed in the reac
tion give results in good agreement with theory. Such methods involve treating 
phenol with an excess o f bromine and reducing the excess with standard arsenious 
acid or thiosulphate. Methods which depend upon a determination o f the 
quantity o f bromide ions remaining in solution after the reaction o f the phenol 
with bromine, estimated by titration after removal o f the precipitate and excess 
o f bromine, yield high results, whereas those which depend on weighing the 
tribromophenol bromide or estimation o f bromide in the precipitate, yield low

410



CHEMISTRY—ANALYTICAL
results. The errors appear to be due to the solubility o f the bromo-derivative 
in acid solutions and possibly also to secondary reactions. g . b .

Sulphonamides, Identification of, on Paper Chromatograms. A . E. Steel. {Nature, Lond., 1951, 168, 877.) A  solution o f »-butanol, acetic acid and water 
in the proportions o f 50:15:35 by volume has been found a satisfactory solvent 
for developing sulphonamides on paper chromatograms. RF values found 
range from 0-55 (sulphaguanidine) to 0-85 (sulphamerazine). Detection o f 
the spots, carried out in alcoholic solution to minimise spreading, is by spraying 
the dried paper with nitrous acid solution, a mixture o f 0-1 g. o f sodium nitrite 
in 1 ml. o f water shaken first after adding 10 ml. o f «-butanol, and again after 
the addition o f 0-3 ml. o f concentrated hydrochloric acid. This is followed 
after 1 minute, by a 1 per cent, solution o f dimethyl-a-naphthylamine or a 
similar coupling reagent, red or pink indicating a positive result. 1 /¿g. is 
detectable by this method, which has also been used for quantitative measure
ments. j .  R . F.

Zinc, Identification and Volumetric Determination of. H. W achsm uth  and 
J. C orne lis . (J. Pharm. Belg., 1951, 6, 389.) The addition of a few drops of 
0-5 per cent, solution o f potassium ferricyanide to a solution containing a small 
amount o f zinc and adrenaline gives a pink colour (sensitivity 1 in 10,000), 
with diphenylamine a violet colour (sensitivity 1 in 10,000), with benzidine a 
bluish-violet (blanks should be tried in this case) (sensitivity 1 in 50,000), and 
with potassium iodide and starch a blue colour (sensitivity 1 in 1,000,000). 
Nickel, cobalt, copper and manganese interfere giving different colours. For 
volumetric determination a standard solution containing 32-935 g./l. o f potassium 
ferricyanide and another containing 16-615 g./l. o f potassium iodide are used. 
To 5 ml. o f ferricyanide solution add 5 ml. o f potassium iodide and an exactly 
measured volume o f the solution to be tested. Titrate the liberated iodine with 
0-01N sodium thiosulphate. 2 atoms o f iodine are liberated for 3 atoms of 
zinc. The solution should be neutral or slightly acid with hydrochloric acid, 
i t  w ill have a yellow colour at the end o f the titration owing to the excess of 
ferricyanide. Bismuth, mercury, barium, magnesium, chromium, tin and boric 
acid have no influence on the reaction, but nickel and cobalt hinder it, as well 
as copper, but it is easy to determine the latter and then titrate the zinc in the 
same sample. Add some crystals o f potassium iodide and a little starch, wait 
a quarter o f an hour and titrate the copper with sodium thiosulphate and then 
titrate the zinc as described. Iron must be removed as follows. I f  necessary, 
neutralise with 10 per cent, solution o f sodium carbonate and then add 10 per 
cent, acetic acid until the precipitate disappears. Heat to 70° to 80° C. and 
saturate with hydrogen sulphide. Allow to stand for 10 minutes and centrifuge ; 
wash the precipitate with 10 per cent, acetic acid. I f  there is much iron repeat 
the operation. Dissolve the precipitate in 1 ml. o f concentrated hydrochloric 
acid, dilute to 40 ml. and boil off the hydrogen sulphide. Cool and determine 
the zinc as above. h . d .

ESSENTIAL OILS
L ip p ia  ca rv io d o ra  from Somaliland, Oil from. H . T. Is l ip  and W . S. A .

M a tthew s {Colonial Plant and Animal Prod., 1951, 2, 96.) A  sample o f dried 
leaves from the Somaliland Protectorate yielded on steam distillation 3-15 per 
cent, o f a pale yellow oil having an odour reminiscent o f caraway. The 
characters and composition o f the oil were compared with oils distilled in Kenya 
from the same species in 1944 and 1945 respectively. Sample A  was distilled
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from a mixture o f 36-lb. flower heads and 1-lb. each o f leaves and twigs which 
yielded only 0-99 per cent. The composition o f the three oils is summarised in 
the table. Although the oils from the two localities were similar the yield from 
the Somaliland leaves was much greater than thatfrom flower heads or leaves from 
Kenya. I t  is considered that the oil should find a market in the United Kingdom 
especially as a source o f carvone.

Sample from 
Somaliland

Sample A 
from Kenya

Sample B 
from Kenya

Ketones, mainly ¿-carvone

. per cent, 
w/w 
67-3

per cent, 
w/w 
67-9

per cent, 
w/w 
60-2

Free alcohols as linalool 2-9 2-4 3-5

Acids, as acetic .. Negligible 01 01
Esters as linalyl acetate 0-7 1-3 41

Terpenes (mainly ¿-limonene) sesquiterpenes and 
undetermined .. 29-1 2if-3 32-1

G . R. A. S.

FIXED OILS, FATS AND WAXES 
Niger Seed Oil from Tanganyika. R. W. Pearm an, W . D . R aym ond and 

J. A . Squires (C o l o n i a l  P l a n t  a n d  A n i m a l  P r o d . ,  1951, 2, 101.) Three samples 
o f seed o f G u i z o t i a  a b y s s i n i c a  Cass., grown in Tanganyika yielded to extraction 
with light petroleum from 35 to 38 per cent, o f fixed oil. The characters o f 
these oils are tabulated and compared with published figures. Niger seed oil 
being a drying oil finds application in paints and can also be used for the manu
facture o f soap. As an edible oil it is satisfactory when fresh, but has the 
disadvantage that it deteriorates rather rapidly. g . r . a . s.

GLYCOSIDES, FERMENTS AND CARBOHYDRATES 
Sapote Gum, Composition of.- E. A nderson  and H. D. L edbe tte r. (J. 

A m e r .  p h a r m .  A s s .  S c i .  E d . ,  1951, 4 0 ,  623.) Crude Peruvian sapote gum is the 
exudate which flows from the wounds o f trees which have been tapped for the 
latex from which chicle is prepared. I t  contains 6 to 10 per cent, o f resin which 
may be separated by heating with water and filtering. The water-soluble gum 
may be purified by decolorising with bromine and precipitating with ethanol. 
I t  contains calcium and magnesium salts o f a methoxyuronic acid containing 
about 2 uronic acid and 7 anhydropentose groups to each methoxyl. The 
pentosan material (64-7 per cent, o f the crude gum) is derived from D-xylose and 
L-arabinose in the ratio 8-5:1. Most o f the L-arabinose is liberated by hydrolysis 
in dilute acid at 80° C. for 2 hours, and heating for 4 hours removes most o f the 
D-xylose, 2 sugar units remaining attached to each uronic acid group. Drastic 
hydrolysis (autoclaving) fads to remove all the D-xylose from combination with 
the uronic acid. g . b .

GUMS AND RESINS
Podophyllum emodi Wall, New Compounds from. M .V .N a d k a rn i,P .B . 

M au ry  and J. L . H a r tw e ll.  (/. A m e r .  c h e m .  S o c . ,  1952, 74, 280.) In the 
search for tumour-necrotising components o f the resin from different species o f 
P o d o p h y l l u m ,  the resin from P .  e m o d i  Wall was investigated using chromato
graphy with activated alumina. Three colourless crystalline compounds were 
isolated, their order o f decreasing strength o f absorption being podophyllotoxin 
(36 to 39 per cent, yield), demethylpodophyllotoxin (I) (1-7 per cent.) and
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l-0-(jS-D-glucopyranosyl)-picropodophyllin (II) (1-8 per cent.). Compounds 
I  and I I  are new. Compound I  crystallised in colourless transparent prisms, 
m.pt. 250 0° to 251-6° C., from ethanol, and methylation o f this substance 
with diazomethane produced podophyllotoxin. Compound I I  crystallised in 
long, thin, colourless needles from 75 per cent, methanol or water, m.pt. 237-0° 
to 238-2° C. Hydrolysis o f I I  with dilute hydrochloric acid gave D-glucose 
and picropodophyllin. The glucoside I I  was shown to be probably a /3-gluco- 
pyranoside. Compound I  is active in producing haemorrhage and necrosis in 
Sarcoma 37 in mice, while I I  is inactive even in high doses. a . h . b .

TOXICOLOGY
Arsenic in Hair, A Method of Localisation for Use in Toxicology. H. G r if fo n  

and J. Barbaud. {Ann. pharm. franc., 1951, 9, 545.) Hairs are cut off at the 
scalp, fastened together keeping the cut ends level, washed in acetone, ethanol, 
water and again in acetone and dried, before being submitted to neutron bom
bardment to induce radioactivity. By means o f a Geiger-Muller counter and a 
lead slit, the activity is determined over each 2 mm. portion along the length 
o f the bundle o f hairs. Radioactivity induced in the natural constituents o f the 
hair decreases in a regular manner from the cut end to the tip, on account o f the 
decrease in thickness o f the hair and o f the decay in radioactivity during measure
ment. For normal hair the graph relating radioactivity to length is a straight 
line, and undulations indicate the presence o f adventitious arsenic which can be 
confirmed by study o f its radioactive period (26 hours 8 minutes). From the 
rate o f hair growth and position o f the arsenic deposits, the time o f arsenic 
intoxication can be calculated, and this generally accords more exactly with the 
facts than do the results o f chemical methods which do not localise the arsenic 
along the length o f the hair with such great accuracy. g . b .

j3-p-Hydroxyphenylproplonic Acid in Viscera, Identification of. G. Roche 
Lynch . {Analyst, 1951, 76, 610.) The crude isolate is purified by grinding 
with light petroleum (40° to 50° C.) and recrystallised from benzene. The crystals 
are soluble in water and benzene but not in light petroleum. The mol. wt. is 
166 and the empirical formula C9H 10O3. The crystals, a pure sample o f the 
acid and a mixture o f the two, melt at 126-5° to 127-5° C., thus confirming the 
nature o f the isolate. The acid when treated with bromine in acetic acid yields 
a crystalline bromo derivative m.pt. 112-5° to 113-5° C. ex water. Also it gives 
a very strong brownish red colouration on coupling with diazotised sulphanilic 
acid in alkaline solution. J. R. f .

j8-p-Hydroxyphenylpropionic Acid in Viscera, Note on the Occurrence of.
L. C. N ic k o lls . {Analyst, 1951, 76, 609.) An extraction of the viscera from 
an exhumed body, subjected to anaerobic conditions, with the purpose of isolating 
a suspected barbiturate fraction, yielded yellow crystals the m.pt. o f which was 
raised by purification to 128° C. This crystalline compound gave results similar 
to barbiturates with a series o f chemical reactions, but sodium fusion and micro
analysis showed a negative result for nitrogen, and mixed m.pts. with the 
common barbiturates were much lower. A  pure sample o f /J-p-hydroxyphenyl- 
propionic acid gave all the reactions for the unknown material and had m.pt. 
and a mixed m.pt. with the unknown o f 128° C., thus confirming identity. I t  is 
suggested that the mixed m.pt. should always be employed in the identification 
o f suspected barbiturates in viscera. J. R. f .
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BIOCHEMISTRY

GENERAL BIOCHEMISTRY
Adrenaline, Inhibition of Oxidation by Borate. E. M. T ra u tn e r and M. 

Messer. (Nature, Lond., 1952,169, 31.) When dilute solutions of adrenaline, 
M/500 to M/2000 were allowed to oxidise in phosphate and borate buffers, it 
was found that the oxygen uptake in phosphate-buffer increased rapidly as the 
pH was increased above 7-0, but with borate buffer remained very low and almost 
unchanged up to a pH o f just above 9 0. Above pH 9-5 the oxidation-rates 
increased markedly, though they were still lower than in other buffers at the 
same pH. Adrenaline was also allowed to oxidise in phosphate buffer in the 
presence o f varying concentrations o f borate. About 50 per cent, inhibition 
occurred when adrenaline and borate were present in equimolar proportions, at 
pH 7-8, 37-5° C., the concentrations o f each being M/500. I t  is assumed that 
the borate forms complexes with the adrenaline, blocking the hydroxyl groups 
and hindering the onset o f oxidation. Apparently borate also forms complexes 
with the oxidation products o f adrenaline. The complexes are apparently 
unstable above pH 9 and on dilution. When adrenaline-borate mixtures were 
injected intravenously into an anaesthetised cat, they showed neither inhibition 
nor intensification, nor prolongation o f the adrenaline effect on the blood press
ure and the nictitating membrane. A . h . b .

Antibiotics, Microscopic Identification of. O. Landgren . {Farm. Revy., 
1951, 50, 781.) The crystal characters o f antibiotics may be determined by the 
following scheme. For the test a series o f liquid mixtures o f /io-amyl /«»-valerate, 
a-bromonaphthalene, liquid paraffin and methylene iodide are prepared, showing 
a range o f refractive index at 0 01 intervals. The observations are made as 
follows:—The solid substance is observed microscopically in a liquid having 
about the expected refractive index. After focusing, the tube is raised, when a 
bright line is observed following the contour o f each crystal. On raising the 
tube this line wanders towards the medium (crystal or liquid) which has the 
highest refractive index. By a series o f trials with different liquids the refractive 
index o f the crystal is determined. The preparation is observed in polarised 
light, without analyser: i f  all crystals are equally bright, the material is mono- 
chroic; i f  there are varying colours, it is pleochroic; and i f  some are light and

Crystal character Refractive index

Chloramphenicol
Dihydrostreptomycin

monochroic anisotropic 1*52 to 1-53

sulphate isotropic, glassy 1*54 to 1-55
do. d:chroic, anisotropic, microcrystalline 1-55 to 1-56

Streptomycin sulphate .. 
Streptomycin-calcium

isotropic, glassy 1-54 to 1-55-1-56

chloride . . isotropic, glassy 1-55 to 1 56-1 57
Penicillin-potassium pleochroic, anisotropic 1-57 to 1-58
Procaine-penicillin monochroic, anisotropic 1-57 to 1-58
Penicillin-sodium. . anisotropic laminae 1-59 to 1-61
Aureomycin base. . pleochroic, anisotropic, tabular 1-70 to 1-74
Aureomycin hydrochloride monochroic, isotropic, glassy 1-66 to 1-67
Penicillin-calcium isotropic, glassy 1-57 to 1-58
Bacitracin .. isotropic, amorphous 1-54 to 1-55
Polymyxin B sulphate . . isotropic, amorphous 1*53
Terramycin hydrochloride 
Tersavin (ephedrine-

monochroic, anisotropic 1-55 to 1-56
penicillin) dichroic, anisotropic, laminae 1-56 to 1-57

Usnic acid dichroic, anisotropic, columns 1*61 to 1-62
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others dark, it is dichroic. Between crossed Nicols, i f  all crystals are dark 
they are isotropic; i f  they are light or coloured in certain positions, they are 
anisotropic. W ith the latter there is more than one refractive index, and i f  the 
form o f the crystals is such that they lie in different positions these can be 
determined. Observed characters o f antibiotics are as shown in the table (where 3 
values are given for the refractive index, the last figure represents a higher value 
which was noted after several hours). G. M.

Fungicides, Organic, A New Class of. A. R. K itt le s o n . (Science, 1952 
115, 84.) A-trichloromethylthio derivatives o f imides, hydantoins, 2:4- 
oxazolidinediones and sulphonamides were prepared as follows. Disperse 
1 mole o f the sodium derivative in 1000 ml. o f benzene and add during 2 to 
3 hours, by dropping funnel, 1 mole o f perchloromethyl mercaptan, stirring and 
heating gradually and continuing to boil under a reflux condenser for 4 to 
6 hours. Filter to remove sodium chloride, concentrate, cool and collect the 
precipitated A'-trichloromethylthio derivative on a filter. A'-trichloromethyl- 
thiomorpholine was prepared similarly from perchloromethyl mercaptan and 
an excess o f morpholine. Derivatives were stable compounds, obtained in 
good yield and had LD50 less than 10 parts per million against Alternaría solani 
and Sclerotinia fructiola by the slide germination technique. g . b .

Riboflavinyl Glucoside. L. G. W h itb y . (Biochem. J., 1952, 50, 433.) A 
new derivative o f riboflavine is described, prepared by incubation of riboflavine 
with an enzyme obtained from rat liver. An aqueous solution is stable at 
100° C., but N  sodium hydroxide at 100° C. rapidly destroys the flavine by 
attacking the ¡.walloxazine nucleus; the compound is hydrolysed by strong 
acids, with the production o f riboflavine, the reaction being completed in 2-5 
hours in N  hydrochloric acid at 100° C. The molecular absorption coefficient 
at 450 m/i and the positions o f the maxima and minima are the same as reported 
for riboflavine by Singer and Kearney, although in the region 440 to 
310 mu the absorption o f the new flavine is consistently 2 to 3 per cent, less 
intense. The elementary composition o f the substance was found C23H30OuN 4; 
the structure o f the compound is discussed and is identified as 5'-D-riboflavine- 
D-glucopyranoside (riboflavinyl glucoside). I t  is suggested that the glucosidic 
linkage has the a-configuration. Preliminary investigations of the enzymic 
reaction indicate that the enzyme catalyses a transglycosidation o f D-glucose 
from maltose or glycogen to riboflavine. R. e . s .

BIOCHEMICAL ANALYSIS
Aneurine, Microbiological Assay of. S. C. Fang and J. S. B u tts . (Proc. 

Soc. exp. Biol., N.Y., 1951, 78, 463.) The test organism used is Lacto
bacillus fermenti 36 and the extent o f growth is determined by measurement of 
the turbidity by means o f a Klett-Summerson photo-colorimeter using a 54 
filter after 16 hours at 37° C. The medium contains takadiastase-digested 
starch which has a stimulant effect on the growth o f the test'organism; it also 
contains filbert nut meal extract which appreciably increases the rate o f growth. 
In the assay o f foodstuffs the sample is digested with a mixture of takadiastase 
and papain, and it  is likely that any starch w ill break down into dextrin and malt
ose which stimulate the growth o f the organism. The authors believe that 
enzyme-digested starch is one o f the many stimulants which may be responsible 
for erratic results in the assay o f the B vitamins o f some natural products, and 
recommend its addition to the assay medium. h . t . b .

BIOCHEMISTRY—GENERAL
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Aneurine Salts, Titration of, with Perchloric Acid. C. W. P ife r and E. G. 

W o llish . (/. Amer. pharm. Ass. Sci. Ed., 1951, 40, 609.) Aneurine in glacial 
acetic acid solution may be titrated with perchloric acid. Halogen ions must 
be removed by the addition of mercuric acetate before titration. The following 
method is suggested for the assay o f aneurine hydrochloride. Dissolve about 
0-6 g. by warming with 80 ml. o f glacial acetic acid, cool, add 10 m l o f 6 per cent, 
mercuric acetate reagent and titrate with 0TN  perchloric acid. The end-point 
is detected potentiometrically or by using crystal violet as indicator; each mole
cule o f aneurine neutralises 2 equivalents o f acid. Mercuric acetate need not 
be added when aneurine mononitrate is being assayed. The reaction is not 
specific and a number o f compensating or lim it tests for specific impurities is 
suggested. For example, 2-methyl-5-ethoxymethyl-6-aminopyrimidine, 4- 
methyl-5- j3-(hydroxyethyl)thiazole and 2-methyl-5-bromoethyl-6-aminopyrimid- 
ine can be extracted with ether from aneurine in alkaline solution, dissolved 
in glacial acetic acid and titrated with perchloric acid; 6-amino-5-aminoethyl-
2-methylpyrimidine may be estimated by the red colour (absorption maximum, 
560 mp) which it gives with ninhydrin. g . b .

Calcium in Biological Fluids, Determination of. I .  J. G re e n b la tt and
S. H a rtm a n . {Anal. Chem., 1951, 23, 1708.) The determination depends 
on the fact that calcium in an ionic state, in the presence o f ammonium purpúrate 
produces a pink colour and when titrated with a solution o f disodium dihydrogen 
ethylenediamine tetra-acetate dihydrate, the calcium is firmly bonded in an 
ionised soluble complex which turns orchid-purple. The biological fluid is 
pipetted into a suitable vessel, the pH adjusted with sodium hydroxide and 
ammonium purpúrate is added to produce a salmon-pink colour. The mixture 
is then titrated with disodium dihydrogen ethylenediamine tetra-acetate dihydrate, 
until a stable orchid-purple colour is obtained, which, upon the addition of 
another drop o f disodium dihydrogen ethylenediamine tetra-acetate dihydrate, 
w ill not alter; a standard calcium solution is treated similarly. Excellent 
agreement was obtained in comparison with potassium permanganate methods 
in which the calcium was precipitated as an oxalate. In haemolytic serum 
with a marked increase o f ionic iron, and in jaundice serum with a marked 
increase in bile pigments, a blurring o f the sharp, distinct end point ordinarily 
obtained in titrating clear serums was experienced. r . e . s .

Phenylpyruvic Acid in Urine, Estimation of. J. P. B e rry  and L. I. W o o lf. {Nature, Lond., 1952, 169, 202.) Urine from phenylketonurics contains an 
ether-soluble acid, phenolic in nature which gave false high results in Penrose 
and Quastel’s method {Biochem. J., 1937,31,266) for phenylpyruvic acid, and the 
following method was therefore worked out. The urine is acidified (pH  1) and 
extracted with ether; the ether is evaporated in a stream o f nitrogen at room 
temperature and the residue dissolved in a glycine-sodium chloride-hydrochloric 
acid buffer at pH 2-2. Ferric chloride is added and the resulting colour read at 
its maximum (2 to 3) minutes after mixing) in a photoelectric colorimeter using 
Ilford 607 filter (Am„  =  600 m u); fading was rather slow. A  straight line graph 
is given, obtained with pure phenylpyruvic acid; recovery o f phenylpyruvic acid 
added to normal urine varied from 98 to 100 per cent. The results are quoted 
for several urines in which phenylpyruvic acid was estimated {a) by this method 
and (b) by the dinitrophenylhydrazone method (modified for photoelectric 
colorimetry); in all cases method (a) gave results considerably lower than those 
obtained by method {b). p-Hydroxyphenylpyruvic acid and homogentisic acid
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do not interfere in the proposed method, since the blue-green colour they give 
fades completely within 1 minute. By the dinitrophenylhydrazone method, 
p-hydroxyphenylpyruvic acid gives, mole for mole, 1 -3 times the colour intensity 
given by phenylpyruvic acid. The nature o f the interfering substance is un
known. r . e . s.

Propylthiouracil in Urine, Determination with 2 :6-Dichloroquinone-chloro- 
imide. R. A. M c A llis te r . (/. clin. Path., 1951, 4, 432.) Take 100 ml. of 
urine and adjust the pH to 6 0. Transfer 50 ml. or an aliquot containing up to 
5 mg. o f propylthiouracil, to a small separating funnel. Extract 3 times with 
100 ml. amounts o f peroxide-free ether. Pool the extracts and wash once with 
100 ml. o f water. Evaporate the pooled extracts to dryness and dissolve the 
residue in 2 ml. o f aldehyde-free absolute ethanol. Wash the solution into a 
flask and make up to 100 ml. Take, in 2 tubes, aliquots o f 2 and 1 ml. and 
adjust the volume o f each to 5 ml. with water, add 5 ml. o f borate buffer pH 8 
and 01 ml. o f 0-4 per cent, chloroimide reagent. M ix the contents in each tube 
and allow to stand during 45 minutes. Add 10 ml. o f chloroform to each, and 
shake until the yellow colour is extracted. Allow to settle and remove the 
aqueous supernatant liquid by suction. Filter through a small No. 42 Whatman 
paper and read in a Spekker absorptiometer against chloroform using the violet 
filter. Prepare a standard reference graph by applying the colour reaction to 
10, 20, 30, 40, 50 and 100 /¿g. o f propylthiouracil, each in 5 ml. o f water, and 
extract the colours with 10 ml. o f chloroform. J. R. F.

C H EM O TH ERA PY
Barbituric Acid, Thiocyanate and isoThiourea Derivatives of. G. S. S k inne r 

and W. H. W a itz . (J. Amer. chem. Soc., 1952, 74, 498.) A  series o f thio
cyanate and /«»thiourea derivatives of barbituric acid of type RR'C(CONH)2CO 
where R =  C2H 5- ;  n-CsH ,- ; n -C4H9- ;  / - Q H u ; n-C5H n ; and R ' =  
NCSCH2CH2- ; (H2N = C (N H 2)SCH2CH2-)+ B r-; H N = C (N H 2)SCH2CH2-,
were prepared and subjected to pharmacological testing. Both the thiocyanates 
and the Aothiouronium salts were easily prepared in good yields by the action 
o f potassium thiocyanate and thiourea, respectively, on the /8-bromoethyl- 
barbituric acid derivates in ethanol. The wothiouronium salts were converted 
to the ««thiourea derivatives by treatment of their warm aqueous solutions 
with a slight excess o f ammonia. The thiocyanates resisted hydrolysis without 
cleavage of the ring but the ««thiourea derivatives were smoothly hydrolysed 
to the mercaptobarbituric acids. None o f the compounds produced hypnosis 
or anesthesia, but the zsothiouronium bromides exhibited some anticonvulsant 
activity. a . h . b .

Diethylstillxestrol, Some Thiophene Analogues of. W. R. B ig g e rs ta ff 
and O. L. S ta ffo rd . (J. Amer. chem. Soc., 1952, 74, 419.) Although com
pound la  (R ' =  H, R =  H ) had previously been shown to possess only a low 
order o f oestrogenic activity, compounds lb  (R' =  OH, R =  H) and Ic 
(R ' =  OH, R =  Br) were prepared because the introduction o f a 4-hydroxyl 
group into the a :a'-diethylstilbene nucleus greatly enhanced the oestrogenic 
activity.

C 2H 5
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ABSTRACTS
Compound lb  was much more active than la  and produced 50 per cent, oestrus 
(rats) in 100-^g. doses and 100 per cent, at 250 /¿g. It  also appears to be 
much more active than its benzene analogue, 4-hydroxy-a :a'-diethylstilbene. 
The introduction of a bromine atom in the thiophene ring (compound Ic) 
results in a decided lowering of the activity. The synthesis of the above com
pounds is described. a . h . b .

TV-Substituted Diallylbarbiturates, Antipyretic and Analgesic Activity of.
F. Sandberg. (Svensk farm. Tidskr., 1951, 55, 698.) A number o f derivatives 
were tested for antipyretic and analgesic action. These were l-W-phenyl- 
carbamylmethyl)-5:5-diallylbarbituric acid; 1 -(A'-p-ethoxypheny Icarbamy 1-
methyl)-5:5-diallylbarbituric add ; l-(Al-p-allyloxyphenylcarbamylmethyl)-5:5- 
diallylbarbituric acid; 1 :3-di (AT-phenylcarbamylmethyl)-5:5-diallylbarbituric 
acid; 1 :3-di(Ar-p-ethoxyphenylcarbamylmethyl)-5: 5-diallylbarbituric acid and 
1 :3-di(Al-p-allyloxyphenylcarbamylmethyl)-5: 5diallylbarbituric acid. Their 
action was very slight. This result was unexpected, since it would be expected 
that the metabolism for these compounds would be similar to that o f other 
aniline derivatives such as acetanilide or phenacetin. I t  was also found that 
a molar mixture o f diallylbarbituric acid with acetanilide, phenacetin or p-allyl- 
oxyacetanilide produced a greater antipyretic and analgesic effect than the 
chemical compounds o f these components, owing to an additive synergism. 
There was, however, one exception—there was no synergism between the 
analgesic effect o f diallylbarbituric acid and p-allyloxyacetanilide. I t  was also 
noted that the latter compound, unlike acetanilide and phenacetin, appreciably 
shortened the duration o f the anaesthetic action o f diallylbarbituric acid.

G . M.

PHARMACY
DISPENSING

Calcium Gluconate Solutions, Stabilisation of. S. Ba lasundaram  and
V. Subrahm anyan. (Indian J. Pharm., 1951, 13, 179.) Solutions con
taining 10 per cent, of calcium gluconate were stabilised by the addition o f 
0-6 per cent, of boric acid; 15 per cent, solutions required 0-9 per cent, of boric 
acid. Adjustment of the pH to 6-8 to 7-0 resulted in a slight decrease in the 
amount of boric acid required. The following concentrations of other stabilisers 
were necessary to prevent crystallisation in 10 per cent, solutions o f calcium 
gluconate: calcium saccharate, 0-8 per cent.; calcium galactonate, 0-8 per cent.; 
and calcium lactobionate, 0-6 per cent. 1 per cent, o f calcium lactate stabilised 
a 9-6 per cent, solution of calcium gluconate. The following substances were 
unsatisfactory as stabilisers: lactic acid, glucose, fructose, sucrose, sodium 
chloride, sodium bromide and sodium iodide. g . r . k .

NOTES AND FORMULA?
Antiseptic Power of Some Ointments, Influence of Excipients on. A. M ir im -  

a n o ff  and F. D ucom m un. {Pharm. Acta Helvet., 1951, 26, 387.) Bacterio
static power against Staphylococcus aureus was determined for a number o f 
substances. The most powerful bacteriostatics tested were phenylmercuric 
borate (merfen), domiphen (bradosol) and desogene, a mixture o f methosul- 
phates o f quaternary trimethylammonium bases. The bacteriostatic power o f 
certain substances was increased in the presence o f cationic detergents, for 
example, formaldehyde, mercurochrome and boric acid with bradosol and 
phenol with desogene. This exaltation could not be confirmed with anionic
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d e t e r g e n t s .  N o  e x a l t a t i o n  o r  b a c t e r i o s t a t i c  p o w e r  w a s  o b s e r v e d  w i t h  t h e  n o n 

i o n i c  d e t e r g e n t s  c r i l l e x  1 1 ,  c a r b o w a x  1 5 0 0  a n d  t w e e n  2 0 .  O i n t m e n t s  w e r e  

t e s t e d  a g a i n s t  S. aureus b y  a  c y l i n d e r - p l a t e  m e t h o d .  Z o n e s  o f  i n h i b i t i o n  w e r e  

m e a s u r e d  a f t e r  3 6  h o u r s ’  i n c u b a t i o n  w i t h  o i n t m e n t s  p r e p a r e d  f r o m  t h e  f o l l o w i n g  

b a s e s :  ( 1 )  s o f t  p a r a f f i n / l a n o l i n  ( w a t e r  i n  o i l ) ,  ( 2 )  g l y c e r y l  m o n o s t e a r a t e  a n d  

p a r a f f i n s  ( o i l  i n  w a t e r )  a n d  ( 3 )  b e n t o n i t e .  F o r m a l d e h y d e ,  b o r i c  a c i d ,  m e r c u r i c  

o x y c y a n i d e ,  s i l v e r  p r o t e i n a t e ,  m e r f e n ,  m e r c u r o c h r o m e  a n d  p e n i c i l l i n  w e r e  

i n c o r p o r a t e d .  I n  g e n e r a l  t h e  a n t i s e p t i c s  d i f f u s e d  m o s t  r e a d i l y  f r o m  t h e  b e n t o n i t e  

b a s e  a n d  l e a s t  f r o m  t h e  w a t e r  i n  o i l  b a s e .  I t  w a s  n o t  p o s s i b l e  t o  g i v e  a  g e n e r a l  

r u l e ,  b u t  i t  w a s  f r e q u e n t l y  o b s e r v e d  t h a t  a n i o n i c  d e t e r g e n t s  i n c r e a s e d  t h e  d i f f u s i o n  

o f  t h e  a n t i s e p t i c  w h i l e  n o n - i o n i c  d e t e r g e n t s  d e c r e a s e d  i t .  T h e  m e t h o d  o f  t e s t i n g  

w a s  n o t  s u i t a b l e  f o r  c a t i o n i c  d e t e r g e n t s .  G. b .

Chlorcyclizine Hydrochloride (Di-Paralene Hydrochloride). (New and h/on- 
official Remedies, J. Amer. med. Ass., 1 9 5 2 ,  148, 2 8 6 . )  C h l o r c y c l i z i n e  h y d r o 

c h l o r i d e  i s  l - p - c h l o r o b e n z h y d r y l - 4 - m e t h y l p i p e r a z i n e  h y d r o c h l o r i d e  a n d  o c c u r s  

a s  a  w h i t e ,  o d o u r l e s s ,  b i t t e r ,  c r y s t a l l i n e  s o l i d ,  m . p t .  2 2 2 °  t o  2 2 7 °  C . ,  s o l u b l e  i n  

w a t e r  ( 1  i n  1 - 6 ) ,  e t h a n o l  ( 1  i n  1 0 - 4 )  a n d  c h l o r o f o r m  ( 1  i n  3 - 6 )  a n d  a l m o s t  

i n s o l u b l e  i n  b e n z e n e  a n d  e t h e r ;  a  1 p e r  c e n t ,  s o l u t i o n  h a s  p H  5  0  t o  5 - 5 .  T h e  

p i c r a t e  o b t a i n e d  b y  t r e a t i n g  a  1  p e r  c e n t ,  s o l u t i o n  w i t h  p i c r i c  a c i d  m e l t s  a t  2 1 5 °  

t o  2 1 9 °  C . ,  w i t h  d e c o m p o s i t i o n .  C h l o r c y c l i z i n e  h y d r o c h l o r i d e  l o s e s  n o t  m o r e  

t h a n  2  p e r  c e n t ,  o f  i t s  w e i g h t  w h e n  d r i e d  f o r  3  h o u r s  a t  1 2 0 °  C . ,  a n d  y i e l d s  

n o t  m o r e  t h a n  0 - 2 0  p e r  c e n t ,  o f  r e s i d u e  o n  i g n i t i o n .  A  0  0 0 1  p e r  c e n t ,  w / v  

s o l u t i o n  i n  e t h a n o l  e x h i b i t s  a n  u l t r a - v i o l e t  a b s o r p t i o n  m a x i m u m  a t  2 3 0 0  A. 
( £ }  cm.cent',  4 4 3  ±  1 0 )  a n d  a  m i n i m u m  a t  2 1 8 0  A. I t  i s  u s e d  as a h i s t a m i n e  

a n t a g o n i s t  i n  a  d o s e  o f  5 0  m g .  2  o r  3  t i m e s  d a i l y .  g . r . k .

PHARMACOGNOSY
Agar-yielding Seaweeds from the Philippines. M .  C a n t o r i a ,  G .  T . 

V e l a s q u e z  a n d  P .  V a l e n z u e l a .  (J. Philipp, pharm. Ass., 1 9 5 1 ,  38, 2 9 5 ) .  

A  s u r v e y  o f  t h e  r e d  s e a w e e d s  g r o w i n g  n e a r  t h e  P h i l i p p i n e s  a n d  l i k e l y  t o  y i e l d  

a g a r  h a s  b e e n  m a d e .  T h e  i d e n t i f i c a t i o n  a n d  c h a r a c t e r s  o f  t h e  t h r e e  m o s t  

p r o m i s i n g  p l a n t s  Hypnea musciformis v a r .  hipporoides ( K u e t z . )  W e b .  v .  B . ,  

Gracilaria canaliculata ( K u e t z . )  S o n d .  a n d  Gracilaria lichenoides ( L . )  G m e l .  a r e  

d i s c u s s e d .  T h e  a p p e a r a n c e  o f  t r a n s v e r s e  s e c t i o n s  o f  t h e  t h a l l u s ,  d r a w i n g s  a n d  

p h o t o g r a p h s  o f  w h i c h  a r e  g i v e n ,  t o g e t h e r  w i t h  t h e  s t a i n i n g  e f f e c t s  o f  r u t h e n i u m  

r e d  s o l u t i o n  B . P .  w e r e  f o u n d  u s e f u l  i n  i d e n t i f y i n g  t h e  p l a n t s .  J. w . F.

H y o s c y a m u s  m u t i c u s  L. Morphology and Histology of the Flowering Tops.
A .  H .  S a b e r  a n d  S .  I .  B a l b a a .  (Reports Pharm. Soc., Egypt, 1 9 5 1 ,  3 3 ,  2 9 . )  

A  d e t a i l e d  d e s c r i p t i o n  o f  t h e  i n f l o r e s c e n c e  a n d  o f  t h e  m a c r o s c o p i c a l  a n d  m i c r o 

s c o p i c a l  c h a r a c t e r s  o f  t h e  f l o w e r  a r e  g i v e n ,  a s  w e l l  a s  a  t a b l e  c o m p a r i n g  t h e  

c h a r a c t e r s  w i t h  t h o s e  o f  t h e  f l o w e r  o f  Hyoscyamus niger L .  J. w .  F.

M y r o x y l o n  p e r e i r a e  Klotzch, a  Source of Nerolidol. R . C o r t e s i .  (Bull. 
Soc. Pharm., Bordeaux., 1 9 5 1 ,  8 9 ,  1 4 1 . )  P o r t i o n s  o f  t h e  t r u n k s  o f  h e a l t h y  a n d  

o f  w o u n d e d  t r e e s  o f  M yroxylon pereirce f r o m  S a n  S a l v a d o r  w e r e  e x a m i n e d  

a n a t o m i c a l l y  a n d  c h e m i c a l l y .  T h e  h e a r t  w o o d  i s  d i s t i n g u i s h e d  c h i e f l y  f r o m  

t h e  s a p  w o o d  b y  t h e  p r e s e n c e  o f  a  r e d d i s h - b r o w n  s e c r e t i o n ;  t h i s  s e c r e t i o n  

a p p e a r s  t o  o r i g i n a t e  i n  t h e  m e d u l l a r y  r a y s  a n d  p a s s e s  i n t o  t h e  n e i g h b o u r i n g  

f i b r e s  a n d  f i n a l l y  i n t o  t h e  v e s s e l s  i n  w h i c h  i t  r e s i n i f i e s  a n d  b l o c k s  u p  t h e  l u m e n .  

T h e  a m o u n t  o f  v o l a t i l e  f r a c t i o n  o f  t h e  s e c r e t i o n  i n  t h e  w o u n d e d  t r u n k  w a s

PHARMACY—NOTES AND FORMULA
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ABSTRACTS
3 0  p e r  c e n t ,  h i g h e r  t h a n  i n  t h e  h e a l t h y  o n e ,  t h u s  c o n f i r m i n g  t h e  g e n e r a l  r u l e  

t h a t  p a t h o l o g i c a l  c o n d i t i o n s  i n c r e a s e  t h e  f l o w  o f  s e c r e t i o n .  T h e  m o s t  i m p o r t a n t  

c o n s t i t u e n t  o f  t h i s  v o l a t i l e  f r a c t i o n  i s  n e r o l i d o l  w h i c h  i s  a  v a l u a b l e  s o u r c e  

m a t e r i a l  f o r  t h e  s y n t h e s i s  o f  a - t o c o p h e r o l .  N e r o l i d o l  i s  o b t a i n e d  f r o m  b a l s a m  

o f  P e r u  ( t h e  c o m m e r c i a l l y  p r e p a r e d  o l e o r e s i n  f r o m  M y r o x y lo n  pereirce) b u t  i s  

p r e s e n t  o n l y  i n  t r a c e s ,  w h e r e a s  t h e  v o l a t i l e  f r a c t i o n  s e c r e t e d  i n  t h e  h e a r t  w o o d  

o f  t h i s  t r e e  c o n t a i n s  u p  t o  7 0  p e r  c e n t .  P r o b a b l y ,  d u r i n g  t h e  s t a g e s  o f  b u r n i n g ,  

b o i l i n g  i n  w a t e r ,  e t c . ,  i n v o l v e d  i n  t h e  p r e p a r a t i o n  o f  b a l s a m  o f  P e r u ,  t h e  b u l k  

o f  t h e  v o l a t i l e  n e r o l i d o l  i s  l o s t .  T h e  a u t h o r  s u g g e s t s  t h a t  b y  t a k i n g  t h e s e  f a c t s  

i n t o  a c c o u n t  t h e  t r e e  c o u l d  b e  u s e d  a s  a  v a l u a b l e  s o u r c e  o f  n a t u r a l  n e r o l i d o l .

j .  w .  F .

PHARMACOLOGY AND THERAPEUTICS
Aconitine and Lappaconitine, Toxicity of. F .  D y b i n g ,  O. D y b i n g  a n d

K .  B .  J e n s e n .  {A cta  Pharm acol. T o xic o l.,  1 9 5 1 ,  7 ,  3 3 7 . )  L a p p a c o n i t i n e  i s  t h e  

c h i e f  a l k a l o i d  i n  A  coni turn septentrionale, a  p l a n t  c o m m o n  i n  p a r t s  o f  S c a n d i n a v i a ,  

w h i c h  o c c a s i o n a l l y  c a u s e s  p o i s o n i n g  i n  c a t t l e ;  t h e  d r i e d  r o o t  c o n t a i n s  u p  t o

5 - 8  p e r  c e n t ,  o f  t o t a l  a l k a l o i d s  o f  w h i c h  a b o u t  8 0  p e r  c e n t ,  i s  l a p p a c o n i t i n e .  

E x p e r i m e n t s  o n  m i c e  s h o w e d  l a p p a c o n i t i n e  t o  h a v e  1 / 2 0  t o  1 / 4 0  t h e  

t o x i c i t y  o f  a c o n i t i n e ,  a c c o r d i n g  t o  t h e  m e t h o d  o f  a d m i n i s t r a t i o n .  B o t h  

a c o n i t i n e  a n d  l a p p a c o n i t i n e  a r e  r e l a t i v e l y  s t a b l e  t o  h e a t i n g  i n  a q u e o u s  s o l u t i o n s  

a t  p H  3 ,  w h e r e a s  t h e y  a r e  e a s i l y  h y d r o l y s e d  i n  n e u t r a l  s o l u t i o n s .  L a p p a c o n i t i n e  

a n d  i t s  h y d r o l y t i c  p r o d u c t s — p i c r o l a p p a c o n i t i n e  a n d  l a p p a c o n i n e — c a n  be 
i d e n t i f i e d  by t h e i r  R F v a l u e s  i n  p a p e r  c h r o m a t o g r a p h y .  P i c r o l a p p a c o n i t i n e  

s h o w s  b l u e  f l u o r e s c e n c e  i n  u l t r a - v i o l e t  l i g h t  a n d  c a n  b e  d i a z o t i s e d  a n d  c o u p l e d  

w i t h  / 9 - n a p h t h o l  t o  p r o d u c e  a  r e d  c o l o u r .  L a p p a c o n i t i n e  a n d  p i c r o l a p p a c o n i t i n e  

c a n  be i s o l a t e d  f r o m  a n d  c h r o m a t o g r a p h i c a l l y  i d e n t i f i e d  i n  u r i n e  f r o m  r a t s  

g i v e n  s u b - l e t h a l  d o s e s  o f  l a p p a c o n i t i n e .  A  m e t h o d  i s  d e s c r i b e d  f o r  t h e  i s o l a t i o n  

of a c o n i t i n e  f r o m  o r g a n i c  m a t e r i a l ,  a n d  i t s  b i o l o g i c a l  d e m o n s t r a t i o n  b y  a  

v o m i t i n g - l i k e  r e f l e x  p r o d u c e d  i n  m i c e  b y  s u b c u t a n e o u s  i n j e c t i o n .  s .  l . w .

Adrenaline and Noradrenaline, Concentrations in Adrenal Glands at Different
A g e s .  G .  B .  W e s t ,  D .  M .  S h e p h e r d  a n d  R .  B .  H u n t e r .  {L an cet, 1 9 5 1 ,  

2 6 1 ,  9 6 6 . )  T h e  a m i n e  c o n t e n t  o f  t h e  a d r e n a l  g l a n d s  o f  a d u l t s  a n d  b a b i e s  h a s  

b e e n  e x a m i n e d .  T h e  t o t a l  p r e s s o r  a c t i v i t y  i n  e x h a u s t e d  a d r e n a l  g l a n d s  o f  3 6  

c a s e s  w a s  0 - 3 0 3  m g . / g .  A b o u t  1 4  p e r  c e n t ,  o f  t h i s  w a s  n o r a d r e n a l i n e .  I n  9  

c a s e s  o f  h y p e r t e n s i o n  t h e  r e l a t i v e  a m o u n t  o f  n o r a d r e n a l i n e  i n  t h e  g l a n d  w a s  n o t  

s i g n i f i c a n t l y  d i f f e r e n t  f r o m  t h a t  f o u n d  i n  o t h e r  c o n d i t i o n s .  L a c k  o f  m e t h y l a t i o n  

w a s  n o t  c o n s i d e r e d  t h e  c a u s e  o f  h y p e r t e n s i o n  i n  t h e s e  p a t i e n t s .  T h e  a c t i v i t i e s  

o f  t h e  m e d u l l a r y  a n d  c o r t i c a l  c o m p o n e n t s  o f  t h e  g l a n d s  w e r e  c o m p a r e d  i n  9  

c a s e s .  1 4  p e r  c e n t ,  o f  t h e  t o t a l  a c t i v i t y  i n  t h e  m e d u l l a  b u t  o n l y  3  p e r  c e n t ,  i n  

t h e  c o r t e x  w a s  f o u n d  t o  b e  d u e  t o  n o r a d r e n a l i n e .  T h i s  s u g g e s t s  t h a t  n o r a d r e n 

a l i n e  i s  f o r m e d  i n  t h e  m e d u l l a .  E x t r a c t s  f r o m  g l a n d s  o f  c h i l d r e n  u n d e r  7 0  d a y s  

o l d  s h o w e d  i n c o m p l e t e  m e t h y l a t i o n ,  a b o u t  9 0  p e r  c e n t ,  o f  n o r a d r e n a l i n e  b e i n g  

p r e s e n t .  L a r g e  q u a n t i t i e s  w e r e  a l s o  f o u n d  i n  t h e  o r g a n s  o f  Z u c k e r k a n d l .  I n  

o n e  c a s e  o f  A d d i s o n ’ s  d i s e a s e  5 0  p e r  c e n t ,  o f  t h e  t o t a l  c a t e c h o l  a m i n e s  w a s  

n o r a d r e n a l i n e .  j .  r . f .

Adrenaline and Noradrenaline; Elimination of. A . L u n d .  {A cta  Pharm acol. 
T oxico l., 1 9 5 1 ,  7 ,  2 9 7 . )  T h e  d e s t r u c t i o n  o f  a d r e n a l i n e  a n d  n o r a d r e n a l i n e  i n  t h e  

r a b b i t  h a s  b e e n  s t u d i e d  o n  i n t a c t  a n i m a l s  a n d  i s o l a t e d  o r g a n s ; b o t h  s u b s t a n c e s  

b e h a v e d  i n  a  s i m i l a r  m a n n e r .  I n  t h e  i n t a c t  o r g a n i s m  e i t h e r  s u b s t a n c e  d i s 

a p p e a r e d  f r o m  t h e  b l o o d  c i r c u l a t i o n  a t  a  r a t e  o f  a b o u t  1 0  / t g . / k g . / m i n u t e .  In
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PHARMACOLOGY AND THERAPEUTICS
t h e  p e r f u s e d  l i v e r  t h e r e  w a s  a  m a x i m u m  r a t e  o f  d e s t r u c t i o n  o f  1 0  m g . / k g . / m i n u t e .  

I n  t h e  p e r f u s e d  h i n d  l i m b  t h e  m a x i m u m  r a t e  o f  d e s t r u c t i o n  w a s  a b o u t  3  ¿ i g . / k g . / '  

m i n u t e .  T h e  p r o m p t  e l i m i n a t i o n  o f  a d r e n a l i n e  a n d  n o r a d r e n a l i n e  w o u l d  

a p p e a r  t o  b e  d u e  t o  a  c o m b i n a t i o n  o f  t h e  f o l l o w i n g  p r o c e s s e s :  ( 1 )  c o m p l e t e  

d e s t r u c t i o n ,  c o n s i s t i n g  c h i e f l y  i n  o x i d a t i v e  d e a m i n a t i o n  o f  a d r e n a l i n e  a n d  

n o r a d r e n a l i n e  i n  t h e  b l o o d  p a s s i n g  t h r o u g h  t h e  l i v e r ;  ( 2 )  p r o m p t  d i f f u s i o n  

f r o m  t h e  b l o o d  c i r c u l a t i o n  i n t o  t h e  m u s c u l a r  t i s s u e ;  f o l l o w e d  b y  ( 3 )  a  s l o w e r  

o x i d a t i o n  t h r o u g h  t h e  a d r e n o c h r o m e  s t a g e ,  e f f e c t e d  b y  t h e  c y t o c h r o m o x i d a s e ; 

a n d  p o s s i b l y  ( 4 )  e x c r e t i o n  o f  a d r e n a l i n e  a n d  n o r a d r e n a l i n e ,  p a r t i a l l y  t r a n s 

f o r m e d  ( e s t e r i f i e d ) ,  t h r o u g h  t h e  k i d n e y s .  s .  l. w .

Adrenocorticotrophic Hormone in Slow Release Medium. H .  M .  B r u c e  a n d  

A. S. P a r k e s .  ( La n cet , 1 9 5 2 ,  262, 7 1 . )  T h e  c l i n i c a l  u s e  o f  a d r e n o c o r t i c o 

t r o p h i c  h o r m o n e  i s  p r o b a b l y  h i g h l y  i n e f f i c i e n t  d u e  t o  o v e r - r a p i d  a b s o r p t i o n  

a f t e r  t h e  p a r e n t e r a l  i n j e c t i o n  o f  a  r a p i d l y  a b s o r b e d  p r e p a r a t i o n .  I t  r e m a i n s  i n  

t h e  c i r c u l a t i o n  f o r  l e s s  t h a n  3 0  m i n u t e s  a n d  a d r e n a l  s t i m u l a t i o n  m a y  b e  e n d e d  

w i t h i n  a n  h o u r  o f  i t s  a b s o r p t i o n .  I n  p r a c t i c e  t h i s  s h o r t  d u r a t i o n  o f  t h e  a c t i o n  

i s  c o u n t e r a c t e d  b y  t h e  f r e q u e n t  i n j e c t i o n  o f  s m a l l  d o s e s .  W i t h  t h e  o b j e c t  o f  

e l i m i n a t i n g  t h e  n e e d  f o r  f r e q u e n t  i n j e c t i o n  e x p e r i m e n t s  w e r e  c a r r i e d  o u t  o n  

n e s t l i n g  r a t s  t o  c o m p a r e  t h e  e f f e c t i v e n e s s  o f  d i f f e r e n t  m e d i a  i n  p r o l o n g i n g  t h e  

a c t i v i t y  o f  t h e  h o r m o n e ,  a s s a y s  b e i n g  b a s e d  o n  t h e  d e c r e a s e  i n  w e i g h t  o f  t h e  

t h y m u s  g l a n d s  o f  t h e  e x p e r i m e n t a l  a n i m a l s .  S u s p e n s i o n  i n  a  m e d i u m  c o n s i s t 

i n g  o f  5  p e r  c e n t ,  o f  b e e s w a x  i n  a r a c h i s  o i l  i n c r e a s e d  t h e  e f f e c t i v e n e s s  o f  d a i l y  

i n j e c t i o n s  b y  a t  l e a s t  1 0  t i m e s  a s  c o m p a r e d  w i t h  s o l u t i o n  i n  s a l i n e  s o l u t i o n  o r  

s u s p e n s i o n  i n  o i l  a l o n e .  L a r g e  d o s e s  g i v e n  a s  a  s i n g l e  i n j e c t i o n  i n  t h e  o i l - w a x  

m e d i u m  p r o d u c e d  a n  e f f e c t  f o r  s e v e r a l  d a y s .  A  p r e p a r a t i o n  c o n t a i n i n g  

a l u m i n i u m  s t e a r a t e  w a s  l e s s  e f f e c t i v e .  N o  w o r k  h a s  y e t  b e e n  d o n e  o n  t h e  

e f f e c t  i f  a n y  o f  t h e  p a r t i c l e  s i z e  o f  t h e  s u s p e n d e d  h o r m o n e .  h . t . b .

Alkyl Sugar Derivatives, Absorption and Excretion of. F .  R .  S k e l t o n ,

H .  M .  M c C o n k e y ,  J .  K .  S o u c h  a n d  G .  A .  G r a n t .  ( J . A m er . pharm . A s s . 
S ci. E d .,  1 9 5 1 ,  40, 6 2 6 . )  I n  r a t s ,  t h e  3 - e t h y l ,  3 - p r o p y l  a n d  3 - b u t y l  d e r i v a t i v e s  o f  

g l u c o s e ,  a n d  t h e  3 - m e t h y l  a n d  1 - m e t h y l  d e r i v a t i v e s  o f  f r u c t o s e  a r e  a l m o s t  

q u a n t i t a t i v e l y  e x c r e t e d  a f t e r  t h e y  h a v e  b e e n  a d m i n i s t e r e d  i n t r a p e r i t o n e a l l y .  

U n d e r  t h e  s a m e  c o n d i t i o n s ,  a b o u t  7 0  p e r  c e n t ,  o f  3 - m e t h y l g l u c o s e  i s  e x c r e t e d .  

V a r y i n g  a m o u n t s  a r e  e x c r e t e d  a f t e r  a  s i n g l e  o r a l  a d m i n i s t r a t i o n  a n d  s i m i l a r  

r e s u l t s  a r e  o b t a i n e d  w h e n  a l k y l  s u g a r s  a r e  a d d e d  i n  a  p r o p o r t i o n  o f  2 0  p e r  c e n t ,  

t o  a  s y n t h e t i c  d i e t .  3 - m e t h y l g l u c o s e  a p p e a r s  t o  b e  c o m p l e t e l y  a b s o r b e d  f r o m  

t h e  g u t .  D i u r e s i s  i s  m o s t  p r o n o u n c e d  f o l l o w i n g  a d m i n i s t r a t i o n  o f  3 - m e t h y l 

g l u c o s e  a n d  3 - e t h y l g l u c o s e .  N o  t o x i c i t y  o r  m e t a b o l i c  a d a p t a t i o n  i s  o b s e r v e d  

w h e n  2 0  p e r  c e n t ,  o f  3 - m e t h y l g l u c o s e  i s  i n c l u d e d  i n  t h e  d i e t  f o r  1  y e a r .  I n  d o g s ,  

d i u r e s i s  a n d  l o s s  o f  s o d i u m  a r e  m o s t  m a r k e d  f o r  3 - m e t h y l g l u c o s e  a n d  3 - e t h y l -  

g l u c o s e .  I n  r e p e a t e d  a d m i n i s t r a t i o n  t h e  f o r m e r  i s  t h e  m o r e  e f f e c t i v e  d i u r e t i c . .

Compound

Percentage excreted in the urine 
following oral administration

Rats Dogs

3-methylglucose 85 85
3-ethylglucose 25 68
3-methylfructose 20 17
1-methylfructose 60 75
3-pro pylfructose 27
3-butylfructose 35

a .  b ..
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ABSTRACTS
p-Aminosalicylic Acid and m -Aminophenol, Antithyroid Effect of. K . K  j  e  r  u  1  f  -  

J e n s e n  a n d  G .  W o l f f b r a n d t .  (A cta  Pharm acol. T oxico l., 1 9 5 1 ,  8 ,  3 7 6 . )  

p - A m i n o s a l i c y l i c  a c i d  g i v e n  t o  r a t s  i n  a  d a i l y  d o s e  o f  1 0  m g .  f o r  1 0  d a y s  c a u s e d  

a m o d e r a t e  c e l l u l a r  t h y r o i d  h y p e r p l a s i a  w h i c h  w a s  p r e v e n t e d  b y  t h e  s i m u l t a n e o u s  

a d m i n i s t r a t i o n  o r a l l y  o f  d r i e d  t h y r o i d  t i s s u e ,  b u t  n o t  o f  s o d i u m  i o d i d e .  F e e d i n g  

w i t h  ^ - a m i n o s a l i c y l i c  a c i d  a l s o  c a u s e d  t h y r o i d  h y p e r p l a s i a  i n  m i c e  a n d  r a b b i t s ,  

b u t  n o t  i n  g u i n e a  p i g s .  » ¡ - A m i n o p h e n o l ,  o n e  o f  t h e  d e g r a d a t i o n  p r o d u c t s  o f  

p - a m i n o s a l i c y l i c  a c i d  i n  t h e  b o d y ,  a l s o  c a u s e d  t h y r o i d  h y p e r p l a s i a  i n  r a t s .  

T h e  t h y r o i d  h y p e r p l a s i a  i n d u c e d  b y  e i t h e r  o f  t h e s e  s u b s t a n c e s  i s  q u a l i t a t i v e l y  

c o m p a r a b l e  w i t h  t h a t  p r o d u c e d  b y  t h i o u r a c i l ;  q u a n t i t a t i v e l y ,  h o w e v e r ,  t h e  

e f f e c t  o f  » ¡ - a m i n o p h e n o l  i n  r a t s  a s  a  m a x i m a l  t h y r o i d  b l o c k i n g  a g e n t  w a s  f o u n d  

to b e  o n l y  a b o u t  1  p e r  c e n t ,  o f  t h a t  o f  6 - m e t h y l - 2 - t h i o u r a c i l .  T h e  d e g r e e  o f  

a n t i t h y r o i d  a c t i v i t y  m a y  b e  c o m p a r e d  w i t h  t h a t  o f  p - a m i n o b e n z o i c  a c i d .  T h e s e  

e x p e r i m e n t s ,  t o g e t h e r  w i t h  c l i n i c a l  o b s e r v a t i o n s ,  i n d i c a t e  t h a t  t h e  d e v e l o p m e n t  

o f  a r t i f i c i a l  m y x o e d e m a  a n d  g o i t r e  m a y ,  a l t h o u g h  r e v e r s i b l e  a n d  r a r e ,  b e  a  

p o s s i b l e  s i d e - e f f e c t  o f  p - a r r . i n o s a l i c y l i c  a c i d  t h e r a p y .  s .  l .  w .

Benzilic Acid Derivatives, Pharmacology of. O . C .  F o r b e s  a n d  P. B. 
M a r s h a l l .  (B rit. J . Pharm acol., 1 9 5 1 ,  6 ,  6 3 4 . )  1 1  b e n z i l i c  a c i d  d e r i v a t i v e s  

s t r u c t u r a l l y  r e l a t e d  t o  d i p h e n h y d r a m i n e  a n d  t r a s e n t i n  w e r e  f o u n d  t o  p o s s e s s  v a r y 

i n g  d e g r e e s  o f  g e n e r a l  s p a s m o l y t i c ,  a n t i h i s t a m i n e  a n d  l o c a l  a n a e s t h e t i c  p r o p e r t i e s .  

T h e i r  a n t i h i s t a m i n e  p r o p e r t i e s  w e r e  l o w  c o m p a r e d  w i t h  d i p h e n h y d r a m i n e  

a n d  m e p y r a m i n e ,  b u t  a n t i - a c e t y l c h o l i n e  a c t i v i t y  w a s  h i g h e r  i n  s e v e r a l  o f  t h e  

c o m p o u n d s  t h a n  t h a t  o f  t r a s e n t i n .  T w o  c o m p o u n d s ,  n a m e l y  d i e t h y l a m i n o e t h y l  

d i p h e n y l - ( j S - m o r p h o l i n o e t h o x y ) - a c e t a t e  ( 3 - 0 2 5 7 )  a n d  / J - d i e t h y l a m i n o T s o p r o p y l  

d i p h e n y l - ( / S - d i m e t h y l a m i n o e t h o x y ) - a c e t a t e  ( 3 - 0 2 8 1 ) ) ,  a r e  m o r e  p o t e n t  l o c a l  

a n e s t h e t i c s  t h a n  p r o c a i n e ,  b e i n g  m o r e  t h a n  t w i c e  a s  a c t i v e .  A l l  t h e  c o m p o u n d s  

l o w e r  a r t e r i a l  b l o o d  p r e s s u r e  i n  t h e  c a t ,  a n d  t h i s  e f f e c t  i s  n o t  a b o l i s h e d  b y  

a t r o p i n e .  T h e  p r e s e n c e  o f  a  m o r p h o l i n o  g r o u p  i n  t h e  m o l e c u l e  w a s  f o u n d  t o  

d i m i n i s h  a l l  t y p e s  o f  p h a r m a c o l o g i c a l  a c t i o n .  s. l .  w .

Boric Acid, Phagocyticidal and Antibacterial Action of. M .  N o v a k  a n d

W .  I .  T a y l o r .  (J. A m er . pharm . A s s ., S ci. E d ., 1 9 5 1 ,  4 0 ,  4 2 8 . )  U s i n g  b l o o d  

d r a w n  a s e p t i c a l l y  f r o m  h e a l t h y  a d u l t  m a l e  d o n o r s ,  p h a g o c y t o s i s  w a s  f o u n d  

t o  b e  i n h i b i t e d  b y  c o n c e n t r a t i o n s  o f  b o r i c  a c i d  h i g h e r  t h a n  2  p e r  c e n t ,  a t  t e m 

p e r a t u r e s  o f  3 7 °  o r  4 0 °  C .  I t  w a s  p a r t i a l l y  i n h i b i t e d  b y  a  2  p e r  c e n t ,  

c o n c e n t r a t i o n ,  a n d  t o t a l l y  i n h i b i t e d  b y  h i g h e r  c o n c e n t r a t i o n s ,  a t  3 4 °  C .  U s i n g  

a  s u s p e n s i o n  o f  M icr o co cc u s  p yo g e n es  v a r .  albus  a  4  p e r  c e n t ,  b o r i c  a c i d  c o n 

c e n t r a t i o n  w a s  n o t  t o x i c  t o  1 0 0  p e r  c e n t ,  o f  t h e  c o c c i  b u t  w a s  t o x i c  t o  1 0 0  p e r  

c e n t ,  o f  t h e  p h a g o c y t e s .  B o r i c  a c i d  i s  s o l u b l e  a t  r o o m  t e m p e r a t u r e  t o  t h e  e x t e n t  

o f  a b o u t  5  p e r  c e n t ,  a n d  t h i s  c o n c e n t r a t i o n  i s  o f t e n  u s e d  a s  a  s o - c a l l e d  m i l d  

a n t i s e p t i c .  T h e  s o l u b i l i t y  o f  b o r i c  a c i d  a t  0 °  C .  i s  1  - 9 5  p e r  c e n t ,  a n d  i t  i s  r e c o m 

m e n d e d  t h a t  r e f r i g e r a t e d  b o r i c  a c i d  s o l u t i o n s  o n l y  s h o u l d  b e  e m p l o y e d  t o  e n s u r e  

n o n - p h a g o c y t i c i d a l  c o n c e n t r a t i o n s .  s .  l . w .

Chloramphenicol Palmitate; Use in Paediatrics. V .  d e  P. L a r k i n .  (P roc . 
S o c . ex p . B iol., N .Y . ,  1 9 5 1 ,  7 8 , 1 9 1 . )  A  s u s p e n s i o n  o f  c h l o r a m p h e n i c o l  p a l m i t a t e  

c o n t a i n i n g  1 2 5  m g .  o f  c h l o r a m p h e n i c o l  i n  4  m l .  w a s  u s e d  i n  t h e  t r e a t m e n t  o f  

1 7  p a t i e n t s ,  w h o s e  a g e s  r a n g e d  f r o m  1 1  d a y s  t o  9  y e a r s ,  w i t h  a  v a r i e t y  o f  d i s e a s e s .  

T h e  d o s a g e  w a s  5 0  m g . / k g .  o f  b o d y  w e i g h t  i n  2 4  h o u r s ,  d i v i d e d  i n  4  o r  6  e q u a l  

d o s e s  a n d  c o n t i n u e d  u n t i l  t h e  p a t i e n t  w a s  c l i n i c a l l y  c u r e d ,  f r o m  3  t o  7  d a y s .  

A l l  t h e  p a t i e n t s  r e s p o n d e d  p r o m p t l y ,  t h e  s u s p e n s i o n  b e i n g  t a k e n  w i t h o u t  

d i f f i c u l t y .  N o  i n s t a n c e s  o f  n a u s e a ,  v o m i t i n g ,  d i a r r h o e a ,  d r u g  f e v e r  o r  d r u g  

e r u p t i o n  w e r e  o b s e r v e d  i n  t h i s  s e r i e s  o f  c a s e s .  s .  l . w .

422



L E T T E R  T O  T H E  E D I T O R

T h e  D e t e r m i n a t i o n  o f  S a n t o n i n  i n  A r t e m i s i a — S o l u b i l i t y  C o r r e c t i o n

S i r , — M a n y  m e t h o d s  o f  a s s a y  f o r  s a n t o n i n  i n  a r t e m i s i a  d e p e n d ,  i n  t h e i r  

f i n a l  s t a g e s ,  u p o n  t h e  w e i g h t  o f  s a n t o n i n  c r y s t a l l i s e d  f r o m  e t h a n o l  ( 1 5  p e r  c e n t ,  

w / w ) .  I n  a  m e t h o d  r e c e n t l y  d e s c r i b e d  b y  Q a z i l b a s h 1  a  s o l u b i l i t y  c o r r e c t i o n  o f  

0  0 0 6 4  g . / 9 0  m l .  i s  a p p l i e d ,  w h e r e a s  p u b l i s h e d  s o l u b i l i t i e s 2 ’ 3 f o r  s a n t o n i n  i n  t h i s  

s o l v e n t  v a r y  f r o m  0  0 4  t o  0  0 6  g ./ lO O  m l .  W h e n  h i s  m e t h o d  w a s  a p p l i e d  t o  a  
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