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Science Papers
Method o f making spore papers of reproducible 
resistance
A . M. COOK A N D  M. R. W. BRO W N*

A  m ethod o f  making papers impregnated with Bacillus stearothermophilus spores is 
described. Replicate experiments testing the resistance o f  these papers to steam at 
different temperatures have given reproducible results.

A  PREVIOUS report (Cook & Brown, 1960) gave details of tests on a 
commercial brand of spore papers. The present work is mainly 

concerned with papers made in this laboratory.
The apparatus and method for testing heat resistance were those of Cook 

& Brown (1960). The method consists essentially of heating spore impreg­
nated paper discs in a modified autoclave. Replicate discs recovered 
after suitable time intervals were then incubated in separate tubes of 
broth.

PREPARATION OF SPORE PAPERS

Spore suspensions of Bacillus stearothermophilus N.C.I.B. 8919 in water 
were prepared and viable counts made as described previously (Brown, 
1962). Paper discs f were impregnated with a spore suspension in one of 
two ways.

Method A. A dropping pipette and needle (Cook & Yousef, 1953) was 
used to deliver a known volume of a standardised spore suspension 
separately to each disc. The discs were then dried at ambient room 
temperature before being stored in dark coloured screw-cap glass jars.

Method B. Sufficient discs were added to a standardised spore sus­
pension present in a glass dish until only a small volume of suspension was 
left unabsorbed by the discs. Care was taken that each disc was thoroughly 
wet. The unabsorbed suspension was discarded and the discs then dried 
and put into jars as described above.

All spore papers were stored at ambient room temperature on the bench. 
Details of non-commercial spore papers are listed in Table 1.

Recovery conditions. Previous findings with commercial spore papers 
(Brown, 1962; Cook & Brown, 1960) have shown that the presence of 
bromocresol purple as an indicator in the broth recommended by the 
makers of these papers resulted in significantly reduced recovery after

From the School o f  Pharmacy, University o f London, Brunswick Square, London, 
W .C .l.

* Present address: School o f  Pharmacy, College o f  Science and Technology, 
Bristol, 7.

f  Whatman Antibiotic Assay Discs, W. and R. Balston Ltd. Obtained from H. Reeve Angel and Co. 
Ltd., 9, Bridewell Place, London, E.C.4.
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heat treatment. The medium used in this work contained dextrose 0-5%, 
tryptone (Oxoid) 1% in water and was used for both commercial and non­
commercial papers. The spore papers were incubated for 3 days at 56° 
after heat treatment in the autoclave described by Brown (1962).

TABLE 1. DETAILS OF SPORE PAPERS

A. M. COOK A N D  M. R. W. BRO W N

Paper code
Sporulation time 
of spores (days)

Method of 
preparation

Number of spores 
per paper

A 2 A 3 x 10‘

B 2 A 3 x 10*

c 8 B 1 0 7

D 8 B 1 0 s

Presentation o f  results. When the percentage of tubes showing growth 
(positive) was plotted against time of exposure to steam at constant 
temperature the graph was typically of the form in Fig. 1. The “middle” 
straight line portion of the graph is important in the present work. In 
attempting to calculate the equation of this middle portion, it is necessary 
to exclude from the calculation points which occur on the distal portions 
of asymptotes of the curve. Consequently, where possible, the percentage 
of positive results was converted to probits and plotted against exposure 
time. This transformation enabled a better assessment of the linearity 
of the graph to be made.

F ig . 1. Reproducibility o f results o f  heat resistance tests on spore papers coded B. 
O , Expt. 1. A ,  Expt. 2. • ,  Expt. 3.

The equations calculated to fit these lines are not put forward as precise 
measurements of the rates of kill, but are useful for comparative purposes. 
This is because in most cases the number of degrees of freedom associated 
with these lines is small and the smallest interval possible on the % 
survivor or probit axis is large.
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SPORE PAPERS OF REPRODUCIBLE RESISTANCE 
(a) (b)

(c)

Time (min) at 121° C

Fig. 2. Reproducibility of results of heat resistance tests on spore papers, 
(a) Coded C. (b) Coded D. (c) Commercial. O, Expt. 1. # ,  Expt. 2. 
A> Expt. 3.

Variability o f  results. Replicate experiments were made of the resis­
tance to wet heat at 121° of papers coded C and D and Oxoid* spore 
papers (Ox. S) and at 115° of papers coded B. The results of these experi­
ments are illustrated in Figs 1-3 and an analysis of variance of these 
results is recorded in Table 2. The results recorded in Fig. 2(b) show 
evidence of the reproducibility of the testing method but they are not 
suitable for probit transformation and are not recorded in Table 2.

*,Oxide"spore strips, Oxoid Division, Oxo Ltd., London.
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A . M. COOK A N D  M. R. W. BRO W N

T A B LE 2. ANALYSIS OF VARIANCE OF RESULTS IN FIGURES 1 AND 2

Figure Source of variance
Sum of 
squares

Degrees
of

freedom
Mean
square F P

Equation o f lines 
(Probit % 

-Hve/Time)

Pooled residual (a) 1-8368 5 (1) y=8-47-0-41x

1 Residual due to indivi­
dual regressions (b) 11256 3 0-3752 1-0551 > 0 - 2

(c) 0-7112 2 0-3556 (2) y=7-89-0-28x

Pooled residual (a) 2-1701 6 (1) y=6-93-0-27x

2 (a) Residual due to indivi­
dual regressions (b) 0-4401 4 0 - 1 1 0 0 7-8636 0 05-0-01

(c) 1-7300 2 0-8650 (2) y = 7-58-3- 19x

Pooled residual (a) 1-1420 16 (1) y=5-7-0-28x

2 (c) Residual due to indivi­
dual regressions (b) 0-8807 1 2 0-0734 1-1240 > 0 - 2 (2) y=6-04-)-35x

(c) 0-2613 4 00653 (3) y=5-37-O-20x

Resistance at different temperatures. The resistance of A and B papers 
was tested at 110°, 115° and 121°. One batch of papers was tested at 
110° and 121° and a second batch, made from the same spore suspension 
as the first batch, was tested at 115°. All the papers used in these experi­
ments were stored for less than one week before being tested. The 
results are illustrated in Fig. 3.

Fig. 3. Effect of steam at different temperatures on the recovery of spore papers. 
0 ,1 2 1 ° (A). A,  115° (B). # ,1 1 0 °  (A).

The exposure time necessary to produce zero % positive results was 
estimated from the graph by eye for the three temperatures and the 
logarithm of this time was plotted against temperature (Fig. 4).



SPORE PAPERS O F REPRO DUCIBLE RESISTANCE

100 105 liò  115 120 125
Temp. °C

F ig . 4. R ela tionsh ip  betw een tem pera tu re  and  the  log o f  exposure tim e fo r zero % 
positive results.

Discussion
The method of preparation of spore papers used in this work differs 

from that suggested by Kelsey (1961), who recommended that spore 
suspensions intended for impregnation of papers be heat activated immed­
iately after harvesting, to kill vegetative bacteria. If  the suspension had 
been stored, he recommended a second heat activation to kill extraneous 
vegetative organisms. He stated that “ the pre-impregnation viable count 
of spores will be maximal” and also that this activation is important.

The suspensions used to impregnate papers in this work were not heat 
activated. Although Kelsey (1961) quoted Evans & Curran (1960) as 
showing that heat activated spores retain viability after prolonged storage 
at low temperatures (and at neutral or slightly alkaline pH), nevertheless 
these authors used buffered solutions. The suspensions used in this work 
and by Kelsey were made with distilled water.

Retention of heat resistance as well as viability is important with spore 
papers. In earlier papers, Curran & Evans (1945, 1947) have shown that 
there was a tendency for heat-activated spores in a nutritionally incomplete 
medium to lose viability, and that heat activated spores are more sensitive 
to heat than non-activated spores. If a count of heat-activated spores is 
required, this may be made with a sample of the suspension, leaving the 
bulk of the spores with their resistance unaltered.

Kelsey (1961), found that the cultural conditions he used did not affect 
survival from heated spore papers. However, he compared Oxoid 
dextrose tryptone broth (containing bromocresol purple) with nutrient 
broth. He varied the amount of broth by using inch” and “3 inch” 
quantities. He did not test the effect of using dextrose tryptone broth 
without any dye—the medium we found to be most satisfactory in the 
present work.
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A . M. COOK A N D  M. R . W. BRO W N

Figs. 1-3 and Table 2 show that heat resistance experiments gave results 
which were satisfactorily reproducible.

It is necessary that the spores on the papers be sufficiently resistant 
to the lethal effects of heat to be of practical value. In hospital sterilisa­
tion practise, the main concern is the killing of pathogenic organisms such 
as tetanus and the gas-gangrene group. The M.R.C. report (1959) 
suggested that the minimum heat resistance for spore papers should be 
5 min at 121° or 1 min at 130° wet heat. The review by Perkins (1954) 
of quoted thermal death times from the literature indicates that 5 min 
at 121° wet heat would be sufficient to kill pathogenic organisms.

Papers coded C which contained about 107 spores showed 100% 
positive results on subculture after exposure to steam at 121° for over
4 min (Fig. 2a). With these papers 90% and 10% positive recoveries 
occurred after 5 and 10 min respectively at 121°. Thus, if each of two 
C papers showed growth on subculture after exposure to steam at 121° 
then there would be a 100 to 1 chance (P =  0-99) that they had been 
exposed for less than 10 min. Conversely if neither of the 2 papers showed 
growth then the probability that they had been exposed for at least
5 min would be P =  0-99.

The maximum exposure times at 121° resulting in 100% recovery for 
other papers tested were as follows: Ox.S—3^ min, D (108 spores per 
paper)—3 min, A (3 x  104 spores per paper)—2 min.

Kelsey (1961) showed that bulk impregnation of spore papers did not 
significantly increase the variation compared to that obtained by individual 
impregnation. The results obtained here confirm this finding. With A 
and B (Figs 1 and 3), which were impregnated individually, results were 
similar to those obtained with spore papers prepared in bulk. The 
absence of an excessive number of “wild” negative or positive results 
with bulked papers is an indication that they are not more variable than 
the individually impregnated papers.

This work shows that papers impregnated with aqueous suspensions of 
B .  s t e a r o th e r m o p h i lu s  N.C.I.B. 8919, such that each paper contained about 
107 spores, were of satisfactorily high and reproducible resistance.

The relatively low resistance shown by Ox.S papers (Fig. 2c) is probably 
correlated with the fact that this batch was stored in the laboratory for 
4 months before this experiment.
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Effect of storage on the heat resistance of bacterial 
spore papers
A . M . C O O K  A N D  M . R . W . B R O W N *

Papers im pregnated  w ith 104 Bacillus stearothermophilus spores in w ater and  subse­
quently  stored  on  th e  bench can  lose h eat resistance an d  viability. T his loss o f  
v iability  was accelerated w ith storage over silica gel. Papers con tain ing  m ore th an  
ab o u t 10s spores re ta ined  significant h eat resistance over long periods. T he p H  o f 
th e  b ro th  significantly affected recovery from  heated  spore  papers.

T HIS paper states results of tests on the viability and heat resistance 
after storage of papers impregnated with B a c i l lu s  s t e a r o th e r m o p h i lu s  

spores described previously (Cook & Brown, 1965).

Experimental
METHODS AND MATERIALS

Spore papers were prepared and tested as described by Cook & Brown
(1965). In addition, papers were prepared using spores suspended in 
M i s t .  D e s s i c a n s  (Fry & Greaves, 1951) which contained 7-5 g glucose, 
1 g peptone, 0-5 g sodium chloride, 75 ml serum and water to 100 ml. 
Papers were either impregnated with spore suspension individually using 
a dropping pipette (Method A) or in bulk (Method B) (Cook & Brown,
1965). Spore papers were stored at room temperature in screw capped 
dark coloured jars either on the bench or over silica gel in a vacuum 
desiccator. Details of the spore papers are given in Table 1.

E f f e c t  o f  s t o r a g e  o n  v ia b i l i ty . Unheated spore papers were incubated 
in broth after storage and the results for papers prepared as described

T A B L E  1. DETAILS OF SPORE PAPERS

Code
Storage

conditions
Sporulation time 

of spores 
(days)

Times
washed

Suspending
medium

Method
of

preparation
Number of 
spores per 

paper
Over silica gel

Water 10 4
Bench

G Over silica gel
Broth
culture

104
Bench

A Bench 2 5 Water A 3 X 104

D Bench 8 5 Water B 10*
C Over silica gel

8 Water B 1 0 7
Bench
Over silica gel

8 M is t.
D essicans

B 1 0 7
Bench

F ro m  th e  School o f  Pharm acy , U niversity  o f  L o ndon , B runsw ick Square, 
L ondon , W .C .l.

* Present address : School o f  Pharm acy, College o f  Science an d  Technology, Ashley 
D ow n, B ristol, 7.
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A. M. COOK A N D  M. R . W. BRO W N

(a) (b)

Fig. 1. Effect o f  bench storage upo n  h eat resistance o f  spore papers, (a) C om m er­
cial papers. O , x ,  Z ero  storage tim e. □ ,  S tored  5 weeks. A ,  A , 9 ,  ■ ,  S tored 
16 weeks, (b) Papers coded  A . O , Z ero  tim e. 9 >  S tored  16 weeks, (c) Papers 
coded G . O , Z ero  tim e. 9 >  S tored  16 weeks, (d) Papers coded D . O , Z ero 
tim e. # ,  S tored  22 weeks.

above and for papers from a commercial source (Ox.S)* are recorded in 
Table 2.

E f f e c t  o f  s t o r a g e  o n  h e a t  r e s is ta n c e . Spore papers prepared in different 
ways were tested for resistance to wet heat before and after storage. 
Results of such experiments for the papers coded Ox.S, A, G and D, stored 
on the bench are illustrated in Fig. 1. Results of experiments made to 
compare the effect of bench and desiccator storage conditions of C and 
F papers are given in Figs 2 and 3.

* O xoid Spore Strips, C ode num ber B R 23, O xoid D ivision, Oxo L td ., L ondon ,
E.C .4.



H EAT RESISTANCE OF BACTERIAL SPORE PAPERS

TABLE 2. EFFECT OF STORAGE UPON VIABILITY OF UNHEATED SPORE PAPERS

Paper Weeks stored
Storage

conditions
Number of papers 

tested %  showing viability
37 Bench 15 100

2 0 Over silica gel 140 0

37
Bench 5 80
Over silica gel 5 0

Ox.S 26 Bench 30 90

E f f e c t  o f  r e c o v e r y  m e d iu m  p H .  Unheated spore papers were incubated 
in broths of pH below 5-1 and above 6-3. It was observed that broths 
of pH  5-1 or less did not support the growth of the spores on the paper D 
but growth did occur at pH 6-3 or above. Spore papers coded D were 
also tested for resistance to wet heat and recovered in broths of differing 
pH (Fig. 4).

Time (min) at I2I°C

F ig . 2. Effect o f  storage over silica gel on  h ea t resistance o f  pap ers  coded C. 
O , Z ero  tim e. S tored 16 weeks.

Discussion
Spores can lose viability during storage on paper. Papers Ox.S and E 

(104 spores per paper) began to lose viability after 26 and 37 weeks bench 
storage respectively (Table 2). Papers coded G (104 spores per paper, 
unwashed) showed no loss in viability when stored on the bench for 
37 weeks. Storage over silica gel resulted in complete loss of viability 
with E and G papers after 37 and 20 weeks respectively.

The papers with the smaller inocula (104 spores per paper) and Ox.S 
papers, lost heat resistance after less than 16 weeks bench storage (Fig. 1). 
Unlike G and Ox.S papers, papers coded A not only lost resistance

9 S



A. M. COOK A N D  M. R. W. BRO W N

but also viability after 16 weeks bench storage (Fig. 1). G  papers were 
inoculated with an unwashed suspension, and the spores in the finished 
papers may have been protected from harmful effects of storage by the 
presence of dried nutrients.

(a) (b)

Fig. 3. Effect o f  storage on  bench  an d  over silica gel on  h eat resistance o f  papers 
coded F. O rd in a te : % recovery, (a) Bench. O, Z ero  tim e. # ,  S to red  34 
weeks, (b) Silica gel. O, Z ero  tim e. # ,  S tored  34 weeks.

With one exception, papers with more than about 10® spores showed no 
significant loss of heat resistance over the storage periods stated [Figs 1 (d), 
2 and 3]. C coded papers appear to have lost some heat resistance after 
storage over silica gel for 16 weeks (Fig. 2). This finding accords with

Fig. 4. Effect o f  p H  o f recovery b ro th  on  ap p aren t h eat resistance o f papers coded D. 
■  , p H  7-4. O, p H  6-8. • ,  p H  6-3. A , p H  7-9.
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loss of viability obtained after similar storage conditions for papers G and 
E (Table 2). No comparable experiment was made after 16 weeks bench 
storage with papers coded C, but no loss in resistance was observed after 
5 weeks bench storage. F  papers did not lose heat resistance when stored 
over silica gel or on the bench for 34 weeks (Fig. 3). The harmful effects 
of drying over silica gel were perhaps minimised in this instance by the 
presence of glucose and other ingredients in the M i s t .  D e s s i c a n s  used to 
suspend the spores with which F papers were impregnated.

The pH of the broth used to recover heated spore papers is im portant; 
maximum recovery of heated spores occurred at about pH 7-4 (Fig. 4). 
These results agree with those for the recovery of heated spores in 
aqueous suspension (Brown, 1962) where increased pH of the medium, 
up to a maximum correlated with increased recovery.

References
Brown, M . R . W . (1962). Ph .D . thesis, U niversity  o f L ondon.
C ook, A. M . & 3 ro w n , M . R . W . (1965). J. Pharm. Pharmacol., 17, Suppl., 15-65. 
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The viability o f spores o f some B a c illu s  species
G . R IC H A R D S O N

T he percentage of spores o f Bacillus subtilis capable o f giving rise to  m acro-colonies 
(“ viability” ) has been determ ined. U nder op tim um  conditions (heat-activation  and 
inclusion o f dextrose in the  counting  m edium ) ab o u t 30% o f spores form ed colonies. 
This figure appeared  to  increase to  ab o u t 70% on prolonged cold storage (0-10°). 
T he viability o f  spores decreased w ith increase in the m anganese con ten t o f the 
spo ru la tion  m edium . Spores o f fo u r o ther species of Bacillus exam ined were no t 
heat-activatable  and were unaffected by the  dextrose con ten t o f the  counting  m edium . 
They show ed viabilities o f  40-75% .

A TTENTION has recently been drawn by Cook & Brown (1964) to 
the fact that suspensions of spores prepared by conventional methods 

do not consist entirely of viable spore-forms. The percentage of viable 
spores depends on the method of preparation of the suspension and on 
the conditions under which viability is determined. Of particular im­
portance in assessing viability is the role of any stimulus, especially heat- 
activation, which may be necessary to induce maximum germination. 
Two of the factors necessary for maximum viability of B .  s u b t i l i s  have 
been examined; these are the amount of heat-activation and the concen­
tration of dextrose in the counting medium. The viability of some other 
B a c i l lu s  species has been determined under the same conditions.

Experimental
METHODS

The percentage viability of spore suspensions was calculated from the 
ratio of viable count (determined by a roll-tube method) to total count 
(determined using a counting chamber). Heat-activation factors were 
calculated from the ratio of viable count after heat treatment, to that 
before. Determination of viability was made on spore suspensions no 
more than 2 or 3 weeks old. (The viability of suspensions stored for 
longer periods in the refrigerator increased).

T e s t  o r g a n i s m s  a n d  p r e p a r a t io n  o f  s u s p e n s io n s . Organisms were the 
following NCTC strains: B a c i l lu s  s u b t i l i s  8236, B . s u b t i l i s  3610, B .  p u m i lu s  
8241, B . c e r e u s  9946, B .  m e g a te r iu m  9848 and a laboratory isolate of 
B . l i c h e n i fo r m is .

Spore suspensions were normally prepared by washing off the growth 
from 10 day cultures on nutrient agar slopes (Oxoid CM3) to which had 
been added 1 mg of M nS04.5H20  per litre. The initial concentration of 
manganese in the nutrient agar was <1 ppm (Oxoid Ltd., analysis of 
current material). For B . m e g a te r iu m  200 mg per litre M nS04 was 
necessary to obtain a good spore yield.

Vegetative cell-free suspensions of B .  s u b t i l i s  and B .  l i c h e n i fo r m is  
spores were prepared by centrifuging and resuspending in water five 
times. For B .  c e r e u s  spores, separation in a two-phase system of poly-
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ethylene glycol and phosphate buffer was used (Sachs & Alderton, 1961). 
B . m e g a te r i u m  and B . p u m i lu s  spore suspensions were subjected to ultra­
sonic irradiation (20kc/sec: 30 min) using an M.S.E. ultrasonic disinte­
grator. After this treatment spores were readily separated from 
vegetative cell debris by centrifuging (cf. Mol, 1957; Grecz, Anellis & 
Schneider, 1962).

The purity of suspensions was examined by plating on nutrient agar, 
by staining with 1 %  methylene blue and also by the carbol fuchsin- 
methylene blue technique (Powell, 1950).

E f f e c t  o f  m a n g a n e s e .  To investigate the effect of the ma> 'Tnese 
content of the medium on spore viability of B . s u b t i l i s , the concentration 
of manganese sulphate was varied between 1 mg and 1 g per litre.

T o t a l  c o u n ts . The counting method incorporated the recommendations 
of Cook & Lund (1962). Two 0T mm slides were used for each count 
which was made using normal microscopy of all spores in each of three 
fields of sixteen squares selected at random on each slide. Normal 
microscopy was preferred to phase-contrast microscopy since the object 
was to determine the total count of all spore forms.

The Index of Dispersion, x2, was calculated for the counts from 50 
slides. Since V 2 \ 2 —  V l n  —  1 <  1 -645, x 2 did not significantly exceed 
expectation (Fisher, 1948) and thus the counts did not differ significantly 
from a Poisson distribution.

Using 25 pairs of counts, the average coefficient of variation between 
duplicate slide counts was 5-9%; when duplicate counts showed a differ­
ence >  10% the count was repeated. The same two counting slides 
were used throughout the work and there was no indication of bias 
between the slides.

Additionally, ten duplicate counts were made on the same suspension 
on different days and the coefficient of variation for these was 8-3%. 
The major source of variation in total counts is likely to be the fit between 
cover-slip and slide. Results quoted show that the total count estimates 
are not subject to undue variation from this source and are reproducible.

V ia b le  c o u n ts . Viable counts were determined by the roll-tube method 
(coefficient of variation 6%: Richardson, 1959). The effect of dextrose 
and soluble starch on viability was investigated by varying the concen­
trations of these substances in the nutrient agar counting medium.

R e p r o d u c ib i l i t y  o f  v ia b i l i ty . Six suspensions of B . s u b t i l i s  8236 were 
prepared on different occasions and the viability of each crop determined 
immediately after preparation of the suspension. The six values had 
a mean value of 16-2% ± 1 - 7  with a coefficient of variation of 10-5%. 
The variation in viability between spore crops prepared on different 
occasions is of the same order as the combined errors of total and 
viable count.

H e a t - a c t i v a t io n .  The effect of different temperatures for varying 
periods of time was determined on the viable counts of suspensions of 
B .  s u b t i l i s  8236 spores. Suspensions were sealed in 10 x  75 mm tubes 
and heated in a water-bath.

VIABILITY OF SPORES OF SOME BACILLUS SPECIES
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A t t e m p t e d  s e p a r a t io n  o f  h e a t - a c t i v a ta b le  f r a c t i o n .  An attempt was 
made to separate the heat-activatable fraction of the spore population 
so that its properties could be investigated. B . s u b t i l i s  spores were 
allowed to germinate in a medium containing 1% peptone and 0-5% 
dextrose, and later in a medium identical to the counting medium except 
for the omission of agar, for periods from 5-16 hr. After incubation 
the cells were centrifuged and the ungerminated spores separated from 
the vegetative cells using the two-phase system. The heat-activation 
factor of the recovered spores was then compared with that of a normal 
population which had also been passed through the two-phase system.

Results and discussion
EFFECT OF MANGANESE IN THE SPORULATION MEDIUM

Manganese has been claimed to be an essential requirement for spore 
production in several species of B a c i l lu s  and work with these species has 
been summarised by Murrell (1961). The number of cells of B .  
m e g a te r iu m  giving rise to spores has been shown by Weinberg (1964) to 
be dependent on the manganese concentration in the medium. It 
therefore seemed possible that viability of spores might be affected by 
the manganese content of the sporulation medium. Fig. 1 shows that 
as the concentration of manganese sulphate in the medium increases, the

Cone. MnS04.5H20  (mg/litre)

F ig . 1. The rela tionsh ip  o f heat-activation  and  viability o f B. subtilis spores to  the 
m anganese con ten t o f  the spo ru la tion  m edium . O  =  viability. 0  =  heat-activation.

percentage viability of B . s u b t i l i s  falls significantly. At the highest 
manganese concentration growth was extremely variable. A suspension 
of spores was not obtained on every occasion from this medium, growth 
sometimes being restricted to the production of filamentous forms, with 
no tendency to sporulate. When spores were formed they were atypical. 
Growth and sporulation of B .  m e g a te r iu m  and B . l i c h e n i fo r m is  were not 
inhibited by high concentrations of manganese.
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These results suggest that it is not necessary to add manganese to the 
medium to induce the formation of viable spores of B .  s u b t i l i s . But 
there is a marked variation of manganese tolerance with species and it 
seems that, even where manganese may be a requirement for sporulation, 
excessive manganese concentration may lead to a higher proportion of 
non-viable forms.

COMPOSITION OF COUNTING MEDIUM

The composition of the counting medium can markedly affect the 
viable count. The importance of dextrose and soluble starch in the 
medium, particularly for heated spores of B .  s t e a r o th e r m o p h i lu s ,  has been 
demonstrated by Cook & Brown (1964). Fig. 2 shows that for both normal 
and pre-heated suspensions of B .  s u b t i l i s , the count is much increased 
by the addition of dextrose. The highest increase in count is given by 
0-5% dextrose. Higher concentrations do not result in further increases. 
Soluble starch in concentrations up to 1% did not affect the count and 
in media containing both dextrose and soluble starch the increase in 
count was no more than that attributable to dextrose alone. Thus for 
B .  s u b t i l i s  a medium containing 0-5% dextrose is recommended for viable 
counts.

F ig . 2. T he increase in  viable co u n t o f  B. subtilis spores caused by dextrose in the 
counting  m edium . O =  heat-activated  spores. #  =  n o rm al spores.

HEAT-ACTIVATION

Fig. 3 shows that as the temperature increased, activation occurred 
more rapidly and to a greater extent. Maximum activation occurred in
4-10 min at 85°. When suspensions were heated in capillary tubes 
instead of ignition tubes at this temperature, activation time was reduced 
to less than 30 sec. Since activation occurs at temperatures which are 
also rapidly sporicidal, the death of some viable spores may occur so that 
it is possible that the activation curve may represent less than the true 
number of potentially activatable spores.

Desrosier & Heiligman (1956) claimed that activation occurred with 
B .  th e r m o a c id u r a n s  and B .  g lo b ig i i  only at temperatures which were 
subsequently lethal. This was not so in the present work with B .  s u b t i l i s  
with which there was no decrease in count up to 5 hr at activating 
temperatures of 60° and 70°.

2 3 4  5
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Powell & Hunter (1955) investigated the increase in the rate of ger­
mination brought about by heat-activation of B .  m e g a te r iu m .  They 
plotted rate of germination against time of heating and claimed that the 
curve obtained was typical of the effect of temperature on a first order 
reaction. However it seems equally possible that the increase brought 
about by heat in numbers of spores forming colonies may be due to 
heterogeneous heat-activation characteristics existing among a spore 
population.

F ig . 3. H eat-activation  curves fo r B. subtilis 8236.

H e a t - a c t i v a t io n  a n d  m a n g a n e s e  c o n te n t  o f  s p o r u la t io n  m e d iu m .  The 
spore suspensions prepared from media of varying manganese content 
were tested for heat-activation. The factors obtained remained constant 
except for spores from the medium of highest manganese content. 
Suspensions from the latter showed mortality rather than activation after 
heating at 85° for 10 min. This is compatible with the previous suggestion 
that spores produced on this medium are abnormal.

v ia b il it y  o f  s p o r e s  o f  B a c i l lu s  s pe c ie s

The viability of several species was determined under conditions which 
were optimal for B . s u b t i l i s  8236. Viability was also determined after 
heating at 60° for 30 min and by counting on media with and without 
dextrose. The results are shown in Table 1. The heat-resistant 
B .  s u b t i l i s  even after activation had a lower viability than the other 
organisms. Under the optimum conditions B . s u b t i l i s  showed a viability 
of about 30% (similar figures were obtained from both strains). Under 
the optimum conditions for B . s u b t i l i s ,  B .  l i c h e n i fo r m is  showed a viability 
of 75%. The inclusion of dextrose in the counting medium did not result 
in an increase in count for organisms other than B .  s u b t i l i s , although 
all are able to metabolise dextrose (Bergey, 1957). Dextrose may be a 
specific inducer of germination in some species (Powell, 1951).

Suspensions of B . s u b t i l i s  which had been stored in the refrigerator for 
up to 8 months showed a marked increase in viable count although 
the total count remained constant. Results from the three suspensions 
available are presented in Table 2. It appears that concurrent with “ storage
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activation” there is a decrease in heat-activatability. The overall effect 
was that the viability rose from a comparatively low figure to a value at 
least equal to that for the other species. These results inevitably suggest 
that heat-activation is merely an acceleration of a process which occurs 
more slowly under normal environmental conditions.

T A B LE 1. THE VARIATION IN % VIABILITY OF SPORES OF SOME Bacillus SPECIES WITH 
HEAT SHOCK AND DEXTROSE CONTENT OF MEDIUM

VIABILITY OF SPORES OF SOME BACILLUS SPECIES

Conditions

Organism
No heat shock 60° for 30 min 85° for 10 min

NA DA NA DA NA DA
B . su b tilis  3610 .. 10-5 13-1 1 1 2 15-8 17-2 28-5
B. su b tilis  8236 1 2 1 16-2* 16-3 33-1*
B. cereus . . 400 41-7 29-6 32-3 19-2 22-5
B. p u m i lu s . . 45-1 451 47-9 500 47-5 54-4
B. m eg a teriu m 56-2 56-9 47-8 50-7 36-9 39-1
B. lich en ifo rm is .. 57-9 55-0 75-5 62-3 43-5 22-7

NA = nutrient agar DA = dextrose agar
* Average value from six crops

None of the organisms showed a viability of 100% although most 
published work supports the findings that virtually all the spores in a 
suspension are able to initiate the germination process as indicated by 
the criteria of loss of refractility and change in staining reactions. The 
germination of B .  s u b t i l i s  8236 was followed using as the criterion the 
change in staining reaction to carbol fuchsin and methylene blue (see 
Powell, 1950). It appeared that after 5-6 hr about 90% of the spores had

T A B LE 2. THE INFLUENCE OF STORAGE-ACTIVATION AND HEAT-ACTIVATION ON THE 
VIABILITY OF SPORES OF B. subtilis 8236

Crop
Storage

(months)
Viability of 

non-activated 
spores (%)

Storage-
activation

factor
Heat-activation 
factor of spores 
after storage

Viability due to 
combined effects 
of storage and 

heat-activation %
2 0 13-6 1-0 2-3 31-2

8 — 3-3 1-2 53-8

3 0 18-4 1 0 1*3 23-9
3 — 1-4 1-2 30-9
6 — 2-3 1-0 43*3

4 0 17-5 1 0 2-5 43-7
3 — 2-3 1*5 60-4
6 — 3-1 1-3 70-5

. viable count after heating—85°, 10 minHeat-activation factor = ------- ^-r~,--------nr-?---- , ---------viable count before heating
„ . viable count after storage in refrigeratorStorage-activation factor — -----------. . . ,—r-rv— j.------------& initial viable count

germinated (ratio of blue staining forms to total cells; about 800 cells 
being counted). Counts after this time were unreliable due to the 
proliferation of vegetative forms. After 8 hr only 2% of spores were 
present but this low figure may have been due to an increase in the total 
count.

The absolute accuracy of total cell counts using 0-02 mm slides has 
been questioned by Norris & Powell (1961). From their results it can
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be calculated that the depth of liquid entrapped by such slides was on 
average about 30% in excess of the normal depth of the slide. However, 
using 0-1 mm slides, Cook & Lund (1962) have obtained counts which 
were about 70% of those using 0-02 mm slides, which suggests that the 
magnitude of absolute error with the deeper slides is much less, if indeed 
it does occur. It seems likely, therefore, that in the present work the 
estimates of viability using 0-1 mm slides are reliable and that the low 
viability reported is not due to errors of total count. The discrepancy 
between the figures for viability determined as described above and those 
for germination may be reasonably ascribed to the fact that not all 
germinated forms grow to give macro-colonies, an observation which has 
previously been made by Pulvertaft & Haynes (1951). They suggested 
that the freshly formed vegetative cells were liable to lyse due to their more 
exacting growth requirements.

A T T E M P T E D  S E P A R A T IO N  O F  H E A T  A C T IV A T A B L E  S P O R E S

It was expected that under the conditions of germination the heat- 
activatable fraction would not germinate and that these potentially viable 
spores could then be recovered. The recovered spores should then fail 
to germinate without heat treatment and should show a heat-activation 
factor of infinity.

No significant difference between the heat-activation factors for normal 
and recovered spores was found among seven separations. Results 
from two separations, for which viability of the recovered spores was also 
determined, are presented in Table 3.

T A B LE 3. THE VIABILITY AND HEAT-ACTIVATION FACTORS OF NORMAL SPORES AND 
OF RESIDUAL SPORES RECOVERED AFTER A PERIOD OF GERMINATION

Total 
count 

x 1 06/ml

Viable count x 1 05/ml Viability
of

unheated 
spores (%)

Heat-
activation

factorUnheated
Heat-

activated
Normal spores 101-5 > 2 0 0 476 19-7 2-4
Recovered spores, 7 hr germination 33-9 2 0 -8 450 61 2 -2

Recovered spores, 8 hr germination 37-5 2 2 -8 52-4 6-1 2-3

The sterile filtrate obtained after germination was added to a normal 
suspension before counting and also included in the counting medium, 
without having any effect on the count. Also, in a second experiment, 
after the initial germination, the cells were separated from the liquid 
and a fresh spore suspension added to the liquid. On further incubation 
the fresh spores germinated normally. Thus it appeared that germination 
in the original stage was not brought to a standstill by the products of 
germination.

It is difficult to explain satisfactorily the failure to separate the heat- 
activatable fraction by this method. It is hoped that it may prove 
possible to separate the heat-activatable spores by utilising properties 
which may correlate with heat-activation.
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SHORT COMMUNICATION

T h e  e ffec t o f  y e a s t  ce lls  in  th e  h e a t in g  m e d iu m  o n  th e  

h e a t  r e s is ta n c e  o f  Bacillus stearothermophilus s p o re s

A. M . C O O K  A N D  R. J. G IL B E R T

T HE heat resistance of bacterial spores is greatly influenced by the 
nature of the medium in which the spores are heated. Organic 

matter present during heating can afford protection to spores and many 
workers have shown that carbohydrates, proteins and fats can provide this. 
Dead bacterial cells have protected living cells of the same species subjected 
to heat (Lange, 1922). No protective effect was found with C lo s t r id iu m  
b o tu l in u m  spores when vegetative cells or heat killed spores of the same 
species were added (Sugiyama, 1951), and similarly for B a c i l lu s  c o a g u la n s  
spores when vegetative cells were added (Frank & Campbell, 1957). 
However, the spores of C lo s t r id iu m  s p o r o g e n e s  were protected from heat by 
living cells or spores of micro-organisms of different species (Amaha & 
Sakaguchi, 1954); killed suspensions had no effect. The experiments 
reported are part of a series designed to investigate the nature and extent 
of this protective effect with reference to an acknowledged heat resistant 
spore. Yeast cells were used as a source of organic matter as they are of 
uniform size.

E X P E R IM E N T A L

Spores of B a c i l lu s  s t e a r o th e r m o p h i lu s  NCIB 8919 were obtained using 
the method of Cook & Brown (1964), except that the sporulationconditions 
were seven days at 60°. Vegetative cells were separated from the spores by 
washing ten times using a refrigerated centrifuge. The heating and 
counting techniques used were those described by Cook & Brown (1964) 
but the recovery medium, antibiotic assay medium with 0T% starch, was 
of pH 7-3.

A special moist yeast marketed as “ Yeast for B.S.I.C/lOtests” * was used 
to prepare a 10% dry weight suspension of yeast in distilled water. The 
suspension was prepared, sterilised by heating at 115° for 20 min and 
assayed for moisture content using the methods given in B.S. 808: 1938.

R E S U L T S  A N D  D IS C U S S IO N

Typical time survivor curves for B . s t e a r o th e r m o p h i lu s  spores heated in 
water and in a killed yeast suspension are given (Fig. 1). Both curves 
show a characteristic period of heat activation followed by an exponential 
death rate. The exponential part of the curve for spores heated in the 
presence of yeast is less steep than that of the control curve, and when both 
regression lines are extrapolated back to zero time they show nearly the

F rom  the D ep artm en t o f Pharm aceutics, School o f Pharm acy, U niversity o f 
L ondon, Brunsw ick Square, L ondon , W .C .l.

* The D istillers Co. L td ., Cheese Lane, Bristol.
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E F F E C T  O F  Y EA ST C ELLS H E A T  R E SIST A N C E  O F  SPO R ES

same extrapolation number (Alper, Gillies & Elkind, 1960). This would 
indicate that the yeast cells afford some protection from heat to the B .  
s te a r o th e r m o p h i lu s  spores. If  the difference between the slopes was due to 
initial differences in rate of heat transfer, then the exponential parts of 
each curve would be parallel. Thermocouple readings indicated that 115° 
was reached in less than 1 min for spores in water and in less than 2 min for 
spores heated in the yeast suspension.

F ig . 1. Effect c f  heating a t 115°C in  different substra tes upo n  the  colony co u n t o f 
B. stearothermophilus spores. O W ater #  10% (dry  weight) yeast suspension.

It was thought unlikely that yeast carried over from the heated suspen­
sion accounted for the increased recovery since the medium used already 
contained 0-3% yeast extract. This was confirmed by heating spores in 
water and subculturing into antibiotic assay medium containing addi­
tional heated yeast suspension; no significant increase in colony counts was 
observed. Experiments are continuing to examine this protective effect 
quantitatively and qualitatively.

A c k n o w l e d g e m e n t .  One of us (R.J.G.) is a recipient of a Nuffield 
Foundation Food Science Scholarship.
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T h e  in f lu e n c e  o f  p H  u p o n  th e  a n t i f u n g a l  a c tiv ity  
o f  p h e n o l  a n d  b e n z o ic  a c id

B. E. W IN SL E Y * A N D  V. W A L T E R S t

T he toxicity  o f phenol and  benzoic acid to  spores o f Aspergillus niger is due to  the 
unionised m olecules.

W ITH  antimicrobial agents which are more active in the unionised 
form, e.g. organic acids (Cruess & Richert, 1929; Rahn & Conn, 

1944), alteration in the pH of a reaction mixture will cause changes in the 
percentage ionisation and hence will influence the activity of these toxic 
agents. This effect is reported for the action of phenol and benzoic acid 
on A s p e r g i l l u s  n ig e r  spores.

Experimental
B u f f e r e d  t e s t  s o lu t io n s , (i) Phenol 2% in 0-05 M boric acid and 0-05 M 

potassium chloride solution adjusted to the required pH with 0-2 N 
sodium hydroxide, (ii) Benzoic acid 019% in 0-05 m potassium hydrogen 
phthalate solution adjusted to the required pH with 0-2 N sodium hydroxide 
or 0-2 n hydrochloric acid.

The pH values of the test solutions and of the reaction mixtures were 
determined with a “Cambridge” pH meter calibrated with standard 
buffers. Addition of the spore suspension to the test solutions caused 
a pH change of less than 0T unit and no further change occurred during 
the reaction period. The methods of preparation of spore suspensions 
and of evaluation of the fungicidal activity of the test solutions were 
as described by Winsley (1964) and are similar to those of Chauhan & 
Walters (1962). The reaction temperatures were 35 ±  0T° with phenol 
and 25 ±  0T° with benzoic acid.

F u n g is t a t i c  a c t i v i t y .  To appropriate quantities of concentrated buffered 
Oxoid Sabouraud liquid medium were added solutions of phenol 1% 
or benzoic acid 0-2%, water to 9 ml, and 1 ml of a suspension containing 
5 X 107 A .  n ig e r  spores. A series of concentrations was made for each 
pH and replicated ten times. The tubes were incubated at 36° for 5 days. 
Growth did not occur after this time in any tube previously negative. 
Controls without the test substances were made.

Results
Previous experiments showed that unmodified Sabouraud liquid 

medium of pH about 5-4, incubated at 36°, provided optimal recovery 
conditions for both damaged and undamaged spores. Approximately 
99% of the latter were viable.

F ro m  the  D ep artm en t o f Pharm acy, U niversity  o f  Ife, Ib ad an  B ranch, Ibadan , 
N igeria.

Present address: * The School of Hygiene and Tropical Medicine, f  The School of
Pharmacy, University of London.
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THE ANTIFUNGAL ACTIVITY OF PHENOL AND BENZOIC ACID

Fig . 1. L og survivor-tim e curves fo r the  viability o f  A. niger spores in  1% phenol 
solu tions a t p H  5-3-9-5. R eaction  tem perature  35°. C o n tro l: buffer solution 
w ithout phenol. □  =  5-3 (99-99). A  =  6-95 (99-5). ■  =  8-1 (98-7). A =  9-1
(86-3). 0  = 9 -2 (8 3 -4 ). x  =  9-3 (79-9). #  =  9-5(71-5). Figures in  brackets are
percentages o f  phenol unionised.

Linear log survivor-time curves were obtained for the viability of 
A .  n ig e r  spores in 1% phenol solutions buffered at pH 5-3 to 9-5 (Fig. 1). 
Fig. 2 shows the relationship between the pH and the percentage of 
undissociated phenol with time for 50 and 99% mortalities. Fig. 5 
shows the same relationship for benzoic acid.

The calculated regressions of log percentage undissociated phenol 
and benzoic acid on log time to cause 50% and 99% mortalities are linear 
(Figs 3 and 6 respectively).

F ig. 2. R ela tionsh ip  betw een tim e fo r 50 and  99% m orta lity  o f A. niger spores 
in 1% phenol so lu tion  and  p H  (solid lines) and percentage of unionised phenol 
m olecules (b roken  lines). T em perature  35°.
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The times for 50% and 99% mortalities in a 1% solution of phenol 
containing only undissociated molecules were calculated to be 0-87 
and 5T min, respectively. For benzoic acid the corresponding times are 
15-9 and 32-8 min. With benzoic acid, as the reaction pH approached and 
exceeded the pKa value (4-2), there was a decrease in mortality for a

Log %  unionised phenol
F ig . 3. R ela tionsh ip  betw een log percentage unionised phenol and  log t in e  for 
50 and  99% m orta lity  o f A. niger spores in  1% phenol so lu tion  a t 35°.

given contact time; curvilinear log survivor-time curves were obtained 
(Fig. 4). At least 98% of the spores were viable after exposure to buffer 
solutions alone (pH 2-2, 5-3 and 9-5) for 60 min (Figs 2 and 4).

The minimum inhibitory concentrations of phenol and benzoic acid 
at different pH  values are summarised in Table 1.

T A B LE 1. EFFECT OF p H  ON THE FUNGISTATIC CONCENTRATION OF PHENOL AND 
benzoic acid on A. niger spores

pH (reaction mixture) Percentage molecules 
unionised

Min. inhibitory 
cone. (%)

Cone, of unionised 
molecules in m.i.e. 

(%)
Phenol

5-4 > 99-99 0-066 —

70 99-87 0-068 -
90 88-1 No growth in control

Benzoic acid 
2-2 99-01 0 017 0-0168
40 61-32 0-032 0-0184
4-6 28-47 0-065 0-0185
4-9 16-63 0-11 0-0182
5-1 11-19 0-15 0-0168

Discussion
The shapes of the log survivor-time curves obtained respectively with 

solutions of phenol and benzoic acid of constant concentration but of 
different pH values (Figs 1 and 4) were identical to those obtained by
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changing the concentration of these agents in unbuffered solutions in water 
(Winsley, 1964). Increasing the pH value of the reaction mixtures resulted 
in an increase in the amount of ionised phenol and benzoic acid present*; 
this was accompanied by a decrease in the death-rate. Apart from 
change of pH, all other reaction conditions were constant, therefore 
the change in death-rate with pH must have been due to change in the 
concentration of the effective form of the fungicide. The slopes of the 
regressions in Figs 3 and 6 may be considered as concentration coefficients 
for unionised molecules. To cause 50 and 99% mortalities these are
7-7 and 8-2 for phenol and 3-8 and 4T for benzoic acid.

THE ANTIFUNGAL ACTIVITY OF PHENOL AND BENZOIC ACID

Time (min)

F ig . 4. Log survivor-tim e curves fo r the  viability o f  A. niger spores in  0T 8%  benzoic 
acid  so lu tions a t p H  2-3—5-3. R eaction  tem pera ture  25°. C o n tro l: buffer solution 
w ithou t benzoic acid. A =  2-3 (98-76). x  =  2-9 (95-2). □  =  3-25 (89-9).
+  =  3-7 (76-0). O =  4-05 (58-5). V =  5-3 (7-4). Figures in parentheses are 
percentages o f unionised benzoic acid.

When the toxic agent is incorporated in the recovery medium, the pH 
of the medium affects not only the degree of ionisation of the agent, but 
also the growth of the fungus.

In general, the range of pH of the medium over which growth and 
germination of fungi occur is pH 3 to 8 with an optimum of 4-5 to
6-5 (Cochrane, 1958). The effect of ionisation on the fungistatic concen­
tration of phenol could not be assessed since growth did not occur in the 
control at pH 9-0. With benzoic acid, whereas the concentration 
required to inhibit growth increased with pH, the corresponding concen­
tration of unionised molecules remained almost constant from pH
2-2 to 5-1 (Table 1). Rahn & Conn (1944) likewise found that the 
inhibitory concentration of benzoic acid against S a c c h a r o m y c e s  e l l ip s o id e u s  
increased with pH, varying from 0-042% at pH 3-5 to 1-27% at pH 5-8, 
whereas the corresponding percentages of unionised molecules were 
0-035% and 0-028%. In contrast, Evans & Dunbar (1964) found that

_______ 100_______
1 +  an tilog  (p K a-p H )
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F ig . 5. R ela tionsh ip  betw een tim e fo r  50 an d  99% m orta lity  o f A. niger spores 
in  0-18% benzoic acid  so lu tion  and  p H  (solid lines) an d  percentage of unionised 
benzoic acid  m olecules (b roken  lines). T em perature  25°.

a decreasing amount of unionised molecules inhibited the growth of 
A .  n ig e r  as the pH was raised above the pKa, presumably because the 
benzoate anions possessed some of the activity of the intact molecules; 
0-02% of undissociated acid was inhibitory at pH 4-0 but at pH 5-0, 
0-006% was sufficient.

F ig . 6. R ela tionsh ip  betw een log percentage un ionised  benzoic acid and  log tim e 
fo r 50 and  99% m orta lity  o f A. niger spores in  0-18% benzoic acid  so lu tion  a t 25°.

The results reported here indicate that unionised molecules are the 
predominantly active form ; penetration to or beyond the cell membrane 
is more easily achieved by neutral molecules (Davson & Danielli, 1952; 
Albert, 1963, 1965).

150
o

1-95 190 1-85 1-80 1-75 

Log %  unionised benzoic acid
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Effect o f concentration and temperature on the 
inactivation o f a bacteriophage by phenol
W. R . L . B R O W N , A. M . C O O K  A N D  J. O D U R O -Y E B O A H

The concentra tion  o f phenol affects n o t only th e  ra te  o f inactivation  o f phage bu t 
also the  shape o f the  survivor-tim e curves. T he shape o f the  curves obtained 
indicates th a t phenol m ay inactivate  phage in tw o suggested stages involving different 
com ponents o f the  phage pro tein . The concen tra tion  exponent fo r the  inactivation 
depends on  the  level o f  inactivation  chosen. T he tem pera ture  coefficient is 
independent o f  the  level o f inactivation . T he tem pera ture  o f incubation  o f  phenol 
trea ted  phage does no t obviously affect the  recovery o f the  phage.

A  NUM BER of published reports of studies of the inactivation of 
viruses have shown that the rate of inactivation may not follow the 

kinetics of a first order reaction. Gard (1960) and Hiatt (1964) have 
commented on the possible significance of the shapes of inactivation 
curves for viruses but little information is available on the effects of the 
concentration of inactivating agent and the temperature of the reaction 
on the kinetics of virus inactivation. The effects of these factors on the 
inactivation of a coliphage by phenol have now been investigated.

Experimental and results
The host organism { E s c h e r ic h ia  c o l i) and the bacteriophage (Coliphage 

T6r) were cultivated by the methods described by Cook & Brown (1963). 
Inactivation of the bacteriophage was investigated by the procedure 
previously described (Brown, Cook & Oduro-Yeboah, 1964).

EFFECT OF CONCENTRATION OF PHENOL
Bacteriophage inocula for all the reaction mixtures were taken from 

the same phage stock (stored at 4°) which had an initial phage titre :n the 
reaction mixtures of approximately 2-5 X 107 phage particles per ml. 
The number of surviving infective phage particles was estimated by the 
surface drop method of counting. The course of the inactivation of the 
bacteriophage by various concentrations of phenol in aqueous solution 
at 25° ( ±  0-05°) are shown on a semilog plot in Fig. 1 A. Fig. IB shows the 
same results on a log-log plot. The relationship between log contact 
time and log phenol concentration for 90-0%, 99-0% and 99-9% inactiva­
tion (Fig. 2A) was linear (r =  0-9947, 0-9769 and 0-9793 with degrees of 
freedom of 4, 4 and 3 respectively) and the calculated slopes (or concen­
tration exponents) for the regressions were —8-628, —11-628 and —13-164 
respectively.

INFLUENCE OF TEMPERATURE OF REACTION
Inactivation of the bacteriophage by 2-0% (w/v) aqueous phenol at 

various temperatures was investigated using a bacteriophage stock which

F ro m  the  School o f Pharm acy, U niversity o f L ondon , 29-39, B runsw ick Square, 
L ondon , W .C .l.
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INACTIVATION OF A BACTERIOPHAGE BY PHENOL

F ig . 1. Inactiva tion  of coliphage T 6r by phenol (25°). A , log%  survivors p lo tted  
against tim e. B, log % survivors p lo tted  against log tim e. Figures on  curves are 
% concentra tions o f phenol.

F ig . 2. A . R ela tionsh ip  betw een log co n tac t tim e an d  log concen tra tion  o f  phenol
fo r different levels o f  inactivation  o f coliphage T 6r (25°). ( x -------x ,  calculated
regression o f log con tact tim e u p o n  log concentra tion  o f phenol). F igures o n  curves 
are %  kill. B. Influence of tem pera ture  o n  inactivation  o f coliphage T 6r by 2-0% 
phenol. F igures on curves a re  tem pera ture  °C.
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had an initial titre in the reaction mixtures of approximately 6 x  107 
phage particles per ml. Surviving phage particles were estimated by the 
soft agar layer method of counting. The reaction mixtures were main­
tained within ±  0-05° of the required temperature and the results are 
illustrated in Fig. 2B. Using the contact times required to elfect 99, 99-9, 
99-99 and 99-999% inactivation, the temperature coefficient (9 )  for the

inactivation of the phage was calculated from the formula 0Tl_Ts =  - ,
2̂

where tx and t2 are the times producing the required % inactivation at 
temperatures Tx and T2 respectively (Table 1).

W. R. L. BROWN, A. M. COOK AND J. ODURO-YEBOAH

T A B LE 1. TEMPERATURE COEFFICIENTS (0) FOR THE INACTIVATION OF COLIPHAGE 
T 6r BY 2% w /v  PHENOL CALCULATED FOR VARIOUS %  INACTIVATION

Temperature 
range, °C

Temperature coefficient (0) for % inactivation of phage
99 99-9 99-99 99-999

25-30 115 1T7 1-17 -
30-35 M3 1 1 2 M 2 1-09
35-40 1-18 1-32 1-33 1-41
40-45 1-21 1-34 1-32 1-28

EFFECT OF THE TEMPERATURE OF INCUBATION DURING RECOVERY
Duplicate experiments were performed for the inactivation of the 

phage by 2-0% (w/v) phenol at 25° and 30°. For each reaction tempera­
ture one set of plates was incubated at 37° and the other set at 26°. The 
results are shown in Table 2.

T A B L E  2. EFFECT OF THE TEMPERATURE OF INCUBATION ON THE RECOVERY OF 
COLIPHAGE T6r AFTER EXPOSURE TO 2% w / v  PHENOL AT 25° AND 30°

Temperature of 
reaction mixture 

°C
Contact time 

(min)
%  surviving phage at incubation temperature of °C

26 37
25 0 10 0  0 0 100 -0 0

30 0139 0-080
60 0-076 0-061

120 0-025 0-018
180 0  0 0 1 0 0 -0 0 1 2

30 0 100-00 1 0 0  00
12 0-256 0 -2 0 2
30 0-053 0-054
60 0-016 0-023

12 0 0-0026 0 0017

Discussion
The concentration of phenol to which the phage was exposed had a 

marked effect on the kinetics of the inactivation of the phage. The lowest 
concentration of phenol tested (1% w/v) showed a rate of inactivation 
which followed the kinetics of a first order chemical reaction. Increasing 
the concentration of phenol produced an increase in the initial rate of
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inactivation ; the rate became less as the time of contact increased. That 
fraction of the inoculum undergoing this rapid inactivation also increased 
as the phenol concentration rose until at 2-3 and 2-5% w/v the relationship 
between log % survivors and log contact time was linear. This relation­
ship has previously been shown to persist, at least for 2-5% w/v phenol, 
until the inactivation of the phage is virtually complete (Brown & others,
1964).

Inactivation of poliovirus by formaldehyde shows a deviation from 
first order reaction kinetics similar to that shown here for concentrations 
of phenol of 1 -4-2-2% w/v. Salk & Gori (1960) attributed the shape of 
the inactivation curve partly to the high resistance of a small fraction of 
the viruses present and partly to the aggregation of virus particles during 
the course of the reaction. They suggested that particles embedded in 
an aggregate were protected from inactivation. Gard (1957, 1960) 
suggested that the fall in the inactivation rate resulted from the formal­
dehyde causing hardening of the protein coat of some of the virus particles. 
Such hardening reduced the permeability of the protein and the rate at 
which formaldehyde can reach the vital deoxyribonucleic acid ( d n a )  core 
of the particle. Heicken & Spicher (1956) arrived at similar conclusions 
for the inactivation of the T-even coliphages with formaldehyde.

It is possible that the shape of the inactivation curves for coliphage 
T6r by phenol is due to effects similar to those suggested for formaldehyde. 
However, the effects of different concentrations of phenol on the shape 
of the curves suggest that the shape reflects the mode of action of the 
phenol on the phage and that at least two stages are involved. One 
stage occurs at low concentrations of phenol and gives a rate of 
inactivation which is slow but exponential with time. High concentra­
tions of phenol would produce the other stage of inactivation at a rate 
which gives a linear relationship between log % survivors and log contact 
time. The transition in the shape of the inactivation curves with 
increasing phenol concentration from a linear semilog relationship to a 
linear log-log relationship then reflects the increasing predominance of 
the second stage as the phenol concentration increases. The possibility 
that there are two stages of inactivation by phenol is supported by the 
fact that phage protein consists of serologically distinguishable com­
ponents, one associated with the protein coat surrounding the d n a  in 
the “head” of the phage particle, another with the protein which con­
stitutes the “tail” of the particle (Lanni & Lanni, 1953). Further, 
different proteins are precipitated by different concentrations of phenol 
(Cooper & Sanders, 1927, 1928). Dénaturation of the phage tail protein 
will prevent the adsorption of the phage to the host cells (Hershey & 
Chase, 1952) and probably will affect the mechanism by which the phage 
d n a  penetrates the host cell wall. The tail protein seems the more 
likely site of attack by low concentrations of phenol. Dénaturation of 
the head protein may also inactivate the phage and earlier results (Cook & 
Brown, 1964) indicate that high concentrations of phenol also affect the 
association between the protein coat of the phage and its d n a .

The increase in the value of the concentration exponent for the

INACTIVATION OF A BACTERIOPHAGE BY PHENOL
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inactivation of the phage by phenol, when the exponent is calculated for 
increasing levels of inactivation, is confirmed by the previously reported 
values for the exponent of —14-659 calculated from mean single survival 
times and —15-140 from mean extinction times (Cook & Brown, 1963). 
This relationship is another manifestation of the effect of the concentration 
of phenol on the kinetics of the inactivation of the phage and it is interest­
ing that Jordan & Jacobs (1944) found the same relationship for the 
inactivation of E . c o l i by phenol.

Increasing the temperature of the reaction between phage and phenol 
produced an increase in the rate of inactivation of the phage, but the 
changes in the shape of the inactivation curves corresponded to those 
produced by increasing the concentration of the phenol. No obvious 
alteration in the mechanism of inactivation therefore resulted from an 
increase in the temperature at which the reaction was carried out. The 
values of the temperature coefficient for the inactivation of the phage were 
independent of the level of inactivation chosen within any of the tem­
perature ranges tested. A similar effect has been reported by Tilley 
(1942) and Jordan & Jacobs (1946) for the action of phenol on E . c o li .

The temperature of incubation of phage culture plates had no effec: 
on the number of phage particles recovering after exposure to phenol. 
It should be noted, however, that as the plaque counts were made using 
the soft agar layer method, the adsorption of the phage particles to their 
host took place at approximately the same temperature (46°) in all the 
experiments. The temperature at which adsorption takes place can affect 
the efficiency with which the phage infects its host (Garen & Puck, 1951) 
and it is at this stage that different temperatures may affect the recovery 
of phenol-damaged phage particles.

W. R. L. BROWN, A. M. COOK AND J. ODURO-YEBOAH
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D a tu r a  sa n g u ín e a  R. and P., its seeds
T. E . W A LLIS

T he seeds o f  th e  Peruvian  p lan t Datura sanguínea R . an d  P. con ta in  hyoscine an d  are 
used in Peru  as stram onium  is used in B ritain . T heir struc tu re  is described an d  is 
com pared  w ith th a t o f th e  seeds o f  stram on ium  and  o f D. fastuosa w ith a  view to  
their identification e ither u n ground  o r in powder.

S OME years ago the seeds of D a tu r a  s a n g u ín e a  R. and P. were examined 
by Drey & Foster (1953) for their content of solanaceous alkaloids and 

were found to contain about 0-172% total alkaloid which was almost 
entirely hyoscine. These seeds have been used in Peru since early times 
and J. Lindley in T h e  V e g e ta b le  K in g d o m  (1847) when discussing the uses 
of seeds of D a tu r a  s p p . especially D . ta t u la  and D . m e te l ,  gives the following 
information “ the seeds are the most powerful part of these plants, and are 
stated by some authors to have been used by the priests of the Delphic 
Temple to produce those frenzied ravings which were called prophesies. 
Such a practice certainly obtains, or obtained, in the Temple of the Sun 
in the city of Sagomozo, where the seeds of the Floripondio (D a tu r a  
s a n g u ín e a )  are used; the Peruvians also prepare from them an intoxicating 
beverage which stupifies if taken much diluted; but, when strong, brings 
on attacks of furious excitement.”

MATERIAL
The seeds used for this investigation were part of the sample used by 

Drey & Foster for the determination of their alkaloidal content.

MACROSCOPICAL
The seeds are dark greyish brown, flattened wedge-shaped, either sub- 

reniform in outline with a slightly pointed end where the funicle was 
attached, Fig. 1 B, or the testa is extended towards the placenta giving a 
mutton-chop shape to the seed, Fig. 1 A ; the two forms are present in 
about equal numbers. They are hard, about 10 mm long, 5 to 6 mm 
broad and 4 mm thick at the convex margin. The testa has a slightly 
granular surface with 4 or 5 wrinkled ridges at the thicker convex edge; 
the hilum is at the pointed end, see Fig. 1 A and B. The embryo, which 
is about 15 mm long and 1-5 mm in diameter, is embedded in a white 
oily endosperm and is narrowly cylindrical with the hypocotyl-radicle 
pointing towards the hilum and the two narrow cotyledons, placed face 
to face and curved until their tips nearly meet the radicle, see Fig. 1 E, F 
and G. The seeds are odourless and have a bitter taste; 100 seeds weigh 
about 4-0 g.

From the Museum of the Pharmaceutical Society of Great Britain, London,
W.C.l.
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F i g . 1. Seeds o f  D. sanguinea R . an d  P., A , m utton-chop  shape an d  B, reniform  
shap e ; C, seed o f D. fastuosa; D , seed o f D. stramonium. E  to  P , seed o f D. 
sanguinea, E , long itudinal se c tio n ; F , section parallel to  the  flat faces; G , transverse 
sec tio n ; I, ep iderm al cell from  th e  flat face in vertical se c tio n ; N , epiderm al cells 
from  sum m it o f a  ridge in  vertical section ; H , transverse section o f th e  te s ta ; K , 
nucellus, surface v iew ; M , epiderm is in surface view from  flat fa c e ; O, epiderm is of 
the  endosperm ; P, transverse section o f  the  endosperm ; al, a leurone g ra in ; cot, 
co ty led o n ; en, e n d o sp e rm ; ep, ep id e rm is; h, h ilu m ; nuc, n u ce llu s; par, p a ren ch y m a ; 
ra, radicle; s, starch . A  to  G , x  4 ; I  and  N , x  100; M  and  H , x  40 ; O, P and K , 
x  175.



T e s ta .  The seed has one seed-coat—the testa. The epidermal cells 
of the flat surfaces in surface view have irregularly wavy and pitted anti­
clinal walls with superior outgrowths or processes interlocking with those 
of neighbouring cells; there are similar, less thickened, processes from 
the base of the cells, Fig. 1 I. The cells vary in length from about 110 to 
375 to 720 fj, and about 40 to 60 to 100 /x wide, the width often varying 
much in the same cell; their height is about 125 to 150 /z; in vertical 
section they are sub-rectangular. On the ridges at the edges of the seed, 
where the testa is strongly folded over the ridges, the shape of the epi­
dermal cells is modified; here in vertical section they are triangular in 
outline, Fig. 1 N, and of much greater height measuring about 250 to 
275 /x; in surface view they are sub-rectangular about 85 to 250 to 325 /x 
long by 50 to 65 to 100 /z wide and the anticlinal walls have much less 
prominent processes. The thickness of the walls of all the epidermal 
cells is about 8 to 10 /z and the bases of all the epidermal cells are pitted 
with oval pits. Beneath the epidermis are about 12 to 15 layers of 
parenchyma consisting of thin-walled rounded cells, about 30 to 45 to 
60 fj, in diameter, having circular or oval pits in their walls; this is followed 
by a layer about 30 /x wide of collapsed cells and a well-marked epidermis 
of the nucellus consisting of rectangular tabular cells about 30 to 40 to 
60 /x long and about 20 /x high in transverse section and in surface view 
sub-rectangular and about 38 to 45 /z in either direction, Fig. 1 K. All 
the cells of the testa and of the nucellus are lignified.

E n d o s p e r m . The endosperm is composed of polyhedral to rounded 
cells about 40 to 60 to 80 /z in diameter with a few small intercellular 
spaces. They contain fixed oil as an oil-plasma and numerous small 
aleurone grains measuring about 3 to 6 /z, most of them being small and 
amorphous and some of the larger ones enclosing a crystalloid and one or 
more minute globoids. A few small starch granules, mostly measuring 
about 4 ( i , are present in many of the cells, being starch which has not 
been converted into oil (Jost & Gibson, 1907). The aleurone grains and 
the starch are best observed by mounting a defatted section in iodine 
water. In a section mounted and warmed in water, very numerous 
globules of oil separate from the plasma and are stained deep red by 
tincture of alkanet, Fig. 1 O and P.

E m b r y o .  The embryo consists of cells rather smaller than those of the 
endosperm, about 20 to 40 /x in diam eter; palisade and procambium are 
ail evident in the embryo. The cell contents are similar to those of the 
endosperm.

COMPARISON WITH SEEDS OF OTHER SPECIES OF D a tu r a

The unground seeds of species of D a tu r a  used medicinally are easily 
recognised as shown in Fig. 1 A, B, C and D, where seeds of three 
medicinal species are drawn to the same scale. Seeds of D . s t r a m o n iu m  
are reniform, nearly black and 100 seeds weigh about 0-85 g; seeds of D .  
f a s tu o s a  are ear-shaped, brownish yellow and have about the same weight 
as seeds of D . s t r a m o n iu m .  As stated above, the seeds of D . s a n g u in e a

DATURA SANGUINEA R. AND P„ ITS SEEDS
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are much larger, dark greyish brown, sub-reniform to mutton-chop 
shaped and 100 weigh about 4-0 g.

The powders of these seeds may be distinguished by the characters of 
the epidermis, see Fig. 2.

F ig . 2. A , epiderm is o f  flat face o f seed of D . sa n g u in e d ; B, epiderm is o f  seed of 
D . s tr a m o n iu m ; C, epiderm is from  a  ridge o f th e  seed o f D . sa n g u in e a ; All x  40.

(1) D .  s t r a m o n iu m .  The epidermal cells are darkly pigmented, poly­
gonal in surface view, measure about 95 to 125 to 160 /x and have numerous 
small superior outgrowths. These cells also have a band of very heavy 
thickening in the equatorial position giving a lumen of a somewhat hour­
glass shape (Moll & Janssonius, 1923) which appears stellate in surface 
view.

(2) The epidermal cells of D . f a s t u o s a  closely resemble those of D .  
s tr a m o n iu m - , they are less pigmented and are slightly larger, measuring 
up to 190 /x (Timmerman, 1927).

(3) The epidermal cells of D . s a n g u in e a  from the flat surfaces are narrow 
and much elongated, about 320 to 720 /x by 50 to 80 /x, with irregularly 
wavy walls; those from the ridges are sub-rectangular, about 80 to 300 /x 
by 50 to 100 /x. There is no equatorial band of heavy thickening.
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SHORT COMMUNICATION

The biosynthesis o f tigloyl esters in D a tu r a

W. C. EV A N S A N D  J. G . W O O L LE Y

T IGLIC acid esters have been isolated from various D a tu r a  species 
and the translocation of 3,6-ditigloyloxytropane, 3,6-ditigloyloxy- 

tropan-7-ol and meteloidine from the roots to the leaves of D . in n o x ia ,  
and the subsequent metabolism of these alkaloids, has already been 
described (Evans & Griffin, 1964). The origin of the tiglic acid moiety, 
however, does not appear to have been investigated.

It has been suggested that the tiglic acid could arise from acetoacetic 
acid by C-methylation followed by reduction and dehydration (Leete, 
1963). In animal tissue homogenates, however, a-methylbutyryl-CoA 
and tigloyl- (or angeloyl-) CoA are intermediates in the degradation of 
isoleucine to acetate and propionate (Coon & Abrahamsen, 1952; Coon, 
Abrahamsen & Greene, 1952; Robinson, Bachhawat & Coon, 1956). 
It has also been proposed that isoleucine may be the precursor of a- 
methylbutyric acid in the a-methylbutyryl ester alkaloids of the D u b o is ia  
species (Barger, M artin & Mitchell, 1938), whilst in A s c a r i s  lu m b r ic o id e s ,  
it has been shown that a-methylbutyric acid may arise by condensation 
of acetate and propionate (Saz & Weil, 1960).

In this work we have administered sodium acetate-2-14C (0-025 me), 
sodium propionate-l-14C (0-025 me), isoleucine-1-14C (0-02 me) and iso- 
leucine-U-14C (0-025 me) via the roots to groups of 8-months old D a tu r a  
m e te lo id e s . Other batches of D . m e te lo i d e s  were placed in an atmosphere 
containing 14COa (0-025 me). After 48 hr the roots and aerial parts of 
the plants were separately dried and the root alkaloids, without dilution 
with inactive carrier, were isolated by chromatography. The picrates of 
the separated alkaloids were recrystallised until a constant m.p. and a 
constant value for the specific activities were obtained. With the 
exception of the isoleucine-U-14C experiments (Table 1), no labelling of 
the alkaloids could be detected.

TA B LE 1. INCORPORATION OF ISOLEUCINE-U-14C INTO THE ROOT ALKALOIDS OF 
D. meteloides

Alkaloid
Specific activity 

of picrate 
(dpm/mM)

Total activity of 
isolated picrate 

(dpm)
%  Total activity 
of alkaloid in 
tigloyl moiety

%  Total admini­
stered activity 
incorporated

3,6-Ditigloyloxytropane 1-3 X 106 3-3 x  104 100 006
3,6-DitigloyIoxytropan-

7 - o l ........................ 4-4 x  105 1-6 x  1 0* 100 003
Meteloidine 8-5 x  105 4-5 x  104 1 00 008
Hyoscine. . 0
Hyoscy amine 0

F ro m  the  D ep artm en t o f Pharm acy, U niversity o f  N ottingham .
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The results demonstrate a fairly rapid, and appreciable, incorporation 
of isoleucine-U-14C into the tigloyl moiety of all the relevant alkaloids. 
Isoleucine-1-14C is not incorporated and this is in accordance with the 
degradation of this amino-acid in animal tissue. Provided all the 
administered compounds gain equal access to the site of synthesis, it 
would appear that isoleucine is a more immediate precursor of the tigloyl 
moiety than either acetate or propionate. No significant labelling of 
the tropane ring was obtained in any instance, but in experiments of 
longer duration the incorporation of acetate has been adequately 
demonstrated by a number of workers.

A c k n o w l e d g e m e n t .  This work has supported by a grant from the 
Medical Research Council, London.
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SHORT COMMUNICATION

Phytochemical studies o f Egyptian P la n ta g o  species 
(alkaloids)
Z. F . A H M E D , A. M . R IZ K  A N D  F. M . H A M M O U D A

T HE alkaloidal content of eight species of P la n ta g o  common in Egypt 
has been examined. Authentication of the species has already been 

described (Ahmed, Batanouny & Hammouda, 1965). Extraction of the 
defatted seeds of P la n ta g o  a lb ic a n s  with 96% ethanol has yielded a basic 
fraction which was isolated either with mineral acid in the conventional 
manner or by precipitation with ammonium reineckate (Lee, 1960).

The behaviour of this extract on two-dimensional thin-layer chromato­
graphy is shown in Table 1. Column chromatography on silica-gel as 
outlined below has yielded five crystalline fractions.

TOTAL BASIC FRACTION 
placed on a silica gel column

elution with chloroform, 
extract rechromatographed 

on silica gel

elution with methanol

elution with chloroform- 
methanol, rechromatographed 

on silica gel

PLANTAGONINE

PLANTAGONINE
INDICAINE
INDICAMINE

(Danilova & Konovalova, 1952; Danilova,
1956)

Plantagonine had m.p. 220-222°, [a]!0 +29-7° (c, 1 -2, ethanol) (Danilova 
& Konovalova, 1952, cite m.p. 218-220°, [a]D +  30-8).

The hydrochloride m.p. 227-229° (Danilova & Konovalova, 1952, 
cite m.p. 228-230°) gave no depression on admixture with an authentic 
specimen. The infrared spectra of the hydrochloride and of an authentic 
specimen were identical.

The picrate had m.p. 158-160° (Danilova & Konovalova, 1952, cite 
m.p. 159-160°).

Indicaine, an oil, gave a picrate m.p. 148-150° (Danilova & Konovalova, 
1952, cite m.p. 149-150°). Oxidation of the oily base with silver oxide 
(Danilova, 1956) yielded plantagonine.

Indicamine picrate had m.p. 125-127° (Danilova & Konovalova, 1952, 
cite m.p. 124-127°).

F ro m  the  M edicinal P lan ts an d  C rude D rugs R esearch U n it, N a tio n a l R esearch 
C entre, D okki, C airo , U .A .R .
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T A B LE 1. R f*  o f  P la n t a g o  a lb ica n s  b a s ic  f r a c t io n  (t w o -d im e n s io n a l  t h in - l a y e r  
c h r o m a t o g r a p h y )  o n  k ie s e l g e l  G F  254 (250 n)

Z. F. AHMED, A. M. RIZK AND F. M. HAMMOUDA

Spot
No. Base

Rf
Fluorescence colour 

(200-400 mu)Solvent A Solvent B
1 Base “A” 0-03 005 Pale yellow
2 Plantagonine 006 007 , ,  ,,
3 Base “B” Oi l 0 -1 2
4 Unidentified 0-28 007 Light bluish yellow
5 0-37 0-44 Blue
6 0-48 0-28 Greenish yellow
7 0-60 0-65 Light greenish yellow
8 Indicamine 0-72 0-45 Violet
9 Indicaine 0-80 0-54

Yellow10 Unidentified 0-84 0-92
11 014 009 Faint violet
12 0-29 015 Yellowish green
13 ” 0-37 0-54 Blue

* Mean values of five determinations.
Solvent A : Ether: methanol: diethylamine (85:10:5) (Sandberg & Michel, 1962)

„ B: Chloroform:methanol:diethylamine (92:3:5). ( )
N.B.: Spots 5 and 13 may be interchangeable.

Bases A and B have been obtained in crystalline form and characterised 
as follows.

Base A, m.p. 240°, Amax (ethanol) 280 m/x. Found: C, 75-1; H, 8-9; 
N, 7-5. Ci2H i7ON requires C, 75-4; H, 8-9; N, 7-4%. Picrate m.p. 
280-282° (decomp.). Found: C, 51-1; H, 5-6; N, 13-5. C12H 17NO. 
C6H30 7N 3 requires C, 50-9; H, 5-7; N, 13-2%.
TA B LE 2. THE BASIC FRACTION OF THE SEEDS OF EGYPTIAN PlantagO SPECIES (TWO- 

DIMENSIONAL CHROMATOGRAPHY ON KIESELGEL G F  254)

Species
Total

alkaloids
%

Alkaloid number
1 2 3 4 5 6 7 8 9 10 11 12 13

P. notata 0 0 2 + + + + 4-
P. crypsoides 0-01 -f- + -f* 4- + + 4-
P. coronopus 0 0 2 4-
P. crassifolia 0 0 2 4- 4- + + 4-
P. major 005 + + + + 4- + 4- 4- 4-
P. albicans 0-04 + + 4- 4- + 4- + + + + 4- 4- 4-
P. cylindrica 004 4- + 4- + + +
P. ovata 0-06 4- + 4- + + 4- 4- +

1: Base “A.” 8 : Indicamine.
2: Plantagonine. 9: Indicaine.
3: Base “B 4, 5, 6 , 7, 10, 11,12 and 13: Unidentified.

Running solvents as in Table 1.

Base B, m.p. 176-178°, Amax (ethanol) 239 m/x. F ound: C, 69-9; H, 8-6; 
N, 10-3. C8H i2NO requires C, 69-6; H, 8-7; N, 10-1%. Picrate m.p. 
268-269°. Found: C, 45-9; H, 4-2; N, 15-5. C8H12ON. C6H 3N3Ov 
requires C, 45-8; H, 4-1; N, 15-3%.

The basic fraction of seven other species has been subjected to two- 
dimensional thin-layer chromatography with the results shown in Table 2.
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C a r v o n e  in  th e  d e v e lo p in g  f r u i t s  o f  Anethum 
graveolens L . a n d  Carum carvi L .

T. J. BETTS

The carvone content of the developing fruits of A n e th u m  graveo lens L. (dill) and 
C arum  carvi L. (caraway) has been determined spectrophotometrically over three 
seasons. Three or four weeks after pollination, carvone in the fruits attains a level 
of 11-20 mg per 100 caraway fruits, or 4-9 mg per 100 dill fruits. Variations in 
the carvone content of the essential oils distilled from these fruits are probably due 
to variable quantities of limonene.

T HE principal flavouring constituent of the umbelliferous fruits 
A n e t h u m  g r a v e o le n s  L. (dill) and C a r u m  c a r v i  L. (caraway), (+ )- 

carvone, forms up to 63% of the essential oils of these two fruits (B.P.C.). 
The other main constituent, (+)-limonene, is probably the direct biogenetic 
precursor of (+)-carvone (Birch, 1963). The oils have similar physical 
constants and may be indistinguishable, although dill oil may contain 
small amounts of aromatic compounds such as dillapiole (Gupta, 
Chandra & Zaidi, 1955). The present communication examines the 
production of carvone in the fruits of these closely related species.

Experimental
P l a n t  m a te r ia l .  Caraway and dill plants, grown in the Myddelton 

House drug garden, Enfield, Middlesex, were identified by their botanical 
characters, the macroscopy of their fruits and the constituents of their 
essential oils. Compound umbels were marked when most of their 
flowers were open and insect pollination was taking place. Fruits were 
then sampled at various times after being marked, until they ripened and 
dropped. Samples were taken in this fashion during 1962, 1963 and 
1964.

D is t i l l a t e  e x t r a c t s .  Each sample was of the same population of 100-200 
accurately counted fresh entire cremocarps (fruits) taken from about 
five compound umbels on different plants. At the final, ripe stage, two 
mericarps were counted for each cremocarp. Carpophores and small 
amounts of pedicel were included with the cut off fruits, together, during 
the first week after pollination, with any petals remaining. Only healthy 
plants and full sized fruits were sampled.

The fruits were weighed and steam distilled the same day by co­
distilling with about 50 ml water until 5 ml liquid remained in the still ; 
the aqueous condensate was passed directly into a separating funnel 
containing 4 ml n-hexane. When the distillation was completed (40-60 
min), the condenser was washed out into the separating funnel with 1 ml 
n-hexane and a little water. The funnel contents were shaken gently and

From the Department of Pharmacognosy, School of Pharmacy, University of 
London, Brunswick Square, London, W.C.l.
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allowed to separate and the separated hexane layer diluted to volume 
with hexane in a volumetric flask. In the first weeks of fruit development 
this volume was 5 m l; in later weeks, 10 or 20 ml, this being made up by 
re-extracting the aqueous condensate with more hexane.

In both 1962 and 1963, two identical samples were taken, the second 
being used to determine the loss of weight on heating at 105°. This 
value was subsequently corrected for the essential oil content of the 
sample to provide a value for the dry weight of each sample (fresh weight 
minus water only). The total oil content was taken as twice that of the 
carvone found.

Thin-layer chromatography of the above hexane extracts was carried 
out as previously described (Betts, 1964).

C a r v o n e  a s s a y . A modification of the method of Stenlake & Williams
(1957) was used. A suitable aliquot of the hexane extract of the distillate 
(0-5-2 ml) was diluted to 10 ml with n-hexane, absolute ethanol (5 ml) 
was added, and the solution was refluxed (4^ hr) with glacial acetic acid 
(0-5 ml) and Girard’s Reagent T (200 mg). After cooling, n sodium 
hydroxide (7-5 ml) was added and the mixture was transferred to a 
separating funnel with water and ether. The organic phase was extracted 
three times with water, each extract being washed with ether. The com­
bined aqueous extracts were diluted with water to a suitable volume 
(200-500 ml) and the absorbance determined at approximately 273 m/x. 
A blank assay was made with 10 ml n-hexane and used as the reference 
solution. The amount of carvone present in the sample was calculated 
as follows:

Carvone, mg per 100 fruits = ------ l-
1-267 x  n

Where d =  absorbance reading at peak; v =  volume (ml) of diluted aqueous 
extract prepared for reading d ;  n  =  number of fruits represented by v 
(i.e., by the hexane aliquot taken for assay).

The high extinction value of the water-soluble carvone complex 
[£■(1%, 1 cm) 1267] means that the assay is sensitive enough to work with 
about fifteen developed fruits.

Results and discussion
Similar results were obtained for carvone assays on the developing 

fruits over three seasons, and illustrative figures are quoted in Table 1. 
At 1 week after pollination, caraway fruits contained little or no 
carvone, but by the third week 10 mg or more per 100 fruits was present. 
In subsequent weeks the carvone content varied between 12-20 mg per 
100 fruits in 1962 and 11-14 mg in 1964. Dill fruits initially contained more 
carvone (1-2 mg per 100 fruits) than caraway fruits but about 3 weeks 
after pollination the carvone content was only 5-9 mg per 100 fruits in 
1962 and 4-6 mg in 1964. These results support Luyendijk’s observation
(1957) that as the two fruits develop “the content of carbonyl compounds 
increases from traces until the specific level for the species is reached” .
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The distinction between carvone content expressed in terms of dry 
weight and as content of 100 fruits arises because the carvone content rises 
more rapidly than does the dry weight. Thin-layer chromatography 
confirmed that carvone was present at all stages of the development of 
both dill and caraway fruits. Dillapiole was not observed. From spot 
size and intensity, the terpene hydrocarbons (e.g. limonene) decrease in 
quantity as the fruits of caraway and dill develop and ripen.

TA B LE 1. OBSERVATIONS ON DEVELOPING FRUITS 1963

Date Days (and Fresh % fresh Calc.2 dry mg carvone
marked 
i.e. in Date

weeks)
since

wt. 100 
fruits1

wt. not 
lost on

wt. 1 00  
fruits in 1 00 per g

flower collected marking in mg drying in mg fruits3 dry wt.
Caraway

31 May 7 June 7 (/) 426 19 82 0-4 5
7 June 21 June 14(2) 546 21 127 6 47

31 May 21 June 21 (J) 1,160 24 311 15 47
7 June 5 July 28 (4) 1,324 29 412 12 30

31 May 5 July 35(5) 1,391 35 515 16 31
31 May 12 July 42(5) 904 60 575 16 30

Dill
6  Aug. 15 Aug. 9 (/) 268 26 75 2 24

29 July 15 Aug. 17(2) 701 23 174 6 33
6  Aug. 28 Aug. 2 2 ( 3 ) 838 29 257 7 28

29 July 28 Aug. 30(4) 1,062 33 357 6 17
6  Aug. 11 Sept. 36(5) 1,154 33 399 7 17

29 July 11 Sept. 42(6) 513 58 313 8 26

1 Fresh weights are averages of 2 or 3 lots.
2 Dry weights obtained from percentage of fresh weight not lost on drying, corrected for loss of 

essential oil (taken to be twice the amount of carvone present).
3 Average of 2-4 determinations.

Although the maximum yield of carvone can be obtained from a crop 
of fruits which has been allowed to develop for about 4 weeks, the essential 
oil from this will contain a higher proportion of limonene than that from 
more developed fruits and so will be sweeter and less intensely flavoured. 
Low carvone content of the essential oil is thus not necessarily the result 
of carvone deficiency in the fruit.
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SHORT COMMUNICATION

S o m e  effec ts  o f  f u n g a l  g r o w th  o n  th e  r o o ts  o f  
Rauwolfia oxyphylla S ta p f .

T. M. JEFFERIES, W. C. EVANS A N D  G. E. TREASE

D U RIN G  an investigation of the dried roots of R a u w o l f i a  o x y p h y l la  
Stapf., a species indigenous to the swampy forests of Uganda, it was 

noticed that, with some samples, the xylem fibres isolated by Schulze 
maceration possessed abnormal characters, which appeared to be associa­
ted with certain micro-fungi. We have examined this association.

The external appearance of the roots was normal but the root-bark 
separated easily from the wood, often crumbling into flaky pieces. The 
internal surface of the bark was flaky and possessed white and black 
patches which corresponded with similar areas on the underlying wood 
surface. In ultraviolet light the inner surface of the bark, apart from white 
and black patches, appeared a deep orange instead of the normal dark 
brown. Smoothed transverse surfaces of roots frequently showed thin 
black lines running irregularly across them. From these roots, three 
cellulose-destroying micro-fungi, M e la n o s p o r a  z a m ia e  Corda, C h a e to m iu m  
f u n i c o l u m  Cooke and C. g lo b o s u m  Kunze were isolated by Dr. L. Jacobs 
and identified by the Commonwealth Mycological Institute. These 
species are normally found on plants rotting in damp conditions. They 
belong to that group of wood-attacking micro-fungi which cause “soft-rot” 
involving the production of pointed cavities within the middle layer of 
the secondary wall. Timber attack by these fungi has been known for 
many years and Schacht, in 1850, reported the characteristic pointed 
cavities. A detailed study has been made by Bailey & Vestal (1937); the 
term “soft-rot” was introduced by Savory (1954). Three other groups 
of fungi which attack wood are recognised by Mr. J. F. Levy (personal 
communication), but these are outside the scope of this report.

To study the effects of the infestation of R a u w o l f i a  o x y p h y l la  root by 
the individual fungi, the following procedure was adopted. Discs of 
normal R .  o x y p h y l la  root, about 3 mm in thickness, were sterilised in 
sealed polythene packets by irradiation (IT  megarads over 2 hr). After 
being moistened with sterile water, the discs were aseptically transferred 
to sterilised petri dishes containing a layer of water. The roots were 
supported above the level c c  the water and their surfaces inoculated with 
the appropriate fungus which had been cultivated in potato-dextrin-agar 
or malt-agar media. The strains used were those isolated from the roots. 
The dishes were incubated at 26°, the humidity within the incubator being 
maintained at about 80% to prevent the specimens drying out. Samples 
of wood were examined at 7-day intervals for abnormal wood fibres.

From the School of Pharmacy, Bristol College of Science and Technology and the 
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FUNGAL GROWTH ON THE ROOTS OF R. OXYPHYLLA

The results are recorded in Table 1. It is evident that the three fungi 
can each attack the wood fibres of R .  o x y p h y l la .  Cavities in the fibre 
walls, identical with those observed in the fibre walls of the original root 
samples, were produced by each of the individual fungi in the experi­
mental material.

TAB LE 1. production of abnormal fibres in  R auw olfia  o xyp h y lla  ROOT-WOOD 
AS THE RESULT OF FUNGAL GROWTH

Incubation
period
(days)

Abnormal fibres produced after fungal growth
M ela n o sp o ra

za m ia e
C h a eto m iu m
fu n ic o lu m

C h a eto m iu m
g lo b o su m

Control
(No inoculation 

with fungi)
7 None None None None

14 None None None
21 About 5% About 10% About 50% None
28 About 10% 75% 75% None

It is possible to divide the digestion of the fibre wall into three stages 
(Fig. 1) as follows (Jefferies, 1965). An e a r l y  s t a g e  in which numerous, 
narrow, elongated cavities with sharply pointed ends appear within the 
middle layer of the secondary cell wall. These are scattered along the 
length of the fibre, are relatively short, and do not give a spiral effect. 
They are all parallel to one another and in polarised light appear as dark 
lines in a “bright” fibre. A m id d le  s ta g e  in which the cavities elongate so 
that some spiral effect is observed; some cavities may widen which makes 
the pointed ends even more prominent. The cavities remain parallel 
and in polarised light their dark spirals are very marked. A la t e  s ta g e  
in which the number of cavities is greatly increased so that many of them 
join to form wide areas of decomposed cell wall. The lines on the 
fibres are still approximately parallel and they are so frequent that it is 
difficult to distinguish normal cell wall areas from decomposed areas.

F ig . 1. Portions of wood fibres of R auw olfia  o xyp h y lla  Stapf. All x 200. 1,
normal fibres; 2, 3, 4, fibres after four weeks incubation with C haetom ium  g lobosum  
showing respectively, early, middle and late stages of fibre wall digestion. C, 
cavity; P, pit.

45 S D



T. M. JEFFERIES, W. C. EVANS A N D  G. E. TREASE

In polarised light these areas can be distinguished easily by the brightness 
of the unattacked cell walls. Eventually the unattacked residues of the 
cell walls are reduced to narrow spiral strips, still running parallel to one 
another; because the hardly visible, outer and inner layers of the cell walls 
remain to a large extent unattacked, they hold these few spirals of un­
attacked fibre wall together. Finally, even these areas are digested and 
the fibres in this condition do not survive Schulze maceration.

In transverse section the thin structure of the inner layer of the cell 
wall can be seen clearly either as an intact ring or broken (by the micro­
tome) and lying within the lumen of the fibre, but in any event quite 
detached from the remainder of the cell wall. It does not appear bright 
in polarised light. The early stage of attack is difficult to see but can be 
detected by careful examination of suitable transverse sections. With 
the fungi studied, xylem parenchyma and xylem medullary ray cells do not 
normally show any effect of attack and vessels only rarely possess fine 
spiral cavities. Microchemical stains are available for the selective 
staining of fungal hyphae, making detection easier in cases of slight attack.

A c k n o w l e d g e m e n t s .  We thank Dr. L. Jacobs, of Bristol College of 
Science and Technology, for isolating the three fungi, and the Common­
wealth Mycological Institute for confirming their identity.
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T h e  effec ts  o f  g r o w th  c o n d i t io n s  o n  th e  y ie ld  a n d  
q u a l i ty  o f  e s s e n tia l  o i l  o f  Mentha piperita
CHRISTOPHER O’CONNOR

The results of a factorial experiment designed to study the effects of nitrogen, phos­
phorus and potassium, alone and in combination, on the yield of green herb, and on the 
yield and composition of the essential oil of M e n th a  p ip er ita  are reported. The 
experiment was made on reclaimed peatbog in Ireland. The main conclusion is that 
there is a significant increase in the yield of essential oil when nitrogen is added in 
high concentration. This also results in a decrease in the menthol content of the oil. 
Superphosphate also reduces the percentage menthol content of the oil. Mixtures 
of all three fertilisers reduce the percentage oil yield.

P REVIOUS work has shown that virgin dried peat can produce 
satisfactory crops of M e n t h a  p ip e r i t a  provided a minimum application 

of potash, phosphate and nitrogen is added, together with sufficient 
lime to give a pH between 5 and 6 (O’Connor, 1960).

The present work investigates the effect of nitrogen, phosphorus and 
potassium, alone and in combination, on (a )  the yield of green or fresh 
herb and of essential oil, and (b ) the composition of the oil of M e n t h a  
p ip e r i t a .

Experimental
MATERIALS AND METHODS

Plants of M e n t h a  p i p e r i t a  obtained from Kent in 1950 and propagated 
vegetatively were planted in rows 2 feet apart in the Spring of 1962. 
The plots were hand weeded during the growing period and the crop 
was harvested before flowering in September, 1962. The site of cultivation 
was dried peat bog as previously described (O’Connor, 1960).

The soil under the peat consisted of calcareous glacial drift having 
a pH  of between 6-0 and 7-0 in the first 6 inches. The overlying peat had a 
pH of 5-2 to 5-7, its calcium content was between 2-5 and 3-5%, its 
phosphorus and potassium contents were 0-01 to 0-02% and 0-2 to 0-5% 
respectively, whilst its nitrogen content was approximately 1-5%. The 
levels of cobalt, copper and molybdenum in the peat were less than 0-01%.

SCHEME USED IN THE LAYOUT OF EXPERIMENTAL PLOTS
N  =  Nitrocal. P =  Superphosphate. K  =  Potassium sulphate

Block I Block III Block III

to (2 ) (9) (10) (17) (18)
NK NPK K Control NK P

(3) (4) ( in (12) (19) (2 0 )
K Control P NPK N PK

(5) (6) (13) (14) (2 1 ) (2 2 )
PK N N NP K Control

(7) (8) (15) (16) (23) (24)
P NP PK NK NP NPK

From the Department of Pharmacognosy, College of Pharmacy, Dublin, and 
the Department of Chemistry, University of Dublin.
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Nitrogen, phosphate and potash were combined factorially and the 
experiment was laid down to a randomised block design of 3 replications. 
The layout is shown on the accompanying chart. The rates of addition 
for nitrogen, phosphate and potassium were 3, 6 and 2 cwt per acre 
respectively. Plot size was 15 sq yd and each plot received a basal appli­
cation of 1 cwt of potassium sulphate and 3 cwt of superphosphate per 
acre to provide conditions for minimum growth of the plants. Nitrocal 
(N) which was used to supply nitrogen had the following analysis: 
58% ammonium nitrate, 33-36% calcium carbonate, 3-6% magnesium 
carbonate, and the remainder silica. Phosphate and potassium were 
supplied as superphosphate (P) and potassium sulphate (K) respectively.

The crop from each of the experimental plots was harvested during 
one day using a motor mower. Fresh herb was weighed immediately 
and then was spread out in a thin layer under cover to wilt. When 
sufficiently dry and crisp, the herb from each plot was separately placed 
in polythene bags.

Distillation was carried out in a copper still using steam at 15 lb/in2. 
The oil was separated from water, dried over sodium sulphate and 
weighed; it was not rectified. Samples of oil were placed in dry, brown 
glass bottles and stored in darkness. Each oil sample was examined by 
gas-liquid chromatography using an Aerograph Hi Fy 600 apparatus. 
Column: 20% hexose diacetate hexaisobutyrate (SAIB) on 60-80 mesh 
Embacel Kieselguhr. Length: 10 ft of £ inch diam. stainless steel tube. 
Oven temperature: 151-152°. Gas flow: 25 ml/min N 2 and H,.

Identification of the peaks was effected by the use of authentic specimens 
of the known components. Peak areas, which are approximate, are given 
as height x  width at half height; they were checked by counting squares.

A number of unidentified compounds were present in traces in the oil. 
Two compounds, eluted from the column after octan-3-ol but before 
menthofuran, were present in slightly larger quantities.

Results and discussion
YIELD OF HERB

Table 1 shows that nitrogen significantly increases the yield of fresh 
herb (P, 0-01) given by first year plants. Second or third year plantations 
produce much larger yields of fresh herb, but the yields represent a crop 
much in excess of that usually given by first-year crops on ordinary 
mineral soil.

Some interaction occurs between nitrocal and superphosphate (P, 0-05); 
thus in the absence of nitrocal, superphosphate increased the yield from
3-5 to 4-9 tons per acre, but with nitrocal present superphosphate had 
no effect. Similarly, potassium sulphate increased the yield from 3-4 
to 5-1 tons per acre in the absence of nitrocal but there was no 
effect with nitrocal present (P, 0-001).

The replicates varied significantly from 4-4 to 6-1 tons per acre, which 
gives an indication of the variation encountered. This result suggests 
that with a high application of nitrogen, potassium and superphosphate

CHRISTOPHER O’CONNOR
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are unnecessary. In the absence of nitrogen, potash and superphosphate 
produce a beneficial effect.

It should be noted that only those plots treated with nitrogen alone, 
or in combination with phosphorus or potassium, contain nitrogen in 
excess of the 1-5% present in the natural peat.

TABLE 1. EFFECT OF NITROGEN PHOSPHATE AND POTASSIUM ON YIELD

YIELD AND QUALITY OF ESSENTIAL OIL OF MENTHA PIPERITA

Herb
tons/acre1

Oil
lb/acre2 limonene3

%menthol4 menthone6

- P +p - P + P - P +p - P + P - P +p
- N 3-5 4-9 2 -6 4-5 M 1-5 61-9 60-6 17-0 16-8
+ N 6-3 61 1 0 0 7-6 1-3 1-3 59-7 58-0 20 -0 18-8

Significance of N main effect *** **
Significance of NP interaction N.S. N.S. N.S. N.S.

-K + K -K + K -K +K - K + K - K + K
- N 3-4 5-1 2 -6 5-5 M 1-5 63-2 59-3 15-9 17-9
4-N 6-5 5-9 1 0 0 3-4 1-3 0-7 59-4 58-3 18-0 2 0 -8

Significance of K main effect N.S. N.S. N S.
Significance of NK interaction * * * * N.S. N.S.

- P + P - P +p - P +p - P +p - P +p
- K 4-7 5-1 2 -6 4-5 M 1-5 61-6 610 17-5 16-4
-i-K 5-1 5-9 5-5 6-8 1-5 1-7 600 57*9 19-5 19-2

Significance of P main effect N.S. N.S. *** N.S. N.S.
Significance of PK interaction N.S. N.S. N.S.

^e. per plot = 0-9. 8s.e. per plot = 1 -8 . 3s.e. per plot = 0-2. 4s.e. per plot = 2-3. fis.e. per plot = 2-5. 
N.S. = not significant. * 5%, ** 1%, *** 0-1% significance levels.

The above results are in good agreement with those of Baird (1957) 
for the growth of M e n t h a  p ip e r i t a  on mineral soil, and also with those 
of Birkeli (1948). For M e n t h a  p ip e r i t a  in water culture it has been shown 
that intermediate levels of nitrogen and potassium gave poorer growth 
than higher or lower concentrations of these nutrients (Crane & Steward,
1962). Maximum growth was obtained with a high level of calcium as 
would be expected since M e n t h a  p i p e r i t a  behaves as a pronounced 
calcicole, occurring naturally on calcareous habitats.

YIELD OF OIL
Table 1 shows that the yield of oil in lb per acre was significantly 

increased when nitrogen was available (P, 0-01), while phosphate may have 
a slight beneficial effect (P, 0T). This is in agreement with the work of 
Kotin (1950) and of Latypov (1960).

Significant interaction occurred between nitrogen and potassium; 
in the absence of nitrogen, potassium gave an increase of 2-9 lb of oil 
per acre, compared with a decrease of 6-6 lb per acre in the presence 
of nitrogen.

Interaction was also shown between phosphate and potassium in the 
presence of nitrogen. Absence of potassium in this case gave a particu­
larly low yield of oil. This result conflicts with that obtained by Birkeli 
(1948) who found that both potassium and nitrogen are required in large 
quantities by M e n t h a  p ip e r i t a  for the formation of the oil.

Oil yields per acre are exceptionally low compared with those usually 
obtained on ordinary mineral soil. The average percentage oil yield
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ranged between 0-032 and 0-071%. For comparison, plants from 
the same stock were grown on ordinary soil in three different locations. 
The average percentage yield of oil was 0-18% which is almost four times 
that from plants grown on peat. This remarkably low yield may be due 
to the lack of some essential trace element(s). Preliminary survey of the 
overlying peat revealed a very low trace element content in the case of 
copper, cobalt and molybdenum and it is possible that other essential 
trace elements may be entirely absent or may be present in too low 
a concentration.

COMPONENTS OF THE ESSENTIAL OIL
The effects of the different fertiliser treatments on the amounts of the 

various components of the oil may be summarised as follows.
N i t r o g e n  depresses the limonene and menthol contents while increasing 

the menthone and isomenthone components.
P h o s p h a te  increases a-pinene, jS-pinene and especially limonene (P, 0-01).
P o ta s s iu m  increases the menthone content and reduces that of menthol.
F e r t i l i s e r  in te r a c t io n s . There was no nitrogen-phosphate interaction 

on any of the components.
N i t r o g e n  a n d  p o ta s s iu m  interactions affect the content of a-pinene, 

limonene and cineol. Potassium in the presence of nitrogen depressed 
the content of these constituents, although increasing it when nitrogen 
was not present.

P h o s p h a te  a n d  p o ta s s iu m :  for both a-pinene and limonene, potassium 
depressed the yield where phosphate was absent but increased the yield 
where phosphate was present.

N i t r o g e n ,  p h o s p h a t e  a n d  p o ta s s iu m .  A particularly low limonene 
content was obtained where phosphate was absent but nitrogen and 
potash were both present.

TABLE 2. TOTAL AVERAGE MENTHOL CONTENT (%) OF OIL SAMPLES OBTAINED UNDER 
THE DIFFERENT FERTILISER TREATMENTS

Plot Menthol
Menthyl
acetate Neomenthyl Total %

N 59 5 4 69
P 63 6 5 73
K 60 5 5 69

NP 59 6 5 70
NK 60 6 5 71
PK 59 6 5 69

NPK 57 6 5 67
Control 64 6 5 74

A notable feature of all the oil samples is the consistently high menthol 
content, irrespective of the fertiliser treatment (Table 2). Total menthol 
content varied between 67 and 74%. It was highest in the oil 
obtained from the control plots and lowest in that obtained from the crop 
receiving all three fertilisers at the high rate. This finding may be related to 
the prevailing cold and wet weather which was a feature of the summer of 
1962, and in this connection Bankowski (1953) has reported that the oil
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yield increases with a rise and decreases with a fall in temperature. 
Menthol content likewise rises with the temperature.

English Mitcham peppermint oil has a total menthol content between 
42 and 64% and a menthone content between 29 and 42% (Parry 
& Ferguson, 1936). These figures for menthone are much higher than 
in our samples where the menthone content varied between 16% in 
the controls and 21% in plot NPK. The total menthol content of 
our samples is considerably higher than the maximum figure (64%) that 
they obtained.

A c k n o w l e d g e m e n t s .  I wish to thank the Council of the Pharmaceutical 
Society of Ireland for financial assistance, Messrs. Antigen Ltd. of 
Roscrea for donating distillation apparatus, the Agricultural Institute 
of Ireland for permission to use their lands at their Peatland 
Experimental Station at Lullymore, Co. Kildare, for these experiments, 
and to Mr. D. Harrington, Statistics Department (Agricultural Institute 
of Ireland) who kindly provided the statistical analysis used in assessing 
the results. I also wish thank Professor W. Cocker for his guidance and 
interest during this investigation.

YIELD AND QUALITY OF ESSENTIAL OIL OF MENTHA PIPERITA
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Comparative assays o f some nitrofurans in urine
B. M. JONES, R. J. M. RATCLIFFE AND S. G. E. STEVENS

Polarographic and microbiological methods for the determination of nitrofurantoin 
and of 7V-(5-nitro-2-furfurylideneamino)-2-imidazoline-one (NF 246) in urine are 
described. In these the limit of detection is 1 /xg/ml by the polarographic and 
5 /xg/mi by a cup plate microbiological technique. No preliminary separation of 
the drugs is required. The polarographic method is to be preferred, since it is a 
more sensitive assay and results can be obtained within an hour of receiving the 
sample.

T HE use of nitrofurans in the treatment of urinary infections has 
found general clinical acceptance and the assay methods described 

below have been used to determine the amounts of nitrofurantoin and 
Ar-(5-nitro-2-furfurylideneamino)-2-imidazoline-one (NF 246) (O’Connor, 
Russell, Michaels, Newland & Carey, 1963) excreted in urine.

Experimental
MICROBIOLOGICAL

The cup plate assay as described for antibiotics in the B.P. (1963) was 
used. Nutrient agar, Oxoid CM 3, was poured in plates 12 x  12 inches 
and 36 cups 18 mm in diameter cut out and sealed. B a c i l lu s  s u b t i l i s  
NCTC 8236 was the test organism and spore suspensions were prepared 
as in B.P. (1963), page 1,105. Randomisation of experiments was 
achieved by means of a 6 X 6 Latin Square test design.

N i t r o fu r a n to i n  a s s a y . Dilute the urine with an equal volume of citrate 
phosphate buffer (pH 5-0-6-0) and pipette 1 ml into each cup.

N F  246 a s s a y . This is in two p arts : (i) to assess unchanged drug, the 
method is as for nitrofurantoin but using pH 6-8 buffer; (ii) for total 
nitrofurans as N F 246, heat urine at 70° for 60 min, cool and then treat 
as for the unheated sample.

Suitable standards of nitrofurantoin and N F 246 in dimethylformamide 
and citrate phosphate buffer were used in each test.

The plates were maintained at room temperature, protected from the 
light for 2 hr, then incubated at 30° for 18 hr.

M i n i m u m  in h ib i to r y  c o n c e n t r a t io n s . Minimum inhibitory concentra­
tions were measured by standard serial dilution techniques in liquid 
media using a 24 hr culture of E s c h e r i c h ia  c o l i  NCTC 8196 as the test 
organism. Nutrient broth, Oxoid CM 1, was used and the tubes 
incubated at 37° for 18 hr. Standards were prepared by adding the 
individual nitrofurans in dimethylformamide to normal male urine and 
proceeding as for test urines. All samples were pasteurised at 30° for 
30 min.

We confirm the opinion of Carroll & Brennan (1954) that a medium 
of acid pH is preferable for the organisms used. The optimum pH

From Smith, Kline & French Laboratories Ltd., Welwyn Garden City, Hertford­
shire.
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range was 5 0 6-0 when testing nitrofurantoin, and 5-0-7-0 when 
examining NF 246. Under these pH conditions urea concentrations of 
up to 5% did not aifect the results of the cup plate assays.

POLAROGRAPHIC
S u p p o r t in g  e le c t r o l y te .  Dissolve Analar ammonium chloride (53-5 g) 

and Analar 0-88 ammonia solution (67-5 ml) in distilled water and dilute 
to volume (2 litres).

S ta n d a r d  s o lu t io n s . Accurately weigh nitrofurantoin (50 mg) and 
dissolve in jV.V-dimethylformamide (25 ml); dilute to 100 ml with 
supporting electrolyte. Each ml contains 500 p g  nitrofurantoin. Prepare 
standard solutions with supporting electrolyte to contain 25, 50, 100 and 
200 p g  nitrofurantoin per ml. In the same manner prepare standard 
dilutions in supporting electrolyte to contain 25, 50, 100 and 200 p g  
NF 246 per ml.

D e te r m in a t io n  o f  n i t r o fu r a n to in .  Dilute 1 ml of urine to 25 ml with 
supporting electrolyte. Pipette 5 ml of this dilution into a polarographic 
cell containing a mercury pool anode, and maintained at 25 i  0-5°. 
De-aerate the system with nitrogen (5 min) and measure the peak current 
of the derivative circuit at —0-32 V.* This step represents the reduction 
of the nitro-group (Stradins, Hillers & Jur’ev, 1959).

To 1 ml of urine add 1 ml of standard nitrofurantoin solution (25 /xg/ml) 
and dilute with supporting electrolyte to 25 ml. Measure the peak current 
as above. Repeat using the standards containing 50, 100 and 200 /xg/ml. 
Micrograms of nitrofurantoin per ml urine is given by the following 
formula.

id (sample) X p g  nitrofurantoin per ml standard solution 
id (sample +  standard) — id (sample) 

where id =  peak current of the solution.
The determination of N F 246 is made in a similar manner.
Over the voltage range —0-1 V to —0-6 V, freshly voided urine contains 

no substances which interfere with this assay. For any given concen­
tration of the nitrofuran, the diffusion current varies in urine samples 
from different subjects and even with the same subjects it varies with time. 
This fact was not appreciated by Marciszewski (1960) who also used a 
polarographic assay. The standard addition technique overcomes this 
difficulty since each sample is related to four standards.

VALIDITY OF METHODS
The validity of these methods was established by adding amounts of

25-150 /xg/ml of either nitrofurantoin or N F 246 to Ringer solution, to 
sterilised urine and to freshly voided urine from healthy male subjects 
and assaying.

By the cup plate method the average drug recovery was 96-6% (s.d. 9-1).
By the polarographic assay the recovery of either drug was 102-2% 

(s.d. 7-5).
* A southern instrument K 1000 was used.

COMPARATIVE ASSAYS OF SOME NITROFURANS IN URINE
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NITROFURANTOIN AND N F 246 IN URINE
Healthy male subjects were given doses of the drugs in accordance 

with the regimens outlined below. Urine was assayed by both methods. 
Results are shown in Figs 1 and 2 and Table 1.
TABLE 1. COMPARISON OF RESULTS OBTAINED BY POLAROGRAPHIC, CUP-PLATE AND 

MINIMUM INHIBITION CONCENTRATION METHODS ON A MAN TAKING
NF 246

B. M. JONES, R. J. M. RATCLIFFE AND S. G. E. STEVENS

Time
(hr)

xg/ml NF 246 excreted
Cup-plate
method*

Minimum inhibition 
concentration

Polarographic
method

08.00 100 96 112
10.00 46 48 55
12.00 92 96 87
14.00 92 96 88
16.00 244 192 270
18.00 184 192 182
20.00 348 192 338
22.00 296 192 325
32.00 164 96 181
34.00 92 48 117
36.00 50 48 63
38.00 92 48 88
40.00 276 192 244
42.00 400 384 381
44.00 138 192 138
46.00 82 96 77
48.00 146 192 138
50.00 nil nil 1

* Heated sample.

In all cases the bladder was emptied before the start of the experiment. 
Nitrofurantoin (100 mg) was administered at 07.00, 12.00, 17.00 and

22.00 hr. Urine was collected by draining the bladder at 2 hourly intervals 
from 07.00 to 21.00 h r; a further sample was obtained at 07.00 hr, 24 hr 
after administration.

F ig . 1. Drug excretion pattern of NF 246 in urine. ---------Results of polarographic
assay. ...........Results of heated microbiological a s s a y . ------------ Results of cold
microbiological assays. At arrows 200 mg NF 246.



COMPARATIVE ASSAYS OF SOME NITROFURANS IN  URINE

N F 246 (200 mg) was administered at 08.00, 14.00, 20.00, 22.30 hr and 
repeated over a second day. Urine was collected by draining the bladder 
at 2 hrly intervals between 08.00 and 22.00 hr.

33-49% of the nitrofurantoin administered was recovered from the 
urine by both methods, and 21-23% of N F 246 was recovered by a 
polarographic method and by a microbiological test applied to heated 
specimens.

Hr after start of trial
F ig. 2. Drug excretion pattern of nitrofurantoin in urine. --------- Results of
polarographic assay. ...........Results of microbiological assay. At arrows 100 mg
nitrofurantoin.

Urine from subjects receiving N F 246 showed that the polarographic 
and tube dilution methods gave higher results than were obtained using 
a simple cup plate assay. It should be noted that the tube dilution 
method was preceded by a sample pasteurisation, whereas for the simple 
cup plate assay unheated urine was used.

Pretreatment of the urine at 70° for 1 hr resulted in an increase in the 
a p p a r e n t  amount of drug present, and the results by cup plate assay were 
then in fair agreement with those obtained by the polarographic method. 
Urine containing nitrofurantoin does not require preliminary heating.
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The analysis o f methisazone
J. C. D E A V IN  A N D  D . H . M IT C H E L L

T he physical and  chem ical properties o f m ethisazone (l-m ethylindoline-2,3-dione
3-thiosem icarbazone) are described. Iodim etric  titra tio n  is suggested as being the 
m ost convenient m ethod o f assay. E ach m olecule o f m ethisazone reacts w ith eight 
atom s o f iodine and the m echanism  of this reac tion  is discussed. M ethisazone was 
exam ined fo r im purities by thin-layer ch rom atography  and  details are given o f the 
technique em ployed. R eference is m ade to  the  change in  light abso rp tion  of 
m ethisazone solu tions when exposed to  light.

D URING the past decade an extensive programme of work devoted to 
the chemotherapy of pox virus infections has been carried out 

(Bauer, Dumbell, Fox-Hulme & Sadler, 1962). In particular, the dis­
covery that some derivatives of isatin /3-thiosemicarbazone possess chemo­
therapeutic activity against variola major infections in mice led eventually 
to the introduction of methisazone (l-methylindoline-2,3-dione 3-thio- 
semicarbazone; iV-methylisatin /3-thiosemicarbazone) for the treatment of 
smallpox contacts as an alternative to vaccination. Methisazone has now 
become of sufficient interest to create a demand for information about its 
physical and chemical properties and, as little published data is available, 
the present communication describes analytical methods used successfully 
in our laboratories.

IDENTIFICATION AND PURITY
D e s c r ip t io n . When freshly prepared, methisazone consists of fluffy 

orange-yellow micro-needles, m.p. about 250° with decomposition. For 
pharmaceutical purposes it is used as an ultra-fine powder, the particles of 
which have a characteristic property of slowly developing outgrowths in 
the form of “whiskers” . This is of considerable importance, as the drug 
must be freshly ground before being incorporated in a pharmaceutical 
preparation and the presence of such outgrowths is a useful guide to the 
suitability of the powder for pharmaceutical purposes.

Gordon (1964) has given an interesting account of the formation of 
“whiskers” particularly in metals. When ductile metals are subjected 
to stress the growth of “whiskers” is sometimes provoked. Prolonged 
grinding is required to reduce methisazone to an ultra-fine powder and it is 
suggested that the particles, so produced, may possess internal strain thus 
leading to the phenomenon of outgrowths.

S o lu b i l i t y .  Methisazone is practically insoluble in w ater; it dissolves in 
about 2,000 parts of methanol, in 800 parts of chloroform and 250 parts of 
acetone.

THIN-LAYER CHROMATOGRAPHIC EXAMINATION
Thin-layer chromatography of methisazone was carried out by estab­

lished procedures using readily available apparatus. The more important 
details are as follows.

F rom  the W ellcom e Chem ical W orks, D artfo rd .
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M a t e r ia l s .  Glass plates, 20 x  20 cm, coated with a 250-/x layer of 
Kieselgel G (Merck & Co.) These were dried for 30 min at 110° and stored 
over silica gel.

R u n n in g  s o l v e n t . Chloroform: glacial acetic acid (95: 5). Spots 
corresponding to methisazone and likely impurities are coloured and easily 
located but the colour may be enhanced by exposure to ammonia vapour.

It is routine to test methisazone for likely impurities and these consist of 
A-methylisatin, isatin and isatin /3-thiosemicarbazone. Thin-layer 
chromatography enables these impurities to be readily detected. Normally 
no more than a trace, if any, of A-methylisatin has been detected. Approxi­
mate R f values and other data a re :

THE ANALYSIS OF METHISAZONE

Rf Value Colour of spot
Methisazone 0-59 Yellow
7V-Methylisatin 0-62 Orange
Isatin /3-thiosemicarbazone 0-47 Yellow
Isatin 0-37 Orange

N ot less than 0T /xg of each compound can be detected.

When examined by thin-layer chromatography, solutions prepared in 
the dark yielded only single spots, whilst those exposed to daylight gave 
two distinct spots. When each spot was extracted separately from the 
chromatogram and its solution again exposed to light, each yielded two 
identical spots when re-examined. It is therefore suggested that methisa­
zone in solution undergoes reversible isomerisation on exposure to light 
with the formation of s y n  and a n t i  isomers. Prolonged exposure causes 
irreversible decomposition.

ULTRAVIOLET LIGHT ABSORPTION
Solutions of methisazone exhibit characteristic light absorption. In 

methanol solution, prepared in the dark and examined immediately, 
methisazone shows at the following wavelengths: maxima 241 m/x, 
2s(l%, 1cm) 515; 274 m/x, E (  1%, 1 cm) 565; 365 m/x, 2?(1%, 1 cm) 954; 
[372-5 m/x, E (  1%, 1 cm) 975 in chloroform]. There are minima at 224 m/x, 
263 m/x, and 294 m/x.

The absorption spectrum of methisazone is modified by exposure of the 
substance to light, this change being reversible provided the solution is not 
subjected to prolonged irradiation ; the significant factors are the time and 
intensity of irradiation and the solvent. After standing for 1 hour in 
bright daylight a methanol solution of methisazone shows maxima at the 
following wavelengths : 241 m/x, E (  1%, 1 cm) 624; 273 m/x, £(1%, 1 cm) 471 ; 
and 357 m/x, £"(1%, 1 cm) 790 [360 m/x E (  1%, 1 cm) 785 in chloroform],

INFRARED ABSORPTION SPECTRUM
The infrared absorption spectrum of methisazone (potassium chloride 

disc) is shown in Fig. 1.
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F ig . 1. In frared  spectrum  (KC1 disc) o f  m ethisazone.

ASSAY
Elemental analysis, light absorption, non-aqueous titration and iodimetric 

titration have all been used in our laboratories for quantitative analysis of 
methisazone. The most suitable of these, the iodimetric method, may be 
carried out as follows: transfer 100 mg ±  5 mg accurately weighed to an 
iodine flask and dissolve in 10% sodium hydroxide solution (12 ml); cool. 
Add 0-In iodine solution (50 ml), close the flask, place 0T% potassium 
iodide solution (5 ml) in the neck of the flask and set aside for 30 min. Add 
dilute hydrochloric acid (15 ml) and titrate the excess of iodine with 0-In 
sodium thiosulphate solution using starch mucilage as indicator. Carry 
out a blank determination on the reagents.

Each ml of 0-In iodine solution is equivalent to 2-928 mg of C10H10ON4S.
When assayed by the iodimetric procedure, production batches of 

methisazone have seldom given figures corresponding to a content of 
C10H10ON4S, less than 97-5 %. This figure is calculated with reference to 
the material dried at 110’.

Discussion
The assay of methisazone is based on the reaction of 1 molecule of the 

drug with eight atoms of iodine. Oxidation potentials are influenced by 
hydrogen ion concentrât on and the experimental conditions described in 
the assay must be closely followed. Thus exactly 12 ml of 10% sodium 
hydroxide solution should be used to dissolve 100 mg ±  5 mg of 
methisazone since excess of sodium hydroxide results in high assay figures. 
If warming is necessary to dissolve the methisazone the solution should 
be cooled to 25° before adding the OTn iodine solution.

On acidifying the reaction mixture a yellowish brown precipitate is 
formed, and as this adsorbs some iodine, the mixture must be shaken 
vigorously at the end of the titration with OTn sodium thiosulphate
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solution. At the end of the iodine reaction, sulphate is present in the 
mixture, and estimation of this by barium sulphate precipitation shows that 
one molecule of methisazone yields one sulphate ion. Eight iodide ions 
are formed at the same time and all the iodine used in the reaction is thus 
converted to iodide.

The precipitate formed on acidifying the mixture before the final 
titration has not been obtained in a highly purified state. Elemental 
analysis gave the following figures for the dried m aterial: C, 58-8; H, 4T ; 
N, 28-7. C10H 8N 4O requires C, 60-0; H, 4-0; N, 28-0%.

It is significant that the substance contains neither sulphur nor iodine. 
Its infrared absorption spectrum is similar to that of methisazone except 
for the presence of additional bands at 2240 cm-1 and 2150 cm-1 charac­
teristic of nitrile and isonitrile groups respectively.

It is possible to represent the reaction during assay as follows:

^ = o

-C =N -N H -C S -N H ,

+  41, +  4H,0 -> 8HI +  H2S04 
+  C jqHjNjO

(I)
A possible structural formula for (I) is

A c k n o w l e d g e m e n t .  The authors wish to thank Dr. G. E. Foster for his 
interest and encouragement throughout this investigation and Mr. F. J. 
McMurray for the microanalyses.
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A limit test for /i-chloroacetanilide and other 
impurities in paracetamol and phenacetin using 
thin-layer chromatography
R. A. SA V ID G E  A N D  J. S W R A G G

A thin-layer ch rom atography  procedure  is described suitable as a  lim it test for 
p-chloroacetanilide in paracetam ol and  phenacetin . The sam ple is chrom atographed  
on silica gel together w ith a  stan d ard  using the solvent m ixture cyclohexane: a c e to n e : 
d iiso b u ty lk e to n e : m eth an o l: w ater (100 :80 :30 :5 :1 ) and detection is by irrad iation  
w ith u ltraviolet light 253-7 follow ed by exam ination  in light o f wavelength 365 m/M.
The procedure  m ay be used to  lim it the  p -chloroacetanilide con ten t o f  tab lets 
con tain ing  paracetam ol o r phenacetin . O ther possible im purities in paracetam ol 
and phenacetin  a re  also detected and m ay be lim ited by sim ilar procedures.

T HE undesirable side-effects of phenacetin may be due to phenacetin 
itself or to impurities such as p-chloroacetanilide. Harvald, Valdorf- 

Hansen & Nielsen (1960) have suggested that renal damage arises from the 
methaemoglobin-forming activity of p-chloroacetanilide rather than 
from any direct effect of phenacetin or related drugs.

Methods for the determination of p-chloroacetanilide in phenacetin 
include Raney nickel reduction (Hald, 1951), a polarographic procedure 
(Jones & Page, 1964), paper chromatography (Ritter, Mutter & Hoffstetter
1961) and a spectrophotometric procedure (Crummett, Simek & Stenger,
1964). The content of p-chloroacetanilide in phenacetin is limited as 
follows: >  0-11% (British Pharmacopoeia: Raney nickel reduction); 
>  0-3% (Pharmacopoeia Nordica: Raney nickel reduction); >  0-03% 
(United States Pharmacopeia: paper chromatography). The content of 
p-chloroacetanilide in paracetamol is limited to >  0-11% (British Pharma­
copoeia : Raney nickel recuction).

In our hands the paper chromatograms obtained by the U.S.P. method 
proved difficult to interpret because of the diffuse nature of the p-chloro- 
acetanilide spots. The thin-layer chromatography procedure described 
below is more rapid, more sensitive and more easily interpreted.

Experimental
The following procedures are designed to limit the /t-chloroacetanilide 

content of paracetamol or phenacetin or tablets containing these sub­
stances to not more than 0 03% of the drug.

A p p a r a tu s  a n d  r e a g e n ts . Microcap pipettes, 2 and 5 ¡A  capacity. 
Sources of ultraviolet light of 253-7 m p  and 365 m p *  Kieselgel G (M erck): 
0-25 mm layer spread on 20 x  20-cm glass plates using standard techniques; 
activated at 110° for 1 h r; stored over anhydrous silica gel.

F ro m  the  A nalytical D evelopm ent G roup , S tandards D epartm en t, Boots Pure 
D rug  C om pany L td ., S ta tion  Street, N ottingham .

* A  15 W  germ icidal lam p (M azda) was used for the  form er and a  125 W  m ercury 
vapour lam p for the latter.
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S o lv e n t  m i x t u r e :  analytical grades of cyclohexane, acetone, diisobutyl- 
ketone, methanol and water (100:80:30:5:1).

P a r a c e ta m o l  a n d  p h e n a c e t in  f r e e  f r o m  p - c h lo r o a c e ta n i l id e  may be 
obtained by repeated recrystallisation of the compounds. Alternatively, 
they may be conveniently obtained from manufacturers who do not use 
chlorinated intermediates in their preparation. Freedom from p- 
chloroacetanilide may be established either by the spectrophotometric 
method (Crummett & others, 1964; limit of detection, 10 ppm) or by the 
thin-layer procedure using a 900 /xg loading on a 0-5 mm layer of Kieselgel 
G, running the chromatogram 7-5 cm with diisobutylketone as solvent and 
irradiating for 15 min at 253-7 m/x (limit of detection: 30 ppm).

A LIMIT TEST FOR /7-CHLOROACET ANILIDE

I. PROCEDURE FOR PARACETAMOL AND PHENACETIN
Standard Solution A : Dissolve p-chloroacetanilide-free phenacetin 

(300 mg) in dichloromethane (8 ml), add 1 ml of 0-009% w/v solution of 
p-chloroacetanilide in dichloromethane and dilute to 10 ml with dichloro­
methane.

Standard Solution B: Dissolve p-chloroacetanilide-free paracetamol 
(1-50 g) in methanol (8 ml), add 1 ml of 0-045% w/v solution of p-chloro­
acetanilide in methanol and dilute to 10 ml with methanol.

Sample Solution A : Dissolve phenacetin sample (300 mg) in dichloro­
methane (8 ml) and dilute to 10 ml with dichloromethane.

Sample Solution B: Dissolve paracetamol sample (1-50 g) in methanol 
(8 ml) and dilute to 10 ml with methanol.

M e t h o d .  According to whether phenacetin or paracetamol is being 
examined, apply 2 x  5 /xl portions of Sample Solution A or 1 x  2 /xl of 
Sample Solution B as a single spot about 2-5 cm from one edge of the 
chromatoplate. On the same spotting line apply, as appropriate, 2 X  5 /xl 
portions of Standard Solution A or 1 x  2 /xl of Standard Solution B as a 
single spot. The spots should be not less than 1 -5 cm apart. Place the 
plate in the tank and allow the solvent to rise 15 cm past the spotting line. 
Dry the plate in a stream of cold air (10 min), hold it within 2-3 cm of the 
source of ultraviolet light (253-7 m/x) for 10 min and then examine under 
ultraviolet light (365 m/x). (Optimum irradiating conditions must be 
determined for the particular source used.) The intensity of fluorescence 
of the spot due to p-chloroacetanilide in the standard is compared with 
that of the spot with the same running distance in the sample.

Up to 6 samples of phenacetin or paracetamol can be examined on 
one plate, loading sample and standard solutions alternately. The total 
working time for the examination of 6 samples is about 90 min.

None of the undernoted substances interfere with the separation o f 
p-chloroacetanilide from phenacetin or paracetamol or with its subsequent 
detection: maize starch, lactose, sucrose, acacia, alginic acid, gelatin, 
stearic acid, magnesium stearate, calcium stearate, talc, polyvinyl­
pyrrolidone, sodium benzoate, acetylsalicylic acid, caffeine and codeine 
phosphate.
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II. PROCEDURE FOR TABLETS OF PHENACETIN AND TABLETS OF PARACETAMOL
Use procedure I, replacing Sample Solutions A and B by the following:
Sample Solution C : To powdered tablet equivalent to 300 mg phenacetin

in a 10 ml centrifuge tube, add sufficient dichloromethane to give a volume 
of 10 ml. Shake for 20 min, adjust to 10 ml with dichloromethane if 
necessary and centrifuge (5 min) at 1,000 rpm. Apply 2 X 5/il portions of 
the supernatant liquid to the chromatoplate.

Sample Solution D : Repeat the extraction for Sample Solution C using 
powdered tablet equivalent to 1-50 g paracetamol and replacing dichloro­
methane by methanol. Apply a 2 p.1 portion of the supernatant liquid to 
the chromatoplate.

III. PROCEDURE FOR COMPOUND TABLETS OF CODEINE
Use procedure I, replacing Sample Solution A by Sample Solution C 

and Standard Solution A by Standard Solution D : Dissolve p-chloro- 
acetanilide-free phenacetin (300 mg) and acetylsalicylic acid (300 mg) in 
dichloromethane (8 ml), add 1 ml 0 009% w/v solution of p-chloroacetani- 
lide in dichloromethane and dilute to 10 ml with dichloromethane.

IV. PROCEDURE FOR COMPOUND TABLETS OF ACETYLSALICYLIC ACID
Use procedure I replacing Sample Solution A by Sample Solu:ion C 

and Standard Solution A by Standard Solution E: Dissolve p-chloro- 
acetanilide-free phenacetin (300 mg), acetylsalicylic acid (500 mg) and 
caffeine (100 mg) in dichloromethane (8 ml), add 1 ml 0-009% w/v solution 
of p-chloroacetanilide in dichloromethane and dilute to 10 ml with 
dichloromethane.

Standard solutions must contain the same amount of phenacetin and 
paracetamol as the sample solutions or false evaluations will result. 
Since acetylsalicylic acid and caffeine are soluble in dichloromethane and 
affect spot sizes and running distances, it is considered necessary to 
include them in the standards used for examining the compound tablets.

Under the conditions I to IV above, p-chloroacetanilide gives a bluish- 
white fluorescent spot which can be detected down to a level of 0-01%. 
There is a reasonably good gradation in intensity for standards containing 
0-01, 0-02, 0-03, 0-04 and 0-05% of p-chloroacetanilide in paracetamol or 
phenacetin and an unknown in this range can be placed to the nearest 
0-01%.

Results and discussion
Under the condition of Procedure I, p-chloroacetanilide runs approxi­

mately 8 cm and is separated from phenacetin and paracetamol and other 
impurities. The approximate running distances of some relevant com­
pounds, relative to p-chloroacetanilide, are given in Table 1.

Samples of pharmaceutical-quality paracetamol and phenacetin and 
tablets containing these materials were examined by the recommended 
procedures and the results are given in Tables 2 and 3. The samples o: 
paracetamol and paracetamol tablets contained no detectable /j-chloro- 
acetanilide, nor did three of the phenacetin samples, two of which were

R. A. SAVIDGE AND J. S. WRAGG
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probably manufactured by routes that do not involve chlorinated inter­
mediates. With one exception, the tablets containing phenacetin did 
not contain more than 0-06% of p-chloroacetanilide. The exception 
contained 0-7%, a result which was confirmed by the spectrophotometric 
method (Crummett & others, 1964) and the Raney nickel reduction 
procedure (Hald, 1951).

A LIMIT TEST FOR />-CHLOROACETANILIDE

T A B L E  1. S E P A R A T IO N  O F  P H E N A C E T IN , P A R A C E T A M O L  A N D  A SSO CIA TED  IM P U R IT IE S  
U N D E R  C O N D IT IO N S  G IV E N  IN  P R O C E D U R E  I

Compound
Running distance relative 

to p-chloroacetanilide
Approx, limit of detection 
as percentage in phen­
acetin or paracetamol

p-Nitrophenetole 1-50 tDiacetyl-4-phenetidine 1-20 0-0 2
p-Nitrophenol 109 tp-Phenetidine 107 0-04
p-Chloroacetanilide 1 0 0 0-01
Acetanilide .. 0-89 003
0-Acetylparacetamol 0-77 0 -0 2
p-AminophenoI 0-70 0-01
Phenacetin . . 0-84 (0-73-0-95*)
Paracetamol 0-54 (0-41-0-66*) 0 -0 2

* Measured from rear to front of spots at 300 ¡xg loading.
t These compounds do not give the bluish-white fluorescence which is given by the other compounds.

To check the recovery of p-chloroacetanilide, laboratory batches of 
tablets of phenacetin B.P.C. and compound tablets of acetylsalicylic acid 
B.P.C. were prepared from phenacetin containing 0-05% p-chloroacetani- 
lide and were examined as described above. There was no apparent loss 
of p-chloroacetanilide.

T A B L E  2. SAM PLES O F P A R A C E T A M O L  A N D  P H E N A C E T IN

Samples p-Chloroacetanilide %

Phenacetin 1..
Thin-layer procedure 

< 0 0 1
Spectrophotometric procedure 

<  0  01
„ 2 ............................................. 0-15 0-15
„ 3............................................. 0-05 0-05
„ 4 ............................................. < 0-01 < 0-01
„ 5 ............................................. 0 -0 2 0 -0 2

6 ............................................. 0 -1 0 0 -1 2
„ 7 ............................................. <  0 0 1 < 0-01
„ 8 ............................................. 008 0 -1 0

Paracetamol 6  samples each < 0-01

A number of other possible impurities in phenacetin and paracetamol 
are separated and detected by procedure I. An estimate of the approxi­
mate amounts of each present may be obtained by methods analogous 
to those described for p-chloroacetanilide. One such impurity found in 
several batches of paracetamol had the same running distances as 0 -  
acetylparacetamol and comparison with suitable standards gave the 
approximate contents of this impurity, samples of paracetamol Nos 1-6 
giving <  0-02,0-03,0-02,0-04, <  0-02,0-09 % respectively.

Although the thin-layer procedure we have described is capable of 
giving an approximate estimate of the amount of p-chloroacetanilide in 
phenacetin and paracetamol, it is better suited for use as a limit test.
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T A B LE 3. TA B LETS C O N T A IN IN G  P A R A C E T A M O L  A N D  P H E N A C E T IN

R. A. SAVIDGE AND J. S. WRAGG

Samples
p-Chloroacetanilide as percentage of the 

phenacetin
Tablets phenacetin B.P.C, 1..

2..
3..
4..
5..6*

Tablets paracetamol B.P. 8 samples 
Compound tablets acetylsalicylic acid B.P.C. 1

„ „ >, „ „ 2
„ „ „ „ „ 3
„ „ „ „ „ 4
„ „ > „ „ „ 5*

Compound tablets codeine B.P. 1 ..
„ „ „ „ 2  ..
„ „ „ „ 3 ..

Soluble compound tablets codeine B.P. 1 
„ „ „ „ „ 2
» „ „ „ „ 3

0 0 4
0 05  001 
0 03< 001 
0 05

each < 0  01 002 
0-7 
0-06 < 001 
0 0 5  
0 03  001 
0-03 
0 0 3  
0-05 < 0-01

* Laboratory-prepared tablets using phenacetin sample 3 (Table 2).

Compared with other procedures it is rapid, especially when more than one 
sample is to be examined, and it may readily be adapted to the determina­
tion of p-chloroacetanilide in tablets containing phenacetin or paraceta­
mol. It has the advantage over non-chromatographic procedures that it 
will also indicate the presence of other impurities and thus give additional 
information about the purity of the phenacetin or paracetamol.
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SHORT COMMUNICATION

The configuration of dextromoramide
A . F . C A SY

' I HE (+)-enantiom orph of 2,2-diphenyl-3-methyl-4-morphclinobutyryl- 
J- pyrrolidine [dextromoramide, (+ )-I] is a potent analgesic in mice [the 

(-)-isomer is almost inactive]§ and knowledge of its configuration is of 
importance in relation to the stereospecificity of the analgesic receptor site 
(Beckett & Casy, 1965). This paper describes the correlation of dextro­
moramide (I) with (-)-isomethadone (VII), of known configuration 
(Beckett, Kirk & Thomas, 1962).

Treatment of levomoramide [(-)-I] with sodamide removed the amide 
function and gave the (-)-hydrocarbon II ; by analogy therefore dextro­
moramide [(+)-I] must be related to the enantiomorphic (+)-hydrocarbon 
II. This was shown to have the same configuration as the (+)-nitrile III 
and the (-)-ketone IV by chemical methods of unambiguous stereo­
chemistry (see Fig. 1). These three compounds II, III and IV of related 
configuration were correlated with the dimethylamino-analogues (+)-V , 
(+)-V I and (-)-VII [(-)-isomethadone], also of identical configuration, by 
a method based upon comparisons of molecular rotational changes in 
solvents of increasing polarity (cf. Beckett & Casy, 1957), and also by 
optical rotatory dispersion studies.

o CH j-C H M e-CP h2-C O N  

( + ) - l  (dextromoramide) 

NaNH *

\ J

I

O  N C H 2-CH M e-CP h2H 

( +  ) - "

M e„NCH,-CHM e-CPh,H

NaNH,

NaNH,

N C H 2-CH M e-CP h2COEt

( - )  -iv
(1) EtMgBr

(2) Hj+Of

O  N C H 2-C H M e -C P H 2CN  

(+ ) -l l l* *

M e,NCH2-CH M e-CP h2CN

( + )  -V  ( + )  -V I
(1) EtMgBr

(2) H,+0
Me2N C H 2-CH M e-CP h2COEt 

( — ) -VII (isomethadone)

Fig . 1. R eactions em ployed in configurational studies.
* R elationship  established using ( —)-I(levom oram ide). ** R esolved by m eans o f 

cam phor-10-sulphonic acid, t  Refluxed 7 h r w ith cone. HC1

F rom  the  School o f  Pharm acy, Chelsea College of Science & Technology, L ondon ,
S.W .3.

§ E D 5 0  m g/kg m ice (ho tp la te  te s t): ( ± )  1'25, ( + )  0-64, ( —) > 1 5 0  (Janssen & 
Jageneau, 1957).
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Molecular rotational values for the morpholino-compounds (II—IV) and 
for the dimethylamino-derivatives (V-VII) are recorded in Table 1. 
Within each trio of compounds, displacement of the sign of [M] (caused by 
increases in solvent polarity) is not uniform in direction, nor are regular 
variations in [M] values observed. It is important to note, however, that 
the [M] values of c o r r e s p o n d in g  m e m b e r s  of the two groups are displaced in 
the s a m e  direction: [M] values of the nitriles III and VI, for example, are 
both displaced towards increasing dextrorotation as solvent polarity 
increases. Corresponding members also show the same form of variation 
in the value of [M ]: thus for both the ketones IV and VII, [M] values 
in benzene are contrary to the overall laevorotatory trend. These 
results indicate the configurational identity of the pairs II-V, I I I - V I  and 
IV-VII.

Evidence for the configurational identity of the nitriles III and VI 
and the ketones IV and VII is also provided by optical rotatory dispersion 
data*. The former pair exhibit positive plain curves (rotations recorded to

T A B LE 1. MOLECULAR ROTATIONS [m]d AT 2 1 ° ± 2 °  (c 1 — 1 *5% )* OF 3-DIMETHYL- 
AMINO AND 3-MORPHOLINO-l,l-DIPHENYL-2-METHYLPROPANE derivatives 
(A -C H 2 C H M e C P h 2-B)

Solvent
Direction of 
sign cisplace- 

ment as solvent 
polarity 

increasesCompound A B c ,h 12 C.H, EtOH h 2o **

n 0 C
)

2 1 H + 62 + 59 + 117 + 126 +

V Me2N- H + 70 + 90 + 134 + 156 +

III 0 ! CN + 131 +  108 + 151 + 196 +

VI Me2N- CN + 151 + 149 + 192 + 236 +

IV COEt -160 -61 - 1 1 2 -279 -

VII Me2N- COEt -95 zero -69 -232 -

N o te s . * Variations due to concentration and temperature are much less than those due to change of solvent 
** Hydrochloride

275 m/i) and the latter, negative Cotton effects ([a]316—3730°, trough; 
M 277+ 5O6O0, peak; the curve then flattens and rises again near 256 m p ) .  
In both cases the curves are virtually superimposable. Hence, l i k e  
configurations are assigned to the (+)-hydrocarbon V, related to (-)- 
isomethadone (VII), and to (-f)-II, related to dextromoramide : it follows 
that dextromoramide has the same configuration as S-(-)-isomethadone. 
Since it has already been shown that dextropropoxyphène (at its 3-C centre) 
and (-)-phenampromid have likewise the same configuration as S(-)- 
isomethadone (Casy & Myers, 1964, and references cited), configurational 
identity among the more pharmacologically active enantiomorphs of

* R ecorded  on a  Polarm atic  62 photoelectric  spectropolarim eter, in  w ater (cone.
1 m g/m l).
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THE CONFIGURATION OF DEXTROMORAMIDE

analgesics containing the structural feature > N C H 2CHMe, is therefore 
firmly established.

A c k n o w l e d g m e n t s  are made to Dr. Paul Janssen and to Glaxo Labora­
tories for supplying (-)-! and (± )-II I  respectively.
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SHORT COMMUNICATION

D ih y d r o s t r e p to m y c in  d e r iv a tiv e s : g ly c o s id e s  o f  
d ih y d r o s t r e p to b io s a m in e

G . K . J. F E R G U S O N , I. J. M cG IL V E R A Y  A N D  J. B. ST E N L A K E

T HE in  v i tr o  activity against M y c o b a c t e r i u m  tu b e r c u lo s i s  of streptomycin 
derivatives, in particular of certain glycosides of streptidine, has been 

investigated by Comrie, Mitai & Stenlake (1960). In this communication 
we describe some glycosides of dihydrostreptobiosamine (I). This has 
allowed us to evaluate transglycosidation as a method of synthesising 
streptomycin-like compounds with the same stereochemistry as the natural 
antibiotic.

The anomeric mixture of methyl dihydrostreptobiosaminide hydro­
chlorides (II) was prepared by methanolysis (Fried & Wintersteiner, 1947), 
and separated into a- and /3-methyl penta-acetyldihydrostreptobio- 
saminide (III), [a]£°-l 17° and —34° respectively, by differential solubility 
of the acetates in ether (Brink, Kuehl, Flynn & Folkers, 1946). This 
original anomeric assignment has been confirmed by nmr and optical 
rotation evidence from streptomycin and various of its derivatives, in 
particular from the a- and /?-methyl V-acetyldihydrostreptobiosaminides 
(McGilveray & Rinehart, 1965).

I R =  C H 2O H , R ' =  R "  =  H.
II R =  C H jO H , R ' =  C H S,R "  =  H .

III R =  C H 2OAc, R ' =  C H S, R "  =  Ac.
IV R =  C H 2O H , R ' =  C H 2Ph, R "  =  H.

V R =  C H 2O A c, R ' =  C H 2Ph, R "  =  Ac.
VI R =  C H 2O H , R ' =  C H 2C H 2Br, R  " =  H

VII R =  C H 2O H , R ' =  Ph, R "  =  H .

Benzyl (IV) and 2-bromoethyl (VI) dihydrostreptobiosaminide hydro­
chlorides have been prepared by treatment of the anomeric mixture of 
methyl dihydrostreptobiosaminide hydrochlorides with the appropriate 
alcohol in the presence of hydrogen chloride for 48 hr at 50c. The 
product in each case was a hygroscopic solid.

The phenyl glycoside (VII) was prepared by fusion of methyl dihydro­
streptobiosaminide with phenol in the presence of hydrogen chloride.

The benzyl derivative was also obtained as outlined in Scheme I. 
Carefully dried dihydrostreptomycin sulphate was treated (96 hr) with 
benzyl alcohol containing 2n hydrogen chloride. Streptidine was 
filtered off and the solution concentrated in  v a c u o :  the addition of

F rom  the  D ep artm en t o f Pharm acy, U niversity  o f S trathclyde, Glasgow.
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GLYCOSIDES OF DIHYDROSTREPTOBIOSAMINE

anhydrous ether yielded a hygroscopic precipitate of benzyl dihydro- 
streptobiosaminide hydrochloride.

The stereochemical homogeneity of the benzyl glycoside was indicated 
by thin-layer chromatography on silica gel using the organic phase of 
n-butanol-ethanol-water, 4 :1 :5 , as solvent with periodate-permanganate 
(Lemieux & Bauer, 1954) as detecting agent (single spot with R  glucos­
amine value, 3-0). This was confirmed by acetylation of the base (obtained

o-and (3-Methyl 
dihydrostrepto- 
biosaminides

Ac20/ C5H5N

Schem e I
a-Methyl penta-acetyl R-Methyl penta-acetyl 

dihydrostrepto- + dihydrostrepto- 
biosam'inide biosaminide

Di hydrostreptorr ycin 
sulphate

PhCH,0H/HCIN

Ph'CHjOH/HCI MeOH/HCl

a-Benzyi
dihydrostrepto biosaminide Ac20/C5H5N

PhCH2OH/HCl

cr-Benzyl penta acetyl 
dihydrostreptobiosaminide

from the hydrochloride by means of anionic exchange resin) with acetic 
anhydride in pyridine to a single anomer of benzyl penta-acetyldihydro- 
streptobiosaminide (V), m.p. 141-142°, [oc]£°-138 (c,l in CHC13). Found: 
C, 57-2; H, 6-6; N, 2-2. C30H4iNO14 requires C, 56-7; H, 6-5; N, 2-2%. 
This product showed solubility properties identical with those of a-methyl 
penta-acetyldihydrostreptobiosaminide, and, in contrast to the correspond­
ing mixed a- and /3-methyl penta-acetates, could not be fractionated by 
differential solubility in ether.
T A B LE 1. DIHYDROSTREPTOBIOSAMINIDES

Glycoside m.p.
r i20[a]D

Found Required as
C H N C H N

Benzyl HC1 2 1 0 ° - 1 1 0 ° 49-2 6-5 3 0 51-5 6-7 30 GjjoHaaClNOg
2-Bromoethyl HC1 125-130° - 1 0 0° 35-3 60 3-1 37-3 5-8 2-9 CuHj.BrCINO,
Phenyl HC1 115° -131° 511 67 2-9 5005 6-5 3-1 CijHjoCINOj
a and 3-Methyl

(ca  90% <x)f .. -135°*
~

* Fried & Wintersteiner (1947). 
f  Brink & others (1946).

Assignment of the configuration of benzyl dihydrostreptobiosaminide 
as a-L is supported by rotational evidence (Table 1). This should be 
considered together with the specific rotations of a- and /3-methyl 
penta-acetyldihydrostreptobiosaminides [a],2,°-l 17° and —34° respectively 
(Brink & others, 1946) and of the derived a- and ^-methyl N -  
acetyldihydrostreptobiosaminides ([a]I5- 160° and —32° respectively) 
(McGilveray & Rinehart, 1965). This assignment as the a-anomer was 
confirmed as follows. a-Methyl penta-acetyldihydrostreptobiosaminide 
was treated (24 hr) with benzyl alcohol-hydrogen chloride. Subsequent 
acetylation with acetic anhydride in pyridine followed by chromatography
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on alumina gave the same benzyl penta-acetyldihydrostreptobiosaminide 
(crystals from ethanol), m.p. 141-142° (undepressed on admixture with 
authentic material), [a]o°-138°(CHCl3). In the same way methanolysis 
of benzyl penta-acetyldihydrostreptobiosaminide gave a-methyl penta- 
acetyldihydrostreptobiosaminide as the sole product, in further support 
of the a- assignment to the benzyl glycoside.

Although the course of the transglycosidation reaction has not been 
investigated, a carbonium ion intermediate would be anticipated by 
analogy with the Fischer glycoside synthesis (Shafizadeh, 1958; Bishop & 
Cooper, 1962, 1963; Capon, Loveday & Overend, 1962). Thermo­
dynamic considerations should therefore control the stereochemistry 
of the reaction products. This is consistent with the experimental 
evidence that the bulkier benzyl group allows formation of only one 
anomer, namely oc-L-benzyl dihydrostreptobiosaminide. Some indirect 
evidence that this form is sterically favoured comes from the experiments 
of Bishop & Cooper (1963) on the formation of D-lyxofuranosides in 
which only the a-D-methyl lyxofuranoside was obtained. Indeed, 
contrary to previous reports, the streptose-streptidine link in streptomycin 
itself has now been assigned the oc-l configuration (McGilveray & Rinehart,
1965). More directly, we find that when /3-methyl penta-acetyldihydro- 
streptobiosaminide is treated with benzyl alcohol-hydrogen chloride 
it is the oc-benzyl anomer which is produced. This we regard as significant 
evidence for the greater stability of the a- over the /3-anomer.

MICROBIOLOGICAL RESULTS
Phenyl dihydrostreptobiosaminide (VII) and 2-bromoethyl dihydro­

streptobiosaminide (VI), tested as their hydrochlorides at a concentration 
of 250 fj.g/ml in nutrient broth at 37°, were inactive against S ta p h y lo c o c c u s  
a u r e u s  898, B a c i l lu s  s u b t i l i s  814E, E s c h e r ic h ia  c o l i  741; and P s e u d o m o n a s  
p y o c y a n e a  150E. The same compounds were also inactive against 
M y c o b a c t e r i u m  tu b e r c u lo s i s  666 at the same concentration in Dubos 
medium after two weeks at 37°.

A c k n o w l e d g e m e n t s .  We thank Glaxo Laboratories Ltd., for supplies 
of streptomycin and dihydrostreptomycin and for the microbiological 
results. We are indebted to the D.S.I.R. for a Research Studentship 
(G.K.J.F.) and to NATO for a Post-doctoral Fellowship (I.J.McG.l.
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Some studies o f friction and lubrication using an 
instrumented tablet machine t
C. J. LEWIS* AND E. SHOTTON

Samples of crystalline aspirin, hexamine, and sodium chloride, and a granulation of 
hexamine were compressed on an instrumented tablet machine. Further samples of 
these materials, together with samples of sucrose and sucrose granulation, were 
lubricated with 2% magnesium stearate —100 mesh powder and compacted under 
similar conditions. The effect of magnesium stearate on die wall friction depends 
on the ease of deformation of the base particles. For the materials used there is a 
linear relationship of the form Fd =  kd(Pm.A) and a linear relationship exists 
between Fe anc Fd up to the point where Fe becomes constant. Granulations 
required larger ejection forces at a given pressure than the corresponding crystalline 
material, particularly when the materials were lubricated; constant values of Fe 
were associated with compaction pressures at which the density of the ejected tablets 
became maximal. Values of Fe for tablets of unlubricated sodium chloride and 
hexamine granulation depend on particle size; the size of other materials used 
caused no such effect. Lubrication eliminated this size effect.

W HEN materials are compacted in dies to form tablets by movement 
of the upper punch only, frictional effects at the die wall cause the 

force transmitted to the stationary lower punch to be less than the force 
applied at the upper punch. If both punches move during the con­
solidation stage, as in rotary tablet machines, the system is equivalent 
to two single-ended pressings.

Instrumented eccentric tablet machines have been used to investigate 
force transmission during tabletting (Higuchi, Nelson & Busse, 1954; 
Markowski, 1958; Hasegawa, 1959; Shotton & Ganderton, 1960; Riad 
& Zobel, 1962; Führer, 1962) and a rotary machine instrumented with 
resistance strain gauges on the punches has been reported (Shotton, 
Deer & Gancerton, 1963). However, most of the recorded work is 
concerned with the behaviour of pharmaceutical granulations (Nelson, 
Naqvi, Busse & Higuchi, 1954; Nelson, Busse & Higuchi, 1955; Nelson, 
1955; Strickland, Nelson, Busse & Higuchi, 1956; Markowski, 1958; 
Strickland, Higuchi & Busse, 1960). With the advent of forced-feed 
devices on tablet machines and the possibility in certain cases of elimi­
nating the granulation process, more information is needed about the 
behaviour of simple crystalline and powder systems.

Experimental
30-40 mesh samples of aspirin, hexamine crystals, and hexamine 

granulation, and 40-60 mesh sodium chloride crystals were compacted 
at mean compaction pressures ranging from 400-2,200 kg/cm2. An

From the Department of Pharmaceutics, School of Pharmacy, University of 
London, 29-39, Brunswick Square, London, W.C.l.

* Present address: Development Dept., Boots Pure Drug Co. Ltd., Beeston 
Works, Nottingham.

t  This work formed part of a thesis accepted for the degree of Ph.D. in the 
University of London.

71 S



instrumented single punch eccentric tablet machine, incorporating a 
inch plane faced punch and die set, was used (Shotton & Ganderton,

1960). Further samples of these materials lubricated with 2% magnesium 
stearate (—100 mesh powder) were compacted over this same pressure 
range. These experiments were repeated with similarly lubricated 
samples of 30-40 mesh sucrose and sucrose granulation.

The granulations were prepared from —100 mesh powder using only 
distilled water as an adhesive agent (Shotton & Lewis, 1964). It was 
not possible to tablet sucrose in any form in the absence of a lubricant.

Samples of sodium chloride, hexamine, hexamine granulation, and 
aspirin, varying in size from 20-30 mesh to 80-100 mesh were com­
pressed both unlubricated and when lubricated with 2% magnesium 
stearate —100 mesh powder. Lubricated samples of sucrose and sucrose 
granulation were also compressed. For any one material the mean 
compaction pressure was constant, but the pressure level chosen varied 
with the nature of the base material.

Sample weights tabletted were calculated to give a tablet 0-4 cm thick 
at zero porosity.

C. J. LEWIS AND E. SHOTTON

Results and discussion
All results represent the mean of five tablets. From the experimental 

measurements values were calculated for mean compaction pressure, 
Pm (the average of the top and bottom punch pressures), ejection force, 
Fe, force lost to die wall, Fd (difference between upper punch force and 
lower punch force), and the ratio of lower punch force to upper punch 
force, R. The relative density, p R , of the ejected tablets was calculated 
from their weight and dimensions.

Fig. 1. Relationship between mean compaction pressure and force lost to die walls: 
unlubricated materials, x Sodium chloride. □  Aspirin. •  Hexamine. O Hex­
amine granulation.

72 S



F o r c e  lo s t  to  d ie  w a ll . A linear relationship was found between Pm 
and F (i for unlubricated sodium chloride, but results for aspirin, hexamine, 
and hexamine granulation are best represented by curves (Fig. 1). The 
results for hexamine granulation follow closely those for hexamine 
crystals.

STUDIES OF FRICTION AND LUBRICATION

EFFECT OF MEAN COMPACTION PRESSURE

Fig . 2. Relationship between mean compaction pressure and force lost to die walls: 
materials lubricated with 2% magnesium stearate, x  Sodium chloride. □  Aspirin. 
•  Hexamine. O Hexamine granulation. M Sucrose. +  Sucrose granulation.

The presence of lubricant causes a marked reduction in values of Fd 
at any one pressure level (Fig. 2); also for any given increment of Pm, 
the increase in Fd is very much less for the lubricated materials. Results 
for lubricated samples of sucrose, sucrose granulation, hexamine, and 
sodium chloride can be represented by a single line, whilst lubricated 
aspirin and hexamine granulation show quite a different relationship. 
These latter materials seem to maintain a greater influence on die wall 
friction during consolidation.

Train (1956) quotes the results of Nelson & others (1954) in support 
of his own work which indicated an empirical relationship for ejection 
force,

F e =  cx (Pa.A)n .......................................  (1)

where Pa =  applied pressure; A =  apparent area of die wall/compact 
contact; n =  a constant, a property of the m aterial; Cj =  a constant, a 
property of the surface condition of the walls. He suggested a possible 
linear relationship between the ejection force and the maximum friction 
at the die wall during compaction.
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Fig. 3. Relationship between force lost to die wall and the product ( ? m.A). 
x  Sodium chloride, unlubricated. A Sodium chloride, lubricated. •  Hexamine, 
unlubricated. ▼ Hexamine, lubricated. O  Hexamine granulation, unlubr.cated. 
V Hexamine granulation, lubricated. □  Aspirin, unlubricated. 3  Aspirin, lubri­
cated. <)• Sucrose granulation, lubricated. A  Sucrose, lubricated.

If such a relationship exists
F d =  c2 (PaA)n .......................................  (2)

Using Pm instead of Pa and calculating values of A ( =  7tD1) from the 
length (1) of the ejected tablet it is found (Fig. 3) that there is a simple 
relationship between Fd and the product (Pm.A), and that n has a value 
of unity, i.e.

Fa =  kd (Pm-A) .......................................  (3)
This relationship is demonstrated by all materials, with the exception 

only of unlubricated hexamine, over the complete range of compaction 
pressures studied. Values of Fd for unlubricated hexamine tend to a 
maximum value at 600 kg, but there is a linear relationship below this 
value.

The slope of the line, kd, for unlubricated materials varies with the type
of material compacted.

e.g. Slope, kd
Sodium chloride ..  . .  . .  2-44
Aspirin . .  . .  . .  . .  1-06
Hexamine crystal and granulation 2-00
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When lubricated with magnesium stearate the base materials fall into 
3 groups. Group 1: sucrose, sucrose granulation and sodium chloride. 
Group 2: hexamine and aspirin. Group 3: hexamine granulation.

The slopes of the lines for group 1 and group 2 materials are almost 
equal, i.e. 0-30 and 0-32 respectively. If the term kd is a function of the 
surface condition of the die (cf. Train’s constant c^ it is apparent that 
the magnesium stearate determines the surface condition to the same 
extent for all the lubricated materials except hexamine granulation.

F o r c e  n e c e s s a r y  f o r  e je c t io n , F e. For tablets of unlubricated hexamine, 
hexamine granulation, and aspirin, a linear relationship exists between 
Fe and values of Pm up to 1,200 kg/cm2 (Fig. 4). At greater values of 
Pm for these materials F e becomes constant. Sodium chloride shows 
no maximum value of F e over the range of pressures studied.

STUDIES OF FRICTION AND LUBRICATION

Fig. 4. Effect of mean compaction pressure on ejection force: unlubricated materials 
x Sodium chloride. O Hexamine granulation. •  Hexamine. □  Aspirin.

The magnesium stearate caused a marked reduction in F e for all 
materials (Fig. 5). Values of ejection force for tablets of lubricated 
hexamine and hexamine granulation also became constant at pressures 
greater than 1,200 kg/cm2, but values of F e for lubricated aspirin tablets 
reached a constant value at a lower compaction pressure than previously. 
Ejection forces for lubricated sodium chloride tablets approach a limiting 
value at the maximum compaction pressure used, and these results are 
followed very closely by those for lubricated sucrose. There was no 
evidence of a maximum F e value when lubricated sucrose granulation 
was compressed.
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Fig. 5. Effect of mean compaction pressure on ejection force: lubricated materials, 
x Sodium chloride. O Hexamine granulation. •  Hexamine. □  Aspirin. ■  
Sucrose. +  Sucrose granulation.

Tablets made from the lubricated granulations required greater ejection 
forces at any one compaction pressure than the respective crystalline 
materials. Sucrose and sucrose granulation exhibit such large frictional 
forces that it was not possible to tablet the unlubricated materials, even 
at low pressures, because the machine jammed at the ejection stage. 
Both crystalline sucrose and sodium chloride require large ejection forces 
when unlubricated, yet when lubricated produced the smallest ejection 
forces over the whole range of compaction pressures.

A linear relationship between F e and Pm was also found for tablets of 
lubricated materials until the limiting value of Fe was attained (Fig. 5). 
With the exception of hexamine granulation the linear portions of the 
graphs for lubricated materials are almost parallel to each other. In 
this case it is suggested that in the presence of a lubricant the “frictional 
condition” of the die surface is the same regardless of the base material, 
and that in this situation the observed differences in magnitude of F e, at 
any one pressure, are dependent on the individual base materials and the 
residual radial stresses present in the tablet when the compacting force 
is removed before ejection of the tablet from the die.

The value of Pm at which ejection force for tablets of unlubricated 
materials approaches a constant value, corresponds to the pressure at 
which the relative density of the tablet becomes constant at its maximum 
value (Figs 6-8). The apparent peak value of pR for hexamine is due to 
the fact that when tablets of this material are compacted at pressures 
greater than 1,250 kg/cm2 they exhibit a marked lamination, which



STUDIES OF FRICTION AND LUBRICATION

Fig. 6. Effect of mean compaction pressure on density of compact. •  Hexamine 
granulation, lubricated. O  Hexamine granulation, unlubricated. ■  Aspirin, lubri­
cated. □  Aspirin, unlubricated.

produces an apparent increase in the measured thickness of the tablet, 
and consequently a lower value for density.

Similarly, tablets of unlubricated sodium chloride show no sign of 
attaining a maximum value of F e because the maximum value of p R  is 
0-94 (Fig. 7); lubrication facilitates consolidation to a relative density 
of 0-99, and the ejection force approaches a maximum value. It is 
notable that at the maximum pressures used (Fig. 8), tablets of lubricated 
sucrose and sucrose granulation have low p R  values compared to the 
other materials. They also show no terminal value of F e.

Up to the point where ejection force becomes constant, a linear 
relationship exists between Fe and Fa (Fig. 9). Such a relationship 
was reported for sulphathiazole granulation by Nelson & others (1954).

P u n c h  f o r c e  r a t io ,  R .  Three entirely different effects were observed 
when R  was plotted as a function of P m for the compression of un­
lubricated materials (Fig. 10). When magnesium stearate was added as 
lubricant to sodium chloride, sucrose, sucrose granulation, and hexamine,
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500 1000 1500 2000 2500

Mean compaction pressure kg/cm2
Fig. 7. Effect o f  m ean com paction  pressure on  density o f  com pact, x  Sodium  
chloride, unlubricated . +  Sodium  chloride, lubricated. O  Hexam ine, unlubricated . 
•  H exam ine, lubricated.

F ig . 8. Effect o f m ean com paction  pressure on  density o f com pact. O  Sucrose, 
lubricated. •  Sucrose g ranulation , lubricated.



the proportion of the applied force transmitted to the lower punch was 
independent of the magnitude of Pm and the results are best represented 
by a single horizontal line, R  =  0-94. As shown in Fig. 2 lubricated 
aspirin and hexamine granulation behave in a distinctive manner.

STUDIES OF FRICTION AND LUBRICATION

F ig . 9. R elationship  betw een ejection force an d  the  force lost to  die wall. U n ­
lubricated  m ate ria ls : x  Sodium  chloride. O  H exam ine granulation . •  H exa­
mine. □  A spirin. L ubricated  m ate ria ls : V H exam ine granulation . ▼ H exa­
mine. +  Sucrose g ranulation . O  A spirin . A Sodium  chloride. ■  Sucrose.

INFLUENCE OF BASE PARTICLE SIZE

For graphical representation of results the particle size is assumed to 
be equivalent to the mean of the sieve apertures by which the range is 
classified (Shotton & Lewis, 1964).

With the exception only of unlubricated sodium chloride and hexamine 
granulation, the force necessary to eject tablets compressed at a constant 
pressure is independent of the size of material being compacted (Fig. 11).

The increase in F e with reduction in particle size of sodium chloride is 
probably due to the increased area presented to the die wall when the
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Fig. 10. Effect o f m ean com paction  pressure on  punch force ra tio . U nlubricated  
m ateria ls : x  Sodium  chloride. •  Hexam ine. O H exam ine g ranulation . □
A spirin . L ubricated  m ateria ls : A Sodium  chloride. ▼ Hexam ine. V H exam ine 
granulation . 3  A spirin. +  Sucrose granulation . ■  Sucrose.

Fig. 11. Effect o f base particle  size on  ejection force. M ean com paction  pressures 
(kg/cm 2) as indicated. U nlubricated  m ateria ls : x  Sodium  chloride (1485). 
O H exam ine granulation  (744). •  H exam ine (802). □  A spirin  (1925). L ubri­
cated  m ateria ls: A Sodium  chloride (1405). V H exam ine g ranulation  (691). 
+  Sucrose (889). ■  Sucrose g ranulation  (885). 3  A spirin  (2083). H exam ine
(753) results are coincident with those for sodium  chloride, lubricated.
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smaller material is tabletted. Aspirin, hexamine, and hexamine granula­
tion readily deform so that the area of contact will be approximately 
constant irrespective of particle size, whereas sodium chloride is harder 
and more resistant to deformation so that the area of material in contact 
with the die will depend more on the particle size. The size effect is 
eliminated by magnesium stearate which subjugates the frictional charac­
teristics of the sodium chloride crystal.

For tablets of unlubricated hexamine granulation F e values decrease 
when granule size is reduced. A formed granule undergoes appreciable 
fragmentation during the compression cycle (Higuchi, Rao, Busse & 
Swintosky, 1953; Elowe, Higuchi & Busse, 1954; Higuchi, Elowe & 
Busse, 1954), and the degree of fragmentation will be greatest where the 
granule is large. It is proposed that the fresh surface produced by 
compaction of 20-30 mesh granules adheres more strongly to the die 
wall, and higher ejection force results. Again the effect is eliminated by 
lubrication.

With the exception of unlubricated sodium chloride, values of R and 
Fd at a constant compaction pressure were independent of particle size 
of the base material, whether lubricated or unlubricated. Fd values 
increased with a decrease in particle size of sodium chloride and there 
was a corresponding decrease in values of R  as shown in Table 1.

T A B LE 1. THE INFLUENCE OF PARTICLE SIZE ON FRICTIONAL LOSSES WHEN SODIUM 
CHLORIDE IS TABLETTED

M ean com paction  p re ssu re : 1485 kg/cm 2

STUDIES OF FRICTION AND LUBRICATION

Particle size 
V-

Force lost to die wall
Fd. kg

Punch Force ratio 
R

435 550 0-75
315 690 0-69
2 2 0 704 0 -6 8
170 712 0 -6 8
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A comparison of tablet lubricant efficiencies for a 
sucrose granulation using an instrumented tablet 
machinef
C. J. LEW IS* A N D  E. SH O T TO N

T hirteen  m aterials have been assessed as lubricants when added  to  a  sucrose g ranula­
tion  and com pressed on an  instrum ented  tab le t m achine. V alues o f ejection force, 
force lost to  die wall, and  punch force ra tio  fo r each lubricated  sam ple were com pared, 
and  the  o rder o f efficiency as lubricants was com pared with the shear o f  lubrican t 
pow der com pacts. T he m ost efficient lubricants are those m aterials o f  low est m elting 
po in t, and  no t those w ith the  sm allest shear strength  value as m easured in a  punch 
penetration  test.

I N  the production of tablets, substances are usually added :o the 
materials to be compressed to improve the flow of granules and to 

reduce the friction between tablet material and the die wall. Those 
materials facilitating flow have been termed “glidants” , and those reducing 
friction, “ lubricants” (Munzel & Kagi, 1954).

Evaluations of various materials as lubricants have been made by 
Wolff, DeKay, & Jenkins (1947), Nelson, Naqvi, Busse & Higuchi (1954), 
Patel & Guth (1955), Markowski (1958), Strickland, Higuchi & Busse 
(1960) and Maly (1961). More importance is attached to the quantitative 
results of Nelson and Strickland and their colleagues and Markowski, 
which were obtained using conventional tabletting machines instrumented 
with strain gauge equipment. Although there is general agreement 
between workers that the best tablet lubricants are found in that class of 
materials normally called “boundary lubricants” in the general field of 
lubrication, e.g. salts of stearic acid, there are discrepancies between the 
various orders of merit. Only Markowski (1958) attempts an explanation 
of this variation and points out that his rating of the stearates seems to be 
related to the valency of the metal involved; he suggests that the “ size of 
the molecule” may influence lubricant efficiency. Thus of all materials 
examined by this worker sodium stearate reduced the ejection force to the 
greatest extent and also had the smallest molecular size.

The magnitude of the die wall friction will depend on the shear strength 
of the friction junction and the area of contact (Bowden & Tabor, 1954). 
Good lubricants would be expected to have low shear strength values and 
the shear strength of a number of materials has been measured by Lewis & 
Train (1965).

The present work is an attempt to evaluate the lubricating efficiency of 
these same materials using a tablet machine instrumented with strain

F rom  the D epartm en t o f Pharm aceutics, School o f Pharm acy, U niversity o f L ondon , 
Brunsw ick Square, W .C .l.

* Present a d d re ss : D evelopm ent D epartm ent, Boots Pure  D ru g  Co. L td ., Beeston 
W orks, N ottingham .

t  This w ork form ed p a rt o f a  thesis accepted fo r the degree o f Ph .D . in  the University 
o f London.
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gauges as described by Shotton & Ganderton (1960). The relative 
efficiency of a lubricant is then compared with its shear strength value.

A COMPARISON OF TABLET LUBRICANT EFFICIENCIES

Experimental
MATERIALS AND APPARATUS

A granulation of sucrose was prepared from material ball-milled until 
all passed a 100 mesh sieve. The powder was moistened with distilled 
water and pressed through a 30 mesh sieve. The granules were dried at 
room temperature (2 hr) then at 60° (2 hr). They were sieved on an 
Inclyno machine for 15 min and the 30-40 mesh fraction used throughout 
this work.

To samples of 30-40 mesh granulation, 2% of the following materials 
was added as -100-mesh powder: stearic acid, palmitic acid, lithium 
stearate, sodium stearate, potassium stearate, magnesium stearate, zinc 
stearate, zinc oleate, calcium stearate, “synthetic wax,” * boric acid, and 
talc.

Hard paraffin was applied to the granulation as a solution in light 
petroleum (b.p. 60°-80°). The granules were coated with this in a coating 
pan, using a jet of hot air to remove the solvent; they were then dried 
(2 hr) at 60°/20 mm.

METHODS

Preliminary experiments indicated that the sucrose granulation possessed 
desirable pressing characteristics and high frictional resistance, making it 
suitable as a base material. When lubricated with -100-mesh magnesium 
stearate powder, this material gave a linear relationship between 
ejection force and mean compaction pressure over the range 500—2000 
kg/cm2. The proportion of the applied pressure transmitted to the lower 
punch over this range was constant. Values of the punch force ratio, 
R, force lost to die wall, Fa, and ejection force, F e, were unaffected 
by variations in base granule size, and of all the lubricants examined 
2% -100-mesh magnesium stearate affected these values to the maximum 
extent.

Samples weighing 700 mg were filled into the die with the aid of a 
funnel, levelled, and were compacted at a mean compaction pressure of 
1033 kg/cm2. The die was conditioned by compressing five tablets from 
the material in question; these were rejected and a further five tablets 
prepared. Measurements were made of upper punch force, lower punch 
force, ejection force, weight of tablet, and length of tablet.

Between the evaluation of each lubricated sample the die and punches 
were removed from the machine, cleaned with metal polish, polished, and 
then degreased with a mixture of equal parts of carbon tetrachloride and 
acetone before conditioning with the next sample.

* Synthetic wax flake W C  5956: W ilkins, Cam pbell and Co.
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Results and discussion
Nelson & others (1954), Strickland, Nelson, Busse & Higuchi (1956), 

Strickland & others (1960) and Markowski (1958) favoured the ratio (R) 
of force transmitted to the lower punch to that applied by the upper 
punch as a means of comparing lubricant efficiencies. The better the 
lubricant, the greater the proportion of the applied force transmitted to 
the lower punch: values of R  thus tend to unity.

The use of this parameter was criticised by Maly (1961) as being 
insufficiently sensitive to distinguish between good lubricants, and a 
lubricating factor based on ejection forces was proposed.

Lubricating factor M =  ^1 — x 100 

where
T2 =  ejection force for a given pressure for lubricated sample
Tj =  ejection force at same pressure for unlubricated sample of base 

material
For a given base material this factor (M) offers no advantage over the use 
of the ejection force F e. Comparisons based on ejection force were also 
made by Patel & Guth (1955), Smilek, Cosgrove & Guth (1955), Appino, 
Banker & De Kay (1959) and Munden, De Kay & Banker (1960), but 
the method of instrumentation was not as sensitive as the strain gauge 
equipment used by other workers.

Present results for ejection force, F e, punch force ratio, R, and force lost 
to die wall, Fa, are presented in Table 1.

TA B LE 1. EVALUATION OF TABLET LUBRICANTS

Material
Ejection 
force, 
Fe, kg

Punch 
force 

ratio, R
Force lost 

to die wall, 
Fd, kg

Melting 
point °C.

Shear
strength,*

kg/cm2

Hard paraffin 15 0-94 80 50 _
Stearic acid 2 2 094 78 54 13-7
Palmitic acid 24 0-95 68 57 12-3
Synthetic wax 26 0-84 224 105 50-5
Sodium stearate .. 38 0-93 93 240-243 23-9Zinc oleate 40 0-93 93 170-174
Lithium stearate .. 41 0-95 63 215-218 - 6-0
Potassium stearate 43 0-94 89 252-255 21-3
Zinc stearate 45 094 82 120 9-3
Calcium stearate . . 48 0-93 103 140 15-0Magnesium stearate 50 0-93 104 186 2 0 -0
Boric acid 346 0-63 584 _ 73-0Talc 353 0-59 664 _
Unlubricated 371 0-55 682 — —

* Lewis & Train (1965). Spread of results ±  7%. Values measured under zero load conditions. 
Base material: 30-40 mesh sucrose granulation 
Lubricant concentration: 2%
Mean compaction pressure: 1033 kg/cm2 
Sample weight: 0-7g

Most values of R  fall in the close range 0-93-0-95 making the use of this 
factor unsatisfactory as a means of differentiating between the lubricating 
efficiencies of most of the substances tested. This parameter is insuffi­
ciently sensitive to distinguish between the soap lubricants but could serve
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as a first classification to separate “efficient” lubricants, such as magnesium 
stearate, from “ inefficient” ones such as talc.

Ejection forces allow of slightly sharper differentiation. The most 
efficient lubricants in this respect are the fatty acids and waxes, those 
materials with the lowest melting point. Salts of stearic acid melt with 
decomposition at a much higher temperature than the acid itself (see 
Table).

Bowden & Tabor (1954) have shown that considerable temperatures are 
generated ever, in the lightest frictional contacts, and that in addition, 
where boundary layer lubrication conditions exist, the efficiency of soap 
lubricants and fatty acids drops appreciably when the surface temperature 
reaches the value of their melting-points.

The addition of fatty acids to metals with which they react, results in the 
formation of soap films possessing strong lateral cohesion and a melting- 
point much higher than that of the acid. It is clear that the application of a 
metallic soap need not necessarily be as effective a lubricant as the soap 
formed in  s i tu .  The present results suggest that 2% lubricant is sufficient 
to make boundary layer conditions unimportant, so that the greatest 
efficiency of lubrication is not dependent on the high melting-point of a 
lubricant. A low melting-point probably facilitates the formation of wax 
or fatty acid films on the die wall.

Table 1 shows that the ratings of lubrication efficiency, as assessed by 
comparison of ejection forces, are not explained by the values of shear 
strength measured by the punch penetration method (Lewis & Train, 1965). 
Lithium and zinc stearates, which have the lowest shear strengths, gave 
ejection forces nearly twice those for hard paraffin, stearic and palmitic 
acids. The absence of such correlation may well be due to the properties 
of the sucrose granulation substrate. Jones (1960) reports for metal 
powders that the best lubricant and optimum concentration depends on the 
powder being pressed, and Daoust (1960) presents evidence that the 
efficiency of lubricants used with pharmaceutical granulations may vary 
with the type c f granulating agent used. Such interdependence between 
substrate and lubricant may well account for different workers producing 
different orders of efficiency.

On the other hand the shear strength of compacted lubricants under zero 
load conditions may not be the important value for comparison purposes. 
When the compressive force has been removed and before ejection from the 
die, the tablet exerts a radial force on the walls of the die. The lubricant 
film will therefore be subjected to a constraining load and it is possible that 
the shear strength of the lubricant under an applied compressive load is the 
value that is needed.
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Adjuvant effect o f aluminium monostearate paraffin 
gels on antitoxin response
C. L. J. C O LES, K A T H L E E N  R. H E A T H , M A R JO R IE  L. H IL T O N , K . A. LEES, 
P. W. M U G G L E T O N  A N D  C. A. W A L T O N

Clostridium welchii Type D  toxoid  has been dispersed in alum inium  m onostearate- 
h ydrocarbon  gels. W hen these a re  injected subcutaneously  in lab o ra to ry  anim als 
th e  an titox in  response is influenced by the  m ethod o f  p repara tion  o f the  gels. The 
level and  du ra tion  o f the  an titox in  titre  in the b lood is related  directly to  the  viscosity 
o f  the  vaccine prepara tions. Six m onths a fte r injection, the  residual antitoxin  titre  
p roduced  by the  m ost successful treatm ents was still as good as the  peak  titre  obtained 
from  sim ple alum inium  hydroxide adsorbed  vaccine.

T HE blood level of antitoxin produced by a single dose of toxoid is 
frequently inadequate to develop satisfactory immunity so that a 

second or “booster” dose is required. When aluminium hydroxide gel 
is used as an adjuvant for toxoid vaccines, it significantly increases the 
response to the antigen, but it may also produce reactions at the site of 
injection. Moreover, the blood antitoxin levels fall fairly rapidly, even 
after a “booster” dose.

Improvement of antitoxin levels by dispersing antigen in pharmaceutical 
vehicles immiscible with serum has been demonstrated on several occasions, 
and the mechanisms of action of such systems has been reviewed 
(McKinney & Davenport, 1961; Davenport, 1961). O il: aluminium 
monostearate gels have recently been shown to enhance antitoxin blood 
levels (Woodhour, Metzgar, Stim, Tytell & Hilleman, 1964; Stokes, 
Weibel, Drake, Woodhour & Hilleman, 1964).

It is well known that the use of such gels lowers the rate of release of 
procaine penicillin or the active principle in pollen extract from the site 
of injection (Bristol, 1952, 1954).

Our attention was drawn to the enhanced blood antitoxin levels 
obtained from injections of C lo s t r id iu m  w e lc h i i Type D toxoid when 
presented in liquid paraffin containing aluminium stearate (Dr. C. Moller, 
personal communication). The present communication describes an 
examination of liquid paraffin aluminium stearate suspensions and gels 
in this connection.

Experimental
MATERIALS

The paraffin oil used was a mixture of 75 parts (by volume) liquid 
paraffin B.P. and 25 parts light liquid paraffin B.P. 1958. It was 
sterilised by heating to 150° for 1 hr. Aluminium monostearate* had 
the following characteristics: A120 2 (ash) 16-6%; free fatty acid (as 
stearic acid) 6-7%; water soluble salts 0-5%. It was sterilised by exposure

F ro m  G laxo L aboratories L td ., G reenford , M iddlesex. 
* M allinkrod t special M  grade.
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to formalin vapour (24 hr), excess formalin vapour was then removed 
under reduced pressure.

The antigen used was a freeze-dried C lo s t r id iu m  w e lc h i i Type D purified 
formol toxoid comminuted by successive passage through 60 mesh and 
100 mesh sieves. It had a potency of approximately 40 Lf units/mg.

PREPARATION OF PARAFFIN GELS
Two general methods were used.
M e t h o d  A .  Aluminium monostearate was dispersed in sufficient 

paraffin oil to constitute 20% by volume of the final vaccine. The 
suspension was then maintained at the required temperature for a fixed 
period (72° or 100° for 10 min, or 150° for 1 hr). The products were 
cooled to room temperature without agitation. The antigen was dis­
persed in the remainder of the cool sterilised oil, and the paraffin gel 
was then dispersed in this suspension; the mixture was finally passed 
once through an Ormerod homogeniser Type QR at 1,000 p.s.i. At 72° 
only partial gelation occurs; the product corresponds to that described 
by Moller.

M e t h o d  B . Aluminium monostearate was dispersed in sufficient 
paraffin oil to produce 80% of the final vaccine volume. This suspen­
sion was heated to either 100° or 150° and stirred for 1 hr at this 
tem perature; it was then cooled with continuous agitation. The antigen 
was dispersed in the remainder of the cool sterilised oil and blended with 
the paraffin gel; the vaccine was passed once through an Ormerod 
homogeniser, as above.

Suspensions of aluminium stearate (2% w/v) in paraffin oil decreased 
in viscosity as they were heated slowly to 80°, owing to a reduction in the 
viscosity of the oil. Microscopical examination of the suspensions 
indicated that the soap particles began to swell at 80 to 89°. At 95° 
complete solution of the soap yielded a visco-elastic gel. A further rise 
in temperature, to 135°, was accompanied by a sharp drop in the viscosity; 
this may be attributed to dissociation of the soap molecules by thermal 
motion.

Heating the gels to 100° followed by rapid cooling without agitation 
yielded a thick visco-elastic gel (Method A), whereas cooling associated 
with vigorous agitation yielded a thinner though still viscous gel (Method 
B). Rapid cooling of the gel from 150° (Method A) produced a solid 
grease which if dispersed in paraffin oil, yielded a product of viscosity 
similar to that cooled from 100°. If this was again heated tc 150° 
(Method B) and stirred continuously while cooling, the least viscous gel 
of all was produced; it was much thinner than that produced at 100°.

An attempt was made to measure the viscosity of the gel systems with 
a rotary viscometer but no single parameter was found to express 
adequately the different characters of the gels. For this reason only 
visual observations of viscosity have been reported.

Antitoxin was induced in the serum of rabbits by subcutaneous injection 
of 2 ml (equivalent to 130 Lf units of toxoid) of each of these vaccines. 
Four weeks later a similar booster dose was given. The antitoxin levels

C. L. J. COLES AND OTHERS
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obtained are shown in Fig. 1. The titres presented as control were 
obtained by adsorbing antigen, from the same batch, on aluminium 
hydroxide gel.* Antigens before and after freeze drying were used for 
this purpose.

ADJUVANT EFFECT ON ANTITOXIN RESPONSE

Fig. 1. E psilon  an titox in  titres p roduced  in rabb its by a  2 ml subcutaneous 
injection o f Clostridium welchii type D  vaccine, follow ed by a  booster dose a t four 
weeks, A. U ngelled alum inium  m onostearate  suspension. B. R econstitu ted  
freeze-dried toxoid , alum inium  hydroxide adsorbed. C. A lum inium  hydroxide 
adsorbed  toxoid . D . A lum in ium  m o nostearate  gel p repared  a t 72°C. E. 
A lum inium  m onostearate  gel p repared  a t 150°C. F . A lum inium  m onostearate  
gel p repared  at 100°C.

A second series of vaccines was prepared both by methods A and B 
at the temperatures that had given most enhancement in the first 
experiments. The amount of aluminium stearate varied, 0-5, 1-0 and
2-0% being used. Antitoxin levels in guinea-pigs (after single 1 ml 
subcutaneous injection of vaccine) are shown in Table 1.

The addition of traces of many compounds, particularly those with 
pronounced co-ordinating properties, reduces the viscosity of gels (Gray & 
Alexander, 1949; Alexander & Gray, 1950). Non-ionic surface-active 
agents have this effect. A series of gels with a range of aluminium 
monostearate concentrations and incorporating 0-5% polysorbate 60| 
were prepared by Method B at 150°.

Guinea-pig and rabbit sera were titrated for their content of C lo s t r id iu m  
w e lc h i i  e antitoxin. Approximately twofold dilutions of sera were

* A lhydrogel— D anish  Sulphuric Acid and Superphosphate  W orks L td ., D enm ark .
t  Tween 60— H oneyw ill-A tlas L td.
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titrated in mice against standard C lo s t r id iu m  w e lc h i i e toxin by the method 
of Batty & Glenny (1947).

C. L. J. COLES AND OTHERS

T A B L E  1. ANTITOXIN LEVELS (GUINEA-PIGS) FROM DIFFERENT ALUMINIUM STEARATE 
CONCENTRATIONS AND GELATION TEMPERATURES

Method of 
preparation

Temperature
of

gelation, °C
Aluminium

monostearate
%

Antitoxin units/ml
2  weeks 4 weeks 6  weeks 8  weeks 1 0  weeks

0-5 006 0-28 0-4 0-4 014
A 1 00 1 0 014 2-8 2-8 1-4 1-4

2 0 014 5-6 4 5-6 5-6
0-5 014 0-8 1-4 1-4 0-56

A 150 1 0 0-28 1-4 1-4 14 1-4
2 0 2 14 14 14 14
0-5 0-56 0-8 2 2 2-8

B 100 1 0 0-56 5-6 5-6 5-6 5-6
2 0 1-4 28 28 14 :4
0-5 0-28 004 0-28 014 008

B 150 1 0 0-4 4 4 5-6 2-8
2 0 0-28 2-8 2-8 5-6 4

Aluminium hydroxide adsorbate suspension 0 -2 2-8 1-4 1-4 1-4

Results
The results in Fig. 1 show that a base prepared by the gelation of 

paraffins with aluminium monostearate increases and prolongs the titre 
of antitoxin in the blood. As the content of aluminium monostearate 
rises from 0-5 to 2%, the antitoxin level in guinea-pig serum rises 
irrespective of the method of preparation or the temperature of gelation 
(Table 1). Six months after injection the residual titre with the most 
successful vaccines was still as high as the peak titre obtained with a 
simple aluminium hydroxide adsorbed vaccine. The viscosity of the 
vaccines showed a positive correlation with the degree of enhancement and 
the prolongation of the antitoxin levels.

Products obtained by Method A confirm the effect of temperature on 
gelation although the results for vaccines prepared by Method B do not. 
The conclusion drawn from Fig. 1 is confirmed, namely that antitoxin 
titres and the viscosity of the vaccine are related.

T A B LE 2. ANTITOXIN LEVELS IN GUINEA-PIGS FROM GELS WITH AND WITHOUT 
POLYSORBATE (p) 60

Aluminium
monostearate

%
Percentage 

P 60
Antitoxin units/ml

2  weeks 4 weeks 6  weeks 8 weeks 1 2  weeks
0-5 — 0 -2 0-4 2 -8 2-8 2

0-5 0-5 006 0-4 0-56 0-56 0-56
1 0 - 004 2-8 2-8 5-6 5-6
1 0 0-5 0 -2 1-4 1-4 0-56 0-56
2 -0 - 0-28 4 5-6 5-6 8

2 0 0-5 014 4 2 -8 2 -8 2-8
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Table 2 confirms that antitoxin level is enhanced as the concentration 
of aluminium stearate increases. The addition of polysorbate 60 
depresses antitoxin levels which moreover seem less prolonged. These 
effects are also related to the lower viscosity of these bases.

Acetoglycerides also reduce the viscosity of the gels, but they could 
not be evaluated in animals because gross reactions were produced by 
them at the site of injection.

ADJUVANT EFFECT ON ANTITOXIN RESPONSE

Discussion
Hydrocarbon-aluminium stearate gels comprise a two-phase structure. 

One phase consists of a network of more or less solvated materials, whose 
interstices are filled with its saturated solution (Rideal, 1950). It is 
possible that particles of antigen are situated within the network of 
solvated material so that their diffusion from the vaccine is hindered. 
This hypothesis received some support from an experiment in which the 
freeze-dried toxoid was milled in oily suspension, to provide particulate 
toxoid : by microscopical appearance this exhibited a range of particle 
sizes. The samples of milled toxoid in paraffin-aluminium stearate gel 
however show negative correlation of particle size and antitoxin response.

The way in which oil adjuvant vaccines enhance and prolong antibody 
production is not clearly established. In simplified general terms two 
mechanisms have been suggested (Davenport, 1961): (a )  local irritation 
at the site of injection attracts certain cells to the site so that an “antibody 
producing organelle” is formed and (b ) that slow continuous release of 
antigen from the site of inoculation promotes more efficient utilisation of 
the antigen for its specific purpose. The local reactions from all the 
vaccine preparations (except those prepared with acetoglycerides) were 
macroscopically indistinguishable from each other and from those 
produced by the simple suspension of aluminium monostearate in 
paraffin oil.

These results suggest that, because the viscosities of the products 
described correlate directly with antitoxin response, the rate of release of 
the antigen from the injection site plays an important part in determining 
the adjuvant effect. In the absence of histological data the significance 
of other mechanisms which may operate at a cellular level cannot be 
assessed.
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A new method for the determination of emulsion 
stability by dielectric constant measurement: 
a preliminary report
R. C. K A Y E  A N D  H . SE A G E R

T he cream ing of em ulsions o f  liquid  paraffin in w ater stabilised by cetom acrogol 
1000 has been studied  in a  specially designed capacitance cell. Before visual 
separation  o f  the  em ulsion is detectable, changes in em ulsion com position  in the 
upper p a rt o f the cell result in a  m easurable decrease o f  dielectric constan t. D iffer­
ences in the cream ing rates o f a  num ber o f em ulsions are easily detected and the 
ra te  o f  change o f dielectric co n stan t w ith tim e is dependent on  globule size.

E MULSIONS are thermodynamically unstable systems which reach 
stability only when démulsification has occurred. The fundamental 

measurement of the instability therefore is the rate at which the globules 
of the emulsion coalesce. Creaming, or phase separation without 
coalescence, is quite a different phenomenon from démulsification but 
one that is often used as an indication of instability because the resulting 
closer association of the globules greatly facilitates their coalescence.

Creaming is difficult to detect visually in the early stages (except in 
very unstable emulsions) and there is no simple and rapid method for its 
quantitative determination. Andreasen’s method (Andreasen, 1928) is 
feasible but tedious and methods which depend on changes in optical 
density, for example photoelectric sedimentometry, are not applicable 
because pharmaceutical emulsions are too opaque.

Since water has a high, and oil a low, dielectric constant the ascent of 
oil globules into the upper layers of the emulsion, and their replacement 
in the lower layers by the aqueous phase, should cause dielectric changes 
in these two regions of the emulsion. Such changes have been investi­
gated using a specially designed capacitance cell.

E x p e r im e n ta l

APPARATUS FOR THE MEASUREMENT OF DIELECTRIC CONSTANT

The dielectric constants of the emulsions were measured by the hetero­
dyne beat method. In agreement with theoretical considerations [see 
equation (1) below], composition changes are more readily detected in the 
upper regions of the emulsion and hence a capacitance cell of the type 
shown in Fig. 1 was used. The cell responds to changes in dielectric 
because its capacitance is related to the dielectric constant by the following 
equation (Blaedel & Petitjean, 1956):

r  =  [(27rf)2C 0e(Co6 +  C g) +  K 2]C g
(277f)2(C 0e +  C g)2 +  K 2 ..................................

From the Division of Pharmacy, Department of Pharmacology, University of
Leeds.
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where C =  capacitance of cell when filled with emulsion 
C0 =  capacitance due to air in the empty cell 
Cg =  capacitance due to the glass walls of the cell 
e =  dielectric constant of emulsion 
K =  conductance of emulsion 
f  =  frequency of electrical field.

The equation shows that the cell capacitance is sensitive to dielectric 
changes only in emulsions of low conductivity. In highly conducting 
emulsions such as those prepared with ionic surfactants, the terms 
(27rf)2C0e(C0e +  Cg) and (27rf)2(C0e +  Cg)2 may be neglected in com­
parison with K2 when the equation reduces to

C =  Cg .......................................  (2)

The cell capacitance is now independent of the dielectric constant of 
the emulsion and is determined only by the capacitance due to its glass 
walls. Thus the measurement of emulsion creaming by the dielectric 
method is limited to those emulsions of low conductivity prepared with 
non-ionic surfactants.

The cell (Fig. 1) consists of a glass vessel (1) having two concentric 
walls (2) and (3) defining an annular space (4) between them. The vessel 
is filled with emulsion through an opening (5) provided near one end of 
the vessel. The capacitor plates consist of two conducting layers (6) and
(7) formed by the deposition of silver on the surface of the glass. An 
electrical connection to the inner plate is made by the threaded terminal

DETERMINATION OF EMULSION STABILITY

F ig . 1. C apacitance cell and  b lock d iagram  of heterodyne beat circuit. F o r 
explanation  see text.

(8) inserted through the end of the glass wall of the vessel. The terminal 
is secured by means of a nut (9), fibre washers being i serted between the 
metal and glass surfaces to prevent cracking of the g.^ss. The terminal 
can be made more secure by using a suitable bonding compound. 
Electrical connection from the terminal to the inner silver coating is 
provided by means of a thin springy copper washer (10) inserted under
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the head of the terminal. Electrical contact with the outer capacitor 
plates is made by wrapping three turns of wire around the silver coating 
and soldering the wire to it.

Opening (5) is closed with a rubber stopper (11). The central space 
within the inner wall is also closed with a rubber stopper (12) to prevent 
the entry of dust and fumes which might impair the electrical contact to 
the inner conducting plate.

The two electrical leads (13) and (14) of the cell are taken to a variable 
frequency valve oscillator (15). The cell acts as a capacitance in the 
frequency-determining circuit of the oscillator (15). This circuit is tuned 
by means of a precision variable condenser (16). The output from the 
oscillator circuit is mixed with the output from a fixed frequency oscillator 
(17) (crystal controlled at 1-79 M cycles/sec) and the resultant beat 
frequency is monitored aurally on a loud speaker and visually cn an 
indicator tube of the “magic eye” type (18).

In operation, the cell is filled with the emulsion under test and inverted. 
Initially the variable condenser in parallel with the cell is adjusted so that 
the frequency of the variable frequency oscillator is equal to that of the 
crystal reference oscillator. This is indicated by the absence of a note 
from the loudspeaker and of a sign on the indicator tube. As the 
emulsion gradually separates and oil globules float to the top, the electri­
cal capacitance of the cell decreases causing a frequency shift in the 
output of the variable frequency oscillator and an audible note of in­
creasing frequency from the loudspeaker. The amount by which the 
variable condenser must be adjusted to return the frequency to that of 
the reference crystal oscillator is a direct measure of the capacitance 
change brought about by creaming.

METHOD OF MEASURING CREAMING RATES
Emulsions containing 50% w/w of liquid paraffin B.P. in a 3% w/w 

aqueous solution of cetomacrogol 1000 B.P.C. were prepared :n an 
Ato-mix M.S.E. Emulsifier. Details of the emulsions used are given in 
Table 1.
TA B LE 1. DETAILS OF EMULSIONS USED

R. C. KAYE AND H. SEAGER

Emulsion 1 2 3 4 5 6

Homogenisation time 
min.

1 0 3 2 1-5 1 0-5

Average of log of 
globule diameter

0-46 +  001 0-49±0-0i 0-50+001 0-56±0-01 0-60±0-01 0-65 ± 0 0 1

Standard deviation of 
log o f globule diameter

019 019 0 - 2 1 0 - 2 2 0*27 0-29

Number o f oil globules 
measured for statistical 
analysis

501 582 509 509 546 476

Observed amounts of 
creaming (i.e. depth of 
translucent liquid at 
bottom of cell)

None 
after 

7-24 hr

1 -5 mm 
After 

8  06 hr

2  mm 
After 

8-24 hr

3-5 mm 
After 

6 - 1 2  hr 
(Creaming 

line was 
diffuse)

4 mm 
After 

2 - 2 1  hr 
(Creaming 

line was 
very 

diffuse)
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50 ml of the emulsion was withdrawn from the emulsifier, gentle agita­
tion of the latter being maintained to ensure uniform distribution of the 
globules. Air was removed from the sample by gentle rotation for 
10 min in a flask under vacuum. Gentle shaking was continued as the 
emulsion was then warmed to 25°.

The cell, maintained at 25° in a small Perspex air chamber, was discon­
nected from the oscillator and filled with part of the emulsion. The 
rubber stopper was inserted and the cell was inverted so that the remain­
ing air bubble was trapped in the small space provided (19) (Fig. 1). 
The gap between the capacitor plates was thus entirely filled with emulsion 
free from air bubbles.

A clock was immediately started, the cell was quickly reconnected to 
the oscillator and the thermostat box was replaced. The frequency of the 
variable oscillator was returned at suitable time intervals to that of the 
reference oscillator. The readings of the variable condenser were con­
verted to dielectric constant units, the value at zero time being estimated 
by extrapolation.

MEASUREMENT OF GLOBULE SIZE

The remainder of the emulsion sample was used for the determination 
of globule size. One drop was diluted with a few drops of water and a 
little placed on a haemocytometer slide. Photomicrographs of randomly 
chosen fields were taken during the determination of creaming rate. 
The magnification of all finished photographs was the same and the 
diameters of all globules in each photomicrograph were measured to 
±0-1 / I . A total of about 500 globules was recorded for each emulsion.

Histograms in which the frequency of globule size was plotted 
against the logarithm of the globule diameters, showed the globule size 
distributions to be logarithmically normal. The means and standard 
deviations of the logarithms of the globule diameters were therefore used 
to characterise the emulsions.

Results and discussion
Many of the factors affecting the dielectric constant of emulsions have 

been discussed previously (e.g. Piekara, 1929, 1932; Heymann, 1934; 
Kruyt, 1952; Smyth, 1955; Hanai, Koizumi & Gotoh, 1962). It is 
apparent that the dielectric constants of liquid paraffin in water emulsions 
prepared with non-ionic surfactants, and measured in the way described, 
depend chiefly upon the relative concentrations of liquid paraffin and 
v/ater between the capacitor plates. An increase in the liquid paraffin 
concentration results in a decrease of dielectric constant. In the present 
v/ork therefore, the decrease in the dielectric constant of emulsions with 
time (see Fig. 2) is due to an increase in the concentration of liquid 
paraffin between the capacitor plates.

Comparison of Table 1 with Fig. 2 shows that whereas the dielectric 
change is quite marked, visual inspection of the emulsion in the lower 
part of the cell is a relatively insensitive method of detecting phase

DETERMINATION OF EMULSION STABILITY
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R. C. KAYE AND H. SEAGER

separation. It has been found that stable emulsions in which no visible 
creaming can be detected for several days will provide a readily measurable 
change of dielectric constant after only a few minutes or at most a few 
hours. Detection of phase separation by the dielectric method is there­
fore rapid and precise.

F ig . 2. R ela tion  betw een dielectric constan t and  tim e for em ulsions.

An important factor governing the rate of emulsion creaming is the 
globule size. Comparison of the dielectric constant changes for emulsions 
1 and 5 in Fig. 2 and the photomicrographs of these same emulsions 
(Fig. 3) illustrates the greater creaming rate of the coarser emulsion. A 
quantitative relation between globule size and creaming rate of the 
systems studied is given in Fig. 4. The logarithm of the rate of change 
of dielectric constant de/dt, 30 min after the commencement of the 
experiment, has been plotted against the mean of the logarithms of the 
diameters and also against the standard deviations of the logarithms of 
the diameters. This shows that the rate of change of dielectric constant 
with time is markedly dependent on globule size, small changes of which 
lead to large changes in the gradient of the dielectric curve. Dielectric 
measurements therefore may provide a simple method for determining 
differences in the globule size of two emulsions.

The initial readings of dielectric constant for emulsions of a given 
concentration vary with globule size. This effect is much greater than 
can be explained by the ±0T %  experimental error in dielectric constant 
measurement and the phenomenon is not yet fully understood.
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F ig . 3. Photom icrographs o f em ulsions 1 an d  5.

Emulsion 5
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Fig. 4. R ela tion  betw een log ra te  o f change o f dielectric constan t dc/d t and  m ean 
o f log d iam eter and  standard  deviation o f log diam eter.

The apparatus described is the subject of the United Kingdom Patents 
Application No. 4885/64.
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I n te r a c t io n  o f  a lu m in iu m  w ith  b a c te r ia  is o la te d  f ro m  
w o u n d s

T. J. BRADLEY, F. FISH AND M. S. PARKER

The effect of aluminium as metal foil and as a weak solution of potassium aluminium 
sulphate on the growth of Staph ylococcus aureus, Pseudom onas aeruginosa, Escherichia  
coli and P roteu s vulgaris, has been examined over a range of pH values. Aluminium 
foil, and an aluminium metal film deposited by evaporation on a bonded cellulose 
fabric, failed to inhibit the growth of the organisms on agar plates. In contact with 
saline metal foil yielded trace amounts of aluminium in solution but no detectable 
amounts of aluminium were found in human serum which had been in prolonged 
contact with aluminium metal. Staph, aureus and P s. aeruginosa  were adsorbed 
from aqueous suspension by aluminium surfaces. Below pH 5 the growth of these 
organisms was inhibited by low concentrations of aluminium in aqueous solution. 
Preliminary measurements of the uptake of aluminium by these sensitive organisms 
have been made.

A LUM INIUM  foil has been used surgically as a wound covering since 
the time of Lister. Brown, Farmer & Franks (1948) described the 

use of aluminium foil in the management of burns and, more recently, 
other applications of aluminium foil have been reported such as the 
treatment of venous ulcer of the leg (Haeger, 1963). An aluminised 
cellulose fabric dressing has also been described (Meyer, 1960).

Aluminium is reputed to have antibacterial properties at very low 
concentrations (Berger & Einstmann, 1959) and the present work was 
undertaken to provide more information on the interaction of aluminium 
and its ions with bacterial cells.

M e th o d s  a n d  re su lts
MATERIALS

The aluminium foil and chemicals were analytical grade unless other­
wise stated. The aluminium-coated cellulose bonded-fibre fabric was 
supplied by Messrs. Wallace, Cameron & Co. Ltd., Glasgow, S.5. 
2 ,3 ,5 - T r ip h e n y l t e t r a z o l i u m  c h lo r id e  (B.P.) in aqueous solution (10%) was 
sterilised by filtration. D e - io n i s e d  w a te r  had a resistance of 4 mega ohms. 
N u t r i e n t  a g a r . Oxoid granules (C.M.3). P e p to n e - f r e e  n u t r i e n t  a g a r .  
Oxoid beef extract (1%), Oxoid yeast extract (2%), dextrose (1%), sodium 
chloride (0-5%), Oxoid Ion agar No. 2 (1%) in de-ionised water. A g a r o s e .  
Prepared by the method of Hjerten (1962).

O r g a n is m s .  S ta p h y lo c o c c u s  a u r e u s  (893), P s e u d o m o n a s  a e r u g in o s a  (899), 
E s c h e r i c h ia  c o l i  (891), and P r o te u s  v u lg a r is  (894) were isolated from 
infected wounds. Cultures were freeze-dried and catalogued (bracketted 
numbers) in the Department of Applied Microbiology, University of 
Strathclyde. Bacterial suspensions in de-ionised water were prepared by 
washing 24 hr cultures from nutrient agar slopes which had been

From the Department of Pharmacy, University of Strathclyde, Glasgow, C.l.
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incubated at 31°. Suspensions were centrifuged and resuspended alter­
nately to wash cells free from nutrient material. The final suspensions 
contained about 120 x  10® viable cells per ml.

EFFECT OF ALUMINIUM ON THE GROWTH OF ORGANISMS
B y  g e l  d i f fu s io n . Pieces (4 cm2) of aluminium foil and aluminium- 

coated cellulose fabric were sterilised by heating in an autoclave (120°/ 
20 min). They were placed in petri dishes and covered with a thin layer 
of peptone-free nutrient agar containing triphenyltetrazolium chloride 
solution (0T ml %) and seeded with the organism under test. After 
storage at 4° for 24 hr the plates were incubated (31 °/7 days), then 
examined.

Similar experiments were made replacing the 1% Oxoid Ion agar in 
the peptone-free nutrient agar with 0-3% agarose, to enhance ion mobility.

No zones of inhibition were observed around the pieces of aluminium 
foil or aluminised fabric in any of the tests performed.

I n  a q u e o u s  s u s p e n s io n . Sterilised pieces (4 cm2) of aluminium foil and 
aluminium-coated cellulose fabric were placed in normal saline (100 ml) 
containing triphenyltetrazolium chloride solution (0T ml). Each flask 
was separately inoculated with 0T ml cell suspension of the organism 
under examination and maintained at 31° for 72 hr. Subcultures were 
taken at intervals to assess viability.

Suspensions of the organisms were exposed, under the same conditions, 
to the cellulose fabric without the aluminium coating.

In contact with aluminium, E .  c o l i  and P .  v u lg a r is  gave positive 
subcultures throughout the experimental period of 72 hr. S ta p h ,  a u r e u s  
and P s .  a e r u g in o s a  were negative on subculture after contact periods of 
18 and 24 hr, respectively, and in both cases a red film was observed on 
the aluminium. This feature, v i z ,  the red film of formazan, the reduced 
form of triphenyltetrazolium (Barnes, 1956), indicated that the organisms 
had been adsorbed on the metal surface from aqueous suspension. The 
adsorption was confirmed by microscopic examination.

DETERMINATION OF ALUMINIUM LEACHED OUT OF METALLIC ALUMINIUM BY 
SERUM AND SALINE

Using plastic containers, pieces (4 cm2) of aluminium foil and alu- 
minium-coatec cellulose fabric were placed in separate 10 ml volumes of 
fresh human serum or in 0-9% sodium chloride solution in de-ionised 
water. Solutions were maintained at 31° for 40 days. The aluminium 
squares were removed and the fluid assayed for aluminium content by the 
method of Jones & Thurman (1958). A wet ash extraction procedure was 
used for the human serum (Sandel, 1950). Some samples of ash from the 
experiments using human serum were extracted with hydrochloric acid/ 
water (1:1), the extracts mixed and evaporated to dryness on a rotary 
film evaporator and the residue of chlorides examined for aluminium by 
mass spectrometry.

No aluminium was detected in any of the experiments using human 
serum or when the aluminium-coated fabric had been immersed in saline.

INTERACTION OF ALUMINIUM WITH BACTERIA
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After 40 days at 31° the sodium chloride solution in which the foil had 
been immersed contained 0-08-0-9 /xg/ml aluminium, mean value 
0-33 /xg/ml (s.d. =  0-29).

EFFECT OF A WEAK SOLUTION OF POTASSIUM ALUMINIUM SULPHATE ON THE 
GROWTH OF ORGANISMS OVER A pH  GRADIENT

Plates (16 cm X 24 cm) of peptone-free nutrient agar containing the 
following systems in wedge-shaped portions, one superimposed on the 
other, were prepared as described by Sacks (1956), 150 ml volumes com­
posing each wedge to eliminate any irregularities in the surfaces and to 
give sufficient material for pH measurement after dissecting out. Scdium 
hydroxide solution (20 g/litre; 15 ml) was included in the lower wedge 
which was poured with the plate suitably tilted; the plate was levelled 
after 1 hr and the upper wedge containing potassium aluminium sulphate 
solution (176 g/litre, pH 3-2; 15 ml) poured and allowed to set. To 
provide other pH gradient plates without the aluminium salt, for com­
parison, similar plates were prepared incorporating sodium hydrogen 
sulphate solution (103 g/litre, pH 1-1; 15 ml) in the upper wedge. The 
prepared plates were dried at 31° for 1 hr and the standard aqueous 
suspensions of wound organisms containing 0-1% of the triphenylietra- 
zolium chloride solution streaked on each plate in the direction of the pH 
gradient. The plates were incubated at 31° for 72 hr and the pH  at the 
limits of growth measured, first by laying narrow-range indicator papers 
on the agar surface adjacent to the upper and lower limits of growth 
and subsequently, by dissecting out a narrow strip of agar at the 
boundaries of growth, melting, cooling to 45° and inserting a glass electrode 
assembly. The pH meter was standardised to buffer solutions at 31°.

The upper limit of growth was in the region of pH 10 in all cases. 
On the sodium hydrogen sulphate pH gradient plates, the lower limits of 
growth occurred at pH values 4-0 for E . c o l i  and 4-5 for P . v u lg a r is , 
P s .  a e r u g in o s a  and S ta p h ,  a u r e u s . In the presence of the aluminium salt 
the lower limits of growth had the following pH values: E .  c o l i  5-2,
P . v u lg a r is  5-7, P s .  a e r u g in o s a  5-5 and S ta p h ,  a u r e u s  6-5. The calculated 
concentration of aluminium in the areas of the lower growth boundaries 
was about 8 /xg/ml.

EVALUATION OF THE BACTERICIDAL EFFECT OF AN ALUMINIUM SOLUTION ON 
S ta p h ,  a u r e u s  a n d  P s . a e r u g in o s a  a n d  estim a tio n  o f  t h e  a l u m in iu m  
BOUND

Volumes (50 ml) of potassium aluminium sulphate solution (C-3518 
g/litre in de-ionised water, adjusted to pH 4-5 (using 0-1n  ammonium 
hydroxide solution), were mixed with 50 ml volumes of suspensions of the 
organisms containing about 12 X  106 viable cells per ml and maintained at 
18°. At intervals, samples (1-0 ml) were suitably diluted and 0-5 ml used for 
surface counting on dried agar plates. Simultaneously, 10 ml samples 
were withdrawn and centrifuged (10min/2° at 3,200 revs/min); 5 ml of 
the supernatant liquid was assayed for aluminium content by the method

T. J. BRADLEY, F. FISH AND M. S. PARKER
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of Jones & Thurman (1958). A similar suspension of the organisms in a 
solution containing sodium hydrogen sulphate (0T024 g/litre) was sampled 
to compare the viable count at the same pH level in the absence of 
aluminium.

INTERACTION OF ALUMINIUM WITH BACTERIA

Time (hr)

F ig . 1. The fall in viable count of suspensions of S ta p h , aureus and Ps. aeruginosa  
in a solution of potassium aluminium sulphate containing 10-1 /ig aluminium/ml; 
at 18° and pH 4-5. O =  S ta p h , aureus. 0  =  Ps. aeruginosa.

There was no significant fall in the viable count of the aluminium-free 
suspensions. The viable count of the suspensions which did contain 
aluminium salt, fell as indicated in Fig. 1 in which each point represents 
the mean of 10 counts. The count of S ta p h ,  a u r e u s  fell to zero in 16 hr 
and that of P s .  a e r u g in o s a  within 30 hr.

S ta p h ,  a u r e u s  bound about 60% of the aluminium ions available at the 
level of 10T p g / m l  and about 75% of this total binding occurred within 
2 min of contact: uptake by P s .  a e r u g in o s a  reached about 50% of available 
aluminium and about 90% of this was bound in the first 2 min (Fig. 2).

D is c u s s io n
The absence of zones of inhibition in the gel diffusion studies and the 

absence of detectable amounts of aluminium in human serum which had 
been in contact with the metal for 40 days, indicate that ions do not pass 
into solution under these conditions. Whereas aluminium ions have 
been detected in solution when aluminium foil remained in contact with 
saline for 40 days, no ions were detected when the foil was replaced by 
aluminised fabric. The layer of oxide present on aluminium exposed to
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the air was probably much thicker on the metal film deposited by 
evaporation and this could account for the failure to remove ions from 
the metallised fabric.

T. J. BRADLEY, F. FISH AND M. S. PARKER

F ig . 2. The rate of binding of aluminium by S ta p h , aureus and Ps. aerug inosa  
from aqueous solution, pH 4-5 at 18°. O =  S ta p h , aureus. #  =  Ps. aeruginosa. 
---------- Initial concentration of aluminium 10-1 ng/ml.

The oxide layer is responsible for adsorbing certain organisms from 
aqueous suspension as indicated by the appearance of a red film on the 
metal when the sensitive growth indicator triphenyltetrazolium chloride 
was used. It is significant that in the case of organisms which were 
adsorbed, S ta p h ,  a u r e u s  and P s .  a e r u g in o s a , no growth was obtained on 
subcultures after 18 and 24 hr, respectively. With organisms which were 
not adsorbed, E .  c o l i  and P .  v u lg a r is , growth was obtained from sub­
cultures after 72 hr.

To investigate the inhibitory effect a soluble aluminium salt was used. 
Blank & Dawes (1960) have shown that aluminium acetate and basic 
aluminium chloride, in solution at pH 4-5 and 4-0 respectively, inhibit 
the growth of micrococci on thin sheets of human callus. Their work 
indicates that the inhibition is due not to low pH values alone, but to 
aluminium ions both free and complexed with cutaneous proteins. In 
the present work the inhibitory effect of aluminium ions in solution was 
clearly demonstrated on pH gradient plates where all the organisms 
studied were inhibited below pH 5-2; in this region the concentration of 
aluminium ions was about 8 ¿ug/ml.

When suspensions of S ta p h ,  a u r e u s  and P s .  a e r u g in o s a  were exposed 
to a concentration of 10 ¿ig/ml of aluminium at pH 4-5, the organisms were 
killed within 16 hr and 30 hr respectively. The cells of both organisms 
bound aluminium rapidly from solution, the uptake curves being similar 
to those obtained with S ta p h ,  a u r e u s  for the binding of iron (Beckett, 
Vahora & Robinson, 1958) and iodine (Hugo & Newton, 1964). The 
lethal effect demonstrated is probably due to an interaction between 
aluminium ions and bacterial proteins facilitated by the surface character­
istics of these sensitive organisms.

A c k n o w l e d g e m e n t s .  The authors thank Dr. L. G. Bruce, Victoria 
Infirmary, Glasgow for supplying the test organisms, Dr. G. C. Wood,
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of this Department for a supply of agarose and Dr. E. Clayton, University 
of Glasgow for mass spectrophotometric determinations.
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Identification and determination of ephedrine and its 
congeners in urine by gas chromatography
A. H. B EC K ETT A N D  G. R. W ILKINSON

A sensitive and specific assay for ephedrine-type compounds in urine is described. 
The procedure involves the removal of neutral and acidic compounds, then extraction 
of the bases with ether. This extract, after concentration, is injected into a flame 
ionisation gas chromatograph equipped with a 2% polyethylene glycol 6000, alkaline 
treated, column at 165°. Linear detector response between 5 and 100 p g  base/ 
ml urine was observed (peak height with respect to an internal marker) and replicate 
analyses indicated good reproducibility. No interfering compounds have been 
encountered nor any “ on column ’ ’ decomposition. The amines were further 
identified by chromatography of their acetone derivatives.

M ETHODS have been described for the identification and determina­
tion of ephedrine and norephedrine in biological materials (Richter, 

1938; Axelrod, 1953; Heimlich, MacDonnell, Flanagan & O’Brien, 1961), 
but they lack sensitivity and specificity and are tedious for routine analysis. 
Gas chromatography of ephedrine, norephedrine and pseudoephedrine 
has been reported, but primarily from a qualitative aspect (Parker, 
Fontan & Kirk, 1962, 1963; Brochmann-Hansson & Svendsen, 1962). 
The adaptation of this technique to a specific quantitative determination of 
ephedrine and related compounds in the presence of each other in biologi­
cal fluids, is described herein.

E x p e r im e n ta l

R e a g e n ts .  Analar diethyl ether, freshly distilled. Hydrochloric acid, 
5 n . Sodium hydroxide solution, 5 n . Internal marker solution: (2,6- 
dimethylphenoxy)ethylamine hydrochloride; a solution equivalent to 
10 /xg base/ml in 0T n  hydrochloric acid.

A p p a r a tu s .  A Perkin Elmer F 11 chromatograph equipped with a 
flame ionisation detector and a 0 to 5 mv Leeds and Northrup Speedomax 
G recorder, Model S were employed. The chromatographic column 
was stainless steel tubing |  inch o.d., 1 metre in length, and packed with 
80-100 mesh Chromosorb G, acid-washed and treated with dimethyl- 
dichlorosilane. This was coated with 5% w/w potassium hydroxide and 
2% w/w polyethyleneglycol 6000. It was conditioned for 24 hr under the 
operating conditions: oven temperature, 165°; injection block tempera­
ture about 250°; hydrogen pressure, 14 lb/sq. in ; air pressure, 25 lbs/sq. in ; 
nitrogen flow rate, 40 m l/m in; stream split ratio, 1:5. The column was 
silanized in  s i t u  with 2 X 5 ¡A  hexamethyldisilazane before use.

PROCEDURE

To internal marker solution (1-0 ml), in a glass stoppered centrifuge 
tube, was added 1 ml to 5 ml urine and 0T ml 5 n hydrochloric acid.

From the School of Pharmacy, Chelsea College of Science and Technology,
London, S.W.3.
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The solution was diluted to 6T ml and extracted with 3 x  2-5 ml diethyl 
ether, centrifuging to break any emulsion. The ether extract was rejected 
and urine made alkaline with 5 n  sodium hydroxide (0-5 ml). A further 
3 X  2-5 ml diethyl ether extracts were combined in a 15 ml Quickfit test 
tube, finely tapered at the base, and concentrated to about 50 pi at 42°;
3-0 to 5-0 pi of this solution was injected onto the column using a 10 pi 
Hamilton syringe. The concentration of the sympathomimetic amine 
was obtained by calculating the ratio of peak heights of the amine to that 
of the internal marker and relating this to a previously constructed 
calibration curve of the amine in urine.

The acetone derivatives of the amines (Brochmann-Hanssen & Svendsen,
1962), were formed by adding acetone (1 ml) to the ether concentrate in 
the tapered test tube; the solution was allowed to stand for 2 hr, concen­
trated to about 50 pi at 60° and 3-0 to 5-0 pi injected onto the column.

The amines in urine at various pH  values were stored at 4° and the 
amine content determined periodically. The amines in the ether extract 
and concentrate were also determined before and after storage at 4° for 
24 hr.

R e s u lts  a n d  d isc u s s io n

Well resolved symmetrical peaks were obtained for the amines (Fig. 1), 
however, it was not possible to separate ephedrine and pseudoephedrine 
under the described operating conditions. These two amines were 
differentiated and identified, as were the other amines, by their retention 
times and by the characteristic peak-shift on formation of the respective 
acetone derivatives (Table 1). Methylephedrine being a tertiary amine

IDENTIFICATION AND DETERMINATION OF EPHEDRINE

F ig . 1. S eparation  o f a  m ixture con tain ing  A , in te rnal m a rk e r; B, m ethy lephedrine ; 
C , ephedrine; D , pseudoephedrine; E , norpseudoephedrine; and  F , no rephedrine  
ex tracted  from  urine.
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did not form an acetone derivative. Conversion of the other amines to 
their acetone derivatives did not go to completion under the described 
conditions.

T A B LE 1. RETENTION TIMES OF SOME EPHEDRINE CONGENERS

Compound

Retention time in min

Base Acetone deriv.

Internal marker, (2,6-dimethylphenoxy)ethylamine 4-9 8 0
Methylephedrine 6 - 8 Not formed
Pseudoephedrine 8 - 2 3-6
Ephedrine .. 8 - 2 4 0
Norpseudoephedrine 10*5 4-2
Norephedrine 11-3 4 0

A consistent linear detector response was obtained for all the individual 
amines over the range 5-100 ¡ig  base/ml urine. Sixteen analyses of a 
urine sample containing 20 f ig  amines/ml gave a standard deviation of 0-64.

No interfering substances were found in the many samples of urine 
analysed and no deterioration of the amines occurred when they were 
stored (4 days at 4°) in urine. Both the ether extract and concentrate 
were stable at 4° for 24 hr. Alkaline treatment of the column support 
was necessary for symmetrical peaks and “on column” decomposition of 
the amines was not observed; this can probably be attributed to the 
silanized steel tubing used (cf. Vessman & Schill, 1962; Vessman, 1964). 
The decomposition of ephedrine-type amines reported by Parker & 
others (1962) is probably an artifact caused by the use of acetone solutions 
of the amines.

The advantages of this method over those previously reported are its 
specificity as shown by the absence of interference from normal urinary 
constituents, the short analysis time (16 samples may be analysed in about 
6 hours), and the ease of determination of a mixture of the amines. 
Furthermore, although 5 f ig /m l  was the lowest concentration determined 
in the present study, by the use of larger volumes of urine and smaller 
amounts of internal marker much smaller concentrations may be estimated.

A c k n o w l e d g m e n t .  One of us (G.R.W.) thanks the S.R.C. for a grant 
in support of this research.
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SHORT COMMUNICATION

Urinary excretion of (—)-methylephedrine, (—)-ephedrine 
and (—)-norephedrine in man
A. H . B E C K E T T  A N D  G . R . W IL K IN S O N

D ESPITE the long and extensive clinical use of ephedrine and related 
compounds, little is known of their metabolism and excretion in man. 

It has been reported that the metabolism of (-)-ephedrine in various 
animals shows considerable species differences (Axelrod, 1953). Thus 
déméthylation to norephedrine is a major route of metabolism in 
the dog and guinea-pig, but only a minor one in the ra t; hydroxylation 
is of minor importance in the dog but a major pathway in the rat. Williams
(1959) suggests that déméthylation of ephedrine is likely in man although 
Richter (1938) claimed that about 100% of the dose was excreted unchanged 
:n 24 hr. It must be noted, however, that the analytical method used by 
the latter author did not differentiate between ephedrine and norephedrine.

The development of a specific and sensitive gas-liquid chromatographic 
assay for ephedrine and its congeners in urine, (Beckett & Wilkinson, 
1965b), permits detailed investigation into the metabolism and excretion 
of these compounds. Table 1 shows the results obtained when aqueous 
solutions of (-)-methylephedrine, (-)-ephedrine, and (-)-norephedrine 
were administered orally in the form of their hydrochlorides to a male 
volunteer.

TA B LE 1. EXCRETION OF (-)-METHVLEPHEDRINE, (—(-EPHEDRINE AND (-(-N O R ­
EPHEDRINE IN MAN (pH  OF URINE NOT CONTROLLED)

Drug Dose, mg base

%  Dose excreted in 24 hr

Methylephedrine Ephedrine Norephedrine

(-)-Methylephedrine . . 1 0 0 31-8 8 - 1 __
(-)-Ephedrine 27-3 — 79-3 4-3
(-)-Norephedrine 25-0 90-8

The results indicate that déméthylation of (-)-methylephedrine and 
(-)-ephedrine is not a major pathway of metabolism in man and that 
the pharmacological activity of these drugs probably resides in the parent 
structure. The rate of excretion of (-)-methylephedrine (pKa 9-20) and its 
metabolite, ephedrine (pKa 9-47) fluctuated with changes in urinary pH. 
These results are consistent with the concept of reabsorption of the 
unionised drug moiety in the kidney tubules (Weiner & Mudge, 1964). 
Thus the excretory behaviour of the ephedrine-type compounds in man 
shows many similarities with the results already reported for methyl- 
amphetamine and its metabolite amphetamine (Beckett & Rowland, 1965) 
and also with chlorpheniramine (Beckett & Wilkinson, 1965a).

From the School of Pharmacy, Chelsea College of Science and Technology,
London, S.W.3.
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U r i n a r y  e x c r e t i o n  k in e t i c s  o f  m e t h y l a m p h e t a m i n e  in  

m a n

A. H. BECKETT A N D  M. ROW LAND

The urinary excretion of methylamphetamine and its metabolite, amphetamine, was 
studied after oral administration of (+ )-  and (-)-methylamphetamine hydrochloride 
to three male subjects. Fluctuations in the excretion rate of both amines occurred 
and were associated with changes in urinary pH. The fluctuations were abolished 
when the urine was maintained either acid or alkaline, by administration of ammonium 
chloride and sodium bicarbonate respectively. The total am ount o f both amines 
excreted was lower under alkaline than acid urine conditions. A-Demethylation of 
methylamphetamine was small, but greater for the (+ ) -  than the (-)-isomer.

S IGNIFICANT amounts of methylamphetamine are reported to be 
excreted in urine in man. After oral administration of (-^-methyl- 

amphetamine, Richter (1938) recovered 56% in 48 hr, while Utena, 
Ezoe & Kato (1955) gave values of 70-90% recovery for the (+)-isomer. 
The analytical procedures were non-specific and would not differentiate 
between methylamphetamine and its A-demethylation product am­
phetamine, so that the observed results were probably higher than the 
true values. Cartoni & de Stefano (1963), using a specific method of 
assay, reported 50% of the drug was excreted unchanged and 17% as 
amphetamine.

The urinary excretion of amphetamine (pKa 9-77, Lefller, Spencer & 
Burger, 1951 ; 9-93, Lewis, 1954) is influenced by urinary pH (Beckett & 
Rowland, 1964; Asatoor, Galman, Johnson & Milne, 1965). Since 
methylamphetamine has a similar pK a value of 9-87 (Lefller & others,
1951) the effect of urinary pH  on the excretion of methylamphetamine 
has been examined. Preliminary findings have been reported elsewhere 
(Beckett & Rowland, 1965b).

Experimental
URINE EXCRETION TRIAL

Three male subjects were given an oral dose of 11-0 mg methyl­
amphetamine base in the form of 13-7 mg hydrochloride in water 
(50-100 ml). When the urinary pH was not controlled, the (+ )-  and (-)- 
isomers were given on separate occasions. In acid and alkaline urine 
trials, only (-r)-methylamphetamine was administered.

The regimen of administration of drug, times of urination, measurement 
of urinary pH and dosage for ammonium chloride and sodium bicarbonate 
was as described for amphetamine (Beckett & Rowland, 1965c).

Any subjective effects experienced by the subjects were noted.
P la s m a  s t u d y .  Blood was collected 1^ hr after an oral dose of 11-0 mg 

(-j-)-methylamphetamine had been given to three subjects.

From the School of Pharmacy, Chelsea College of Science and Technology,
London, S.W.3.
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DETERMINATION OF METHYLAMPHETAMINE AND AMPHETAMINE IN URINE AND 
PLASMA

Methylamphetamine and amphetamine were determined by gas- 
chromatography as previously reported, and in a number of experiments 
amphetamine was further identified as its acetone derivative (Beckett & 
Rowland, 1965a). Methylamphetamine (0-1-10 /xg/ml urine; 1 /xg/ml 
plasma) and amphetamine (0-1-10 /xg/ml urine) were added to the urine or 
plasma of subjects who had not received any drug. These solutions and 
others in which no drug had been added were analysed. Methylamphet­
amine (1 /xg/ml) was added to acid and alkaline urine and stored at 4°. 
The methylamphetamine content was determined daily for 4 days.

R e s u lts

Linear calibration curves for both amine components in urine within 
the range 0-1-10/xg/ml were obtained. The presence of methylamphet­
amine interfered with the determination of amphetamine, to the extent 
of 1% of the methylamphetamine peak at the tB value for amphetamine, 
and any appropriate correction was made. No substance which interferes 
with the determination of the amines was found in the urine or plasma of 
subjects who had not taken methylamphetamine. Methylamphetamine 
was stable for at least 4 days in acid or alkaline urine stored at 4°.

URINARY EXCRETION

p H  o f  u r in e  n o t  c o n tr o l le d . The results are shown in Table 1. The 
excretion rate of methylamphetamine and amphetamine varied with 
urinary pH but not with urine output (Fig. 1). The urinary pH fluctuated 
within the range 5-2-7-6, whether or not the drug was given.

A. H. BECKETT AND M. ROWLAND

T A B L E  1. URINARY EXCRETION OF METHYLAMPHETAMINE AFTER ORAL ADMINIS­
TRATION OF 13-7 MG (  +  )- AND (—/-METHYLAMPHETAMINE HYDROCHLORIDE. 
URINARY p H  NOT CONTROLLED

Subject Isomer

%  o f the methylamphetamine dose excreted

As methylamphetamine As amphetamine*

16 hr 24 hr 48 hr 16 hr 24 hr 48 hr

M.R. ( + ) 140 2 2 - 1 26-7 1-7 3-8 6 0
( - > 17-3 27-3 38-3 0 - 8 1-7 31

N.B. (+ > 15-3 21-3 28-9 2-5 4-5 9-2
( - ) 151 25-8 43-5 0-5 1-4 4-0

E.J.T. . . (+> 31*5 42-7 54-9 5-2 6-5 9-6
( - ) 30-6 48-5 67-5 1 0 2 0 3-6

*  Calculated as the equivalent amount o f methylamphetamine

U r in a r y  p H  a lk a l in e .  The amount of methylamphetamine excreted in 
16 hr in alkaline urine (pH 8-0 ±  0-2) was 0-6 to 2-0% (mean 1-5%) of 
the dose administered; negligible amounts of its metabolite amphetamine 
were excreted. Urine collected in the period 40-48 hr after drug admini­
stration, by which time the urine had become acid (pH 5-5—6-0) (sodium
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bicarbonate administration was discontinued at the 14th hr), yielded 
significant amounts of methylamphetamine (4-3%) and its metabolite 
amphetamine (2-6%) (Fig. 2).

URINARY EXCRETION OF METHYLAMPHETAMINE IN MAN

Time (hr)

Fig. 1. The influence of urinary pH and urine output on the urinary excretion of 
methylamphetamine (and its metabolite) in man, after oral administration of 11-0
m g (+ )-m ethy lam phetam ine . Subject M . R . — # -----=  U rinary  pH . — A —
=  M ethylam phetam ine. •—% —  =  A m phetam ine. (Sim ilar patte rns were ob tained  in 
o th er subjects).

Urinary pH  acid. T able 2 gives the 16 hr urinary excretion of unchanged 
methylamphetamine (mean 63%) and amphetamine (mean 6-6%), as a 
percentage of the dose administered, after oral administration of 
(+)-methylamphetamine to subjects whose urine was maintained acid. 
Under these constant acidic conditions, the observed fluctuations in the 
excretion rate of methylamphetamine and amphetamine were abolished 
(see Fig. 1). Also, changes in urine output had little effect on the
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excretion of either of these amines. The excretion rate of methyl- 
amphetamine reached a maximum about 2 \  hr after administration of the 
drug and then fell exponentially (Fig. 3). Amphetamine excretion rate 
reached a maximum 5-7 hr after administration of methylamphetamine.

Time (hr)
F i g . 2. U rinary  excretion o f m ethylam phetam ine and  its m etabolite  am phetam ine, 
after a single oral dose of 13-7 m g (+ )-m ethy lam phetam ine  hydrochloride under 
alkaline and norm al u rinary  pH  conditions. M ethylam phetam ine unshaded, am phe­
tam ine shaded. Subject M .R .

PLASMA LEVELS

N ot more than 0-03 /ig/'ml methylamphetamine could be detected in 
the plasma after an oral dose of 11 mg (+)-methylamphetamine.

T A B L E  2. URINARY EXCRETION OF METHYLAMPHETAMINE AND AMPHETAMINE AFTER 
ORAL ADMINISTRATION OF 13’7 MG ( +  )-METHYLAMPHETAMINE HYDRO­
CHLORIDE ; URINE MAINTAINED ACIDIC THROUGHOUT THE TRIAL

% o f the methylamphetamine dose excreted Biological half-life, hr

As methylamphetamine As amphetamine
Urinary

pH
Methylam­
phetamine

Amnhet-
amine*Subject 16 hr 24 hr Total 16 hr 24 hr

M.R. 63-2 — 70-6 70 — 5 0 ±  0-2 4-3 50

N.B. 57-4 
(15 hr)

58-2 
(19 hr)

610 6-5
(15 hr)

7-6
(19 hr)

51 ±  0-2 4 0 4 75

E.J.T. 69-4 75-5 77-5 5-8 7-2 4-95 ±  0-2 4-6 4 90

*  Beckett & Rowland (1965c)

CLINICAL EFFECTS

Central nervous stimulation and dryness of the mouth were more 
pronounced after the administration of (+)-methylamphetamine when 
the urine was maintained alkaline than when the urinary pH was not 
controlled or the urine maintained at an acid pH. No effects were 
observed with the (-)-isomer.

D is c u s s io n

The marked fluctuations in the excretion of methylamphetamine and 
its metabolite amphetamine may be explained by non-ionic diffusion of 
bases in the kidney (Milne, Scribner & Crawford, 1958; Weiner & Mudge,
1964). This is indicated by the following evidence.
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URINARY EXCRETION OF METHYLAMPHETAMINE IN  MAN

Fig . 3. U rinary  excretion o f m ethylam phetam ine an d  am phetam ine, u rinary  p H  
an d  urine o u tp u t a fte r oral adm in istra tion  o f 1 1 - 0  m g (+ )-m eth y lam p h e tam in e ; 
urine m ain tained  acidic th ro ughou t the  tria l. — ® — =  M ethylam phetam ine. 
— 0 --------- A m phetam ine. Subject E. J. T.

(a) Fluctuations in the excretion rate of these amines appear to depend 
upon urinary pH  changes.

(b) There is a forty fold increase in the 16 hr excretion of methyl­
amphetamine in acid urine over that found in alkaline urine.

(c) The excretion patterns of (+ )-  and (-)-methylamphetamine are 
similar.

{ d )  Under alkaline urine conditions, subjective effects were more 
prolonged indicating reabsorption and longer retention of the drug in 
the body; when sodium bicarbonate treatment was stopped at the 14th hr, 
significant amounts of methylamphetamine were excreted 40-48 hr after 
a dose of the drug. Even though there is only 0-5% unionised drug in
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alkaline urine, reabsorption of methylamphetamine from the kidney 
is almost 100%.

When the urine is maintained at an acid pH, excretion of unchanged 
drug is the major route of elimination of methylamphetamine from the 
body. The total expected excretion of this drug (Table 2), calculated by 
the same procedure as for amphetamine (Beckett & Rowland, 1965c), 
indicates that excretion of unchanged drug is essentially complete within 
24 hr of the dose. Under such conditions the biological half-lives of 
(+)-methylamphetamine and (+)-amphetamine are similar (Table 2). 
This result could be explained by a passive excretion process predominating, 
or by assuming that the rate constants for secretion of these bases into 
the kidney tubules are similar (Weiner & Mudge, 1964).

Under normal conditions, most of the methylamphetamine is excreted 
unchanged, and only a small amount of jV-demethylation occurs, we 
suggest therefore that the pharmacological activity of the drug probably 
resides in the unchanged molecule. Some degree of stereospecific N -  
demethylation of methylamphetamine is indicated by the difference in the 
amounts of amphetamine excreted after administration of each isomer 
(+ )  or (-) of methylamphetamine; this cannot be attributed to differences 
in the metabolism and excretion of (+ )- and (-)-amphetamine (Beckett & 
Rowland, 1965c). Since methylamphetamine is relatively stable and yet 
only low plasma levels were found, it is concluded that the drug is con­
centrated extravascularly.

The clinical implications of these results are the same as for amphet­
amine (Beckett, Rowland & Turner, 1965). These present findings 
further illustrate the need to record urinary pH changes when studying 
the urinary excretion of bases.

A c k n o w l e d g e m e n t s .  The authors thank those participating in the trials, 
and Smith, Kline and French Laboratories Ltd., for the supply of 
(—)-methylamphetamine hydrochloride. One of us (M.R.) thanks the 
Medical Research Council for a grant.
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SHORT COMMUNICATION

T h e  u r i n a r y  e x c r e t io n  o f  a m in o g lu té th im id e  in  m a n

J. S. D O U G L A S A N D  P. J. N IC H O L L S

A MINOGLUTETHIM IDE (Elipten, a-ethyl-a-p-aminophenylglutari- 
mide) is used clinically as an anticonvulsant drug and it is therefore of 

interest to determine its metabolic fate in man. It is chemically related 
to the hypnotic drug glutethimide (oc-ethyl-a-phenylglutarimide) which is 
extensively metabolised in  v iv o  (Kebrle, Schmid, Hoffmann, Vuilleumier & 
Bernhard, 1959).

E x p e r im e n t a l

Aminoglutéthimide forms a coloured Schiff’s base with p-dimethyl- 
aminobenzaldehyde (Ehrlich’s reagent) and this reaction has been utilised 
in estimating the glutarimide in solution. Various amounts of amino­
glutéthimide in absolute ethanol (9 ml) were treated with Ehrlich’s reagent, 
1 ml (Werner, 1939), and the intensity of the yellow colour formed was 
measured at 440 m /x , this wavelength being the absorption maximum of the 
Schiff’s base formed between aminoglutéthimide and the reagent. A 
linear relationship between colour intensity and concentration of drug was 
obtained for the range 0-15 ¡xg aminoglutéthimide per ml of the final 
solution.

To devise a method for extracting aminoglutéthimide from urine, the 
partition of the drug between aqueous and organic phases was investi­
gated. This was done by shaking equal volumes of various organic 
solvents with an equal volume of distilled water containing amino­
glutéthimide (50 /xg/ml) for 30 min at room temperature. The two phases 
were each saturated with the opposite phase before their use in partition 
experiments. Aliquots of the organic layers were evaporated to dryness 
and the residues of aminoglutéthimide were determined by the procedure 
described above. Dichloromethane extracted the aminoglutéthimide 
almost completely. The partition was pH dependent and when the 
aqueous solution had pH 6 was entirely in favour of the dichloromethane.

pH of aqueous phase 2-2 3-05 3-95 5T 6T 7-4 8-9 13T
% of aminoglutéthimide
remaining in dichloro- 4.2 37.j 72>1 98 99.8 99.2 98.8 8-7
methane (mean of 4
values)

For the estimation of aminoglutéthimide in human urine, samples 
were adjusted to pH 7 and shaken (30 min) with 50 ml and then with 25 ml 
dichloromethane. The combined organic layers were dried (30 min) over

F ro m  the  W elsh School o f Pharm acy, W elsh College o f A dvanced Technology, 
C ardiff
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anhydrous sodium sulphate (20 g). The desiccant was filtered off and 
washed twice with dichloromethane (50 ml). Combined washings and 
extract were evaporated to dryness and the residue dissolved in absolute 
ethanol (5 ml). Suitable aliquots of this solution were diluted to 9 ml 
with ethanol and assayed for aminoglutéthimide as previously described. 
As a control, a 50 ml sample of urine containing no aminoglutéthimide 
was treated in an identical manner. At the dilutions employed in the 
assay itself, this produced no measurable colour with Ehrlich’s reagent. 
The recovery of aminoglutéthimide added to urine at the levels of 2 and 
4 mg/50 ml was 86% (s.d. 1-6%).

T A B LE 1. CHROMATOGRAPHY OF EXTRACTS OF URINE FROM MEN DOSED WITH 
AMINOGLUTETHIMIDE (250 m g  ORALLY)

R f value

Solvent system Extract o f  test 
Urine

Aminoglutéthimide Urea

«-Butanol: acetic acid: water 
1 2 :3 :5  v/v ...........................

0-44
0-72 0-73

0-44

Chloroform: methanol
1 : 1  v/v ............................

0-29
0-93 0-93

0-29

Carbon tetrachloride: acetic acid : 
water (lower layer)

1 : 2 : 1  v/v ...........................
006
0-34 0-34

0-06

Aqueous sodium chloride 10% w/v 0-60
0-74 0-74

0-59

Chromatograms run on Whatman No. 1 paper by the ascending technique. Compounds detected with 
p-iViV-dimethylaminocinnamaldehyde.

Finely powdered aminoglutéthimide (250 mg and 500 mg) was adminis­
tered orally to two healthy men on three separate occasions. All urine 
passed 24 hr before and 24 and 48 hr after administration of the drug was 
collected. Aliquots (50 ml) of the urine were adjusted to pH 7, extracted

TA B LE 2. REACTION OF CHROMATOGRAMS OF EXTRACTS OF URINE FROM MEN DOSED 
WITH AMINOGLUTETHIMIDE (250 m g ORALLY) TO VARIOUS PROCEDURES

Procedure
Reaction

Extract o f test urine Aminoglutéthimide Urea

Ultraviolet light (350 mpt) R f 0-72 absorbs absorbs not detected

Ehrlich’s reagent . . R f 0-44 yellow colour 
R f 0-72 yellow colour

yellow colour yellow colour

Nitrous acid-(naphthyl)ethylene- 
diamine (Bridges & Williams, 
1963)

R f 0-72 purple colour purple colour not detected

p-ATiV-dimethylaminocinnamal- 
dehyde HC1 (Bridges & 
Williams, 1963)

R f 0-72 permanent 
red colour 

R f 0-44 red colour 
turning to yellow

Permanent red colour red colour fading to 
yellow

Sodium hypochlorite-potassium 
iodide-starch (Jackson & 
Moss, 1960)

R f 0-44 Blue black 
colour

Rf0-72 blue black 
colour

blue black colour blue black colour

All reagents were applied to the paper chromatograms as sprays. Solvent system was n-butanol: acetic 
acid:water 1 2 :3 :5  v/v.
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and assayed for aminoglutéthimide as described previously. Chromato­
graphy of the urine extracts on Whatman No. 1 paper showed the presence 
of two Ehrlich-positive spots, one of which was urea. The other spot 
had the same mobility as aminoglutéthimide in several solvent systems 
(Table 1) and gave similar colour reactions with various reagents (Table 2). 
This spot could not be demonstrated in extracts of control urine. All 
Ehrlich-positive material in the extracts was therefore estimated in terms of 
aminoglutéthimide.

TA B LE 3. URINARY EXCRETION OF AMINOGLUTETHIMIDE* AFTER ORAL ADMINISTRA­
TION TO TWO MEN

Dose administered 
(mg)

Day
mg Aminoglutéthimide excreted in urine in 

24 hr

Subject A | Subject B f

250 1 87-7 85-4
2 33-7 12-4

250 1 74-8 84-7
2 151 —

500 1 221-9 222-5
2 32-7 59-9

*  As Ehrlich-positive material estimated in dichloromethane extracts o f urine. 
Results corrected for 100% extraction. t  Means of 3 determinations on each sample.

The results (Table 3) show that most of the aminoglutéthimide excretion 
occurred in the first 24 hr. The average total excretion after 48 hr 
represents 39% of the 250 mg dose and 54% of the 500 mg dose.

This evidence suggests that after an oral dose of 250 or 500 mg of 
aminoglutéthimide, the drug is absorbed and excreted unchanged to a 
considerable extent in the urine. The metabolic fate of a-ethyl-oc-p- 
aminophenylglutarimide thus appears to differ significantly from that of 
a-ethyl-a-phenylglutarimide.

A c k n o w l e d g e m e n t .  Grateful acknowledgement is made for a generous 
gift of aminoglutéthimide from Ciba Laboratories, Horsham, Sussex.
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T h e  s e e d  h a e m a g g lu t in in s  o f  s o m e  P h a s e o l u s  

v u l g a r i s  L . c u l t iv a r s

G . C. T O M S A N D  T. D . T U R N E R

The haem agglutinating  properties o f Phaseolus vulgaris L. vars C anadian  W onder, 
M asterpiece, M ont D ’or, N avy Pea and  R ed K idney seed extracts against erythrocytes 
o f the A jA jBO and  D (R h 0) hum an blood  groups have been investigated. U nder 
som e conditions, N avy Pea ex tract reacted  preferentially  with erythrocytes possessing 
the A i and  B antigens, bu t the rem aining extracts show ed no blood group selectivity. 
T he agglutination  reactions are discussed, and it is suggested th a t N avy Pea seed 
contains a  non-specific agglutinin and  an  an ti-A x + B  agglutinin.

HE haemagglutinin of P h a s e o lu s  v u lg a r is  L. seed, first extracted by
Landsteiner & Raubitschek (1908), was shown to be a mucoprotein 

by Renkonen (1950) and Rigas, Li & Osgood (1951). It is produced 
commercially in both mucoprotein and protein forms by the method of 
Rigas & Osgood (1955), and used for the agglutination of erythrocytes 
in the isolation of leucocytes from whole blood (Skoog & Beck, 1956; 
Seabright, 1957). It finds use as a mitogenic additive to leucocyte cultures 
(Nowell, 1960; Moorhead, Nowell, Mellman, Battips & Hungerford,

Renkonen (1948) discovered that seed agglutinins of some species react 
selectively with red cells of certain human blood groups. Although 
subsequent investigators (Boyd & Reguera, 1949; Cazal & Lalaurie, 
1952; Krupe, 1953; Ottensooser & Silberschmidt, 1953; Makela & 
Makela, 1956; Makela, 1957; Bird, 1951, 1956,1957) found further sources 
of “specific” phytagglutinins (lectins), some of which are used in blood 
group diagnosis, P . v u lg a r is  L. agglutinin has been reported to be non- 
selective for human red cell antigens (Renkonen, 1948; Makela, 1957; 
Bird, 1959a). Cultivars of this species have been mentioned in connec­
tion with experiments on blood group specificity by Boyd & Reguera (1949) 
and Maron (1951), and it was the object of the present study to determine 
if the agglutinating properties of extracts of certain P . v u lg a r is  seed 
cultivars differed.

MATERIALS

Seeds of the following P .  v u lg a r is  L. cultivars were supplied by Brook, 
Parker & Co., Ltd., Bradford: Canadian Wonder, Masterpiece, Mont 
D ’or, Navy Pea, Red Kidney.

First and second generation plants grown from these seeds possessed 
the botanical characters of P . v u lg a r is  L., which are well documented 
(Robbins, 1917; anonymous 1920; Fawcett & Rendle, 1920; Bailey, 1949; 
Mclean & Ivimey-Cook, 1952; Ministry of Agriculture, 1962). Cultivars 
were authenticated by comparing the characters of the plant, flower, pod 
and seed with those recorded by Steinmetz & Arny (1932) or North & 
Squibbs (1953).

F ro m  the W elsh School o f Pharm acy, the W elsh College of A dvanced Technology, 
C athays Park , Cardiff.

1960).

E x p e r im e n ta l
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Seeds of S o p h o r a  j a p ó n i c a  L. and Li l e x  e u r o p a e u s  L. were supplied by 
Thompson & Morgan, Ltd., Ipswich.

METHODS

Seed extracts were titrated with human erythrocytes of the AjA2BO 
and D(Rho) groups as follows: in 0-9% saline and 20% bovine albumin 
solution at 4° increments between 8° and 20° and at 2° increments between 
20° and 56°. They were also examined at 20° in undiluted human 
AB serum. Titrations were also made at 20° in media varying from 
pH 4-4 to pH 9-75. The extracts were subjected to absorption, elution 
and sugar-inhibition tests. Controls for spontaneous agglutination were 
set up in each experiment and consisted of mixtures in which the seed 
extract was replaced by 0-9% saline.

P r e p a r a t io n  o f  s e e d  e x t r a c t s ,  b lo o d  s a m p le s  a n d  e r y t h r o c y t e  s u s p e n s io n s .  
Intact seeds (50 g) were washed in 70% ethanol, soaked (16 hr) in 
sterile 0-9% saline (200 ml) in a Paladin Blender, and macerated for 
5 min. The macerate was slowly stirred in the blender for 3 hr, centri­
fuged twice (715 X g  for 30 min followed by 4,277 X g for 30 min) 
and the supernatant was clarified by membrane filtration in a sterile unit. 
2 ml aliquots of the filtrate were freeze-dried in sterile, tared, wide-necked 
ampoules fitted with lint caps (modified from Greaves, 1946). After 
drying (16 hr) over P20 5, the weight of dry extract in each ampoule 
was accurately determined; ampoule necks were fused to exclude micro­
organisms. Preparations were stored at —25°.

Before use, each extract was reconstituted with sterile water to produce 
a 5% w/v solution. Such samples from each batch were sterile when 
tested in aerobic and anaerobic media.

Extracts of S o p h o r a  ja p ó n i c a  L. seed and U le x  e u r o p a e u s  L. seed 
prepared as above had comparable titres to those reported by Morgan & 
Watkins (1953) and Boyd & Sharpleigh (1954) respectively.

Human red cells of the following blood groups were used:

0 (D + ), 0 (D  negative), Ax, A2, B, AXB, A2B (all D + ).

Venous blood (10 ml-15 ml) was mixed with sterile ACD* solution 
(2 ml) and stored at 4° for a maximum period of two weeks.

Erythrocytes were washed three times with 0-9% saline and suspended as 
follows:
For titration at various pH values:
pH 4-40-pH 7-95, 2% v/v in Mcllvaine’s Buffer (Documenta Geigy, 1962) 
of double-strength.
pH 8-33-pH 8-75, 2% v/v in Kolthoff’s Buffer (Documenta Geigy, 1962) 
of double-strength.
pH 9T5-pH 9-75, 2% v/v in boric acid/sodium hydroxide buffer (Palmer,
1946) of double-strength.

SEED HAEMAGGLUTINS OF PHASEOLUS VULGARIS

*5 volumes of 2% disodium hydrogen citrate solution +  1 volume of 15% dextrose
solution.
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For other titrations: 5% v/v in 0-9% saline, in 20% bovine albumin 
solution, and in human AB serum.

For absorption and elution tests: 5% v/v in 0-9% saline and in 20% 
bovine albumin solution.

For inhibition tests : 5% v/v in 0-9% saline.
T i t r a t io n ,  The method of two-fold serial dilutions was used. Equal 

volumes (0-05 ml) of extract dilution and erythrocyte suspension were 
mixed in a stoppered glass tube (50 mm x 6 mm) and allowed to stand for
2 hr in a temperature-controlled water-bath. The deposited corpuscles 
were re-suspended and examined for macroscopic agglutination, and, if 
necessary, for microscopic agglutination at x  80. The titre of an extract 
is the reciprocal of the greatest dilution which causes agglutination, 
i.e. the dilution which existed before admixture with erythrocyte suspen­
sion. pH values quoted with titres are those of the final mixtures showing 
agglutination.

I n h ib i t io n  t e s ts . Equal volumes (0-05 ml) of a 1/16 dilution of seed 
extract and 8% sugar solution were mixed, erythrocyte suspension 
(0T0 ml) added and the mixture allowed to stand (2 hr at 20°) before it was 
examined for agglutination. Controls were mixtures in which the sugar 
solution was replaced by 0-9% saline.

Using this method with two-fold serial dilutions of sugar solution, 
the minimum concentrations of D-galactose and /3-lactose required to 
prevent agglutination by a 10% w/v extract of S o p h o r a  ja p ó n i c a  L. seed 
were identical with those reported by Morgan & Watkins (1953).

A b s o r p t io n  a n d  e lu t io n  t e s ts . For absorption, equal volumes (1 ml) of 
undiluted seed extract and washed packed red cells of the required group 
were mixed, allowed to stand overnight at 4°, and centrifuged at 2,000 
rpm for 3 min. The supernatant was pipetted off and reabsorbed with 
half its volume of fresh, packed erythrocytes of the same group for 2 hr. 
The process was repeated with fresh cells of the same group until agglutina­
tion ceased to occur, after which the supernatant was tested in saline 
and bovine albumin media for agglutinins against red cells of other blood 
groups.

For elution, red corpuscles (1 ml) which had been agglutinated by seed 
extract (1 ml) were washed three times with 0-9% saline at room tempera­
ture and resuspended in 1 ml fresh saline. The suspension was placed 
in a water-bath at 56° for 15 min and the supernatant pipetted off from 
the cell sediment. After clarification by centrifugation (2,000 rpm for
3 min) the solution was tested for agglutinins in saline and bovine albumin 
media.

R e su lts

In both saline and bovine albumin media, all extracts gave an identical 
variation in titre with temperature, irrespective of the phenotype of the 
test erythrocytes (Fig. 1). In human AB serum, Navy Pea seed extract 
reacted differently from the other extracts, and titres in saline, albumin 
and AB serum at 20° are compared in Table 1.
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F ig . 1. Effect o f tem perature  on  the titre  o f  Phaseolus vulgaris L. vars C anad ian  
W onder, M asterpiece, M ont D ’or, N avy Pea or R ed K idney seed ex tract with 
erythrocytes o f any A ^ B O  blood  group. O  =  0-9% saline m edium , x  =  10% 
bovine album in m edium . T itres are the reciprocals o f the greatest dilu tions causing 
agglutination. E ach point represents the constan t results from  five titra tions w ith 
the  erythrocytes o f one person o f each group, and tw o titra tio n s w ith the 
erythrocytes o f no t less th an  tw o o th er persons o f each group.

T A B LE 1. Tit r e s  o f  Phaseolus vulgaris L. s e e d  e x t r a c t s  a g a in s t  h u m a n  e r y t h r o ­
c y t e s  SUSPENDED IN SALINE, BOVINE ALBUMIN AND HUMAN AB SERUM 
MEDIA AT 20°

Blood grout!

Extract of Medium 0 (D  +  ) 0 (D
negative)

A,(D +  ) A a(D +  ) B(D +  ) AaB(D +  ) A aB(D +  )

0-9% saline 64 64 64 64 64 64 64
Canadian 1 0 % bovine 64 64 64 64 64 64 64

Wonder albumin 
human AB

Serum 16 16 16 16 16 16 16

0‘9% saline 64 64 64 64 64 64 64
Navy Pea 1 0 % bovine 

albumin 
human AB

64 64 64 64 64 64 64

serum 16 16 64 16 32 64 32

Titres are recorded as the reciprocals o f the greatest dilutions causing agglutination, and represent the 
constant results from five titrations with the erythrocytes o f one person o f each group, and two titrations 
with the erythrocytes of not less than two other persons o f each group.

Masterpiece, Mont D ’or, and Red Kidney seed extracts reacted in the same way as Canadian Wonder 
seed extract.
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The pH values of reconstituted extracts were: Canadian Wonder, 6-00; 
Masterpiece, 6 00; Mont D ’or 6T0; Navy Pea, 6T0; Red Kidney, 5-00. 
In buffered media, four of the preparations reacted identically with 
erythrocytes of all A ^aB O  groups, but between pH 6-03 and pH 7-35 the 
titre of Navy Pea seed extract varied with erythrocytes of different 
AjAaBO groups (Fig. 2).

G. C. TOMS AND T. D. TURNER

Fig. 2. Effect o f p H  on  the titre  o f Phaseolus vulgaris L. seed extract. O =  C ana­
dian W onder, M asterpiece, M ont D ’or, o r R ed K idney extract against erythrocytes 
o f any A iA jB O  b lood  group, o r Navy Pea seed ex tract against 0 ( D + ) ,  0 (D  
negative) o r  A 2( D + )  erythrocytes, x  =  N avy Pea ex tract against A ,, B, A, B or 
A 2B (all D | ) erythrocytes. T itres are the reciprocals o f the greatest dilutions 
causing agglutination. E ach po in t represents the constan t results from  five titra tions 
with the erythrocytes o f one person of each group, and two titra tions with the 
erythrocytes o f no t less th an  two o ther persons o f  each group.

Absorption of Canadian Wonder, Masterpiece, Mont D ’or or Red 
Kidney seed extract with erythrocytes of any A ^ B O  group, left super­
natants devoid of haemagglutinating activity. This was also true for 
Navy Pea seed extract absorbed with Ax, B, AXB, or A2B (all D + )  cells, 
but absorption with 0(D-j- and D negative) or A2(D + ) cells left a super­
natant active only against cells possessing the Ax and/or B antigen. 
The titres of this supernatant are recorded in Table 2.

The following 27 sugars and sugar-derivatives were tested for their 
capacity to inhibit agglutination: aldopentoses (D-ribose; D-arabinose; 
L-arabinose; D-(+)-xylose; a-L-xylose; D-lyxose), aldohexoses ( d - ( + ) -  
glucose; a-D-glucosamine hydrochloride; A-acetyl-D-glucosamine; D- 
galactose; D-galactosamine hydrochloride; A-acetyl-D-galactosamine;
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D-m annose), 6-deoxy-hexoses (L -(+ )-rh am n o se ; D -fucose; L-fucose), 
ketohexoses (fructose; L -sorbose; D -tagatose), disaccharides (sucrose; 
m alto se ; /3-lactose; cellobiose; D -(+ )- tre h a lo se ; D -(+ )-tu ran o se), and  
trisaccharides (D-raffinose (pen tahydra te) ; D-(-)-)-melizitose). N one  o f  
these com pounds inhibited  agglutination .

In all experiments the cell controls behaved normally.

TA B LE 2. TITRES OF SUPERNATANT FROM NAVY PEA SEED EXTRACT ABSORBED 
WITH 0 ( D  +  ), 0 ( D  NEGATIVE) OR A 2(D  +  ) ERYTHROCYTES

Blood group Medium Titre

0 (D  +  ) or 0-9% saline —

0 (D  negative) or A2(D +  ) 10% bovine albumin —

Aj(D +  ) or saline 8
A,B(D +  ) albumin 32

B(D +  ) saline 2
albumin 16

A ,B (D f) saline
albumin

1
8

“ —”  =  no reaction.
Titres are recorded as the reciprocals of the greatest dilutions causing agglutination, and represent the 

constant results from five titrations with the erythrocytes of one person of each group, and two titrations 
with the erythrocytes of not less than two other persons of each group.

D is c u s s io n

In each experiment the extracts of Canadian Wonder, Masterpiece, 
Mont D ’or and Red Kidney seeds reacted identically with erythrocytes of 
all AjAgBO groups.

The titres of Navy Pea seed extract with red cells of different phenotypes 
under various conditions are compared in Table 3, which shows that it 
reacted more strongly with cells possessing the Ax and/or B antigen than 
with cells of groups A2 and O, in which respect it conformed to the 
general pattern of the tribe Phaseoleae (Bird, 1959b) and not to the 
species pattern. It reacted identically with D +  and D negative erythro­
cytes of group O in all tests, showing that D(Rh0) specificity was absent.

None of the extracts showed blood group selectivity in saline or bovine 
albumin solution at any temperature between 8° and 56°. Above 56°, 
agglutinin and red cells would not react. Titres in albumin were higher

TA B LE 3. TITRES OF NAVY PEA SEED EXTRACT WITH HUMAN ERYTHROCYTES UNDER 
VARIOUS CONDITIONS

Blood group

Test A! A tB B A aB Aa O

Reaction medium =  human AB 
serum .. 64 64 32 32 16 16

pH 6 03-pH 6-40. . 128 128 128 128 64 64

Extract absorbed with O or A 2 
erythrocytes and titrated in : 

saline: 8 8 2 j

bovine albumin: 32 32 16 8

“ —”  =  no reaction.
Titres are recorded as the reciprocals of the greatest dilutions causing agglutination, and represent the 

constant results from five titrations with the erythrocytes of one person of each group, and two titrations 
with the erythrocytes of not less than two other persons o f each group.
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than those in saline between 22° and 52°, and there was a difference of
I, 920 between the maximum titres in the two media (Fig. 1). The marked 
change in titre between 8° and 40° (Fig. 1) is of interest since Makela 
(1957) reported that the activity of P. vulgaris haemagglutinin akered 
little over this temperature range.

None of the 27 sugars or sugar derivatives tested had any effect on the 
agglutination reaction. Although the action of many phytohaemaggluti- 
nins is selectively inhibited by simple sugars, P. vulgaris seed extract is not 
unique in being unaffected by these compounds. For example, Morgan & 
Watkins (1953) reported that the O cell agglutinins of Laburnum alpinum
J. Presl and Cytisus sessilifolius L. seeds were unaffected by 2% concentra­
tions of twelve sugars, all of which prevented the reaction of Lotus 
tetragonolobus seed extract with group O erythrocytes.

The titre of Navy Pea seed extract from pH 6'03-pH 7-35 was h ghcr 
with Aj, B, AjB or A2B cells than with A2 or O cells (Fig. 2). This cannot 
be attributed solely to pH, since that of the undiluted extract was 6T0, 
and blood group selectivity did not occur in saline. It has been shown 
that anions have no effect on phytohaemagglutination (Makela, 1957; 
Liener, 1958) and so the reaction was unlikely to have been modified by 
the chemical natures of the buffer constituents, all of which were sodium 
salts. A slight turbidity was observed when Navy Pea seed extract and 
buffered cell suspension were mixed, and erythrocytes suspended in the 
buffer solutions were found on microscopical examination to be crenated, 
which suggests that a change in the condition of the red cell membrane 
and salting-out of a seed protein fraction played some part in this blood 
group selectivity.

The latter conclusion is supported by the results of absorption and 
elution tests, for whereas all haemagglutinating activity was removed from 
Navy Pea seed extract by absorption with A1( B, A2B or A2B erythrocytes, 
absorption with A2 or O erythrocytes left a supernatant reactive only 
with cells having the Ax and/or B antigen. It reacted more strongly 
in albumin than in saline, and was of lower titre than the original extract 
(Table 3). Eluates from erythrocytes of each group which had been 
agglutinated by fresh extract contained a non-specific agglutinin. These 
phenomena can be explained by assuming the extract to contain a non­
specific agglutinin and a separate anti—Aj +B agglutinin.

In human AB serum, the agglutination of erythrocytes of all AtA2BO 
groups by Canadian Wonder, Masterpiece, Mont D’or and Red Kidney 
seed extracts was equally inhibited. Agglutination by Navy Pea seed 
extract of O and A2 cells was more strongly inhibited than that of B and 
A2B cells, and agglutination of Ax and AjB cells was not inhibited. The 
fact that Navy Pea seed extract differentiated between erythrocytes of 
different AjA2BO groups in AB serum may have been due to partial 
inhibition of the non-specific agglutinin by normal serum proteins, and 
partial inhibition of the anti — A1 +B agglutinin by A and B substances.

Northrop & Liener (1959) found that a number of mucoproteins 
containing sialic acid prevented agglutination of papainised rabbit 
erythrocytes by Wax-Bean (P. vulgaris L.) agglutinin, and it is possible

G. C. TOMS AND T. D. TURNER

124 S



SEED HAEMAGGLUTINS OF PHASEOLUS VULGARIS

that one or more proteins may selectively inhibit the action of Navy Pea 
agglutinin in such a way as to render it specific for erythrocytes of one 
human blood group.

Previously no importance has been attached to the cultivar of P. 
vulgaris L. seed used in the preparation of haemagglutinin, and there 
is no evidence to suggest that cultivars used have been systematically 
examined and identified. The present study has shown that the haem- 
agglutinating properties of seed extracts from a number of authenticated 
P. vulgaris cultivars are not identical. Since one cultivar has been 
shown to exhibit blood group selectivity under certain experimental 
conditions, it is probable that other cultivars may also do so.
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S H O R T  C O M M U N IC A T IO N

Structure-activity studies for the teratogenic effects 
of disazo dyes
J. B. LLOYD, F. BECK AND A. GRIFFITHS

A DMINISTRATION of trypan blue to pregnant rats leads to the 
appearance at term of offspring exhibiting a variety of congenital 

malformations. The defects induced are similar in nature to common 
spontaneous malformations (e.g. anencephaly, hydrocephalus, spina 
bifida) and consequently the dye is widely used today in experimental 
work on the genesis of deformities. Investigations into the relationship 
between chemical structure and teratogenic activity of dyes of the trypan 
blue group have been made (Gillman, Gilbert, Spence & Gillman, 1951; 
Wilson, 1955; Beaudoin & Pickering, 1960) which indicate that apart 
from trypan blue, only an isomeric dye (azovan blue) has significant 
activity. Two aspects of this earlier work suggest the need for a re- 
evaluation of the problem, namely the widespread use of dyestuffs of 
unconfirmed identity and purity and the restriction of biological testing 
to a single dose level. Our experience has shown that these may constitute 
serious sources of error (Lloyd & Beck, 1963; Beck & Lloyd, 1964).

M E T H O D S  A N D  R E S U L T S

Commercial samples of Niagara blue 2B, Niagara blue 4B, Afridol 
blue and azovan blue (Evans blue) were confirmed as authentic (see Lloyd 
& Beck, 1964a for formulae and method), then freed from salt and 
converted into the free acid form as has been described previously (Lloyd 
& Beck, 1964b). Inbred Wistar rats were injected subcutaneously at 8-5 
days pregnancy (the time of maximum sensitivity to trypan blue; Wilson, 
Beaudoin & Free, 1959) with 1% aqueous solutions of the dyes at doses from 
50 to 200 mg/kg. At 20-5 days the mothers were killed, the foetal 
resorption sites counted and the live foetuses examined for evidence of 
external malformation. The results show that, in addition to trypan 
blue, Niagara blue 2B and Afridol blue are potent teratogens in the rat, 
the difference being that the first is optimally active at 50 mg/kg and the 
other two at 150 mg/kg. Neither Niagara blue 4B nor azovan blue has 
more than marginal teratogenic activity, although both caused foetal 
death at high doses.

As a possible aid to explaining these results a study was made of the 
plasma levels of the dyes at various times after subcutaneous injection of 
50 mg/kg. To date, these experiments have been made on the dyes trypan 
blue, Niagara blue 4B, Afridol blue and azovan blue, and the most 
striking feature observed has been the behaviour of trypan blue, which

From the Departments of Biochemistry and Anatomy, University College of South 
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reaches and maintains plasma levels of 15-18 mg %, some 3-4 times those 
maintained by the other dyes. Differences between the remaining dyes 
are also apparent, azovan blue reaching the blood only slowly (maximum 
concentration at ca. 36 hr) but Niagara blue 4B very quickly (maximum 
at 4 hr). These findings suggest an explanation for the differences in 
teratogenic behaviour of the dyes. Trypan blue at 50 mg/kg and Afridol 
blue at 150 mg/kg are teratogens of similar potency, and the plasma dye 
concentration experiment suggests that injection at these doses would 
result in similar levels being reached. This was confirmed by determining 
plasma levels in a further series of rats injected with Afridol blue at 150 
mg/kg, and it would appear, therefore, that both dyes are teratogenic if 
plasma concentrations of 15-18 mg % are maintained for some hours on 
about the 9th day of gestation. With Niagara blue 4B the observed 
plasma levels lead to the expectation that teratogenicity would be manifest 
at doses of 150-200 mg/kg, but at these doses the dye is toxic to the 
mother, resulting in a high mortality before term (Beck & Lloyd, 1965). 
In surviving mothers a high resorption rate masks the teratogenic effects 
of the dye, the resorptions being due to a direct toxic effect upon the 
embryo (Beck & Lloyd, 1965), no doubt related to the maternal toxicity. 
Azovan blue reaches the bloodstream much more slowly than the other 
dyes, suggesting that, to obtain 15 mg% on the 9th day of gestation, 
azovan blue would have to be administered at 100 mg/kg at 7-5 days. 
A series of rats was therefore subjected to this régime and a high teratogenic 
potency observed. Five mothers yielded 43 implantations of which 19 
were resorbed and 7 (16-3%) exhibited external malformation.

D IS C U S S IO N

The mechanism of teratogenic action of disazo dyes is at present 
unknown and a number of hypotheses have been advanced (see review by 
Beck & Lloyd, 1965). In discussing the question many authors have 
placed much emphasis upon differences in ability to elicit a variety of 
biological responses between “teratogenic” and “non-teratogenic” dyes. 
The present report shows that many disazo dyes are active teratogens; 
indeed no disazo dye has yet been investigated over a wide dosage range 
and at different stages of pregnancy and found to be without activity. 
The dosage levels at which activity is observed, and the degree of response, 
are both subject to wide variation. These differences are in part, at least, 
explained by differences between the dyes in the rate of release from the 
subcutaneous injection site and in the rate of removal from the circulation.

Acknowledgements. We thank Professors K. S. Dodgson and J. D. 
Lever for their advice and encouragement and the Medical Research 
Council for financial support and for the provision of a studentship for 
one of us (A.G.).

References
Beaudoin, A. R. & Pickering, M. J. (1960). Anat. Rec., 137, 297-305.
Beck, F. & Lloyd. J. B. (1964). Nature, Lond., 201, 1136-1137.

127 S



Beck, F. & Lloyd, J. B. (1965). Adv. Teratol. In the press.
Gillman, J., Gilbert, C., Spence, I. & Gillman, T. (1951). S. Afr. J. med. Sei., 16, 

125-135.
Lloyd, J. B. & Beck, F. (1963). Stain Techn., 38, 165-171.
Lloyd, J. B. & Beck, F. (1964a). Ibid., 39, 7-12.
Lloyd, J. B. & Beck, F. (1964b). Biochem. J., 91, 14-15P.
Wilson, J. G. (1955). Anat. Rec., 123, 313-334.
Wilson, J. G., Beaudoin, A. R. & Free, H. J. (1959). Ibid., 133, 115-128.

J. B. LLOYD, F. BECK AND A. GRIFFITHS

128 S



/. Pharm. Pharmacol., 1965, 17, Suppl., 129S-137S Received May 18, 1965

Molecular interactions of caffeine with benzoic acid, 
o- and p- methoxybenzoic acids and o- and p- 
nitrobenzoic acids
M. DONBROW* AND Z. A. JANf

The solubility of the complexes formed by caffeine with benzoic acid and substituted 
benzoic acids has been studied. An insoluble complex is formed by o-methoxybenzoic 
acid, whereas p-methoxy-, o- and p-nitrobenzoic acids and benzoic acid itself form 
soluble complexes. The phase diagrams have been analysed to evaluate the 
approximate stability constants for 1:1 interaction. The stabilities increase as the 
electron-withdrawing power of the benzoic acid substituent decreases, and there is 
a correlation between log K values and pKa values (or a constants) of the acids. 
This indicates that the binding strength is related either to the polarity of the 
carboxyl group or to the electron density of the aromatic ring. The implications 
of these results are discussed in terms of the mechanism of complex-formation.

A  LARGE variety of complexes of caffeine have been examined in an 
attempt to elucidate the mechanism of complex-formation. Both 

qualitative and quantitative methods have been employed and stability 
constants have been reported by Labes (1930) and by Higuchi & Zuck 
(1952, 1953) and Higuchi & Lack (1954). Of the numerous mechanisms 
proposed, no single one accounts for the phenomena observed, and in 
the extensive studies made by Higuchi & others, dipole-dipole interactions, 
hydrogen bonding and the “squeezing-out” effect of water on the hydro- 
phobic group have been proposed, to explain the constants obtained. 
Results have been difficult to correlate because of differences in solubility 
and in the stoichiometric ratios among the complexes, and because 
mixtures of complexes are formed. Quantitative methods of study have 
been restricted, since the usual spectroscopic and electrochemical methods 
are not applicable although the molar ratios may be determined refracto- 
metrically (Donbrow & Jan, 1963).

We report initial solubility studies made on a closely-related series of 
complex-forming molecules.

Experimental
S O L U B IL IT Y  S T U D IE S

An excess quantity of the organic acid was shaken at 15° ±  0-05 with 
varying weighed quantities of caffeine in water or in mineral acid solution 
(to suppress ionisation of the organic acid). The time of shaking varied 
between 8 hr and several days according to the supersaturation tendencies 
of the system and an intermediate storage period of 12 hr at 5° was 
interposed.

From Chelsea College of Science and Technology, Manresa Road, London, 
S.W.3.
* Present address: School of Pharmacy, Hebrew University, P.O.B. 517, Jerusalem, 
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An aliquot portion of the solution was removed by suction through a 
filter stick and its content of organic acid determined either titrimetrically 
or spectrophotometrically. The method of calculation has been described 
by Higuchi & Zuck (1953).
TABLE 1. SOLUBILITY OF O-METHOXYBENZOIC ACID IN AQUEOUS SOLUTION6 OF 

CAFFEINE AT 15° AND STABILITY CONSTANTS FOR INTERACTION OF 
O-METHOXYBENZOIC ACID AND CAFFEINE

M. DONBROW AND Z. A. JAN

Caffeine cone, 
moles x 102

Acid cone, 
moles x 102

Complex 
moles x 10a

Free caffeine 
moles X 102

K
(moles-1 litre)

0 000 2-05 _ _ _
0-503 2-27 0-22 0-283 37-92
0-979 2-46 0-41 0-569 35-15
1-497 2-66 0-61 0-887 33-54
1-980 2-87 0-82 1-110 36-C3
2-980 3-28 1-23 1-750 34-29
3-48 3-52 1-47 2010 35-67
3-98 3-70 1 65 2-330 34-50
4-50 3-87 1*82 2-680 33-13
4-98 4-08
6-02 3-90
7-98 3-90
9-03 3-88

10-06 4 00
10-99 3-76
12-03 3-66
13-50 3-39
14-83 2-92

Average K =  34-9 moles-1 litre: K value from slope = 34-7 moles-1 litre

Quantities of acids used were as follows:
o-Methoxybenzoic acid (500 mg) in water (50 ml). Titration indicator, 

a-naphtholphthalein. The results are listed in Table 1.
p-Methoxybenzoic acid (100 and 200 mg) in water (50 ml). Titration 

indicator as above (Table 2).

F i g . 1. Solubility of ortho- and para- methoxybenzoic acids in caffeine solutions. 
—□ — =  para. —O — =  ortho.

o-Nitrobenzoic acid (500 mg) in 0-005n  hydrochloric acid (50 ml). 
Titration indicator, bromothymol blue (Table 3).

tp-Nitrobenzoic acid (100 mg) in O-OOIn  hydrochloric acid (50 ml). 
Titration indicator as above (Table 4).
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Benzoic acid (500 mg) in 50 ml of either water or 0-001n  hydrochloric 
acid. Titration indicator, phenol red (Tables 5 and 6).

TABLE 2. SOLUBILITY OF /7-METHOXYBENZOIC ACID IN  AQUEOUS SOLUTIONS OF 
CAFFEINE AT 1 5 °  AND STABILITY CONSTANTS FOR INTERACTION OF 
/J-M ETHOXYBENZOIC ACID AND CAFFEINE

Caffeine cone, 
moles x 102

Acid cone, 
moles x 103

Complex 
moles x 103

Free caffeine 
moles x 102

K
(moles-1 litre)

000 100 _ _ _
0-97 1-40 0-40 0-930 43-0
206 1*80 0-80 1-970 40-6
2-95 2-10 110 2-840 38-7
3-95 2-60 1-60 3-79 42-2
4-99 2-95 1-95 4-80 40-6
5-57 3-20 2-20 5-35 4M
608 3-40 2-40 5-83 4M
6-97 3-85 2-85 6-68 42-6
7-50 405 3-05 7-20 42-3
8 02 4-30
901 4-25

1002 410
11*53 4-20
13-15 4-20

Average K =  41-3 moles-1 litre: K value from slope =  42-3 moles-1 litre

TABLE 3 . SOLUBILITY OF 0-N ITRO BEN ZO IC ACID IN  CAFFEINE SOLUTIONS CONTAINING 
0 * 0 0 5 n  HYDROCHLORIC ACID AT 1 5 °  AND STABILITY constants for 
INTERACTION OF 0-N ITRO BEN ZO IC ACID AND CAFFEINE

Caffeine cone, 
moles x 102

Acid cone, 
moles x 102

Complex 
moles x 102

Free caffeine 
moles x 102

K
(moles-1 litre)

000 2-84 _ _ _
0-94 2-93 009 0-850 3-73
1-46 3-28 O'44 1-020 15-18
2-20 3-28 0-44 1-764 8-78
3-09 3-65 0 81 2-280 12-50
4-17 3-75 0-91 3-26 9-82
4-98 3-97 M3 3-85 10-33
6-02 4-15 1-31 4-71 9-79
7-01 4-44 1-60 5-41 10-41
8-01 4-53 1*69 6-32 9-41
8-99 4-78 1-94 7-05 9-69

10-20 5-06 2-22 7-98 9-79
12-00 5-42 2-58 9-42 9-64
13*01 5-38
14-01 5-40
15-00 5-48
16-69 5-48

Average K = 9*92 moles-1 litre: K value from slope = 9 60 moles-1 litre

TABLE 4. s o l u b i l i t y  o f  /7-n i t r o b e n z o i c  a c i d  i n  c a f f e in e  s o l u t i o n s  c o n t a i n i n g  
0  0 0 I n  HYDROCHLORIC ACID AT 1 5 °  AND STABILITY CONSTANTS FOR 
INTERACTION OF /7-NITROBENZOIC ACID AND CAFFEINE

Caffeine cone, 
moles x 102

Acid cone, 
moles x 103

Complex 
moles x 103

Free caffeine 
moles x 102

K
(moles-1 litre)

0-00 0-55 ____ — —

108 0-70 0-15 107 25-6
2-12 0-80 0-25 2-10 21-7
3-17 0-95 0-40 3-13 23-2
3-96 1-05 0-50 3-91 23-2
4-98 1-20 0-65 4-92 24-0
608 1-25 0-70 6-01 21-2
7-04 1-35 0-80 6-96 21-0
7-55 1-50
8-01 1-40
9-06 1-50

10-01 1-45

Average K =  22-8 moles-1 litre: K value from slope = 23 0 moles 1 litre
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TABLE 5. SOLUBILITY OF BENZOIC ACID IN CAFFEINE SOLUTIONS CONTAINING OOOlN 

HYDROCHLORIC ACID AT 15° AND STABILITY CONSTANTS FOR INTERACTION 
OF BENZOIC ACID AND CAFFEINE IN O'OOlN HYDROCHLORIC ACID

Caffeine cone, 
moles x  102

Acid cone, 
moles x 102

Complex 
moles x  102

Free caifeine 
moles x  102

K
(moles-1 litre)

000 2-06 _ _ _
102 2-52 0-46 0*561 39-8
2-66 3 09 1*03 1*630 30-6
401 3-63 1-57 2-436 31-2
4-55 3-78 1-72 2*830 29*5
601 4-41 2-35 3-660 31 1
7-46 4-78
8-50 4-80
903 4 91

10-32 4-80
1109 4-89

Average K =  30-6 moles-1 litre (first value disregarded). K value from slope = 30-4 moles-1 litre

TABLE 6. SOLUBILITY OF BENZOIC ACID IN AQUEOUS SOLUTIONS OF CAFFEINE AND 
STABILITY CONSTANTS FOR INTERACTION OF BENZOIC ACID AND CAFFEINE 
IN WATER

Caffeine cone, 
moles x  102

Acid cone, 
moles x  102

Complex 
moles x  102

Free caffeine 
moles x 102

K
(moles-1 litre)

0-00 2-05 _ _ _
0-50 2*23 0-18 0-320 27-4
0-97 2-42 0-37 0 604 29-8
1-97 2-80 0-75 1-220 30-0
2*93 3-12 1*07 1-860 28-1
3-48 3-29 1-24 2-240 27 0
3-99 3*51 1-46 2-530 28-1
5 01 3-79 1*74 3-270 26-0
5*96 4-31 2-26 3-700 29*76-54 4-49 2-44 4-098 29-0
7-48 4-73 2*68 4-800 27*2
8-96 5-04

1002 4-94
11*02 4-82
12-01 4-83
16*33 4-79

Average K = 28 2 moles-1 litre: K value from slope = 27-4 moles-1 litre

Discussion
P H A S E  D IA G R A M S

o-Methoxybenzoic acid. The solubility diagram is shown in Fig. 1. 
The initial rise is due to formation of a soluble complex and the plateau 
to the precipitation of a complex. During the latter process the com­
position of the solution is invariant until the solid acid is exhausted. The 
length of the plateau is determined by the quantity of excess solid acid in 
the system, and the stoichiometric ratio of the complex is given by the 
ratio of the excess solid acid present at the onset of precipitation to the 
caffeine consumed over the plateau length. The subsequent decrease in 
solubility is caused by the conversion of free acid in solution into a 
precipitated complex as further caffeine is added. Chemical analysis of 
precipitates separating in this plateau region indicated stoichiometric 
ratios of 2-6:1 and 2-9:1 (caffeine: acid), whilst the value calculated from 
the plateau of the phase diagram was 2-45:1. However, the linearity of 
the initial part of the diagram is positive evidence against the formation 
of a complex with more than one molecular proportion of caffeine, and
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a constant K value (average 34-9) was only obtained on the assumption 
of a 1:1 reaction in solution. The stability constant K was also calculated 
from the slope of the rising portion in the following manner:

For the reaction: caffeine (C) +  acid (A) ^  complex (CA),
Y _  [CA]

[C] X [A]
If A0 is the solubility of the acid in the solvent

At is the stoichiometric concentration of acid, i.e., [CA] +  [A]
Ct is the stoichiometric concentration of caffeine, i.e., [CA] +  [C]

then K = ------A°- —  ..................................
(Ct — At +  A0) A0

KA0 (Ct — At +  A0) =  At — A0
At -f- KA0At =  KAoCt T- KA02 -\- A0
At(l +  KA0) =  Ct(KA0) +  Ao(l +  KA0)

At =  . KA°. Ct +  A01 +  KA0
If At is plotted against Ct, the slope S =  KA0/1 

hence K =  S/(l -  S)A0
KAo

(1)

(2)
The value thus obtained 34-7 moles-1 litre is in good agreement with the 
mean calculated K.

The divergence between the 3:1 ratio of the solid and the 1:1 ratio 
from equilibrium calculations may be explained either by the formation 
of mixed crystals or by pseudo “salting-out” of the caffeine by the acid. 
It is interesting to note that salting-out effects have been observed by 
Chambon (1937) and Gusyakov (1959) when certain salts were added to 
caffeine. In the present case, the concentration of acid is probably too 
low for such an effect to operate, nor indeed would salting-out effects 
give definite stoichiometric ratios. In view of the relative constancy of 
these, the thecry of mixed crystal formation is preferred.

p-Methoxy benzoic acid. The phase diagram shown in Fig. 1 differs 
from that of the ortho isomer in that the plateau is caused by saturation 
of the solution with respect to caffeine. From this point, the solid phase 
is a mixture of excess acid with increasing quantities of solid caffeine. 
The initial linear slope implies the formation of a soluble complex of 
caffeine with acid mononuclear with respect to the caffeine (Rossotti & 
Rossotti, 1961). From the phase diagram we may calculate the stoichio­
metric ratio as the ratio of the complexed acid in solution to the complexed 
caffeine in solution (i.e. the difference between the total caffeine in 
solution at the precipitation point and the solubility of caffeine at 15°). 
By this method the caffeine: acid ratio is 2-88. This ratio did not yield 
a constant K value, whereas on a 1:1 basis, good agreement was obtained 
between the average calculated value and the above slope value (4T3,
42-3 moles-1 litre respectively).

o- and p-nitrobenzoic acids. The phase diagrams for the interaction of 
these with caffeine are shown in Fig. 2. The increase in solubility of
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these is linearly related to the amount of caffeine added. The break in
the curve is due to the saturation of the solution with respect to caffeine
and the acid concentration beyond this point is invariant.

Caffeine (molar x  I02)

Fig . 2. Influence of caffeine on the solubilities of o r th o -  and p a r a -  nitrobenzoic 
acids. — O— =  o r th o  in 0 0025 n  HC1. — □ — =  p a r a  in 0 001 n  HC1.

As in the previous case where the interaction product had a high 
solubility, the stoichiometric ratios could not be obtained from the phase 
diagrams, and the method used by Higuchi & Lack (1954) may yield 
misleading results in such systems. In the present study with o- and 
p-nitrobenzoic acids, the ratio (caffeine: acid) obtained corresponded to 
1-9 and 6-02, respectively. The stability constant for the interaction of 
o-nitrobenzoic acid and caffeine calculated on a 2:1 (caffeine: acid) basis

Fig. 3. Effect of caffeine on the solubility of benzoic acid at 15° C. ---- O -----
=  solvent, 0 001 n  HC1. — □ — =  solvent, water.

did not yield a constant value, but the assumption of a 1:1 reaction in both 
ortho and para acid-caffeine systems yielded K values which were in good 
agreement (ortho-acid, average K 9-92; slope method, 9-60; para-acid, 
average K 22-8; slope method 23-0, all values being in moles-1 litre).
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A possible cause of the discrepancy may lie in the assumptions made, 
namely:

(i) The concentration of free acid is assumed to remain constant 
throughout and to be unaffected by the presence of the complexing agent.

(ii) The solubility of caffeine is assumed to remain unaltered in the 
presence of acid and complex.

Unfortunately a test of the accuracy of these assumptions is difficult 
to make although we have obtained some evidence that the solubility of 
caffeine is unaffected. Stoichiometric ratios have not been calculated 
for a number of soluble complexes by Higuchi & others, probably for the 
same reason.

Thermal analysis on o- and p-nitrobenzoic acid-caffeine systems has 
revealed no interaction (Sekiguchi, 1961).

Benzoic acid. The phase diagrams (Fig. 3) resemble those of the 
nitrobenzoic acids, the plateau being due to the precipitation of caffeine.

F i g . 4. Relation between log K and pKa for substituted benzoic acids: 1. Methoxy. 
2. Nitro. 3. Hydrogen. 4. Hydroxy. 5. Acetyloxy. O =  o rth o  acids. □  =  p a r a  
acids.

The initial solubility of the organic acid in 0-00I n  hydrochloric is 
slightly higher than in water probably due to the greater polarity of the 
former solvent. With the addition of caffeine the solubility increase of 
benzoic acid in acid and in water is not identical, the slopes of the lines 
being 0-380 and 0-353, respectively. However, the maximum concen­
tration attained in both the cases is the same.

The true stoichiometric ratio of the complex cannot be calculated from 
the phase diagram, but since the solubility increase is linear, a 1:1 
caffeine: acid complex may be formed. K values in both solvents are 
reasonably constant on a 1:1 basis and the average values of 28-2 and 
30-6 moles“1 litre in water and 0-001N hydrochloric acid respectively are
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in good agreement with the values of K calculated from the slopes cf the 
solubility phase diagrams (27-4 and 30-4 moles-1 litre, respectively).

This system has been studied by Higuchi & Zuck (1952, 1953) by the 
distribution method ; two complexes 1:1 and 1:2 (caffeine : acid) were 
postulated. A 2:1 complex has also been detected in addition tc 1:1 
and 1:2 complexes by means of the interferometric technique (Donbrow & 
Jan, 1963). With solubility studies, a 1:2 complex is not easily detected 
if formed in small amount in solution in the presence of the 1:1 complex. 
It is interesting to note that the depression of ionisation results in non­
linearity at high caffeine concentration when acid is used as a solvent; 
the solubility increase becomes less pronounced (Fig. 3).

Sekiguchi’s (1961) studies of the melting point-composition diagram 
of the mixtures of benzoic acid and caffeine did not indicate any inter­
action.

S T A B IL IT Y  C O N S T A N T S  A N D  S T R U C T U R E

Taken in conjunction with earlier data, the stability constants reported 
in this work enable a qualitative assessment to be made of the relative 
tendencies of substituted benzoic acids to form complexes with caffeine. 
Stability constants for 1:1 complexes are listed in Table 7. The values 
for the hydroxybenzoic acids were estimated from Higuchi’s solubility 
data, and are approximate. It is apparent that the binding strength 
decreases in the order /?-OH >  /i-OMe >  H >  /?-N02, and o-OH >  
o-OMe >  H >  o-Ac >  o-NOa. The trend is in the order of increasing 
electronegativity of the substituent, and follows the order of the Hammett 
a values of the para compounds (see Table 6; Jaffé, 1953).

TABLE 7. STABILITY CONSTANTS (K) FOR COMPLEXES OF CAFFEINE WITH SUBSTITUTED 
BENZOIC ACIDS R.C8H4'COOH (CALCULATED ON 1 : 1 BASIS AT 1 5°)

R
(m oles-1 litre) 

K
(m ean) 1:1

log K p K a î

o-OM e 34-9 1-54 4 0 9
p-O M e 41 3 1-62 4-47
o-N O z 9-9 100 2-17
p-N O j 22-8 1 36 3-44

H . . 28-2 1-45 4-20
o-OH 64 *f 1-81 2-98
p-O H 115*t 2 0 6 4-58
o-O CO M e . . 19-8Î 1-30 3-49

* Values estim ated by present au thors, t  H iguchi & Z uck (1953). + B raude & N achod  (1955',

The polar effects of substituents in benzoic acids is reflected in the 
pKa values of the acids, and a plot of pKa against log K indicates that 
there is an approximately linear relationship between these functions for 
all the acids with the exception of the hydroxybenzoic acids (Fig. 4). 
It is therefore probable that the same polar effects (i.e. a summation of 
inductive, resonance and steric effects) operate in complex formation as 
in ionisation, though without necessarily involving proton release. The 
linear trend implies a common mechanism throughout the series, and there 
are two main possibilities to be considered. One involves the carboxyl
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group, which may interact with a particular part of the caffeine molecule 
either by means of electrostatic (dipole-dipole or dipole-induced dipole) 
forces or by a donor-acceptor mechanism. The second is concerned 
with the aromatic ring electrons, which may be involved in the formation 
of a donor-acceptor complex.

Direct involvement of the substituent group in the interaction is 
improbable however. If there were a direct substituent-caffeine link, 
one would expect to find a simple correlation between binding strength 
and a property of the substituent group such as dipole moment or 
polarisability ; this is not the case. Indeed, the varying geometry and 
differing polar properties of the substituent groups would make a common 
specific mechanism involving these groups in the ortho- and ^ara- 
positions highly improbable. The same argument militates against two- 
point attachment, which would not give a linear pKa-logK plot. How­
ever, the deviation of the hydroxybenzoic acids is such that, for these 
acids, it is reasonable to postulate hydrogen-bonding as an additional 
binding mechanism.

Electron donor-acceptor mechanisms should cause changes in spectro­
scopic properties. Eckert (1962) has postulated such a mechanism, with 
the caffeine as acceptor, to account for new ultraviolet “charge-transfer” 
bands which he obtained in caffeine-procaine hydrochloride mixtures by 
differential methods. We have repeated his work and obtained similar 
bands using his and our own systems, but consider the bands to be 
spurious and experimental artifacts caused by excessive diminution of 
energy in the reference beam. From quantum mechanical calculations, 
Pullman (1958) considered that caffeine should be a good electron donor. 
The stability constants reported above would on the contrary support 
electron-acceptance by the caffeine and there is in fact an approximate 
correlation between the ionisation potentials of the monosubstituted 
benzenes (no data are available for the acids) and the log K values of the 
complexes. However, since the electron charge density in the carboxyl 
group may be similarly related to the ionisation potentials, the data do 
not distinguish between the mechanisms.
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Adsorption studies on steroid powders
J. H. CHAPMAN AND E. L. NEUSTADTER

The adsorption of hydroxyethylcellulose, sodium carboxymethylcellulose, polysorbate 
80, glucose and sucrose, by steroid powders has been examined. Hydroxyethylcellu­
lose and polysorbate 80 were adsorbed, but glucose, sucrose and sodium carboxy­
methylcellulose were not. Hydroxyethylcellulose, which can cross-link with the 
sedimented particles, caused most caking of the sediment.

C ELLULOSE derivatives, sometimes in combination with surfactants, 
are used extensively in the formulation of pharmaceutical aqueous 

suspensions. They delay settling of the suspension before administration. 
Some workers hold the opinion that they are also of value in preventing 
caking.

It has previously been noted (Steiger-Trippi, 1958) that high molecular 
weight cellulose derivatives can adversely affect the redispersibility of zinc 
oxide, talc and titanium dioxide suspensions. Blackadder (1964) also 
pointed out that polymeric materials capable of linking particles can have 
a compacting effect on settled suspensions.

The present communication describes a study of the adsorption of 
certain carbohydrates by the steroid powders in the presence of surfactants. 
The effect of two cellulose derivatives on steroid suspensions has been 
examined: hydroxyethylcellulose enhanced the tendency of the settled 
suspensions to caking.

Experimental and results
The specific surface areas of the hydrocortisone acetate and betameth­

asone alcohol used were determined by p-nitrophenol adsorption from water 
containing 10% ethanol (Giles, 1962). The specific surface area of 
hydrocortisone acetate was also determined by BET nitrogen adsorption 
(at the Paint Research Station) and by air-permeability using the Fisher 
Sub-sieve Sizer. Adsorption of hydroxyethylcellulose, sodium carboxy­
methylcellulose, glucose and sucrose by the steroid powders was measured 
by the anthrone method devised for the assay of carbohydrates by Trevelyan 
(1952). The adsorption of polysorbate (Tween) 80 was followed by the 
gravimetric technique of Oliver (1949) (Table 1).

The state of flocculation of the steroid powders in aqueous suspensions 
containing the various additives was examined by suspending the powders 
in 2 inch x  i  inch sample tubes and ascertaining the settling volume, and 
also by measuring how readily the powders moved from the bottom of the 
tilted tubes. The results are not precise and serve only as an approximate 
measure of the effect of the additive (Table 2).

Caking of the suspensions was measured by the number of tilting 
motions required to remove the sediment from a betamethasone 
suspension from the bottom of a container 3-3 inches high x  1-4

From the Physical Chemistry Unit, Glaxo Research Ltd., Greenford, Middlesex.
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inches diameter. The tilting apparatus was as described by Steiger- 
Trippi (1961). Suspensions were filled into the containers, which were 
then allowed :o stand upright at room temperature for 30 days before the 
caking tests were made.

ADSORPTION STUDIES ON STEROID POWDERS

TABLE 1. ADSORPTION BY STEROIDS FROM SOLUTIONS (fig/g)

Steroid Adsorbate [strength of solution (w/v) in brackets]

Substance Pre-treatment
P80

(0-5)%
HEC(0-4%) 

( + P80, 
0-5%)

HEC
(0-4%)

NaCMC
(0-5%)

Glucose
(04%)

Sucrose
(0-4%)

Hydrocortisone Nd surfactant 3,700 0 17,000 0 0 0
Cortisone

acetate N 3 surfactant 6,900 0 8,800 0 0 0
Betamethasone

alcohol Polysorbate 80 0* 0 9,000 0 0 0
Prednisolone

acetate Cetrimide 1,180 0 6,000 0 0 0

P =  polysorbate. HEC = hydroxyethylcellulose. NaCMC = sodium carboxymethylcellulose 
* See text.

Specific surface area values
Hydrocortisone acetate: p-nitrophenol 4-4 m2/g; N2 3-3 m2/g; Fisher 1-3 m2/g.
Betamethasone alcohol: p-nitrophenol 1 -6 m2/g.

Betamethasone suspension with the cellulose derivative required 12 
tilting operations (mean of 15 estimations) to clear the sediment. 
Without the cellulose derivative, 7 operations (mean of 6 estimations) 
were needed. Two samples of the suspension prepared without the 
cellulose derivative but with polysorbate 80 required 6 and 4 operations.

TABLE 2. STATE OF FLOCCULATION OF STEROID POWDERS IN AQUEOUS SUSPENSIONS 
CONTAINING ADDITIVES

Treatment (conditicns—see Table i)

Steroid Water only P80
HEC/
P80 HEC NaCMC Glucose Sucrose

Cortisone
Flocculated Low Low Low Flocculated Flocculated Flocculated
free flowing volume volume volume free flowing free flowing free flowing

Prednisolone
Low Low Low Low Low Low Low

volume volume volume volume volume volume volume
Betamethasone

Low Low Low Low Low Low Low
volume volume volume volume volume volume volume

Hydrocortisone
Flocculated Low Low Low Flocculated Flocculated Flocculated
free flowing volume volume volume free flowing free flowing free flowing

A distribution-free test showed the first two groups to be significantly 
different at the 5% level. Although there are not sufficient data to place 
the issue beyond all doubt, there is an indication that the presence of 
hydroxyethylcellulose produces caking.

Discussion
All the steroid powders adsorb hydroxyethylcellulose from aqueous 

solution.
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For hydrocortisone acetate there are three independent methods of 
measurement of the specific surface area. The agreement between nitro­
gen and p-nitrophenol adsorption is reasonable, though the Fisher air-per­
meability method produces a rather lower result.

According to the manufacturer, the hydroxyethylcellulose used has a 
“repeating unit” with a molecular weight of 442. The projected area of 
this segment as measured with Catalin models is as follows : Face dov/n =  
90Â2. Edge on =  20Â2. Table 1 shows that for hydrocortisone acetate 
0T7 g hydroxyethylcellulose is adsorbed per g steroid, thus the area that 
would be occupied if the hydroxyethylcellulose were adsorbed flat is 21 m2, 
or if adsorbed edge-on, 4-6 m2. By the p-nitrophenol method the experi­
mentally observed value of the specific surface area was 4-4 m2g_1.

We have measured the adsorption of hydroxyethylcellulose by the 
steroid powder at one concentration only, and this is the concentration at 
which the cellulose derivative is used in the suspension vehicle employed to 
prepare a typical betamethasone intra-articular injection.

It is obvious that the molecule cannot be adsorbed “flat” in the form of a 
monolayer. It is also impossible for each segment of the molecule to be 
attached to the surface, though it would appear that they could be accom­
modated on the surface.

One of the characteristics of polymer adsorption at solid surfaces is that 
apparently much more material adheres than corresponds to a flat mono- 
layer (Eirich, 1959). It is generally recognised that the adsorption occurs 
at only a fraction of the active groups of the polymer molecule. The 
unadsorbed segments penetrate deeply into the surrounding solution, but 
are attached to the surface by other units of the same molecule. It would 
appear that the adsorption of hydroxyethylcellulose on hydrocortisone 
acetate also occurs in the manner described, since we have shown that a flat 
monolayer of the cellulose derivative would occupy about four times as 
much space as is available at the surface of the particles.

For betamethasone alcohol we find the specific surface area by p- 
nitrophenol adsorption to be 1 -6 m2/g and that the hydroxyethylcellulose 
adsorbed per g of powder is 0-009 g. These figures give areas for mono- 
layers of 11 m2 if the derivative is adsorbed flat and 2-4 m2 if it is adsorbed 
edge-on. Again, the adsorption is in excess of the area available on the 
particle surface and the mode of attachment of the derivative to the 
betamethasone particle surface is probably the same as it is for hydro­
cortisone acetate.

We note that polysorbate 80 is adsorbed by all the steroid powders, 
except, as would be expected, the betamethasone alcohol, which had been 
pre-treated with polysorbate 80. Prednisolone acetate, which had been 
precipitated in the presence of cetrimide, also gave a low value.

In the presence of polysorbate 80, hydroxyethylcellulose does not ap pear 
to be adsorbed (less than 2/u.g/g was absorbed from a 0-2% w/v solution). 
It may well be that polysorbate 80 is preferentially adsorbed by the 
steroids, thus preventing the adsorption of the cellulose derivative.

Sodium carboxymethylcellulose was not adsorbed by any of the powders 
(limits as above) and at present we can offer no explanation for this.
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A long-chain polymer molecule is adsorbed at many segments along its 
chain. In order to be desorbed, it must be released from the adsorbing 
surface simultaneously at each of these points of attachment. This is one 
of the reasons for the adsorption of long chain polymers, such as hydroxy- 
ethylcellulose and the failure of substances such as glucose and sucrose to 
be adsorbed.

In Table 2 we compare the state of sedimentation of the aqueous 
suspension with different additives. From column 2, which shows the 
suspension of the powders in water, we see that only cortisone acetate and 
hydrocortisone acetate were flocculated and free-flowing after two weeks 
standing, whereas betamethasone alcohol and prednisolone acetate 
formed low-volume sediments and were not free-flowing. This is further 
borne out by data in column 3, which show the effect of polysorbate 80. 
On the addition of this surfactant, all four steroid powders formed low- 
volume sediments. The same was true for the addition of hydroxyethyl 
cellulose alone and also with polysorbate 80.

Sodium carboxymethylcellulose, which was not adsorbed, had no effect 
on the flocculated sediments of the acetates of cortisone and hydrocorti­
sone, neither did glucose nor sucrose which also had no effect on the two 
steroids not already defiocculated.

The results of the caking tests support the contention that the presence 
of a polymer adsorbed by betamethasone enhances the tendency to cake. 
The caking of a suspension can have many causes, and therefore the omis­
sion of hydroxyethylcellulose would not be expected to eliminate caking 
altogether.

There are indications that when polysorbate 80 is substituted for 
hydroxyethylcellulose the caking of the suspension is similar to that of the 
suspension without either of the additives. Both substances produce low- 
volume sediments, but the hydroxyethylcellulose has a stronger tendency to 
link the sedimented particles together. It can vary in molecular weight 
between 40,000 and 350,000, which approximates to molecules of between 
600 and 4800A in length, while the approximate diameter of a non-ionic 
surfactant micelle is lOOA: hence the greater ability of the cellulose 
derivative to cross-link particles. It should be noted that omission of 
hydroxyethylcellulose and polysorbate 80 also produces a low volume 
sediment. As previously indicated (Table 1), the betamethasone alcohol 
used in these experiments had been pre-treated with the surfactant.

We have thus shown that the presence of the polymer has enhanced the 
caking tendency of the low-volume sediment.

Acknowledgement. Experimental assistance by Mr. M. V. Emm is 
gratefully acknowledged.
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The temperature coefficient of some bactericides in 
o il: water dispersions
H. S. BEAN AND S. M. HEMAN-ACKAH*

The temperature coefficient of a bactericide in oil: water dispersion changes with the 
nature of the oil and the phase:volume ratio. The variations in the temperature 
coefficient are due to temperature effects on the availability of the bactericide in the 
aqueous phase, and at the oil: water interface of the dispersions. Failures in the 
preservation of oil:water formulated products encountered during storage in 
different climates may be due to such underlying phenomena which are not considered 
in the initial stages of formulation.

T HE manner in which temperature influences antibacterial activity 
is important theoretically and practically. Information is available 

about temperature coefficients of commonly used antimicrobial agents 
in aqueous solutions but cannot be used to predict preservative perform­
ance in oil-water formulations because of the interaction of many factors 
(Kabelik, 1947, Galloway, 1952; de Navarre, 1962.)

Some of the factors which control the activity of a bactericide in oil: 
water dispersions have been reported elsewhere (Bean, Richards & 
Thomas, 1962; Bean & Heman-Ackah, 1964; Bean, Heman-Ackah & 
Thomas, 1965a, 1965b). The overall activity is dependent largely on the 
concentration of the bactericide partitioned to the aqueous phase of the 
dispersion, but it is enhanced by an effect due to the oil: water interface. 
A rise in temperature may shift the oil: water partition coefficient (K£.) 
and hence alter the concentration of the bactericide available in the 
aqueous phase and at the oil: water interface. Consequently, the tempera­
ture coefficient of the bactericide in the dispersion (0S) differs from that 
in aqueous solution (dA), and it is dependent on the nature of the oil and 
the ratio of the phases (Bean & Heman-Ackah, 1963).

The present communication reports a correlation between the tempera­
ture coefficient of a bactericide in the dispersion (6S) and the rate of change 
of the oil: water partition coefficient with temperature which may be 
used for the primary evaluation of preservatives in oil: water systems.

Experimental
M A T E R IA L S  A N D  M E T H O D S

The test organism (Escherichia coli NCTC 5933), oils, bactericides 
and experimental techniques, were as described previously (Bean & 
Heman-Ackah, 1963, 1964). A spectrophotometric method was used in 
assaying the aqueous phase concentrations of bactericides in oil:water 
systems when determining K°; an extinction time method was employed 
for the evaluation of bactericidal activity.

From the School of Pharmacy, Chelsea College of Science & Technology, Manresa 
Road, London, S.W.3.

* Present address: Faculty of Pharmacy, Kwame Nkrumah University of Science 
& Technology, Kumasi, Ghana.
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L IN E A R  R E L A T IO N S H IP  B E T W E E N  T H E  O I L :  W A T E R  P A R T IT IO N  C O E F F IC IE N T  

( K ° )  A N D  T E M P E R A T U R E  ( t )

The oil: water partition coefficients, K£, of bactericides were determined 
at 5, 15, 25, 35 and 45° respectively. Table 1 shows that a rise in tempera­
ture may cause an increase in K° (e.g. phenol in liquid paraffin: water), 
a slight increase in (e.g. chlorocresol in arachis oil: water) or a decrease

TEMPERATURE COEFFICIENT OF SOME BACTERICIDES

TABLE 1. INFLUENCE h r  temperature on the partition coefficient (K°) of
BACTERICIDES IN OIL : WATER SYSTEMS

Tempera­
ture
°C

Phenol in 
paraffin : 

water
Phenol in liquid 
paraffin : water 
containing 5% 

propylene glycol 
in aqueous 

phase

Phenol in liquid 
paraffin : water 

containing 0-9% 
sodium chloride 

in aqueous 
phase

Chlorocresol in 
liquid : paraffin 

water
Chlorocresol in 

arachis oil : 
water

Phenylmercuric 
acetate in liquid 
paraffin : water

5 0 0592 00351 00389 1 192 113-4 01405
15 00620 00488 00586 1-341 116-7 0-1203
25 00688 00594 0 0992 1-528 116-7 0-0953
35 01167 00801 0-1360 1-782 116-0 00847
45 01535 01104 0-1787 2003 117-2 0 0700

K° at 45°
2-59 314 4-59 1-68 103 0-50

K°wat5°

in K" (e.g. phenylmercuric acetate in liquid paraffin: water). The 
presence of 5% propylene glycol in the aqueous phase of liquid paraffin: 
water decreases K° for phenol at all the test temperatures. On the other 
hand, 0-9% sodium chloride in the aqueous phase of liquid paraffin: water 
increases the value of K° for phenol at 25^15°, causes no change at 15°, 
and decreases K° at 5-15°.

The relationship between log K° and T is linear for all bactericide: 
oil:water systems (Fig. 1) and is summarised by the expression:

log K° =  eT +  constant.
e is defined as the temperature coefficient o f the partition coefficient 
(Heman-Ackah, 1965) and it is the appropriate increase in K° per °C 
rise in temperature. Its numerical value may be positive or negative 
depending upon whether the K° increases or decreases with rise in tempera­
ture (Table 3).

IN F L U E N C E  O F  T E M P E R A T U R E  O N  T H E  A C T IV IT Y  O F  B A C T E R ID E S  IN  O IL  : W A T E R  

D IS P E R S IO N S

Temperature influences the activity of bactericides in oil: water disper­
sions in a complex manner. Temperatures above 50° cause the death 
of vegetative cells by protein coagulation, enzyme inactivation or both. 
There are additionally, the indirect effects of temperature on: (i) the 
distribution of the bactericide between oil and water phases (Table 1) 
which produces differences in the availability of the bactericide in the
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Fig . 1. The linear relationship between partition coefficient and temperature. 
#  =  Phenol: liquid paraffin: water. A  =  phenol: liquid paraffin: water containing 
5% propylene glycol in aqueous phase. O =  Phenol: liquid paraffin: water con­
taining 0-9% sodium chloride in aqueous phase. V =  chlorocresol in liquid 
paraffin: water. A =  chlorocresol in arachis oil: water. x =  Phenylmercuric
acetate in liquid paraffin: water.

aqueous phase of the dispersion, and hence in the activity (Bean & Heman- 
Ackah, 1963); (ii) the oil: water interfacial activity which diminishes with 
rise in temperature (Heman-Ackah, 1965); (iii) the velocity of the bacteri­
cidal action which increases with rise in temperature (Madsen & Nyman, 
1907; Chick, 1908; Phelps, 1911).

Table 2 shows the variation of the log of temperature coefficient (9) of 
bactericides with the oil: water ratio (<f>) of the dispersions. One of two 
phenomena may occur.

1. K" increases with rise in temperature. The normal effect of 
temperature on the bactericidal activity is offset by an effect due to a 
progressive depletion of the bactericidal content of the aqueous phase and 
hence of the oil:water interface. In this instance, the temperature 
coefficient of the bactericide in the dispersion (9S) is less than that in 
aqueous solution (9A) containing the same overall concentration of the 
bactericide (i.e. the aqueous reference solution), and it decreases with 
increase in the oil:water ratio (<j>). A previously reported relationship 
(Bean & Heman-Ackah, 1963; Heman-Ackah, 1965) applies:

logĴ A— l°g As _  ^ (wjjere ^ _  constant)
9

At a unique oil:water ratio, the activity of the dispersion becomes 
independent of temperature (i.e. 9S =  1). Under such a condition, the 
appropriate increase in the bactericidal activity per °C rise in temperature
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is offset by a parallel depletion of the bactericidal content of the aqueous 
phase and by a smaller effect of the interface on the activity.

2. decreases with rise in temperature. The normal effect of 
temperature on the bactericidal activity is enhanced by an effect due to 
increased concentration of the bactericide in the aqueous phase and at the 
oil:water interface. Consequently, the temperature coefficient of the 
bactericide in the dispersion (ds) is greater than that of the aqueous 
reference solution (+). The following relationship applies (Heman- 
Ackah, 1965)

log Aa log #s _  jc< (where jc' =  constant).
V  <f>

Therefore there cannot be a dispersion in which the activity is independent 
of temperature.

The constant k (or k') is a measure of the change in activity of a bacteri­
cide in the dispersion per °C rise in temperature as compared with that 
of an aqueous reference solution. The concentration of the bactericide

TEMPERATURE COEFFICIENT OF SOME BACTERICIDES

TABLE 2. LOG TEMPERATURE COEFFICIENT OF BACTERICIDES IN AQUEOUS SOLUTIONS 
AND IN OIL/WATER DISPERSIONS (5-45°)

K° increase with rise in temperature K° decrease 
with rise in 
temperature

Oil: water ratio 
(*)

0-5% Phenol 
in liquid 
paraffin : 

water

0-5% Phenol 
in liquid 
paraffin: 

containing 
5% propylene 

glycol in 
aqueous 
phase

0-5% Phenol 
in liquid 
paraffin: 

water 
containing 

0-9% sodium 
chloride in 

aqueous 
phase

0-075%Chlor- 
ocresol 

in liquid 
paraffin : 

water

4-0% Chloro- 
cresol in 

arachis oil : 
water

0-002% 
Phenyl- 
mercuric 
acetate in 

liquid 
paraffin: 

water

0
(Aqueous
reference)
solution 00588 0-0557 0-0680 0-0396 _* 0-0219

0-2 00547 00508 0 0646 0 0374 — 0-0246
0-5 - — — — 0-1019 —
06 - - - — 0-0873 -
0-7 — — — - 0-0837 —
0-8 — — — - 0 0698 —
10 00402 0-0309 0-0503 0-0283 0-0656 0-0285
1-5 00266 0-0156 0 0419 - - -
2-0 0-0166 — 0-0278 - — 0-0322
30 — — - — - 0-0351
3-5 — — - 00030 - -
50 — - — - - 0-0367

, log0A — log0s 
*

+ 0-020 + 0-025 + 0-018 + 0-012 - —

, ,  log0A — logOs - - - - - -0-007

* Impracticable to determine
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in the aqueous phase of a dispersion changes with rise in temperature 
because the K° does not remain constant, whereas the concentration 
of the bactericide in the aqueous reference solution is maintained the 
same over the range of temperature studied. Consequently, the constant 
k  (or k ') reflects the availability of the bactericide in the aqueous phase 
and at the oil:water interface, and therefore, reflects also the rate of 
change of the oil: water partition coefficient with temperature.

RELATIONSHIP BETWEEN THE CONSTANT k  (OR k ') AND THE TEMPERATURE 
COEFFICIENT OF THE PARTITION CONSTANT, e

Table 3 shows the relationship between the constant, k  (or k ') and e 
the temperature coefficient of the partition constant. For systems 
where k° increases with temperature rise, k is approximately twice the 
value of € (Mean Ratio k /e  =  2-0) whereas for systems where K”. decreases 
with temperature rise k' is about equal to the value of e (Ratio k /e  =  0-9).

H. S. BEAN AND S. M. HEMAN-ACKAH

TABLE 3. RELATIONSHIP BETWEEN THE CONSTANT k (OR k') AND THE TEMPERATURE 
COEFFICIENT OF THE PARTITION CONSTANT (e)

System (K° increase with rise in temp.) , logG a — log0s 
*

s = AlogK°
AT

« • k Ratio -  £

Phenol in liquid paraffin: water .. + 0020 +  0011 1*8
Phenol in liquid paraffin: water containing 5% 

propylene glycol in aqueous phase + 0026 +  0012 2-2
Phenol in liquid paraffin: water containing 0-9% 

sodium chloride in aqueous phase + 0018 + 0010 1-8
Chlorocresol in liquid paraffin: water + 0012 -f 0-005 2-4
Chlorocresol in arachis oil/water _* + 0 0003 —

System (K° decreases with rise in temp.) , , lOg0A — log08 s AlogK° r. • k'Ratte— £AT
Phenylmercuric acetate in liquid paraffin: water -  0 007 -  0 0076 0-9

* log0A for 4 0% chlorocresol in aqueous solution was impracticable to determine.

There is, therefore, a direct correlation between the temperature coefficient 
of the bactericide in the dispersion and the rate of change of the oil : water 
partition coefficient with temperature. This indicates that the toxic 
concentration of the bactericide in the dispersion is the available concentra­
tion in the aqueous phase and at the oil : water interface. It is inferred 
that the variation of the temperature coefficient of the bactericide with the 
oil:water ratio is purely a physical phenomenon and that the funda­
mental bactericidal action remains unaltered.

Discussion
The numerical value of the temperature coefficient (6) is dependent on 

the disinfectant and test organism but it varies with (i) the range of temper­
ature used for the determination (Tilley, 1942; Ames & Smith, 1944; 
Jordan & Jacobs, 1946); (ii) the concentration of disinfectant employed
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for the determination (Chick, 1908; Jordan & Jacobs, 1944; Berry & 
Michaels, 1950).

In oil: water dispersions it is also shown that 9 varies with the oil: water 
ratio even for the same overall concentration of bactericide, test organism, 
and range of temperature employed for the experiments. This fact, 
though inherent in published data, has not been previously commented 
upon.

Belehradek (1935) has said that “when one and the same biological 
process gives two or more different temperature coefficients under various 
conditions, three different explanations are possible: (i) the formula 
used does not adequately express the relationship between temperature 
and reaction velocity in that particular case, and another type of formula 
should be tested; (ii) if the formula holds good, then the value of the 
temperature coefficient is modified by the conditions at which the reaction 
takes place; (iii) that there are two or more distinct reactions of a catenary 
series on which the whole process is based under varying conditions.” 
The explanation given in (ii) would account for the variations in the 
temperature coefficient of bactericides in oil:water dispersions, the 
modifying conditions being the changes in the concentration of the 
available bactericide in the aqueous phase and at the oil: water interface, 
both of which are controlled by the oil: water ratio and temperature.

Failures in preservation have been encountered in oil: water formulated 
products stored under tropical conditions and it has been claimed that 
these are readily explained on grounds of chance contamination by 
different organisms “insensitive” to the preservative (de Navarre, 1962). 
It is more likely that the underlying phenomenon is the variation in the 
temperature coefficient of the preservatives in the oil: water systems (6S). 
This means that when a rise in temperature takes place, preservative 
may pass from the aqueous to the oily phase where it is no longer available 
to exert its activity. The present work has shown that for any given 
overall concentration of a bactericide in the dispersion, the activity 
can be estimated, from a knowledge of the rate of change of K„ with 
temperature and the temperature coefficient of the bactericide in aqueous 
solution (9h). No bacteriological evaluation is necessary.
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British Pharmaceutical Conference 1965. 
Supplement: Science papers, 1 S- 
148 S.

British Pharmacopoeia 1963, Addendum 
1964, spectral slit width and the 
absorption of light by substances in 
(Rogers), 325 (L).

Bronchospasm, 5-hydroxytryptamine- 
induced, in guinea-pigs, antagonism 
by 8j3-carbobenzyloxyaminomethyl- 
l,6-dimethyl-10a-ergoline (Beretta & 
others), 423; 673.

Bronchospasm in the guinea-pig, nature 
of the antagonism of, by ascorbic 
acid (Dawson & West), 595 (L).

Brucine convulsions, effect of y-amino- 
butyric acid on (Sorer & Pylkko), 
249 (L).

c
Caffeine, molecular interactions of, with 

benzoic acid, o- and p-methoxy- 
benzoic acids and o- and p-nitro- 
benzoic acids (Donbrow & Jan), 
129 S.

Cage, restraining, for metabolic studies 
in rats (Scheline), 52 (L).

Candidacides and trichomonacides, 
nitroethylenes and related com­
pounds as (Clitheroe & others), 167.

8|3 - Carbobenzyloxyaminomethyl - 1 , 6 -  
dimethyl-lOa-ergoline, antagonism 
of 5-hydroxytryptamine-induced 
bronchospasm in guinea-pigs by 
(Beretta & others), 423; 673.

Carbohydrate metabolism in the liver, 
on the sympathetic regulation of 
(Vizi & others), 805.

Cardiovascular and autonomic effects of 
fenfluramine hydrochloride (Franko 
& others), 222.

Carrageenan, anticoagulant activity of 
(Anderson & Duncan), 647.

Carrageenan, degraded, and histamine- 
induced parietal cell hyperplasia in 
the guinea-pig (Anderson & Sonan), 
121 (L).

Carum carvi L. and Anethum graveolens
L., carvone in the developing fruits 
of (Betts), 41 S.

Carvone in the developing fruits of 
Anethum graveolens L. and Carum 
carvi L. (Betts), 41 S.

Cat, pithed, a simplified method for 
preparing (Iorio & Mclsaac), 667 
(L).

Catecholamine content of guinea-pig 
myocardium, effects of ascorbic acid 
on (Izquierdo & Jofre), 391 (L).

Catecholamine-induced hyperthermia 
and imipramine-like agents, inter­
action between (Jori & Garattini), 
480.

Catecholamines, a new and sensitive 
bioassay for (de la Lande & Harvey), 
589.

Centrally acting drugs, sensitivity of 
aggressive mice to (Consolo & 
others), 594 (L).

Central nervous system in the ant, 
Formica rufa, drugs affecting the 
behaviour and spontaneous bio­
electrical activity of (Kostowski & 
others), 253 (L).

Central nervous system, some effects of 
propranolol on (Leszkovszky & 
Tardos), 518 (L).

Chlorhexidine, chemical fractionation of 
phosphorus-32 labelled cells of 
Micrococcus lysodeikticus treated 
with (Rye & Wiseman), 295.

Chlorhexidine diacetate, cytolcgical 
aspects of the mode of action of 
(Hugo & Longworth), 28.

p-Chloroacetanilide and other impurities 
in paracetamol and phenacet n, a 
limit test for, using thin-layer 
chromatography (Savidge & Wragg), 
60 S.

Chlorpheniramine, influence of urine pH 
and flow rate on the renal excretion 
of, in man (Beckett & Wilkinson), 
256 (L).
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C holine, effect of, on the  release o f 
acetylcholine and  on its tissue stores 
in th e  phrenic nerve-diaphragm  
p rep ara tio n  trea ted  w ith dyflos 
(L edda & Baldi); 494.

C innam on, exam ination  by direct th in - 
layer chrom atography  (Betts), 520 
(L).

14-C innam oyloxycodeinone, som e p h a r­
m acological studies w ith (Buckett), 
759 (L).

C olon, isolated, o f the  ra t, a  direct and 
an  indirect action  o f 5-hydroxy- 
tryp tam ine on the  d istal p a rt o f 
(U lrich), 710.

C om paction , ap p ara tu s fo r investigating 
die wall friction  during  (Lewis & 
T rain), 33.

C om paction  of pow ders, investigation of 
die wall friction  during  (Lewis & 
T rain , 1.

C om paction  o f som e solid lub rican t 
m aterials (Lewis & T rain), 577.

C onfiguration , absolute, and  p a ra ­
sym pathetic  a c t io n : p h arm acody­
nam ics o f  enan tiom orph ic  and 
d iastereoisom eric esters o f j3-metha- 
choline (E llenbroek & others), 393.

C orpus striatum , effect o f  certain  tra n ­
quillisers on the  level o f  hom o- 
vanillic acid  in (R oos), 820 (L).

C o tto n  pellet g ranu lom a form ation  in 
th e  ra t, effect o f adrenalectom y on 
(A shford & Penn), 10.

C o tto n  pellet g ranu lom a in ra ts, effect o f 
form aldehyde-induced peria rth ritis  
on the  com position  o f  (Trnavsky), 
261 (L).

C o tto n  pellet-induced g ranulom a, effect 
o f body weight changes on  the  
fo rm ation  o f (D iPasquale  & Meli), 
379.

C ritical flicker fusion frequency, effect o f 
a  m ixture o f  dexam phetam ine and 
am ylobarb itone on  (T urner), 388 (L).

C ysteam ine, rad ia tion -p ro tec tion  of 
S e r r a t i a  m a r c e s c e n s  by a thiolsul- 
p h o n a te  re la ted  to  (Owen & others), 
108.

C ytological aspects o f  the  m ode of 
action  of chlorhexidine diacetate 
(H ugo & L ongw orth), 28.

D
D a t u r a ,  biosynthesis o f tigloyl esters in 

(Evans & W oolley), 37 S.
D a t u r a  i n n o x i a  M iller, a  n o te  on  the 

a lkalo idal con ten t o f  (Shah & 
K hanna), 115.

D a t u r a  s a n g u i n e a  R . an d  P., its seeds 
(W allis), 33 S.

D etergents, non-ionic, physical chem ical 
aspects o f  som e. A  review (E lw orthy 
& M acfarlane), 65 ; 129.

D etergents, non-ionic, so lubilisation  of 
preservatives by  (Evans), 462 (L).

D exam phetam ine s e e  a l s o  A m phetam ine.
D exam phetam ine and  am ylobarb itone, 

effect o f a  m ixture of, on  critical 
flicker fusion frecuency (T urner), 
388 (L).

D exam phetam ine toxicity  in aggregated 
and  iso lated  mice, effect o f certain  
neurom uscu lar blocking agents on 
(P rabhu  & Parikh), 383 (L).

D extran , reactivity  o f  ra ts  to  (F earn  & 
W est), 813 (L).

D ex tran , reactivity  o f W istar ra ts  to  
(A nkier & others), 118 (L).

D extrom oram ide, configuration  of 
(Casy), 65 S.

D iaphragm , ra t, an  im proved m eth o d  for 
ob tain ing  tw itch responses to  acetyl­
choline in (H arris & Leach), 816 
(L).

D iaphragm s, ra t, isolated innervated  and  
chronically  denervated , tw itch res­
ponses w ith acetylcholine and  their 
m odification by  neurom uscular 
b locking agents (Paterson), 281.

AW '-D ibenzylethylenediam ine diacetate, 
estim ation  o f l,3-d:benzyl-2-phenyl- 
tetrahydro im idazo le  in (A rcher), 
376.

1 ,3 - D ibenzyl - 2 - phenylte trahydro im id  - 
azole in  ATV'-dibenzylethylenedi- 
am ine diacetate, estim ation  of 
(A rcher), 376.

D ielectric constan t m easurem ent, a  new 
m ethod  fo r determ ination  o f em ul­
sion  stability  by. A  prelim inary  
rep o rt (K aye & Seager), 92 S.

D ie thy ld ith iocarbam ate, inh ib ition  o f 
dopam ine-,8-oxidase by (Collins), 
526 (L).

D ie  wall friction, ap p ara tu s fo r investi­
gation  of, during  com paction  (Lewis 
& T rain), 33.

D ie  wall friction, investigation of, du ring  
com paction  o f pow ders (Lewis & 
T rain), 1.

D igoxigenin, 3-epim erisation of, in  the  
ra t  (T hom as & W right), 459 (L).

D ihydrostrep tob iosam ine, glycosides of, 
as derivatives o f  d ih y d rostrep to ­
m ycin (Ferguson  & others), 68 S.

D ihydrostrep tom ycin  derivatives: glyco­
sides o f  d ihydrostrep tob iosam ine 
(Ferguson & others), 68 S.

3 -D im ethy lam ino-2 -m ethy l-l -phenyl-1- 
o -to ly lpropanol (SK  & F  70463-A), 
pharm acolog ical p roperties o f 
(B arron  & others), 509.

l-[(2 ,4 -D in itropyrry l)-ethy l]-2-m ethy l-5- 
n itro im idazo le  an d  re la ted  com ­
p o unds, an titrichom onal activity  o f  
(B row n & others), 747.

2,5-D iphenylfuran , no te  on derivatives o f 
(Bavin), 236.
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Disazo dyes, structure-activity studies for 
the teratogenic effects of (Lloyd & 
others), 126 S.

Dispersions, oil : water, temperature co­
efficient of some bactericides in 
(Bean & Heman-Ackah), 142 S.

Diuretic effect of some adrenocortical 
steroids in the rat (D ’Arcy & 
Howard), 368.

Dopa, dopamine and their x-methyl 
analogues, impairment of sympa­
thetic nerve responses by (Farmer), 
640.

Dopa, formation and storage of dop­
amine in hamster mast cells follow­
ing the administration of (Adams- 
Ray & others), 252 (L).

Dopamine, dopa and their cx-methyl 
analogues, impairment of sympa­
thetic nerve responses by (Farmer), 
640.

Dopamine, formation and storage of, in 
hamster mast cells following the 
administration of dopa (Adams-Ray 
& others), 252 (L).

Dopamine, noradrenaline, adrenaline 
and 5-hydroxytryptamine from 
single rat brains, estimation of 
(Brownlee & Spriggs), 429.

Dopamine-(J-oxidase, inhibition of, by 
diethyldithiocarbamate (Collins), 
526 (L).

Drug action, aspects of : a comparison 
with intramolecular processes occur­
ring in pharmaceutical and bio­
chemical systems (Smith & 
Williams), 529; 601.

Dyes, disazo, structure-activity studies 
for the teratogenic effects of (Lloyd 
others), 126 S.

Dyfios, effect of choline on the release 
of acetylcholine and on its tissue 
stores in the phrenic nerve-dia­
phragm preparation treated with 
(Ledda & Baldi), 494.

Dyfios or eserine, inhibition of the 
acetylcholine-destroying activity of 
the guinea-pig vas deferens by 
(Birmingham & Underwood), 460 
(L).

E
Emulsion stability, a new method for the 

determination of, by dielectric con­
stant measurement: a preliminary 
report (Kaye & Seager), 92 S.

Endotoxin and traumatic shock in rats 
(Lazar & Karady), 517 (L).

Enzymes, effects of, on Yucca glauca  
Nutt, and other steroid-yielding 
monocotyledons (Blunden & others), 
274.

Ephedrine and its congeners, identifi­
cation and determination of in 
urine by gas chromatography 
(Beckett & Wilkinson), 104 S.

(-)-Ephedrine, (-)-methylephedrine and 
(-)-norephedrine in man, urinary 
excretion of (Beckett & Wilkinson), 
107 S.

Eserine or dyfios, inhibition of the 
acetylcholine-destroying activity of 
the guinea-pig vas deferens by 
(Birmingham & Underwood), 460 
(L).

Essential oil of M entha p ip e r ita , effects 
of growth conditions on the yield 
and quality of (O’Connor), 47 S.

Ethanolamine and anaphylactic shock 
(Herxheimer & Stresemann'i. 125 
(L).

Ethanolamine and hydrocortisone, a 
comparison of the anti-anaphylactic 
properties of (Goadby & Smith), 721.

Ethanolamine and mepyramine, modifi­
cation of anaphylactic shock by 
(Smith), 247 (L).

Ether, intraperitoneal, for anaesthebzing 
small laboratory animals (Sanders), 
665 (L).

F
Fenfluramine hydrochloride, cardiovas­

cular and autonomic effects of 
(Franko & others), 222.

Ferguson principle, applicability of, to 
systems of mixed preservatives 
(Evans), 217.

Ferguson principle, application of, to 
the antimicrobial activity of quater­
nary ammonium salts (Weiner & 
others), 350.

Fine particles, method for determining 
the solution rate of (Edmundson & 
Lees), 193.

Formaldehyde-induced periarthritis, 
effect of, on the composition of 
cotton-pellet granuloma in rats 
(Trnavsky), 261 (L).

F orm ica rufa, ant, drugs affecting the 
behaviour and spontaneous bio­
electrical activity of the central 
nervous system in (Kostowski & 
others), 253 (L).

Formulations, oral sustained release, 
mathematical treatment for (Nelson) 
190 (L).

Friction, die wall, an apparatus for the 
investigation of, during compaction 
(Lewis & Train), 33.

Friction, die wall, an investigation of, 
during the compaction of powders 
(Lewis & Train), 1.

Friction and lubrication, some studies 
of, using an instrumented tablet 
machine (Lewis & Shotton), 71 S.
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Frog spermatogenic reaction, lack of the 
effect of melatonin on (Juszkiewicz 
& Rakalska), 189 (L).

Fungal growth on the roots of R auw olfia  
ox yp h ylla  Stapf., some effects of 
(Jefferies & others), 44 S.

Fungicidal properties and preparation of 
(phenylthio)acetohydroxamic acids 
and related compounds (Zayed & 
others), 809.

G
Gas chromatographic analysis of pesti­

cides from blood, a simplified (Jain 
& others), 362.

Gas chromatography, identification and 
determination of ephedrine and its 
congeners in urine by (Beckett & 
Wilkinson), 104 S.

Gastric ulceration in the guinea-pig with 
histamine. Some observations on a 
new method (Anderson & Soman),
92.

Gels, aluminium monostearate paraffin, 
adjuvant effect of, on antitoxin 
response (Coles & others), 87 S.

Geometrical considerations, some, con­
cerning the design of tablets 
(Cleave), 698.

Glucocorticoids, water-soluble, anti- 
anaphylactic action of (Gorog & 
Szporny), 250 (L).

Glutamate decarboxylase activity in the 
rat brain, inhibition by salicylate 
in vitro  (Gould & Smith), 15.

Glycosides of dihydrostreptobiosamine 
as derivatives of dihydrostrepto­
mycin (Ferguson & others), 68 S.

Granulation, sucrose, a comparison of 
tablet lunrication efficiencies for, 
using an instrumented tablet mach­
ine (Lewis & Shotton), 82 S.

Granuloma, cotton pellet, effect of 
adrenalectomy on formation of, in 
the rat (Ashford & Penn), 10.

Granuloma, cotton pellet, effect of 
formaldehyde-induced periarthritis 
on the composition of, in rats 
(Trnavsky), 261 (L).

Granuloma, cotton pellet-induced, effect 
of body weight changes on the 
formation of (DiPasquale & Meli), 
379.

Guanethidine, bretylium and amphet­
amine, influence of the length of the 
stimulus period and frequency of 
sympathetic stimulation on the 
response of the guinea-pig isolated 
vas deferens to (Day), 619.

Guanethidine-induced noradrenaline re­
lease and sympathetic blockade, 
effect of monoamine oxidase inhibi­
tion on (Fielden & Green), 463 (L).

Guinea-pig, action of sympathomimetic 
amines on circular and longitudinal 
smooth muscle from the isolated 
oesophagus of (Bailey), 782.

Guinea-pigs, antagonism of 5-hydroxy- 
tryptamine-induced bronchospasm 
in, by 8 /3-carbobenzyloxyamino- 
methyl - 1,6-dimethyl-lOa-ergoline 
(Beretta & others), 423 ; 673.

Guinea-pig, anti-anaphylactic effect of 
vitamin C in (Guirgis), 387 (L).

Guinea-pig colon, actions of hemichol- 
inium and triethylcholine on res­
ponses of, to stimulation of auto­
nomic nerves (Rand & Ridehalgh), 
144.

Guinea-pig, degraded carrageenan and 
histamine-induced parietal cell hy­
perplasia in (Anderson & Soman), 
121 (L).

Guinea-pig, histamine gastric ulceration 
in. Some observations on a new 
method (Anderson & Soman), 92.

Guinea-pig hypogastric nerve— vas 
deferens preparation, influence of 
temperature on responses of (Della 
Bella & others), 265.

Guinea-pig ileum, influence of ascorbic 
acid on the sensitivity of (Dawson & 
others), 183 (L).

Guinea-pig isolated vas deferens pre­
paration, influence of the length of 
the stimulus period and frequency of 
sympathetic stimulation on the 
response of, to bretylium, guane­
thidine and amphetamine (Day), 
619.

Guinea-pig myocardium, effects of as­
corbic acid on the catecholamine 
content of (Izquierdo & Jofre), 
391 (L).

Guinea-pig, nature of the antagonism of 
bronchospasm in, by ascorbic acid 
(Dawson & West), 595 (L).

Guinea-pig, scorbutic, regulatory role 
of vitamin C on the adrenal function 
and resistance to histamine aerosol 
in (Guirgis), 674 (L).

Guinea-pig vas deferens, inhibition of 
the acetylcholine-destroying activity 
of, by eserine or dyflos (Birmingham 
& Underwood), 460 (L).

H
Haemagglutinins, seed, of some Phaseo- 

lus vulgaris L. cultivars (Toms & 
Turner), 118 S.

Halquinol, observations on the pharma­
cology of (Kaul & Lewis), 434.

Hamster mast cells, formation and 
storage of dopamine in, following 
the administration of dopa (Adams- 
Ray & others), 252 (L).
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Hemicholinium and triethylcholine, ac­
tion of, on responses of guinea-pig 
colon to stimulation of autonomic 
nerves (Rand & Ridehalgh), 144.

Hippocampal neurones, pharmacology 
of (Biscoe & Straughan), 60 (L).

Histamine aerosol, resistance to, and 
adrenal function in the scorbutic 
guinea-pig, regulatory role of vita­
min C on (Guirgis), 674 (L).

Histamine gastric ulceration in the 
guinea-pig. Some observations on a 
new method (Anderson & Soman), 
92.

Histamine-induced parietal cell hyper­
plasia and degraded [carrageenan in 
the guinea-pig (Anderson & Soman), 
121 (L).

Histamine receptors and adrenergic 
a-receptors, competitive blockade of, 
by thymoxamine (Birmingham & 
Szolcsanyi), 449.

Homovanillic acid in the corpus striatum, 
effect of certain tranquillisers on the 
level of (Roos), 820 (L).

Human isolated jejunum, a preliminary 
investigation of the pharmacology 
of longitudinal muscle strips from 
(Whitney), 465.

Human myometrium, isolated, effect of 
some spasmolytic drugs on (Lehrer), 
584.

Humidity and temperature, effect of, on 
the equilibrium moisture content of 
powders (Shotton & Harb), 504.

Hydrocortisone and ethanolamine, a 
comparison of the anti-anaphylactic 
properties of (Goadby & Smith), 
721.

5-Hydroxytryptamine, an improvement 
on Vane's stomach strip preparation 
for the assay of (Lin & Yeoh), 
524 (L).

5-Hydroxytryptamine, dopamine, nor­
adrenaline and adrenaline in single 
rat brains, estimation of (Brownlee 
& Spriggs), 429.

5-Hydroxytryptamine-induced broncho- 
spasm in guinea-pigs, antagonism 
of, by 8/S-carbobenzyloxyamino- 
methyl -1,6 - dimethyl - lOoc-ergoline 
(Beretta & others), 423; 673.

5-Hydroxytryptamine on the distal part 
of the isolated colon of the rat, a 
direct and an indirect action of 
(Ulrich), 710.

5-Hydroxytryptamine, release of, from 
blood platelets. A review 
(Paasonen), 681.

Hyperthermia, catecholamine-induced, 
and imipramine-like agents, inter­
action between (Jori & Garattini), 
480.

Hypogastric nerve-vas deferens prepara­
tion of the guinea-pig, influence of 
temperature on responses of (Della 
Bella & others), 265.

Hypoglycaem c response to tolbutamide 
and insulin, modification by meba- 
nazine (Barrett), 19.

I
Ibufenac in serum, note on the estimation 

of (Adams & Cliffe), 173.
Ileum of guinea-pig, influence of ascorbic 

acid on the sensitivity of (Dawson 
& others), 183 (L).

Imipramine-like agents and catechol­
amine-induced hyperthermia, inter­
action between (Jori & Garatt ni), 
480.

Imipramine-like agents, method for 
evaluation in rats (Johnson & 
Goldberg), 54 (L).

Immobility time, arousal time and 
sleeping time in mice, comparison 
of (Hughes & others), 233.

Inflammatory response, concerning the 
regulation of some diverse" bio­
chemical reactions underlying, by 
salicylic acid, phenylbutazone and 
other acidic antirheumatic drugs 
(Whitehouse & Skidmore), 668 (L).

Inflammatory responses, local, role of 
the nervous system in (Fearr & 
others), 761.

Infrared identification of pharmaceutic­
ally important steroids with nar- 
ticular reference to the occurrence 
of polymorphism (Mesley & 
Johnson), 329.

Insulin and tolbutamide, modification 
of the hypoglycaemic response to, 
by mebanazine (Barrett), 19.

Intramolecular processes occurring in 
pharmaceutical and biochemical 
systems. Aspects of drug acton: 
a comparison with (Smith & 
Williams), 529, 601.

Intraneuronal brain amines in vivo and 
in v itro , effects of the amphetamine 
group on (Carlsson & others). 521 
(L).

Isatogens and related compounds, pre­
paration and antibacterial activity 
of (Hooper & others), 734.

Isoidide dinitrate, pharmacological 
properties of (Halliday & Clark), 
309.

Isoprenaline-like metabolite, significance 
of, in the interpretation of the 
responses of blood vessels in skeletal 
muscle to adrenaline (Roberts), 769.

Isoquinolines, reduced, and mecor.ine, 
derivatives of. Potential resernine 
analogues. (Khan & Sharp), 318.
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J
Jejunum, human isolated, a preliminary 

investigation of the pharmacology 
of longitudinal muscle strips from 
(Whitney), 465.

L
Lactose and magnesia, some physical 

properties of (Jones & Philpel), 440.
Learning, programmed, an experiment 

in (Foy), 385 (L).
Linoleic acid, autoxidation of (Mehta & 

Ecanow), 525 (L).
Lipid mobilisation and anorexigenic 

drugs (Santi & Fassina), 596 (L).
Liquid flow recorder, simple (Ai-Seng & 

Lin), 48.
Liver, on the sympathetic regulation of 

carbohydrate metabolism in (Vizi & 
others), 805.

Lubricant materials, compaction of some 
solid (Lewis & Train), 577.

Lubricant efficiencies, tablet, for a 
sucrose granulation, a comparison 
of, using an instrumented tablet 
machine (Lewis & Shotton), 82 S.

Lubrication and friction, some studies 
of, using an instrumented tablet 
machine (Lewis & Shotton), 71 S.

M
Macusine B, inhibition of adrenergic 

a-receptors and tryptamine receptors 
by (Leonard), 755 (L).

Macusine B, investigation of the pharma­
cology of (Leonard), 566.

Macusine B : further pharmacology
(Leonard), 788.

Magnesia and lactose, some physical 
properties of (Jones & Pilpel), 440.

Man, influence of urine pH and flow 
rate on the renal excretion of 
chlorpheniramine in (Beckett & 
Wilkinson), 256 (L).

Man, urinary excretion of aminoglut­
éthimide in (Douglas & Nicholls), 
115 S.

Man, urinary excretion kinetics of 
amphetamine in (Beckett & 
Rowland), 628.

Man, urinary excretion kinetics of 
methylamphetamine in (Beckett & 
Rowland), 109 S.

Man, urinary excretion of (-)-methyl- 
ephedrine, (-)-ephedrine and (-)- 
norephedrine in (Beckett & 
Wilkinson), 107 S.

Mast cells, hamster, formation and 
storage of dopamine in, following 
the administration of dopa (Adams- 
Ray), 252 (L).

Mathematical treatment for oral sus­
tained release drug formulations 
(Nelson), 190 (L).

Mebanazine, an inhibitor of monoamine 
oxidase, modification of the hypo- 
glycaemic response to tolbutamide 
and insulin by (Barrett), 19.

Meconine, and reduced isoquinolines, 
derivatives of. Potential reserpine 
analogues. (Khan & Sharp), 318.

Medicinal plants, Wes: Indian, pharma­
cological properties of some (Hooper 
& Leonard), 98.

Melatonin, lack of the effect of, on 
the frog spermatogenic reaction 
(Juszkiewicz & Rakalska), 189 (L).

M entha  p ip er ita , effects of growth con­
ditions on the yield and quality of 
essential oil of (O’Connor), 47 S.

Mepyramine and ethanolamine, modifi­
cation of anaphvlactic shock by 
(Smith), 247 (L).

Metabolic poisons, effect of, on anaphy­
lactic shock (Gorog & Szporny), 
814 (L).

Metabolic studies in rats, restraining 
cage for (Scheline), 52 (L).

3H-Metaraminol, rapid release of, in­
duced by combined treatment with 
protriptyline and reserpine (Carlsson 
& Waldeck), 327 (L).

3H-Metaraminol uptake, inhibition of, 
by anti depressive and related agents 
(Carlsson & Waldeck), 243 (L).

Methisazone, analysis of (Deavin & 
Mitchell), 56 S.

o- and p-Methoxybenzoic acids, o- and 
/j-nitrobenzoic acids and benzoic 
acid, molecular interactions of 
caffeine with (Donbrow & Jan), 
129 S.

Methylamphetamine in man, urinary 
excretion kinetics of (Beckett & 
Rowland), 109 S.

/S-Methylcholine, pharmacodynamics of 
enantiomorphic and diastereoiso- 
meric esters of. Absolute configura­
tion and parasympathetic action: 
(Ellenbroek & others), 393.

(-)-Methylephedrine, (-)-ephedrine and 
(-)-norephedrine in man, urinary 
excretion of (Beckett & Wilkinson), 
107 S.

O-Methylporphyroxine, preparation of, 
and its detection in opium (Hughes 
& Farmilo), 757 (L).

Mice, aggregated and isolated, effect of 
certain neuromuscular blocking 
agents on dexamphetamine toxicity 
in (Prabhu & Parikh), 383 (L).

Mice, aggressive, amphetamine toxicity 
in (Consolo & others), 53 (L).

Mice, aggressive, sensitivity to centrally 
acting drugs (Consolo & others), 
594 (L).
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Mice, automatic apparatus for recording 
duration of narcosis in (Boura & 
others), 42.

Mice, comparison of sleeping time, 
immobility time and arousal time in 
(Hughes & others), 233.

Mice, normal or aggressive, concentra­
tions of amphetamine in the brain 
in (Consolo & others), 666 (L).

M icrococcus lysodeik ticu s treated with 
chlorhexidine, chemical fractiona­
tion of phosphorus-32 labelled cells 
of (Rye & Wiseman), 295.

M ìtragyn a  speciosa  (Korth.), alkaloids 
of (Beckett & others), 753 (L).

Modaline sulphate (W3207). pharmaco­
logical studies on (Jori & others), 
703.

Moisture content, equilibrium, of pow­
ders, effect of humidity and tem­
perature on (Shotton & Harb), 
504.

Molecular interactions of caffeine with 
benzoic acid, o- and p-methoxy- 
benzoic acids and o- and p-nitro- 
benzoic acids (Donbrow & Jan), 
129 S.

Monkey, male, and the rooster, action 
of the neurohypophysial hormones 
on the vascular system of (Chaud- 
hury & Tarak), 316.

Monoamine oxidase inhibition, effect of, 
on guanethidine-induced noradrena­
line release and sympathetic block­
ade (Fielden & Green), 463 (L).

Monoamine oxidase inhibitor, meban- 
azine, hypoglycaemic response to 
tolbutamide and insulin by (Barrett),
19.

Monocotyledons, steroid-yielding, effects 
of enzymes on (Blunden & others), 
274.

Muscle, skeletal, blood vessels in, 
significance of an isoprenaline-like 
metabolite in the interpretation of 
the responses to adrenaline of 
(Roberts), 769.

Muscle, skeletal, significance of an 
isoprenaline-like metabolite in the 
interpretation of the responses of 
blood vessels in, to adrenaline 
(Roberts), 769.

Muscle, smooth, circular and longi­
tudinal, from the isolated oeso­
phagus of the guinea-pig, action of 
sympathomimetic amines on 
(Bailey), 782.

Muscle strips, longitudinal, from human 
isolated jejunum, a preliminary 
investigation of the pharmacology 
of (Whitney), 465.

Myocardium, guinea-pig, effects of 
ascorbic acid on the catecholamine 
content of (Izquierdo & Jofre), 
391 (L).

Myometrium, isolated human, effect of 
some spasmolytic drugs on (Lehrer), 
584.

N
Narcosis in mice, automatic apparatus 

for recording duration of (Boura & 
others), 42.

Nervous system, role of, in local 
inflammatory responses (Fearn & 
others), 761.

Neurohypophysial hormones, action of, 
on the vascular system of the male 
monkey and the rooster (Chaudhury 
& Tarak), 316.

Neuromuscular blockade, non-depolar­
ising, by 3a,17a-bis(quaternary 
ammonium)5a- androstanes (Alaud- 
din & others), 55 (L).

Neuromuscular blocking agents, effect 
of certain, on dexamphetamine 
toxicity in aggregated and isolated 
mice (Prabhu & Parikh), 383 (L).

Neuromuscular blocking agents, twitch 
responses with acetylcholine in the 
isolated innervated and chronically 
denervated rat diaphragms and their 
modification by (Paterson), 281.

Neurones, amygdaloid, pharmacology of 
(Straughan & Legge), 675 (L).

Neurones, hippocampal, pharmacology 
of (Biscoe & Straughan), 60 (L).

o- and p-Nitrobenzoic acids, o- and 
p-methoxybenzoic acids and benzoic 
acid, molecular interactions of 
caffeine with (Donbrow & Jan), 
129 S.

Nitroethylenes and related compounds 
as trichomonacides and candida- 
cides (Clitheroe & others), 167.

Nitrofurans in urine, comparative assays 
of some (Jones & others), 52 S.

Non-ionic agents, solubilisation of pre­
servatives by (Donbrow & Rhodes), 
258 (L).

Non-ionic detergents, physical chemical 
aspects of some. A review (Elworthy 
& Macfarlane), 65; 129.

Non-ionic detergents, solubilisation of 
preservatives by (Evans), 462 (L).

Noradrenaline, adrenaline, 5-hydroxy- 
tryptamine and dopamine from 
single rat brains, estimation of 
(Brownlee & Spriggs), 429.

Noradrenaline, mechanism underlying 
potentiation of the pressor action 
of, by some drugs which depress 
sympathetic tone (Karim), 302.

Noradrenaline release, guanethidine- 
induced, and sympathetic blockade, 
effect of monoamine oxidase inhibi­
tion on (Fielden & Green), 463 
(L).
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Noradrenaline, reversal by amphetamine 
of the protective effect of bretylium 
on reserpine-induced depletion of 
(Chang), 818 (L).

Noradrenaline, stores of, and amphet­
amine (Bhagat), 191 (L).

Noradrenaline synthesis, inhibition of, 
and the p-essor response to tyramine 
(Bhagat & Shein), 248 (L).

Noradrenaline uptake, inhibition by 
drugs (Iversen), 62 (L).

Norbormide, a new R a ttu s  specific 
rodenticide,  identification of 
(Clarke), 126 (L).

(-)-Norephedrine, (-)-ephedrine and 
(-)-methylephedrine in man, urinary 
excretion of (Beckett & Wilkinson), 
107 S.

o
Oesophagus, isolated, of the guinea-pig» 

action of sympathomimetic amines 
on circular and longitudinal smooth 
muscle from (Bailey), 782.

Opium, preparation of 0-methylpor- 
phyroxine and its detection in 
(Hughes & Farmilo), 757 (L).

Oral sustained release drug formulations, 
m a t h e m a t ic a l  treatment for 
(Nelson), 190 (L).

Organophosphorus compounds, timing 
of therapy in experimental poisoning 
with (Sanderson), 124 (L).

Organs, isolated, an automatic apparatus 
for repeated stimulation of, by 
agonist drugs (Wilson), 176.

P
Paracetamol and phenacetin, a limit test 

for p-chloroacetanilide and other 
impurities in, using thin-layer 
chromatography (Savidge & Wragg), 
60 S.

Paraffin gels, aluminium monostearate, 
adjuvant effect of, on antitoxin 
response (Coles & others), 87 S.

Parasympathefic action and absolute 
configuration: pharmacodynamics
of enantiomorphic and diastereo- 
isomeric esters of |8-methylcholine 
(Ellenbroek & others), 393.

Parietal cell hyperplasia, histamine- 
induced, and degraded carrageenan 
in the guinea-pig (Anderson & 
Soman), 121 (L).

Particles, fine, a method for determining 
the solution rate of (Edmundson & 
Lees), 193.

Periarthritis, formaldehyde-induced, 
effect of, on the composition of 
cotton-pellet granuloma in rats 
(Trnavsky), 261 (L).

Permeability, vascular, sympathomimetic 
amines and (Brown & West), 119 
(L).

Pesticides from blood, simplified gas 
chromatographic analysis of (Jain & 
others), 362.

Pethidine, reversed esters of, some 
pyrrolidines and azacycloheptanes 
related to (Casy & others), 157.

Pharmacological activity, use of time- 
response relationships in assessing 
(Brittain & Spencer), 389 (L).

Pharmacopoeias and formularies, 678.
P haseolus vulgaris L. cultivars, seed 

haemagglutinins of some (Toms & 
Turner), 118 S.

Phenacetin and paracetamol, a limit test 
for p-chloroacetanilide and other 
impurities in, using thin-layer 
chromatography (Savidge & Wragg), 
60S.

Phenol and benzoic acid, influence of 
pH on the antifungal activity of 
(Winsley & Walters), 22 S.

Phenol, effect of concentration and 
temperature on the inactivation of 
a bacteriophage by (Brown & 
others), 28 S.

Phenylbutazone, salicylic acid and other 
acidic antirheumatic drugs, con­
cerning the regulation of some 
diverse biochemical reactions, under­
lying the inflammatory response, by 
(Whitehouse & Skidmore), 668 
(L).

(Phenylthio)acetohydroxamic acids and 
related compounds, preparation and 
fungicidal properties of (Zayed & 
others), 809.

Phloroglucinol derivatives, a comparison 
of anthelmintic and antibacterial 
activity in some (Bowden & Ross), 
239.

Phosphorus-32 labelled cells of M icro ­
coccus lysodeik ticus treated with 
chlorhexidine, chemical fractiona­
tion of (Rye & Wiseman), 295.

Phrenic nerve-diaphragm preparation 
treated with dyflos, effect of choline 
on the release of acetylcholine and 
on its tissue stores in (Ledda & 
Baldi), 494.

Physostigmine, structure of rubreserine, 
a decomposition product of 
(Robinson), 89.

Phytochemical studies of Egyptian 
P lan tago  species (alkaloids) (Ahmed 
& others), 39 S.

P lan tago  species, Egyptian, phyto­
chemical studies of (alkaloids) 
(Ahmed & others), 39 S.

Plants, West Indian medicinal, pharma- 
cological  properties of some 
(Hooper & Leonard), 98.
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Plasma albumen, effect of non-steroid 
anti-inflammatory drugs on aldehyde 
binding to: a novel in vitro  assay for 
potential anti-inflammatory activity 
(Skidmore & Whitehouse), 671 (L).

Platelets, blood, release of 5-hydroxy- 
tryptamine from. A  review. 
(Paasonen), 681.

Polymorphism, infrared identification of 
pharmaceutically important steroids 
with particular reference to the 
occurrence of (Mesley & Johnson), 
329.

Polysorbate 20: ascorbic acid: water 
system, viscosity and stability rela­
tions of (Nixon & Chawla), 558.

Potassium chloride, release of, from 
tablets (Barlow), 822 (L).

Powders, effect of humidity and tem­
perature on the equilibrium moisture 
content of (Shotton & Harb), 504.

Powders, investigation of die wall 
friction during compaction of (Lewis 
& Train), 1.

Powders, steroid, adsorption studies on 
(Chapman & Neustadter), 138 S.

Preservatives, solubilisation of, by non­
ionic agents (Donbrow & Rhodes), 
258 (L).

Preservatives, solubilisation of, by non­
ionic detergents (Evans), 462 (L).

Preservatives, systems of mixed, applic­
ability of Ferguson principle to 
(Evans), 217.

Pressor action of noradrenaline, mech­
anism underlying potentiation of, 
by some drugs which depress 
sympathetic tone (Karim), 302.

Programmed learning, an experiment in 
(Foy), 385 (L).

Propranolol, some effects of, on the 
central nervous system (Leszkovs- 
zky & Tardos), 518 (L).

Propylene glycol, radiation-sterilised, 
acute toxicity of (Hickman), 255 (L).

Protriptyline and reserpine, rapid release 
of 3H-metaraminol induced by 
combined treatment with (Carlsson 
& Waldeck), 327 (L).

Ptosis as a measure of the central 
depressant action of reserpine, 
validity of (Fielden & Green), 185 
(L).

Pyridine-2-sulphonhydrazide 1-oxide and 
a-(2-pyridylthio)acethydrazide and 
its 1-oxide, synthesis of (Comrie & 
Mir), 659.

a-(2-Pyridylthio)acethydrazide and its 
1-oxide and pyridine-2-sulphon- 
hydrazide 1-oxide, synthesis of 
(Comrie & Mir), 659.

Pyrrolidines and azacycloheptanes rela­
ted to reversed esters of pethidine 
(Casy & others), 157.

Pyrroline derivatives as potential anti­
inflammatory agents, some (Beckett 
& others), 498.

Q
Quaternary ammonium salts, application 

of the Ferguson principle to the 
antimicrobial activity of (Weiner & 
others), 350.

R
Radiation-protection of S erra tia  :nar- 

cescens by a thiolsulphonate related 
to cysteamine (Owen & others), 108.

Radiation-sterilised propylene glycol, 
acute toxicity of (Hickman), 255* (L).

Rats, alloxan-diabetic, suppression of an 
“adjuvant arthritis” in (KeLett), 
184 (L).

Rat brain glutamate decarboxylase 
activity, inhibition by salicylate in 
vitro  (Gould & Smith), 15.

Rat brains, single, estimation of dop­
amine, noradrenaline, adrenaline 
and 5-hydroxytryptamine from 
(Brownlee & Spriggs), 429.

Rat diaphragm, an improved method for 
obtaining twitch responses to acetyl­
choline in (Harris & Leach), 816 (L).

Rat diaphragms, isolated innervated and 
chronically denervated, twitch res­
ponses with acetylcholine and :heir 
modification by neuromuscular 
blocking agents (Paterson), 281.

Rat, a direct and an indirect action of 
5-hydroxytryptamine on the distal 
part of the isolated colon of 
(Ulrich), 710.

Rat, diuretic effect of some adrenocor­
tical steroids in (D ’Arcy & Howard), 
368.

Rat, effect of adrenalectomy on cctton 
pellet granuloma formation in 
(Ashford & Penn), 10.

Rats, effect of formaldehyde-induced 
periarthritis on the composition of 
c o t t o n - p e l l e t  granuloma in 
(Trnavsky), 261 (L).

Rat, 3-epimerisation of digoxigeain in 
(Thomas & Wright), 459 (L).

Rats, a method for evaluating imi- 
pramine-like agents in (Johnson & 
Goldberg), 54 (L).

Rats, reactivity to dextran (Fearn & 
West), 813 (L).

Rats, restraining cage for metabolic 
studies in (Scheline), 52 (L).

Rats, seasonal variation in the resistance 
of (Ankier & others), 187 (L).

Rats, traumatic and endotoxin shock in 
(Lazar & Karady), 517 (L).

Rat uterus, nature of the inhibition of, 
by relaxin (Paterson), 262 (L).
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Rats, Wistar, reactivity to dextran 
(Ankier & others), 118 (L).

R a ttu s  specific rodenticide norbormide, 
a new. Identification of (Clarke), 
126.

R auw olfia  m annii Stapf., vincamajine, the 
major alkaloid of leaves of (Patel & 
others), 323 (L).

R auw olfia  oxyph ylla  Stapf., some effects 
of fungal growth on the roots of 
(Jefferies & others), 44 S.

a-Receptors, adrenergic, and histamine 
receptors, competitive blockade of, 
by thymoxamine (Birmingham & 
Szolcsanyi), 449.

a-Receptors, adrenergic, and tryptamine 
receptors, inhibition of, by macusine 
B (Leonard), 755 (L).

Receptors, histamine, and adrenergic 
a-receptors, competitive blockade 
of, by thymoxamine (Birmingham & 
Szolcsanyi), 449.

a-Receptors, sympathomimetic, different 
types of (Rossum), 202.

Receptors, tryptamine, and adrenergic 
a-receptors, inhibition of, by macu­
sine B (Leonard), 755 (L).

Recorder, simple liquid flow (Ai-Seng & 
Lin), 48.

Relaxin, nature of the inhibition of the 
rat uterus by (Paterson), 262 (L).

Renal excretion of chlorpheniramine in 
man, influence of urine pH and flow 
rate on (Beckett & Wilkinson), 256 
(L).

Reserpine analogues, potential. Deriva­
tives of reduced isoquinolines and 
of meconine (Khan & Sharp), 318.

Reserpine-induced depletion of nor­
adrenaline, reversal by amphetamine 
of the protective effect of bretylium 
on (Chang), 818 (L).

Reserpine and protriptyline, rapid release 
of 3H-metaraminol induced by com­
bined treatment with (Carlsson & 
Waldeck), 327 (L).

Reserpine, validity of ptosis as a measure 
of the central depressant action of 
(Fielden & Green), 185 (L).

Resistance, heat, of B acillus stearo-  
therm ophilus spores, effect of yeast 
cells in the heating medium on 
(Cook & Gilbert), 20 S.

Resistance, heat, of bacterial spore 
papers, effect of storage on (Cook 
& Brown), 7 S.

Resistance of rats, seasonal variation in 
(Ankier & others), 187 (L).

Resistance, reproducible, method of 
making spore papers of (Cook & 
Brown), 1 S.

Rhubarb and senna, estimation of 
anthracene derivatives in (Lemli), 
227.

Riboflavine, quantitative separation from 
vitamin mixtures (Wahba & Fahmy), 
489.

Rodenticide, a new R attu s specific. 
Identification of norbormide 
(Clarke), 126 (L).

Rooster and the male monkey, action of 
the neurohypophysial hormones on 
the vascular system of (Chaudhury 
& Tarak), 316.

Rubreserine, a decomposition product 
of physostigmine, structure of 
(Robinson), 89.

S
Salicylate and aminotransferases (Gould 

& Smith), 83.
Salicylate in vitro, inhibition of rat brain 

glutamate decarboxylase activity by 
(Gould & Smith), 15.

Salicylic acid, phenylbutazone and other 
acidic antirheumatic drugs, con­
cerning the regulation of some 
diverse biochemical reactions, 
underlying the inflammatory res­
ponse, by (Whitehouse & Skidmore), 
668 (L).

Seasonal variation in the resistance of 
rats (Ankier & others), 187 (L).

Seed haemagglutinins of some Phaseolus 
vulgaris L. cultivars (Toms & 
Turner), 118 S.

Senna and rhubarb, estimation of 
anthracene derivatives in (Lemli), 
227.

S erra tia  m arcescens, radiation-protec­
tion of, by a thiolsulphonate 
related to cysteamine (Owen & 
others), 108.

Serum, note on the estimation of 
ibufenac in (Adams & Cliffe), 173.

Shock see also  Anaphylaxis.
Shock, traumatic and endotoxin, in rats 

(Lazar & Karady), 517 (L).
SK & F 70463-A (3-dimethylamino-2- 

methyl-1 -pheny 1-o-t olylpropanolol), 
pharmacological properties of 
(Barron & others), 509.

Sleeping time, immobility time and 
arousal time in mice, comparison of 
(Hughes & others), 233.

Solubilisation of preservatives by non­
ionic agents (Donbrow & Rhodes), 
258 (L).

Solubilisation of preservatives by non­
ionic detergents (Evans), 462 (L).

Solution rate of fine particles, method 
for determining (Edmundson & 
Lees), 193.

Spasmolytic activity of drugs on the 
bile duct, method for evaluating 
(Crema & others), 405.
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Spasmolytic drugs, effect of some, on 
the isolated human myometrium 
(Lehrer), 584.

Spectral slit width and absorption of 
light by substances in the Addendum 
1964 to the British Pharmacopoeia 
1963 (Rogers), 325 (L).

Spermatogenic reaction in the frog, lack 
of the effect of melatonin on 
(Juszkiewicz & Rakalska), 189 
(L).

Spore papers, bacterial, effect of storage 
on the heat resistance of (Cook & 
Brown), 7 S.

Spore papers of reproducible resistance, 
method of making (Cook & Brown), 
1 S.

Spores of some B acillus species, viability 
of (Richardson), 12 S.

Spores of B acillus stearotherm ophilus, 
effect of yeast cells in the heating 
medium on the heat resistance of 
(Cook & Gilbert), 20 S.

Stability and viscosity relations of the 
system ascorbic acid: water: poly- 
sorbate 20 (Nixon & Chawla), 
558.

Steroids, adrenocortical, in the rat, 
diuretic effect of some (D ’Arcy & 
Howard), 368.

Steroids, pharmaceutically important, 
infrared identification with par­
ticular reference to the occurrence 
of polymorphism (Mesley & 
Johnson), 329.

Steroid powders, adsorption studies on 
(Chapman & Neustadter), 138 S.

Steroid-yielding monocotyledons, Yucca  
glauca  Nutt, and other, effects of 
enzymes on (Blunden & others), 274.

Stomach strip preparation, Vane's, an 
improvement on, for the assay of 
5-hydroxvtryptamine (Lin & Yeoh), 
524 (L).

Strychnine convulsions, effect of y- 
aminobutyric acid on (Sorer & 
Pylkko), 122 (L).

Sucrose granulation, a comparison of 
tablet lubricant efficiencies for, 
using an instrumented tablet mach­
ine (Lewis & Shotton), 82 S.

Sustained release drug formulations, 
oral, mathematical treatment for 
(Nelson), 190 (L).

Sympathetic blockade and guanethidine- 
induced noradrenaline release, effect 
of monoamine oxidase inhibition on 
(Fielden & Green), 463 (L).

Sympathetic nerve responses, impair­
ment of, by dopa, dopamine and 
their a-methyl analogues (Farmer), 
640.

Sympathetic regulation of carbohydrate 
metabolism in the liver (Vizi & 
others), 805.

Sympathetic stimulation, influence of the 
length of the stimulus period and 
frequency of, on the response of the 
guinea-pig isolated vas deferens to 
b r e t y 1 i u m, guanethidine and 
amphetamine (Day), 619.

Sympathetic tone, mechanism under­
lying potentiation of the pressor 
action of noradrenaline by some 
drugs which depress (Karim), 302.

Sympathomimetic amines, action of, on 
circular and longitudinal smooth 
muscle from the isolated oesophagus 
of the guinea-pig (Bailey), 782.

Sympathomimetic amines and vascular 
permeability (Brown & West), 119 
(L).

Sympathomimetic x-receptors, different 
types of (Rossum), 202.

T
j Tablets: Apparatus for investigating die 

wall friction during compaction 
(Lewis & Train), 33.

Tablets: Compaction of some solid 
lubricant materials (Lewis & T _ain), 
577.

Tablets, some geometrical considerations 
concerning the design of (Cleave), 
698.

Tablets: Investigation of die wall
friction during compaction of pow­
ders (Lewis & Train), 1.

Tablet lubricant efficiencies for a sucrose 
granulation, a comparison of, using 
an instrumented tablet machine 
(Lewis & Shotton), 82 S.

Tablet machine, instrumented, a com­
parison of tablet lubricant efficien­
cies for a sucrose granulation using 
(Lewis & Shotton), 82 S.

Tablet machine, instrumented, some 
studies of friction and lubrication 
using (Lewis & Shotton), 71 S.

Tablets, release of potassium chloride 
from (Barlow), 822 (L).

Temperature coefficient of some bacteri­
cides in oil:water dispersions (Bean 
& Heman-Ackah), 142 S.

Temperature and humidity, effect cf, on 
the equilibrium moisture content of 
powders (Shotton & Harb), 504.

Temperature, influence of, on the 
responses of the guinea-pig hypo­
gastric nerve-vas deferens prepara­
tion (Della Bella & others), 265.

Teratogenic effects of disazo dyes, 
structure-activity studies for 
(Lloyd & others), 126 S.

Tetracyclines, bacteriostatic actions of 
some (Benbough & Morrison), 409.
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1.2.3.3- Tetramethyl- and 1,3,3-trimethyl- 
5-(methyl- and dimethyl-carbamoyl- 
oxy)indolir.es and their methio- 
dides (Ahmed & Robinson), 728.

Thin-layer chromatography, examina­
tion of cinnamon by direct (Betts), 
520 (L).

Thin-layer chrcmatography, a limit test 
for p-chloroacetanilide and other 
impurities :n paracetamol and phen- 
acetin using (Savidge & Wragg), 
60S.

Thin-layer chromatography, quantita­
tive, estimation of barbiturates by 
(Morrison & Chatten), 655.

Thiolsulphonate related to cysteamine, 
radiation-protection of S erra tia  
m arcescens by (Owen & others), 108.

Thymoxamine, competitive blockade of 
adrenergic x-receptors and histamine 
receptors by (Birmingham & 
Szolcsânyi), 449.

Tigloyl esters in D atura, biosynthesis of 
(Evans & Wooley), 37 S.

Time-response relationships, use of, in 
assessing pharmacological activity 
(Brittain & Spencer), 389 (L).

Tolbutamide and insulin, modification 
of the hypoglycaemic response to, 
by mebanazine (Barrett), 19.

Tortoise, effect of acetylcholine, vagal 
stimulation and tyramine on the 
isolated atria of (Kim & Shin), 356.

Toxicity, acute, of radiation-sterilised 
propylene glycol (Hickman), 255 
(L).

Toxicity, amphetamine, in aggressive 
mice (Consolo & others), 53 (L).

Toxicity, dexamphetamine, in aggregated 
and isolated mice, effect of certain 
neuromuscular blocking agents on 
(Prabhu & Parikh), 383 (L).

Tracheal strip preparation, spirally cut 
(Constantine), 384 (L).

Tranquillisers, certain, effect of, on the 
level of homovanillic acid in the 
corpus striatum (Roos), 820 (L).

Transmural stimulation of isolated 
arterial strips, response to, and its 
modification by drugs (Paterson), 
341.

Traumatic and endotoxin shock in rats 
(Lazar & Karady), 517 (L).

Trichomonacides and candidacides, 
nitroethylenes and related com­
pounds as (Clitheroe & others), 167.

Triethylcholine and hemicholinium, 
action of, on responses of guinea- 
pig colon to stimulation of autono­
mic nerves (Rand & Ridehalgh), 
144.

1.3.3- Trimethyl- and 1,2,3,3-tetramethyl- 
5-(methyl- and dimethyl-carbamo- 
yloxy)indolines and their methio- 
dides (Ahmed & Robinson), 728.

Tryptamine derivatives, some: 1-aryloxy-
3-[(2-indol-3-ylethyl)amino]-propan-
2-ols (Jackman & others), 742.

Tryptamine receptors and adrenergic 
a-receptors, inhibition of, by macu- 
sine B (Leonard), 755 (L).

Tyramine, acetylcholine and vagal stimu­
lation, effect of, on the isolated atria 
of the tortoise (Kim & Shin), 356.

Tyramine, pressor response to, and 
inhibition of noradrenaline syn­
thesis (Bhagat & Shein), 248 (L).

u
Urinary excretion of aminoglutethimide 

in man (Douglas & Nicholls), 115 S.
Urinary excretion kinetics of amphet­

amine in man (Beckett & Rowland), 
628.

Urinary excretion kinetics of methyl- 
amphetamine in man (Beckett & 
Rowland), 109 S.

Urinary excretion of (-)-methylephe- 
drine, (-)-ephedrine and (-)-nor- 
ephedrine in man (Beckett & 
Wilkinson), 107 S.

Urine, comparative assays of some 
nitrofurans in (Jones & others), 52 S.

Urine, determination and identification 
of amphetamine :n (Beckett & 
Rowland), 59 (L).

Urine, identification and determination 
of ephedrine and its congeners in, 
by gas chromatography (Beckett & 
Wilkinson), 104 S.

Urine pH and flow rate, influence of, on 
the renal excretion of chlorphenir­
amine in man (Beckett & Wilkinson), 
256 (L).

Uterus, rat, nature of the inhibition of, 
by relaxin (Paterson), 262 (L).

V
Vagal stimulation, tyramine and acetyl­
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